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Thehistory of the human race is reflected in and shaped
by the overall levels of physical activity in which we
engage. The benefits of an active lifestyle for human

survival throughout most of human history are self-evident.
However, as advances in food supply and distribution, trans-
portation, labor, and other important areas of human endeavor
grew, the drive for efficiency and convenience supplanted the
need to move. The resulting population-level decreases in
work-, household-, and transport-related physical activity and
increases in sedentary behavior during work and leisure time
have contributed significantly to the major noncommunicable
diseases representing today’s major killers in the United States
and globally (1).

A decade ago, the US government published the nation’s
first formal guidelines related to physical activity and health
(2). This groundbreaking policy document was based on an
in-depth systematic review and summarization of the available
literature conducted independently by the 2008 Physical Ac-
tivity Guidelines Advisory Committee, which was assembled
by the US Department of Health and Human Services
(USDHHS) for this purpose (3). The Advisory Committee re-
port confirmed a range of health outcomes for which regular
moderate-to-vigorous intensity physical activity plays an im-
portant mitigating or beneficial role.

Ten years later, the substantial growth in the scope, depth,
and breadth of the physical activity and health literature
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warranted a second formal US government-sponsored system-
atic review of this literature. In June of 2016, the 2018 Physi-
cal Activity Guidelines Advisory Committee was convened
by the Office of Disease Prevention and Health Promotion of
the USDHHS and charged with independently reviewing the
scientific literature on physical activity and health. The Com-
mittee sought to build on and expand the findings described
in the 2008 report (3). In addition, the Committee included
two topics not addressed in the 2008 Report—sedentary be-
havior and interventions to promote regular physical activity.
The current literature also allowed the Committee to examine
several areas for which there was limited or no information in
2008. These areas included health effects in children younger
than 6 yr; cognitive function across the lifespan; prevention of
excessive weight gain; and the preventive health effects of
physical activity among individuals with one or more existing
chronic conditions.

The structured review process for the Physical Activity
Guidelines for Americans 2018 Scientific Report was exten-
sive. It involved 17 Committee members and additional scien-
tific experts working on nine subcommittees and several
working groups across a 2-yr period. All of these individuals
volunteered their time throughout the scientific review and re-
port development process. The analytic plan, inclusion and ex-
clusion criteria, and specific search terms were developed
jointly by the Committee and the staff of a company named
ICF, a research firm under contract with the USDHHS. ICF
performed all literature searches, following which the Com-
mittee reviewed the searches and selected the articles to be in-
cluded in the Committee’s deliberations. The Committee’s
final report was presented to the US Secretary of the Depart-
ment of Health and Human Services in February of 2018.
The report was used in the development of the 2018 Guidelines
by USDHHS personnel independent of the Committee (4).

The articles in this special issue of MSSE are based on the
research performed for the Committee’s scientific report.
The full methods for the rigorous evidence search and
. Unauthorized reproduction of this article is prohibited.
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 systematic review process are described in the 2018 Scientific

Report document (5). For most topic areas, the evidence
search process captured the relevant literature through 2016.
Because of the size of the literature in many areas, most
searches were limited to peer-reviewed, high-quality meta-
analyses, systematic reviews, pooled analyses, and reports
published in English. The articles contained in this issue rep-
resent the majority of topics described in the 2018 Scientific
Report. In addition, for those topic areas for which the addi-
tional literature that became available between 2017 and
March of 2018 was manageable in size, the original evidence
searches and systematic review processes were applied so as
to allow additional new literature to be included in the current
articles in this issue.

The articles in this issue are organized into four sections.
The first section focuses on new issues in evaluating dimen-
sions of physical activity behavior affecting health (6–9).
The 2018 Physical Activity Guidelines Advisory Committee
Scientific Report addressed the following timely questions re-
lated to our understanding of the types and amounts of physical
activity that influence health outcomes: are there simpler metrics
than self-reported estimates of time spent in aerobic moderate-
to-vigorous physical activity—such as step counts—for
estimating the volume of health-promoting behavior? What,
if any, is the value of light-intensity physical activity as repre-
sented by step counts? Do short episodes of activity—bouts less
than 10-min duration—contribute to accumulated beneficial
physical activity? How does high-intensity interval training fit
into health recommendations? What are the relationships
among sedentary behavior, physical activity and health? For in-
stance, does the effect of moderate-to-vigorous physical activity
on all-cause mortality vary by amount of sedentary behavior?

The second section focuses on physical activity and selected
health outcomes, which were chosen based on their signifi-
cance for the US population and the increasing size and ro-
bustness of the evidence base in these areas (10–13). Among
the systematic reviews included in this section are the effects
of physical activity on the brain and cognition; the state of
the evidence on physical activity in cancer prevention and sur-
vivorship; the role of physical activity for prevention of weight
gain in adults; and the current evidence on the effects of
1204 Official Journal of the American College of Sports Medicine
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moderate-to-vigorous physical activity on all-cause mortality,
cardiovascular mortality and cardiovascular disease. While
some of the reviews in this section represent an update and ex-
tension of the systematic evidence reviews informing the 2008
Physical Activity Guidelines (e.g., cancer, all-cause and car-
diovascular mortality), others represent emerging areas not
systematically reviewed in the 2008 Physical Activity Guide-
lines Scientific Report (e.g., brain and cognition, prevention
of weight gain).

The third section focuses on physical activity considerations
and health outcomes for selected populations and health con-
ditions (14–18). Included in this section are children under
6 yr of age—a population for which there was too little scien-
tific information for it to be included in the 2008 Physical Ac-
tivity Guidelines Advisory Committee Report (3); women
during pregnancy and the postpartum period; older adults,
with a particular focus on physical function; the role of phys-
ical activity in the prevention, treatment, and control of hy-
pertension; and physical activity-related effects on pain,
function, quality of life, and disease progression in persons
with osteoarthritis.

The final section presents highlights of the systematic re-
view of the extensive evidence base in the physical activity
promotion field—an area that was not included in the 2008
Physical Activity Guidelines Advisory Committee Report
(19). Using a social ecological perspective, the range of effica-
cious and promising interventions for physical activity promo-
tion and sedentary behavior reduction are described.

Taken together, the extensive amount of evidence reviewed
across the articles in this issue demonstrates the impact of a
regularly active lifestyle in the prevention and/or control of a
vast array of areas affecting overall health, function, and
well-being. This knowledge, now including the evidence-
supported methods for promoting regular physical activity, rep-
resents a “clarion call” to health professionals, policy makers,
community organizations, and scientists alike to work to-
gether in applying this information in promoting a more
active—and in turn healthier and more vital—population.
The authors declare no funding or conflicts of interest.
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reviewwas conducted to evaluate the relationship of physical activity—as measured by daily step counts—with all-cause mortality, cardiovascular

disease mortality, incident cardiovascular disease, and type 2 diabetes mellitus; to evaluate the shape of dose–response relationships; and to

interpret findings in the context of development of the Physical Activity Guidelines for Americans, Second Edition.Methods: A primary lit-

erature search encompassing 2011 to March 2018 for existing literature reporting on these relationships was conducted. Results: Eleven per-

tinent articles were identified. Seven longitudinal studies examined the relationship between daily step counts and mortality, disease
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derly population. One study examined cardiovascular events, defined as cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke.

The other four longitudinal studies addressed incident type 2 diabetes. All longitudinal studies reported an inverse relationship between steps per

day and outcome risk. In one study, 531 cardiovascular events occurred during more than 45,000 person-years of follow-up. Before intervention,

each increment of 2000 steps per day up to 10,000 steps was associated with a 10% lower cardiovascular event rate. Also, for every increase of

2000 steps per day over baseline, there was an 8% yearly reduction in cardiovascular event rate in individuals with impaired glucose tolerance.

Conclusions: Daily step count is a readily accessible means by which to monitor and set physical activity goals. Recent evidence supports
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lines Advisory Committee Report (1), several new
Since the release of the 2008 Physical Activity Guide-

methods have emerged by which physical activity and
exercise can be measured, quantified, and prescribed to
individuals seeking exercise-associated health benefits. The
proliferation and popularity of newly developed wearable
devices, particularly those worn on the wrist or finger
containing accelerometers, have facilitated the monitoring
and goal setting for steps per day (see article on Promotion
of Physical Activity in this issue— (2,3)). There are also
some new methods (e.g., machine learning algorithms);
however, these do not apply to how steps are estimated from
a device. It is now possible to assess the contribution of light
activity to step counts per day and therefore to estimate total
daily physical activity energy expenditure. Because step
counts incorporate both light and moderate-to-vigorous
. Unauthorized reproduction of this article is prohibited.
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physical activity and counting steps has been become a common
method of assessing daily physical activity, the Physical Activity
Guidelines Advisory Committee (PAGAC;the Committee)
considered it important to better understand how the measurement
of steps per day might fit into the assessment of daily or
weekly physical activity exposures and its relationship to
important health outcomes in the context of development of
the Physical Activity Guidelines for Americans, Second Edition.

For the 2018 Physical Activity Guidelines Advisory Com-
mittee Scientific Report (4), the Committee chose to address
one overall question and two subquestions regarding daily step
counts, summarized as follows: 1) what is the relationship be-
tween step counts per day and all-cause and cardiovascular dis-
ease (CVD) mortality, CVD events, and type 2 diabetes? 2) is
there a dose–response relationship, and if there is, what is the
shape of the relationship? and 3) does the relationship vary by
age, sex, race/ethnicity, socioeconomic status, or weight status?
METHODS

The overarching methods used to conduct systematic re-
views informing the 2018 Physical Activity Guidelines Advi-
sory Committee Scientific Report are described in detail
elsewhere (4,5). The searches were conducted using electronic
databases (PubMed®, CINAHL, and Cochrane). An initial
search conducted to identify systematic reviews, meta-analyses,
and pooled analyses examining the relationship between step
counts and various health outcomes did not identify sufficient lit-
erature to answer the research questions as determined by the
Committee. Therefore, a complete de novo search of original re-
search was conducted. The searches were conducted from incep-
tion until June 2017 for the 2018 PAGAC report; the search was
expanded until March 2018 for this article. The searches were
supplemented by asking Committee experts in the area to pro-
vide additional articles identified through their familiarity with
the literature. Eligibility criteria were original research studies
published in English; examining step counts as the physical
activity exposure among adults; and health outcomes includ-
ing all-cause or CVD mortality, incidence of CVD events,
type 2 diabetes biomarkers, and incidence. Studies on individ-
uals with existing CVD or high-performance athletes were ex-
cluded. The full-search strategy is available at https://health.
gov/paguidelines/second-edition/report/supplementary_
material/pdf/Exposure_Q4_Steps_Evidence_Portfolio.pdf.

Search terms included steps-specific terms combined with
outcome-specific terms. Search term selection was difficult
for this specific topic. The use of the terms “step,” “stepping,”
and similar terms containing “step” is prevalent in the medical
literature and would have resulted in an overwhelming number
of irrelevant articles for review; therefore, based on some pre-
liminary test searches, we restricted our search to articles con-
taining the terms “step count,” “steps per day,” “daily steps,”
or “walking.”

The titles and abstracts of the identified articles were inde-
pendently screened by two reviewers. The full texts of relevant
articles were reviewed to identify those meeting the inclusion
DAILY STEP COUNTS AND HEALTH OUTCOMES
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criteria. Two professional librarians independently abstracted
data and conducted a quality or risk of bias assessment using
the USDA NEL Bias Assessment Tool (6). Discrepancies
in article selection or data abstractions were resolved by dis-
cussion or by a third reviewer, if needed. The protocol for
this review was registered with the PROSPERO database
registration ID CRD42018092747.

RESULTS

Search Results and Study Characteristics

A literature tree summarizing the selection of literature for
this review is contained in Supplemental Digital Content (see
Figure, Supplemental Digital Content 1, Study Selection Liter-
ature Tree, http://links.lww.com/MSS/B539). The search strat-
egy only yielded appropriate articles dating back to 2011. The
committee reviewed evidence from 11 articles reporting on 7
original research studies (see Figure, Supplemental Digital
Content 1, Study Selection Literature Tree, http://links.lww.
com/MSS/B539). Of the 11 articles, 4 used a cross-sectional
design (7–10), 6 used a prospective design (11–16), and 1 used
a randomized controlled designwhere control and intervention
groups were compared, as well as pooled, to examine steps per
day with respect to insulin resistance (17). The NAVIGATOR
study, a multicenter trial of 9306 individuals with impaired
glucose recruited from 40 countries, provided four articles
(three longitudinal and one cross-sectional). Since the four-
cell two-by-two randomized design examining the effects of
two pharmacologic agents on cardiovascular events and pro-
gression to type 2 diabetes was null for significant clinical drug
effects (18,19), all four NAVIGATOR articles examined the re-
lationship of daily steps to health outcomes after pooling drug
intervention and control groups. Therefore, the NAVIGATOR
study contributed one cross-sectional (10) and three longitudi-
nal studies (12,15,16), depending on the analytic approach.
Participants in all 11 reviewed studies were middle-age or
older. Supporting the generalizability of conclusions, men
and women, multiple races and ethnicities, a continuum of body
sizes, and diverse geographical areas were represented.

Cross-sectional studies cannot control for bidirectional
relationships—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 and not for pri-
mary evidence for relationships.

The longitudinal studies reported health outcomes including
all-cause mortality (11,14), a composite of CVD incidence,
which included cardiovascular death, nonfatal myocardial in-
farction, or nonfatal stroke (16), metabolic syndrome (12),
and blood glucose concentrations—the latter two as bio-
markers of progression toward diabetes mellitus (13,15,17).

The baseline number of steps per day varied across studies,
but the median was approximately 5000 steps per day. In one
report (17), 80%of the steps taken in a daywere of light-intensity
Medicine & Science in Sports & Exercise® 1207
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 physical activity. Cohorts of older adults accumulated fewer

daily steps than did middle-age adults. An Australian cohort
of Tasmanian adults (mean age at baseline, 50 yr) (13) accu-
mulated nearly twice as many daily steps at baseline as other
samples—approximately 10,000, whereas most study baseline
steps per day were approximately 5000.

Evidence on the Overall Relationship

Daily step counts and all-cause mortality. Dwyer
et al. (11), observing 219 deaths in 2576 residents of Tasmania
over 10 yr of follow-up, studied the relation of daily step
counts and mortality. The mean age of the population was
58.8 yr. Mean daily step counts were 8781 ± 4538 for men
and 8925 ± 8925 for women. Greater daily step counts were
inversely and linearly associated with all-cause mortality: ad-
justed hazard ratio 0.94 (confidence interval, 0.90, 0.98) per
1000 daily steps. In a mean of 3.7 yr of follow-up in repeated
assessment, changing from sedentary to 10,000 daily steps
was associated with 46% less mortality risk over the ensuing
decade when adjusted for baseline daily step counts and other
mortality risk factors.

Yamamoto et al. (14) studied 419 physically independent,
community-dwelling 71-yr-old elders in Japan. Over a mean
follow-up period of 9.8 yr, they observed 18% mortality (76
individuals). Groups were characterized by quartiles of steps
per day (<4503, 4503–6110, 6111–7971, >7971 daily steps).
Probably because of to the low study numbers, hazard ratios
for mortality over the period were only statistically significant
when comparing the greatest quartile of daily steps group with
the least quartile of daily steps (hazard ratio, 0.46; confidence
interval, 0.22–0.96).

Daily step counts and cardiovascular events. Sev-
eral longitudinal studies examined the relationship between
daily step counts and disease incidence or risk. One study
FIGURE 1—Kaplan–Meier survival curves for the death, myocardial infarction
distributions were compared using log-rank test (P < 0.0001). Individuals at risk
8355 (Y3), 8008 (Y4), 7660 (Y5), 6244 (Y6), and 1505 (Y7). Quartiles of daily steps
(6382–7754), and 10569 (9447–12299). Figure developed from data in Refs. (16,

1208 Official Journal of the American College of Sports Medicine
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examined the relationship of daily step counts to cardiovascular
events, defined as cardiovascular death, nonfatal myocardial in-
farction, or nonfatal stroke in a population at risk for type 2 di-
abetes (16). This study included more than 45,000 person-years
of follow-up in which 531 cardiovascular events occurred. Both
baseline daily steps and change in daily steps were inversely
associated with risk for cardiovascular events. Compared with
the baseline step count, each 2000-daily-step increment up to
10,000 steps was associated with a 10% lower cardiovascular
event rate. Also, for every 2000-daily-step increase, there was
an 8% yearly reduction in cardiovascular event rate (Fig. 1).
This report provides evidence of the benefit of increasing steps
per day to reduce cardiovascular event incidence. The relation-
ship can be modeled as a linear relationship (Fig. 2).

Dose–Response

Each of these dose–response relations seemed to be linear
across the ranges of daily steps and change in daily steps.
The linear relationships and effect sizes approximate those ob-
served by Dwyer et al. (11) in a nondiseased population.

Daily step counts, metabolic syndrome, and type 2
diabetes incidence. Using NAVIGATOR data, Huffman
et al. (12) observed a relationship of daily steps with metabolic
syndrome score: for every incremental of 2000 greater base-
line daily steps, there was a 29% reduction in the 6-yr meta-
bolic syndrome score. Ponsonby et al. (13) estimated that for
any average daily step count, additional 2000 steps were asso-
ciated with a 25% reduction in incidence of dysglycemia over
the succeeding 5 yr. Similar to the NAVIGATOR studies
(12,16), the relationship between daily step count and health
outcome seemed linear in Ponsonby et al. (13).

In a study published just after the search date for this article,
Kraus et al. (21) reported on the relationship of baseline daily
step counts and incident type 2 diabetes in the NAVIGATOR
, and stroke composite outcome by quartiles of steps per day (16). Survival
at each year of follow-up were as follows: 9306 (Y0), 8930 (Y1), 8659 (Y2),
were as follows (means (range)): 2006 (859–2859), 4659 (4085–5216), 7093
20).

http://www.acsm-msse.org
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FIGURE 2—Association between change in steps per day and cardiovas-
cular events in individuals with impaired glucose tolerance (16). The asso-
ciation between change in daily ambulatory activity and cardiovascular
events in those with impaired glucose tolerance: cohort analysis of the
NAVIGATOR trial. Reproduced with permission from Yates T, Haffner
SM, Schulte PJ, et al. Association between change in daily ambulatory ac-
tivity and cardiovascular events in people with impaired glucose tolerance
(NAVIGATOR trial): a cohort analysis. Lancet. 2014;383(9922):1059–66.
Copyright © 2014 Elsevier Ltd. All permission requests for this image
should be made to the copyright holder.
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study. Pedometer data were obtained on 7118 participants, and
35% developed diabetes. In an unadjusted analysis, each
2000-step increment in the average number of daily steps up
to 10,000 was associated with 5.5% lower risk of progression
toward diabetes (hazard ratio, 0.95; 95% confidence interval,
0.92–0.97), with a >6% relative risk reduction after adjust-
ment. This relationship also seems linear.

Demographic factors and weight status. The risk
reduction for incident cardiovascular events reported in
NAVIGATOR was not affected by weight status, sex, age,
geographical region, or level of baseline steps per day (16).
Negative associations between daily steps and metabolic syn-
drome score reported in NAVIGATOR were independent of
weight status (12). Ponsonby et al. (13) reported associations
that were also independent of weight status when examining
daily steps and dysglycemia. Thus, for studies evaluating ef-
fect modification by demographic or weight status, none were
found. Despite these findings, the evidence on these factors
was not sufficient for the Committee to draw a conclusion
about any relationship.

DISCUSSION

The 2018 PAGAC report (4), strengthened by recently
published research (11,14,21), supports using daily step count
as a viable metric for assessing the association of physical ac-
tivity with CVD events, type 2 diabetes mellitus onset, and all-
cause mortality.

There is a striking contrast between the linear relationship of
steps with mortality, CVD, and type 2 diabetes when compared
DAILY STEP COUNTS AND HEALTH OUTCOMES
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with the rapidly negative curvilinear relationship of moderate-
to-vigorous physical activity for these same health outcomes
(see an article in this by Kraus et al. (20)). This contrast raises
the question as to whether the apparent linear relationship of
daily steps with themeasured health outcomes is due to the con-
tribution of light-to-moderate habitual daily activities. There are
other possible explanations for this contrast between the shapes
of the curves for step counts and moderate-to-vigorous physical
activity on mortality. For example, measurement error, wear
time, and other factors can affect the data gathered by physical
activity trackers (3). That said, very low exposures—those with
relatively few daily steps—contribute to reduced disease risk,
albeit to a lower extent or with less impact than even a small
amount of moderate-to-vigorous physical activity. Certainly,
light activity contributes to reduction in disease risk (22). These
issues will need to be sorted out with more research.

Finally, it remains unclear how many steps provide the op-
timal health benefit for the general population and for specific
health benefits for those with existing disease. The traditional
10,000 step target already is being adopted by some countries
(23) as a national public health goal. Is this the right number?
Populations around the world are experiencing both increases
in sedentary time (24) and decreases in habitual daily physi-
cal activity (25). Estimates that current moderate-to-vigorous
physical activity guideline targets constitute 3000 to 6000
daily steps (26,27), when added to spontaneous “background
activity” of 2500 to 5000 steps, might suggest that one should
aim for more than 10,000 steps per day as a public health target
to counteract the effects of increasing sedentary time (24,28).

A specific example might be helpful. A sedentary individ-
ual finds that she uses 5000 steps per day in normal daily ac-
tivity. She measures the number of steps in a 10-min brisk
(moderate-intensity) walk to be 1000 steps. Therefore, she
finds she canmeet the US physical activity guidelines for brisk
walking of 150 min·wk−1 by adding approximately 2000 brisk
walking steps per day to her baseline activities of daily
living—or aim for 7000 steps per day, of which 20 min·d−1

is in the form of her daily walk. Pertinently, a 2011 position
stand from the American College of Sports Medicine recom-
mends that adults obtain at least 7000 steps per day (29).

However, there is at least one cautionary note. For some
populations, 10,000 daily steps might have harmful effects.
Limited data suggest a possible progression of osteoarthritis
at step count per day greater than 10,000 (see also an article
in this issue by Kraus (30)). However, as argued earlier, these
step counts per day do not exceed those equivalent to the cur-
rent physical activity guidelines.

Daily step counts are a readily accessible means bywhich to
monitor and set physical activity goals (see an article on
physical activity promotion in this issue (2)). In this review,
we point to emerging evidence of a linear inverse dose–
response relationship of daily steps with important health out-
comes, including all-cause mortality, cardiovascular events,
and type 2 diabetes. However, more evidence will be required
before these observations can be translated into public health
guidelines.
Medicine & Science in Sports & Exercise® 1209
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 Public health impact. Steps are a basic unit of locomo-

tion and as such provide an easy-to-understand metric of
ambulation—an important component of physical activity.
Measuring daily step counts can motivate diverse samples
of individuals to increase physical activity levels (see the
physical activity promotion article in this issue (2)). Increas-
ingly, the self-assessment of steps can be accomplished
through objective, readily obtainable technologywith physical
activity trackers, particularly those worn on the wrist or finger.
Unlike the measure of moderate-to-vigorous physical activity
in minutes per week or weekly energy expenditure (e.g.,
MET-minutes), the metric of step counts per day provides a
comparable denominator to how dietary energy intake in most
dietary guidelines is standardized—per day. As a result, daily
steps counts might 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 fit-
ness in the context of physical activity monitoring and pre-
scription. For these reasons, measuring of daily step counts
has the potential to significantly improve the translation of
research findings into public health recommendations, pol-
icies, and programs.

Evidence statements. Because four of the originally re-
viewed studies were derived from one study—the NAVIGA-
TOR trial, containing generally older individuals where the
generalizability of the findings is suspicious—the Committee
originally determined that there was insufficient evidence
available to determine whether a relationship exists between
steps per day and all-cause and CVD mortality. The grading
of the accumulated evidence is available in Supplemental Dig-
ital Content 2 (see Table, Supplemental Digital Content 2, ev-
idence statements for conclusions, http://links.lww.com/MSS/
B540). However, in the interim, two new articles have come to
our attention supporting the relationship between step counts
per day and mortality (11,14). The Committee determined that
there was limited evidence suggesting that daily step counts
are associated with reduced incidence of CVD events and risk
of type 2 diabetes. In the interim, one new article has been
published supporting the relationship of step counts per day
and type 2 diabetes incidence (21); however, this finding
was from only one study—the NAVIGATOR trial—and more
evidence may be required to change this strength of evidence
determination. The Committee determined that there was
limited evidence suggesting a dose–response relationship
between the measure of steps per day and CVD events and
type 2 diabetes risk. However, there are new dose–response
data in this report demonstrating a linear relation of step
counts per day with all-cause mortality, CVD events, and type
2 diabetes. Finally, the Committee determined that there was
insufficient evidence available to determine whether the rela-
tionship between the measure of daily step counts and CVD
events and type 2 diabetes risk is influenced by age, sex,
race/ethnicity, socioeconomic status, or weight status. Thus,
although the evidence base supporting the use of daily step
1210 Official Journal of the American College of Sports Medicine
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counts as a metric for physical activity with respect to its effect
on health outcomes is growing, and new evidence supports the
previously determined limited evidence, still there is much
work to be done before it can be fully adopted.

Needs for future research. Despite a developing litera-
ture on the relation of daily step counts and important health
outcomes, there remains an insufficient literature to support
using this metric as a public health metric for monitoring phys-
ical activity exposure. Given this, more research is needed in
the following areas.

Advance the understanding of daily step counts and health
in research addressing the equivalency of steps per day mea-
sured using various devices. Rationale: Peripheral activity
monitoring devices include spring-suspended lever arm pe-
dometers, accelerometers convertingmovement count or grav-
itational constant data to steps per day, three-dimensional
accelerometer-based activity trackers, and smartphone–based
mobile applications using internal accelerometers. However,
with ever increased interest in personalized health monitoring
and more options becoming increasingly available over time,
without equivalency research, dose–response understandings
will be specific to each device. In addition, newer devices,
which more finely parse data, are likely to provide more sensi-
tive metrics for capturing health-related walking behavior—
for instance, intensity of steps per day, average stepping rate
per day, and stepping cadence. Conversely, advances in daily
step count research will inform decisions by product engineers
and consumers as to what features are most useful in personal-
ized health monitoring.

Develop more information on the metrics of daily step counts
useful for understanding the relationship of steps per day with
health outcomes, develop more understanding of the relation
of pedometer-measured and accelerometer-measured steps
per day, and explore the relationship between stepping cadence
and health. This foundational information is critical to under-
standing howwemight use legacy data—such as fromNational
Health and Nutrition Examination Survey, where steps per day
data were collected using accelerometers—to develop more
detailed information on the relations of daily step counts to
health outcomes. Such information will also permit subject-
level pooling studies to increase sample sizes by harmonizing
pedometer-collected data and accelerometer-collected data.
Also requiring more work is the relationship of steps counts
measured by pedometer to that of light activity/steps counts
measured with accelerometers—not used in this report—and
the association of step cadence (measured so far using only ac-
celerometers) with health outcomes (31). Recently, the Con-
sumer Trade Act provided guidelines for all new consumer
monitors to meet for quantifying steps per day. This will be
useful for getting better consistency between devices and fu-
ture studies.

Conduct additional longitudinal research in the form of
either prospective studies or randomized controlled trials
to examine the dose–response relationship between daily
step counts and health outcomes. This information is criti-
cal for setting target volumes of physical activity using steps
http://www.acsm-msse.org
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per day as a metric for predicting the incidence of future dis-
ease outcomes. In this review, only one randomized con-
trolled trial was identified, and it did not include multiple
arms to examine the effects of various doses of steps per
day on outcomes.

Include measurement methods in prospective and random-
ized controlled studies examining whether the rate of stepping
and bout lengths of continuous stepping influence the relation-
ship between steps per day and disease outcomes. The studies
reviewed used simple physical activity trackers providing
accumulated steps and could address neither patterns nor in-
tensity of steps. Additional physical activity assessment
methods allowing for these data should provide a better tar-
get for recommending physical activity volume and effec-
tive means for meeting steps per day targets.

Develop more understanding of the relation of individual
characteristics—age, sex, infirmity, and disease status—serve
as effect modifiers of the relationship of daily step counts and
health status. The economy of movement varies by age; walk-
ing cadence varies by age; and disease states can influence ca-
dence, energy efficiency, and the safe parameters associated
with walking. Therefore, much more information ultimately
will be needed before public health and clinical recommenda-
tions can be made about the relationships of daily step counts
and human health.
DAILY STEP COUNTS AND HEALTH OUTCOMES
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hysical activity recommendations have traditionally fo-
Pcused onmoderate to vigorous physical activity (MVPA),
and this was interpreted as activity performed in a contin-

uous manner. The historical perspective of these recommenda-
tions was summarized in the U.S. Surgeon General’s Report on
Physical Activity and Health (1). In the mid-1980s, Haskell sug-
gested that some forms of physical activity may not result in an
improvement in physical fitness, but the acute effects of repetition
of physical activity may still result in improvements in health (2).

Emerging evidence began to support the concept that phys-
ical activity could have beneficial effects when accumulated in
multiple shorter bouts performed across the day rather than
solely relying on one longer continuous bout of physical activity.
For example, one of the first empirical studies was conducted by
Ebisu et al. (3), and results demonstrated that multiple bouts of
. Unauthorized reproduction of this article is prohibited.
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 running equivalent to 30 min·d−1 (e.g., 3 session of 10 min) over

a period of 8 wk improved cardiorespiratory fitness and im-
proved HDL in youngmen. Pate et al. (4) published the first con-
temporary recommendation, on behalf of the U.S. Centers for
Disease Control and Prevention and the American College of
Sports Medicine (ACSM), for MVPA to be “accumulated” 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 min, totaling 30 min or more on most days provided bene-
ficial health and fitness effects.” This resulted in a new paradigm,
suggesting the accumulation of physical activity across bouts of
short duration would provide health benefits. This paradigm
was reinforced in the report by Haskell et al. (5) in the physical
activity recommendations for adults from the ACSM and the
American Heart Association. The 2008 Physical Activity Guide-
lines for Americans continued to support this recommendation
for adults, stating that “aerobic activity should be performed in
episodes of ≥10 min” (6).

The 2018 Physical Activity Guidelines Advisory Committee
(PAGAC) recognized, however, that not all free-living physical
activity is performed in a continuous manner, and most activity
is likely performed in episodes typically <10 min in duration.
An example of this may be the short and sporadic bouts of phys-
ical activity that can be performed in selective agricultural,
goods producing, and manufacturing occupations. Church et al.
(7) have demonstrated that these types of occupations have been
decreasing in prevalence, which has contributed to a decrease in
total energy expenditure, mostly due to a decrease in MVPA,
which may also be associated with negative health conse-
quences. Thus, the 2018 PAGAC examined the available scien-
tific literature to determinewhether physical activity episodes of
<10 min in duration have health-related benefits or, alterna-
tively, if the benefits are only realized when the duration of
physical activity episodes is ≥10 min.
METHODS

The overarching methods used to conduct systematic reviews
informing the 2018 PAGAC Scientific Report are described in
detail elsewhere (8,9). The searches were conducted using elec-
tronic databases (PubMed®,CINAHL, andCochrane). An initial
search was conducted to identify systematic reviews, meta-
analyses, and pooled analyses examining the relationship be-
tween bout duration and various health outcomes, and this search
did not identify sufficient literature to answer the proposed re-
search question. Therefore, a de novo search of original research
was conducted until June 2017 for the 2018 PAGAC report. This
de novo search of original research was expanded to include
literature published through March 2018 for inclusion in this
manuscript. Eligibility criteria were original research studies pub-
lished in English, examining bouts as the physical activity expo-
sure among adults, and health outcomes including weight status,
body composition, blood lipids, blood pressure, metabolic syn-
drome, risk of type 2 diabetes, and risk of cardiovascular disease.
The full search strategy is available at https://health.gov/
1214 Official Journal of the American College of Sports Medicine
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paguidelines/second-edition/report/supplementary_material/
pdf/Exposure_Q5_Bouts_Evidence_Portfolio.pdf. For the
search conducted to include literature throughMarch 2018, addi-
tional outcomes such as frailty and all-cause mortality were per-
missible as outcomes. Search terms included bout-specific terms
combined with outcome-specific terms. However, the PAGAC
Scientific Report (10) included a specific section related to
high-intensity interval training that was separate from this review,
and therefore the literature specific to high-intensity interval train-
ing is not included in this review.

The titles and abstracts of the identified articles were inde-
pendently screened by two reviewers. The full-text of relevant
articles were reviewed to identify those meeting the inclusion
criteria. Two professional abstractors independently abstracted
data and conducted a quality or risk of bias assessment using
the USDA NEL Bias Assessment Tool (11). Discrepancies
in article selection or data abstractions were resolved by discus-
sion or by a third reviewer, if needed. The protocol for this review
was registered with the PROSPERO database registration
(CRD42018092854). The summary of the review process for the
articles included in this systematic review is shown in Figure 1.
RESULTS

Search Results

For the 2018 PAGAC Report, 25 original manuscripts pub-
lished from 1995 to 2017, based on 23 original studies, that ex-
amined the relationship between bouts of physical activity and
different health outcomes were included as sources of evidence
(10,12–35). Two pairs of these studies reported on different out-
comes from the same studies (13–16). Of the 23 studies examined,
11 used a cross-sectional design (15–18,22–24,27,28,31,32,34), 2
used a prospective design (19,33), and 10 used a randomized de-
sign (10,12–14,20,21,25,26,29,30,35). The additional search con-
ducted through March 2018 resulted in four additional original
research studies, including one randomized control trial (36), one
prospective cohort (37), and two cross-sectional studies (38,39).
The analytical sample size across these various studies ranged from
22 to 6321. A summary of the articles, by study design and health
outcomes examined, is shown in Table 1.

Measures of Physical Activity Bouts

Within the context of this review, the methods used to as-
sess physical activity were quantified. The majority of studies
(n = 18) used objective measure to assess physical activity that
included accelerometers (15–19,22–27,31–34,37–39), with
other studies using a heart rate monitor and pedometer (10), a
combination of self-report and heart rate monitor (13,30,35),
and direct supervision of physical activity sessions (20,36).
The remaining four studies used self-report (exercise logs and
diaries) to quantify physical activity (12,14,21,29).

Duration of Bouts

The duration of bouts varied across the studies that were ex-
amined. Cross-sectional (15–18,22–24,27,28,31,32,34,38,39)
http://www.acsm-msse.org
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FIGURE 1—Summary of literature search.
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and prospective studies (19,33,37) reported on bouts of phys-
ical activity that were <10 min, whereas randomized studies
(10,12–14,20,21,25,26,29,30,35,36) reported only on bouts
that were ≥10 min in duration.
TABLE 1. Summary of study designs that examined physical activity bout duration by
health outcome.

Health Outcomes
Cross-Sectional

Studies
Prospective
Studies

Randomized
Studies

Weight or body composition
Incidence of obesity 1
BMI 6 6
Body fatness 7 8

Blood pressure 2 1 6
Lipids
Total cholesterol 2
Physical Activity Bout Duration and Health
Outcomes: Randomized Studies

Twelve manuscripts reported on randomized designs, and
these studies only included bouts of physical activity that were
≥10 min in duration (10,12–14,20,21,25,26,29,30,35,36). In
these studies, intermittent bouts resulted in similar or enhanced
effects when compared with continuous bouts of physical ac-
tivity of longer duration for outcomes of weight and body
composition (10,12–14,20,21,25,26,29,30,35,36), blood pres-
sure (13,20,21,25,29,36), blood lipids (13,20,29,30,35), or
glucose or insulin (13,20,36). These studies, however, do not
provide information to evaluate bouts of physical activity of
<10 min in duration.
LDL cholesterol 1 4
HDL cholesterol 4 1 5
Triglycerides 3 4

Glycemic control
Fasting blood glucose 3 3
Fasting insulin 2 2
Oral glucose

tolerance test
1

HbA1c 1
Metabolic syndrome 2
C-reactive protein 2
Framingham cardiovascular

disease risk score
1

Frailty 1
Multimorbidity 1
All-cause mortality 1
Physical Activity BoutDuration andHealthOutcomes:
Cross-Sectional and Prospective Studies

The cross-sectional and prospective studies reported on a
variety of health outcomes that included body weight or body
composition (16,17,22,24,27,28,31,33,34), blood pressure
(28,33,34), blood lipids (15,19,24,28,34), glucose or insulin
(23,27,34), metabolic syndrome (18,27), inflammatory bio-
markers (28,34), a composite of cardiovascular disease risk
(32), frailty (38), or multimorbidity (39). In addition, a more
recent study reported on all-cause mortality (37). A summary
BOUTS OF PHYSICAL ACTIVITY
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of these findings by health outcome are presented below and
also presented in Table 2.

Bodymass index, adiposity, and obesity. Some stud-
ies have examined whether physical activity accumulated in
bouts <10min in duration are associated with bodymass index
(BMI) or body fatness (16,17,22,24,27,28,31,33,34). In a co-
hort study by White et al. (33), physical activity accumulated
in bouts of ≥10 min in duration was associated with lower in-
cidence of obesity, whereas physical activity accumulated in
<10 min was not associated with lower incidence of obesity.
Medicine & Science in Sports & Exercise® 1215

. Unauthorized reproduction of this article is prohibited.



TABLE 2. Summary of the number of studies where health benefits are observed when physical activity in bouts ≥10 min is compare to bouts <10 min.

Number of Studies

Health Outcomes
Effect in Bouts

<10 min and ≥10 min
Effect in Bouts <10 min but Not

in Bouts ≥10 min
Effect in Bouts ≥10 min
but Not in Bouts <10 min

Weight or body composition
Incidence of obesity 0 0 1
BMI 3 1 2
Body fatness 5 1 1
Blood pressure 1 2 0

Lipids
Total cholesterol 1 0 0
LDL cholesterol 1 0 0
HDL cholesterol 2 1 1
Triglycerides 2 1 0

Glycemic control
Fasting blood glucose 1 1 0
Fasting insulin 1 1 0
Oral glucose tolerance test 0 0 0
HbA1c 0 1 0

Metabolic syndrome 1 1 0
C-reactive protein 1 1 0
Framingham cardiovascular disease risk score 1 0 0
Frailty 1 0 0
Multimorbidity 1 0 0
All-cause mortality 1 0 0
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In cross-sectional studies examining BMI, two favored physical
activity accumulated in bouts of ≥10 min compared with phys-
ical activity accumulated in bouts <10 min (28,34), one favored
physical activity accumulated in <10 min bouts (17), and three
did not report a difference between physical activity accumu-
lated in bouts <10 min versus bouts of ≥10 min (22,24,27).
Of the seven cross-sectional studies examining measures of
body fatness, one favored physical activity accumulated in
bouts of ≥10min (31), 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 ≥10 min (34), and five studies showed no difference
between physical activity accumulated in bouts of ≥10 min ver-
sus physical activity not accumulated in bouts of ≥10 min
(16,17,24,27,28).

Resting blood pressure. Evidence for resting blood
pressure is available from one cohort study and two cross-
sectional studies. In the cohort study, White et al. (33) demon-
strated that physical activity in bouts of either ≥10 min or
<10 min in duration was associated with lower incidence of
hypertension. Both cross-sectional studies showed that physi-
cal activity accumulated in bouts <10 min was associated with
lower resting blood pressure (28,34).

Blood lipids.One cross-sectional study showed that phys-
ical activity accumulated in bouts of ≥10 min or <10 min in
duration was associated with lower total cholesterol (28). In
the one cross-sectional study examining LDL cholesterol, both
physical activities accumulated in bouts of ≥10min in duration
and in <10 min in duration were inversely associated with
LDL cholesterol (28).

For HDL cholesterol, the one prospective study, which was
only 14 wk in duration, reported that physical activity accumu-
lated in bouts of ≥10 min in duration predicted change in HDL,
whereas when the threshold was reduced to include bouts of at
least 5 min, this pattern of physical activity was not predictive
of change in HDL (19). Of the four cross-sectional studies
1216 Official Journal of the American College of Sports Medicine
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reviewed, two showed similar associations between HDL and
physical activity accumulated in bouts of ≥10 min and <10 min
(24,28), one showed that physical activity accumulated in bouts
as short as at least 32 s was associated with higher HDL (15),
and one showed that physical activity accumulated in bouts
<10 min was more strongly associated with HDL than physical
activity accumulated in ≥10 min (34).

Three cross-sectional studies examined the association be-
tween physical activity and triglycerides. In two of these studies,
there were similar associations of triglycerides with physical
activity accumulated in bouts of ≥10 min in duration or in
bouts <10 min (24,28). One of these studies showed that phys-
ical activity accumulated in bouts of <10minwasmore strongly
associated with lower triglycerides than physical activity accu-
mulated in bouts of ≥10 min (34).

Fasting glucose, fasting insulin, and HbA1c. Three
cross-sectional studies examined the association between phys-
ical activity and fasting glucose (15,28,34), two with fasting in-
sulin (27,34) and one with HbA1c (23). For fasting glucose, in
one study, bouts of physical activity at least 3 min in duration
were associated with lower fasting glucose (15); in one study,
there was no difference in the association between fasting glu-
cose andMVPA accumulated in bouts of <10 min versus bouts
of ≥10 min (28); and in one study, physical activity accumu-
lated in bouts of <10 min was more strongly associated with
lower fasting glucose when compared with physical activity ac-
cumulated in bouts of ≥10 min (34). For fasting insulin, one
study showed no difference in the association when comparing
MVPA accumulated in <10 min and ≥10 min (27), and one
study showed that physical activity accumulated in bouts of
<10 min was more strongly associated fasting insulin when
compared with physical activity accumulated in bouts of
≥10 min in duration (34). In the one study examining HbA1c,
physical activity accumulated in bouts <10min predicted lower
HbA1c, whereas physical activity accumulated in bouts of
≥10 min in duration was not predictive of lower HbA1c (23).
http://www.acsm-msse.org
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Metabolic syndrome. Two cross-sectional studies were
reviewed that reported on the association between physical ac-
tivity and metabolic syndrome (18,27). In one study, MVPA
accumulated in bouts of 1 to 9 min, 4 to 9 min, or 7 to 9 min
in duration predicted lower odds of having metabolic syn-
drome (40) independent of MVPA accumulated in bouts of
≥10min (18). In an additional study, odds of having metabolic
syndrome (41) did not differ when comparing physical activity
accumulated in bouts of <10 min versus ≥10 min (27).

C-reactive protein. Two cross-sectional studies exam-
ined the association between physical activity and C-reactive
protein (28,34). One study showed no difference in the associ-
ation between C-reactive protein and physical activity accu-
mulated in bouts of <10 min in duration and bouts of
≥10 min (28). One study showed that physical activity accu-
mulated in bouts of <10 min was more strongly associated
with lower C-reactive protein when compared with physical
activity accumulated in bouts of ≥10 min (34).

Cardiovascular risk score. One cross-sectional study
examined the association between physical activity and the
Framingham Cardiovascular Disease Risk Score (32). In this
study, physical activity accumulated in bouts of 1 to 5 min, 6
to 10min, 11 to 15min, or 20 to 120min in duration and during
total waking time was negatively associated with Framingham
Cardiovascular Disease Risk Score.

Frailty. Aging is typically associated with an increase in
frailty. Kehler et al. (38) examined data from the National
Health and Nutrition Examination Survey to determine
whether MVPA performed in bouts of ≥10min had a differen-
tial influence on the frailty index compared with MVPA per-
formed in bouts of <10 min in adults 50 yr of age or older.
In this study, meeting 50%–99% of 150 min·wk−1 of MVPA
was associated with a reduced frailty index, with similar find-
ings observed regardless of whether MVPA was performed in
bouts of ≥10 min or in bouts of <10 min.

Multimorbidity.Multimorbidity is the presence of two or
more chronic conditions such as coronary artery disease, stroke,
congestive heart failure, hypertension, diabetes, obesity, and
others. Loprinzi examined data from the National Health and
Nutrition Examination Survey to determine whether physical
activity bouts that were ≥10 min in duration or were <10 min
in duration were associated with multimorbidity (39). In this
analysis, both bouts of MVPA ≥10 min in duration and those
<10 min in duration were independently associated with the
presence of multimorbidity. These findings provide support
for promoting MVPA regardless of bout duration.

All-causemortality.A recent finding is based on the data
that are now available regarding physical activity bout dura-
tion and all-cause mortality. In a prospective examination of
data from the National Health and Nutrition Examination Sur-
vey, Saint-Maurice et al. (37) examined the influence of
MVPA of different bout durations (total MVPA regardless
of bout duration, MVPA in bouts of at least 5 min, MVPA
in bouts of ≥10 min) on all-cause mortality over an average
follow-up period of 6.6 yr. In this analysis, the hazard ratios
were similar across quartiles of MVPA regardless of bout
BOUTS OF PHYSICAL ACTIVITY
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duration, suggesting that the reduction in mortality risk is inde-
pendent of how MVPA is accumulated.
DISCUSSION

Summary and public health effect. The 2008 Physical
Activity Guidelines for Americans recommended that physi-
cal activity be accumulated in bouts of ≥10 min in duration
to influence a variety of health-related outcomes (6). This
was consistent with an initial paradigm shift that occurred ap-
proximately 20 yr early when it was suggested by the Centers
for Disease Control and Prevention and the ACSM that phys-
ical activity accumulated in bouts of ≥10 min in duration can
improve a variety of health-related outcomes (4). This current
review of the evidence continues to support that physical activ-
ity accumulated in bouts of ≥10 min in duration can improve a
variety of health-related outcomes. However, additional evi-
dence, from cross-sectional and prospective cohort studies, sug-
gests that physical activity accumulated in bouts that are
<10 min is also associated with favorable health-related out-
comes, including all-cause mortality. This is of public health
importance because it suggests that engaging in physical activ-
ity, 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
≥10 min in duration. It also adds support to public health initia-
tives advocating physical activity behaviors that are unlikely to
require 10 min, such as climbing a flight of stairs or parking the
car in a more distant part of the parking lot. This may suggest
the need for a contemporary paradigm shift in public health
recommendations for physical activity, which encourages en-
gagement in MVPA as an important lifestyle behavior to en-
hance health, with potential benefits realized regardless of
the bout duration.

Needs for future research. The evidence from this re-
view supports that physical activity accumulated in bouts
<10 min in duration are associated with enhanced health
across a variety of outcomes. There is, however, a need for ad-
ditional research related to the accumulation of physical activ-
ity and its association with health. These additional research
needs are described below.

Conduct longitudinal research, in the form of either prospective
studies or randomized controlled trials, to examine whether
physical activity accumulated in bouts of <10 min in duration
enhances health outcomes. The majority of studies reviewed
that support the health benefits of physical activity accumu-
lated in bouts of <10 min in duration used a cross-sectional de-
sign, with none of the randomized studies reporting on the
effects of physical activity accumulated in bouts of <10 min.
Having this knowledge will inform potential cause and effect
rather than simply associations.

Conduct research to compare bouts of physical activity of
<10 min to ≥10 min, which also equates for volume and total
energy expenditure between these physical activity patterns, to
examine the effects on health outcomes. The randomized stud-
ies that were specifically designed to equate for volume of
Medicine & Science in Sports & Exercise® 1217
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 physical activity or energy expenditure only examined the ef-

fects of physical activity performed in bouts ≥10 min. Thus, ap-
propriately designed studies are needed to confirm the findings
of the cross-sectional and prospective observational studies re-
garding the health benefits of physical activity accumulated in
bouts ≤10 min in duration.

Conduct large research trials with ample sample sizes to allow
for stratum-specific analyses to determine whether the in-
fluence of physical activity accumulated in bouts of varying
length on health outcomes varies by age, sex, race/ethnicity,
socioeconomic status, initial weight status, or other demo-
graphic characteristics. On the basis of the studies re-
viewed, there is limited evidence available on whether the
influence of physical activity varies when the exposure to
physical activity is consistent across individuals with differ-
ent demographic characteristics. Having this information
will inform public health recommendations about whether
physical activity exposure of varying bout length to enhance
health needs to vary by age, sex, race/ethnicity, socioeco-
nomic status, weight status, and other demographic charac-
teristics and may allow for more precise individual-level
physical activity recommendations.

Include measurement methods in prospective and randomized
studies that will allow for the evaluation of whether physical ac-
tivity performed in a variety of bout lengths has differential effects
on health outcomes. On the basis of this review, randomized
studies were not identified that reported on physical activity accu-
mulated in bouts that were <10 min in duration, and only three
prospective studies were identified that reported on physical activ-
ity accumulated in bouts that were <10 min. This may be a result
of the methods used to assess physical activity in randomized and
prospective studies, suggesting the need to include physical activ-
ity assessment methods that allow for these data to be available for
analysis. For example, the use of objective monitoring that allows
for physical activity data to be collected in 1-min epochs may be
preferable to self-reported methods when examining the duration
of activity bouts that are associated with improved health.

Conduct meta-analyses and systematic reviews of longitudi-
nal prospective studies to evaluate the effect of physical activity
accumulated in varying bout durations on health outcomes.
High-quality systematic reviews and meta-analyses were not
identified in the literature that has summarized the evidence re-
lated to physical activity accumulated in varying bout durations
and health outcomes. With specific regard to a summary of the
evidence related to physical activity bout durations of <10 min,
this may have been influenced by the current lack of sufficient
prospective and randomized studies. This resulted in the need to
examine the limited number of individual studies that addressed
this topic. As additional prospective and randomized studies are
conducted on this topic, meta-analyses and systematic reviews
1218 Official Journal of the American College of Sports Medicine
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should be conducted that will provide information on the con-
sistency and magnitude of the overall effect size of the relation-
ships observed across the original studies.

Conduct appropriately designed studies to examine the
mechanistic pathways by which physical activity bouts of
varying durations, particularly bouts of physical activity
<10 min in duration, may influence various health-related
outcomes. This review of the literature was not designed to
identify and summarize the scientific literature related to the
potential mechanistic pathways of how physical activity bouts
of varying durations, particularly <10 min in duration, may in-
fluence health-related measures. This may be important for
understanding the biology of physical activity, provide a foun-
dation for future research, and may influence for whom phys-
ical activity bouts <10 min in duration may be most effective.

Conduct studies to examine the effects of light-intensity physi-
cal activity accumulated in bouts of <10 min and ≥10 min on
health outcomes. The studies reviewed primarily focused on
MVPA within the context of physical activity bout duration.
Thus, these studies do not contribute to an understanding of
how light-intensity physical activity may influence health out-
comes, and whether bout duration of light-intensity physical
activity may influence this potential relationship. This is a po-
tentially important public health question given the potential
for lifestyle, household, and occupational activity to be per-
formed in bouts <10 min and at a light intensity.
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raditionally, physical activity guidelines have focused
Ton moderate-intensity continuous training (MICT)
and, more recently, have included resistance training.

However, since the 2008 Physical Activity Guidelines Advi-
sory Committee (PAGAC) Scientific Report (1), there has
arisen a resurgence in interest and use of interval training.
High-intensity interval training (HIIT) is one type of interval
training that has progressively increased in popularity among
physically active individuals and has garnered scientific re-
search. The media also presents HIIT as an alternative means
by which individuals can achieve health benefits similar to
those of MICT. Some have suggested that it might be an
. Unauthorized reproduction of this article is prohibited.
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attractive long-term strategy by which to achieve the health
benefits of regular physical activity because HIIT consumes
less overall time per week. The 2018 PAGAC considered it
prudent to examine scientific evidence regarding the use of
HIIT for cardiometabolic health benefits relative to MICT (2).

To this end, the 2018 PAGAC addressed the following:
1) the nature of the relationship between HIIT and reduction
in cardiometabolic disease risk, 2) whether a dose–response re-
lationship exists, and 3) what is the shape of any dose–response
relationship. Further, the committee was interested in any evi-
dence pointing to whether such relationships might vary by
age, sex, race/ethnicity, socioeconomic status, or weight status.
Finally, the committee explored the relative rates of adverse
events of HIIT programs compared with MICT programs.

Importantly, the term “HIIT” is not precisely defined, and
multiple descriptions, exercise protocols, and exertion-related
criteria are used among the original studies included in each
of the systematic reviews and meta-analyses of literature vet-
ted by the 2018 PAGAC.We retained the descriptions of HIIT
stated in each of the manuscripts included in this umbrella sys-
tematic review, in part, to avoid misrepresenting or redefining
the published research. For this review, we use the following
description of HIIT: “episodic short bouts of high intensity ex-
ercise separated by short periods of recovery at a lower inten-
sity.” On the basis of the literature vetted for this review, the
“high intensity” in these bouts may be as low as about 65%
of V̇O2 maximum or 60% of V̇O2 reserve (which may be infe-
rior to moderate continuous exercise) and as high as maximal
effort, such as during sprinting. The results and conclusions pre-
sented in this review encompass a relatively wide range of HIIT
exercise intensities, which should be taken into consideration
when evaluating these results and using them when developing
exercise programs.
METHODS

An umbrella systematic review was conducted to identify
existing reviews assessing the association of HIIT to reduction
in cardiometabolic disease risk. This review was one of the
systematic reviews conducted for the 2018 PAGAC, and the
full methods are described elsewhere (3). Briefly, systematic
searches were conducted in three electronic databases, includ-
ing PubMed®, CINAHL, and Cochrane from database incep-
tion until May 7, 2017. Subsequently, the search was updated
through March 30, 2018, for this manuscript. Search terms in-
cluded a combination of “high intensity” “physical activity/
exercise” and “interval training” and outcome-specific terms.

Final studies were selected using the following inclusion
criteria: systematic reviews, meta-analyses, and pooled analyses
published in English, including adult populations, assessing
PA performed as HIIT, and examining cardiometabolic risk
outcomes—all-cause and cardiovascular disease (CVD) mor-
tality, CVD incidence, type 2 diabetes, and CVD risk factors,
including blood pressure, blood lipids, and body composition.
Reviews exclusively examining patients with existing CVD or
athletes were excluded. All articles were independently screened
HIGH-INTENSITY INTERVAL TRAINING FOR HEALTH
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by two reviewers. Data abstraction was conducted by two inde-
pendent abstractors who also assessed the quality of the included
reviews using a tailored version of the AMSTARExBP (3,4).
The protocol for this review was registered with the PROS-
PERO database, registration ID CRD42018093024.

The full literature search strategy is available at https://health.
gov/paguidelines/second-edition/report/supplementary_
material/pdf/Exposure_Q6_HIIT_Evidence_Portfolio.pdf. In-
formation available here includes the following: 1) evidence
summaries of the three articles reviewed (website Table 2);
2) AMSTARExBP-based article review quality assessment chart
(website Table 3); 3) systematic review analytical framework
(website appendix A); 4) a priori strategies for the PubMed®,
CINAHL, and Cochrane searches (website appendix B); 5) lit-
erature tree detailing the identification, screening, eligibility,
and inclusion of vetted articles (website appendix C); 6) search
inclusion/exclusion criteria (website appendix D); and 7) the
rationale for excluding articles at abstract or full-text triage
(website appendix E).
RESULTS

Description of the Evidence

An initial search for systematic reviews, meta-analyses,
pooled analyses, and reports identified sufficient literature to
adequately address the research questions. The initial search
conducted for the 2018 PAGAC resulted in 274 articles iden-
tified among the three electronic databases. After removing
duplicates, 260 articles were title screened, of which 48 were
abstract screened, 11 articles were full-text screened, and three
articles used for data extraction. Two additional meta-analyses
provide pertinent data from 77 new articles identified in the
updated search. Figure 1 outlines the search results from both
the original and updated search.

Overview

A total of three existing reviews were included: one system-
atic review (5) and two meta-analyses (6,7). The reviews were
published from 2012 to 2017. The systematic review by
Kessler et al. (5) included 24 studies and covered a time frame
from database inception to 2011. The meta-analyses included
larger numbers of studies. Batacan et al. (6) included 65 studies,
and Jelleyman et al. (7) included 50 studies. They covered time
frames from 1970 to 2015 and from 1946 to 2015, respectively.

Exposures

The three existing reviews examined physical activity per-
formed as HIIT. There are no universally accepted lengths
for the high-intensity period, the recovery period, or 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 high-
intensity component should be performed. Batacan et al. (6)
defined HIIT as “activities with intermittent bouts of activity
that were performed at maximal effort, ≥85% V̇O2 max,
Medicine & Science in Sports & Exercise® 1221
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FIGURE 1—Literature Tree Study Selection HIIT Umbrella Review. Includes both original 2018 PAGAC search and updated search results.
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≥85% heart rate (HR) reserve or the relative intensity of at least
90% HR max.” Jelleyman et al. (7) applied the following de-
scription of HIIT to their literature search: “at least two bouts
of vigorous or higher intensity exercise interspersed with pe-
riods of lower intensity exercise or complete rest.” Kessler
et al. (5) defined HIIT as “vigorous exercise performed at a
high intensity for a brief period interposed with recovery inter-
vals at low-to-moderate intensity or complete rest.”

Outcomes

The outcomes initially identified for systematic review in-
cluded all-cause and CVDmortality, CVD and type 2 diabetes
incidences, cardiorespiratory fitness, and cardiometabolic
disease risk factors. After extensive discussion, the 2018
PAGAC Exposure Subcommittee members made a con-
scious decision to exclude cardiovascular fitness as a pri-
mary outcome of interest, choosing to focus effort and
resources on reviews of literature that included multiple risk
factors of CVD and diabetes. The decision to not focus on
cardiorespiratory fitness as an outcome of interesting was
PAGAC-wide for the entire report; this decision was multifac-
torial and is addressed in the report. While the Exposure Sub-
committee did not vet systematic reviews and meta-analyses
of literature exclusively focused on fitness-related parameters,
1222 Official Journal of the American College of Sports Medicine
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pertinent cardiovascular fitness outcomes contained in the arti-
cles reviewed are described in the Review of the Evidence
(see below). The 2018 PAGAC Exposure Subcommittee’s as-
sessment and evaluation specifically focused on outcomes re-
lated to cardiometabolic disease risk factors (blood pressure,
fasting blood lipids and lipoproteins, fasting blood glucose
and insulin, and body mass index [BMI]) due to a lack of infor-
mation regarding mortality and cardiometabolic morbidities.

Review of the Evidence

The 2018 Advisory Committee based its conclusions on ev-
idence published before May 2017, specifically from the three
existing systematic reviews and/or meta-analyses (5–7). Par-
ticipants were men and women predominantly with group
mean ages ranging from ~20 to ~77 yr. The exposure was pre-
dominantly supervised physical activity performed as HIIT
using a variety of exercise modalities (mainly stationary cy-
cling or treadmill running/walking, and much less often swim-
ming, track running, or stair climbing).

Evidence on the Overall Relationship

Results from these systematic reviews and/or meta-
analyses of clinical intervention studies consistently support
http://www.acsm-msse.org
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that HIIT can improve cardiorespiratory fitness (increase
V̇O2 max) in adults with varied body weight and health sta-
tus (5–7). HIIT-induced improvements in insulin sensitiv-
ity (5,7), blood pressure (5,6), and body composition
(5–7) more consistently occur in adults with overweight or
obesity classification, 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 with those achievable with
MICT (7).

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 in-
fluenced byHIIT (6). Batacan et al. (6) reported findings based
on 65 individual studies involving 2164 participants (includ-
ing 936 individuals who performed HIIT). Participants were
predominantly 18- to 35-yr-old men and women (sex distribu-
tion not reported), and group mean ages ranged from ~20 to
~77 yr. This meta-analysis included randomized controlled tri-
als (RCT) and non-RCT and comparative studies in groups of
individuals without (46 of 65 studies) or with (19 of 65 stud-
ies) a diagnosed, current medical condition.

Batacan et al. (6) defined HIIT “as activities with intermit-
tent bouts of activity that were performed at maximal effort,
greater than or equal to 85% V̇O2max, greater than or equal
to 85% heart rate reserve or the relative intensity of at least
90% maximum heart rate.” 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−2),
short-term (<12 wk) and long-term (≥12 wk) HIIT interven-
tions increased V̇O2max but did not significantly or consis-
tently influence clinical indexes of cardiometabolic disease
risk (systolic and diastolic blood pressures; total cholesterol,
HDL cholesterol, LDL cholesterol, or triglycerides, fasting
glucose, or insulin). Among groups of participants classified
with overweight (BMI = 25–29.9 kg·m−2) or obesity
(BMI ≥ 30 kg·m−2) status, short-term and long-term HIIT sig-
nificantly and consistently increased V̇O2max 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. Batacan et al. (6) presented these results as effect sizes
(ES) of the standardized mean differences, not as changes over
time in typical units of measure.

Jelleyman et al. (7) conducted a meta-analysis of 50 studies
involving 2033 participants (sex distribution not reported)—
including 1383 individuals who performed HIIT—to assess
the effect of HIIT interventions compared with continuous
training or control conditions on indexes of blood glucose con-
trol and insulin resistance. Both studies with a control group
(n = 36, 72%) and studies without a control group (n = 14,
28%) were included, but the results from studies without a
control group were only used for within-group analyses. HIIT
HIGH-INTENSITY INTERVAL TRAINING FOR HEALTH
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was defined as “at least two bouts of vigorous or higher inten-
sity exercise interspersed with periods of lower intensity exer-
cise or complete rest” (7). Participant ages ranged from 18 to
68 yr, and the HIIT interventions ranged from 2 to 16 wk.
Among 20 studies (40%) providing data, mean exercise ses-
sion attendance was 90% ± 10%. Subgroup analyses were per-
formed after stratifying participants by disease status based on
a wide range of health characteristics: the categories were la-
beled healthy (well trained, recreationally active, or sedentary
but otherwise healthy), weight status (overweight or obese),
metabolic syndrome (metabolic syndrome or type 2 diabetes),
or with another chronic disease.

Compared with baseline, V̇O2max increased after HIIT by
0.30 L·min−1 (95% confidence interval [CI] = 0.25–0.35,
P < 0.001). The increase in V̇O2max was greater for HIIT than
for nonexercising control conditions (weighted mean differ-
ence [WMD] = 0.28 L·min−1, 95% CI = 0.12–0.44,
P = 0.001) and attenuated but still significant compared
with continuous training (WMD = 0.16 L·min−1, 95%
CI = 0.07–0.25, P = 0.001). HIIT reduced body weight,
compared with baseline, by 0.7 kg (95% CI = −1.19 to −0.25,
P = 0.002). Compared with nonexercise control, the HIIT-
induced weight loss was 1.3 kg (95% CI = −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 with baseline, by 0.13 mmol·L−1 (95%
CI = −0.19 to −0.07, P < 0.001). This response over time was
not statistically different compared with nonexercise control
or continuous training. In subgroup analysis, for the groups of
individuals with metabolic syndrome or type 2 diabetes, fasting
glucose was reduced by HIIT compared with nonexercise con-
trol by 0.92 mmol·L−1 (95% CI = −1.22 to −0.63, P < 0.001).
HIIT decreased fasting insulin from baseline by 0.93 μU·L−1

(95% CI = −1.39 to −0.48, P < 0.001); however, this response
was not statistically different from the nonexercise control.
HIIT decreased insulin resistance compared with baseline
(change in Homeostasis Model Assessment of Insulin Resis-
tance score = −0.33; 95% CI = −0.47 to −0.18, P < 0.001). Re-
duction in insulin resistance (results from multiple insulin
resistance models combined) was greater for HIIT versus
nonexercise control (−0.49; 95%CI = −0.87 to −0.12) andHIIT
versus continuous training (−0.35; 95% CI = −0.68 to −0.02).
Among all 13 studies reporting data within metabolic syn-
drome or type 2 diabetes groups, HIIT did not change
HbA1c. In subgroup analyses, HIIT reduced HbA1c by
0.25% (95% CI = −0.27 to −0.23, P < 0.001). Among all
studies, the HbA1c response over time (no change) was
not statistically different among HIIT, continuous training,
and control groups. Subgroup analyses based on health
(physical activity) status or other chronic diseases were ei-
ther not significant or inconclusive; this was due, in part,
to limited data being available.

Kessler et al. (5) conducted a quasisystematic, qualitative
review of 24 RCT with 661 participants (sex distribution
not reported) assessing the effects of HIIT interventions
on changes in cardiometabolic disease risk factors. Of the
Medicine & Science in Sports & Exercise® 1223
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 24 trials, 14 included MICT comparison group, which in-

cluded a wide range of exercise programs, typically performed
at 50% to 75% of V̇O2 max for 45 to 60 min per session. The
other 14 studies included a nonexercise control group. Partici-
pants had various weight statuses (normal weight, overweight,
or obese) and health groups (17 studies), CVD (5 studies), met-
abolic syndrome (1 study), and type 2 diabetes (1 study). Inter-
vention durations ranged from 2 wk to 6 months. HIIT was
categorized into two subtypes: aerobic interval training (19
studies) and sprint interval training (SIT; 5 studies). For the sub-
committee’s assessment, because of the low number of SIT
studies included in the Kessler et al. (5) review (n = 3 for glu-
cose metabolism, n = 1 for lipids and lipoproteins, and n = 1
for blood pressures), results from only aerobic interval training
studies were considered for strength of evidence grading pur-
poses. Aerobic interval training increased V̇O2max (14 of 14
studies), increased insulin sensitivity (4 of 4 studies), and de-
creased blood pressure in participants not ingesting antihyper-
tensive medication (5 of 5 studies with intervention periods
≥12 wk). Other indexes of cardiometabolic disease risk were
not influenced by aerobic interval training, including fasting
glucose, total cholesterol, HDL cholesterol, LDL cholesterol,
and triglycerides. Results for body weight, BMI, body fat per-
cent, and waist circumference were mixed; improvements more
consistently were observed for aerobic interval training interven-
tions of 12 wk or longer in participants with overweight or obe-
sity classification. Collectively, these aerobic interval training
responses were comparable with continuous moderate-intensity
exercise, except V̇O2max, which was greater for aerobic interval
training versus continuous moderate-intensity exercise.

The updated search identified two additional pertinent
HIIT-related reviews. Keating et al. (8) conducted a systematic
review with a meta-analysis of 31 studies directly comparing
MICT to HIIT (n = 17) or SIT (n = 14) on body adiposity.
For their analyses, HIIT and SIT studies were combined. Of
the 28 studies assessed by Keating et al. (8), 19 were not in-
cluded in the three reviews vetted by the 2018 PAGAC mem-
bers. A combined 837 individuals (402 women, 402 men, and
33 not reported) were assessed, with ages ranging from 10 to
65 yr, including two studies with a combined 59 adolescent
boys and girls. Keating et al. (8) included results from these
two studies with adolescents in their overall analyses. Most
studies recruited participants classified as untrained (n = 12)
or overweight/obese (n = 13), with three recruiting children/
adolescents. HIIT was defined as studies using 85%–95%
peak heart rate (PHR) or 80%–100% peak work rate for the
high intensities, with a minimum duration of 4 wk. Of the 31
studies, 17 (55%) included a HIIT intervention, whereas 14
(45%) included a SIT intervention. Interventions ranged
from 4 to 16 wk, with 12 wk the most common (42% of stud-
ies). Compared with baseline, both HIIT/SIT and MICT re-
duced body fat (%) and fat mass (kg). HIIT/SIT reduced
body fat (%), on average, by −1.26% (95% CI = −1.80 to
−0.72) and fat mass by −1.38 kg (95% CI = −1.99 to −0.77),
whereas MICT reduced by −1.48% (95% CI = −1.89 to
−1.06) and − 0.91 kg (95% CI = −1.45 to −0.37). When all
1224 Official Journal of the American College of Sports Medicine
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studies were pooled, no differences between HIIT/SIT and
MICT were observed for body fat percent (WMD = 0.15%,
95% CI = −0.57 to 0.88, P = 0.370) or fat mass
(WMD = −0.73 kg, 95% CI = −1.81 to 0.35, P = 0.619)
changes. Among a subset of studies with protocols having
the workload or energy expenditure of each HIIT/SIT session
less than the workload or energy expenditure of each MICT
session, there was a trend for MICT to have greater reductions
in total body fat percentage (P = 0.09). Among a subset of
studies with the workload and/or energy expenditure per exer-
cise session matched between exercise types, no differences in
body fat percentage were observed between HIIT/SIT and
MICT (P = 0.40). Further, no differences were observed for
fat mass when workload or energy expenditure was lower
for HIIT/SIT versus MICT (P = 0.56) or matched between ex-
ercise types (P = 0.38). Collectively, HIIT/SIT was compara-
ble, but not superior, when directly compared with MICT for
body fat reductions.

Maillard et al. (9) conducted a meta-analysis of 39 studies,
which included 617 individuals (321 women and 296 men)
who had completed a HIIT intervention assessing total
(n = 35), abdominal (n = 20), and visceral fat mass (n = 14).
Of the 39 studies assessed by Maillard et al. (9), 30 were not
included in the three reviews vetted by the 2018 PAGAC
members. Assessed individuals were adults with a mean age
ranging from 20 ± 0.8 to 69 ± 2.8 yr. Except for four studies,
which totaled 44 participants, all participants were classified
as overweight or obese (mean BMI range, 25.4 ± 2.4 to
38.2 ± 7.9 kg·m−2). Participants were generally healthy, al-
though some studies included patients with type 2 diabetes
(n = 6), polycystic ovary syndrome (n = 2), menopausal
(n = 2), nonalcoholic fatty liver disease (n = 1), metabolic syn-
drome (n = 5), and rheumatic disease (n = 1). HIITwas defined
as studies using 85%–95% PHR or 80%–100% peakwork rate
for the high intensities, with a minimum duration of 4 wk.
Studies using a SIT protocol were excluded. Interventions
ranged from 4 wk to 6 months, with the majority being
12 wk and used either cycling (n = 26) or running (n = 13).
Whole-body adiposity was assessed primarily by dual-
energy x-ray absorptiometry, with bioelectrical impedance,
plethysmography, and skinfolds also used. For the assessment
of visceral and abdominal adiposity, computed tomography,
magnetic resonance imaging, and dual-energy x-ray absorpti-
ometry were used. HIIT reduced total fat (ES = −0.2, 95%
CI = −0.31 to −0.07, I2 = 0.0%,P = 0.003), abdominal fat mass
(ES = −0.19, 95% CI = −0.32 to −0.05, I2 = 0.0%, P = 0.007),
and visceral fat mass (ES = −0.24, 95% CI = −0.44 to −0.04,
I2 = 0.0%, P = 0.018). Stratified analyses suggested that run-
ning (P = 0.003) was better than cycling (P = 0.137) for reduc-
tions in total fat mass, cycling (P = 0.004) was better than
running (P = 0.773) at reducing abdominal fat mass, and only
running (P = 0.042) reduced visceral fat mass. The greatest ef-
fect on total fat mass was observed with higher-intensity
(>90% PHR) protocols (P = 0.017), whereas lower-intensity
(<90% PHR) protocols elicited the best effects on abdominal
(P = 0.029) and visceral fat mass (P = 0.021). Although HIIT
http://www.acsm-msse.org
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was only successful at reducing total (P = 0.001), abdominal
(P = 0.008), and visceral (P = 0.016) fat mass in adults classi-
fied as overweight or obese, there were only two studies
assessing normal weight in each subgroup.

Dose–Response

Among the three review articles systematically reviewed for
the 2018 PAGAC report (5–7), results were not presented
from RCT designed to assess dose–response relationships of
duration of HIIT to responses in cardiometabolic disease risk
factors. Using meta-regression techniques, in the Batacan et al.
(6) report, change in V̇O2max was predicted by longer HIIT in-
tervention duration (β coefficient = 0.77, 95% CI = 0.35–1.18)
and BMI (β coefficient = 0.84, 95% CI = 0.29–1.38), but not
by total time performing HIIT (min) (β coefficient = 0.0002,
95% CI = −0.0017 to 0.0021) among groups of participants
with overweight or obesity classification. Intervention dura-
tion, total time performing HIIT, and BMI did not predict
the improvements observed in systolic blood pressure and di-
astolic blood pressure among groups with overweight or obe-
sity. Other cardiometabolic risk factors were not assessed due
to heterogeneity of responses. Regarding indexes of glucose
control, Jelleyman et al. (7) (also using meta-regression tech-
niques) reported that HIIT characteristics, interval intensity,
and weekly high-intensity exercise did not predict the im-
provements over time in insulin resistance, fasting glucose,
fasting insulin, or HbA1c.

Evidence on Specific Factors

Age, sex, race/ethnicity, and socioeconomic sta-
tus. Information on the age, 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. Only one of the new articles,
Maillard et al. (9), assessed differences between sexes for HIIT
and found no differences in changes for total, abdominal, or vis-
ceral fat mass.

Weight status. Weight status influenced the effect of
HIIT on several risk factors of cardiometabolic disease, with
groups of adults classified as overweight or obese, but not nor-
mal weight, reducing blood pressure and body fat (6) and im-
proving insulin sensitivity (5,7).

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
other chronic diseases. Although the committee did not ad-
dress participant safety among adults performing HIIT, the is-
sue is highly relevant with respect to using HIIT for health
promotion. Jelleyman et al. (7) documented adverse events re-
ported in the 50 studies included in their meta-analysis.
Among the 19 total adverse events reported from the 17 stud-
ies (34% of the total studies), including this type of
HIGH-INTENSITY INTERVAL TRAINING FOR HEALTH
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information, 18 adverse events were attributable to musculo-
skeletal injuries incurred with exercise; 14 of 18 occurred with
HIIT. None of the reported injuries was a serious adverse
event or necessitated the participant to discontinue the inter-
vention or drop out of the study. Perhaps consistent with the
very low incidence of adverse events, mean participant
dropout rate was 10% ± 10% among the 36 (72%) studies
documenting attrition. The health and disease characteristics
of the participants experiencing an adverse event were not pre-
sented 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.
CONCLUSIONS

HIIT can improve insulin sensitivity, blood pressure, and
body composition in adults. These HIIT-induced improvements
in cardiometabolic disease risk factors are comparable with
those resulting from continuous, moderate-intensity aerobic
exercise, and they are more likely to occur in adults at greater
risk of CVD and diabetes, compared with healthy adults. The
committee considered the strength of evidence to be moderate
for this issue. Insufficient evidence was available to determine
whether a dose–response relationship exists between HIIT
quantity and several risk factors for CVD and diabetes. Insuf-
ficient evidence was available to determine whether the effects
of HIIT on cardiometabolic risk factors are influenced by age,
sex, race/ethnicity, or socioeconomic status. There was mod-
erate evidence indicating that adult weight status influences
the effectiveness of HIIT to reduce cardiometabolic disease
risk. Adults with overweight or obesity classification are more
responsive than adults with normal weight to HIIT’s effects on
improving insulin sensitivity, blood pressure, and body com-
position. The committee considered the strength of evidence
to be moderate for this conclusion.

Summary, public health impact, and needs for
future research.HIIT can improve insulin sensitivity, blood
pressure, and body composition in adults. Such improvements
in cardiometabolic disease risk factors are comparable with
those resulting from continuous, moderate-intensity aerobic
exercise and are more likely to occur in adults with overweight
and obesity classification.

Research is required in several areas to improve the scien-
tific foundations for long-term effectiveness and safety of
HIIT. Specifically, the committee recommends the following:

RCT of at least 6 months should be undertaken to assess the
adherence to and the effects of HIIT when compared with
other types of physical activity programs on physiological,
morphological, and cardiometabolic health outcomes. Such
studies should address issues of dose–response and be of at
least 6 months in duration. These RCT should include diverse
groups of adults, including those with overweight or obesity
classification and at high risk of CVD or type 2 diabetes. They
should systematically assess adverse events, including muscu-
loskeletal injuries, attributable to HIIT, compared with other
Medicine & Science in Sports & Exercise® 1225
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 types of exercise training, among adults with a wide variety of

health and disease characteristics.
Rationale: Most HIIT intervention periods are less than

12 wk, which are likely insufficient time to assess the magni-
tude and sustainability of clinically important changes in some
physiological, morphological, and cardiometabolic health out-
comes. The willingness and the ability of individuals to adhere
to HIIT currently are not well known. Further research, com-
plementary to the scoping review of the psychological re-
sponses to interval exercise that supports “the viability of
interval exercise as an alternative to continuous exercise”
(10), is warranted. Prescriptively designing these studies to in-
clude participants who have overweight or obesity classifica-
tion and are at high risk of CVD or type 2 diabetes will
inform health promotion practitioners and policy leaders on
the utility of recommending HIIT for health among a large
proportion of the U.S. adult population. At present, the evalu-
ation of the safety of HIIT among adults with varied health and
disease characteristics is compromised by the limited avail-
ability of relevant data; this is due, in part, to the low propor-
tion of studies reporting adverse events.

Continued research is warranted to assess, compare, and
systematically review the effects of specific types of HIIT-
related programs on cardiometabolic disease risk factors.

Rationale: There is no universally accepted definition for
HIIT. The relatively broad range of HIIT-related exercise pro-
tocols and intensities used among studies currently limit phys-
ical performance, fitness, and allied health professionals’
abilities to optimally plan HIIT programs for health. Yet HIIT
protocols generally fall into three categories based on exercise
intensities: SIT (intensities greater than V̇O2 maximum), near-
1226 Official Journal of the American College of Sports Medicine
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maximum interval training (90%–100% of maximum heart rate,
oxygen uptake, or other pertinent parameter), and vigorous
aerobic intensity (60%–89% V̇O2 reserve or 64%–90% V̇O2

maximum).
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Advisory Committee. Med. Sci. Sports Exerc., Vol. 51, No. 6, pp. 1227–1241, 2019. Purpose: To provide an overview of relationships be-

tween sedentary behavior and mortality as well as incidence of several noncommunicable diseases and weight status reported in the 2018

Physical Activity Guidelines Advisory Committee Scientific Report (2018 PAGAC Scientific Report), and to update the evidence from recent

studies.Methods: Evidence related to sedentary behavior in the 2018 PAGAC Scientific Report was summarized, and a systematic review

was undertaken to identify original studies published between January 2017 and February 2018. Results: The 2018 PAGAC Scientific

Report concluded there was strong evidence that high amounts of sedentary behavior increase the risk for all-cause and cardiovascular disease

(CVD) mortality and incident CVD and type 2 diabetes. Moderate evidence indicated sedentary behavior is associated with incident en-

dometrial, colon and lung cancer. Limited evidence suggested sedentary behavior is associated with cancer mortality and weight status.

There was strong evidence that the hazardous effects of sedentary behavior are more pronounced in physically inactive people. Evidence

was insufficient to determine if bout length or breaks in sedentary behavior are associated with health outcomes. The new literature search

yielded seven new studies for all-cause mortality, two for CVDmortality, two for cancer mortality, four for type 2 diabetes, one for weight

status, and four for cancer; no new studies were identified for CVD incidence. Results of the new studies supported the conclusions in the

2018 PAGAC Scientific Report. Conclusions: The results of the updated search add further evidence on the association between sedentary

behavior and health. Further research is required on how sex, age, race/ethnicity, socioeconomic status, and weight status may modify as-
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TABLE 1. Questions related to sedentary behavior and health outcomes in adults addressed
by the 2018 physical activity guidelines advisory committee.

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

3. 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?

Subquestionsa

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?
aThe subquestions apply to questions 1 through 4 only.

SP
EC

IA
L
C
O
M
M
U
N
IC
AT

IO
N
S
 Sedentary behavior is defined as any waking behavior

characterized by the expenditure of 1.5 METs or less
of energy while in a sitting, reclining, or lying posture

(1). On an absolute scale of intensity, sedentary behaviors
are at the low end of the physical activity continuum; however,
the postural component of the definition suggests that seden-
tary pursuits may represent distinct behaviors (2). In most re-
search studies, sedentary behavior has been operationalized
as daily sitting time, television (TV) viewing, or low counts
on an activity monitor such as an accelerometer. Representa-
tive data collected by accelerometry in the U.S. National
Health and Nutrition Examination Survey (NHANES) indi-
cate that children and adults spend approximately 55% of their
awake time (7.7 h·d−1) being sedentary (3).

Given that much of the evidence on the negative health ef-
fects associated with sedentary behavior has been published
in the last decade, the 2008 Physical Activity Guidelines for
Americans (4) did not specifically address this (5). However,
given the emerging evidence on the negative health effects
and the potential public health burden associated with high
levels of sedentary behavior in the population, the 2018
Physical Activity Guidelines Advisory Committee decided
to review this evidence. In this regard, the interplay between
sedentary behavior and physical activity on health were of
particular interest.

The purpose of this article is to summarize the evidence on
the associations between sedentary behavior and health re-
viewed by the 2018 Physical Activity Guidelines Advisory
Committee and to perform a systematic review of prospective
observational studies published subsequently. In addition to
updating the systematic review, we identified articles from
the searches to provide evidence on the relationship between
changes in sedentary behavior and risk of mortality.
2018 PHYSICAL ACTIVITY GUIDELINES
ADVISORY COMMITTEE SCIENTIFIC REPORT

The 2018 Physical Activity Guidelines Advisory Committee
(Committee) recently conducted a systematic review of the
associations between sedentary behavior and several health
outcomes (6). The Committee reviewed the scientific evidence
on the associations between sedentary behavior and all-cause
mortality, cardiovascular disease (CVD) mortality, cancer mor-
tality, type 2 diabetes, weight status, CVD and cancer published
through early 2017. Table 1 provides the specific questions
addressed by the Committee in its report.

A single literature search was conducted to answer questions
1, 2, and 3. Subsets of the resulting body of evidence were used
to answer each question and relevant subquestions. The search
strategy included 1) a search for systematic reviews and meta-
analyses, 2) reviewing the original research articles contained
in the systematic reviews and meta-analyses, and 3) a search
for more recent original research studies published after the
systematic reviews and meta-analyses. The systematic liter-
ature search to address question 4 included 1) a search for
systematic reviews and meta-analyses, and 2) a search of
1228 Official Journal of the American College of Sports Medicine
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more recent original research studies published after the sys-
tematic reviews and meta-analyses. The evidence used to ad-
dress question 5 was obtained from the articles retrieved for
question 1.

Evidence to inform each question was graded as strong,
moderate, limited, or not assignable based on several grading
criteria, including applicability, generalizability, risk of bias/
study limitations, quantity and consistency of results across
studies, andmagnitude and precision of effect (See Supplemental
Table 1; Supplemental Digital Content 1, 2018 Physical Activity
Guidelines Advisory Committee Grading Criteria, http://links.
lww.com/MSS/B535) (6). Table 2 provides a summary of the
relationships and level of evidence for each health outcome.
Overall, there was strong evidence for a direct association be-
tween greater amounts of sedentary behavior and higher risk
of mortality from all-causes and CVD, and for higher risk of
incident type 2 diabetes and CVD. There was moderate evi-
dence for an association between sedentary behavior and inci-
dent cancer (especially colon, endometrial, and lung cancer),
and limited evidence for associations between sedentary be-
havior and cancer mortality and weight status. For a detailed
summary of the meta-analyses, systematic reviews and original
research studies that contributed evidence to these conclusions,
please see the PAGAC Scientific Report (Part F, Chapter 2) (6).
Specific details on each study can be found in the online supple-
mental tables (https://health.gov/paguidelines/second-edition/
report/supplementary-material.aspx).

There was strong evidence for the existence of dose–response
associations between sedentary behavior and all-cause mortality,
CVD mortality, and incident CVD, whereas there was limited
evidence for cancer mortality, incident type 2 diabetes, weight
status, and incident cancer. Twometa-analyses were identified
that reported significant dose–response relationships between
daily sitting (7), TV viewing (8), and all-cause mortality.
Further, 24 of the 29 original studies that tested for the exis-
tence of a dose–response relationship with all-cause mortality
reported statistical significance (6). Two meta-analyses tested
for dose–response associations between sedentary behavior
and incident CVD (9,10). Grontved and Hu (9) reported a signif-
icant linear dose–response association between TV viewing and
http://www.acsm-msse.org
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TABLE 2. Summary of relationships between sedentary behavior and health outcomes in the 2018 Physical Activity Guidelines Advisory Committee Scientific Report.

Health Outcomes
Level of Evidence
for Association

Level of Evidence for
Dose–Response

Level of Evidence for
Variation in Association
by Physical Activity

Level of Evidence for Variation in Association by
Age, Sex, Race/Ethnicity, Socioeconomic Status

or Weight Status?

Level of Evidence
for Bouts or Breaks as
Important Factors

All-cause mortality Strong Strong Strong Limited for no interaction by age, sex, race/ethnicity and
weight status; not assignable for socioeconomic status

Not assignable

CVD mortality Strong Strong Moderate Limited for no interaction by age, sex, race/ethnicity and
weight status; not assignable for socioeconomic status

Not assignable

Cancer mortality Limited Limited Not assignable Not assignable Not assignable
Incident type 2 diabetes Strong Limited Not assignable Not assignable Not assignable
Weight status Limited Limited Not assignable Not assignable Not assignable
Incident CVD Strong Strong Not assignable Not assignable Not assignable
Incident cancer Moderate Limited Not assignable Not assignable Not assignable
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incident fatal and nonfatal CVD, whereas Pandey et al. (10) re-

ported a significant, curvilinear dose–response association with
increasing slope of risk for CVD at increasingly higher levels
of sedentary time.

An important subquestion addressed by the Committee was
the degree to which the observed relationships vary by age,
sex, race/ethnicity, socioeconomic status, or weight status. For
all outcomes, there was insufficient evidence to inform the
degree to which socioeconomic status was an effect modifier
in the associations with sedentary behavior. For both all-cause
and CVD mortality, studies generally reported no significant
effect modification by age, sex, race/ethnicity, or weight status.
Further age-, sex-, race/ethnicity-, and weight status-stratified
analyses were generally significant in all strata examined.
Evidence was insufficient for other outcomes to determine
whether the relationships varied by these factors.

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 nonsedentary
bout in between two sedentary bouts (1). The degree to which
bouts and breaks in sedentary behavior are related to health
outcomes is of interest. Unfortunately, there was insufficient
evidence to inform the degree to which bouts and breaks in
sedentary behavior are important factors in the major ques-
tions addressed by the Committee. At the time of the review,
only one study was identified that included bouts of sedentary
time as a variable in a latent class analysis prediction of all-
cause mortality (11); no studies could be identified for the
other health outcomes. This resulted in a grade of “not assign-
able” for this subquestion.

The degree to which sedentary behavior and physical activ-
ity interact in their associations with health outcomes was of
particular interest to the Committee. There was evidence that
the associations between sedentary behavior and all-cause
mortality (strong) and CVDmortality (moderate) vary by level
of moderate-to-vigorous physical activity. The effect of sed-
entary behavior on all-cause and CVD mortality is stronger
among people who have low amounts of moderate-to-
vigorous physical activity. In the meta-analysis of Biswas
et al. (12), the summary hazard ratio (HR) for all-cause mortal-
ity associated with sedentary time was 1.16 (95% confidence
interval [CI, 0.84–1.56) among thosewith high physical activity
and 1.46 (95% CI, 1.22–1.75) among those with low physical
activity. Further, Ekelund et al. (13) conducted a harmonized
SEDENTARY BEHAVIOR AND HEALTH
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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
relationships between sedentary behavior and all-cause
and CVD mortality. At the highest amounts of moderate-
to-vigorous physical activity, the HR for all-cause mortality
associated with the four levels of sedentary behavior appear
to converge at about 1 (reference value). The number of
minutes per day needed to achieve this estimated volume of
moderate-to-vigorous physical activity (35.5 MET·h·wk−1)
varies inversely with the MET value of the activity, ranging
from approximately 40 min·d−1 at 8 METs to 50 min·d−1 at
6 METs to 100 min·d−1 at 3 METs. According to data from
the 2015 National Health Interview Survey, the preva-
lence of people participating in more than 300 min·wk−1

(~43 min·d−1) of moderate-to-vigorous physical activity
is approximately 33%, whereas the prevalence of people
participating in more than 700 min·wk−1 (~100 min·d−1)
is approximately 11% (2018 PAGAC Scientific Report,
Figure D1 (6,14)).

Evidence to inform question 5 was largely derived from the
meta-analysis of Ekelund et al. (13). The overall shape 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 are consistently higher in the high sitting
and high TV viewing groups. The reduction in risk of all-cause
mortality associated with moderate-to-vigorous physical ac-
tivity is relatively greater for those who are the most sedentary.
This is especially apparent at the lower amounts of moderate-
to-vigorous physical activity.

To visually describe the joint associations among sedentary
behavior, moderate-to-vigorous physical activity and all-cause
mortality, the Committee developed a heat map figure which
depicts the risk of all-cause mortality associated with various
combinations of sitting time and moderate-to-vigorous physical
activity (Fig. 1). Linear and nonlinear regression techniques
were used to interpolate the hazard ratios between four levels
of sitting time and four levels of moderate-to-vigorous physical
activity reported in Ekelund et al. (13). In the heat map, red rep-
resents higher risk of all-cause mortality, and green represents
lower risk. The greatest risk of mortality is borne by those
who sit the most and who do the least moderate-to-vigorous
physical activity, whereas the lowest risk of mortality is achieved
Medicine & Science in Sports & Exercise® 1229

. Unauthorized reproduction of this article is prohibited.



FIGURE 1—Joint associations of sitting time and moderate-to-vigorous
physical activity with risk of all-cause mortality. From the 2018 Physical
Activity Guidelines Advisory Committee Scientific Report (6), and based
on data presented by Ekelund et al. (13).
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by individuals who sit the least and do the most moderate-to-
vigorous physical activity.

METHODS FOR UPDATED
LITERATURE SEARCH

This systematic review is reported according to the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
guidelines (15). The systematic review followed an established
protocol, and was registered prospectively at PROSPERO
(CRD42018092817).Our aimwas to update the systematic review
conducted by the 2018 Physical Activity Guidelines Advisory
Committee and to additionally examine the association between
changes in sedentary behavior and risk of all-cause mortality.

Literature search strategy. We searched the PubMed,
Cochrane, and CINAHL bibliographic databases for studies
published in English between January 1, 2017, and February
28, 2018. Two separate searches were conducted for 1) all-cause,
CVD and cancer mortality, and 2) type 2 diabetes, weight status,
CVD and cancer. Our search strategy was similar to that
employed by the 2018 Physical Activity Guidelines Advisory
Committee, and included a comprehensive list of search terms
including several combinations of sedentary, sitting, screen
time, television, TV, inactivity, physically inactive, sedentarism,
and so on, along with relevant terms to identify the mortality
and disease outcomes of interest (see 2018 Physical Activity
Guidelines Advisory Committee Scientific Report (6) for a full
list of specific search terms).

Study selection criteria. The inclusion criteria were
predefined, and studies were considered potentially eligible
1230 Official Journal of the American College of Sports Medicine
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if theywere original prospective observational studies, only in-
volved adults 18 yr and older, were published in English, and in-
vestigated the association between sedentary behavior and one of
the health outcomes of interest. Studies of nonambulatory adults,
hospitalized patients, or samples with preexisting health condi-
tions were excluded. A sample size of at least 1000 people was
required for the mortality outcomes. Two authors independently
reviewed the titles, abstracts and full-text articles, and disagree-
ments about eligibility were resolved through consensus. Al-
though intervention studies that examine changes in chronic
disease risk factors in response to alterations in sedentary behav-
ior provide valuable information about potential mechanisms,
this type of evidence was beyond the scope of this reviewwhich
focused on mortality and noncommunicable disease outcomes.

The systematic search for the mortality outcomes (all-cause,
CVD, cancer) identified 780 unique records after duplicates
were removed. Of these, 770 were excluded after a review of
the titles and abstracts. Based on full-text reviews, four were
excluded for all-cause mortality, nine were excluded for
CVD mortality, and nine were excluded for cancer mortality.
One additional study that was relevant for CVD and cancer
mortality was identified in the search for disease outcomes,
and was added at this stage. Thus, the final number of eligible
studies was seven for all-cause mortality, two for CVDmortality,
and two for cancer mortality (see Supplemental Figure 1, Supple-
mental Digital Content 2, article selection process for mortality
studies, http://links.lww.com/MSS/B536). The systematic search
for disease outcomes identified 922 unique records after dupli-
cates were removed. Of these, 910 were excluded after a review
of the titles and abstracts. Based on full-text reviews, an addi-
tional five studies were excluded, leaving a total of two studies
of type 2 diabetes, one study for weight status, and four studies
for incident cancer; no studies were identified for incident CVD
(see Supplemental Figure 2, Supplemental Digital Content 3,
article selection process for incident condition studies, http://
links.lww.com/MSS/B537).

Data extraction and quality assessment. The follow-
ing information was extracted from each eligible article: name
of the first author, year of publication, study sample, sample
size, age (range or mean), definition of sedentary behavior,
dates and length of follow-up, risk estimates with corresponding
95% CI comparing levels of sedentary behavior, and whether
the study tested and reported a dose–response association. If a
study provided several risk estimates, we used the fully adjusted
estimate. Extraction of data was performed by one author, and
the resulting table was checked by another author.

Quality assessment and risk of bias in the eligible studies
was done using the USDA Nutrition Evidence Library (NEL)
Bias Assessment Tool (BAT) (16). The NEL BAT uses a
domain-based evaluation to help determine whether any
systematic error exists that could either over- or underesti-
mate the study results. Selection, performance, detection,
and attrition bias are addressed in the NEL BAT. The results
of studies’ risk of bias assessments were used to develop a risk
of bias summary chart (see Supplemental Table 2, Supplemental
Digital Content 4, original research bias assessment chart,
http://www.acsm-msse.org
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RESULTS

Study characteristics. The main characteristics of the
eligible studies identified in the updated search are presented
in Table 3 for all-cause, CVD and cancer mortality, and in
Table 4 for incident type 2 diabetes, weight status, incident
CVD and incident cancer. All studies used prospective cohort
designs, with follow-up periods ranging from 2.3 to 19.4 yr.
The sedentary exposures varied across studies: five studies
used self-reported sitting time (19,26,28–30), seven studies
used self-reported TV viewing time (18,21,24–26,28,31), and
five studies used accelerometer-derived estimates of sedentary
time (17,20,22,23,27). All studies included an estimate of dura-
tion of sedentary behavior (sedentary time) as an exposure,
whereas three studies also included a marker of bouts or breaks
in sedentary time as an exposure (17,22,27).

Mortality outcomes. Seven studies reported on the asso-
ciation between sedentary behavior and all-cause mortality
(Table 3) (17–23). Six of the studies reported a statistically
significant association (17–22). For example, an analysis from
theWomen’s Health Initiative reported a significant (P < 0.05)
association between self-reported daily sitting time and
all-cause mortality (odds ratio for dying before age 85 yr
for ≥10 h·d−1 vs <5 h·d−1 = 1.16; 95% CI, 1.04–1.29) over
13.7 yr of follow-up (19). Two additional studies, one
from the United Kingdom and one among African Americans,
demonstrated significant associations between daily TV view-
ing and all-cause mortality (18,21). Hamer et al. (18) reported
a HR for all-cause mortality of 1.98 (95% CI, 1.25–3.15) com-
paring ≥6 h·d−1 versus <2 h·d−1 of TV viewing, whereas Imran
et al. (21) reported aHR for all-causemortality of 1.48 (95%CI,
1.19–1.83) comparing ≥4 h·d−1 < 2 h·d−1 of TV viewing. Three
studies that used accelerometer-derived estimates of sedentary
time as the exposure reported a significant association with
all-cause mortality (17,20,22), whereas one did not (23). The
three positive studies were in samples of US and UK adults
and had follow-up period ranging from 4.0 to 6.5 yr, whereas
the negative study was conducted among older US women
(mean age, 72 yr), with a mean follow-up time of 2.3 yr
(Table 3). Among the three positive studies, Diaz et al.
(17) and Jefferis et al. (22) reported HR of 2.63 (95% CI,
1.60–4.30) and 2.73 (95% CI, 1.50–4.95), respectively, for
the upper versus lowest quartiles of sedentary time, whereas
Theou et al. (20) reported an HR of 1.15 (95% CI, 1.11–1.20)
per each additional hour of sedentary time.

In addition to total duration of sedentary behavior, two
studies examined the effects of bouts or breaks in sedentary
behavior in relation to all-cause mortality (17,22). Diaz and
colleagues reported a significant association (P for trend
<0.001) between bout duration and all-cause mortality in
US adults, and participants classified as both highly seden-
tary (≥12 h·d−1) and with high bout duration (≥10 min per
SEDENTARY BEHAVIOR AND HEALTH
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bout) had the highest risk of death (17). On the other hand,
Jefferis and colleagues reported that neither breaks in seden-
tary behavior nor sedentary bout duration were related to all-
cause mortality in a sample of older men (ages 71–92 yr) from
the UK (22).

Two studies reported on the association between sedentary
behavior and CVDmortality (18,24). Grace and colleagues re-
ported a significant association between TV viewing and CVD
mortality among smokers (but not nonsmokers) after adjust-
ment for age and sex in the Australian Diabetes, Obesity and
Lifestyle Study (AusDiab) (24). However, this association
was no longer significant after the inclusion of additional
covariates in the model. On the other hand, Hamer and
colleagues reported a multivariable-adjusted HR of 1.22
(95% CI, 1.00–1.49) per standard deviation of daily TV view-
ing for CVD mortality in the English Longitudinal Study of
Ageing (18).

Two studies reported on the association between sedentary
behavior and cancer mortality (18,24). Hamer and colleagues
reported a nonsignificant HR of 1.16 (95% CI, 0.96–1.39)
per standard deviation of daily TV viewing for cancer mortal-
ity in the English Longitudinal Study of Ageing (15). Results
from the AusDiab study indicated a significant association
between TV viewing and cancer mortality among smokers
(P for trend = 0.02) but not among nonsmokers (P for
trend = 0.52) (24).

A total of six of seven studies reported a dose–response as-
sociation between sedentary behavior and all-cause mortality
(Table 3). Only one of two studies of CVD mortality and
one of two studies of cancer mortality reported dose–response
associations. Few studies formally tested for interactions be-
tween sedentary behavior and demographic characteristics
on mortality outcomes; however, Rillamas-Sun et al. (19) re-
ported no interaction by race/ethnicity on all-cause mortality
in the Women’s Health Initiative (19). Diaz and colleagues re-
ported that the positive associations of sedentary time and bout
duration with all-cause mortality did not vary by age, sex, race,
body mass index (BMI) or moderate-to-vigorous physical ac-
tivity (17). Further, Imran et al. (21) reported that in African
Americans the results were similar when they excluded those
with high and low BMI, those with low leisure physical ac-
tivity, and those without a high school diploma. Theou and
colleagues (20) reported a significant association between
accelerometer-derived sedentary time and all-cause mortality
in NHANES; the association was statistically significant in
physically inactive adults but not in physically active adults.

Diseases and conditions. Two studies were identified
that examined the association between sedentary behavior
and incident type 2 diabetes (25,26). Stamatakis and col-
leagues (26) reported a significant association of TV sitting
and total sitting with incident diabetes in UK adults enrolled
in the Whitehall II study in models adjusting for several co-
variates, but the results were attenuated and were no longer
significant after adjustment for BMI. Joseph and colleagues
reported no associations between self-reported TV viewing
and incident diabetes in African American adults in the
Medicine & Science in Sports & Exercise® 1231
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Jackson Heart Study, both before and after including BMI
as a covariate (25).

A single study was identified that examined the association
between sedentary behavior and weight status (27). Among
adults in the CARDIA Study, there was no association be-
tween total duration of sedentary behavior and 5-yr changes
in BMI or waist circumference. However, each additional hour
of sedentary time accumulated in bouts of greater than or equal
to 10 min was associated with greater gain in BMI (P = 0.033)
and waist circumference (P = 0.028) (Table 4).

Four studies were identified that addressed the association
between sedentary behavior and incident cancer: two studied
colorectal cancer (28,29), one studied breast cancer (30), and
one studied ovarian cancer (31). Neither of the two studies
of colorectal cancer reported a significant effect of sedentary
behavior (TV viewing or sitting time) on cancer incidence
(Table 4). Nomura and colleagues (30) reported no significant
association between sedentary behavior and incident breast
cancer in post-menopausal US women in theWomen’s Health
Initiative Observational Study (30). On the other hand, Ukawa
and colleagues reported that Japanese women who watched
TV for greater than or equal to 5 h·d−1 were more likely to
develop ovarian cancer than those who watched TV for less
than 2 h·d−1 (HR, 2.15; 95% CI, 1.54–2.99). Two studies
tested for interactions, and reported no interactions be-
tween sedentary behavior and race/ethnicity, age, hor-
mone receptor status, BMI, weight gain since age 18 yr,
waist circumference, waist-to-hip ratio, employment status
or physical activity (29,30).

A total of six of the seven studies of sedentary behavior, dis-
ease incidence or weight status tested for dose–response asso-
ciations (25–30). Only Barone-Gibbs and colleagues reported
significant dose–response associations - between sedentary
time and weight status (BMI and waist circumference) (27).

Changes in sedentary behavior and risk of mortal-
ity. We identified several papers from the original systematic
review search (32–35) and the updated search (36) that ad-
dressed changes in sedentary behavior over time and risk of
mortality (n = 4 for all-cause mortality, n = 1 for CVDmortal-
ity) (Table 5). In each of the studies, mortality rates were com-
pared across categories of changes in sitting time (consistently
sedentary, increased or decreased sedentary time, or consis-
tently nonsedentary). Changes in sedentary time were evalu-
ated over approximately 2 to 11 yr, and the mean or median
follow-up time for mortality surveillance ranged from approx-
imately 5 to 9 yr after the second assessment of sedentary be-
havior. In all studies, the risk of mortality was significantly
lower in those who were consistently nonsedentary over time,
compared to those who were consistently sedentary. In gen-
eral, those who decreased sedentary behavior over time had
an intermediate risk of mortality, compared to those who were
consistently sedentary or nonsedentary. Three studies reported
lower risk of mortality associated with increased sedentary be-
havior over time, compared to those who were consistently
sedentary (32,33,36), whereas two studies reported an in-
creased risk ofmortality among those who increased sedentary
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behavior over time, compared to those who were consistently
sedentary (34,35). It is plausible that using two measurements
of sedentary behavior over a period of time may be a better
marker of long-term levels of sedentary behavior rather than
a measure of precise changes over time given the self-reported
nature of the data. Two concordant responses may classify
participants more accurately than two discordant responses
over time, making the later more susceptible misclassification
and inconsistent findings.
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N
S

DISCUSSION

The results from the updated search provide further evi-
dence of an association between sedentary behavior and
all-cause mortality. Further, the new results from studies of
changes in sedentary behavior and mortality suggest that in-
dividuals who maintain sedentary behavior over time have
the highest risk of mortality, those with sustained low levels
of sedentary behavior have lowest risk, and those who report
changes in sedentary behavior have an intermediate mortal-
ity risk. The updated results obtained for CVD mortality
(18,24) do not alter the strength of evidence for the strong as-
sociation with sedentary behavior. Although Grace and col-
leagues did not find a significant multivariable-adjusted
association between TV viewing and CVD mortality when
the AusDiab sample was stratified by smoking status (24), these
results are in contrast with an earlier report from that cohort that
reported a HR of 1.80 (95% CI, 1.00–3.25) between high
amounts of TV viewing (≥4 h·d−1 vs <2 h·d−1) and CVD mor-
tality in the full sample (8). The smaller sample size and small
number of events in the sub-group analyses likely contributed
to the nonsignificant results. The two new studies identified for
cancer mortality (18,24) do not alter the conclusion of the Com-
mittee that the evidence for an association between sedentary be-
havior and cancer mortality is limited. Associations between
sedentary behavior and cancer mortality are affected by cancer
screening and treatment availability and efficacy. A limitation
of most studies is a failure to take these factors into account.

Similar to the results of previous studies on the association
between sedentary behavior and type 2 diabetes, the observed
associations in the updated review are not statistically signif-
icant in fully-adjusted models where BMI is included as a
covariate (25,26). The effects of sedentary behavior on risk
of type 2 diabetes may be operating, in part, through its asso-
ciation with BMI; however, whether or not BMI is in the
causal pathway between sedentary behavior and type 2 diabe-
tes is not known. The extent to which sedentary behavior and
BMI represent independent risk factors will require further re-
search to disentangle the effects of BMI and sedentary behav-
ior on risk of incident disease, especially type 2 diabetes.

Strong evidence demonstrates that the association between
sedentary behavior and all-cause mortality is more pronounced
among physically inactive people. In addition, individuals who
are highly sedentary appear to require higher amounts of physical
activity to achieve the same level of absolutemortality risk as those
who are less sedentary (37). Therefore, moderate-to-vigorous
SEDENTARY BEHAVIOR AND HEALTH
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physical activity should be part of every adult’s lifestyle, espe-
cially for those who are sedentary for large portions of the day.
These results also illustrate the need to individualize and tailor
lifestyle recommendations for maximum benefit to the indi-
vidual, which in turn will have a greater impact on population
health. Further, the finding that the association between phys-
ical activity and health varies by level of sedentary behavior
also highlights the importance of integrating sedentary behav-
ior and physical activity guidelines.

US adults spend a large portion of each day engaging in
sedentary behavior (3). Therefore, limiting excessive time
spent sitting would reduce the population health impact asso-
ciated with premature mortality and several major chronic dis-
eases such as type 2 diabetes, CVD, and several cancers. For
physically inactive adults, replacing sedentary behavior with
light intensity physical activities is likely to produce some
health benefits; however, among all adults, replacing seden-
tary behavior with higher intensity physical activities may
produce even greater benefits (38–41). The updated sys-
tematic review identified several new papers addressing
the relationship between sedentary behavior and health
outcomes. However, the new studies did not provide results
that would change the levels of evidence that addressed the
Committee’s questions.

Several research recommendations were generated by this
work. As described in the introduction, the current consensus
definition of sedentary behavior has both an energy expenditure
component (≤1.5 METs) and a postural component (sitting,
reclining, or lying) (1). There is a pressing need to develop
objective field methods to simultaneously assess these two
components of the definition that can be applied in both sur-
veillance and research settings to properly quantify time
spent in sedentary behavior. Analysis strategies to identify
different bout lengths as well as breaks in sedentary behav-
ior vary among studies and are also an important area for fu-
ture research. Further, research using prospective cohorts is
required 1) on the interactive effects of physical activity (espe-
cially light intensity activity) and sedentary behavior on mor-
tality and incident CVD, 2) on the role of bouts and breaks in
sedentary behavior in relation to mortality and other health
outcomes, and 3) on disentangling the independent effects of
sedentary behavior and adiposity on risk of type 2 diabetes,
and the degree to which adiposity may be in the causal path-
way in this association. Further research is also required to de-
termine how sex, age, race/ethnicity, socioeconomic status,
and weight status relate to the association between sedentary
behavior and CVD incidence and mortality. Finally, random-
ized controlled trials are required to test the health effects of
interventions to replace time spent in sedentary behaviors with
standing and light, moderate, and vigorous intensity activity.
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Scientific, educational, and public health communities
have demonstrated immense interest in investigating ap-
proaches that might enhance cognitive and brain function

throughout the life span. Indeed, improvements in cognitive
and brain health may have profound consequences for shaping
quality of life, educational and career opportunities, and decision-
making abilities. Physical activity (PA), defined as bodily
movement produced by skeletal muscles that results in energy ex-
penditure (1), has emerged as one of the most promising methods
for positively influencing cognitive function across the life span
and reducing the risk of age-related cognitive decline. The 2018
Physical Activity Guidelines Advisory Committee (PAGAC)
reviewed evidence on these effects to inform federal policy.

The possibility that PA might favorably influence cognitive
and brain health is based on the fundamental neurobiological
principle that cellular and molecular events in the brain are
amenable to modification by environmental enrichment. The
pioneering work on environmental enrichment demonstrated
that rodents housed in impoverished cages have a substantially
different neurobiology than rodents housed in enriched cages
and that this neurobiological effect translated to enhanced
learning and memory (2,3). Access to a running wheel was
shown to be a critical feature of an enriched environment (4).

Demonstration of the positive effects of PA on the brain in
rodents has guided questions about its potential for positive ef-
fects in humans. Indeed, studies in humans have found associa-
tions between PA and cognitive and brain outcomes across the
life span (5). However, several reviews and meta-analyses of this
literature have concluded that the effect PA on cognitive and
brain health remains unclear because of the inconsistencies in
the parameters of PA used across studies, the ways in which cog-
nition was measured, the assessment of moderators and mecha-
nisms that could explain heterogeneity of the results, and the
quality of the study designs (5). More recent reviews and meta-
analyses have found that PA training results in modest improve-
ments in cognitive and brain outcomes across the life span, but
many of these reviews have not closely interrogated quality (6,7).

The 2018 PAGAC reviewed the scientific literature of this
field, and the results from that analysis are partially described
herein. We aimed to address several questions. First, by integrat-
ing the literature across ages and health conditions and by provid-
ing a bird’s-eye perspective to the field, canwe determinewhether
there is sufficient evidence that PA positively influences cognitive
and brain outcomes in humans? Second, at which age or in
which population is the scientific literature the strongest and
in which the weakest? Third, are there cognitive domains that
are especially responsive to PA? Fourth, is PA associated with
a reduced risk of cognitive impairment? Finally, is there suffi-
cient evidence to indicate which parameters of PA may be im-
portant for modulation of cognitive and brain health?
METHODS

The methods used to conduct the reviews that informed the
2018 PAGAC Scientific Report have been described in detail
elsewhere (8).
PHYSICAL ACTIVITY AND COGNITION
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The searches were conducted in electronic databases
(PubMed®, CINAHL, and Cochrane) and supplemented by
additional articles identified by experts. The inclusion criteria
were predefined, and studies were considered potentially el-
igible if they were systematic reviews (SR), meta-analyses,
or pooled analyses published in English from 2003 to
February 2017. Studies published in 2017 or 2018 (i.e., after
data extraction for the PAGAC report) are also included as
the search was updated for this manuscript (N = 44). For the
sake of this review, we used a relatively broad definition of
PA based on that provided by Casperson et al. (1) to include
play and recess activities in children, structured exercise pro-
grams for adults, and experimental manipulations of acute
bouts of exercise. All types and intensities of PA, including
free-living activities and play, were included in the search as
interventions/exposures. Although not a form of PA, the term
“physical fitness”was also included in the search, and, if relevant,
these studieswere described separately. Studies of nonambulatory
people, hospitalized patients, or animals were excluded. The
full search strategy is available at https://health.gov/
paguidelines/second-edition/report/supplementary_material/
pdf/Brain_Health_Q1_Cognition_Evidence_Portfolio.pdf.

Titles, abstracts, and full-text articles were independently
screened by two reviewers. Disagreement between reviewers
was resolved by discussion or by a third person. The protocol for
this review was registered at PROSPERO #CRD42018095774.
Figure 1 shows the search strategy and study selection process.

A total of 76 articles (35 meta-analyses; 41 SR) were iden-
tified that examined the effects of randomized controlled trials
(RCT) and prospective longitudinal studies with cognitive out-
comes. These reviews included results from younger (18–50 yr;
n = 5) (9–13) adults, older adults (n = 7) (6,14–19), children
(n = 13) (20–32), and adolescents (n = 6) (33–38), as well as
populations with impaired cognition, such as attention deficit/
hyperactivity disorder (ADHD) (n = 3) (39–41), mild cogni-
tive impairment or dementia (n = 13) (42–54), multiple sclero-
sis (MS) (n = 1) (55), Parkinson’s disease (n = 2) (56,57),
schizophrenia (n = 1) (58), HIV (n = 1) (59), type 2 diabetes
(n = 2) (60,61), cancer (n = 2) (62,63), and stroke (n = 2)
(53,64).We also included articles on acute exercise and cogni-
tive outcomes (n = 4) (65–68), sedentary behavior and cogni-
tive outcomes (n = 1) (69), and biomarkers of brain health
(n = 9) (70–78). We further included one meta-analysis exam-
ining resistance training and episodic memory (79) and three
articles on interval training and exergaming (80–82).We summa-
rized the outcomes of our review with the following “grades”: 1)
grade not assignable, 2) limited, 3) moderate, and 4) strong
(see the 2018 Physical Activity Guidelines Committee [8]
for an in-depth description and the defining characteristics of
these categories).
RESULTS

Table 1 presents a summary of the results in each of the
following domains.
Medicine & Science in Sports & Exercise® 1243
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FIGURE 1—Flow diagram of search strategy and study selection.
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Chronic PA behavior. In the following subsections, we
refer to chronic PA behavior as PA that is repeated and lasts
longer than a single session or episode. Thus, acute PA re-
search reflects the immediate (transient) response to a single
bout of PA, whereas chronic PA reflects a true change in an
TABLE 1. Committee-assigned grades for the effects of PA on various ages and clinical outcomes.

Population or Measure

Children <6 yr Insufficient evidence to
to vigorous-intensit

Children 6–13 yr Both acute and chroni
interventions impro
well as cognition, a

Children 14–18 yr Limited evidence to de
vigorous-intensity P

Young and middle-age adults 18–50 yr Insufficient evidence to
to vigorous-intensit

Older adults >50 yr Both acute and long-te
PA interventions im
as well as cognition

Adults with dementia Evidence suggests tha
Risk of dementia and cognitive impairment Greater amounts of PA
Other clinical disorders (i.e., ADHD,

schizophrenia, MS, Parkinson’s, stroke)
Evidence that moderat

effects on cognition
that impair cognitio

Biomarkers of brain health Moderate- to vigorous-
including MRI-base
and white matter

Acute bouts Short, acute bouts of m
transiently improve

Overall There is a consistent a
improved cognition
achievement tests,
dementia. Effects a
normal to impaired
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individual’s baseline (i.e., a prolonged/permanent shift in activ-
ity). In the case of chronic PA, the change is not as tightly
coupled in time to the last bout of PA. The effects of single-
session, or acute, PA are discussed in a separate section below.
Most of the work on chronic PA includes studies that examine
Outcome Grade

determine the effects of moderate-
y PA on cognition

Not assignable

c moderate- to vigorous-intensity PA
ve brain structure and function, as
nd academic outcomes

Moderate

termine the effects of moderate- to
A on cognition

Limited

determine the effects of moderate-
y PA on cognition

Not assignable

rm moderate- to vigorous-intensity
prove brain structure and function,

Moderate

t PA may improve cognitive function Moderate
reduce the risk for cognitive impairment Strong
e- to vigorous-intensity PA has beneficial
in individuals with diseases or disorders
n

Moderate

intensity PA positively influences biomarkers,
d measures of function, brain volume,

Moderate

oderate- to vigorous-intensity PA
s cognition during the postrecovery period

Strong

ssociation between chronic MVPA and
, including performance on academic
neuropsychological tests, and risk of
re demonstrated across a gradient of
cognitive health status

Moderate
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PA behavior and engagement over a span of weeks, months,
or years.

Children ≤6 yr. In preschool-age children, little published
research has examined the relationship between regular PA
and cognitive outcomes. In fact, only two SR have appeared
to date (24,32). Carson and colleagues (24) reviewed seven ob-
servational and experimental studies of PA in typically develop-
ing children and reported that six of the studies yielded a
beneficial effect of greater PA on at least one cognitive out-
come, with the most notable findings observed for executive
function (67% of the outcomes assessed) and language (60%
of the outcomes assessed). No studies demonstrated that PA
was related to poorer cognition. However, the authors rated
six of the seven studies as having weak experimental quality
and a high risk of reporting bias using PRISMAguidelines. Fur-
ther, Zeng et al. (32) reviewed five RCT of PA on cognitive de-
velopment in children 4–6 yr old. Four (80%) of the five
studies observed a positive effect of PA on attention, memory,
language, and academic achievement. Similarly, they con-
cluded that there is only preliminary evidence to support a pos-
itive effect of PA on cognition during early childhood. Because
of insufficient evidence, the subcommittee decided a grade was
not assignable regarding the effect of PA on cognitive devel-
opment in the early, preschool years.

Children 6 to 13 yr. The greatest wealth of evidence for
an effect of PA on cognitive outcomes in children was found for
preadolescents. Several SR and meta-analyses report beneficial
effects (using SR criteria, Cohen’s d, or Hedges’ g) of PA on cog-
nitive and academic outcomes (20,21,23,25,26,29–31,35,36).
Specifically, consistent benefits of PA were observed for exec-
utive function (21,23,26), attention (25), and academic achieve-
ment (20,26), including academic behaviors (e.g., time on task)
(30). Across the included articles, there were consistent findings
indicating a small to moderate effect (effect sizes = 0.13–0.30)
of PA on cognitive and academic outcomes. Such findings were
observed across several cognitive domains (and assessments
within domains), highlighting the robustness of this relation-
ship despite the heterogeneity of approaches for investigating
the influence of PA on cognition.

Additional support for the relationship for PA on cognition
in preadolescence stemmed from the use of neuroimaging
tools in this population. Two SR (23,26) have described differ-
ences in brain structure and function as a result of PA in RCT,
with additional support from cross-sectional comparisons of
higher and lower fit groups of preadolescents. Briefly, findings
have demonstrated differences in brain structure, including
greater integrity in specific white matter tracts after PA inter-
ventions (23,26). Functional brain changes resulting from PA
interventions have also been noted in preadolescent children.
Such studies have indicated PA intervention-induced benefits
to the neuroelectric system as well as changes in functional
magnetic resonance imaging signals (23,26). Collectively, there
is moderate evidence that PA is beneficial to cognition and
brain structure and function during preadolescence.

Children 14 to 18 yr. Relative to preadolescence, signifi-
cantly fewer reports (i.e., six SR and meta-analyses) have been
PHYSICAL ACTIVITY AND COGNITION
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published in adolescent children. In adolescents, there were
fewer rigorous experimental studies with control groups, stud-
ies with well-described parameters and definitions of PA, and
well-described measures of cognitive function or academic
achievement. Despite these limitations, a recent meta-analysis
reported a positive effect (Cohen’s d = 0.37) for PA on aca-
demic outcomes across 10 studies (38). In addition, two SR
(both with ~20 studies) focused on PA and cognitive outcomes.
Esteban-Cornejo et al. (33) observed mixed results, such that
70% of the studies observed a positive relationship of PA
(broadly defined as physical education, sport, athletic partici-
pation, and exercise behavior) with cognitive or academic
outcomes, 20% observed no relationship, and 10% observed
a negative relationship. Similarly, Ruiz-Ariza et al. (37) ob-
served a generally beneficial relationship of several metrics
of fitness with cognitive outcomes. Given the limited number
of rigorous experimental studies with randomized designs, these
findings should be considered preliminary. Four new reports
emerged in 2017 and 2018 after the PAGAC search was com-
pleted (34–37), and collectively these reports have demonstrated
consistency in their conclusions of a positive association be-
tween PA and cognition in adolescence. However, given the
heterogeneity of findings in this age-group, we determined
there is limited but promising evidence for the positive effects
of PA on cognition in adolescent children. Note that this
grade was changed from the 2018 PAGAC Report, where
there was insufficient evidence available at the time for even
a limited grade.

Young and middle-age adults. Relative to studies of
children and older adults, there is a dearth of SR and meta-
analyses on the relationship of PA and cognition in young and
middle-age adults (18–50 yr). Several reports have investigated
PA on cognition across the adult life span; however, the samples
were weighted toward older adults (>60 yr) or included individ-
uals with various clinical disorders (11,12). Other reports in
middle-age adults only included 1–2 studies aimed at chronic,
or long-term, PA participation, with the majority of studies fo-
cused on acute PA effects (79). Of the few studies reported, the
findings were mixed for the effects of moderate- to vigorous-
intensity PA on cognition, indicating the need for additional re-
search during young and middle adulthood. We determined
that a grade was not assignable regarding the effects of PA
on cognition and brain outcomes in this age range.

Older adults (>50 yr). The most significant body of re-
search (i.e., seven SR and meta-analyses) examining the effects
of PA on cognitive function has been conducted in older adults,
which the PAGAC defined at those over the age of 50 yr. This
work indicates that there is moderate evidence for an effect of
long-term moderate- to vigorous-intensity PA on cognitive out-
comes in adults 50 yr and older. In cognitively normal older
adults, effect sizes (Hedges’ g) ranged from nonsignificant
(15) to 0.20 (18) to 0.48 (6) or higher (14) in favor of PA. Ef-
fect sizes were greatest for measures of executive function (6),
global cognition (18), and attention (15). In one meta-analysis
of 39 RCT, PA training improved executive function, episodic
memory, visuospatial function, word fluency, processing speed,
Medicine & Science in Sports & Exercise® 1245
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 and global cognitive function (14). Some of these effects were

large (Hedges’ g = 2.06 for aerobic training effects on executive
functions) but were moderated by the mode of activity with
larger effect sizes for aerobic training compared with resistance
ormulti-modal (i.e., resistance and aerobic) interventions. Other
studies have also reported effects of resistance training. For
example, measures of reasoning were significantly improved
across 25 RCT, but this effect was specific to resistance exer-
cise (15), whereas others reported the largest effect sizes for
combined resistance and aerobic training (6,19). Other modes
of activity like exergaming (e.g., Wii Fit) might also improve
cognitive function (17). In addition, for executive functions,
larger effect sizes have been reported for studies with a greater
percentage of women, suggesting sex is an important modera-
tor of the effect of PA on cognition (6,14). In another meta-
analysis of 39 RCT examining the effects of PA on cognitive
function in individuals over the age of 50, PA improved cog-
nition with an effect size of 0.29 (16). In sum, despite hetero-
geneity across studies, the majority of SR and meta-analyses
reported small- to moderate-sized effects of RCT on cognitive
performance in older adults, which were moderated by both
sex and the cognitive domain assessed.

Neuroimaging research has provided another level and type
of support for the effects of PA in older adults. These results
have been summarized across several reviews (83). In one
meta-analysis of 14 studies, 9 of which were in older adults,
aerobic exercise increased right and left anterior hippocampal
volumes (71,76). Yet, despite these promising results, few
large-scale studies with sufficient sample sizes have examined
the effects of PA interventions on hippocampal volume in
older adults, leading to ambiguity about the long-term effects
(75). Other studies have reported positive effects on other brain
biomarkers of morphology and function (71,77,78), whereas
others are more equivocal (72).

In summary, there are promising effects of PA on cognitive
and brain outcomes in older adults, but more research is
needed to disambiguate the age ranges most affected, sex dif-
ferences, dose–response parameters necessary to optimize PA
effects, and brain biomarkers for better understanding path-
ways leading to improvements in cognition. These remaining
open questions led us to grade the evidence as moderate for
this age range.

Mildcognitive impairment anddementia.The evidence
for this question was based on prospective observational re-
search designs that followed people over periods of time rang-
ing from 1 to 12 yr (i.e., two SR and meta-analyses). There is
strong evidence indicating that greater amounts of PA are asso-
ciatedwith a reduced risk of cognitive decline (51) and dementia,
including AD (42). In this literature, prospective observational
studies are conducted on cognitively normal individuals who
are then subsequently followed over time to determine whether
PA is associated with risk for developing cognitive impairment.
For example, a meta-analysis of 15 prospective studies rang-
ing from 1 to 12 yr in duration with more than 33,000 partic-
ipants found that greater amounts of PA were associated
with a 38% reduced risk of cognitive decline (51). Another
1246 Official Journal of the American College of Sports Medicine
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meta-analysis of 10 prospective studies with more than
20,000 participants reported that greater amounts of PA
were associated with a 40% reduced risk of developing AD
(42). One additional SR published after the PAGAC search
was completed examined the effects of PA interventions (of
any type) lasting at least 6 months on delaying cognitive im-
pairment in currently undiagnosed individuals (44). The au-
thors concluded that there was insufficient evidence that PA
could be used for dementia prevention. However, the hetero-
geneous nature of the interventions (e.g., with many including
both PA and diet components) and cognitive test measures,
small and underpowered studies, and inability to assess the
clinical significance of cognitive test outcomes were common
limitations of the included studies.

PA is also a possible approach for managing the symptoms
of dementia, indicating that PA interventions may help to im-
prove cognition in individuals with a clinical dementia diagno-
sis, including AD (45,47,49,50,52,84). For example, one
meta-analysis of 18 RCT from 802 dementia patients reported
an overall standardized mean difference of 0.42; this effect
was also significant for individuals with AD (n = 8 studies)
or in studies that combined AD and non-AD dementias
(n = 7) (47). These positive effects were found for interven-
tions that were both high-frequency and low-frequency PA
(defined as an average of 213 or 93 min·wk−1, respectively),
although it is important to note that consensus in the literature
has not been reached regarding the effects of RCT of PA on
reducing the risk for developing cognitive impairment many
years later (43,44). Despite these findings, there is considerable
heterogeneity in the cognitive assessment methods, description
of the PA interventions, and a moderate risk for bias noted
across studies.

In sum, given the significant heterogeneity in study design,
lack of appropriate reporting of important PA parameters, and
significant variability in cognitive tests used, there ismoderate
evidence that PA interventions improve cognitive performance
in populations with a current diagnosis of dementia. However,
there is strong evidence from observational prospective studies
that engaging in greater amounts of PA is associated with a re-
duced risk of developing cognitive impairment.

Other clinical populations. There ismoderate evidence,
largely based on RCT, indicating that PA improves cognitive
function in individuals with diseases or disorders that impair
cognitive function, including ADHD (39), schizophrenia (58),
MS (55), Parkinson’s disease (56), and stroke (53,64). Results
in MS are conflicting, but executive function, learning, mem-
ory, and processing speed show the largest effects (55). Indi-
viduals with Parkinson’s disease show improvements in
cognition after PA (56,57), with the largest effect sizes in gen-
eral cognitive function and executive function. In schizophre-
nia, moderate- to vigorous-intensity PA interventions improve
global cognition, working memory, and attention, with an av-
erage Hedges’ g of 0.43 (58). Further, increases in brain vol-
ume and connectivity and elevated levels of serum BDNF
are observed after 8 wk to 6 months of PA in individuals with
schizophrenia (70). In patients with both acute and chronic
http://www.acsm-msse.org
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stroke, PA improves global cognition, attention, memory, and
visuospatial abilities (53,64).

In studies examining the effects of PA in ADHD, the effect
sizes (Hedges’ g) ranged from 0.18 to 0.77 in favor of PA im-
proving cognitive performance (39–41). The cognitive domains
most commonly affected included attention and executive
function (e.g., inhibition and impulsivity) (39,41). Such find-
ings have been extended to children with social, emotional,
and behavioral disabilities (22). In autism spectrum disorder
(ASD), Tan et al. (41) reported a small to moderate effect
(Hedges’ g = 0.47) for improvement in some aspects of cognition.
However, the meta-analysis included children with ASD, ADHD,
or both disorders (overall Hedges’ g = 0.24), and as such, it is
difficult to interpret the effects of PA on ASD alone (41).

The study of PA as an adjuvant treatment for cancer-related
cognitive deficits is in its early stages (62,63). Myers et al. (63)
reported that 7 of 11 RCT indicated improved cognitive function
because of PA (aerobic, resistance, mindfulness-based exercise,
or a combination of PA modes). However, only two of the stud-
ies used objective measures of cognition (63). The remaining
trials used subjective cognitive outcomes (e.g., ratings of cog-
nitive slips or failures in daily activities). A similar conclusion
was reached by Furmaniak et al. (62).

There are also promising, but preliminary results, showing
that cognition in individuals with HIV (59) or type 2 diabetes
(60,61) was improved by PA. For example, a recent SR of 16
studies in HIV suggests that PA may influence cognitive health
across a variety of self-report, executive function, memory,
and processing speed measures (59). Similar benefits have
been suggested for type 2 diabetes (60), but another review
failed to establish a benefit of PA on cognitive health in this
population (61).

Dose–response effects of PA. Unfortunately, little is
known about the dose of PA—volume, duration, frequency,
or intensity—needed to improve cognitive function. One
meta-analysis in older adults (6) reported that larger effects
were observed in RCT in which PA bouts lasted 46–60 min
(compared with bout lasting 15–30 and 31–45 min) and in in-
terventions lasting for at least 6months. Similarly,Northey et al.
(16) reported that moderate-intensity PA for 45–60 min per ses-
sion was associated with benefits to cognition in adults over the
age of 50 yr. Despite these preliminary findings, heterogeneity
in the dose parameters across studies makes it difficult to draw
firm conclusions about the frequency, duration, or intensity of
activity needed to achieve cognitive improvements for any
age-group or population.

Acute bouts of PA. Although the research described in
the above sections has focused on the effects of longer-term
(i.e., more than a single episode), or chronic, PA, it is impor-
tant to acknowledge that a single brief session of PA (i.e.,
acute PA) also influences cognition. Studies demonstrate a
small, transient improvement in cognition after the cessation
of a single, acute bout of PA, with effect sizes (Cohen’s d,
Cohen’s k, and Hedges’ g) ranging from 0.014 to 0.67 across
six SR and meta-analyses that summarized 12–79 studies
(27,65–68). Reported effects were most consistent for
PHYSICAL ACTIVITY AND COGNITION
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domains of executive function (65–68), but significant bene-
fits were also realized for processing speed, attention (al-
though see Janssen et al. [27] for a discrepant finding), and
memory (65,66,68). Although effects were observed across
the life span, larger effects (Hedges’ g) were realized for pre-
adolescent children (0.54 [0.21–0.87]) and older adults (0.67
[0.40–0.93]) relative to adolescents (0.04 [−0.14 to 0.23])
and young adults (0.20 [0.07–0.34]) for executive function
(67). Similar age differences in effect sizes were reported
for other aspects of cognition.

Studies have reported that PA intensity affects cognition,
although the pattern of effect has been inconsistent. Some findings
suggest an inverted U–shaped curve, with moderate-intensity PA
demonstrating a larger effect than light- and vigorous-intensity PA
(66,68), and other studies indicate that very light-, light-, and
moderate-intensity PA benefited cognition, but hard-, very
hard-, and maximal-intensity PA demonstrated no benefit
(65,80). The timing of the assessment of cognition relative to
the cessation of the acute bout also demonstrated differential
effects. PA bouts lasting 11–20 min demonstrated the greatest
benefits, with bouts lasting less than 11 min or more than
20 min having smaller effects on cognition (65).

The investigation into biological or physiological pathways
leading to changes in cognition after an acute bout of PA is in
its early stages. Despite several empirical reports assessing
acute PA effects on brain function using neuroimaging ap-
proaches (65,85), no SR ormeta-analysis has appeared.However,
ameta-analysis examining a blood-based biomarker has indicated
higher concentrations of peripheral blood BDNF after an acute
bout of PA (both aerobic and resistance bouts). Findings further
indicated that increased BDNF concentrations were observed
after longer bout durations (>30 min relative to ≤30 min) in
those who had higher cardiorespiratory fitness (i.e., >V̇O2

peak), and that the findings were selective to males (although
75% of participants across studies were male) (74). Such find-
ings suggest that BDNF may serve as a marker for the acute
effects of PA on brain function in healthy adult males.

Overall, the findings strongly indicate that transient cognitive
benefits may be derived after single acute bouts of PA. Such
effects appear strongest for preadolescent children and older
adults and for a PA dose of moderate intensity (65–68), with fur-
ther evidence supporting 11–20 min in duration as the optimal
range for enhancing cognitive function (65). These findings are
important and relevant to the Physical Guidelines for Americans
because they suggest that the benefits of engaging in PA can be
seen immediately (i.e., after an acute bout) and accumulate
over time (i.e., after more chronic PA behavior).
DISCUSSION

In regard to our first aim, we concluded from this umbrella
review that there is overall moderate evidence that PA posi-
tively influences cognition in humans. The “moderate” grade
emerged because there were noticeable gaps in some popu-
lations (e.g., adolescents, young, and middle-age adults) as
well as significant heterogeneity in study designs, cognitive
Medicine & Science in Sports & Exercise® 1247
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 instruments used, lack of consistent reporting of blinding

and adherence/compliance, and poor descriptions of whether
the interventions were successful at maintaining moderate-
intensity PA through the course of the intervention. Similarly,
there is also considerable variability in the type and quality of
PA measurements used across studies (86). Yet, despite these
limitations and heterogeneity, we argue that the consistency of
effects and of effect sizes across populations (16,26), durations
of PA (including acute bouts), intensities, comorbid conditions
(58), and ages (12) is truly remarkable and demonstrates that
sufficient evidence exists to conclude that PA positively influ-
ences cognitive function in humans.

Our second aim was to examine whether there was a partic-
ular age or population that showed the strongest or weakest
associations with PA. Most studies have been conducted in
preadolescent children and older adults, so conclusions about
the effects of PA across the life span are inherently limited be-
cause of the lack of high-quality data available in other age-
groups. Nonetheless, this research in children and older adults
suggests that benefits might be obtained across the life span.
Yet, clearly more research is needed to determine the effects
in other age-groups and to examine whether the magnitude
of the benefit is greater at some ages (or in some populations)
relative to others.

Our third aim was to examine whether there were cognitive
domains especially susceptible to a PA intervention. Executive
functions emerged as the most consistent cognitive domain
affected. However, this conclusion should be interpreted
cautiously. Many studies have prioritized the assessment of ex-
ecutive functions over that of other cognitive domains, and there
is considerable variability in the type and quality of instruments
used to test executive (and all other) cognitive domains. In ad-
dition, many of the instruments used to assess executive function-
ing are traditional neuropsychological tools that were primarily
developed to aid in clinical diagnosis rather than to assess
individual variation in normative cognitive functioning. As
such, their sensitivity to detect changes as a function of an in-
tervention (especially in the context of a normative sample) re-
mains questionable.

Our fourth aim was to examine whether PA was associated
with reducing risk for cognitive impairment in late adulthood.
Here the prospective observational literature was unequivocal—
engaging in greater amounts of PAwas associatedwith a reduced
risk of cognitive decline and impairment. It is important to note
the methodological differences in the studies that make up this
literature comparedwith the scientific literature discussed in other
sections. In other sections of this review, the meta-analyses and
SR were primarily focused on RCT, whereas in the context of
MCI and dementia, the studies were prospective and observa-
tional and typically used self-reported measures of PA. Such
methodological differences are important when reflecting on
the strength and weaknesses of the literature examining cognitive
outcomes as well as the populations, parameters, and measures
that might be most sensitive to improvements with PA.

Finally, we asked whether there are parameters of PA (e.g.,
intensity) that are more important for the modulation of
1248 Official Journal of the American College of Sports Medicine
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cognitive and brain health. Unfortunately, we conclude that
there is insufficient data about the optimal dose parameters.
Moderate-intensity PA is the most commonly reported dose,
yet there is a consistent lack of clarity across studies about
how moderate intensity is defined and measured. Several re-
ports find that moderate-intensity interventions of longer dura-
tions had larger effect sizes than lighter intensity and shorter
duration studies. Yet, the lack of specificity on dose and the
variability in the dose delivered across studies, populations,
and age ranges led to a conclusion of grade not assignable.
Because of this between-study heterogeneity, similar ambigu-
ity exists about the optimal dosage of PA necessary to achieve
cardiovascular disease outcomes (87). Similarly, there are few
studies examining the effect of sedentary behavior or light-
intensity activity on cognitive outcomes asmost RCTmanipulate
moderate-intensity activity and not light-intensity or sedentary
behaviors. The most likely outcome is that the appropriate
dose of PA will be moderated by age, population, and other
factors sensitive to both cognitive function and PA.

Although most studies reported beneficial associations of
PA on cognition, others reported less robust or even absent
effects. In such instances, it is important to consider the factors
that may have led to these discrepant findings. Not all SR and
meta-analyses were conducted using the same set of guiding
principles and criteria, with some using stronger theoretical and
methodological approaches than others. Among the more poorly
constructed SR and meta-analyses, one obvious limitation was
the inclusion of empirical reports with poor adherence and
compliance, imprecise measurement of PA, insensitive cogni-
tive measurements, or poor descriptions of PA parameters. In
addition, the considerable variability in how PA is measured
and quantified across studies can often lead to heterogeneity
of results and erroneous conclusions (85). Many of these de-
sign and measurement issues are not captured by PRISMA
guidelines and, thus, could be influencing effect sizes and con-
clusions from meta-analyses and SR.

For more effective translation and adoption of PA, it is im-
portant to understand the possible mechanisms by which PA
influences brain and cognition. Mechanisms can be conceptu-
alized at multiple levels of analysis (88). On the molecular and
cellular level, PA directly influences the expression of neuro-
transmitter and neurotrophic factors, which in turn influence
synaptic plasticity and cell proliferation and survival. PA
might also influence cognitive and brain health by modifying
insulin/glucose signaling, oxidative stress, inflammatory path-
ways, hormonal regulation, or cerebrovasculature (2,83). Indeed,
it is likely that all of these factors are enhancing different aspects
of brain health. In addition, there might be multiple mediators
at other levels of analysis. For example, PA might be modify-
ing sleep behaviors, which in turn improve cognitive function.
In short, there are many possible mechanisms by which PA in-
fluences brain health; more research across these diverse levels
is required to better elucidate the primary pathways driving ef-
fects and how those pathways interact.

The meta-analyses and SR reviewed in this report pre-
dominantly focused on RCT or experimental manipulations
http://www.acsm-msse.org
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of exercise (in the context of acute bout studies). However, this
contrasts with many of the studies onMCI and dementia, which
were observational and prospective. In these observational
studies, PA was often measured by self-report, whereas in RCT,
itwas generally controlled and experimentallymanipulated. These
methodological differences could be contributing to the differ-
ences in effect sizes and consistency between these studies. It
will be important for future research to conduct longer RCT
with larger sample sizes and with sufficiently protracted post-
intervention follow-up assessments over many years to deter-
mine whether engaging in a PA treatment reduces the incident
rate of MCI and dementia.

Given the findings herein and the noted limitations, this field
would benefit from a better understanding of the underlying
mechanisms of these relationships, including central and pe-
ripheral biomarkers. Further, understanding of potential mod-
erators of the PA–cognition relationship is needed, as reports
suggest that the relationship may differ as a function of body
composition, fitness level, sex, and health status, among other
factors. Relatedly, reporting parameters of the intervention
(i.e., compliance and adherence) is important to better under-
stand the execution and quality of the intervention. One reason
for the excitement surrounding PA effects on childhood cogni-
tion is the ability to link such findings to scholastic performance.
Thus, there is a need to identify other ecologically valid out-
comes, not only in children but also in adults who have the
potential to strengthen the external validity of research on PA.
Finally, future research needs greater consistency and harmo-
nization in the cognitive instruments used.

In summary, there are positive effects of PA on a broad array
of cognitive outcomes. This evidence comes from a variety of
PHYSICAL ACTIVITY AND COGNITION
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assessments that measure changes in brain structure and func-
tion, cognition, and applied academic outcomes. Accordingly,
such findings may serve to promote better cognitive function
in healthy individuals and to improve cognitive function in
those experiencing certain cognitive and brain disorders. These
findings may lead to more informed policies about using PA
to improve and shape cognitive function across the life span.
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approximately 10% to 20%. Based on 18 systematic reviews and meta-analyses, the report also found moderate or limited associations be-

tween greater amounts of physical activity and decreased all-cause and cancer-specific mortality in individuals with a diagnosis of breast, co-

lorectal, or prostate cancer, with relative risk reductions ranging almost up to 40% to 50%. The updated search, with five meta-analyses and 25

source articles reviewed, confirmed these findings.Conclusions: Levels of physical activity recommended in the 2018 Guidelines are associated

with reduced risk and improved survival for several cancers. More research is needed to determine the associations between physical activity

and incidence for less common cancers and associations with survival for other cancers. Future studies of cancer incidence and mortality

should consider these associations for population subgroups, to determine dose–response relationships between physical activity and cancer

risk and prognosis, and to establish mechanisms to explain these associations. Key Words: EXERCISE, CANCER RISK, CANCER
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In 2018, 1,735,350 new cancer cases and 609,640 cancer

deaths are projected to occur in the United States (1). In
2018, there are expected to be over 18million cancer cases

worldwide and over 9.5 million deaths (2). An estimated one
in three Americans will be diagnosed with an invasive cancer
over their lifetimes (1), and the number of cancer survivors is
expected to exceed 20 million by 2026 (3).

Most cancers arise from a complex etiology involving genetic,
environmental and lifestyle factors, and their interactions (4),
and there is great need and opportunity for cancer prevention
through lifestyle change. Increasingly, recognition of the role
of host factors in cancer survival has supported the increased
focus on lifestyle changes to improve these factors (5).

Decades of epidemiologic research have identified a physically
active lifestyle as protective against the occurrence of some
common cancers, but comprehensive reviews were lacking.
The US Department of Health and Human Services 2018
Physical Activity Guidelines Advisory Committee (PAGAC)
therefore addressed the following question:What is the relation-
ship between physical activity and specific cancer incidence?
(6) The PAGAC then investigated the presence and shape of
dose–response relationships, whether the relationships varied
by age, sex, race/ethnicity, socioeconomic status, orweight status,
whether the relationship varies by specific cancer subtypes,
and whether the relationship is present in individuals at high
risk, such as those with familial predisposition to cancer. The
PAGAC also examined the role of sedentary behaviors in the
etiology of cancer (presented in Katzmarzyk et al.) (7).

In addition to the questions related to the primary prevention
of cancer, the PAGAC also investigated the following question:
Among cancer survivors, what is the relationship between
physical activity and 1) all-cause mortality, 2) cancer-specific
mortality, or 3) risk of cancer recurrence or second primary can-
cer? Further, the PAGAC considered the presence and shape of
dose–response relationships, and whether the relationships vary
by age, sex, race/ethnicity, socioeconomic status, or weight
status. Finally, the PAGAC explored whether the relationships
vary based on frequency, duration, intensity, type (mode), and
how physical activity is measured. The PAGAC also considered
current knowledge gaps and priorities for future research.

The purpose of this article is to summarize and update epi-
demiologic evidence on the associations between physical
activity and risk of cancer incidence and survival as reviewed
by the PAGAC (6).
L ACTIVITY AND CANCER
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METHODS

This systematic review is reported according to the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
guidelines (8). The systematic review followed an established
protocol, and was registered at PROSPERO (CRD42018096729).
The purpose of the PAGAC systematic review was to identify
systematic reviews, meta-analyses, and pooled analyses that
examined the relationship between physical activity and risks
of cancer incidence, and risks of mortality among persons di-
agnosed with cancer. The purpose of the updated systematic
search was to determine whether additional meta-analyses were
published after the 2018 Physical Activity Guidelines Advisory
Committee Scientific Report (2018 Scientific Report) search,
and whether individual source studies had been published after
the dates of the latest meta-analyses.

Search Strategy and Selection Criteria

For the 2018 Scientific Report, systematic literature searches
were conducted using PubMed, Cochrane, and CINAHL data-
bases through December 2016 (see Supplemental Table 1,
Supplemental Digital Content 1, 2018 Physical Activity Guidelines
Advisory Committee search terms for epidemiologic literature
on relationships between physical activity and risk for cancer,
http://links.lww.com/MSS/B524; and Supplemental Table 2,
Supplemental Digital Content 2, 2018 Physical Activity
Guidelines Advisory Committee search terms for epidemio-
logic literature on relationships between physical activity
and mortality in persons diagnosed with cancer, http://links.
lww.com/MSS/B525). (6) Studies were considered potentially
eligible if they were systematic reviews, meta-analyses, reports,
or pooled analyses published in English through December
2016, and investigated the relationship between all types and in-
tensities of physical activity and risk of invasive cancer of any
type in adults, or the relationship between all types and intensi-
ties of physical activity and mortality in persons of any age with
a diagnosis of cancer.

For the present article, updated systematic literature searches
were conducted for the inclusive dates January 2016 through
February 2018 using the same search terms, including system-
atic reviews, meta-analyses, and pooled analyses, and more re-
cent original prospective cohort studies published after the
inclusion dates for the cancer-specific systematic reviews/
meta-analyses.
Medicine & Science in Sports & Exercise® 1253
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 Data Extraction and Methodological Study

Quality Assessment

The titles, abstracts, and full-text of the identified articles were
independently screened, and data were abstracted by two re-
viewers. Disagreement between reviewers was resolved by
discussion or a third person review. For the 2018 Scientific Re-
port, data were extracted for systematic reviews, meta-analyses,
and pooled analyses regarding years of source studies inclusion,
numbers of studies, type of studies included (e.g., cohort,
case-control), whether dose–response relationships were ad-
dressed, adjustment for confounders, evaluation of effect
modifiers, and effect sizes and statistical significance. For
the updated search, two reviewers independently screened
the titles, abstracts, and full-text of the identified articles, and
abstracted data to determine if new information would change
the conclusions of the 2018 Scientific Report.

Grading of Evidence

Grading criteria were established before the review of the
evidence was conducted (see Supplemental Table 3, Supple-
mental Digital Content 3, 2018 Physical Activity Guidelines
Advisory Committee grading criteria, http://links.lww.com/
MSS/B526). (6) These criteria were used to evaluate the epide-
miologic evidence included in the systematic reviews and
meta-analyses considered by the PAGAC members. The
criteria included the applicability, generalizability, risk of bias
and study limitations, quantity and consistency of the results
across studies as well as the magnitude and precision of the ef-
fects. The PAGAC members undertook careful deliberations
when reviewing the evidence and consensus on the grade to
be assigned to each cancer site was sought through discussion
among the PAGAC members in subcommittees and through
regular reports during public PAGAC meetings.
TABLE 1. 2018 physical activity guidelines advisory committee evidence on relationship
between physical activity and risk of developing invasive cancer.

Cancer
Overall

Evidence Grade
Approximate %
RR Reduction

Dose–Response?
Grade

Bladder Strong 15% Yes, moderate
Breast Strong 12%–21% Yes, strong
Colon Strong 19% Yes, strong
Endometrium Strong 20% Yes, moderate
Esophagus

(adenocarcinoma)
Strong 21% No, limited

Gastric Strong 19% Yes, moderate
Renal Strong 12% Yes, limited
Lung Moderate 21%–25% Yes, limited
Hematologic Limited Variable effect sizes Not assignable
Head & Neck Limited Variable effect sizes Not assignable
Ovary Limited 8% Yes, limited
Pancreas Limited 11% No, limited
Prostate Limited Variable effect sizes Not assignable
Brain Grade not assignable Variable effect sizes Not assignable
Thyroid Limited 0 Not assignable
Rectal Limited 0 Not assignable
RESULTS

For the 2018 Scientific Report, 45 systematic reviews, meta-
analyses, or pooled analyses were reviewed related to associa-
tions between physical activity and cancer risk; 18 systematic
reviews, meta-analyses, or pooled analyses were reviewed on
the associations between physical activity and cancer survival
(6). For the updated search, 145 systematic reviews, meta-
analyses, or pooled analyses were identified as potentially
relevant, of these, five were included in the updated review
(exclusions were primarily because of not focusing on cancer
etiology or survival). In addition, 25 original source articles
were included, of 1256 identified from the updated search (ex-
clusions were primarily for already being included in the
meta-analyses or pooled analyses, or for not focusing on can-
cer etiology or survival).

In the studies included in the meta-analyses, systematic re-
views, and pooled analyses, physical activity was measured
by self-report, with different types of physical activity ques-
tionnaires. In many studies, participants were presented with
a list of typical activities (e.g., walking, running, biking) and
1254 Official Journal of the American College of Sports Medicine
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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 studies collected
information on recreational activities, several also included
occupational activities, and only a few included household ac-
tivities. Some studies added up all of these activities to estimate
total physical activity; most limited estimation of total physical
activity to leisure time activity. Most of the meta-analyses esti-
mated MET-hours per week of moderate-to-vigorous intensity
physical activities where data were available, but the cutpoints
for “highest” versus “lowest” activity levels varied across studies.

Most of the meta-analyses, as well as a large pooled study
(9), were restricted to prospective cohort studies. However,
for some of the rarer cancers, meta-analyses or pooled analy-
ses did include case-control studies. Observational studies on
cancer survival were restricted to prospective cohort studies
of cancer survivors.

For the review of cancer survivors, PAGAC recognized that
the definition of cancer recurrence was heterogeneous, rarely
examined as an outcome, and therefore eliminated recurrence
outcomes from this review. Furthermore, only postdiagnosis
physical activity was included in the review of cancer survival.

Cancer Primary Prevention

The PAGAC evaluated 45 systematic reviews, meta-analyses,
and pooled analyses comprising hundreds of epidemiologic stud-
ies with several million participants. The PAGAC determined
that, when comparing the incidence among individuals in the
highest category of physical activity with individuals in the
lowest, strong evidence demonstrated reduced risks of bladder,
breast, colon, endometrial, esophageal adenocarcinoma, renal
and gastric cancers, with relative risk reductions ranging from
approximately 10% to 20% (Table 1). The PAGAC also found
moderate evidence that individuals in the highest category of
physical activity had lower risk for lung cancer compared with
those in the lowest category of physical activity. The number of
availablemeta-analyses for each cancer type ranged from one to
seven. Below are the main results from the most recent, or most
http://www.acsm-msse.org
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comprehensive, meta-analyses reviewed for the 2018 Scientific
Report (6) for individual cancers for which the PAGAC found
strong or moderate grade evidence of an association between
increased physical activity and reduced cancer risk (see also
Table 1).

Bladder cancer. The PAGAC identified two meta-analyses/
systematic reviews and one pooled analysis on the association
between bladder cancer and physical activity. Of these reports,
the most comprehensive was a 2014 meta-analysis that found
bladder cancer risk was significantly lower for individuals en-
gaging in the highest versus lowest categories of recreational
or occupational physical activity level (relative risk [RR],
0.85; 95% confidence interval [CI], 0.74–0.98) (10). The other
meta-analysis and pooled analysis found similar results (6).
No new reports were identified in our updated search.

Breast cancer. A total of four meta-analyses/systematic
reviews and two pooled analyses were identified that focused
on physical activity and breast cancer risk. The most recent
and comprehensive report was a 2016 meta-analysis that ex-
amined risk of breast cancer by all types of physical activity
in which a statistically significant reduction for breast cancer
incidence was found when comparing the highest versus the
lowest amounts of all types of physical activity combined
(odds ratio [OR], 0.88; 95% CI, 0.85–0.91) (11). When exam-
ining the associations by type of activity, these authors reported
risk reductions for nonoccupational physical activity (OR, 0.88;
95% CI, 0.85–0.92 from 30 studies) and occupational physical
activity (OR, 0.87; 95% CI, 0.83–0.90) based on 11 studies).
Premenopausal and postmenopausal women had very similar
risk reductions for highest versus lowest levels of physical ac-
tivity (RR, 0.87; 95% CI, 0.78–0.96 and RR, 0.88; 95% CI,
0.85–0.91, respectively). The other meta-analyses and pooled
analyses found similar results (6). The updated search identi-
fied two meta-analyses on the associations between physical
activity and breast cancer risk, both of which reported reduced
breast cancer risk comparing high versus low levels of physi-
cal activity for the total population (12,13), although one
meta-analysis found no association of physical activity with
breast cancer occurring before menopause (12). The updated
search identified five publications of cohort studies (14–18)
that investigated the associations of physical activity with
breast cancer risk. One cohort study observed that strenuous
activity was inversely and significantly associated with reduced
breast cancer risk, particularly in certain molecular subtypes
(14). Another study found that increased total, leisure, and oc-
cupational physical activity were inversely and significantly
associated with reduced breast cancer risk (15). One study
found that increased physical activity in childhood and teenage
yearswas associatedwith lower risk for breast cancer development
(16), whereas another found no association between physical
activity between menarche and first pregnancy on later breast
cancer risk (17). Finally, a study found statistically significant
associations between high versus low levels of physical activ-
ity and reduced risk for postmenopausal breast cancer (18).

Colon cancer. A total of eight meta-analyses/systematic
reviews and one pooled analysis on physical activity and colon
PHYSICAL ACTIVITY AND CANCER
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cancer were identified in the PAGAC literature review. The
most recent was a 2016 meta-analysis which reported that risk
of colon cancer is significantly reduced for individuals engag-
ing in the highest versus lowest categories of physical activity
level (RR = 0.81, 95%CI: 0.83–0.93) (19). These findings were
similar to those reported in the other meta-analyses (6). Our up-
dated literature search yielded two additional meta-analyses,
both of which supported these findings (20,21). The updated
search also identified three original research reports of cohort
studies that had not been included in any reviewed meta-
analyses, which found that high versus low levels of physical
activity decrease risk for colon cancer (22–24).

Endometrial cancer. The PAGAC used information from
four meta-analyses/systematic reviews and one pooled analysis
on physical activity and endometrial cancer risk with the most
recent one published in 2015. That meta-analysis found a statis-
tically significant reduction for endometrial cancer incidence
when comparing the highest versus the lowest amounts of all
types of physical activity combined (OR, 0.80; 95% CI,
0.75–0.85) (25). The meta-analysis further reported risk reduc-
tions for recreational (OR, 0.84; 95% CI, 0.78–0.91), occupa-
tional (OR, 0.81; 95% CI, 0.75–0.87), and household (OR,
0.70; 95% CI, 0.47–1.02) activities as well as for walking
(OR, 0.82; 95% CI, 0.69–0.97). Risk was decreased with all
intensity levels of physical activity (light, moderate-to-vigorous,
and vigorous). The other meta-analyses and pooled analysis
found similar results (6). Two cohort studies identified in the
updated search found statistically significant associations be-
tween high versus low levels of physical activity and reduced
risk of endometrial cancer (26,27).

Esophageal cancer. The PAGAC identified three meta-
analyses/systematic reviews and one pooled analysis on physical
activity and esophageal cancer risk. The most comprehensive
was a 2014meta-analysis (28) that included 24 individual studies
of which nine were cohort and 15 were case-control studies. Risk
of esophageal adenocarcinoma was statistically significantly
reduced for individuals engaging in highest versus lowest
levels of activity (RR, 0.79; 95% CI, 0.66–0.94). Conversely,
physical activity was not related to risk of squamous cell car-
cinoma of the esophagus. The other meta-analyses and pooled
analysis found similar results (6). No new reports were identi-
fied in our updated search.

Gastric cancer. There were five meta-analyses and one
pooled analysis that reported on physical activity and its asso-
ciation with gastric cancer risk. In a 2016 meta-analysis (29),
the risk of gastric cancer was statistically significantly reduced
for individuals engaging in highest versus lowest levels of ac-
tivity (RR, 0.81; 95% CI, 0.73–0.89). The other meta-analyses
and pooled analysis found similar results (6). No new reports
were identified in our updated search.

Renal cancer. The PAGAC identified one meta-analysis/
systematic review and one pooled analysis of physical activity
and renal cancer. The meta-analysis, published in 2013, reported
that the risk of renal cancer was significantly lower for individ-
uals engaging in the highest versus lowest categories of physical
activity level (RR, 0.88; 95% CI, 0.79–0.97) (30). The pooled
Medicine & Science in Sports & Exercise® 1255
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 analysis found similar results (6). No new reports were identified

in our updated search.
Lung cancer. The PAGAC used information from six

meta-analyses and one pooled analysis on physical activity
and risk of lung cancer. Using data from the most recent and
comprehensive meta-analysis, the PAGAC found evidence
of a 25% relative reduction in lung cancer risk with highest
versus lowest levels of physical activity (RR, 0.75; 95% CI,
0.68–0.84) (31). The other meta-analyses and pooled analysis
found similar results (6). The PAGAC could not rule out effect
modification by tobacco use and therefore considered the evi-
dence to be of a moderate grade. The updated search yielded
two publications of cohort studies on physical activity and risk
of lung cancer (32,33). Both studies assessed the association
between physical activity and risk for lung cancerwithin categories
of smoking (e.g., current, former, or never smoker), and both
found lack of association of physical activity with reduced
lung cancer in some or all smoking status categories.

Other cancers. For some other cancer sites, very few
meta-analyses and systematic reviews had been published at
the time of the original review for the 2018 Scientific Report.
Hence, the PAGAC determined that limited evidence suggested
an association between higher physical activity and decreased
risks of hematologic, head and neck, ovarian, pancreatic, and
prostate cancers. No grade could be assigned for brain cancer
given the paucity of evidence. The PAGAC found limited evi-
dence of no association of physical activity with risk of thyroid
or rectal cancer. Finally, for all remaining cancer sites, there were
no published studies that could be considered for this report.

Six publications on the associations between physical activity
and risk of hematologic cancers were identified in the updated
literature search. One study found that high versus low levels
of physical activity were associated with reduced risk for my-
eloid neoplasms (myelodysplastic syndromes, acute myeloid
leukemia, myeloproliferative neoplasms), chronic lympho-
cytic leukemia, small lymphocytic lymphoma, and mature
B-cell lymphomas, but not plasma cell disorders (34). Three
studies found varying associations of physical activity with
non-Hodgkin lymphoma or B-cell non-Hodgkin lymphoma:
one found no association with either (35), one finding a non-
significant reduced risk of non-Hodgkin lymphoma (36), and
one no association with B-cell non-Hodgkin lymphoma (37).
Finally, one study of physical activity and risk of multiple my-
eloma was identified, which found no statistically significant
associations (38). One report on the association between phys-
ical activity and risk of head and neck cancer found statisti-
cally significant decreases in risk with increasing hours per
week spent in vigorous activity (39). The updated literature
search identified two cohort studies of physical activity and
ovarian cancer; one found no association between physical ac-
tivity and reduced risk for ovarian cancer (40), and one sug-
gested increased risk for ovarian cancer with high physical
activity levels (41). Two publications presented results of co-
hort studies that examined the association between physical
activity and risk of pancreatic cancer: one found a negative as-
sociation in men but not women (42), whereas the other found
1256 Official Journal of the American College of Sports Medicine
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a negative association in persons younger than 60 yr but not in
older individuals (43).

In 2018, a meta-analysis of leisure-time physical activity and
risk of prostate cancer was published, focusing on dose–
response effects; it found no association of leisure time physical
activity with risk of total, local, or advanced prostate cancer
(44). Two cohort studies of prostate cancer risk in relation to
physical activity were identified; one found no statistically signif-
icant associations between physical activity and risk (45), and
one observed a statistically significant reduction only in risk of
advanced prostate cancer in active versus inactive men (46).

The updated search also found publications focused on
hepatobiliary, (47) carcinoid tumors of the small intestine
(48), squamous cell skin cancer (49), and testicular cancers
(50) that the PAGAC did not review for the 2018 Scientific
Report. None provided enough evidence to reverse the
PAGAC decision that evidence is lacking on the role of phys-
ical activity in risk for any of these cancers.
Associations of Physical Activity with Cancer by
Dose–Response and Subgroups

Dose–response. A dose–response relationship between
physical activity and specific cancer risk was evident for sev-
eral cancers (Table 1), but given the inconsistent methods of
measuring and categorizing physical activity levels in the var-
ious studies, meta-analyses, and pooled analyses, it was not
possible to determine exact levels of physical activity that pro-
vide given levels of effect.

Cancer subtypes. Investigation by cancer subtype showed
that increased physical activity is associated with reduced risk of
breast cancer regardless of hormone receptor status and of colon
cancer originating both proximally and distally. Conversely,
although high levels of physical activity were associated with
reduced adenocarcinoma of the esophagus, no statistically sig-
nificant effect was observed for squamous cell cancer of the
esophagus. Little information was available for other subtypes
of cancer.

Population subgroups. Effects of physical activity on
specific cancer risk were seen for both women andmen for colon
and renal cancers, whereas for other cancers, such as bladder,
esophageal, gastric, lung, and pancreatic, differences by sex
could not be ruled out. Little information was available on dif-
ferences in physical activity effect on cancer risk by age or so-
cioeconomic status. Few estimates were available for specific
racial/ethnic groups other than whites. For several cancers, in-
dividuals of Asian ancestry appeared to have similar protec-
tion from physical activity as do non-Asian individuals. The
pooled analysis suggested that, similar towhites, physical activity
reduces risks of lung, colon, and breast cancers in African
Americans (9). For some US populations (Latino, Native
American, Pacific Islander), data are so sparse that systematic
reviews, meta-analyses, and pooled analyses have not presented
data on these racial/ethnic populations. Weight status affected
the association between physical activity and risk of several
cancers, including breast, endometrial, lung, ovarian, and
http://www.acsm-msse.org
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thyroid, and possibly for esophageal adenocarcinoma and gas-
tric cardia cancers.

Mortality in Persons Diagnosed with Cancer

The National Cancer Institute states that an individual is
considered a cancer survivor from the time of diagnosis,
through the balance of his or her life (51). Systematic reviews and
meta-analyses on the relationship between physical activity
and mortality among cancer survivors were available only for
three cancers: breast, colorectal, and prostate cancer (Table 2).

Breast cancer. Data from six meta-analyses show a con-
sistent inverse association between amounts of physical activity
after diagnosis and cancer-specific and all-cause mortality in
breast cancer survivors. Estimates from a 2015 meta-analysis
of eight cohorts found that highest versus lowest levels of phys-
ical activity were associated with a 48% reduction in risk for
all-cause mortality (RR, 0.52; 95% CI, 0.43–0.64) (52). A
2016 meta-analysis of 10 cohorts found that highest versus
lowest levels of postdiagnosis physical activity were associated
with a 38% reduction in risk of breast cancer-specific mortality
(RR, 0.62; 95% CI, 0.48–0.80) (53). A pooled analysis ad-
dressed the association between meeting the 2008 Physical
Activity Guidelines (54) recommended activity levels and
breast cancer survival. The project found that engaging in
≥10 MET·h·wk−1 was associated with a 27% reduction in
all-cause mortality (hazard ratio [HR], 0.73; 95% CI, 0.66–0.82)
and a 25% reduction in breast cancer-specific mortality (HR,
0.75; 95% CI, 0.65–0.85) (55). The updated literature search
identified two additional prospective cohort studies of breast
cancer that examined the association between postdiagnosis
physical activity and overall survival (56) and breast cancer-
specific survival (57). In both of these cohort studies, higher
levels of physical activity were associated with improved
survival outcomes.

Colorectal cancer. Data from six meta-analyses found a
consistent inverse association between amounts of physical
activity after diagnosis and all-cause mortality and colorectal
cancer-specific mortality in colorectal cancer survivors. A 2016
meta-analysis including seven cohort studies showed a 42%
reduced risk of all-cause mortality in survivors with highest
versus lowest levels of physical activity (RR, 0.58; 95% CI,
0.49–0.68) (58). A different 2016 meta-analysis of six cohorts
found that highest versus lowest levels of postdiagnosis phys-
ical activity were associated with a 38% reduction in risk of
colorectal cancer-specific mortality (RR, 0.62; 95% CI,
TABLE 2. 2018 physical activity guidelines advisory committee evidence on relationship.

Cancer Evidence Grade Approximate % RR Reduction

All-cause mortality
Breast Moderate 48%
Colorectal Moderate 42%
Prostate Limited 37%–49%

Cancer-specific mortality
Breast Moderate 38%
Colorectal Moderate 38%
Prostate Moderate 38%

Between physical activity and mortality in cancer survivors.
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0.45–0.86) (53). One meta-analysis assessed dose–response
using five cohort studies (59). In comparisons of less active
to more active individuals, each 5, 10, or 15 MET·h·wk−1 in-
crease in postdiagnosis physical activity was associated with
a 15% (95% CI, 10%–19%), 28% (95% CI, 20%–35%), and
35% (95% CI, 28%–47%) lower risk for all-cause mortality.
Results for colorectal cancer-specific mortality were virtually
identical. The updated literature review identified two addi-
tional prospective cohort studies on physical activity and colo-
rectal cancer survival. The first cohort study noted a 25%
reduction in mortality associated with highest versus lowest
levels of leisure time physical activity (HR, 0.75; 95% CI,
0.61–0.91) (60). The second cohort study found an approxi-
mate 50% reduced risk of overall mortality associated with
highest versus lowest postdiagnosis total physical activity
(HR, 0.53; 95% CI, 0.36–0.80) (61).

Prostate cancer. Data from three available meta-analyses
show an inverse association between amounts of physical ac-
tivity after diagnosis and cancer-specific mortality in prostate
cancer survivors. Estimates from a 2016meta-analysis of three
cohort studies found that highest versus lowest levels of phys-
ical activity were associated with a 38% reduction in risk for
prostate cancer-specific mortality (RR, 0.62; 95% CI, 0.47–0.82)
(53). A review of the articles included in the systematic reviews
indicates that highest versus lowest levels of total, recreational,
nonsedentary occupational, and vigorous physical activity, as
well as greater MET-hours per week or greater numbers of hours
per week, were statistically significantly related to reduced risk
for all-cause mortality (62–64). One additional cohort study that
included assessment of physical activity that was done at least
1 yr postdiagnosis was found in the updated literature review
(65). Higher levels of physical activity significantly reduced
prostate cancer-specific mortality in this study.

The PAGAC assigned grades of only Moderate or lower to
the associations for all three of these cancers, because of the
considerable chance of reverse causation. That is, individuals
who have cancer may feel more fatigue and be less physically
active as a result.
DISCUSSION

We found strong evidence that physical activity reduces the
risk of cancers of the breast, colon, endometrium, bladder,
stomach, esophagus (adenocarcinoma) and kidney andmoder-
ate evidence for an association with lung cancer risk, with 10%
to 20% reductions in RRs. We found limited evidence that
physical activity is associated with reduced risk for prostate
cancer overall. The evidence for an associationwith hematologic,
head and neck, ovary, and pancreas cancers remains limited
mainly because of the lack of research that has been done on
these cancers. Furthermore, for brain cancer and other cancer
sites not listed here, there is insufficient evidence to determine
the nature of the association with physical activity at this time.

The epidemiologic evidence on the association between
physical activity and survival after cancer is still emerging
with preliminary results supporting 40% to 50% RR
Medicine & Science in Sports & Exercise® 1257
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 reductions for mortality for breast, colon, and prostate cancers

with high levels versus low levels of physical activity.
There were several limitations to our work. The evidence

relied on epidemiologic studies, with a lack of clinical trial ev-
idence in either preventing cancer or improving survival in
persons with cancer. Furthermore, most of the studies in per-
sons diagnosed with cancer did not control adequately for
treatment type or completion, nor for undiagnosed progression
of disease, all of which can interfere with physical activity
ability and therefore could have been major confounders of
the relationships between physical activity and cancer survival.

Given the varying methods of physical activity ascertain-
ment and classification in source articles and meta-analyses,
the PAGAC could not determine the specific levels of physical
activity that correspond to the reported levels of risk reduction.
Furthermore, although dose–response associations were esti-
mated in some articles and meta-analyses, the results varied
such that exact dose–response relationships cannot be de-
scribed even for individual cancers. Nevertheless, for several
cancers, dose–response relationships were evident. Most im-
portantly, there did not appear to be a lower threshold below
which no effect was evident. In other words, almost any level
of physical activity likely confers some benefit.

Almost all epidemiologic data on physical activity and can-
cer risk and survival focus on aerobic activity. The PAGAC,
therefore, was only able to consider this type of activity. Fur-
thermore, several of the studies provided information only
on leisure time, recreational activity. The effects of occupa-
tional, household, transportation and other activities on cancer
risk and survival have therefore not been established.

The data in meta-analyses were not consistent enough or
classified with sufficient precision for the PAGAC to deter-
mine the exact nature of physical activity-cancer relationships
across population subgroups, such as by age, race/ethnicity,
socioeconomic status, or weight status. Nevertheless, where
data were available, they pointed to likely benefit of physical
activity across a wide range of population groups.

The PAGAC did not perform its own meta-analyses, and
therefore relied on the methods of classifying data on physical
activity, cancers, and covariates in the published meta-analyses.
All physical activity data in the observational studies were col-
lected via self-report, with resulting potential for measurement
error due to recall error and reporting bias. Very few observa-
tional studies have included device-based measures of physi-
cal activity.

The PAGAC recommended future research in the areas of
cancer prevention. There is a need for large prospective epide-
miologic studies of the associations of physical activity on risk
for specific cancers that have not been adequately studied.
More epidemiologic studies of effects of physical activity on
risk of cancer in specific age, racial, ethnic, and socioeconomic
groups are needed. The methods of data collection and classifi-
cation of activity amount varied across studies. Greater consis-
tency and data harmonization across studies is needed, so that
dose–response relationships can be established. Defining
dose–response relationships will be critical to develop
1258 Official Journal of the American College of Sports Medicine
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physical activity guidelines for cancer prevention. Most of
the data available in meta-analyses and pooled analyses were
on aerobic physical activity, typically added together into total
leisure-time activity. Therefore, there is need for epidemiologic
studies to determine effects of specific types of physical activity
on cancer risk and survival.

Finally, to reduce the chance of confounding and error in
testing the effect of physical activity on cancer risk, there remains
a need for randomized controlled clinical trials testing exercise
effects on cancer incidence. Randomized trials in high-risk in-
dividuals could be more cost-effective, as trials with smaller
sample sizes or shorter follow-up durations are more feasible
than trials in the general, at-risk population. Furthermore, ran-
domized clinical trials testing the effects of physical activity
on biomarkers of cancer, as well as animal models, have provided
important mechanistic information to support the relationship
between physical activity and reduced cancer risk (66–69).

For cancer survival, the PAGAC identified several research
needs. Because of the increasing length of cancer survivor-
ship, there is need to continue long-term follow-up of cohorts
of cancer survivors, with repeated self-report and device-based
measures of physical activity, to determine long-term associations
of physical activity with recurrence and survival. In addition,
continued follow-up of established large epidemiologic co-
horts will allow for identification of individuals with less com-
mon cancers, to determine associations between physical
activity level and survival from these other cancers. Given
the strong potential for confounding by cancer treatment,
stage, and progression, there is need for randomized controlled
trials and cohort studies of physical activity and cancer sur-
vival and recurrence, aimed at eliminating effects of possible
confounders. There is also need for prospective cohort studies
and randomized controlled trials to determine effects of
physical activity on cancer survival and recurrence in
understudied groups, such as survivors from diverse ages,
races, ethnicities, and socioeconomic groups; individuals
with metastatic cancer; individuals with cancers other than
colorectal, prostate, and female breast cancer; and patients
treated with cardiotoxic drugs, radiotherapy, and hormonal
treatments. Although the original and updated searches
identified only studies of cancers in adults, the authors are
aware that at least one study in childhood survivors was
published after our updated search was completed (70);
more research is needed in this population. Of note, two on-
going randomized clinical trials will provide more defini-
tive data on the dose and type of physical activity needed
for improved survival in persons diagnosed with colon
and prostate cancers (71,72).

In summary, levels of physical activity recommended in the
2018 guidelines (73) are associated with reduced risk for sev-
eral cancers, notably some of the most common cancers. The
PAGAC also recognizes the potential benefit of these levels
of physical activity in improving survival for individuals diag-
nosedwith some common cancers. Given the significant impact
of cancer on quality of life, financial stability, and mortality, the
reduction in risk, and improved prognosis, of common cancers
http://www.acsm-msse.org
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from high levels of physical activity could have a large public
health impact. Substantial reductions in the incidence of cancer,
mortality from cancer, and cancer-related costs would be ex-
pected if currently inactive individuals became more physically
active. Therefore, the PAGAC suggests that all individuals
should be encouraged to engage in recommended levels of
physical activity to reduce risk for developing cancer and for
improving cancer prognosis.
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and the Prevention of Weight Gain in Adults: A Systematic Review.Med. Sci. Sports Exerc., Vol. 51, No. 6, pp. 1262–1269, 2019. Purpose: To

conduct a systematic literature review to determine if physical activity is associated with prevention of weight gain in adults.Methods: The primary

literature search was conducted for the 2018 Physical Activity Guidelines Advisory Committee and encompassed literature through June 2017, with

an additional literature search conducted to include literature published throughMarch 2018 for inclusion in this systematic review.Results: The lit-

erature review identified 40 articles pertinent to the research question. There is strong evidence of an association between physical activity and pre-

vention of weight gain in adults, with the majority of the evidence from prospective cohort studies. Based on limited evidence in adults, however,

there is a dose–response relationship and the prevention of weight gain is most pronounced when moderate-to-vigorous intensity physical activity

(≥3METs) is above 150 min·wk−1. Although there is strong evidence to demonstrate that the relationship between greater time spent in physical ac-

tivity and attenuatedweight gain in adults is observedwithmoderate-to-vigorous intensity physical activity, there is insufficient evidence avail-

able to determine if there is an association between light-intensity activity (<3 METs) and attenuated weight gain in adults.Conclusions:

The scientific evidence supports that physical activity can be an effective lifestyle behavior to prevent or minimize weight gain in adults.
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Excessive bodyweight is associatedwith numerous neg-
ative health outcomes that include, but are not limited
to cardiovascular disease, diabetes, some forms of can-

cer, and musculoskeletal disorders (1,2). Recent estimates in-
dicate that the prevalence of overweight (body mass index
[BMI], 25–≤30 kg·m�2) in the United States for adult men is
approximately 39% and 27% for adult women (3), with esti-
mates of obesity (BMI ≥30 kg·m�2) for men being approxi-
mately 38% and for women being 40% (4).

Given the high prevalence of overweight and obesity, there is
an ongoing need for effective treatment and preventionmethods.
The 2008 Physical Activity Guidelines Advisory Committee
(PAGAC) Report concluded physical activity was associated
with modest weight loss of approximately ≤3 kg, prevention
of weight gain following weight loss, and reductions in total
. Unauthorized reproduction of this article is prohibited.
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and regional adiposity (5). Moreover, professional organiza-
tions have also identified physical activity as an important be-
havior that contributes to body weight regulation (6–8).

Evidence from the CARDIA Study has demonstrated that the
average weight gain across a 25-yr period was approximately
0.5 to 0.8 kg·yr−1. This magnitude of weight gain has the
potential to lead to overweight and obesity as individuals
transition from young (18–30 yr of age) to middle-age
(43–55 yr of age) adults (9), and therefore weight gain pre-
vention efforts may be of importance. The 2018 PAGAC,
recognizing the public health importance of the prevention
of weight gain, examined the existing literature regarding
the relationship between physical activity and prevention of
weight gain in adults (10). In addition, within the context of
this overall examination of the literature, the PAGAC also ex-
amined whether the relationship between physical activity and
weight gain varied by age, sex, race/ethnicity, socioeconomic
status, or weight status, and whether the relationship varied
based on levels of light (<3 METs: moderate [3 to <6 METs],
vigorous [≥6 METs], or the combination of moderate-to-
vigorous [≥3 METs]) physical activity.
METHODS

The overarching methods used to conduct systematic reviews
informing the 2018 PAGAC Scientific Report are described in
detail elsewhere (10,11). The searches were conducted using
electronic databases (PubMed®, CINAHL, and Cochrane). An
initial search to identify systematic reviews, meta-analyses, and
pooled analyses examining the relationship between physical ac-
tivity and weight gain did not identify sufficient literature to an-
swer the proposed research question. Therefore, a de novo
search of original research was conducted through June 2017
FIGURE 1—Summary of literature search.

PHYSICAL ACTIVITY AND WEIGHT GAIN PREVENTION
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for the 2018 PAGAC Report. This de novo search of original
research was expanded to include literature though March
2018 for inclusion in this manuscript. Eligibility criteria for
the de novo search included original research studies pub-
lished in English; study designs that included randomized tri-
als and prospective cohort studies; studies that were at least
1 yr in duration; and outcomes of weight, weight change,
weight control, weight gain, weight maintenance, weight
regulation, weight stability, and weight status. Physical activ-
ity included all types and intensities of physical activity in-
cluding lifestyle activities, leisure activities, and sedentary
behavior. The full search strategy is available at https://health.
gov/paguidelines/second-edition/report/supplementary_
material/pdf/Cardiometabolic_Q1_Weight_Status_Evidence_
Portfolio.pdf.

The titles and abstracts of the identified articles were inde-
pendently screened by two reviewers who were members of
the 2018 PAGAC. The full-text of relevant articles were also
reviewed by at least two members of the PAGAC to identify
and include those meeting the inclusion criteria. Discrepancies
in article selection or data abstractions were resolved by dis-
cussion between the two reviewers or by a third reviewer, if
needed, to achieve agreement. The protocol for this review
was registered with the PROSPERO database registration
(CRD42018096694).

For the 2018 PAGAC Report, 33 original studies pub-
lished through June 2017 that examined the relationship
between physical activity and weight gain were included as
sources of evidence (12–44). The additional search conducted
through March 2018 resulted in an additional seven original re-
search studies being included in the literature review (45–51).
Thus, 40 original research studies were included, and a sum-
mary of the articles included in this review is shown in Figure 1.
Medicine & Science in Sports & Exercise® 1263
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 RESULTS

The studies reviewed provided substantial information to al-
low for evaluation of an overall association between physical
activity and either weight gain, increase in BMI, or develop-
ment of obesity. Although data were available to examine
whether these associations were influenced by sex and age,
very limited information was provided within the studies re-
viewed to examine the influence of race/ethnicity, socioeco-
nomic status, initial weight status, or dietary intake and
eating behaviors, on the relationship between physical ac-
tivity and weight gain. Moreover, although substantial in-
formation was provided for moderate-to-vigorous intensity
physical activity, few studies provided data for light-
intensity physical activity.

Overall Association between Physical Activity and
Attenuation of Weight Gain

Most (n = 29) of the studies showing an association between
greater physical activity and attenuatedweight gainwereprospective
cohort studies (12,13,15,16,18,20–22,25–29,32–34,36–44,49–51),
with follow-up periods ranging from 1 to 22 yr and one
study involving 6-yr follow-up after a block randomized
controlled trial (14). For the studies not showing an effect
(n = 11), cohort studies had a follow-up period ranging from
1 to 20 yr (17,19,23,24,30,31,35,45–48), with three of these
studies having follow-up periods of two or fewer years
(19,22,23,31), and one was a secondary analysis of data
from a randomized study (24).

Of studies showing an inverse association with weight gain,
eight studies assessed physical activity at one time point to exam-
ine the association with weight gain (15,20,25,26,29,33,39,51),
whereas 21 studies assessed physical activity at two ormore time
points to allow physical activity to be examined using individual
time points or between time points across the observation period
(12–14,16,18,21,22,27,28,32,34,36–38,40–44,49,50). Therewere
studies that examined the association with weight gain but did not
show an effect, with some studies measuring physical activity at
one time point (19,30,31,45–48) and other studies measuring
physical activity at multiple time points (17,23,24,35).

Physical Activity Volume and Dose–Response

There were 12 studies that reported data for the volume of
physical activity where the effect on prevention of weight gain
was observed (15,18,25,27,28,32,34,38,39,41,44,52). The ev-
idence, however, for a specific volume threshold of physical
activity that is associated with prevention of weight gain in
adults is inconsistent. For example, some evidence supports
the need to achieve at least 150 min·wk−1 of moderate inten-
sity physical activity (27,28) or achieve 10,000 steps per day
(41) to minimize weight gain or to prevent increases in
BMI. However, other studies support greater amounts phys-
ical activity to prevent or minimize weight gain, with some
studies reporting this effect with greater than 150 min·wk−1

at a moderate intensity (3 METs, similar to brisk walking)
1264 Official Journal of the American College of Sports Medicine
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(≥450 MET�min·wk−1 at a 3-MET intensity) (34), at least
167 min·wk−1 (≥500 MET�min·wk−1) (18,39), or more than
300 min·wk−1 (>900 MET�min·wk−1) (15,25,32).

The amount of physical activity necessary to prevent
weight gain and the development of obesity may depend
on the intensity of the physical activity. For example, at least
1 h·wk−1 of moderate intensity physical activity was shown
to reduce the risk of developing obesity in both normal weight
women (incidence rate ratio [IRR], 0.81; 95% confidence in-
terval [CI], 0.71–0.93) and overweight women (IRR, 0.88;
95% CI, 0.81–0.95) (37); however, a lower duration of phys-
ical activity may be necessary for vigorous intensity rather than
moderate intensity. For example, Williams and Wood (44) have
reported that running equivalent to 4.4 km·wk−1 (~2.8 mile·wk−1

(~28 min·wk−1 at a 10-min�mile−1 pace) in men and 6.2 km·wk−1
(~3.8 mile·wk−1 (~38 min·wk−1 at a 10-min·mile−1 pace) in
women may be sufficient to prevent weight gain associated
with aging.

Preventing or minimizing weight gain. Some of the
reviewed studies provided data on the dose–response relation-
ship of physical activity and weight gain (15,25,34,39). Sims
et al. (39) reported a trend (P < 0.08) for minimized weight
gain in women engaging in more than 8.3–20 MET�h·wk−1
(>167–400 min·wk−1 at a 3-MET intensity) or more than
20 MET�h·wk−1 (>400 min·wk−1 at a 3-MET intensity) of
physical activity, compared with those engaged in less than
1.7MET�h·wk−1 (<33min·wk−1 at a 3-MET intensity). A phys-
ical activity volume of 1.7–8.3MET�h·wk−1 (33–≤167 min·wk−1
at a 3-MET intensity) was not protective against weight gain.

Two studies provide evidence of a dose–response to pre-
vent weight gain of approximately 2 kg. Moholdt et al. (34)
identified four groups based on physical activity (“Inactive”:
no leisure-time physical activity; “Below Recommended”: ac-
tive <150 min·wk−1 in moderate intensity or <60 min·wk−1 in
vigorous intensity leisure-time physical activity; “Recom-
mended”: active at 150 min·wk−1 in moderate intensity or
60min·wk−1 in vigorous intensity leisure-time physical activity;
“Above Recommended”: active >150 min·wk−1 in moderate
intensity or >60 min·wk−1 in vigorous intensity leisure-time
physical activity). For men, compared with those in the “Inac-
tive” category, the risk of gaining ≥2.3 kg was 0.97 (95% CI,
0.87–1.08) for those in the “Recommended” category and
0.79 (95% CI, 0.69–0.91) for those in the “Above Recom-
mended” category. A similar pattern was observed in women,
with the risk of 0.97 (95% CI, 0.88–1.07) for those in the
“Recommended” category and 0.69 (95% CI, 0.59–0.82) for
those in the “Above Recommended” category. Gebel et al.
(25) reported a 10% reduction in the odds of ≥2 kg weight gain
with 300 min·wk−1 or more of moderate-to-vigorous intensity
physical activity compared with less than 150 min·wk−1 of
moderate-to-vigorous intensity physical activity; however,
150 to 249 min·wk−1 was not predictive of weight change.

Blanck et al. (15) reported relatively high levels of physical
activity may be needed to reduce the odds of gaining 10 or
more pounds (≥4.5 kg). In women, with the reference group
defined as those with an activity level of 0 to <4 MET�h·wk−1,
http://www.acsm-msse.org
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the odds of gaining 10 or more pounds (≥4.5 kg) was sig-
nificantly lower with ≥18 MET·h·wk−1 (0.88; 95% CI,
0.77–0.99). Compared to the reference, however, the odds
of gaining this magnitude of weight did not differ with
0 MET�h·wk−1 (1.01; 95% CI, 0.82–1.01), 4 to less than
10 MET�h·wk−1 (0.93; 95% CI, 0.80–1.08), and 10 to less
than 18 MET�h·wk−1 (0.99; 95% CI, 0.87–1.14).

Maintaining a healthy weight. Brown et al. (18) report
on a dose–response relationship for physical activity and the
odds of maintaining a healthy weight (i.e., BMI of ≥18.5 to
<25 kg·m�2). Compared with less than 0.7 MET�h·wk−1, the
odds ratio for maintaining a normal BMI was 1.18 (95% CI,
1.00–1.40) for 0.7 to less than 8.3 MET�h·wk−1, 1.23 (95%
CI, 1.03–1.47) for 8.3 to less than 16.7 MET�h·wk−1, and
1.44 (95% CI, 1.20–1.72) for 16.7 or more MET-h·wk−1

(18) (Fig. 2).
Overweight or obesity. Su et al. (50) reported on the

dose–response relationship leisure-time physical activity
(MET·h·wk−1) and the odds of overweight and obesity in
the China Health and Nutrition Survey. The reference cate-
gory was defined as ≥15 MET�h·wk−1, which was then com-
pared to 7.5 to <15 MET�h·wk−1, >0 to 7.5 MET�h·wk−1,
FIGURE 3—IRR of developing obesity at various levels of vigorous physical ac
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and 0 MET�h·wk−1. In men, the odds ratio of overweight
and obesity were 1.0, 1.54 (95% CI, 0.97–1.99), 1.88 (95% CI,
1.15–2.51), and 2.01 (95%CI, 1.41–3.03) in these physical ac-
tivity categories, respectively. For women, the odds ratio of
overweight and obesity were 1.0, 1.24 (95% CI, 0.94–1.62),
1.63 (95% CI, 1.29–2.21), and 1.69 (95% CI, 1.37–2.27) in
these physical activity categories, respectively.

Rosenberg et al. (37) reported on the dose–response relation-
ship for vigorous intensity physical activity (e.g, basketball,
swimming, running aerobics) and the likelihood of developing
obesity. In women with normal weight and overweight,
when compared to less than 1 h·wk−1, the incidence of de-
veloping obesity was significantly reduced in a graded man-
ner, with vigorous intensity activity of 1 to 2 h·wk−1 (0.87;
95% CI, 0.81–0.93), 3 to 4 h·wk−1 (0.82; 95% CI,
0.75–0.88), 5 to 6 h·wk−1 (0.79; 95% CI, 0.71–0.87), and
7 h·wk−1 or more (0.77; 95% CI, 0.69–0.85) (Fig. 3).
Evidence on Specific Factors

Age. In general, the studies in which a significant inverse
association between physical activity and weight gain was
tivity.
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 observed encompassed a broad age range that included

young, middle-age, and older adults. Six studies analyzed
the data specifically by age, with the evidence suggesting
attenuation of this association with increasing age in some
(32,33,39,42), but not all studies (34,43).

Macinnis et al. (33) reported a significant inverse associa-
tion between physical activity and magnitude of weight gain
across a mean follow-up of approximately 12 yr in adults ages
40 to 49 yr, with this association not observed in adults ages 50
to 59 yr or 60 to 69 yr. Williams (42) reported that running at-
tenuated weight gain in men younger than 55 yr of age and in
women younger than 50 yr of age.

These results are not consistent with the finding of Moholdt
et al. (34), who reported that physical activity was significantly
associated with reduced odds of gaining ≥2.3 kg in both men
and women, but the odds of a ≥2.3 kg weight gain in physi-
cally active adult men was significant for those 40 yr or older
but not in those younger across a follow-up period of approx-
imately 22 yr. In contrast, the inverse association between
physical activity and odds of a ≥2.3 kg weight gain was ob-
served across the age spectrum (younger than age 40 yr, age
40 to 59 yr, and age 60 yr and older) in women.

Williams and Thompson (43) reported that the weight gain
associated with the cessation of running, across a follow-up
period of approximately 7 yr, was consistent between men less
than 45 yr of age and 45 yr or older. However, among women,
weight gain was greater in women ages 45 yr or older com-
pared with their younger counterparts. Two studies examined
the association between physical activity and weight gain only
in women. Lee et al. (32) examined data from the Women’s
Health Initiative study and reported a trend for greater weight
gain, across a follow-up period of approximately 13 yr, with
lower levels of activity in women younger than age 64 yr,
but not in women ages 65 yr and older. Similar findings were
reported by Sims et al. (39) in a study of post-menopausal
women ages 50 to 79 yr, which showed attenuated weight gain
across a follow-up period of 8 yr with greater amounts of phys-
ical activity in women ages 50 to 59 yr, but not in those of ages
60 to 69 yr or 70 to 79 yr.

Sex. The studies in which a significant inverse association
between physical activity and weight gain was observed in-
cluded either women (12,14,15,18,20,26,29,32,37,39) or both
men and women (13,16,21,22,25,27,38,41–44,49,50). Of the
studies that included both men and women, some did not
analyze the data separately by sex (16,22,25,27,38,41). Of
the studies that presented findings separately by sex, some
reported that the association between physical activity and
weight gain was consistent for both men and women
(13,21,28,33,34,36,40,42–44,50).

Race/ethnicity. In general, the studies in which a sig-
nificant inverse association between physical activity and
weight gain was observed encompassed diverse races and
ethnicities. When specified, for studies conducted based on
adults residing in the United States, a broad range of races
and ethnicities appeared to be represented in the study samples
(16,22,28,29,39) or the sample included only black/African
1266 Official Journal of the American College of Sports Medicine
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Americans (37,45). Some of the studies were conducted in
countries outside of the United States, including Australia
(18,25,33,41), China (50), France (40), Great Britain (36),
Norway (34), South Africa (26), Spain (13), Sweden (21), and
the Philippines (12,20). Although some studies included race or
ethnicity as a covariate in the analyses, none of them presented
data separately by race or ethnicity to allow for comparisons.

Socioeconomic status.Of those studies showing an in-
verse association between physical activity and weight gain,
some studies provided a measure of socioeconomic status as
a descriptive variable or as a covariate in analyses. Only one
study isolated the effect of socioeconomic status on the associ-
ation between physical activity and weight gain, and it was re-
ported that socioeconomic status attenuated this association
even though it remained statistically significant (16).

Weight status. The studies in which a significant inverse
association between physical activity and weight gain was
observed included adults of normal, overweight, and obese
weight status. However, studies do not show a consistent
pattern of findings that favor one category of initial weight
status over others. Some studies reported that the association
did not differ by weight status (39,53), some reported the
association to be more favorable in adults who had normal
weight versus overweight or obesity (15,29,32), and some
studies reported results showing a more favorable pattern in
adults with overweight or obese compared to those with
normal weight (13,34).
Physical Activity Intensity and Mode

In the studies in which a significant inverse association
between physical activity and weight gain was reported,
data were reported for a number of physical activity do-
mains. These included leisure-time/recreational activity, oc-
cupational activity, household activity, walking, and total
steps of physical activity, with some studies also reporting
on various intensities of physical activity (light, moderate,
vigorous, moderate-to-vigorous).

Total leisure-time physical activity was consistently in-
versely associated with weight change across the studies
reviewed (15,21,32,33,36,39,40). Studies reporting on moderate
intensity (13,22), vigorous intensity (16,26,27,33,37,42–44), and
moderate-to-vigorous intensity (18,25–29,34,38) physical ac-
tivity showed consistent patterns of inverse associations with
weight gain. Light-intensity physical activity, however, was
not associated with prevention of weight gain (22,23,27).

Walking was not consistently associated with change in
weight or BMI (26,33) or with the incidence of developing
obesity (37). Smith et al. (41), however, reported that achiev-
ing 10,000 steps or more per day attenuated weight gain com-
pared with not achieving 10,000 steps per day. These results
may suggest that high volumes of walking need to be achieve
to attenuate weight gain.

Studies also examined occupational and household activity.
Moderate-to-vigorous occupational activity was inversely asso-
ciated with weight gain (12,33), but not with light-intensity
http://www.acsm-msse.org
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occupational activity (12). In studies of household activity, the
evidence does not support that this mode of physical activity
minimizes weight gain (20,33).

DISCUSSION

Summary and public health impact. The evidence
contained in this review expands the information contained
in the 2008 PAGAC Report (5) by summarizing the literature
related to the association between physical activity and weight
gain, incidence of obesity, and maintenance of BMI within a
range of ≥18.5 to <25 kg·m�2. The literature includes primar-
ily evidence from prospective observational studies that met
the inclusion criteria for this review. The evidence supports
the following conclusions:

1. There is strong evidence to demonstrate a relationship
between greater amounts of physical activity and attenu-
ated weight gain in adults. There is also some evidence to
support that this relationship is most pronounced when
physical activity exposure is above 150 min·wk−1.

2. There is limited evidence to support a dose–response
relationship between physical activity and the risk of
weight gain in adults.

3. There is limited evidence suggesting that the relation-
ship between greater amounts of physical activity and
attenuated weight gain in adults varies by age, with the
effect diminishing with increasing age.

4. There is moderate evidence to indicate that the relationship
between greater amounts of physical activity and attenuated
weight gain in adults does not appear to vary by sex.

5. There is insufficient evidence available to determine
whether the relationship between greater amounts of phys-
ical activity and attenuated weight gain in adults varies by
race/ethnicity, socioeconomic status, or initial weight status.

6. With regard to intensity of physical activity, there is
strong evidence to demonstrate that the relationship
between greater time spent in physical activity and atten-
uated weight gain in adults is observed with moderate-to-
vigorous intensity physical activity. There is, however,
insufficient evidence available to determine if there is
an association between light-intensity activity and atten-
uated weight gain in adults.

Public health impact. Weight gain that results in over-
weight or obesity is associated with increased risk for numerous
chronic conditions. This is a significant health concern in the
United States due to the high prevalence of both overweight
and obesity. Thus, while it is important to focus on effective
treatments for overweight and obesity, there is also a need to im-
plement effective public health strategies to prevent the approxi-
mately 0.5–1 kg of annual weight gain in adults (9) and the onset
of both overweight and obesity. The scientific evidence supports
that physical activity can be an effective lifestyle behavior to pre-
vent or minimize weight gain in adults. Therefore, public health
initiatives to prevent weight gain, overweight, and obesity should
include physical activity as an important lifestyle behavior.
PHYSICAL ACTIVITY AND WEIGHT GAIN PREVENTION
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Needs for future research. The evidence from this re-
view supports that physical activity contributes to the preven-
tion of weight gain and obesity, and the maintenance of a
healthy body weight. The review of evidence also has identi-
fied a number of areas for additional research, and these re-
search needs are described below.

Conduct longitudinal research in observational or random-
ized controlled trials that include objective measures of phys-
ical activity and that are specifically designed to examine the
association between physical activity and prevention of weight
gain. The majority of the studies included in this review were
from observational prospectives studies with physical activity
measured using questionnaires or other self-reported measures.
Thus, confirming these findings with additional study designs
and with objective measures of physical activity would provide
clarity on the role of physical activity to prevent weight gain
and obesity.

Conduct longitudinal research on lower exposure levels of
physical activity to allow for an enhanced understanding of
the dose–response associations between physical activity
and weight gain across a wider spectrum of exposure. There
is limited evidence available on the effect of physical activity
of less than 150 min·wk−1 on prevention of weight gain. This
knowledge will inform public health recommendations re-
garding the minimum physical activity exposure that can
be effective for preventing weight gain or the development
of obesity.

Conduct large research trials with ample sample sizes to al-
low for stratum-specific analyses to determine whether the in-
fluence of physical activity on the prevention of weight gain
varies by age, sex, race/ethnicity, socioeconomic status, or ini-
tial weight status. Based on the literature reviewed, there is
limited evidence on whether the influence of physical activity
on weight gain varies by age, sex, race/ethnicity, socioeco-
nomic status, weight status. Moreover, little is known about
whether the influence of physical activity varies when the ex-
posure to physical activity is consistent across individuals with
different demographic characteristics. Thus, adequately de-
signed and statistically powered studies are needed to allow
for comparisons across the various strata of demographic char-
acteristics to examine whether the influence of physical activ-
ity on weight gain and obesity prevention varies by these
factors. This may require multiple studies to be conducted that
allow for these characteristics to be examined in a feasible
manner rather than one large comprehensive study.

Conduct experimental research on varying intensities
(light, moderate, and vigorous) of physical activity, while
holding energy expenditure constant, to determine the inde-
pendent effects of physical activity intensity on weight gain.
Limited evidence is available on whether the influence of
physical activity on weight gain is consistent across intensities
(light, moderate, vigorous) when total energy expenditure is
held constant, and only limited evidence is available on the in-
fluence of light-intensity physical activity onweight gain. This
information will inform public health recommendations re-
garding whether the emphasis to prevent weight gain should
Medicine & Science in Sports & Exercise® 1267
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 be on total volume of physical activity regardless of intensity,

or whether the emphasis needs to be on volume of physical ac-
tivity that is performed at a specific intensity.

Conduct observational and experimental research that
quantifies energy intake and eating behavior to determine
whether these factors influence the association between phys-
ical activity and weight gain. The majority of the literature re-
viewed either did not report that diet and eating behavior were
measured or considered in the analysis. It is important to un-
derstand whether the physical activity exposure necessary
to limit weight gain will vary based on diet or eating behav-
ior patterns.

Conduct studies to examine the relationship of physical ac-
tivity to other indices of unhealthy weight or fat gain. This re-
view used the following search terms: weight, weight change,
weight control, weight gain, weight maintenance, weight regu-
lation, weight stability, andweight status. Thus, measures of ad-
iposity (total body, visceral) were not a focus of this search or
review. However, measures of adiposity, particularly visceral
and abdominal adiposity, may provide important information
beyond what is obtained solely when considering body weight.
The authors also gratefully acknowledge the contributions of Anne
Brown Rodgers, HHS consultant for technical writing support of the
Physical Activity Guidelines Advisory Committee Report; and ICF li-
brarians, abstractors, and additional support staff.
1268 Official Journal of the American College of Sports Medicine

Copyright © 2019 by the American College of Sports Medicine
Conflicts of Interest and Source of Funding: The results of this
study are presented clearly, honestly, and without fabrication, falsi-
fication, or inappropriate manipulation. The Committee’s work was
supported by the U.S. Department of Health and Human Services
(HHS). Committee members were reimbursed for travel and per
diem expenses for the five public meetings; Committee members
volunteered their time.

Role of the Funder/Sponsor: HHS staff provided general administra-
tive support to the Committee and assured that the Committee ad-
hered to the requirements for Federal Advisory Committees. HHS
also contractedwith ICF, a global consulting services company, to pro-
vide technical support for the literature searches conducted by the
Committee. HHS and ICF staff collaborated with the Committee in
the design and conduct of the searches by assisting with the develop-
ment of the analytical frameworks, inclusion/exclusion criteria, and
search terms for each primary question; using those parameters, ICF
performed the literature searches.

This paper is being published as an official pronouncement of the
American College of Sports Medicine. This pronouncement was re-
viewed for the American College of Sports Medicine by members-
at-large and the Pronouncements Committee. This paper serves as
an update to the topics covered in the 2009 ACSMposition stand, “Ap-
propriate Physical Activity Intervention Strategies for Weight Loss and
Prevention of Weight Regain for Adults” [Med. Sci. Sports Exerc. 2009;
41(2):459–71]. Disclaimer: Care has been taken to confirm the accu-
racy of the information present and to describe generally accepted
practices. However, the authors, editors, and publisher are not respon-
sible for errors or omissions or for any consequences from application
of the information in this publication and make no warranty, expressed
or implied, with respect to the currency, completeness, or accuracy of
the contents of the publication. Application of this information in a par-
ticular situation remains the professional responsibility of the practi-
tioner; the clinical treatments described and recommended may not
be considered absolute and universal recommendations.
REFERENCES
1. Jensen MD, Ryan DH, Apovian CM, et al. 2013 AHA/ACC/TOS

guideline for the management of overweight and obesity in adults:
a report of the American College of Cardiology/American Heart As-
sociation Task Force on Practice Guidelines and The Obesity Soci-
ety. J Am Coll Cardiol. 2014;63:2985–3023.

2. Clinical guidelines on the identification, evaluation, and treatment of
overweight and obesity in adults—the evidence report. National In-
stitutes of Health. Obes Res. 1998;6(2 Suppl):51S–209S.

3. Fryar CD, Carroll MD, Ogden CL. Prevalence of overweight, obe-
sity, and extreme obesity among adults aged 20 and over: United
States, 1960–1962 through 2011–2014. National Center for Health
Statistics Data, Health E-Stats. 2016;2016.

4. Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of Obesity
among Adults and Youth: United States, 2015–2016. Hyattsville,
MD: National Center for Health Statistics; 2017.

5. US Department of Health and Human Services [Internet].
Washington, DC: US Department of Health and Human Services;
[cited 2009 January 19, 2009]. Available from: http://www.health.
gov/paguidelines/committeereport.aspx.

6. Donnelly JE, Blair SN, Jakicic JM, et al. American College of Sports
Medicine position stand. Appropriate physical activity intervention
strategies for weight loss and prevention of weight regain for adults.
Med Sci Sports Exerc. 2009;41(2):459–71.

7. Jakicic JM, Clark K, Coleman E, et al. American College of Sports
Medicine position stand. Appropriate intervention strategies for
weight loss and prevention of weight regain for adults. Med Sci
Sports Exerc. 2001;33(12):2145–56.

8. Saris WH, Blair SN, van Baak MA, et al. How much physical activity
is enough to prevent unhealthy weight gain? Outcome of the IASO 1st
stock conference and consensus statement. Obes Rev. 2003;4:101–14.
9. Dutton GR, Kim Y, Jacobs DR Jr, et al. 25-year weight gain in a ra-
cially balanced sample of U.S. adults: the CARDIA study. Obesity
(Silver Spring). 2016;24(9):1962–8.

10. Physical Activity Guidelines Advisory Committee. 2018
Physical Activity Guidelines Advisory Committee Scientific
Report. Washington, DC: Department of Health and Human
Services; 2018.

11. Torres A, Tennant B, Ribeiro-Lucas I, Vaux-Bjerke A, Piercy K,
Bloodgood B. Umbrella and systematic review methodology to sup-
port the 2018 Physical Activity Guidelines Advisory Committee.
J Phys Act Health. 2018;15(11):805–10.

12. Adair LS, Gultiano S, Suchindran C. 20-year trends in Filipino
women’s weight reflect substantial secular and age effects. J Nutr.
2011;141:667–73.

13. Basterra-Gortari FJ, Bes-Rastrollo M, Pardo-Fernández M, Forga L,
Martinez JA, Martínez-González MA. Changes in weight and physi-
cal activity over two years in Spanish alumni.Med Sci Sports Exerc.
2009;41:516–22.

14. Bea JW, Cussler EC, Going SB, Blew RM,Metcalfe LL, Lohman TG.
Resistance training predicts six-yr body composition change in
postmenopausal women. Med Sci Sports Exerc. 2010;42(7):
1286–95.

15. Blanck HM, McCullough ML, Patel AV, et al. Sedentary behavior,
recreational physical activity, and 7-year weight gain among post-
menopausal U.S. women. Obesity (Silver Spring). 2007;15(6):
1578–88.

16. Botoseneanu A, Liang J. The effect of stability and change in health
behaviors on trajectories of body mass index in older Americans: a
14-year longitudinal study. J Gerontol A Biol Sci Med Sci. 2012;
67(10):1075–84.
http://www.acsm-msse.org

. Unauthorized reproduction of this article is prohibited.

http://www.health.gov/paguidelines/committeereport.aspx
http://www.health.gov/paguidelines/committeereport.aspx
http://www.acsm-msse.org


SPEC
IA
L
C
O
M
M
U
N
IC
ATIO

N
S

17. Brien SE, Katzmarzyk PT, Craig CL, Gauvin L. Physical activity,
cardiorespiratory fitness and body mass index as predictors of sub-
stantial weight gain and obesity: the Canadian physical activity longi-
tudinal study. Can J Public Health. 2007;98(2):121–4.

18. BrownWJ, Kabir E, Clark BK, Gomersall SR. Maintaining a healthy
BMI. Data from a 16-year study of young Australian women. Am J
Prev Med. 2016;51(6):e165–78.

19. Chiriboga DE, Ma Y, Li W, et al. Gender differences in predictors of
body weight and body weight change in healthy adults. Obesity.
2008;16(1):137–45.

20. Colchero MA, Caballero B, Bishai D. The effect of income and occupa-
tion on bodymass index amongwomen in the CebuLongitudinal Health
and Nutrition Surveys (1983–2002). Soc Sci Med. 2008;66(9):1967–78.

21. deMunter JS, Tynelius P, Magnusson C, Rasmussen F. Longitudinal
analysis of lifestyle habits in relation to body mass index, onset of
overweight and obesity: results from a large population-based cohort
in Sweden. Scand J Public Health. 2015;43(3):236–45.

22. Drenowatz C, Gribben N, Wirth MD, et al. The association of phys-
ical activity during weekdays and weekend with body composition in
young adults. J Obes. 2016;2016:8236439.

23. Drenowatz C, Hill JO, Peters JC, Soriano-MaldonadoA, Blair SN. The
association of change in physical activity and body weight in the regu-
lation of total energy expenditure. Eur J Clin Nutr. 2017;71:377–82.

24. French SA, Mitchell NR, Hannan PJ. Decrease in television viewing
predicts lower body mass index at 1-year follow-up in adolescents,
but not adults. J Nutr Educ Behav. 2012;44:415–22.

25. Gebel K, Ding D, Bauman AE. Volume and intensity of physical ac-
tivity in a large population-based cohort of middle-aged and older
Australians: prospective relationships with weight gain and physical
function. Prev Med. 2014;60:131–3.

26. Gradidge P, Norris SA, Micklesfield LK. The role of lifestyle and
psycho-social factors in predicting changes in body composition in
black South African women. PLoS One. 2015;10:e0132914.

27. Hamer M, Brunner EJ, Bell J, et al. Physical activity patterns over
10 years in relation to body mass index and waist circumference:
the Whitehall II cohort study. Obesity. 2013;21:E755–61.

28. Hankinson AL, Daviglus ML, Bouchard C, et al. Maintaining a high
physical activity level over 20 years and weight gain. JAMA. 2010;
304(23):2603–10.

29. Hillemeier MM, Weisman CS, Chuang C, Downs DS, McCall-
Hosenfeld J, Camacho F. Transition to overweight or obesity among
women of reproductive age. J Women’s Health (Larchmt). 2011;
20(5):703–10.

30. Kaikkonen JE, Mikkilä V, Juonala M, et al. Factors associated with
six-year weight change in young and middle-aged adults in the
Young Finns Study. Scand J Clin Lab Invest. 2015;75(2):133–44.

31. Kelly MC, Latner JD. Evaluating patterns of weight and body com-
position change among college women. Eat Behav. 2015;17:157–62.

32. Lee IM, Djousse L, Sesso HD, Wang L, Buring JE. Physical activity
and weight gain prevention. JAMA. 2010;303(12):1173–9.

33. MacInnis RJ, Hodge AM, Dixon HG, et al. Predictors of increased
body weight and waist circumference for middle-aged adults. Public
Health Nutr. 2014;17(5):1087–97.

34. Moholdt T, Wisloff U, Lydersen S, Nauman J. Current physical ac-
tivity guidelines for health are insufficient to mitigate long-term
weight gain: more data in the fitness versus fatness debate (the HUNT
study, Norway). Br J Sports Med. 2014;48(20):1489–96.

35. Mortensen LH, Siegler IC, Barefoot JC, Grønbaek M, Sørensen TI.
Prospective associations between sedentary lifestyle and BMI in mid-
life. Obesity (Silver Spring). 2006;14(8):1462–71.
PHYSICAL ACTIVITY AND WEIGHT GAIN PREVENTION

Copyright © 2019 by the American College of Sports Medicine
36. Parsons TJ, Manor O, Power C. Physical activity and change in body
mass index from adolescence to mid-adulthood in the 1958 British
cohort. Int J Epidemiol. 2006;35(1):197–204.

37. Rosenberg L, Kipping-Ruane KL, Boggs DA, Palmer JR. Physical
activity and the incidence of obesity in young African-American
women. Am J Prev Med. 2013;45(3):262–8.

38. Shibata AI, Oka K, Sugiyama T, Salmon JO, Dunstan DW, Owen N.
Physical activity, television viewing time, and 12-year changes in
waist circumference. Med Sci Sports Exerc. 2016;48(4):633–40.

39. Sims ST, Larson JC, Lamonte MJ, et al. Physical activity and body
mass: changes in younger versus older postmenopausal women.
Med Sci Sports Exerc. 2012;44(1):89–97.

40. Sjösten N, Kivimäki M, Singh-Manoux A, et al. Change in physical
activity and weight in relation to retirement: the French GAZEL co-
hort study. BMJ Open. 2012;2(1).

41. Smith KJ, Gall SL, McNaughton SA, et al. Lifestyle behaviours
associated with 5-year weight gain in a prospective cohort of
Australian adults aged 26–36 years at baseline. BMC Public Health.
2017;17:54.

42. Williams PT. Maintaining vigorous activity attenuates 7-yr weight
gain in 8340 runners. Med Sci Sports Exerc. 2007;39(5):801–9.

43. Williams PT, Thompson PD. Dose-dependent effects of training and
detraining on weight in 6406 runners during 7.4 years.Obesity. 2006;
14(11):1975–84.

44. Williams PT, Wood PD. The effects of changing exercise levels on
weight and age-related weight gain. Int J Obes. 2006;30:543–51.

45. Auerbach BJ, Katz R, Tucker KL, et al. Factors associated with main-
tenance of body mass index in the Jackson heart study: a prospective
cohort study secondary analysis. Prev Med. 2017;100:95–100.

46. Barone Gibbs B, Pettee Gabriel K, Carnethon MR, et al. Seden-
tary time, physical activity, and adiposity: cross-sectional and
longitudinal associations in CARDIA. Am J Prev Med. 2017;
53(6):764–71.

47. Dugas LR, Kliethermes S, Plange-Rhule J, et al. Accelerometer-
measured physical activity is not associated with two-year weight
change in African-origin adults from five diverse populations. PeerJ.
2017;5:e2902.

48. Ekelund U, Kolle E, Steene-Johannessen J, et al. Objectively mea-
sured sedentary time and physical activity and associations with
body weight gain: does body weight determine a decline in mod-
erate and vigorous intensity physical activity? Int J Obes. 2017;
41:1769–74.

49. Kim Y, Lee J-M, Kim J, et al. Longitudinal associations between
body mass index, physical activity, and healthy dietary behaviors in
adults: a parallel latent growth curve modeling approach. PLoS
One. 2017;12(3):e0173986.

50. Su C, Jia XF, Wang ZH, Wang HJ, Ouyang YF, Zhang B. Longi-
tudinal association of leisure time physical activity and sedentary
behaviors with body weight among Chinese adults from China
Health and Nutrition Survey 2004–2011. Eur J Clin Nutr. 2017;
71:383–8.

51. Thompson WG, St Sauver J, Schroeder D. Occupation, sitting, and
weight change in a cohort of women employees. J Occup Environ
Med. 2018;60(1):44–7.

52. Baar K,Wende AR, Jones TE, et al. Adaptations of skeletal muscle to
exercise: rapid increase in the transcriptional coactivator PGC-1.
FASEB J. 2002;16(14):1879–86.

53. Rosenberg DE, Lee I-M, Young DR, Prohaska TR, Owen N,
Buchner DM. Novel strategies for sedentary behavior research.
Med Sci Sports Exerc. 2015;47(6):1311–5.
Medicine & Science in Sports & Exercise® 1269

. Unauthorized reproduction of this article is prohibited.



bleeeeeh

SP
EC

IA
L
C
O
M
M
U
N
IC
AT

IO
N
S

Physical Activity, All-Cause and Cardiovascular
Mortality, and Cardiovascular Disease
WILLIAM E. KRAUS1, KENNETH E. POWELL2, WILLIAM L. HASKELL3, KATHLEEN F. JANZ4,
WAYNE W. CAMPBELL5, JOHN M. JAKICIC6, RICHARD P. TROIANO7, KYLE SPROW7, ANDREA TORRES8,
and KATRINA L. PIERCY9, FOR THE 2018 PHYSICAL ACTIVITY GUIDELINES ADVISORY COMMITTEE*
1Department and School of Medicine, Duke University, Durham, NC; 2Centers for Disease Control and Prevention, Atlanta,
GA; 3Stanford Center for Research in Disease Prevention, School of Medicine, Stanford University, Palo Alto, CA; 4Department of
Health and Human Physiology, University of Iowa, Iowa City, IA; 5Department of Nutrition Science, Purdue University, West
Lafayette, IN; 6Department of Health and Physical Activity, University of Pittsburgh, Pittsburgh, PA; 7Division of Cancer Control
and Population Sciences, National Cancer Institute, U.S. Department of Health and Human Services, Rockville, MD; 8ICF, Fairfax,
VA; and 9Office of Disease Prevention and Health Promotion, U.S. Department of Health and Human Services, Rockville, MD
ABS
Address for
of Medicine
*The 2018
H. Hillman
Russell R.
Submitted
Accepted f
Supplemen
on the jour

0195-9131
MEDICIN
Copyright

DOI: 10.12
TRACT

KRAUS, W. E., K. E. POWELL, W. L. HASKELL, K. F. JANZ, W. W. CAMPBELL, J. M. JAKICIC, R. P. TROIANO, K. SPROW, A.

TORRES, and K. L. PIERCY, FOR THE 2018 PHYSICAL ACTIVITY GUIDELINES ADVISORY COMMITTEE. Physical Activity,

All-Cause and Cardiovascular Mortality, and Cardiovascular Disease.Med. Sci. Sports Exerc., Vol. 51, No. 6, pp. 1270–1281, 2019. Purpose:

Conduct a systematic umbrella review to evaluate the relationship of physical activity (PA) with all-cause mortality, cardiovascular mortality, and

incident cardiovascular disease (CVD); to evaluate the shape of the dose–response relationships; and to evaluate these relationships relative to the

2008 Physical Activity Guidelines Advisory Committee Report.Methods: Primary search encompassing 2006 to March, 2018 for existing sys-

tematic reviews, meta-analyses, and pooled analyses reporting on these relationships. Graded the strength of evidence using a matrix developed

for the Physical Activity Guidelines Advisory Committee. Results: The association of self-reported moderate-to-vigorous physical activity

(MVPA) on all-cause mortality, CVD mortality, and atherosclerotic CVD—including incident coronary heart disease, ischemic stroke and heart

failure—are very similar. Increasing MVPA to guidelines amounts in the inactive US population has the potential to have an important and sub-

stantial positive impact on these outcomes in the adult population. The following points are clear: the associations of PA with beneficial health

outcomes begin when adopting very modest (one‐third of guidelines) amounts; any MVPA is better than none; meeting the 2008 PA guidelines

reduces mortality and CVD risk to about 75% of the maximal benefit obtained by physical activity alone; PA amounts beyond guidelines rec-

ommendations amount reduces risk even more, but greater amounts of PA are required to obtain smaller health benefits; and there is no evidence

of excess risk over the maximal effect observed at about three to five times the amounts associated with current guidelines. When PA is quan-

tified in terms of energy expenditure (MET·h·wk−1), these relationships hold for walking, running, and biking. Conclusions: To avoid

the risks associated with premature mortality and the development of ischemic heart disease, ischemic stroke, and all-cause heart failure,

all adults should strive to reach the 2008 Physical Activity Guidelines for Americans. Key Words: ALL-CAUSE MORTALITY,

CARDIOVASCULAR MORTALITY, CARDIOVASCULAR DISEASE, HEART FAILURE, STROKE
correspondence:William E. Kraus,M.D., F.A.C.S.M., F.A.H.A., F.A.C.C., Department ofMedicine, DukeMolecular Physiology Institute, DukeUniversity School
, Durham, NC 27701; E-mail: william.kraus@duke.edu.
Physical Activity Guidelines Advisory Committee includes David M. Buchner, Wayne W. Campbell, Loretta DiPietro, Kirk I. Erickson, Charles
, John M. Jakicic, Kathleen F. Janz, Peter T. Katzmarzyk, Abby C. King, William E. Kraus, Richard F. Macko, David X. Marquez, Anne McTiernan,
Pate, Linda S. Pescatello, Kenneth E. Powell, and Melicia C. Whitt-Glover.
for publication July 2018.
or publication December 2018.
tal digital content is available for this article. Direct URL citations appear in the printed text and are provided in the HTML and PDF versions of this article
nal’s Web site (www.acsm-msse.org).

/19/5106-1270/0
E & SCIENCE IN SPORTS & EXERCISE®
© 2019 by the American College of Sports Medicine

49/MSS.0000000000001939

1270

Copyright © 2019 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.

mailto:william.kraus@duke.edu
https://health.gov/paguidelines/second-edition/report/supplementary-material.aspx


SPEC
IA
L
C
O
M
M
U
N
IC
ATIO

N
S

The 2008 Physical Activity Guidelines Advisory Com-
mittee Report concluded that the amount of moderate-
to-vigorous physical activity (MVPA) obtained per week

is inversely associated with all-cause mortality, cardiovascular
disease (CVD) mortality, and incident CVD (1). The 2008
Physical Activity Guidelines for Americans recommended a
target range that could be achieved by 150 to 300 min·wk−1

of moderate-intensity physical activity, 75 to 150 min of vig-
orous physical activity, or an equivalent volume from a com-
bination of moderate and vigorous physical activity (2). All
of the dose–response data used to develop the physical activity
targets for the 2008 Physical Activity Guidelines were de-
veloped using epidemiologic data from longitudinal cohort
studies—with moderate-to-vigorous aerobic physical activity
as the lone physical activity exposure. Unfortunately, little
literature has appeared addressing the influence of strength
or resistance training on these outcomes; this continues to
be a significant limitation of the field.

In 2008, the Advisory Committee relied mostly on pri-
mary literature to perform its work regarding all-cause mor-
tality, CVD mortality, and CVD. Since then, there have
continued to be published studies on the relationship of
MVPA to these outcomes. In 2008, the assessment of CVD
as an outcome was principally limited to coronary artery
disease. Since then, meta-analyses have been published on
additional cardiovascular outcomes, including incident ce-
rebrovascular disease—primarily ischemic stroke—and inci-
dent heart failure. In addition, now available is a large volume
of studies, reviews, pooled analyses, and meta-analyses with
many component studies and large sample sizes on the rela-
tionship of MVPA with all-cause mortality, CVD mortality,
and CVD. The abundance of meta-analyses permitted the
members of the 2018 Physical Activity Guidelines Advisory
Committee (Committee) to solely use meta-analyses to per-
form an updated review of the literature on this topic.

In 2008, the Advisory Committee began to define a dose–
response relationship among MVPA and both all-cause and
CVD mortality as a curvilinear one, with an early decrease
in risk with greater amounts of MVPA, and with continuing
benefit through obtaining greater amounts of physical activity.
While undertaking the current review, the Committee believed
it was important to confirm whether this relationship still holds
with new data, and whether it extends to the various CVD out-
comes of incident CVD, cerebrovascular disease (ischemic
stroke), and incident heart failure.

For the 2018 Physical Activity Guidelines Advisory Commit-
tee Report (3), the Committee chose to address update and
expand upon the 2008 report (1): by address the relationships
of physical activity and 1) all-cause mortality; 2) CVDmortal-
ity; and 3) incident CVD. In this new report, we address stroke
and heart failure for the first time. Specifically, for each of
these outcomes, the Committee was interested in whether there
is a dose–response relationship; what is the shape of the relation-
ship; and does the relationship vary by age, sex, race/ethnicity,
socioeconomic status, or weight status? The Committee was also
interested in compiling data within this framework on whether
PHYSICAL ACTIVITY, MORTALITY, AND CVD
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new CVD syndromes—for instance, heart failure and ischemic
stroke—had enough new data to make statements about the rela-
tionships to physical activity. Finally, the Committee was inter-
ested in understanding whether the relationships of physical
activity to disease outcomesmight bemodified from 2008, based
on the fact that our lives are becoming increasingly sedentary.

METHODS

The overarching methods used to conduct systematic reviews
informing the 2018 Physical Activity Guidelines Advisory Com-
mittee Scientific Report have been described in detail elsewhere
(3,4). An umbrella systematic review was conducted to identify
studies investigating the association between all types and in-
tensities of physical activity and the health outcomes of inter-
est: all-cause mortality, CVD mortality, or CVD incidence.
Studies were restricted to those in adults and addressing mor-
tality and disease incidence. An umbrella review is in es-
sence a review of meta-analyses; there is no formal means
yet developed to perform meta-analyses of meta-analyses.
The searches for meta-analyses addressing our questions
were conducted in electronic databases (PubMed®, CINAHL,
and Cochrane). One search and triage process was conducted
for these three outcomes. Studies were considered eligible if
they were systematic reviews, meta-analyses or pooled analy-
ses published in English from 2006 until March 2018. The ti-
tles, abstracts, and full-text articles of the identified articles
were independently screened by two reviewers. Disagree-
ment between reviewers was resolved by discussion with a
third member of the Committee, when necessary. Two inde-
pendent abstractors extracted relevant data from all the stud-
ies eligible at full text triage to minimize abstraction errors.
Abstractors also used a tailored version of AMSTARExBP
to grade the quality of the reviews and select them for analysis
(5). The full search strategies and AMSTARExBP grading as-
sessments for our three questions are available at the Physical
Activity Guidelines website: https://health.gov/paguidelines/
second-edition/report/supplementary-material.aspx. The review
was registered in PROSPERO CRD42018092743.

RESULTS

Physical Activity and All-Cause Mortality

A literature tree summarizing the selection of systematic re-
views, meta-analyses, and pooled analyses for this outcome is
contained in Supplemental Digital Content (see Figure, Supple-
mental Digital 1, literature search tree for all-cause mortality,
http://links.lww.com/MSS/B527). The Committee determined
that the initial umbrella search identified sufficient literature to
answer the primary research questions. Additional searches
for original research were not needed.

Articles collected from 2006 to 2017 often assessed each of
the three outcomes of all-cause mortality, CVD mortality, and
incident CVD. Therefore, the systematic reviews and meta-
analyses contributing to the understanding of the relation of
physical activity to these three outcomes had significant
Medicine & Science in Sports & Exercise® 1271
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 overlap. Similarly, many of the same studies appeared in

the systematic reviews and meta-analyses identified in our
searches. One additional article was identified in a supplemen-
tal search from 2017 to April 2018.

A total of 13 reviews were included in the analysis of the
relation of physical activity to all-cause mortality: two sys-
tematic reviews (6,7), seven meta-analyses (8–14), and four
pooled analyses (15–18). Follow-up for these studies ranged
from 3.8 to more than 20 yr, and up to 3.9 million participants
in total were studied across these reviews and meta-analyses.

The two systematic reviews included a large number of con-
tributing studies: 121 (6) and 254 (7). However, inMilton et al.
(4), only seven addressed all-cause mortality, nine addressed
CVD, and three addressed stroke. ForWarburton (5), 70 compo-
nent studies addressed all-cause mortality, 49 addressed CVD,
and 25 addressed stroke. The total numbers for each outcome
were not reported. The studies covered extensive timeframes:
from 1990 to 2013 and from 1950 to 2008, respectively.

The meta-analyses ranged from 9 to 80 studies. Most meta-
analyses covered an extensive timeframe: from inception of
the database to 1 yr before publication (8,10,13,14), from 1945
to 2013 (11), and from the 1960s and 1970s to 2007 and 2006
(9,12). Three of the pooled analyses included data from six pro-
spective cohort studies ((15,17) used the same six studies) and
from 11 cohorts (18). The pooled analysis from the Asia Cohort
Consortium (14) included nine cohort studies, with 467,729 East
Asians who experienced 65,858 deaths over a mean follow-up
period of 13.6 yr. Incident ischemic heart disease and stroke
were also assessed.

The majority of the included reviews examined self-
reported leisure time MVPA as determined at face value in
the contributing articles. Most reviews also established spe-
cific physical activity dose categories in metabolic equivalents
of task (MET) for minutes or hours per week using quartiles or
a variety of categories such as inactive and low, medium, and
high amounts of physical activity, or high versus low amounts
of physical activity.

Three reviews addressed specific types of physical activity.
Kelly et al. (11) studied cycling and walking. Samitz et al. (13)
studied domain-specific physical activity defined into leisure-
time physical activity, activities of daily living, and occupa-
tional physical activity. Hamer and Chida (9) studied habitual
walking only.

One pooled analysis (18) separately examined individuals
meeting the 2008 physical activity guidelines—of 150 min
of moderate, 75 min·wk−1 of vigorous or some equivalent
combination—in one or two sessions in addition to the usual
physical activity categories (inactive, insufficiently active,
and regularly active). Merom et al. (19) examined dance
versus walking.

Evidence on the overall relationship.All the included
reviews addressed all-cause mortality as an outcome; five of
them also examined CVDmortality. All studies reported an in-
verse relationship between MVPA and all-cause mortality in a
dose–response fashion as described below. There were no null
studies. The pooled analysis in which individuals meeting
1272 Official Journal of the American College of Sports Medicine

Copyright © 2019 by the American College of Sports Medicine
guidelines in one or two sessions per week (so-called weekend
warrior) and individuals meeting guidelines with three or more
sessions per week were compared to an inactive group, showed
no differences in the effect sizes for all-cause mortality. Com-
pared with the inactive participants, the hazard ratio (HR) for
all-cause mortality was 0.66 (95% confidence interval [CI],
0.62–0.72) in insufficiently active participants who reported
one to two sessions per week, 0.70 (95% CI, 0.60–0.82) in
weekend warrior participants, and 0.65 (95% CI, 0.58–0.73)
in regularly active participants. (18).

In the analysis by Kelly et al. (11), the effect sizes
for cycling and walking were similar. For exercise of
11.25 MET�h·wk−1 (675MET�min·wk−1), the reduction in rel-
ative risk for all-cause mortality was 11% (95% CI, 4%–17%)
for walking and 10% (95% CI, 6%–13%) for cycling. The
shape of the dose–response relationship was modeled through
meta-analysis of pooled relative risks within three exposure in-
tervals. Consistent with other studies, the dose–response anal-
ysis showed that for walking or cycling, the greatest relative
risk for all-cause mortality reduction relative to the next lower
physical activity amount occurred for those with the least
amounts of physical activity.

Hamer and Chida (9) studied the association of walking
only with both all-cause mortality and CVD mortality. The
analysis included 18 prospective studies with 459,833 total
participants. The forest plots, displayed in Figure 1, show a
dose–response for amount (volume of walking) and walking
pace. Hamer and Chida (9) found walking pace to be a stron-
ger independent predictor of all-cause mortality than volume
when both pace and volume were in the model: 48% versus
26% risk reductions, respectively. However, the studies had
considerable heterogeneity within the exposure categories.
The greatest walking exposure groups averaged more than
5.2 h·wk−1 or more than 10.7miles·wk−1, and the groups ranged
from more than 1 h·wk−1 to more than 2 h·d−1 and more than
6.0 miles·wk−1 to more than 12.4 miles·wk−1. Walking pace
was generally assessed as a “relative” rather than an “absolute”
measure (relative being defined in terms such as “brisk” which
may be different in absolute terms—e.g., miles per hour—for
those of different ages and fitness levels), although several
studies defined “brisk” as more than 3.0 mph and “moderate”
as 2.0 to 2.9 mph. Minimal walking categories averaged approx-
imately 3 h·wk−1 (ranging from ~30 min·wk−1 to ~5 h·wk−1) or
6.1 miles·wk−1 (ranging from ~3.1 to ~9.3 miles·wk−1), equating
to a casual or moderate walking pace of approximately 2 mph.

Dose–response. Every one of the 13 studies within our
analysis demonstrated a significant inverse dose–response
relationship with all-cause mortality across physical activity
exposure groups. The uniformity and strength of these rela-
tionships led to the strength of evidence grade finding for
this item. The uniformity of findings prompted us to highlight
the two pooled analyses of Arem et al. (15) and Moore et al.
(17). In these pooled analyses of six studies, combining data
at the individual level allowed an examination of the strength
of effects and confidence boundaries across large populations
with great precision.
http://www.acsm-msse.org
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FIGURE 1—The association between walking and all-causemortality in men and women. Forest plot showing point and 95% confidence interval estimates
of theHR for all-causemortality associatedwith different amounts of PA. Relative influence on the pooled results/effect sizes are represented by varying line
weights of the symbols. Walking is favored, with a shift of the estimate to the left. These estimates are similar to the associations found for CVD mortality
discussed later. Reprinted with permission from Hamer M, Chida Y. Walking and primary prevention: a meta-analysis of prospective cohort studies. Br J
Sports Med. 2008;42(4):238–43. Copyright © 2008 BMJ Publishing Group Ltd.
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Moore et al. (17) reported a pooled analysis of the associ-
ation of leisure-time physical activity with mortality during
follow-up in data from six prospective cohort studies in the
National Cancer Institute Cohort Consortium. The pooled cohort
included 654,827 individuals, ages 21 to 90 yr. Moderate-to-
vigorous physical activity in MET-hours per week was used
to generate adjusted survival curves (for participants ages
40 yr and older), with 95% confidence intervals derived by
bootstrap. The study included a median follow-up of 10 yr and
82,465 deaths. Figure 2 shows the relation of leisure time
physical activity and HR for mortality; it illustrates several
characteristics of the relationship common among the studies
reporting on dose–response on all-cause mortality. The
survival curve from this analysis demonstrates several impor-
tant points: 1) the beneficial effect has no lowest threshold; 2)
effects are seen immediately upon moving from the least ac-
tive category to the next category of MVPA; 3) the early part
of the slope is the steepest. At least 70% of the population ben-
efit on all-cause mortality is reached by achieving 8.25 MET-
hours (150 min) per week of MVPA; 4) there is no obvious
best amount; 5) there is no apparent upper threshold; 6) activity
volumes (amounts) up to four times the 2008 Guidelines
(150–300 min moderate-intensity physical activity), show no
evidence of increased mortality risk.

Similarly, Arem et al. (15) reported a pooled analysis of six
studies in the National Cancer Institute Cohort Consortium
PHYSICAL ACTIVITY, MORTALITY, AND CVD
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(baseline collection in 1992–2003; the same studies reported
in Moore et al. (17)). These were population-based prospec-
tive cohorts in the United States and Europe, with self-reported
physical activity analyzed in 2014. A total of 661,137 men and
women (median age, 62 yr; range 21 to 98 yr) and 116,686
deaths were included. Cox proportional hazards regression
with cohort stratification was used to generate multivariable-
adjusted HR and 95% CI. Median follow-up time was 14.2 yr.
The dose response-relationship from this report is shown in
Figure 3. Several characteristics of this dose–response rela-
tionship are reminiscent of that of Moore et al. (17) (Fig. 2).
However, several differences in results are described below.

Here the relationship is carried out to a category
(>75 MET�h·wk−1) representing approximately 10 times
the exposure of the lower end of the 2008 guidelines (i.e.,
150 min·wk−1). At the greatest exposure category, an apparent
uptick in mortality risk occurs. This possible uptick is not
noted in the Moore et al., 2012 study that went only to about
four times the guidelines exposure. In this pooled study of
661,137 individuals only 18,831 participants (2.8% of the to-
tal) were included in the 40 to 75 MET�h·wk−1 category, and
only 4,077 (0.62%) in the more than 75MET�h·wk−1 category.
These accounted for only 1,390 (1.2%) and 212 (0.18%) of
116,686 deaths in the combined analysis, respectively; and the er-
ror bars are large. Figure 3 indicates that the point estimate of
risk for the greatest exposure group is the same as the estimate
Medicine & Science in Sports & Exercise® 1273
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FIGURE 2—Relationships of MVPA to all-cause mortality, with highlighted characteristics common to studies of this type. Shown is the relation of leisure
time physical activity amount and HR for mortality. The points shown represent the mortality HR for each of the physical activity categories; the vertical
lines represent the 95% CI for that physical activity category. The reference category no leisure time physical activity. The lines connecting the points
help to illustrate the dose–response relationship between physical activity and risk of mortality; the shape of the association shown here is similar to that
obtained using spline modeling. As discussed in the text and displayed in this graphic, the characteristics of this curve seems to apply for most studies of
the relationships of MVPA with all-cause and CVD mortality, as well as with incident coronary artery disease, ischemic stroke and all-cause heart fail-
ure: there is no lower threshold for effect; there is a steep, early slope; about 70% of the benefit obtained by physical activity alone is reached by
8.25 MET·h·wk−1 (150 min of “brisk walking” (3 mph); there is not apparent upper threshold for effect; there is no evidence for increased risk at
the greatest amounts of physical activity; and there is not obvious “best amount.” Source: adapted from Moore et al. (17).

SP
EC

IA
L
C
O
M
M
U
N
IC
AT

IO
N
S

for those meeting the 2008 guidelines (7.5 to 15 MET�h·wk−1,
or 150 to 300min·wk−1). This apparent uptick in risk at extreme
volumes of exercise has been observed before. Paffenbarger
(20,21) reported it in the Harvard Alumni Health Study for
CVD (heart attack) risk, in 1978 and 1993. However, as in these
previous reports, the apparent rise in risk at very high amounts
of MVPA did not reach the level of statistical significance (15).
FIGURE 3—Relationships of MVPA to all-cause mortality, with highlighted cha
relative to 2008 US Physical Activity Guidelines for aerobic activity are shown as
lines PA amounts. Source: adapted from Arem et al. (15).
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In a seminal paper in 2016, Ekelund et al. (8) examined the
joint associations of sedentary behavior (sitting and television
watching) and physical activity (MVPA) with all-cause
mortality. (cf., Sedentary Behavior article in this issue.) Using
16 contributing studies, combining data across all studies to
analyze the association of daily sitting time and physical activ-
ity with all-cause mortality, estimating summary HR using
racteristics common to studies of this type. The ranges of physical activity
ranges. There is no increase in risk noted up to 10 times the current guide-
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Cox regression, and expressing physical activity in terms of
MET-hours per week of MVPA, Ekelund et al. found the same
curvilinear relationships among physical activity and all-cause
mortality as observed in Arem et al. (15) and Moore et al. for
four categories of sitting time (17).

Demographic factors and weight status.Most stud-
ies reported gross distributions of demographic factors (race,
sex, weight status) across exposure groups within individual
studies in their reviews and meta-analyses. Given the nature
of meta-analyses—conducted at the study level versus the in-
dividual level—it is difficult to detect differential effects by
demographic factors and weight status unless the specific
component studies performed them within their analysis.
Some studies examined subgroup effects directly in their re-
view or meta-analysis; one focused on adults older than
60 yr (10). In such studies, no subgroup effects were detected.
The O’Donovan analysis of “weekend warrior” physical activ-
ity behavior on all-cause mortality, showed no differential re-
sponses by sex (18).

However, the pooled analyses (15,17) permit a direct exam-
ination of the relative effects across demographic categories.
In these studies effects were reported for strata across sex, race,
and body mass index (BMI) and the aggregate event data re-
ported according to strata. Although not directly tested in these
reports, no differential effects across sex, race, or BMI strata
were readily apparent. Strata for socioeconomic status and
ethnicity were not reported.

Comparing 2018 findings with the 2008 scientific
report. Our review of systematic reviews, meta-analyses,
and pooled studies promoted the analysis of larger cohorts
and provided more precision around the effect size estimates.
Our review identified the same dose–effect estimates relating
MVPA with all-cause mortality as was described in 2008.
Given the large population sizes and heterogeneity studied,
we have more confidence about the study effect sizes and dose
response relationships (Fig. 2) and their generalizability to US
adult men and women, and populations of all races, ages, and
body sizes.
Physical Activity and CVD Mortality

A literature tree summarizing the selection of systematic re-
views, meta-analyses, and pooled analyses for this outcome is
contained in Supplemental Digital Content (see Figure, Sup-
plemental Digital Content 2, literature search tree for CVD
mortality, http://links.lww.com/MSS/B528). An initial search
for systematic reviews, meta-analyses, pooled analyses, and
reports identified sufficient literature to answer the research
question as determined by the Committee. Additional searches
for original research were not needed.

Articles collected from 2006 to 2017 typically included out-
comes of all-cause mortality, CVDmortality, and incident CVD.
Therefore, the systematic reviews andmeta-analyses contributing
to the understanding of the relation of physical activity to these
three outcomes had significant overlap. Similarly, many of
the same studies appeared in the systematic reviews and
PHYSICAL ACTIVITY, MORTALITY, AND CVD

Copyright © 2019 by the American College of Sports Medicine
meta-analyses identified in our searches. In this section, we
address only CVDmortality; however, the format and conclu-
sions differ little from those made for all-cause mortality.

For this discussion, CVD mortality refers to mortality at-
tributable to CVD in its broadest sense, referring to diseases
beyond ischemic coronary artery disease, but not to include
non-atheromatous or infectious valvular disease and others.

A total of six existing reviews were included: one system-
atic review (6), three meta-analyses (8,9,22), and two pooled
analyses (18,19). The reviews were published from 2008 to
2017. The systematic review (6) included 121 studies and a
timeframe from 1983 to 2013. The meta-analyses included a
range of 16 to 36 studies and covered an extensive timeframe:
from 1970s to 2014. The pooled analyses included data from
20 cohorts, each from different population surveys (18,19).

The majority of the included reviews examined self-reported
leisure time MVPA. Most reviews also established specific
physical activity dose categories in MET-minutes or MET-
hours per week using quartiles or a variety of categories such
as inactive and low,medium, and high levels of physical activ-
ity, or high versus low levels of physical activity.

One pooled analysis (18) examined a “weekend warrior”
category (meeting the physical activity guidelines in one or
two sessions per week) in addition to the usual physical activity
categories (insufficiently active and regularly active) compared
to an inactive group. Two reviews addressed specific types of
physical activity: dancing (19) and habitual walking (9).

Evidence on the overall relationship. All of the
included reviews addressed CVD mortality and four of
them also assessed all-cause mortality in addition to other
outcomes.

As it was for all-cause mortality, all reviews reported an in-
verse relationship between MVPA and CVD mortality in a
dose–response fashion, as described below. The reviews in-
cluded no null studies. The pooled analysis in which individ-
uals meeting guidelines in one or two sessions per week and
individuals meeting guidelines with three or more sessions
per week were compared to an inactive group, showed no dif-
ferences (overlapping HR) in the effect sizes for CVD mortal-
ity (HR, 0.59 to 0.60) (16).

As noted above, Hamer and Chida (9) studied walking
only on both all-cause mortality and CVD mortality. The
analysis included 18 prospective studies with 459,833 total par-
ticipants. The effect sizes and confidence intervals for all cate-
gories of walking pace and amount are similar to reminiscent
of those determined for all-cause mortality (Fig. 1). This is
an example of how closely aligned the MVPA relationship is
for both CVD mortality and all-cause mortality within and
across studies.

Dose–response. Here also, the findings for the dose–
response relationships between MVPA and CVD mortality
are basically identical to those found for the relationships
between MVPA and all-cause mortality. Every one of the
13 studies within our analysis demonstrated a significant in-
verse dose–response relationship with CVD mortality across
physical activity exposure groups. The uniformity and strength
Medicine & Science in Sports & Exercise® 1275
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 of these relationships led to the strength of evidence determina-

tion for this item.
Wahid et al. (22) used 36 studies, 33 pertaining to CVD

and 3 pertaining to type 2 diabetes mellitus to model the
effects of three physical activity categories (low physical
activity, 0.1–11.5 MET�h·wk−1; medium physical activity, 11.5–
29.5 MET�h·wk−1; and high physical activity; ≥29.5 MET�h·wk−1)
in a dose–response fashion on CVD incidence and mortality,
coronary heart disease incidence and mortality, myocardial in-
farction incidence, heart failure incidence, and stroke incidence
(22). For those conditions for which all three categories had en-
tries (CVD incidence, CVD mortality, stroke incidence, and
coronary heart disease incidence), all but CVD mortality dem-
onstrated a strong curvilinear dose–response relationship across
categories, as observed for all-cause mortality (Fig. 2).
Demographic Factors and Weight Status

Similar to all-cause mortality, the studies providing the
strongest evidence regarding subgroup moderation effects on
CVD mortality were the pooled analyses of Merom et al. (19)
and O’Donovan et al. (18). Again, as for all-cause mortality, al-
though not directly tested in these reports, no differential effects
across sex, race, or BMI strata were readily apparent. Strata for
socioeconomic status and ethnicity were not reported.
Physical Activity and Incident CVD

Here CVD refers to diseases related to ischemic vascular
events, such as diseases due to coronary heart disease second-
ary to coronary artery disease, to cerebrovascular disease
secondary to a cerebrovascular accident or stroke; or to heart
failure of ischemic (coronary) or non-ischemic etiology.

A literature tree summarizing the selection of systematic re-
views, meta-analyses, and pooled analyses for this outcome is
contained in Supplemental Digital Content (see Figure,
Supplemental Digital Content 3, literature search tree for
all-cause mortality, http://links.lww.com/MSS/B529). A total
of 10 existing reviews were included: one systematic review
(7) and nine meta-analyses (22–30). The reviews were pub-
lished from 2008 to 2016. The systematic review (7) included
254 studies published between 1950 and 2008.

The meta-analyses included a range of 12 to 43 studies.
Most meta-analyses covered an extensive timeframe: from da-
tabase inception to 2013 (29), from 1954 and 1966 to 2007
(28,30), and from the 1980s and 1990s to 2005–2016 (22–27).

The majority of included reviews examined self-reported
physical activity. Different domains of physical activity were
also assessed. These included total (25); occupational and lei-
sure (24); occupational, leisure, and transport (27); and leisure
physical activity only (28). Some reviews also established spe-
cific dose categories in MET-minutes or MET-hours per week
(22,25,26,30). Other reviews used minimal or low versus
moderate or high physical activity levels as reported in indi-
vidual studies (7,23,28). Two meta-analyses specifically ex-
amined tai chi chuan (29) and walking (30).
1276 Official Journal of the American College of Sports Medicine
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Included reviews addressed the incidence of CVD in a vari-
ety of ways. Several addressed incident coronary heart disease
(25,27,28,30), incident stroke (23,25,29), and incident heart
failure (24,26). Warburton et al. (7) reviewed incident stroke
and coronary (ischemic) heart disease. Wahid et al. (22) used
33 studies to address CVD incidence and mortality, coronary
heart disease incidence and mortality, myocardial infarction
incidence, heart failure incidence, and stroke incidence. Thus,
in all, six studies addressed incident coronary heart disease;
five studies addressed incident stroke; and three studies ad-
dressed incident heart failure.

Evidence on the overall relationship. All of the six
studies addressing incident coronary heart disease, the five
studies addressing incident stroke, and the three studies
addressing incident heart failure demonstrated significant
dose–response inverse relationships with increased amounts
of physical activity. There were no null studies. The shapes
of the relationships are discussed below.
Physical Activity and Coronary Heart Disease

Sattelmair et al. (27) performed a pooled samplemeta-analysis
of epidemiologic studies to investigate the relationship ofMVPA
to incident coronary heart disease. Pooled dose–response esti-
mates were derived from qualitative estimates describing low,
moderate, and high amounts of physical activity. Of the 33
studies initially selected for analysis, nine permitted quantita-
tive estimates of MET-hours per week of MVPA. Those partic-
ipating in leisure-time physical activity at the lower limit of the
2008 guidelines had a 14% reduced risk of developing coro-
nary heart disease (relative risk (RR), 0.86 ± 0.09) compared
with those reporting no leisure-time physical activity. They re-
ported an inverse dose–response relationship similar to the
curves for all-cause mortality and CVDmortality. These curves
are characterized by an early decrease in risk, continued benefit
with greater exposure, no lower threshold, and no upper limit
(Fig. 4). One MET-hour per week is approximately equal to
1.05 kcal�kg−1·wk−1. Therefore, for a 70-kg individual, the
lower boundary of the 2008 guidelines for MVPA is achieved
at 600 kcal·wk−1.

This analysis points to an important aspect of understanding
how the interpretation of dose–response relationships may
depend on the modeling parameters. When the dose–response
relationships of the pooled studies are modeled using the qual-
itative exposures of low, moderate, and high amounts of phys-
ical activity, the dose–response relationship appears linear.
When, however, the physical activity exposures are modeled
according to MET-hours per week (Fig. 4), the typical curvi-
linear relationship is unmasked.

Demographic factors and weight status. As it was
for previously studied outcomes in this article, the studies provid-
ing the strongest evidence regarding subgroupmoderation effects
on ischemic heart disease incidence were the pooled analyses;
particularly that of Sattelmair et al. (27). Of the six studies dealing
with incident coronary heart disease in our analysis, to the best of
our knowledge, only Sattelmair et al. explicitly tested for disease
http://www.acsm-msse.org
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FIGURE 4—Plot with spline and 95% CI of relative risk of coronary heart disease by kcal per week of leisure-time physical activity. This summary of the
synthesis of nine studies displays the characteristics of this dose–response relationship with all-cause mortality as shown and discussed in Figure 2. Source:
Sattelmair et al. (27).
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modification by specific factors. Although no interactions were
reported for effect modification by race or BMI strata, they ob-
served a significant interaction by sex (P = 0.03); the associa-
tion was stronger among women than men.

Physical Activity and Stroke

Kyu et al. (25) studied the dose–response associations of
total physical activity with risk of breast cancer, colon cancer,
diabetes, ischemic heart disease, and ischemic stroke events
using 174 studies: 43 for ischemic heart disease, and 26 for
ischemic stroke. Total physical activity—not just that within
MVPA — in MET-minutes per week was estimated from all
included studies. Continuous and categorical dose–response
between physical activity and outcomes were assessed.
Categorical dose–response compared insufficiently active
(<10 MET�h·wk−1), low active (10 to 66 MET�h) moderately
active (67 to 133 MET�h) and highly active (≥134 MET�h).
Compared with insufficiently active individuals, the relative
risk reduction for those in the highly active category was
25% (RR, 0.754; 95% CI, 0.704–0.809) for ischemic heart
disease; and 26% (RR, 0.736; 95% CI, 0.659–0.811) for is-
chemic stroke. Again, for ischemic stroke and ischemic heart
disease (equivalent to coronary heart disease), the same typi-
cal curvilinear dose–response relationship is seen as for all-
cause mortality and CVD mortality. However, the initial and
maximal effect sizes are attenuated, so that achieving the
lower bound of the 2008 Guidelines achieves only 36% re-
duction in initial risk for incident ischemic stroke and heart
failure (Fig. 5).

Physical Activity and Heart Failure

Pandey et al. (26) studied the categorical dose–response re-
lationships of physical activity to heart failure risk. As in the
PHYSICAL ACTIVITY, MORTALITY, AND CVD
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previously discussed analysis by Kyu et al. (25), these authors
used generalized least-squares regression modeling to as-
sess the quantitative relationship of physical activity
(MET-minutes per week) to heart failure risk across studies
reporting quantitative physical activity estimates. Twelve pro-
spective cohort studies with 20,203 heart failure events among
370,460 participants (53.5% women; median follow-up, 13 yr)
were included. As seen in Figure 6, take from the meta-analysis
of Pandy et al. (26) the greatest levels of physical activity
were associated with significantly reduced risk of heart
failure (pooled HR for highest versus lowest PA, 0.70;
95% CI, 0.67–0.73). Compared with participants reporting
no leisure-time physical activity, those who engaged in
guideline-recommended minimum levels of physical ac-
tivity (500 MET�min·wk−1; 2008 guidelines) had modest
reductions in heart failure risk (pooled HR, 0.90; 95% CI,
0.87–0.92). Only 33% of the maximal benefit was achieved
at the 2008 guidelines amount. Thus, for heart failure, even
though the data on this are still early, by inspection, it ap-
pears the dose–response relationship is more linear at lower
physical activity amounts, and not the sharp, early curvilin-
ear relationship observed for the other outcomes discussed
in this chapter. Note, at this time, studies of the relationship
between physical activity and heart failure incidence do not
distinguish among the various types of heart failure: heart
failure with preserved, reduced heart failure, or a combination
of the two. This should be a point of emphasis for future research.

CONCLUSIONS AND PUBLIC HEALTH IMPACT

The effects of MVPA on ischemic CVD, including coro-
nary heart disease, ischemic stroke, and heart failure are very
similar to those of all-cause mortality and CVD mortality.
The evidence for these conclusions was considered strong by
Medicine & Science in Sports & Exercise® 1277
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FIGURE 5—Dose–response relationships between total physical activity and risk of breast cancer, colon cancer, diabetes, ischemic heart disease, and ische-
mic stroke events using 174 studies (43 for ischemic heart disease, and 26 for ischemic stroke). For reference, shown are the lower end (red arrows and dotted
line) and upper bounds (green arrows and dotted line) of the 2008 guidelines for MVPA. Also indicated is the MVPA amount associated with normalization
of the risk from >8 h·d−1 of sedentary activity from Ekelund, 2016 (8) (gold arrows and dotted line). The latter would represent the amount of physical activity
required to compensate for an entirely sedentary lifestyle. The risk for ischemic heart disease and ischemic stroke are reminiscent of the characteristic dose–
response relationships established for all-cause and cardiovascular mortality noted previously and in Figure 2. The universality of the dose–response rela-
tionships described in the caption of Figure 2 to other outcomes—such as type 2 diabetes and some cancers—are shown in this figure. Reproduced with per-
mission from Kyu HH, Bachman VF, Alexander LT, et al. Physical activity and risk of breast cancer, colon cancer, diabetes, ischemic heart disease, and
ischemic stroke events: systematic review and dose–response meta-analysis for the global burden of disease study 2013. BMJ. 2016;354:i3857. Copyright ©
2013 BMJ Publishing Group Ltd.
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the Committee. The grading of the accumulated evidence is
available in Supplemental Digital Content (see Table, Supple-
mental Digital Content 4, evidence statements for conclusions,
http://links.lww.com/MSS/B530). The evidence continues to
support the conclusion that increasing MVPA levels by mod-
est amounts in the inactive US population has the potential to
have an important and substantial impact on these outcomes in
the adult population. With respect to reductions in risk for
these endpoints, the following points are clear: 1) the associa-
tions of physical activity with beneficial health outcomes be-
gin when adopting very modest amounts; 2) more MVPA is
better than none; 3) meeting the 2008 MVPA guidelines re-
duces risk of all-cause mortality to about 75% of the maximal
benefit; 4) more physical activity reduces risk even more, but
more physical activity is required to obtain less benefit; and
5) there is no evidence of excess risk over the maximal effect
observed at about three to five times the MVPA of the current
guidelines; 6) when the activity is quantified by volume in terms
of energy expenditure of task (MET-hours per week), these
relationships seem to hold for several modes and intensities
of physical activity, including walking, running, and biking.

Needs for Future Research

Several advances in our understanding of the relationships
among physical activity and the outcomes described herein
1278 Official Journal of the American College of Sports Medicine
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have occurred since the 2008 report. Most of the literature
upon which the 2008 conclusions were based utilized survey
data and questionnaire data; physical activity exposures were
assessed using self-reported estimates of time spent in aerobic
continuous MVPA accumulated in bouts of at least 10 min.
Therefore, all other components across the physical activity
spectrum—sedentary behavior, light-intensity physical activ-
ity, and any moderate- to vigorous-intensity physical activity
in bouts less than 10min—was considered “baseline” physical
activity. The scientific community and public health researchers
have begun to incorporate objective, device-based measures of
physical activity—and sedentary behavior—into our measure-
ment armamentarium. This has permitted assessments of the
relationship of activity of less than moderate-to-vigorous in-
tensity with health outcomes; it has permitted the assess-
ment of the relations of episodes of MVPA of less than
10 min on health outcomes. Given this, more research is
needed in these areas:

Conduct research on the role of light intensity physical ac-
tivities and interaction with sedentary behavior in risk reduc-
tion for all-cause mortality, cardiovascular disease mortality,
and incident cardiovascular disease (coronary heart disease,
stroke and heart failure). This can most economically and
efficiently be accomplished by incorporating devices (pedom-
eters, wearables, watches) measuring physical activity into all
http://www.acsm-msse.org
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FIGURE 6—Dose–response relationships between MVPA and risk of incident heart failure. For reference, shown are the lower end (red arrows and dotted
line) and upper bounds (green arrows and dotted line) of the 2008 guidelines for MVPA. Also indicated is the MVPA amount associated with normalization
of the risk from >8 h·d−1 of sedentary activity from Ekelund et al., 2016 (8) (gold arrows and dotted line). The latter would represent the amount of physical
activity required to compensate for a highly sedentary lifestyle. Note, the colors of the arrows are important, not the direction of the arrow. Source: Adapted
from Pandey et al. 2015 (26).
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clinical trials with all-cause mortality, CVD mortality, or inci-
dent CVD as outcomes.

Rationale. As reported in this chapter, the benefits of
MVPA on all-cause mortality, CVD mortality, and incident
CVD (coronary heart disease, stroke and heart failure) are well
documented and strong. However, these studies ignore the
effects of physical activity that are not characterized as
moderate-to-vigorous intensity (light). The development
of device-based measures of physical activity (pedometers,
watches, accelerometers and other wearables) provide the
scientific imperative to begin to explore the relations of all
intensities and amounts of physical activity—light to vigorous;
small to great total amounts. These studies are beginning to
appear (31–35). Unfortunately, there are not enough studies
on the relation of light physical activity, total physical activity,
or step counts per day to provide sufficient information for
meta-analyses to be performed in these areas for the outcomes
of interest here. Further, the role of sedentary behavior on dis-
ease risk is an evolving concept. The ability to quantify this
objectively is now available and will allow investigators to in-
corporate the interaction of sedentary behavior and physical
activity on disease risk—a research area that until now has
been relatively ignored or not possible.

This becomes a major future research need. This goal can
most economically and efficiently be accomplished by in-
corporating devices (pedometers, wearables, watches) mea-
suring physical activity and sedentary behavior into all
clinical trials with all-cause mortality, CVD mortality, or inci-
dent CVD as outcomes.

Conduct research on the possibility of increased risk asso-
ciated with great amounts of physical activity.
PHYSICAL ACTIVITY, MORTALITY, AND CVD
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Rationale. Whether great amounts (volumes) of aerobic
physical exercise lead to increased cardiac morbidity or mortality
is an important, yet open question. As discussed in this chapter,
there is a hint in some studies of an increase in cardiovascular
risk in high volume aerobic athletes. Recent reports document
increased coronary calcium scores in masters athletes (36,37);
however, there seems to be a U-shaped relationship with life-
long volume of training (36). These findings may explain the
hint of an increased cardiovascular risk in long-term athletes.
Clearly, this issue demands more study in athletic populations.

Conduct research on the relative importance of the various
characteristics of physical activity exposure (total volume,
intensity, frequency and mode) and muscular strengthening
physical activity on all-cause mortality, cardiovascular dis-
ease mortality, and incident cardiovascular disease (coronary
heart disease, stroke and heart failure).

Rationale. Now into our second iteration of the Physical
Activity Guidelines Scientific Report, we continue to rely on
studies of aerobic ambulatory MVPA—primarily collected
via survey—to understand the relationship of physical activity
to all-cause mortality, CVD mortality, and incident CVD.
Underexplored are the importance of frequency and intensity
relative to volume of aerobic exercise; the importance of muscle
strengthening to these clinical outcomes; whether swimming,
biking, and rowing contribute to cardiovascular health equal
to that of aerobic ambulatory exercise; and what the energy
expenditures and programs are for these aerobic activities
for equivalent clinical outcomes. If we are going to prescribe
exercise of all modalities as options for adults wanting to ex-
ercise for health, we need better understanding of the relative
contributions of a general range of options.
Medicine & Science in Sports & Exercise® 1279
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in young persons (2). However, more recently, the emphasis
has shifted to the effects of physical activity on risk factors
for noncommunicable diseases that typically do not manifest
until adulthood. These include cardiometabolic diseases, such
as coronary heart disease and type 2 diabetes, and bone health
outcomes, including osteoporosis and bone fractures (3). With
the marked increase in the prevalence of overweight and obe-
sity in US children, many recent studies have examined the
impact of physical activity on adiposity and weight status in
young persons (4).

The 2008 Physical Activity Guidelines Advisory Committee
Report included an examination of the relationship between
physical activity and health in children and adolescents. Key
conclusions of that review were that, in school-age children
and youth, higher levels of physical activity are associated with
better status on indicators of cardiorespiratory and muscular
fitness, body composition, cardiometabolic risk, and bone
health (5). Those conclusions informed a physical activity
guideline which indicated that children and adolescents
should accumulate 60 min or more of at least moderate-
intensity physical activity daily and that, within that hour of activ-
ity, vigorous-intensity physical activity andmuscle-strengthening
and bone-strengthening activities should be included at least
3 d·wk−1 (6). Notably, this guideline was applied only to youth
in the 6- to 18-yr age range. No guideline was included for chil-
dren younger than 6 yr, because the body of knowledge on phys-
ical activity and health in early childhood was very limited.

During the period between 2008 and 2018, a substantial
volume of research was undertaken on the relationship be-
tween physical activity and health in children of preschool
age (7). Further, during that period, physical activity guide-
lines for children younger than 6 yr were developed by public
health agencies in some other countries, and physical activity
guidelines for children attending childcare centers were released
by the Institute of Medicine in the United States (8). Accord-
ingly, the Youth Subcommittee of the 2018 Physical Activity
Guidelines Advisory Committee opted to consider the evidence
related to relationships between physical activity and selected
health outcomes in children younger than 6 yr. The purpose
of this article is to present the findings of a systematic review
of the scientific literature addressing this issue. Specific health
outcomes considered in the review were body weight and adi-
posity, bone health, cognition, and cardiometabolic risk factors.
METHODS

The methods used to conduct systematic reviews for the
2018 Physical Activity Guidelines Advisory Committee Scien-
tific Report have been described in detail elsewhere (9). An
initial search limited to systematic reviews, meta-analyses,
pooled-analyses, and high-quality reports was conducted. That
search yielded too few articles, so the search was repeated to
identify relevant original research articles. Accordingly, for this
review, a systematic search was conducted to identify random-
ized controlled trials and prospective cohort studies that
assessed the association between any type of physical activity
PHYSICAL ACTIVITY IN CHILDREN UNDER AGE 6
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and health outcomes, including adiposity and weight status,
bone health, and cardiometabolic health in children younger
than 6 yr. The searches were conducted in electronic databases
(PubMed®, CINAHL, and Cochrane) and were supplemented
by asking subcommittee members, all experts in the area, to
provide additional articles identified through their expertise/
familiarity with the literature.

Articles published in English from data base inception until
February 2017 were included in the Committee Report, and
the search was extended to March 2018 for this article. Search
terms included age-appropriate physical activity, active play and
sedentary behavior terms combinedwith outcome-specific terms.
The full search strategy is available at https://health.gov/
paguidelines/second-edition/report/supplementary_material/pdf/
Youth_Q1_Under6_Evidence_Portfolio.pdf. The identified arti-
cles were independently screened by two reviewers. The full-
text of relevant articles was reviewed to include those that met
the inclusion criteria. Inclusion/exclusion criteria are presented
in Supplemental Material (see Table, Supplemental Digital
Content 1, Inclusion/Exclusion Criteria, http://links.lww.com/
MSS/B532). Two abstractors independently abstracted data
and conducted a quality or risk of bias assessment using the
USDA Nutrition Evidence Library Bias Assessment Tool for
original research (9,10) and theAMSTARExBP for systematic
reviews (11). Discrepancies in article selection or data abstrac-
tions were resolved by discussion or a third reviewer if needed.
The protocol for this reviewwas registered with the PROSPERO
database (registration ID CRD42018092740). A summary of the
bias assessment of the original research articles included in this
review is available in the supplemental material [see Tables,
Supplemental Digital Content 2, Nutrition Evidence Library Bias
Assessment Tool: Original Research, http://links.lww.com/MSS/
B533; and Supplemental Digital Content 3, AMSTAR ExBP:
SR/MA, http://links.lww.com/MSS/B534].
RESULTS

Search results. A total of 1257 studies were identified
through the systematic searches (Fig. 1). After screening titles
and abstracts, 1166 studies were excluded and 91 reviewed in
full. Of these, 19 studies met the full inclusion criteria. An ad-
ditional eight studies were identified by the authors based on
their knowledge in the area. Twenty-seven studies were in-
cluded in this review until the release of the 2018 Physical Ac-
tivity Guidelines Advisory Committee Scientific Report. One
additional original research article and three systematic re-
views were found when the search was updated for the pur-
pose of this article.

Bodyweight and adiposity. In considering the evidence
regarding the relationship between physical activity and body
weight and/or adiposity in children younger than 6 yr, the
committee identified and reviewed 15 studies (12–26). The
study designs, methods, and findings of these studies are sum-
marized in Table 1. All of the studies included in this review
used prospective, longitudinal study designs. However, methods
for measurement of physical activity were highly variable.
Medicine & Science in Sports & Exercise® 1283
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FIGURE 1—Summary of the search of primary research on physical activity and health outcomes in children younger than 6 yr.
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Also, the studies were quite variable in terms of children’s age
range, years of follow-up, measurement of weight-related out-
comes, and analytic procedures. Notwithstanding these differ-
ences, the studies were consistent in reporting that higher levels
of physical activity were associated with lower levels of weight
and/or adiposity in younger children. Twelve of the 15 studies
found negative associations between physical activity andweight
and/or adiposity (12–16,18,20–25). Although these studies were
consistent in observing benefit with higher amounts of physi-
cal activity, limitations in study design and variability in meth-
odologies across the studies precluded identifying a particular
dose of physical activity that was needed to provide benefits.

Bone health. The literature search provided eight articles,
with two additional articles added by committee members.
These 10 articles represented four studies, two of which had pro-
spective longitudinal study designs and two of which were ran-
domized controlled trials (27–36). The study designs, methods,
and findings of these studies are summarized in Table 2. Three
of the four studies focused on preschool children (baseline ages,
3 to 5 yr) (27–35) and one study focused on infants (36). The
dose of physical activity was defined and measured differently
among the studies and included recreational gymnastics partic-
ipation (months) (28–30), device-measured daily activity (min)
(31–34), and bone-strengthening physical activity (sessions)
(27,35,36). All studies used state-of-the-art imaging (dual-energy
x-ray absorptiometry [DXA] and peripheral quantitative com-
puted tomography) tomeasure bone outcomes and appropriate
statistical modeling to control for growth. All studies exam-
ining children ages 3 to 5 yr showed statistically significant
1284 Official Journal of the American College of Sports Medicine
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stronger bone in the more active children. The benefit differ-
ences were greater than expected via measurement error and
large enough (almost always >3%) to indicate meaningful
biological improvements. However, similar to the evidence
for body weight and adiposity, the differences in physical ac-
tivity measures prevented the assignment of a specific dose of
physical activity needed for bone health benefits.

Cardiometabolic health. Very few studies have exam-
ined the association between physical activity and indicators
of cardiometabolic health in children younger than 6 yr. The
literature search resulted in the identification of three prospec-
tive cohort studies that included outcomes related to serum
lipid and lipoprotein levels, respiratory symptoms, and blood
pressure (13,37,38). One study reported that physical activity
appeared to have an indirect association with blood lipids
and lipoproteins in 3- to 4-yr-old children, through its relation-
shipwith lower levels of body fatness and higher levels of fitness
(13), whereas another study reported an inverse association be-
tween physical activity and diastolic blood pressure in 5- to
7-yr-old children (38). A final study reported that physical ac-
tivity at 2 yr of age was not related to respiratory symptoms,
such as wheezing or shortness of breath at 3 to 4 yr of age
(37). On the basis of the results from these available studies,
the committee determined that there was insufficient evidence
available to determine the effects of physical activity on car-
diometabolic risk factors.

Cognition. The committee reviewed the scientific litera-
ture examining the relationship between physical activity and
cognition in children younger than 6 yr. This review was
http://www.acsm-msse.org
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supported by a search of the literature that was independent of
the search described above. That review process, and the com-
mittee’s related conclusions, are described in detail in another ar-
ticle in this supplement (39). Two systematic reviews of the
literature on physical activity and cognitive outcomes in
preschool-age children met the criteria for inclusion (40,41).
One of those systematic reviews considered seven observa-
tional and experimental studies, and the authors reported that
six of the seven studies found that a higher amount of physical
activity was associated with a beneficial effect on at least one
cognitive outcome (40). The second systematic review reported
that five of six randomized controlled trials found positive ef-
fects of selected indicators of cognitive development in 4- to
6-yr-old children (41). The existing studies and the cited sys-
tematic reviews point to possible beneficial effects of physical
activity on cognitive outcomes in young children, but there is
a clear need for more studies with rigorous research protocols.

Dose–response. Few studies of physical activity and
health in children younger than 6 yr have been designed in a
manner that allows examination of dose–response relation-
ships. Given the absence of this information in the extant liter-
ature, there is a clear need to design experimental trials and
prospective cohort studies to answer the question of whether
a dose–response relationship exists for physical activity and
health during this early period of the lifespan, and if so, what
is the nature of that relationship. Such information is important
toward not only understanding how physical activity influ-
ences health but also toward generating knowledge and sup-
port to best provide opportunities for intervention to support
public health.

Effect modification. The studies on physical activity and
health in children younger than 6 yr have rarely been designed
in a manner that provided for examination of the potential
modifying effects of demographic characteristics, such as
sex, age, race/ethnicity, weight status, and socioeconomic sta-
tus. Although studies included participants across a range of
demographic characteristics, studies tended to control for po-
tential confounders (e.g., sex, body size, lifestyle) but typically
did not conduct stratified analyses to examine effect modifica-
tion. Given the known differences in physical activity and
health outcomes by demographic characteristics in older ages,
it is important to understand the extent to which the health ef-
fects of physical activity may differ across demographic sub-
groups across the lifespan. Such information would provide
additional understanding of whether the dose of physical ac-
tivity needed to produce health benefits varies across popula-
tion subgroups.
DISCUSSION

The overall conclusion of the systematic literature review
presented in this article was that strong evidence demonstrates
that higher amounts of physical activity are associated with
more favorable indicators of bone health and with better weight
status in children ages 3 to 6 yr. However, there was insufficient
evidence to show a relationship between physical activity and
PHYSICAL ACTIVITY IN CHILDREN UNDER AGE 6
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indicators of cardiometabolic health in children younger than
6 yr. Further, for all health outcomes studied in this age group,
evidence was insufficient to determine dose–response rela-
tionships and to determine whether the relationships between
physical activity and health were moderated by factors, such
as age, sex, race/ethnicity, or socioeconomic status. Rela-
tively few studies have addressed the impact of physical ac-
tivity on health in very young children, and there are a
limited number of systematic reviews of this topic. Timmons
et al. (7) reviewed the relevant literature for children in the
0- to 4-yr age range, and studies published up to May 2011
were included. Their conclusions were generally consistent
with those of the present review. Although noting widely
varying qualities of evidence, they concluded that, among pre-
schoolers, higher levels of physical activity were associated
with a number of positive health outcomes, including adiposity
and indicators of cardiometabolic health.

More recently, systematic reviews have been undertaken to
inform the development of the Canadian 24-Hour Movement
Guidelines for the Early Years (42). The results of the review
of the association between physical activity and health indica-
tors indicated that intervention studies improved motor and
cognitive development, and psychosocial and cardiometabolic
health, whereas evidence from observational studies showed
that physical activity was associated with favorable motor de-
velopment, fitness, and bone and skeletal health (43). The
Carson et al. review identified 96 studies in children 5 yr and
younger compared with 25 studies we identified for the current
review. However, we applied stricter inclusion criteria which,
among other factors, excluded cross-sectional observational
studies and studies which delivered parental or group-level in-
terventions. These methodological differences may explain the
somewhat different conclusions reached by the two reviews.
Nonetheless, the conclusion of both reviews is that physical
activity is positively associated with health indicators in pre-
school age children.

Weight status/adiposity. It is well documented that
rates of overweight and obesity have increased dramatically
in all segments of the US population, and this includes chil-
dren younger than 6 yr (44). As a result of this trend, preven-
tion of childhood obesity has become an important public
health priority in the United States and other economically de-
veloped nations (45). In this context, the findings of the current
systematic review are particularly important. It was concluded
that there is strong evidence that higher amounts of physical
activity are associated with better weight- and adiposity-
related outcomes in 3- to 5-yr-old children. Several important
factors were considered by the authors in arriving at that con-
clusion. First, rigorous standards were applied in selecting
studies for inclusion in the review. Second, all studies included
in this review applied prospective, observational research de-
signs, which, in the view of the authors, is the best available
method for studying the relationship between physical activity
and weight/adiposity outcomes. In theory, experimental stud-
ies would be important, but there are concerns about the feasi-
bility of treatments that would involve long-term, controlled
Medicine & Science in Sports & Exercise® 1287
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 exposures to modified physical activity in children younger

than 6 yr. Third, most of the studies included in this review
used objective, device-based measures of physical activity.
Fourth, beneficial effects of higher amounts of physical ac-
tivity were very consistently reported. Thirteen of the 15
studies included in this review found that more physically
active children tended to gain less weight and/or fat mass
than their less physically active counterparts. Other system-
atic reviews have drawn similar conclusions (4), although
most have focused primarily on older children.

Although the authors found that the available evidence sup-
ports the conclusion that physical activity provides important
benefits for weight-related outcomes in preschool age children,
it is acknowledged that the existing research literature on this
topic has important limitations. Because the number of cur-
rently available studies is modest, more studies with device-
based measures of physical activity, well-validated measures
of adiposity, and multiyear follow-up periods are needed. Fur-
ther, future studies should carefully assess factors that might
confound the relationship between physical activity and weight-
related outcomes. These include diet and sleep behaviors. In ad-
dition, studies with large and diverse samples of children will be
needed to determine whether or not the physical activity–weight/
adiposity association is moderated by demographic factors
and to describe dose–response relationships. Future stud-
ies will be needed to address these limitations. Nonethe-
less, it is the position of the authors that currently
available evidence indicates that promotion of physical activ-
ity should be a major aim of public health efforts to prevent
childhood obesity.

Bone health.Although few studies have focused on phys-
ical activity and bone health in preschool children, the results
of the existing studies indicated that young children who en-
gaged in bone-strengthening activities or in high levels of total
physical activity have stronger bones. This conclusion is sup-
ported by observational evidence that the age of independent
walking in toddlers is associated with greater lower-limb bone
strength (46,47) and experiments that show mechanical loads
create positive adaptations in the bones of young animals
(48,49). The evidence related to relationships between physi-
cal activity and bone health in children younger than 6 yr when
combined with the strong evidence that impact and muscle
forces due to physical activity cause positive bone adaptations
in older children and adolescents (50) indicate the important
role of physical activity for ensuring strong and healthy bones
throughout the growing years.

Cardiometabolic health. There is a paucity of informa-
tion on the relationship between physical activity and car-
diometabolic risk factors in children younger than 6 yr. In
general, most preschool age children have a healthy cardio-
metabolic profile. Although the primordial prevention of car-
diovascular disease is a lifelong endeavor, children do not
typically begin to develop adverse cardiometabolic health out-
comes until after being exposed to poor lifestyle behaviors for
several years. With the exception of overweight and obesity,
most available studies did not recruit children with elevated
1288 Official Journal of the American College of Sports Medicine
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cardiometabolic risk factors. Therefore, there is a pressing
need for studies among children with elevated levels of risk
factors, in addition to the identification of novel cardiometa-
bolic health markers that are sensitive to lifestyle changes,
such as increased physical activity.

Cognition. The study of cognition sits within the broader
field of brain health, which is a broad term conceptualized as
the optimal or maximal functioning of behavioral and biolog-
ical measures of the brain, including subjective experiences
that arise from brain function (e.g., attention, mood). Brain
health can be measured using biological markers of the brain
(e.g., structural brain morphology) or via subjectivemanifesta-
tions of brain function, including mood and anxiety, percep-
tions of quality of life, cognitive function (e.g., attention and
memory), and sleep. Relative to children younger than 6 yr, lit-
tle is known regarding the relationship of physical activity to
cognition and brain health. The available, preliminary evidence
points to a beneficial association of physical activity to cogni-
tive and academic outcomes, which should not be surprising
given that findings in studies of older children and adults popu-
lations is much further along, and has evidenced benefits to
brain structure and function, and a variety of cognitive out-
comes. Regardless, further research is necessary to extend these
effects to children younger than 6 yr, and to understand the na-
ture of physical activity effects on cognition in this age group.

Children and youth—6 to 17 yr. The systematic review
described above was focused on children younger than 6 yr.
Though not described in detail in this article, the committee
also reviewed systematic reviews and meta-analyses address-
ing the relationships between physical activity, sedentary be-
havior, and health outcomes in school-age children and
youth (ages 6 to 17 yr; see detailed search description in the
committee’s report (50)). The findings for 6- to 17-yr-olds
are consistent with, but go beyond, the findings for preschool-
age children (3 to 6 yr). Similar to 3- to 6-yr-olds, higher
amounts of physical activity were found to be associated with
better indicators of bone health and with reduced risk for exces-
sive increases in weight and adiposity among older children
(50). Accordingly, for those two important health outcomes,
the committee concluded that physical activity provides impor-
tant benefits for young persons across the entire 3 to 17 yr age
range. However, for several other health outcomes, beneficial
effects of physical activity were found for older children but
not documentable for children younger than 6 yr. These in-
cluded indicators of cardiometabolic health, cardiorespiratory
fitness, muscular fitness, cognition and risk of depression
(39,50). The body of knowledge on physical activity and
health is much more robust for school-age children than for
children younger than 6 yr. Therefore, additional research will
be needed to determine whether or not all the benefits of phys-
ical activity that have been documented for older children also
accrue to those younger than 6 yr.

Strengths, limitations, and delimitations. The strengths
of the review include a well-designed and transparent search
and review process. In addition, most of the studies of adipos-
ity or weight status used device-measured physical activity.
http://www.acsm-msse.org
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TABLE 3. Recommendations for further research on physical activity and health in children
and youth younger than 6 yr.

Conduct randomized controlled trials and prospective observational studies to elucidate
the dose–response relationships for physical activity and health outcomes, including
adiposity, cardiometabolic health, and bone health.

Undertake randomized controlled trials and prospective observational studies to
determine whether the health effects of physical activity during early childhood differ
across groups based on sex, age, maturational status, race/ethnicity, and
socioeconomic status.

Conduct randomized controlled and prospective observational studies to examine the
health effects of physical activity in young children with elevated risk status based on
adiposity, cardiometabolic health, and bone health.

Develop valid methods for measuring physical activity and examine the health effects of
physical activity in very young children between birth and 2 yr.

Examine the interactive effects of sedentary behavior and physical activity on health
outcomes in young children.

Undertake prospective observational studies to examine the effects of physical activity
during early childhood on health outcomes later in life.

Determine in young children the impact of genetic profiles on behavioral and physiological
responses to physical activity and on the health effects of physical activity.
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All the studies of bone health used state-of-the-art bone imag-
ing procedures. The primary limitation is that relatively little
research has been conducted on the relationship between
physical activity and health in children younger than 6 yr.
The existing volume and quality of research is sufficient to
conclude that a beneficial relationship exists for bone health
and weight status, but provides insufficient information about
dose–response or any potential effect modification by age,
sex, or race/ethnicity.

In the context of developing physical activity guidelines for
dissemination to the public and professional groups, it is
highly desirable to identify a specific amount of physical activ-
ity, or range of amounts of activity, that is known to be associ-
ated with important health outcomes. Hence, the authors’
finding that the existing research is not sufficient to inform
conclusions about dose–response relationships is particularly
limiting. It was concluded that higher amounts of physical ac-
tivity are associated with better outcomes for weight/adiposity
and bone health than lower amounts of activity. However, the
available research did not point to a specific dose of activity
that was needed to produce these benefits. It is recognized that
some authoritative groups have provided public health guidelines
on physical activity for children younger than 6 yr (51–53).
These guidelines have recommended that young children en-
gage in three or more hours of total physical activity (light,
moderate, and vigorous intensity), a level that corresponds ap-
proximately to the median for device-based measurement of
physical activity in 3- to 5-yr-old children (8).

Further, it is important to acknowledge that the authors con-
ducted this systematic reviewwithin certain delimitations. The
charge to the 2018 Physical Activity Guidelines Advisory
Committee was to consider new evidence that might inform re-
vision of the 2008 Physical Activity Guidelines for Americans.
Children younger than 6 yr were not included in the 2008
guidelines because, at that time, very limited research had
been conducted on the health effects of physical activity in that
age group. Accordingly, an important goal of the 2018 com-
mittee was to determine whether or not the available scientific
evidence supported a conclusion that physical activity is re-
lated to important health outcomes in children younger than
6 yr. Hence the focus of the review was on studies in which
amount of physical activity, of various types, was examined
in relationship to one or more physiologic risk factors for de-
velopment of noncommunicable diseases, such as cardiovascu-
lar disease, type 2 diabetes, and osteoporosis. The committee
did not consider exposures, such as the behavioral quality of
the physical activity exposure (e.g., enjoyment) or outcomes,
such as fundamental motor skills. Nonetheless, it is noted that
these are important constructs and are worthy of consideration
in future comprehensive reviews of physical activity and health
in young children.

Recommendations for future research. In reviewing
the research evidence on the relationships between physical
activity and health outcomes in children younger than 6 yr
the committee found many areas in which existing evidence
is limited and new studies are needed. Table 3 lists seven
PHYSICAL ACTIVITY IN CHILDREN UNDER AGE 6

Copyright © 2019 by the American College of Sports Medicine
research recommendations that, if addressed in future investi-
gations, would address current limitations and markedly ex-
pand the body of knowledge on physical activity and health
in young people. The rationale for each of these recommenda-
tions is provided in the full 2018 Physical Activity Guidelines
Advisory Committee Scientific Report (50). In particular, there
is a need for studies in large samples using rigorous designs
and methodologies. Because the committee’s charge was to ad-
dress questions and draw conclusions that inform public health
guidelines on physical activity, the research recommendations
identified by the committee were selected on the basis of their rel-
evance to the guidelines development process. It is acknowledged
that much remains to be learned about the effects of physical ac-
tivity on health-related factors in children and youth in many
areas that are not directly relevant to public health guidance.

For children younger than 6 yr, the evidence linking physi-
cal activity to health was rated as strong only for two out-
comes, weight/adiposity and bone health. Accordingly, there
is a great need for research that will bolster our knowledge
of other health outcomes, particularly including indicators of
cardiometabolic health and cognition. Further, existing research
is not adequate to identify clear dose–response relationships or
to determine whether or not the health effects of physical activ-
ity are influenced by demographic factors such as sex, age,
maturational status, race/ethnicity, or socioeconomic status. In
addition, the research evidence on physical activity and health
is very limited in children younger than 3 yr, and for this age
group, methodological studies are needed to identify appropriate
measures of physical activity for use in future investigations.
SUMMARY AND CONCLUSIONS

The 2018 Physical Activity Guidelines Advisory Commit-
tee reviewed the primary research literature addressing the re-
lationship between physical activity and health outcomes in
children younger than 6 yr. It was concluded that there is
strong evidence indicating that higher amounts of physical ac-
tivity are associated with better bone health and with better
weight status/reduced risk for increases in weight and adipos-
ity in children age 3 to 6 yr. The evidence was too limited to
Medicine & Science in Sports & Exercise® 1289
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 support conclusions regarding the effects of physical activity

on cardiometabolic health and cognition, to delineate dose–
response relationships, or to determine the influence of demo-
graphic effect modifiers. The evidence is particularly limited
for children younger than 3 yr.

The committee also considered the relationships between
physical activity and multiple health outcomes in children
and youth across developmental stages from birth to adoles-
cence.Most of the available evidence addressed these relation-
ships in school-age youth (ages, 6–17 yr). The conclusions for
the older age group were consistent with the findings for chil-
dren younger than 6 yr in that higher amounts of physical ac-
tivity were found to be associated with beneficial effects on
adiposity and bone health.
1290 Official Journal of the American College of Sports Medicine
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meta-analyses published between January 2017 and February 2018. The searches were conducted in PubMed®, CINAHL, and Cochrane Li-
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The multiple hormonal, physiologic, and biomechani-

and heart rate, weight gain, and shift in the center of mass, al-
most always proceed normally. For women experiencing a
healthy pregnancy, regular engagement in moderate-intensity
physical activity for at least 20 to 30 min·d−1 on most or all
days of the week has been recommended during pregnancy
and postpartum period by the American College of Obstetri-
cians and Gynecologists (ACOG) in 2015 (1) and reaffirmed
in 2017 (2). Similarly, the 2008 Physical Activity Guidelines
for Americans recommended 150 to 300 min·wk−1 of moderate-
intensity aerobic activity during pregnancy and postpartum
spread throughout the week (3). These recommendations
were made in an effort to prevent several complications that
may occur during the gestational period. Such complications
include the development of diabetes, gestational hypertensive
disorders, and fetal growth impairments that are associated
with increased risk of adult cardiovascular disease and early
mortality in the mother (4) and possibly in their offspring (5).

Despite substantial advances in scientific knowledge and
development of guidelines to promote physical activity in
pregnancy, most pregnant women do not achieve the current
physical activity recommendations, and many continue to be
inactive during and after pregnancy (6,7). In fact, only 23%
to 29% of pregnant women at any gestational stage in the
United States met the minimum physical activity guidelines,
based on the National Health and Nutrition Examination Sur-
vey data collected between 2007 and 2014 (8). Moreover,
women who were active before pregnancy report that their
physical activity level decreased once they became pregnant
(9). There is also evidence that during postpartum, women
may not return to their earlier physical activity levels for reasons
such as lack of time, fatigue, or depressive symptoms (10).

The 2018 Physical Activity Guidelines Advisory Committee
(PAGAC) Pregnancy and Postpartum Work Group recently
conducted a systematic review of the evidence concerning the
relationship between physical activity and various health out-
comes during pregnancy and postpartum period (defined up
to 12 months after delivery). Results of this review were pub-
lished in the 2018 PAGAC Scientific Report (11). This current
article summarizes the evidence from the 2018 PAGAC Scien-
tific Report, including new evidence from an updated search
of the effects of physical activity on maternal health during
pregnancy and postpartum.
TABLE 1. Research questions from other subcommittees that provided evidence to answer questio

Subcommittee, Question No.

Cardiometabolic Health and Weight Management, Q1
Cardiometabolic Health and Weight Management, Q2

Cardiometabolic Health and Weight Management, Q3

Brain Health, Q2
Brain Health, Q3

Brain Health, Q4
Aging, Q2

PHYSICAL ACTIVITY AND PREGNANCY

Copyright © 2019 by the American College of Sports Medicine
The PAGAC Pregnancy Work Group addressed four major
questions (11):

1. What is the relationship between physical activity andweight
gain during pregnancy and weight loss during postpartum?

2. What is the relationship between physical activity and
the incidence of gestational diabetes mellitus (GDM)?

3. What is the relationship between physical activity and
the incidence of preeclampsia and hypertensive disor-
ders during pregnancy?

4. What is the relationship between physical activity and affect,
anxiety, and depression during pregnancy and postpartum?

Questions 1 through 4 had the following subquestions: (a)
What dose of physical activity is associated with the reported
quantitative benefit or risk? (b) Is there a dose–response rela-
tionship? If yes, what is the shape of the relationship? (c) Does
the relationship vary by age, race/ethnicity, socioeconomic
status, or prepregnancy weight status?

Literature search strategy and study selection. The
work group first identified two high-quality existing reports:
1) the 2008 Physical Activity Guidelines Advisory Committee
Report (12) and 2) the 2015 ACOG Committee Opinion on
Physical Activity and Exercise during Pregnancy and the Post-
partum Period (1). After reviewing these documents, the work
group decided that they could serve as a foundation for de-
scribing the relationship between physical activity and maternal
heath during pregnancy and postpartum (refer to Table F8-3 in
the 2018 PAGAC Scientific Report).

To identify the most recent pertinent literature, the work
group used the literature searches conducted by three of the
2018 PAGAC subcommittees that had outcomes of interest re-
lated to the pregnancy and postpartum questions. Seven
searches for systematic reviews, meta-analyses, pooled analy-
ses, and high-quality reports conducted by other PAGAC sub-
committees were considered to provide potentially pertinent
information (Table 1). An initial search was undertaken in
October 2016 to include publications from 2006 to 2016.
The searches were conducted in PubMed®, CINAHL, and
Cochrane Library and supplemented through hand searches
of reference lists of included articles. Findings were reported
according to the Preferred Reporting Items for Systematic re-
views and Meta-Analyses guidelines (13).
ns related to pregnancy and postpartum (2018 PAGAC Scientific Report).

Question

What is the relationship between physical activity and prevention of weight gain?
In people with normal blood pressure or prehypertension, what is the relationship

between physical activity and blood pressure?
In adults without diabetes, what is the relationship between physical activity and

incident type 2 diabetes?
What is the relationship between physical activity and quality of life?
What is the relationship between physical activity and 1) affect, 2) anxiety, and 3)

depressed mood and depression?
What is the relationship between physical activity and sleep?
What is the relationship between physical activity and physical function? (The search

for this question was not restricted to older age-groups).
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 All search results that included “gestation,” “postp,”

“pregn,” “natal,” or “maternal” in the title or abstract were pro-
vided to the work group. The title, abstract, and full-text triage
review process was the same as that used for other 2018
PAGAC topics (11,14). The work group relied on these publi-
cations as the sources of potential evidence regarding quantifi-
able benefits or risks of physical activity, as well as the dose
associated with specific health outcomes. The work group also
completed one supplementary search by adding “eclampsia”
and “preeclampsia” to the Cardiometabolic Health andWeight
Management Subcommittee search on hypertension. InMarch
2018, an updated systematic review was undertaken to iden-
tify additional systematic reviews and meta-analyses pub-
lished between January 2017 and February 2018.

Quality assessment. The evidence to inform each of the
work group’s four questions and subquestions was graded as
strong, moderate, limited, or “grade not assignable” based on
several criteria, including applicability, generalizability, risk of
bias/study limitations, quantity and consistency of results across
studies, andmagnitude and precision of effect. These criteria are
described in Supplemental Table 1 (see Table, Supplemental
FIGURE 1—Flow diagram of search strategy and study selection for both the ini
the updated search.

1294 Official Journal of the American College of Sports Medicine

Copyright © 2019 by the American College of Sports Medicine
Digital Content 1, 2018 Physical Activity Guidelines Advisory
Committee Grading Criteria, http://links.lww.com/MSS/B531).
RESULTS

After duplicates were removed, a total of 254 articles were
identified through the initial search process, and the titles were
reviewed by two of the three members of the work group. A
total of 122 articles were deemed potentially relevant based
on the title search (Fig. 1). The abstracts of these articles were
then reviewed by at least two members of the work group. The
quality for each systematic review, meta-analysis, or pooled
analysis was assessed using AMSTARExBP (15). Risk of bias
was assessed for each study using an adapted version of the
Nutrition Evidence Library Bias Assessment Tool by the U.S.
Department of Agriculture (16). Two original review articles
were added to the group of articles being reviewed at full text,
and thus, a total of 73 articles were determined to be potentially
relevant, and the full articles were retrieved and reviewed.

The updated search (conducted in March 2018) identified
47 articles, of which 7 were deemed relevant for full-text
tial 2018 PAGAC Scientific Report and the updated search. *Articles from

http://www.acsm-msse.org
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review. After full-text review by three members of the work
group, four articles were excluded because they failed to meet
the inclusion criteria. Of the remaining three reviews from the
updated search, one provided information about gestational
weight gain, GDM, and hypertensive disorders (17); one about
gestational hypertensive disorders (18); and one about post-
partum depression (19). Therefore, the initial and updated
searches yielded a total of 76 articles, 38 of which are reported
on in this current review (Fig. 1).

Table 2 summarizes the level of evidence for the relation-
ship between physical activity and each health outcome during
pregnancy and postpartum. Overall, there was strong evidence
demonstrating an inverse relationship between physical activ-
ity during pregnancy and gestational weight gain, GDM, and
postpartum depression.
Gestational Weight Gain

In the 2018 PAGAC Scientific Report, 11 systematic re-
views provided strong evidence that women assigned to phys-
ical activity interventions gain about 1 kg less weight during
pregnancy than women in comparison groups. Of the nine re-
views that included meta-analyses (20–28), all but one reported
significantly less weight gained in the physical activity group.
The other meta-analysis included only pregnant women who
were overweight or obese and reported significantly attenuated
weight gain among active versus inactive women who were
obese but not among those who were overweight (26).

One meta-analysis (20) reviewed 30 randomized controlled
trials (RCT). On the basis of a meta-analysis of 18 of those
RCT, which included 1598 women performing a structured
exercise program and 1605 receiving standard care, the stan-
dardized mean difference (SMD) in gestational weight gain
was −1.11 kg (95% confidence interval [CI] = −1.59 to
−0.69), with women in the exercise group gaining less weight
than women receiving standard care. The other meta-analyses
of RCT (21–28) reported similar SMD in gestational weight
gain between exercising and control women, ranging from
−0.36 kg (95% CI = −0.64 to −0.09; 5 studies) (24) to
−2.22 kg (95%CI = −3.14 to −1.30; 3 studies) (21). The updated
search identified a meta-analysis that analyzed participant-level
data by the International Weight Management in Pregnancy
(i-WIP) Collaborative Group (17), which further corroborated
the finding that women who were physically active during
TABLE 2. Summary of the level of evidence for the relationship between physical activity and each

Overall Evidence Dos

Gestational weight gain Strong Limited
Weight loss during postpartum Not assignable Not assig
Gestational diabetes Strong Limited
Preeclampsia/gestational hypertension Limited Limited
Antenatal affect, anxiety, and depression Not assignable

Limited
Limited

Not assi
Not assi
Not assi

Postpartum affect, anxiety, and depression Not assignable
Not assignable
Strong

Not assi
Not assi
Not assi

PHYSICAL ACTIVITY AND PREGNANCY

Copyright © 2019 by the American College of Sports Medicine
pregnancy experience attenuated weight gain compared with
women who are not (SMD = −0.73 kg, 95% CI = −1.11 to
−0.34 kg; 15 studies).

Several of the systematic reviews and meta-analyses
(20,22,23) examined the relationship between physical activ-
ity and “excess” weight gain, as defined by the Institute of
Medicine Guidelines (29). In general, women who reported
physical activity during pregnancy experienced a significantly
lower risk of excess weight gain compared with women who
did not, with pooled effect sizes (ES) ranging from 18% (20)
to 23% (23). On the basis of this literature review, the overall
evidence was strong for an inverse association between phys-
ical activity and excess gestational weight gain. Muktabhant
et al. (23) also examined the relationship between exercise
during pregnancy and “low” or insufficient gestational weight
gain. Women from the general population having a normal
(18.5–24.9 kg·m−2) body mass index (BMI; “low risk”) or
any BMI (“mixed risk”) experienced a marginally greater
chance of “low”weight gain compared with the nonexercising
control group (average relative risk [RR] = 1.20, 95%CI= 1.00
to 1.43; 3 studies). There was no relationship between exercise
and insufficient weight gain among women whose pregnancies
were considered high risk and who also were overweight or
obese (“high risk”) (average RR = 1.03, 95% CI = 0.66–1.60;
3 studies).

Dose and dose–response. The dose of physical activ-
ity prescribed in the RCT varied among the studies. Similarly,
the assessment and categorization of the reported leisure time
physical activity was not consistent. It appears, however, that
most RCT interventions used an exercise regimen involving
primarily aerobic activity of moderate-intensity (walking,
swimming, and aerobic exercise), occurring at least three times
per week for a duration of 30 to 60 min per session. This dose
of physical activity is similar to the recommendations of both
the ACOG Guidelines and the 2008 Physical Activity Guide-
lines (1,3).

Most of the reviews did not assess whether maternal physi-
cal activity and gestational weight gain had a dose–response
relationship. Indirect evidence of a dose–response relationship
was suggested, however, by the observation that adherence to
the prescribed exercise programwas significantly higher in the
“successful” interventions (22), and the observation in a meta-
analysis of 28 RCT in which the mean difference in gestational
weight gain between the exercise and the control groups was
health outcome during pregnancy and postpartum.

e Dose–response
Effect Modification by

Sociodemographic Factors or Weight

Limited Not assignable
nable Not assignable Not assignable

Limited Not assignable
Limited Not assignable

gnable
gnable
gnable

Not assignable
Not assignable
Not assignable

Not assignable
Not assignable
Not assignable

gnable
gnable
gnable

Not assignable
Not assignable
Not assignable

Not assignable
Not assignable
Not assignable
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TABLE 3. Summary of findings from14meta-analyses of the relationship between prepregnancy
and early pregnancy physical activity and risk of GDM.

Author, yr Study Design Effect (95% CI)

Prepregnancy physical activity
Aune et al. (2016) Cohort (N = 8) sRR = 0.78 (0.61–1.00)
Tobias et al. (2011) RCT (N = 7) pOR = 0.45 (0.28–0.75)

Early pregnancy physical activity
i-WIP Collaborative

Group (2017)a
RCT (N = 10) OR = 0.67 (0.46–0.99)

Aune et al. (2016) Cohort (N = 5)
RCT (N = 12)

Combined (N = 17)

sRR = 0.97 (0.73–1.28)
sRR = 0.69 (0.50–0.96)
sRR = 0.80 (0.64–1.00)

da Silva et al. (2017) Cohort (N = 6)
RCT (N = 10)

sOR = 0.75 (0.55–1.01)
sOR = 0.67 (0.49–0.92)

Di Mascio et al. (2016) RCT (N = 4) sRR = 0.51 (0.31–0.82)
Han et al. (2011) RCT (N = 3) sRR = 1.10 (0.66–1.84)
Madhuvrata et al. (2015) RCT (N = 3) pOR = 0.77 (0.33–1.79)
Oostdam et al. (2011) RCT (N = 3) Risk difference =

−0.05 (−0.20 to 0.10)
Russo et al. (2015) RCT (N = 10) sRR = 0.72 (0.58–0.91)
Sanabria-Martinez

et al. (2015)
RCT (N = 8) sRR = 0.69 (0.52–0.91)

Song et al. (2016) RCT (N = 10) sRR = 0.77 (0.54–1.09)
Tobias et al. (2011) RCT (N = 5) pOR = 0.76 (0.70–0.83)
Yin et al. (2014) RCT (N = 6) sRR = 0.91 (0.57–1.44)
Yu et al. (2017) RCT (N = 5) SMD = 0.59 (0.39–0.88)
Zheng et al. (2017) RCT (N = 4) SMD = 0.62 (0.43–0.89)

Studies with statistically significant findings are in bold type.
aIdentified in the updated search.
sRR, standardized relative risk; sOR, standardized odds ratio; pOR, pooled odds ratio.

SP
EC

IA
L
C
O
M
M
U
N
IC
AT

IO
N
S
 inversely correlated with both the duration (wk) of the inter-

vention (Pearson product moment correlation coefficient
[r] = −0.51, P = 0.023) and the volume (h·wk−1) of exercise
prescribed (r = −0.45, P = 0.05) (28). The evidence grade
for the dose and dose–response relationship between
physical activity and gestational weight gain was limited.

Sociodemographic factors and weight status.
None of the systematic reviews or meta-analyses from the
2018 PAGAC Scientific Report assessed whether the pur-
ported relationship between physical activity and gestational
weight gain varied by age, race/ethnicity, socioeconomic sta-
tus, or prepregnancy weight status. The i-WIP Collaborative
Group meta-analysis (17), which analyzed participant-level
data from 15 RCT (N = 2915), reported that the inverse re-
lationship between physical activity and gestational weight
gain did not vary by age, race/ethnicity, or prepregnancy
weight status.

With regard to weight status, most of the findings were reported
amongwomen of normal weight (i.e., BMI = 18.5–24.9 kg·m−2).
However, four systematic reviews (22,23,26,28) stratified
their data by prepregnancy weight status (i.e., normal weight,
overweight [BMI = 25–29.9 kg·m−2], or obese [BMI
≥30 kg·m−2]). Three of these studies observed stronger effects
among pregnant women of normal weight, compared with
those who were overweight or obese (22,23,28). One meta-
analysis of women who were overweight or obese (26) re-
ported a greater difference in gestational weight gain between
the exercise and the control groups among women with obe-
sity (SMD = −0.91 kg, 95% CI = −1.66 to −0.16; 3 studies),
but not in women who were overweight (SMD = −0.12,
95% CI = −0.52 to 0.26; 3 studies). By contrast, the meta-
analysis from the i-WIP Collaborative Group (17) reported
that the inverse relation between physical activity and gesta-
tional weight gain did not vary across different subgroups of
women categorized by BMI (normal weight, overweight,
and obese). Thus, the evidence grade for effect modification
on the relationship between physical activity and gestational
weight gain was not assignable.

Weight loss during the postpartumperiod.A total of
five systematic reviews and meta-analyses (21,30–33) that in-
cluded only six original research articles and a total of 287 par-
ticipants addressed the relationship between physical activity
and weight loss during the postpartum period. Most of these
reviews reported no significant difference in weight loss be-
tween women who performed physical activity during post-
partum (alone, without dietary restriction) and the control
group. Because of the insufficient number of studies linking
physical activity to postpartum weight loss, an evidence grade
for this relationship was not assignable.
GDM

Of the 13 meta-analyses from the 2018 PAGAC Scientific
Report, 8 described higher levels of physical activity to be as-
sociated with statistically significant reductions in the risk of
GDM (Table 3) (20,24,34–39), 4 reported nonsignificant
1296 Official Journal of the American College of Sports Medicine
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reductions (40–43), and 1 reported a nonsignificant increase
(44). The reduced RR of GDM (regardless of statistical signif-
icance) ranged from 0.45 to 1.01, with a median value of
RR = 0.73. The updated search identified one additional
meta-analysis of 10 RCT (N = 2700 women) that also reported
a significantly lower risk of GDM among women participating
in physical activity interventions compared with those in a
control condition (odds ratio [OR] = 0.67, 95% CI = 0.46
to 0.99) (17). Notably, this risk reduction in the incidence
of GDM reported in many of these meta-analyses is similar
to the 25%–30% reduction in the risk of type 2 diabetes
among the general population that is associated with 150
to 300 min·wk−1 of moderate-intensity physical activity (for
more details, refer to the 2018 PAGAC Scientific Report, Part F,
Chapter 5).

Aune et al. (34) reviewed 23 studies of total physical activ-
ity (leisure time, occupational, and household activity com-
bined) and of leisure time physical activity performed before
or during early pregnancy and the incidence of GDM. Those
women who reported performing highest levels of total phys-
ical activity before pregnancy experienced a significantly
lower risk of GDM compared with women reporting lowest
levels of total activity (RR = 0.62, 95% CI = 0.41 to 0.94; 4
studies), whereas high versus low levels of total activity per-
formed during early pregnancy did not significantly lower
the risk of GDM (RR = 0.66, 95% CI = 0.36 to 1.21; 3 stud-
ies). On the other hand, women performing the highest levels
of moderate-intensity leisure time physical activity either be-
fore (RR = 0.78, 95% CI = 0.61 to 1.00; 8 studies) or during
pregnancy (RR = 0.80, 95% CI = 0.64 to 1.00; 12 studies) sig-
nificantly lowered their risk of GDM by about 20% (34).
Women who performed such physical activity both before
and during pregnancy lowered their risk by 59% (RR = 0.41,
http://www.acsm-msse.org
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95% CI = 0.23 to 0.73; 2 studies) compared with those
reporting no physical activity during both time periods. High
versus low levels of vigorous activity performed before preg-
nancy significantly lowered the risk of GDM by nearly 25%
(summary RR= 0.76, 95%CI = 0.66 to 0.88; 3 studies), but this
was not the case for vigorous activity performed during preg-
nancy (RR = 0.95, 95%CI = 0.55 to 1.63; 2 studies). On the ba-
sis of this review of literature, the overall evidence was strong
for an inverse association between physical activity and GDM.

Dose and dose–response. The dose of physical activ-
ity prescribed in the RCT varied among the studies. Similarly,
the assessment and categorization of reported leisure time
physical activity from observational studies was not detailed
nor consistent. Most RCT interventions used a physical activ-
ity regimen involving primarily aerobic activity of at least
moderate intensity (walking, cycling, swimming, and aerobic
dance), occurring at least three times per week for a duration
of 30 to 60 min per session, which is similar to both ACOG
Guidelines and the 2008 Physical Activity Guidelines (1,3).

Aune et al. (34) performed a dose–response analysis and re-
ported that each 5 h·wk−1 increment in prepregnancy physical
activity lowered the risk of GDM by about 30% (RR = 0.70,
95% CI = 0.49–1.01; 3 studies), with significant evidence of
nonlinearity (P < 0.005). A similar relationship was not ob-
served for physical activity performed during early pregnancy
(RR = 0.98, 95% CI = 0.87–1.09; 3 studies). Evidence from
two observational studies in the meta-analysis by Tobias et al.
(37) suggests that women who walked at a brisk pace before
pregnancy and for a longer duration significantly lowered their
risk of GDM compared with women who walked at a casual
pace for shorter durations (pooled OR = 0.59, 95% CI = 0.30
to 0.87). The evidence grade for the dose and dose–response
relationship between physical activity and GDM was limited.

Sociodemographic factors and weight status. Al-
most none of the systematic reviews or meta-analyses assessed
whether the relationship between physical activity and GDM
varied by age, race/ethnicity, or socioeconomic status. The re-
view by Song et al. (42) reported that physical activity during
pregnancy had a significant effect on GDM risk in women
ages 30 yr and older, but not in women younger than age
30 yr. The i-WIP Collaborative Group reported that the bene-
fits of physical activity to the reduction in risk of GDM were
similar across the different subgroups of women categorized
by age, race/ethnicity, or BMI (17).
Preeclampsia and Gestational Hypertension

Hypertensive disorders during pregnancy include pre-
eclampsia and gestational hypertension. Preeclampsia is char-
acterized by high blood pressure, high levels of protein in the
urine (proteinuria), and swelling in the hands and feet. Gesta-
tional hypertension is elevated blood pressure without concom-
itant signs of preeclampsia such as proteinuria. Its relationship,
if any, with preeclampsia is unclear.

Nine reviews from the 2018 PAGAC Scientific Report pro-
vided only limited evidence of an inverse relationship between
PHYSICAL ACTIVITY AND PREGNANCY
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total volume of physical activity and risk of preeclampsia or inci-
dent gestational hypertension (20,23,35,39,45–49). One meta-
analysis that included cohort and case–control studies reported
a beneficial association between higher levels of physical activity
and reduced risk of preeclampsia from both prepregnancy
(RR = 0.65, 95% CI = 0.47 to 0.89; 5 studies) and early preg-
nancy physical activity (RR = 0.79, 95% CI = 0.70 to 0.91; 11
studies) (45). The meta-analysis of 10 cohort studies by
Kasawara et al. (46) reported no association between leisure time
physical activity and preeclampsia (OR = 0.99, 95%CI = 0.93 to
1.05). By contrast, their meta-analysis of six case–control studies
reported a significantly lower odds of preeclampsia (OR = 0.77,
95% CI = 0.64 to 0.91) with physical activity performed in
prepregnancy (summarized from only two studies) being more
effective (OR = 0.56, 95%CI = 0.41–0.76) than physical activity
performed during pregnancy (OR = 0.77, 95% CI:0.64 to 0.91).
Three meta-analyses comprising RCT and cohort studies found
no association between physical activity and preeclampsia; one
of the studies examined prepregnancy physical activity (20),
whereas the other two studies examined early pregnancy physical
activity (23,39).

One systematic review (47) and one meta-analysis (35) exam-
ined the relationship between physical activity and hypertensive
disorders during pregnancy. Di Mascio et al. (35) reported an
RR of 0.21 (95% CI = 0.09–0.45; 3 studies) for hypertensive
disorders among women performing moderate-intensity lei-
sure activities (aerobic dance, cycling, hydrotherapy, and re-
sistance exercises) during pregnancy, compared with women
performing no activity. The updated search identified two addi-
tional meta-analyses (17,18) about physical activity and hyper-
tensive disorders during pregnancy. The i-WIP Collaborative
Group (17) reported null findings (OR = 0.74, 95% CI = 0.42
to 1.33); however, Magro-Malosso et al. (18) reported a signif-
icantly lower incidence of gestational hypertensive disorders
(RR = 0.39, 95% CI = 0.20 to 0.73; 7 studies) and gestational
hypertension (RR = 0.54, 95% CI = 0.32 to 0.91; 16 studies)
and a similar incidence of preeclampsia (RR = 0.37, 95%
CI = 0.12 to 1.15; 6 studies) in pregnant women assigned to aer-
obic exercise (without dietary counseling) groups compared
with women assigned to standard care control groups. On the
basis of this review of literature, the overall evidence was lim-
ited for an inverse association between physical activity and
both preeclampsia and gestational hypertension.

Dose and dose–response. The meta-analysis by Aune
et al. (45) was the only review to report on the dose–response
relation between physical activity and risk of preeclampsia. In
their analysis of prepregnancy physical activity, the results in-
dicated a 28% lower risk of preeclampsia for each 1 h·d−1 in-
crement in physical activity (OR = 0.72, 95% CI = 0.53 to
0.99; 3 studies) and a 22% lower risk for each 20-MET·h·wk−1

increment (OR = 0.78, 95% CI = 0.63 to 0.96; 2 studies).
This relationship appeared nonlinear, with a flattening
of the curve at higher levels of physical activity. Indeed,
there was a 40% reduction in risk up to 5–6 h·wk−1 but
no further reductions at higher physical activity levels
(Fig. 2). With regard to physical activity performed
Medicine & Science in Sports & Exercise® 1297
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FIGURE 2—The dose–response relationship between prepregnancy physical activity and risk of preeclampsia. The results indicate a 28% lower risk of
preeclampsia for each 1 h·d−1 increment in activity, compared with no activity (OR = 0.72, 95% CI = 0.53 to 0.99). Adapted with permission from Aune D,
Saugstad OD, Henriksen T, Tonstad S. Physical activity and the risk of preeclampsia: a systematic review and meta-analysis. Epidemiology. 2014;25(3):331–343.
Copyright © 2014 Wolters Kluwer Health, Inc.
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during early pregnancy, the risk of preeclampsia was re-
duced in a linear manner by 17% for each 1 h·d−1 incre-
ment in physical activity (OR = 0.83, 95% CI = 0.72 to
0.95; 7 studies) and by 15% for every 20 MET·h·wk−1 incre-
ment (OR = 0.85, 95% CI = 0.68 to 1.07; 3 studies). The evi-
dence grade for the dose and dose–response relationship
between physical activity and both preeclampsia and gesta-
tional hypertension was limited.

Sociodemographic factors and weight status.
There was no available evidence that evaluated whether the
relationship between physical activity and preeclampsia var-
ied by age, race/ethnicity, socioeconomic status, or weight
status. Mutkabhant et al. (23) analyzed their data according
to prepregnancy weight status (normal weight, overweight,
or obese) and observed that even among pregnant women
with overweight or obesity, there was no difference in risk
of preeclampsia (based on two studies) between women in
the exercise groups and those in the control groups (RR = 1.60,
95% CI = 0.38 to 6.73). The i-WIP Collaborative Group
reported that the relationship between physical activity
and hypertensive disorders during pregnancy were similar
across the different age, race/ethnicity, and BMI subgroups of
women (17). The evidence grade for effect modification on
the relationship between physical activity and both preeclamp-
sia and gestational hypertension was not assignable.

Physical activity, affect, anxiety, and depression
during pregnancy and postpartum. We identified no
systematic reviews or meta-analyses that examined the rela-
tionship between physical activity and affect, either during
1298 Official Journal of the American College of Sports Medicine
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pregnancy or during the postpartum period. We found limited
evidence that yoga performed during pregnancy significantly
reduced anxiety symptomology (50,51); however, no system-
atic reviews or meta-analyses were found that examined this
relationship during the postpartum period. There was also
limited evidence to suggest that higher levels of physical
activity were associated with reduced symptoms of de-
pression during pregnancy (50,51). On the other hand,
strong evidence demonstrated that there was an inverse
relationship between physical activity and reduced symptoms
of depression during postpartum.

With regard to antenatal anxiety and depressive symptoms,
Sheffield et al. (50) provided a systematic review of 13 studies
(7 of which were RCT) that examined the effects of practicing
yoga during pregnancy on symptoms of anxiety and depres-
sion during that same period. Of the five studies that evaluated
anxiety symptomology, all of them reported statistically sig-
nificant improvements in the State/Trait Anxiety Inventory
scores after a yoga intervention, and six of seven studies ob-
served a statistically significant improvement in the Center for
Epidemiologic Studies Depression scale score. Shivakumar et al.
(51) reported that womenwhowere more physically active during
pregnancy reported reduced symptoms of anxiety in one of three
studies that examined symptoms of anxiety, whereas two other
studies in the same review both reported reduced symptoms
of depression in pregnant adolescent girls who performed
physical activity compared with their sedentary counterparts.

Two meta-analyses (52,53) and one systematic review (54)
examined the relationship between physical activity and
http://www.acsm-msse.org
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symptoms of depression during the postpartum period. The
updated search identified an additional meta-analysis of 13
RCT (19). McCurdy et al. (52) examined 16 RCT comparing
light- to moderate-intensity aerobic exercise (initiated in the
first year postpartum) to standard care in postpartum women
(N = 1327) with (10 RCT) and without (6 RCT) mild to mod-
erate depression. In general, depressive symptom scores
(based on the Edinburgh Postnatal Depression Scale [EPDS])
were lower among those in postpartum exercise intervention
groups compared with those in control groups (pooled
SMD = −0.34, 95% CI = −0.50 to −0.19). Among the 10 treat-
ment RCT in women with postpartum depression, a moderate
beneficial effect of exercise on depressive symptoms also was
observed (SMD = −0.48, 95% CI = −0.73 to −0.22) relative to
the control group. Moreover, in women classified with de-
pression preintervention (defined as an EPDS score greater
than 12), exercise increased the odds of resolving depres-
sion postintervention by 54% (OR = 0.46, 95% CI = 0.25
to 0.84; 3 trials; N = 173) compared with the control group.
It is not clear, however, whether these benefits were inde-
pendent of medication or social support. In the six preven-
tion trials (i.e., women without depression), a beneficial
effect of postpartum exercise was observed based on the
EPDS score (SMD = −0.22, 95% CI = −0.36 to −0.08) com-
pared with standard care.

These findings are consistent with those from a smaller
review and meta-analysis by Poyatos-Leon and colleagues
(53), which reported improved postpartum depressive
symptomology (measured by EPDS or by the Beck Depres-
sion Inventory [BDI]) among women performing physical
activity during pregnancy and the postpartum period, com-
pared with those who were not (ES = 0.41, 95% CI = 0.28
to 0.54; 12 studies). Of note, the benefits of physical activity
were more pronounced in women who met criteria for post-
partum depression (ES = 0.67, 95% CI = 0.44–0.90; 6 stud-
ies) compared with those who did not (ES = 0.29, 95%
CI = 0.14 to 0.45). Most (10 of 12) of the interventions
started during the postpartum period and involved a variety
of activities, such as walking, aerobics, Pilates, yoga, and
stretching. Similarly, Pritchett et al. (19) performed a meta-
analysis of 13 RCT (7 trials recruited postpartum women with
depression; 6 trials recruited postpartum women from the gen-
eral population). In general, postpartum aerobic exercise inter-
ventions significantly reduced depressive symptoms (assessed
by EPDS, BDI, or Diagnostic and Statistical Manual of
Mental Disorders IV) in women with postpartum depression
(SMD = −0.32, 95% CI = −0.63 to −0.00) as well as in postpar-
tumwomenwithout it (SMD=−0.57, 95%CI =−1.12 to−0.02).
In the exercise-only interventions (i.e., no cointerventions of so-
cial support or dietary counseling; N = 8 RCT), exercise had a
marginal effect in reducing postpartum depressive symptoms
(SMD = −0.56, 95% CI = −1.13 to 0.01).

Dose and dose–response. Insufficient information
was available to determine the dose of physical activity associ-
ated with improved affect and reduced anxiety and depressive
symptomology. Most of the RCT reviewed in the recently
PHYSICAL ACTIVITY AND PREGNANCY
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added meta-analysis by Pritchett et al. (19) observed improve-
ments in postpartum depressive symptoms from about 30 min
of moderate-intensity activity, performed 3 to 5 times weekly,
for 4 wk to 6 months duration. The evidence grade for the dose
and dose–response relationship between physical activity and
affect, anxiety, and depression was not assignable.

Sociodemographic factors and weight status.
There was no available evidence that tested whether the rela-
tionship between physical activity and affect, anxiety, or de-
pression during pregnancy or postpartum varied by age,
race/ethnicity, socioeconomic status, or prepregnancy weight
status. The evidence grade for effect modification on the rela-
tionship between physical activity and both antenatal and post-
partum affect, anxiety, and depression was not assignable.
DISCUSSION

The gestational period is an opportunity to promote positive
health behaviors that can have both short- and long-term ben-
efits for the mother. Given the low prevalence of physical ac-
tivity in young women in general (55) and the high prevalence
of obesity and cardiometabolic diseases among the U.S. popu-
lation (56), the importance of increasing physical activity
levels in women of childbearing age, before, during, and after
pregnancy is substantial. The 2018 PAGAC Scientific Report
concluded that for women with a healthy pregnancy, regular
physical activity probably reduces the risk of gestational dia-
betes, possibly reduces the risk of preeclampsia, and appears
to improve mood both during and after pregnancy (12). Our
findings in 2018 support those from 2008 and extend them
in several ways. Strong evidence now shows that moderate-
intensity physical activity commensurate with the current
recommendations (150–300 min·wk−1) reduces the risk of
excessive gestational weight gain, GDM, and symptoms of
postpartum depression. Unfortunately, only about 23% to
29% of pregnant women living in the U.S. meet even the
minimum physical activity recommendations (8), and there-
fore, the majority of pregnant women receive few or none
of the physical and emotional health benefits of being phys-
ically active.

We found strong evidence that physically active pregnant
women (i.e., those meeting at least the minimum ACOG
or 2008 Physical Activity Guidelines of 150 min·wk−1 of
moderate-intensity activity) gain less weight than their
nonactive counterparts and are about 18% to 23% less likely
to exceed the Institute of Medicine recommendations for
healthy weight gain (29). Because gestational weight gain
is attenuated in women who are active during pregnancy,
they are also at lower risk of excessive postpartum weight
retention, future obesity, and birth of an infant with
macrosomia (57). Although not systematically examined
by the 2018 PAGAC, active pregnant women also appear
to be at lower risk of undergoing a cesarean section
(23,27,28,35,44) and appear at no greater risk of preterm
delivery (23,27,35,38,39) than are inactive women. Addi-
tional information on weight gain patterns in physically active
Medicine & Science in Sports & Exercise® 1299
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 pregnant women, according to IOM recommendations and

their prepregnancy weight status, would increase the clinical
value of these findings substantially.

There was also strong evidence demonstrating that
women who meet ACOG Physical Activity Guidelines dur-
ing prepregnancy or during pregnancy are about 25% to
30% less likely to develop GDM than their inactive peers.
This is significant because GDM occurs in approximately
5% to 9% of women, and those with GDM are also at in-
creased risk of delivery by cesarean section and having an
infant with macrosomia and/or neonatal hypoglycemia
(58). Gestational diabetes also is associated with a 7-fold in-
crease in the risk of developing type 2 diabetes after preg-
nancy (58).

Finally, about 10% of women experience postpartum de-
pression, with nearly 25% of them still in treatment after 1 yr
(59). This review provides strong evidence that physically ac-
tive women experience significantly fewer symptoms of de-
pression during the postpartum period compared with their
inactive counterparts. In fact, the benefits of physical activity
to postpartum depression are consistent with those for depres-
sive symptoms among the general population as indicated in
the 2018 PAGAC Scientific Report (see Part F, Chapter 3;
Brain Health; Question 3).

The need for future research. In sum, the health bene-
fits documented in this review confirm the substantial public
health importance of regular participation in moderate-
intensity physical activity before, during, and after pregnancy.
However, both the 2018 Scientific Report (11) and this um-
brella review underscore the need for future research in several
areas. For example, there is a need to investigate longitudi-
nally the timing of the physical activity exposure (e.g.,
prepregnancy, early pregnancy, and throughout pregnancy
postpartum) relative to specific maternal outcomes of inter-
est. For some pregnancy outcomes like excessive weight
gain, GDM, or preeclampsia, prepregnancy or early preg-
nancy physical activity may be sufficient for reducing risk
during the entire gestational period. For other issues such
as postpartum weight loss or depression, however, postpar-
tum physical activity may be more important than activity at
other stages of pregnancy for promoting weight loss, miti-
gating depressive symptoms, and improving quality of life.
The determinants and barriers to postpartum exercise also
need further study.

Second, the safety and benefits of vigorous-intensity physi-
cal activity to maternal health are less well-documented than
those for light- to moderate-intensity activity, and this type
of activity may be discouraged by some health care providers.
There are substantial numbers of women who participate reg-
ularly in vigorous-intensity physical activity (e.g., running, cy-
cling, and rowing) before pregnancy, who may want to
continue such activity for as long as possible throughout preg-
nancy. Information from such studies would provide valuable
information on minimal effective levels of vigorous activity,
as well as on maximal threshold levels for safety concerns
(e.g., insufficient gestational weight gain, hyperthermia,
1300 Official Journal of the American College of Sports Medicine
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musculoskeletal injuries, or low birth weight) that may affect
the health of mothers and their offspring.

Finally, most of the experimental research on physical
activity during pregnancy relies on the 2008 Physical Ac-
tivity Guidelines or the 2015 ACOG recommendations of
150 min·wk−1 of moderate-intensity activity. Limited evi-
dence suggests that certain types of physical activity, such
as prolonged standing or lifting heavy loads performed in
an occupational setting, may have different health effects
for pregnant women than when performed during leisure
time (48). The validity of this claim needs to be deter-
mined, as well as whether these differential findings are
caused by the nature of the activities and the setting itself,
or perhaps by confounding factors such as socioeconomic
status, educational attainment, or age. Also, there are lim-
ited data concerning the dose–response relationships be-
tween any type of physical activity (performed before,
during, or after pregnancy) and important pregnancy out-
comes such as GDM and preeclampsia. Some data suggest
a nonlinear relation between prepregnancy activity and
these outcomes (34,45), whereas data on early pregnancy
physical activity show a more linear dose–response curve
(45). Examining the effect of different types, intensities,
doses, and timing of physical activity across various do-
mains (leisure time, occupational, household, and transpor-
tation) on a range of maternal outcomes would significantly
advance current knowledge and inform both clinical and
public health practice.
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 Advances in public health and in health care are keeping

people alive longer, and consequently, the proportion
of older people in the global population is increasing

rapidly. As of 2016, individuals ages 65 yr and older comprise
about 13% of the United States population, and their numbers
are projected to reach 72.1 million (19% of the total population)
by the year 2030 (1). This represents a twofold increase com-
pared with the older adult population in 2000. Moreover, the
number of people 85 yr and older is projected to rise to
14.6 million by 2040 (1). Due to these growing demographic
trends, the prevention of chronic disease, the maintenance of
functional status, and the preservation of physical indepen-
dence in aging present major challenges that have substantial
personal and public health implications.

Physical activity is any bodily movement that results in in-
creased energy expenditure and can be achieved by a variety
of leisure-time, work or transportation-related activities (2).
Exercise refers to physical activities that are planned, structured,
repetitive, and intended to improve or maintain fitness, func-
tion, and health (2). Ample evidence now exists that regular
physical activity is key to preventing and managing major
chronic diseases common to older people (3). Physical activity
is also important for preserving physical function and mobility,
which can then delay the onset of major disability (4). Current
physical activity guidelines for older people recommend at
least 150 min·wk−1 of moderate-intensity aerobic activity,
with muscle-strengthening activity performed on two or more
days per week (5). Despite the known benefits of physical ac-
tivity to health and physical function in aging, however, the pro-
portion of older adults meeting recommended physical activity
guidelines for aerobic activity remains low (27%), based on
data from the 2011–2012 National Health and Nutrition Ex-
amination Survey (6). This low prevalence of physical activity
has important implications because it is a modifiable behavior
that contributes substantially to the burden of chronic disease
mortality in the United States (7).

Since the 2008 Physical Activity Guidelines Advisory Com-
mittee (PAGAC) Scientific Report (3), considerable evidence
has emerged regarding the relative benefits of additional
modes or combinations of physical activity to specific physi-
cal function outcomes (e.g., strength, gait speed, balance, activ-
ities of daily living [ADL] function). These additional
physical activity interventions include progressive resistance
training, multicomponent exercise, dual-task training, active
TABLE 1. List of questions addressed by the aging subcommittee of the 2018 Physical Activity Gu

1. What is the relationship between physical activity and risk of injury due to a fall?
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 stat
c. What type(s) of physical activity are effective for preventing injuries due to a fall?
d. What factors (e.g., level of physical function, existing gait disability) modify the relationship

2. What is the relationship between physical activity and physical function among the general ag
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 stat
c. What type(s) of physical activity (single component, dual task, multicomponent) are effectiv
d. What impairment(s) (e.g., visual impairment, cognitive impairment, physical impairment) m
aging population?

3. What is the relationship between physical activity and physical function in older adults with s
obstructive pulmonary disease (COPD); 3) cognitive impairment; 4) frailty; 5) hip fracture; 6) o
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video gaming, tai chi, yoga, and dance. In addition, the current
research has begun to address the issues of the dose–response
relationship between physical activity and physical function in
aging. Similar to studies of pharmacologic agents, it is not
only important to determine if a graded relationship exists
but also to determine the shape of the relationship for specific
health outcomes to establish a minimal effective dose and a
maximal threshold dose for safety.

The 2018 PAGAC Scientific Report (8) expanded on the
2008 report by examining the relationship between physical
activity and the risk of fall-related injuries, as well as the rela-
tionship between physical activity and physical function, in
both the general aging population and in people living with
specific chronic diseases (cardiovascular disease [CVD], chronic
obstructive pulmonary disease (COPD), cognitive impairment,
frailty, hip fracture, osteoporosis, Parkinson’s Disease, stroke,
and visual impairments). The 2018 PAGAC Scientific Report
further leveraged current research in examining: 1) the dose–
response relationship between exposure and outcome; 2) the
mode of activity most beneficial to a specific functional out-
come; and 3) whether the relationship between physical activity
and physical function varied by age, race, sex, sociodemo-
graphic characteristics, or by body weight. This current article
summarizes the evidence from the 2018 PAGAC Scientific
Report and includes new evidence from an updated search of
the effects of physical activity on fall-related injuries, and physical
function in older people.
METHODS

Search strategy, study selection, and quality
assessment. Table 1 provides the specific questions and
subquestions addressed by the Aging Subcommittee of the
2018 PAGAC in their report. A first search was undertaken
to include publications from 2006 to 2016. The searches were
conducted in PubMed®, CINAHL, and Cochrane Library and
supplemented through hand-searches of reference lists of in-
cluded articles and are reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (9). The Subcommittee determined that
systematic reviews (SR), meta-analyses (MA), pooled analyses,
and reports provided a wealth of quality information to answer
two of its three research questions. Thus, to increase work effi-
ciency, the searches were limited to these types of reviews. For
idelines Advisory Committee.

us?

between physical activity and risk of injury due to a fall?
ing population?

us?
e for improving or maintaining physical function among the general aging population?
odify the relationship between physical activity and physical function among the general

elected chronic conditions? These conditions are: 1) cardiovascular disease; 2) chronic
steoporosis and osteopenia; 7) Parkinson’s disease; 8) stroke; and 9) visual impairment.
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Question 1 (What is the relationship between physical activity
and risk of injury due to a fall?), the Subcommittee found that
existing reviews (SR, MA, pooled analyses, and reports) cov-
ered only evidence from randomized controlled trials (RCT),
and therefore a supplementary search for cohort and case–control
studies was conducted to capture the most complete literature.
Search terms included physical activity and sedentary time
terms combined with physical function or falls and injuries
terms. The full search strategies are available at https://
hea l t h .gov /pagu ide l i ne s / s econd- ed i t i on / r epo r t /
supplementary_material/pdf/Aging_Q1_Risk_of_Injuries_
Evidence_Portfolio.pdf and https://health.gov/paguidelines/
second-edition/report/supplementarymaterial/pdf/Aging_
Q2_Physical_Function_Evidence_Portfolio.pdf.

The inclusion criteria were predefined, and studies were con-
sidered potentially eligible if they were SR, MA, pooled analy-
ses, or reports published in English from 2006 until February
2016 (also cohort studies published in English from 2006 until
2016 for risk of fall-related injuries) and investigated the asso-
ciation between all types and intensities of physical activity and
physical function and/or risk of injuries from falls in the aging
population. Studies of nonambulatory adults, hospitalized pa-
tients, or animals were excluded. Two reviewers independently
screened titles, abstracts, and full-text of the identified articles.
A third reviewer helped resolve disagreement between reviewers.

In March, 2018, two updated SR were undertaken to identify
additional SR andMA published between January 2017 through
February 2018 that assessed the relationship between 1) any type
of physical activity and fall-related injury or 2) physical function
in the aging population. The searches were also conducted in
PubMed®, CINAHL, and Cochrane Library and supplemented
through hand-searches of reference lists of included articles. The
updated review followed an established protocol that was regis-
tered as two reviewswith PROSPERO [CRD42018096687 (fall-
related injuries) and CRD42018095776 (physical function)].
TABLE 2. Summary of the level of evidence for the relationship between physical activity, fall-relate

Overall Evidence Dose–Response

Fall-related injury Strong Limited (MVPA)
Physical function in the general aging

population
Strong Strong (aerobic)

Limited (strength and balance)

Physical function in older people with
specific chronic conditions*
• Cardiovascular disease Limited
• COPD Limited
• Cognitive impairment Limited
• Frailty Strong
• Hip fracture Moderate
• Osteoporosis Limited
• Parkinson’s disease Strong
• Stroke Moderate
• Visual impairment Insufficient

The activities in parentheses refer to the level of evidence. For example among the general aging pop
improvements in physical function.
*Question 3 did not examine dose–response or effect modification.
MVPA, moderate-to-vigorous intensity physical activity; AVG, active video gaming; VRT, virtual rea

PHYSICAL ACTIVITY AND PHYSICAL FUNCTION
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Evidence to inform each question was graded as strong,
moderate, limited, or “not assignable” based on several grading
criteria, including applicability, generalizability, risk of bias/
study limitations, quantity and consistency of results across
studies, and magnitude and precision of effect (8) (see Table,
Supplemental Digital Content 1, 2018 Physical Activity Guide-
lines Advisory Committee Grading Criteria, http://links.lww.
com/MSS/B523). Table 2 provides a summary of the relation-
ships and level of evidence for each health outcome examined
by the 2018 PAGAC Aging Subcommittee.
RESULTS

After duplicates were removed, a total of 1415 articles were
identified from the original search process. Following full-text
review, a total of four articles were deemed relevant to the
question about fall-related injuries (question 1); 38 were rele-
vant to physical function in the general aging population
(question 2); and 63 were relevant to physical function in older
people with specific chronic diseases (question 3). Quality for
each SR, MA, or article was assessed using AMSTARExBP
(10). Risk of bias, or internal validity, was assessed for each
original study using an adapted version of the USDANutrition
Evidence Library Bias Assessment Tool (11).

The updated systematic search for fall-related injury risk
identified 38 unique SR andMA after duplicates were removed.
Of these, 32 were excluded after a review of the titles and ab-
stracts and five more were excluded after full-text review leav-
ing one new review (Fig. 1). The updated search for physical
function in the general aging population and in those with se-
lected chronic conditions identified 330 SR andMA, of which
288 were excluded after review of titles, six were excluded after
review of the abstracts, and two more excluded after full-text
review leaving 34 new reviews (Fig. 2).
d injuries, and physical function in older people: 2018 PAGAC Scientific Report.

Type of Activity Reported

Effect Modification by
Demographic Factors, Weight,
or Other Functional Factors

Moderate (multicomponent) NOT ASSIGNABLE
Strong (aerobic, strength, multicomponent)
Moderate (balance)
Limited (tai chi, dance, AVG,

dual-task, functional)
Not assignable (flexibility, yoga, qigong)

LIMITED/NOT ASSIGNABLE

Muscle-strengthening, tai chi, qigong, aerobic
Tia chi, qigong, walking, cycling, leg exercises
Supervised multicomponent
Multicomponent
Weight-bearing multicomponent
Muscle-strengthening, multicomponent
Aerobic, resistance, dance, VRT, yoga, tai chi
Mobility-oriented, treadmill walking

ulation, we found strong evidence linking aerobic, strength, and multicomponent activities to

lity training.
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FIGURE 1—Risk of injuries from falls: SR, MA, pooled analyses, and report flow diagram of search strategy and study selection from the updated search,
March 2018.
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Physical Activity and Risk of Fall-Related Injury

The 2018 PAGACScientific Report cited strong and consis-
tent evidence from RCT demonstrating that multicomponent
physical activity (i.e., combinations of aerobic, muscle-
strengthening, balance, and flexibility) significantly reduced
the risk of fall-related injuries by about 32%–40%, including se-
vere falls that result in bone fracture, head trauma, openwound
soft tissue injury, or any other injury requiring medical care or
admission to hospital (12–15). Moreover, the benefits of phys-
ical activity programs to reduce the risk of these four catego-
ries of fall-related injuries were similar between older adults
identified as being at high risk of falling versus those who
were at an unspecified risk (12). Also, fall prevention pro-
grams using multicomponent activity reduced the risk of
fall-related bone fractures by 40% to 66% among older adults
in community and home settings (12–15). These RCT findings
were supported by data from three prospective cohort studies
(16–18) and one case–control study (19).

The updated search identified one review that supported the ev-
idence from the 2018 PAGAC Report (20). A MA of five RCT
conducted in Asian countries reported that participation in phys-
ical activity programs (primarily tai chi) by community-dwelling
older adults reduced the risk of fall-related injuries by 50% (rela-
tive risk [RR]. 0.50; 95% confidence interval [CI], 0.35–0.71).
1306 Official Journal of the American College of Sports Medicine
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Dose–response. There was some evidence in the 2018
PAGAC Scientific Report to suggest that a dose–response re-
lationship exists between the amount of moderate-to-vigorous
physical activity or home and group exercise and risk of fall-
related injury and bone fracture; however, the small number
of studies available and the diverse array of physical activities
studied made it difficult to describe the shape of the relation-
ship. Consistent results from four high-quality epidemiologic
studies (three cohort and one case–control) suggested that
adults age 65 yr and older who participated in physical activity
of at least moderate-intensity for ≥30min·d−1 (16) or engaging
in high/very high levels of activity (i.e. a weekly physical
activity index score ≥25) (17), reduced the risk of fall-related
injury and bone fracture. Evidence also exists that even
adults ages 85 yr and older obtained similar benefits from
≥60 min·wk−1 of home- or group-based physical activity (18).
However, it is important to note that lower amounts of
moderate-intensity physical activity (16,17) and walking (18)
may not be sufficient to reduce the risk of fall-related injury
and bone fracture in older age.

Physical activity type. The physical activity programs
that effectively reduced the risk of fall-related injuries and
bone fractures contained a variety of group- and home-based
activities (12,14,15,18,19). Most programs were multicompo-
nent and included various combinations of moderate-intensity
http://www.acsm-msse.org
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FIGURE 2—Physical function SR,MA, pooled analysis, and report flow diagram of search strategy and study selection from the updated search,March 2018.

SPEC
IA
L
C
O
M
M
U
N
IC
ATIO

N
S

balance, strength, endurance, gait, flexibility, and “physical
function” training, as well as recreational activities (e.g., dancing,
cycling, gardening, sports). Although the research was limited, it
does not support the use of low-intensity walking as a primary
mode of physical activity to reduce the risk of fall-related injuries
and fractures among older adults (18,19), although walking may
be included in multicomponent physical activity regimens.
Unfortunately, insufficient information was available from
the SR to determine the effects of individual elements (e.g.,
strength training, balance training) of the multicomponent train-
ing programs on the risk of fall-related injuries.

Effect modification by sociodemographic charac-
teristics or preexisting disability. There was insufficient
evidence available to determine whether the relationship be-
tween physical activity and risk of fall-related injuries and bone
fractures varies by age, sex, race/ethnicity, socioeconomic status,
or weight status or whether factors such as level of physical func-
tion ability and preexisting gait disability modify the relationship
between physical activity and risk of injury due to a fall.

Physical activity and physical function in the general
older population. The 2018 PAGAC Scientific Report cited
strong evidence from RCT and cohort studies that aerobic,
muscle-strengthening, balance, and/or multicomponent physi-
cal activity programs improved physical function and reduced
risk of age-related loss of physical function in the general ag-
ing population (8). One high quality MA by Chase et al. (21)
PHYSICAL ACTIVITY AND PHYSICAL FUNCTION
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analyzed data from 28 RCT using objective composite mea-
sures of physical function, such as the short physical performance
battery (SPPB), timed-up-and-go tests (TUG), the continuous
scale physical performance test (CS-PPT), and the physical
performance test (PPT). The summary effect size (ES) describ-
ing the magnitude of the relation between physical activity and
physical function was 0.45 (95% CI: 0.27 to 0.64), with the
higher quality studies reporting smaller effect sizes. The up-
dated search identified nine SR/MA that supported the 2018
Scientific Report by also providing strong to moderate evi-
dence demonstrating the benefits of physical activity to physical
function in this population (22–30).

Dose–response. The 2018 PAGAC Scientific Report
found strong evidence of an inverse dose–response relation-
ship between volume of aerobic physical activity and risk of
physical functional limitations in the general aging population.
One review of 24 comparisons from prospective cohort studies
with covariate adjustment classified dose of aerobic activity
reported in cohort studies into four ordinal categories (0 = no
activity; 1 = low activity; 2 =moderate activity; and 3= vigorous
activities and/or high activity volume) (31). With this analysis
framework, virtually every study showed an inverse dose–
response relationship of aerobic activity with risk of limita-
tions in physical function (Fig. 3). The 2018 Scientific Report
cited limited evidence of a dose–response relationship between
either balance (32) or muscle-strengthening training and
Medicine & Science in Sports & Exercise® 1307
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FIGURE 3—Results of a SR of the inverse dose–response relationship between volume of aerobic physical activity and risk of physical functional limitations
in the general aging population. Categories of physical activity level were derived from prospective cohort studies with covariate adjustment: 0, no activity;
1, light activities only occasion walking or gardening; 2, moderate level of activity (volume = 3–5 d·wk−1 for 30 min·d−1; and 3) = vigorous activities and/or
high volume of systematic activity. The odds ratio is the odds of disability in the physical activity group relative to a comparison group. IADL, instrumental
activities of daily living; QOL, quality of life score. Figure reproduced with permission from Paterson & Warburton, 2010.
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physical function (21) in this same population. The updated
search, however provided important additional information.
Roberts et al. (29) examined the effects of different physical
activity types and levels (determined from calculated MET-
min and categorized as low, moderate, or high) on ADL func-
tion. Results from the pooled MA indicated that, compared
with a control condition, there were beneficial effects of phys-
ical activity on ADL physical performance (standardized
mean difference (SMD) = 0.72; 95%CI: 0.45 to 1.00; 29 stud-
ies) with the largest effects observed for moderate activity
levels (SMD = 1.07; 95% CI: 0.44 to 1.70; nine studies), com-
pared with low levels (SMD = 0.57; 95% CI:0.29 to 0.86; 20
studies). There were no studies of ADL performance that used
high physical activity levels, and therefore a conclusion re-
garding their benefits could not be drawn. With regard to var-
ious levels of multitask activities (those activities that combine
physical and mental tasks), the greatest difference in ADL per-
formance between the exercise and the control groups were re-
ported for the high level multitask group (SMD = 1.36; 95%
CI: 0.46 to 2.26; six studies), followed by the moderate level
group (SMD = 0.74; 95% CI: 0.41 to 1.06; 13 studies), and
the low level group (SMD = 0.45; 95% CI: −0.01 to 0.91;
eight studies).

Typesof activity.The 2018 PAGACScientific Report cited
strong evidence that, specifically, aerobic, muscle-strengthening,
and multicomponent physical activity improved physical func-
tion in the general aging population, and moderate evidence
indicating that balance training improved physical function
in a dose–response manner among these same persons (8). The
evidence linking physical activities such as tai chi exercise,
dance training, active video gaming, and dual-task training
to improvements in physical function in healthy aging were
limited, however, due to the lack of studies at this time. Simi-
larly, insufficient evidence was available to determine the effects
1308 Official Journal of the American College of Sports Medicine
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of flexibility activity, yoga, and qigong exercise on physical
function in the general aging population.

The updated search identified aMA by Farlie and colleagues
(24) that examined the effects of four different types of balance
training interventions [multidimensional (activities such as
“functional exercises,” tai chi, and ball games), control center
of mass (COM), mobility, and reaching] on several dimen-
sions of balance performance. Overall, the MA resulted in
small to moderate effects in favor of programs that included
multidimensional (SMD = 0.50; 95% CI: 0.36 to 0.65),
reaching (SMD = 0.48; 95% CI: 0.33 to 0.64), COM
(SMD = 0.42; 95% CI: 0.27 to 0.56) and mobility
(SMD = 0.31; 95% CI: 0.20 to 0.43) balance training versus
no balance training interventions. The authors noted, however,
that there was substantial between-study heterogeneity among
the interventions (I2 range 50.4% to 80.6%).

Multitask activities with high levels of physical (speed, coor-
dination, balance), mental and social demands (e.g., dancing,
team sports, handball) appeared particularly effective in im-
proving functional performance, relative to moderate or lower
levels of such activities and compared with control conditions
(29). Nordic walking also has demonstrated moderate effective-
ness in improving dynamic balance (effect size (ES) = 0.30),
functional balance (ES = 0.62), muscle strength of upper
(ES = 0.66) and lower (ES = 0.43) limbs, and aerobic capacity
(ES = 0.92) compared with no exercise comparison groups in
healthy older people (23). AnMA of 23 studies by Liu and col-
leagues (27) among community-dwelling older people with low
physical function reported that progressive resistance exercise
was effective in improving lower-body muscle strength and
static standing balance; however multicomponent exercise
was more effective in improving muscle strength, balance,
and lower-body physical functioning, compared with progres-
sive resistance exercise alone. Neither progressive resistance
http://www.acsm-msse.org
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nor multicomponent exercise was effective in improving
ADL, however.

Howe and colleagues (25) examined the effects of active
computer gaming (ACG) on physical function in 1838 healthy
people >65 yr of age. Their MA of 35 RCT reported significant
moderate effects in favor of ACG over a control intervention on
balance (SMD = 0.52; 95% CI: 0.24 to 0.79; 17 studies) and on
functional exercise capacity when the volume of the ACG was
>120min·wk−1 (SMD = 0.53; 95%CI: 0.15 to 0.90; five studies).
The authors noted, however, that the quality of the evidence
for all comparisons was graded low or very low.

Finally, Weber et al. (30) reviewed 14 studies (six RCT) of
interventions that integrated and embedded “functional exercise”
into the daily activities of older people. Themost frequently eval-
uated intervention in this review was the Lifestyle-integrated
Functional Exercise (LiFE) program (33). “Functional exercises”
are designed to improve lower-body strength, balance, andmotor
performance, as well as for increasing daily levels of physical
activity. Examples of such include postures or walking with
gradual reduction in the base of support (e.g., upgrading tandem
stand to one-leg stand over time) and dynamic movements that
perturb the center of gravity (stepping over obstacles). “Func-
tional exercises” for improving lower-body strength include
squatting, chair stands, and toe raises with a gradual increase
to more intense and challenging activities (33). Importantly,
the LiFE intervention has strategies for behavior change that
are based on the habit reframing theory (34). Indeed, these
exercises are linked to everyday tasks by using situational and
environmental cues (e.g., tooth brushing, housework) as
prompts to action, with the idea of performing the activities in-
tentionally and consciously until they become a habit. Evidence
from three RCT in the Weber et al. (30) review suggested that
the LiFE intervention significantly improved balance, strength,
and functional performance compared with either no interven-
tion, low-intensity activities (e.g., walking), or structured exer-
cise programs. Two of these RCT also reported a significant
reduction in incident falls in participants in the LiFE group,
compared with those in either a no intervention or a low-
intensity activity group. Thus, although the data are limited,
the LiFE approach appears to be a promising alternative or
complement to traditional structured exercise programs.

In sum, our current findings pertaining to the effectiveness
of different types of physical activity for improving physical
function support those from the 2018 PAGAC Scientific Report,
which cited strong evidence of the benefits of aerobic, muscle-
strengthening, andmulticomponent physical activity on improve-
ments in physical function in the general aging population, and
moderate evidence indicating that balance training improves
physical function in these same persons. The evidence linking
ACG (or active video gaming), Nordic walking, or functional
exercise to improvements in physical function remains limited
at this time.

Sociodemographic characteristics and weight
status. Limited evidence from the 2018 PAGAC Scientific
Report suggested that the relationship between physical activity
and physical function did not vary by age, sex, or weight status
PHYSICAL ACTIVITY AND PHYSICAL FUNCTION
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in the general population of older adults (8). One MA reported
sex and body mass index (BMI) were not significant effect
modifiers of the relationship of physical activity on composite
physical function scores (21). A MA of cohort studies reported
the relationship between aerobic activity and ADL dependency
did not differ significantly by age (75 yr and younger vs older
than 75 yr) (35). The available evidence was insufficient to de-
termine whether the relationship between physical activity and
physical function varied by race/ethnicity and socioeconomic
status in the general population of older adults. No relevant
analyses were located in the updated search. We note, however,
that several findings with “limited” evidence also have high
public health importance. Adults age 75 yr and older have more
age-related loss of physical function, are more likely to be
women, and the majority have a BMI in the range of over-
weight-to-obese.

Effectmodification by visual, cognitive, or physical
impairments.None of the SR/MA identified in either search
examined whether visual or cognitive impairments modified
the effects of physical activity on physical function. Limited
evidence suggested that physical activity has a stronger effect
on physical function in older adults with limitations in physi-
cal function, compared with relatively healthy older adults.
OneMAcompared the effect size in nonfrail adults (ES = 0.35;
95% CI: 0.17–0.54) with that in frail adults (ES = 1.09; 95%
CI: 0.55–1.64) and found the effect size was significantly
larger in frail adults (P < 0.05) (21). A MA identified from the
updated search reported that the significant benefits of aerobic
exercise training to improvements in peak aerobic capacity were
observed in both healthy older people (MD = 1.72; 95% CI:
0.34 to 3.10; six studies) and in those with existing chronic
conditions (MD = 1.47 (95% CI: 0.60 to 2.34; four studies)
(22). This aerobic training involved walking, cycling, treadmill
walking, walking/running on a mini-trampoline, or combina-
tions of these activities performed three times per week over
a range of 12 to 26 wk.
Physical Activity and Physical Function in Older
People with Specific Chronic Conditions

This question builds upon Question 2 by addressing the re-
lationship between physical activity and physical function in
discreet populations of older people having selected chronic
conditions. The chronic conditions were selected based on their
prevalence in older age, as well as on the availability of pub-
lished research linking physical activity to physical function
within each condition (8).

Table 2 shows the level of evidence for the relationship be-
tween various types of physical activities and physical function
in older people with specific chronic conditions from the 2018
PAGAC Scientific Report. The strongest evidence was observed
for the benefits of multicomponent activities among people with
frailty and with Parkinson’s disease. Moderate evidence indi-
cated that for community-dwelling older adults who sustain a
hip fracture, extended exercise programs (which begin after for-
mal hip fracture rehabilitation ends) was effective for improving
Medicine & Science in Sports & Exercise® 1309
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 physical function and that mobility-oriented physical activity

improved walking function for individuals after a stroke.
Cardiovascular disease. In the 2018 PAGAC Scientific

Report, there was limited evidence suggesting that physical activ-
ities such as muscle-strengthening and alternative/complementary
exercises (tai chi, qigong, Baduanjin) improved physical function
among older people with cardiovascular disease. The updated
search identified no additional evidence of this relationship.

COPD. Limited evidence from the 2018 Report suggested
that tai chi and qigong exercise improved one aspect of physical
function (walking ability) in individuals with COPD (36,37).
The updated search identified one SR/MA in people with severe
COPD that supported the limited evidence reported in 2018
(38). This MA of 10 RCT reported that exercise training im-
proved performance on the 6-min walk test (6MWT; SMD =
3.86; 95% CI: 2.04 to 5.67), compared with a control condition.
The exercise training interventions comprised primarily leg
exercises, cycling, and walking, with intensity of exercise
ranging from 70% to 90% of maximal velocity achieved dur-
ing incremental testing at baseline.

Cognitive impairment. Limited evidence from the 2018
PAGAC Scientific Report suggested that for individuals with
cognitive impairment, physical activity programs improved
physical function, including ADL measures. Two SR/MA ex-
amining the relationship between physical activity and physical
function in older people with cognitive impairment were identi-
fied in the updated search (39,40). One of these MA (39) com-
prising 43 trials (N = 3988) reported significant differences
between supervised exercise training and control conditions
on improvements in performance on the 30-s sit-to-stand test
(mean difference (MD) = 2.1 repetitions; 95% CI: 0.3 to 3.9;
four trials), step length (MD = 5 cm; 95% CI: 2 to 8; five trials),
Berg Balance Scale (MD = 3.6 points; 95% CI: 0.3 to 7.0; six
trials), functional reach (MD = 3.9 cm; 95% CI: 2.2 to 5.5;
six trials), TUG test (MD = −1 s; 95% CI: −2 to 0; 11 trials),
walking speed (MD = 0.13 m·s−1; 95% CI: 0.03 to 0.24; seven
trials), and the 6MWT (MD = 50 m; 95% CI: 18 to 81; seven
trials) in this population. Importantly, about 45% of the train-
ing programs used multicomponent exercise with a resistance
exercise component, while 23% relied on aerobic training.

Frailty.All of the 15 SR/MA included in the 2018 PAGAC
Scientific Report cited that physical activity improved some or
all measures of physical function in older people with frailty
(8). A MA (41) of 19 RCT among community-dwelling older
adults with frailty reported that overall, physical activity de-
creased the time needed to walk 10m by 1.73 s. This has impor-
tant clinical relevance for older people with frailty, as gait speed
is a strong predictor of mortality risk and there is evidence
that increments in speed as small as 0.1m·s−1 significantly lowers
that risk (42). The updated search identified five additional SR that
support the strong evidence from the 2018 PAGAC Scientific
Report (43–47). Most of these reviewed RCT and experimental
studies examined multicomponent exercise involving resis-
tance training, balance, gait, or endurance training (44–47).
In a review of 16 studies involving 1350 frail older adults,
Lopez and colleagues (45) reported that resistance training
1310 Official Journal of the American College of Sports Medicine
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either alone or as part of multicomponent training improved
maximal muscle strength between 6.6% and 37%. Similarly,
the authors report gains in muscle mass (3.4% to 7.5%), muscle
power (8.2%), and functional capacity (4.7% to 58.1%). More-
over, gait speed improved between 5.9% and 14.5%, as did
score on the TUG (5.5% to 20.4%).

Hip fracture. Moderate evidence from the 2018 PAGAC
Scientific Report indicated that older people who have sustained
a hip fracture also benefitted from weight-bearing, multicompo-
nent activity (8). The updated search identified only one SR/MA
that investigated this relationship. TheMA of RCT by Lee et al.
(48) reported that progressive resistance exercise significantly
improved overall physical function after hip fracture surgery
compared with a control group (SMD = 0.408; 95% CI:
0.238 to 0.578; eight studies) and it was especially effective
in improving mobility (SMD = 0.501; 95% CI: 0.297 to
0.705), ADLs (SMD = 0.238; 95% CI: 0.040 to 0.437), bal-
ance (SMD = 0.554; 95% CI: 0.310 to 0.797), lower-limb
strength or power (SMD = 0.421; 95% CI: 0.101 to 0.741),
and performance tasks (SMD= 0.841; 95%CI: 0.197 to 1.484).

Osteoporosis/osteopenia.Limited evidence from the 2018
PAGAC Scientific Report suggested that muscle-strengthening
and agility activities performed on two or more days per week
improved physical function in older people who are at risk of
fragility fractures due to osteoporosis or osteopenia (8). The
updated search identified one SR/MA examining this relation-
ship that adds considerably to the level of evidence. Based on a
MA of 25 RCT, Varaha et al. (49) reported that multicomponent
exercise significantly improved timed mobility (SMD = −0.56;
95% CI: −0.81 to −0.32), balance (SMD = 0.50; 95% CI: 0.27
to 0.74), and self-reported functioning (SMD = −0.69: 95%
CI: −1.04 to −0.34) compared with a control condition in
2,113 older people (95% of whom were women). Moreover,
the results for multicomponent exercise (10 studies) were more
pronounced than those for gait, balance, and functional tasks
(four studies); strength/resistance training (nine studies); or
tai chi (five studies) interventions, suggesting that multicompo-
nent exercise was more effective in improving a broad range of
functional outcomes in people with osteoporosis.

Parkinson’s disease. The 2018 PAGAC Scientific Report
cited strong evidence that physical activities, such as aerobic
and resistance training, tango dancing, virtual reality training,
yoga, and tai chi improved a number of physical function out-
comes, including walking, balance, strength, and disease-specific
motor scores in older people with Parkinson’s disease, with effect
sizes ranging from small (ES = 0.33; 95% CI: 0.17 to 0.49 for
gait velocity) to moderate (ES = 0.72; 95% CI, 0.08–1.36
for the 6 min walk time) (8). Three additional SR on this rela-
tionship were identified in the updated search (50–52), two of
which (51,52) included aMA. Overall, the newpapers supported
the findings of the 2018 Report. One smallMA (5 RCT;N = 159
participants) compared dance interventions (Tango or Irish)
with other physical activity interventions (three RCT) or with
no intervention (two RCT) (51). Dance practice at least three
times per week promoted significant improvements in motor
scores assessed with the Unified Parkinson’s Disease Rating
http://www.acsm-msse.org
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Scale (UPDRS) III (SMD = −2.52; 95% CI: −4.59 to −0.45)
and a significant decrease in TUG time (SMD = −1.15 s;
95% CI: −2.03 to −0.27 s) compared with other interventions.
Dance also improved the UPDRS III score when compared
with no intervention (SMD = −8.35; 95% CI: −13.79 to −2.91).

Stroke. In the 2018 PAGAC Scientific Report, moderate
evidence indicated that mobility-oriented physical activity im-
proved walking function for individuals after a stroke and that
among stroke survivors, treadmill walking (especially with ca-
dence cuing) improved walking speed by approximately
0.23 m·s−1 (8). Seven SR relating physical activity to im-
proved physical function in people having had a stroke were
identified from the updated search (53–59). Of these reviews,
six included aMA (53–58). The interventions examined included
aerobic exercise (54), circuit-based training (53), dual-task
balance and mobility training (56), progressive task-oriented
exercise (58), and treadmill training (57,59). Two novel MA
examined the effects of circuit-based exercise (vs other types
of exercise or no therapy) on various measures of physical
function (53,55) and both reported that circuit-based training
was equal or superior to other forms of therapy in improving
measures of gait speed, balance, and functional mobility. In their
MA (N = 10 studies; 835 participants), English and colleagues
(55) reported that circuit training was superior to comparison in-
terventions in improving walking capacity on the 6MWT
(MD = 60.86 m; 95% CI: 44.50 to 77.17 m) and gait speed
(MD = 0.15 m·s−1; 95% CI: 0.10 to 0.19 m·s−1). Interestingly,
these same authors observed no difference in the effectiveness
of circuit-training versus a control on walking endurance be-
tween stroke survivors who began training within 12 month
of their stroke (MD = 46.56; 95% CI: 21.35 to 71.77) and
those who started training 12 months or more after their stroke
(MD = 71.15; 95% CI: 49.76 to 92.54). Additionally, superior
benefits of circuit training were observed for scores on the
TUG test and Activities of Balance Confidence, but not for
the Berg Balance Score or the Step Test.

Visual impairments. Insufficient evidence was available
from either search to determine the effects of physical activity
on physical function in older adults with visual impairments.
DISCUSSION

This updated SR extends the findings of the 2018 PAGAC
Scientific Report by providing new evidence that corroborates
the benefits of physical activity to a lower risk of fall-related
injuries, as well as to improved physical function among the
general older population and among those with selected
chronic conditions. The types of activities reviewed in the up-
dated search are similar to those reviewed in the 2018 PAGAC
Scientific Report with the addition of different types of bal-
ance training interventions, functional exercises that become
embedded in everyday lifestyle activities, Nordic walking, and
circuit-based training. Perhaps the most convincing evidence
from the 2018 PAGACReport, along with that from the updated
search, relates to the greater benefits of multicomponent, relative
to single-component, exercise to the prevention of fall-related
PHYSICAL ACTIVITY AND PHYSICAL FUNCTION
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injuries and to improvements in physical function in older age.
Moreover, multicomponent andmultitask activities that are in-
corporated into the daily routine may be a promising alternative
to structured, single-task exercise programs for older adults.

One in four individuals ≥65 yr falls in the United States every
year (60). Furthermore, falls are the leading cause of fatal injury
and the most common cause of nonfatal trauma-related hospital
admissions among older adults (60). Physical activity programs
that emphasize combinations of moderate-intensity balance,
strength, endurance, gait, and physical function training appear
most effective in reducing the risk of fall-related injuries and
fractures in older adults. Thus, the effectiveness of these pro-
grams (that were performed in community settings or at home)
for risk reduction has significant public health relevance in older
age, due to the high prevalence of falls and fall-related injuries
and fractures among older adults, as well as the consequent
morbidity, disability and reduced quality of life.

Age-related limitations in physical function are prevalent in
older adults. The National Health Interview Survey ascertained
the prevalence of physical limitations in 2001 to 2007, with lim-
itations defined as great difficulty doing (or inability to do) basic
tasks of life (e.g., walk a quarter of a mile, lift a 10-pound bag of
groceries) (61). At that time, 22.9% of older adults ages 60 to
69 yr and 42.9% of adults ages ≥80 yr reported functional lim-
itations. Older adults with lower levels of physical function gen-
erally have higher health care expenditures (60). In addition,
about 80% of adults ≥60 yr of age have at least one chronic con-
dition, and 77% have at least two. Moreover, approximately
20% to 30% of adults older than age 65 yr suffer from either
mild cognitive impairment or dementia (60). Chronic diseases
account for 75% of health care spending in the United States
(60). Low levels of daily physical activity often co-exist with
chronic disease, thereby accelerating the risk of functional de-
cline, disability, and mortality. Ample evidence now indicates
that physical inactivity is among the strongest predictors of phys-
ical disability in older people (4). Aerobic, muscle-strengthening,
and multicomponent physical activity appear to have the stron-
gest relationship to improvements in physical function in the gen-
eral aging population, as well as among those with chronic
conditions. Thus, such activities may delay or improve mobility
disability, frailty, and loss of independence in aging.

Both the 2018 Scientific Report (8) and this umbrella review
underscore the need for future research in several areas. For
example, the relationship between the minimal effective dose
of activity (150 min·wk−1 of moderate intensity activity) and
health has been described in detail (3,8). There still is, how-
ever, a need to examine greater volumes and intensities of phys-
ical activity to establish safety thresholds for older people —
especially for those with preexisting conditions or limitations.
To accomplish this, studies need to examine several levels of
activity and to monitor and report adverse events. Also, the
feasibility and benefits of alternative and complimentary activ-
ities, rigorous multitask activities, as well as novel interventions
that integrate “functional exercises” into everyday tasks, need to
be examined further.Moreover, the effectiveness of any new in-
tervention needs to be examined across different socioeconomic
Medicine & Science in Sports & Exercise® 1311
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 strata to address existing disparities in prevention strategies and

in health among older people. Given the rapidly increasing
trends in aging demographics in the United States, preventing
or delaying fall-related injuries and loss of physical function
and mobility has important public health benefits, and this
may be especially so for older people with already established
chronic conditions.
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duration of PA influence the associations between PA and BP. Conclusions: Future research is needed that adheres to standard BP measure-

ment protocols and classification schemes to better understand the influence of PA on the risk of comorbid conditions, health-related quality of

life, and CVD progression and mortality; the interactive effects between PA and antihypertensive medication use; and the immediate
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TABLE 1. Questions related to the relationship between physical activity and blood pressure
among adults with normal blood pressure, prehypertension, or hypertension* addressed by
the 2018 Physical Activity Guidelines Advisory Committee.

Major questions
1. In people with normal blood pressure, prehypertension, or hypertension, what is
the relationship between physical activity and blood pressure?

2. In people with hypertension, what is the relationship between physical activity and:
(a) risk of comorbid conditions,
(b) physical function,
(c) health-related quality of life, and
(d) cardiovascular disease progression and mortality?

Subquestions
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, socio-economic status, weight
status, or resting blood pressure level?

c. Does the relationship vary based on frequency, duration, intensity, type (mode), or
how physical activity is measured?

*Of note, we used the JNC 7 BP classification scheme (2) for data extraction purposes. The
JNC 7 defines these BP classifications as follows: Hypertension is defined as having a rest-
ing SBP of ≥140 mm Hg and/or a resting DBP of ≥90 mm Hg, or taking antihypertensive
medication, regardless of the resting BP level. Prehypertension is defined as a SBP from
120 to 139 mm Hg and /or DBP from 80 to 89 mm Hg. Normal BP is defined as having a
SBP <120 mm Hg and DBP <80 mm Hg.

U
N
IC
ATIO

N
S

Cardiovascular disease (CVD) is the leading cause of
death in the United States and the world, accounting
for approximately one in three deaths (807,775 or

30.8%) in the United States and 17.3 million (31%) globally
(1). Hypertension is the most common, costly, and prevent-
able CVD risk factor (1). Nearly 70% of Americans have
high blood pressure (BP) (i.e., preestablished to established
hypertension) (1), according to the Joint National Committee
Seven (JNC 7) BP criteria (2). Using JNC 7 BP thresholds,
the lifetime risk for developing hypertension is 90%, and one
in five people with prehypertension will develop hypertension
within 4 yr (2–4). From 2010 to 2030, the total direct costs at-
tributed to hypertension are projected to triple (US $130.7 to
US $389.9 billion), whereas the indirect costs due to lost pro-
ductivity will double (US $25.4 to US $42.8 billion) (1).

The American College of Cardiology (ACC)/American
Heart Association (AHA) Task Force on Clinical Practice
Guidelines recently redefined hypertension to a lower BP thresh-
old of 130 mm Hg for systolic BP (SBP) or 80 mm Hg for dia-
stolic BP (DBP) (5) versus the JNC 7 threshold of 140 mm Hg
for SBP or 90 mm Hg for DBP (2). This change now classifies
nearly half of US adults with hypertension as compared to
32% by the JNC 7 definition, underscoring the importance
of hypertension as a public health problem. The authors of
the recent ACC/AHA guidelines state that nearly all of those
newly diagnosed with hypertension, due to the lower BP
threshold, can treat their hypertension with lifestyle modifica-
tion rather thanmedications (5). They also emphasize that decreas-
ing the prevalence and improving the control of hypertension
by increasing the use of lifestyle antihypertensive therapy,
such as participation in habitual physical activity, would pro-
vide major societal public health and economic benefit (5).

In addition to the ACC/AHA, professional organizations
throughout the world recommend physical activity to lower
BP (6). Nonetheless, a systematic review of 33 meta-analyses
on the BP response to exercise (7), and another on the existing
professional exercise recommendations for hypertension (6),
revealed significant shortcomings in this literature. Since the
publication of the first Physical Activity Guidelines Advisory
Committee (PAGAC) Report, 2008 (8), there has been a con-
siderable expansion of knowledge about the relationships be-
tween physical activity and BP. The charge given to 2018
PAGAC was to make evidence-based conclusion statements
based upon the newest, best informed science. To do this we
conducted a systematic umbrella review of systematic re-
views andmeta-analyses on the relationship between physical
activity and BP published since the 2008 PAGACReport among
adults with normal BP, prehypertension, and hypertension using
methodology adhering to the best practices of systematic reviews
L ACTIVITY AND HYPERTENSION
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(9). This manuscript presents the seminal portions of the sections
on the role of physical activity in the prevention and treatment
of hypertension in the 2018 PAGAC Report (9).

METHODS

This systematic review is reported consistent with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement (10,11). The purpose of this um-
brella review was to identify systematic reviews and meta-
analyses published since the 2008 PAGAC Report (8) that
examined the relationship between physical activity and
BP among adults with normal BP, prehypertension, and hy-
pertension by the JNC 7 BP criteria because the literature re-
viewed was based upon this BP classification scheme (2).
The specific questions addressed in this review are shown
in Table 1. The methods are described in detail in the
2018 PAGAC Report (9), and the protocol is registered at
PROSPERO 95748.

Search strategy and selection criteria. The searches
were conducted in electronic databases (PubMed®, Cumu-
lative Index to Nursing and Allied Health Literature, and
Cochrane) and were supplemented by the authors who were
experts in the area to provide additional articles identified
through their knowledge of this literature. The studies were
considered potentially eligible if they were systematic re-
views, meta-analyses of randomized controlled trials (RCT),
or pooled analyses published in English from 2006 until
February 2018 and investigated the relationship between all
types and intensities of physical activity and BP among
healthy adults ≥18 yr with normal BP, prehypertension, and
Medicine & Science in Sports & Exercise® 1315
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 hypertension. Studies of non-ambulatory adults, hospitalized

patients, or animals were excluded. Search terms included
physical activity terms combined with BP terms. See Figure 1
for the systematic search and selection process, and the 2018
PAGAC Report for the detailed full search strategy (9).

Data extraction and methodological study quality
assessment. The titles, abstracts, and full-text articles of
the identified articles were independently screened by two
reviewers. Disagreement between reviewers was resolved
by discussion or a third person when necessary. We used
the JNC 7 BP classification scheme for data extraction pur-
poses because this literature was based upon this BP classifica-
tion scheme (2). The JNC 7 BP definitions are as follows:
Hypertension, resting SBP of ≥140 mm Hg and/or a resting
DBP of ≥90 mm Hg, or taking antihypertensive medication,
regardless of the resting BP level; Prehypertension, resting
SBP from 120 to 139 mm Hg and/or DBP from 80 to
89 mm Hg; and Normal BP, a resting SBP <120 mm Hg
and DBP <80 mm Hg. Two abstractors independently ex-
tracted data and conducted a methodological study quality as-
sessment using a modified version of the Assessment of
Multiple Systematic Reviews (AMSTAR) (12), specifi-
cally adapted for physical activity related health outcomes
such as BP (AMSTARExBP) (7).

Grading of evidence. The 2018 PAGAC carefully delib-
erated the qualifying reviews, and then graded the evidence
for the conclusion statements as strong, moderate, limited, or
“not assignable” based on grading criteria that included appli-
cability, generalizability, risk of bias/study limitations, quan-
tity and consistency of results across studies, and magnitude
FIGURE 1—Flow diagram of search strategy and study selection. CINAHL, Cu
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and precision of effect. More detailed information about the
grading of evidence rubric can be found in the 2018 PAGAC
report (9).

RESULTS

Study and Sample Characteristics

Qualifying reviews included one systematic review of
longitudinal studies with a minimum of 1 yr of follow up
(13) and 17 meta-analyses of RCT (14–30) (see Supple-
mental Digital Content 1, Table of the qualifying meta-
analyses and systematic review by physical activity type,
http://links.lww.com/MSS/B522). The total sample size
of this umbrella review was 594,129 adults ≥18 yr, ranging
from 216 to 330,222 participants. The systematic review
(13) included two large longitudinal prospective cohort
studies that examined the influence of general and leisure-
time habitual physical activity on CVD mortality among
adults with hypertension (31,32); 15 of the meta-analyses
included RCT that examined the BP response to an exercise
training intervention among adults with normal BP (k = 7)
(14,15,17–19,21), prehypertension (k = 5) (17–20,24), or
hypertension (k = 15) (14–21,24–30) compared with a
control condition among similar adults who were physically
inactive at baseline; and two of the meta-analyses examined
prospective cohort studies of adults initially free of hy-
pertension for the influence of general and leisure-time
habitual physical activity on the risk of the development
of hypertension (22,23). When this information was dis-
closed, the samples in the qualifying reports were generally an
mulative Index to Nursing and Allied Health Literature.

http://www.acsm-msse.org

. Unauthorized reproduction of this article is prohibited.

http://links.lww.com/MSS/B522
http://www.acsm-msse.org


SPEC
IA
L
C
O
M
M

equal mix of men and women, and mostly Caucasian followed
by Asian and some African American, African, or Indian sam-
ples with a body mass index (BMI) that ranged from normal
weight to obese. The overall methodological study quality
of the qualifying reports was moderate as assessed by
AMSTARExBP (7), with 83.3% of the included trials scoring
poor to moderate and 16.7% highmethodological study quality.
U
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Evidence on the Overall Relationship between
Physical Activity and BP

The risk of developing of hypertension or incident hyper-
tension among adults with normal BP and prehypertension
was defined in two ways. We regarded the BP response to
an exercise training intervention ranging from low to vigorous
intensity, and the association between habitual leisure-time
physical activity and the risk of developing hypertension as
the indicators of the risk of incident hypertension.

The prevention of incident hypertension. The BP
response to an exercise training intervention. There
were eight meta-analyses of RCT that examined the BP re-
sponse to an exercise training intervention ranging from
low to vigorous intensity among adults who were physically
inactive at baseline and with prehypertension (17–19,24,25)
and/or normal BP (14,15,17–19,21,24) (see Table, Supple-
mental Digital Content 1, Summary of the Included System-
atic Reviews, http://links.lww.com/MSS/B522). Of the five
meta-analyses involving adults with prehypertension, all re-
ported a statistically significant reduction in SBP and four re-
ported a statistically significant reduction in DBP. Of the
seven meta-analyses involving adults with normal BP, three
reported a statistically significant reduction and one reported
a statistically significant rise in SBP, and six reported a statis-
tically significant reduction in DBP. The magnitude of the BP
reductions ranged from about 2 to 5 mm Hg for SBP and 1 to
4 mm Hg for DBP.

Habitual leisure-time physical activity and incident
hypertension. We also regarded the association between
habitual leisure-time physical activity and incident hypertension
FIGURE 2—Ameta-analysis of the inverse relationship between incident hype
with normal blood pressure. Adapted from Liu et al. (23).
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as an indicator of theBP response to physical activity. Huai et al.
(22) examined this association among 136,846 adults with nor-
mal BP at baseline. After an average of 10 yr (2 to 45 yr) of fol-
low up, 15,607 adults developed hypertension (11.4% of the
sample). In this meta-analysis, high amounts (i.e., volume
and/or intensity) of leisure-time physical activity were associ-
ated with a 19% decreased risk of incident hypertension com-
pared to the referent group engaging in low amounts of
leisure-time physical activity (relative risk [RR] = 0.81; 95%
CI [Confidence Interval]: 0.76–0.85). Moderate amounts of
leisure-time physical activity were associated with an
11% decreased risk of hypertension compared to the refer-
ent group engaging in low amounts of leisure-time physi-
cal activity (RR, 0.89; 95% CI, 0.85–0.94). Strong
evidence demonstrates that physical activity reduces BP
among adults with prehypertension and normal BP.
PAGAC Grade: Strong.

The dose–response relationship between physical
activity and incident hypertension. Two meta-analyses
investigated the relationship of physical activity and incident
hypertension among adults with normal BP (22,23). Of these
two, Liu et al. (23) quantified the dose–response relationship
between physical activity and incident hypertension among
adults with normal BP (see Figure 2). Among 330,222 adults
with normal BP, 67,698 incident cases of hypertension oc-
curred (20.5% of the sample) after 2 to 20 yr of follow-up.
The risk of hypertension was reduced by 6% (RR, 0.94;
95% CI, 0.92–0.96) at 10 MET�h·wk−1 of leisure-time light,
moderate, and vigorous physical activity among adults with
normal BP. The protective effect increased by about 6% for
each further increase of 10 MET�h·wk−1. For adults with
20 MET�h·wk−1 of leisure-time light, moderate, and/or vigor-
ous physical activity, the risk of hypertension was reduced
by 12% (RR, 0.88; 95% CI, 0.83–0.92); and for those for
60 MET�h·wk−1 of leisure-time light, moderate, and/or vigor-
ous physical activity, the risk of hypertension was reduced by
33% (RR, 0.67; 95%CI, 0.58–0.78). The relationship between
leisure-time physical activity and incident hypertension was
linear, with no cutoff of benefit, and slightly weaker with
rtension and leisure-time physical activity (MET·h·wk−1) among adults
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 (RR, 0.94; 95% CI, 0.92–0.96) than without (RR, 0.91; 95%

CI, 0.89–0.93) BMI adjustment as a covariate. Strong evi-
dence demonstrates an inverse dose–response relationship
between physical activity and incident hypertension among
adults with normal BP. PAGAC Grade: Strong. However,
the available evidence is insufficient to determine whether a
dose–response relationship exists between physical activity
and incident hypertension among adults with prehypertension.
PAGAC Grade: Not Assignable.

The treatment of hypertension. CVD progression was
defined in two ways. Because BP is considered a proxy mea-
sure of CVD risk (20,33), we regarded the BP response to
physical activity among adults with hypertension as an indica-
tor of CVD progression, and the outcome of CVDmortality as
an indicator of long-standing hypertension. The evidence on
the BP response to physical activity is discussed first, and
the evidence on CVD mortality outcomes follows.

The BP response to physical activity. There were 15
meta-analyses of RCT that examined the BP response to phys-
ical activity ranging from low- to vigorous-intensity among
adults with hypertension compared with a control condition of
adults who were physically inactive at baseline (14–21,24–30).
Of these, 13 reported a statistically significant reduction in
SBP and 14 reported a statistically significant reduction in
DBP (see Table, Supplemental Digital Content 1, Summary
of the Included Systematic Reviews, http://links.lww.com/
MSS/B522). The magnitude of the BP reductions ranged from
5 to 17 mm Hg for SBP and 2 to 10 mm Hg for DBP. Strong
evidence demonstrates that physical activity reduces BP
among adults with hypertension. PAGAC Grade: Strong.

The relationship between physical activity and
CVD mortality. There was one systematic review (13) that
included two large longitudinal prospective cohort studies that
addressed the impact of self-reported general and leisure-time
habitual physical activity on CVD mortality among adults
with hypertension followed from 5 to 24 yr (31,32). Hu et al.
(31) investigated the associations among occupational, daily
commuting, and leisure-time physical activity and CVD mor-
tality among 26,643 Finnish men and women 25 to 64 yr who
were overweight and had hypertension that were followed
FIGURE 3—The inverse relationship between CVD mortality and leisure-time
from (31) in the systematic review of Rossi et al. (13).
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for 20 yr. The multivariate-adjusted hazard ratios of CVD
mortality associated with low (almost completely inactive),
moderate (some physical activity >4 h·wk−1 ≈12MET�h·wk−1
or more), and high (vigorous physical activity >3 h·wk−1

≈18 MET�h·wk−1 or more) leisure-time physical activity
were 1.00, 0.84 (95% CI, 0.77–0.92), and 0.73 (95% CI,
0.62–0.86) among men, respectively; and 1.00, 0.78 (95%
CI, 0.70–0.87) and 0.76 (95% CI, 0.60–0.97) among women,
respectively (see Figure 3).

Furthermore, Vatten et al. (32) found that among men with
a resting SBP between 140 and 159 mm Hg, whose status of
medication use was not disclosed, compared with the referent
group of men with a SBP between 120 and 129 mm Hg, men
with a resting SBP between 140 and 159 mm Hg who were
highly physically active (RR, 1.21; 95% CI, 0.97–1.52) re-
duced their risk of CVD mortality by 30% versus those who
were physically inactive (RR, 1.73; 95% CI, 1.37–2.19).
Among men with a resting SBP >160 mm Hg compared to
the referent group of men with a SBP between 120 and
129 mm Hg, those who were highly physically active (RR,
1.82; 95% CI, 1.46–2.28) reduced their risk of CVD mortality
by 19% versus those who were physically inactive (RR, 2.24;
95% CI, 1.78–2.83). In addition, among women with a resting
SBP between 140 and 159 mm Hg compared to the referent
group of women with a SBP between 120 and 129 mm Hg,
those who were highly physically active (RR, 1.47; 95% CI,
1.04–2.09) reduced their risk of CVDmortality by 24% versus
those who were physically inactive (RR, 1.93; 95% CI,
1.39–2.69). Among women with a resting SBP >160 mm Hg
compared with the referent group of women with a SBP be-
tween 120 and 129 mm Hg, those who were highly physically
active (RR, 1.77; 95%CI, 1.26–2.54) reduced their risk of CVD
mortality by 27% versus those who were physically inactive
(RR, 2.41; 95% CI, 1.76–3.30). Therefore, as SBP increases
within hypertensive ranges, the risk of CVD mortality in-
creases. However, the increased risk is attenuated with higher
levels of physical activity. Moderate evidence indicates an in-
verse, dose–response relationship between physical activity
and CVD mortality among adults with hypertension. PAGAC
Grade: Moderate.
physical activity (MET·h·wk−1) among adults with hypertension adapted
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Comorbid Conditions, Physical Function, and
Health-related Quality of Life

Hypertension comorbidities include CVD, obesity, diabetes
mellitus, chronic kidney disease, congestive heart failure, and
the metabolic syndrome, among others. However, because of a
lack of evidence, no conclusions could be drawn about
whether a relationship exists between physical activity and
risk of comorbid conditions, physical function, or health-
related quality of life among adults with hypertension.

Evidence on Specific Factors

Age, sex, race/ethnicity, socioeconomic status, or
weight status. Threemeta-analyses found age not to be a sig-
nificant moderator of the BP response to physical activity
(17,18,23), but two of these contained samples with mixed
BP levels, and the other did not stratify analyses by age. One
meta-analysis reported that men exhibited BP reductions twice
as large as did women following aerobic exercise training among
samples with mixed BP levels (18), and another found no differ-
ence by sex (23). Race/ethnicity was poorly reported, and when
reported in nine of the meta-analyses (20,22–24,26–30), the
samples were largely white or Asian. One meta-analysis re-
ported that nonwhite samples with hypertension experienced
greater BP reductions than did white samples with hyperten-
sion (24).

Six meta-analyses reported the weight status of their samples
which ranged from normal weight to obese (17,19,20,23,24,28).
Cornelissen et al. (18) found the SBP reductions resulting from
aerobic training tended to be larger with greater (β1 = 0.49,
P = 0.08) compared to less (β1 = 0.45, P = 0.06) weight loss
among 5,223 adults withmixed BP levels. Among a large sample
of 330,222 adults with normal BP who were followed for 2 to
20 yr, Liu et al. (23) found that the inverse dose–response re-
lationship between leisure-time physical activity and incident
hypertension was slightly weaker with (RR, 0.94; 95% CI,
0.92–0.96) than without BMI adjustment as a covariate (RR,
0.91; 95% CI, 0.89–0.93), but these analyses were not strati-
fied by BMI. No meta-analysis disclosed the socio-economic
status of their sample. The available evidence is insufficient
to determine whether the relationship between physical
FIGURE 4—Ameta-analysis of the BP response to 4 months of aerobic exercise t
adapted from (18).
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activity and BP varies by age, sex, race/ethnicity, socioeco-
nomic status, or weight status among adults with normal
BP, prehypertension, and hypertension. PAGAC Grade:
Grade not assignable. Also, the available evidence is insuffi-
cient to determine whether the relationship between physical
activity and the CVD disease progression indicators of BP
and CVD mortality vary by age, sex, race/ethnicity, socio-
economic status, or weight status among adults with hyperten-
sion. PAGAC Grade: Grade not assignable.

Resting BP level. Of the six meta-analyses examining BP
classification as a moderator of the BP response to physical activ-
ity (14,17–19,21,24), four (18,19,21,24) found that the greatest
BP reductions occurred among samples with hypertension (5 to
8 mmHg, 4 to 6% of resting BP level) followed by samples with
prehypertension (2 to 4 mmHg, 2 to 4% of resting BP level), and
normal BP (1 to 2 mmHg, 1 to 2% of resting BP level) (see Fig-
ure 4; see Table, Supplemental Digital Content 1, Summary of the
Included Systematic Reviews, http://links.lww.com/MSS/B522).
Strong evidence demonstrates the magnitude of the BP re-
sponse to physical activity varies by resting BP level, with
the greatest benefits occurring among adults with hyperten-
sion followed by prehypertension and then normal BP.
PAGAC Grade: Strong. However, limited evidence suggests
the disease progression indicator of the BP response to phys-
ical activity varies by resting BP level among adults with hy-
pertension. PAGAC Grade: Limited.

Frequency, intensity, time, duration or howphysical
activitywasmeasured. The frequency of the physical ac-
tivity interventions was reported by 12 meta-analyses
(15,17–21,23–26,29,30), and it ranged from 1 to 7 d·wk−1,
with 3 d·wk−1 most common. The intensity of physical ac-
tivity was reported in 13 meta-analyses (14–26), and ranged
from low to vigorous intensity, with low to moderate most
common. The time of the exercise session was reported in
11 of the meta-analyses (14,16,18–21,23,25,26,29,30),
and ranged from 12 to 100 min, with 30 to 60 min per ses-
sion most common. The duration of the physical activity
intervention was reported in 14 meta-analyses with 1 to
4 to 5 months most common and duration of follow up
ranging from 1 to 24 yr, (14,16–21,24–30). All 15 meta-
analyses that examined the BP response to physical activity
raining among adults with normal BP, prehypertension, and hypertension
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 included interventions that were structured by the frequency, in-

tensity, time, duration, and type of physical activity, but the de-
tails of these features were not well specified (14–21,24–30).
None of these meta-analyses reported any physical activity mea-
sure outside of the structured physical activity intervention. Fur-
thermore, the meta-analyses of general and leisure-time physical
activity on either the influence of physical activity on incident hy-
pertension (22,23) or the systematic review on CVD progression
among thosewith hypertension (13) did not specify how physical
activity was measured, although in most cases it appeared to be
self-report. Insufficient evidence is available to determine
whether the relationship between BP and physical activity
varies by the frequency, intensity, time, duration, or how phys-
ical activity is measured among adults with normal BP,
prehypertension, and hypertension. PAGAC Grade: Not
Assignable. In addition, insufficient evidence is available
to determine whether the relationship between physical ac-
tivity and the disease progression indicators of BP and
CVD mortality varies by the frequency, intensity, time, du-
ration, or how physical activity is measured among adults
with hypertension. PAGAC Grade: Grade not assignable.

The type of physical activity. There were five meta-
analyses that examined the BP response to aerobic exercise
training (16,18,21,25,28), three meta-analyses that exam-
ined the BP response to resistance exercise training [one
acute (15) and two chronic (17,24)], one meta-analysis ex-
amined the BP response to combined aerobic and resistance
exercise training (also referred to as concurrent exercise
training) (19), and one meta-analysis examined the BP re-
sponse to isometric resistance training (14) (see Table, Sup-
plemental Digital Content 1, Summary of the Included
Systematic Reviews, http://links.lww.com/MSS/B522).
Cornelissen and Smart (18) examined aerobic exercise
training performed, on average, at moderate to vigorous in-
tensity for 40 min per session 3 d·wk−1 for 16 wk and re-
ported SBP/DBP reductions of −8.3 (95% CI, −10.7 to
−6.0)/−5.2 (95% CI, −6.9 to −3.4), −4.3 (95% CI, −7.7 to
−0.9)/−1.7 (95% CI, −2.7 to −0.7), and −0.8 (95% CI, −2.2
to +0.7)/−1.1 (95% CI, −2.2 to −0.1) mm Hg among adults
with hypertension, prehypertension, and normal BP, re-
spectively (Fig. 4). MacDonald et al. (24) examined dy-
namic resistance training performed, on average, at
moderate intensity for 32 min per session 3 d·wk−1 for
14 wk and reported SBP/DBP changes of −5.7 mm Hg
(95% CI, −9.0 to −2.7 mm Hg)/−5.2 mm Hg (95% CI,
−8.4 to −1.9 mm Hg), −3.0 mm Hg (95% CI, −5.1 to
−1.0 mm Hg)/−3.3 mm Hg (95% CI, −5.3 to −1.4 mm Hg),
and 0.0 mm Hg (95% CI, −2.5 to 2.5 mm Hg)/−0.9 mm Hg
(95% CI, −2.1 to 2.2 mm Hg) among adults with hyperten-
sion, prehypertension, and normal BP, respectively. Corso
et al. (19) examined combined aerobic and dynamic resis-
tance exercise training performed, on average, at moderate
intensity for 58 min per session 3 d·wk−1 for 20 wk and re-
ported SBP/DBP changes of −5.3 mm Hg (95% CI, −6.4 to
−4.2 mm Hg)/−5.6 mm Hg (95% CI, −6.9 to −3.8 mm Hg),
−2.9 mm Hg (95% CI, −3.9 to −1.9 mm Hg)/−3.6 mm Hg
1320 Official Journal of the American College of Sports Medicine
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(95% CI, −5.0 to −0.2 mm Hg), and +0.9 mm Hg (95% CI, 0.2
to 1.6 mm Hg)/−1.5 mm Hg (95% CI, −2.5 to −0.4 mm Hg)
among adults with hypertension, prehypertension, and normal
BP, respectively.Moderate evidence indicates the relationship be-
tween resting BP level and the BP response to physical activity
does not vary by traditional type (i.e., aerobic, dynamic resistance,
combined) of physical activity among adults with normal BP,
prehypertension, and hypertension. PAGAC Grade: Moderate.

Carlson et al. (14) investigated the BP response among
adults with hypertension (n = 61) and normal BP (n = 162)
to four or more weeks of handgrip isometric resistance training
at 30% to 50% maximal voluntary contraction, with four con-
tractions held for 2 min with 1 to 3 min of rest between con-
tractions. SBP, DBP, and mean arterial BP were reduced
among the adults with hypertension, all of whom were on
medication, by −4.3 mm Hg (95% CI, −6.6 to −2.2 mm Hg)/
−5.5 mm Hg (95% CI, −7.9 to −3.3 mm Hg)/−6.1 mm Hg
(95% CI, −8.0 to −4.0 mm Hg), and by −7.8 mm Hg (95%
CI, −9.2 to −6.4 mm Hg)/−3.1 mm Hg (95% CI, −3.9 to
−2.3 mm Hg)/−3.6 mm Hg (95% CI, −4.4 to −2.7 mm Hg)
among adults with normal BP, respectively. These investigators
were unable to explain reasons for the larger reductions in SBP
among the adults with normal BP compared with adults with hy-
pertension, and the reverse pattern of BP response for DBP and
mean arterial BP. Therefore, no conclusions can be made about
the antihypertensive benefits of isometric resistance training.

There were four meta-analyses that examined complemen-
tary and alternative types of physical activity (26,27,29,30)
(see Table, Supplemental Digital Content 1, Summary of the
Included Systematic Reviews, http://links.lww.com/MSS/
B522). Xiong et al. (29) investigated the BP response to
Baduanjin, an ancient Chinese mind-body exercise character-
ized by simple, slow, and relaxing movements, among 572
Asian adults with hypertension, and reported SBP/DBP reduc-
tions of −13.0 mm Hg (95% CI, −21.2 to −4.8 mm Hg)/
−6.1 mm Hg (95% CI, −11.2 to −1.1 mm Hg) following 3 to
12 months of Baduanjin, respectively. Xiong et al. (30) inves-
tigated the BP response to Qigong, an ancient Chinese healing
art that consists of breathing patterns, rhythmic movements,
and meditation, among 2349 Asian adults with hypertension,
and reported SBP/DBP reductions of −17.4 mm Hg (95%
CI, −21.1 to −13.7 mm Hg)/−10.6 mm Hg (95% CI, −14.0
to −6.3 mm Hg), respectively, following 2 months to 1 yr of
Qigong. Wang et al. (27) investigated the BP response to
Tai Chi, an ancient Chinese exercise that combines deep diaphrag-
matic breathing with continuous body movements to achieve a
harmonious balance between body and mind, among 1371
mostly Asian adults with hypertension. They reported SBP/
DBP reductions of −12.4 mm Hg (95% CI, −12.6 to
−12.2 mm Hg)/−6.0 mm Hg (95% CI, −6.2 to −5.9 mm Hg),
respectively, following 2 to 60 months of all forms and types
of Tai Chi. Park et al. (26) investigated the BP response to
yoga, which incorporates meditation with physical movement,
among 394 adults with hypertension. They reported SBP/DBP
reductions of −11.4 mm Hg (95% CI, −14.6 to −8.2 mm Hg)/
−2.4 mm Hg (95% CI, −4.3 to −0.4 mm Hg), respectively,
http://www.acsm-msse.org
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among older adults 60 yr and older following 6 to 12 wk of
yoga. These favorable findings of the antihypertensive effects
of complementary and alternative physical activity types must
be interpreted with caution due to the low study methodolog-
ical quality of this literature, lack of disclosure of important
study design considerations, considerable heterogeneity in this
literature, inability to generalize findings to other racial/ethnic
groups, and lack of long-term follow-up. Moderate evidence
indicates the relationship between physical activity and the
disease progression indicator of BP does not vary by type of
physical activity, with the evidence more robust for traditional
types (modes, i.e., aerobic, dynamic resistance, combined) of
physical activity than complementary and alternative types
(modes, i.e., Baduanjin, Qigong, Tai Chi, Yoga) among adults
with hypertension. PAGAC Grade: Moderate.
DISCUSSION

A summary of the grading of the evidence-based conclusion
statements on the relationship between physical activity and BP
among adults with normal BP, prehypertension, or hypertension
from this systematic umbrella review appears in Table 2. In total,
four conclusion statements were strong, three moderate, one lim-
ited, and five were not assignable. The evidence was strong dem-
onstrating that physical activity reduced BP among adults with
normal BP, prehypertension, and hypertension. Indeed, of the
four meta-analyses that included samples with normal BP,
prehypertension, and hypertension (18,19,21,24), the investiga-
tive teams found that the greatest BP reductions occurred among
samples with hypertension (5 mm Hg to 8 mm Hg, 4% to 6%
TABLE 2. The grading of the evidence for the conclusion statements on the relationship between p

Conclusion Statement

1. Strong evidence demonstrates that physical activity reduces BP among adults with prehyperte
2. Strong evidence demonstrates an inverse dose–response relationship between physical activit

among adults with normal BP.
3. The available evidence is insufficient to determine whether a dose–response relationship exists

and incident hypertension among adults with prehypertension, as the magnitude and precisio
ascertained from findings that are too scarce to synthesize.

4. Strong evidence demonstrates that physical activity reduces BP among adults with hypertensi
5. Moderate evidence indicates an inverse, dose–response relationship between physical activity

adults with hypertension.
6a. The available evidence is insufficient to determine whether the relationship between physical a

age, sex, race/ethnicity, socioeconomic status, or weight status among adults with normal BP
and hypertension.

6b. The available evidence is insufficient to determine whether the relationship between physical a
progression indicators of BP and CVD mortality varies by age, sex, race/ethnicity, socio-econo
status among adults with hypertension.

7a. Strong evidence demonstrates the magnitude of the BP response to physical activity varies by
greatest benefits occurring among adults with hypertension followed by prehypertension and

7b. Limited evidence suggests the disease progression indicator of the BP response to physical a
level among adults with hypertension.

8a. Insufficient evidence is available to determine whether the relationship between BP and physic
frequency, intensity, time, duration, or how physical activity is measured among adults with n
prehypertension, and hypertension.

8b. Insufficient evidence is available to determine whether the relationship between physical activi
indicators of BP and CVD mortality varies by the frequency, intensity, time, duration, or how p
among adults with hypertension.

9a. Moderate evidence indicates the relationship between resting BP level and the BP response to
vary by traditional type (i.e., aerobic, dynamic resistance, combined) of physical activity amon
prehypertension, and hypertension.

9b. Moderate evidence indicates the relationship between physical activity and the disease progres
not vary by type of physical activity, with the evidence more robust for traditional types (mod
resistance, combined) of physical activity than complementary and alternative types (modes,
Tai Chi, Yoga) among adults with hypertension.
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of resting BP level) followed by samples with prehypertension
(2 to 4 mm Hg, 2% to 4% of resting BP level), and normal
BP (1 to 2 mm Hg, 1% to 2% of resting BP level). Consistent
with the law of initial values (34), adults with hypertension expe-
rience BP reductions from exercise training that are approxi-
mately two times greater than the BP reductions among
adults with prehypertension and approximately four to five
times greater than the BP reductions among adults with nor-
mal BP. The BP reductions of this magnitude may be suffi-
cient to reduce the resting BP of some of the samples with
hypertension into prehypertensive and normotensive ranges;
and the risk of coronary heart disease by 4% to 22% and stroke
by 6% to 41% among adults with hypertension (2,35,36).

Surprisingly, the evidence regarding nearly all the effect
modifiers we examined was insufficient so that a grade was
not assignable. These effect modifiers included age, sex, race/
ethnicity, socioeconomic status, or weight status; and the fre-
quency, intensity, time, duration, or how physical activity was
measured among adults with normal BP, prehypertension, and
hypertension. In the few instances where these effect modifiers
were examined as moderators of the BP response to physical
activity, the findings were too disparate to synthesize because
they were often not reported separately by BP classification
but were reported for the overall sample that included adults
with hypertension, prehypertension, and normal BP. We
found strong evidence demonstrating the magnitude of the
BP response to physical activity varies by resting BP level,
with greater benefits occurring among those with higher resting
BP. Therefore, inclusion of samples of mixed BP status (i.e.,
adults with normal BP, prehypertension, and hypertension)
hysical activity and BP and the effect modifiers organized by the questions being asked.

PAGAC Grade

nsion and normal BP. Strong (14,15,17–19,21,22,24,25)
y and incident hypertension Strong (23)

between physical activity
n of the effect cannot be

Not assignable

on. Strong (14–21,24–30)
and CVD mortality among Moderate (13,31,32)

ctivity and BP varies by
, prehypertension,

Not assignable

ctivity and the disease
mic status, or weight

Not assignable

resting BP level, with the
then normal BP.

Strong (18,19,21,24)

ctivity varies by resting BP Limited

al activity varies by the
ormal BP,

Not assignable

ty and the disease progression
hysical activity is measured

Not assignable

physical activity does not
g adults with normal BP,

Moderate (18,19,24)

sion indicator of BP does
es, i.e., aerobic, dynamic
i.e., Baduanjin, Qigong,

Moderate (18,19,24,26,27,29,30)
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 underestimates the effectiveness of physical activity as antihy-

pertensive lifestyle therapy.
The 2008 Scientific Report concluded that both aerobic and

dynamic resistance exercise training of moderate-to-vigorous
intensity produced small but clinically important reductions
in SBP and DBP, with the evidence more convincing for aer-
obic than dynamic resistance training (8). Reflecting on the ac-
cumulating evidence over the past decade, we found moderate
evidence indicating that the relationship between the BP re-
sponse to physical activity is similar for aerobic, dynamic resis-
tance, and combined aerobic and dynamic resistance exercise
among adults with normal BP, prehypertension, and hyperten-
sion. Furthermore, there is promising, but limited, evidence
that complementary and alternative types of physical activity
are effective in lowering BP among adults with hypertension.
Yet, very little research of high quality has been conducted in
this area, and RCT are lacking that directly compare the
BP-lowering effects of complementary and alternative to
traditional types (aerobic, dynamic resistance, combined) of
physical activity among adults with hypertension. Gaining this
information will inform the public health recommendations on
the types of physical activity that will optimize BP benefit and
possibly provide adults with hypertension other effective exer-
cise options to lower their high BP.

In conclusion, this systematic umbrella review provides
strong, convincing evidence of the importance of physical ac-
tivity in the prevention of the development of hypertension
among adults with normal BP and prehypertension, and of
its protective effects in the treatment of hypertension by atten-
uating the progression of CVD among adults with hyperten-
sion. These findings occurred in dose–response fashion with
no cutoff to the amount of physical activity that confers bene-
fit. Furthermore, we found moderate evidence that aerobic and
dynamic resistance exercise training alone or combined were
equally effective in lowering BP among adults with normal
BP, prehypertension, and hypertension. Yet, important knowl-
edge gaps remain regarding nearly all effect modifiers of the
relationship between physical activity and BP that we exam-
ined, notably race/ethnicity. Due to the disproportionate bur-
den of hypertension among African Americans (1,37,38),
1322 Official Journal of the American College of Sports Medicine
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large RCT are needed that are sufficiently powered to perform
stratified analyses between African Americans and other racial/
ethnic groups to inform this important research gap. Future re-
search is also needed that adheres to standard BPmeasurement
protocols and classification schemes to better understand the
influence of physical activity on the risk of comorbid conditions,
health-related quality of life, andCVDprogression andmortality;
the interactive effects between physical activity and antihyper-
tensive medication use; and the immediate BP-lowering bene-
fits of physical activity.
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There are approximately 100 different arthritic condi-
tions with a total of 54.4 million Americans estimated
to have physician-diagnosed arthritis (1). Among

these, osteoarthritis (OA) is the most common joint disorder
in the US, affecting an estimated 30.8 million adults (13.4%
of the civilian adult US population) (2). Osteoarthritis affects
a broad spectrum of age groups in the US, including 2 million
Americans under the age of 45 yr with knee OA (3). By the
year 2040, an estimated 78.4 million (25.9% of the projected
total adult population) adults 18 yr and older are expected
to have physician-diagnosed arthritis (4), the majority of
whom will have OA. Methodological issues, such as the
current inability to reliably diagnose early nonradiographic
OA and traditional accounting of OA in only a limited num-
ber of joint sites (hip and knee), make it highly likely that
the real burden of OA has been underestimated (5). The risk
of mobility disability (defined as needing help walking or
climbing stairs) attributable to knee OA alone is greater than that
attributable to any other medical condition in people 65 yr and
older (6). As expected, based on these prevalence and disability
figures, OA is associated with an extremely great economic
burden—by one national estimate equal to US $185.5 billion in
aggregate annual medical care expenditures (7).

To provide recommendations to the Department of Health
and Human Services for updating the Physical Activity Guide-
lines for Americans, the Physical Activity Guidelines Advi-
sory Committee (PAGAC) chose to investigate seven
chronic conditions, among them OA (8). The choice of OA
was predicated on the large portion of the general population
having this chronic condition, the high disability associated
with OA (9), and the potential public health importance of
physical activity in people with OA. The overall goal of this
systematic umbrella review was to evaluate the literature relat-
ing to effects of physical activity on 1) pain, 2) physical func-
tion, 3) health-related quality of life (HRQoL), 4) disease
progression, and 5) risk of comorbid conditions in individuals
with existing lower limb (hip and/or knee) OA. As a secondary
goal, we also evaluated the literature for evidence of variation
in the relationship of physical activity and these outcomes
based on (a) the dose of physical activity exposure; (b) age,
sex, race/ethnicity, socioeconomic status, or weight status;
and (c) frequency, duration, intensity, mode (type), or means
of measuring physical activity. This article represents the sci-
entific research performed to inform the 2018 Physical Activ-
ity Guidelines for Americans (10) with an extension of the
literature search by 1 yr through February 2018.
METHODS

The overarching methods used to conduct systematic reviews
(SR) informing the 2018 Physical Activity Guidelines Advisory
Committee Scientific Report (search strategy development, arti-
cle triage, data abstraction, bias assessment, and quality control
processes and methods for analysis) have been described in de-
tail elsewhere (11). The searches were conducted of electronic
PHYSICAL ACTIVITY IN OSTEOARTHRITIS
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databases (PubMed®, CINAHL, and Cochrane) and were sup-
plemented by authors (experts in the area) to provide additional
articles identified through their expertise and familiarity with
the literature. The full search strategies are available online
(12). The inclusion criteria were predefined and searches were
registered in PROSPERO CRD42018092365. Studies were in-
cluded if they were published in English; were meta-analyses
(MA), SR or pooled analyses published from 2011 through
February 2018, and investigated individuals of all ages with
preexisting OA of the hip or knee; the association between all
types and intensities of physical activity, including exercise,
not mixed with any other interventions (such as diet); and one
of the health outcomes of interest (pain, physical function,
HRQoL, disease progression or risk of comorbid conditions).
Physical activity was defined as bodily movement produced
by skeletal muscles that results in energy expenditure. Exercise
was defined as a form of physical activity that is planned, struc-
tured, repetitive, and designed to improve or maintain physical
fitness, physical performance, or health. Physical function was
defined as the ability of a person to move around and to perform
types of activity; in the studies included in this summary, this
wasmost oftenmeasured by a standardized instrument used rou-
tinely in OA clinical trials, the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) (13). Health-
related quality of life was defined as a multidimensional con-
cept including domains related to physical, mental, emotional,
and social functioning.

Studies of nonambulatory adults, hospitalized patients, or an-
imals were excluded. We also excluded studies of multimodal
interventions not presenting data on physical activity alone
and studies of single, acute sessions of physical activity. The ti-
tles, abstracts, and full-text of the identified articles were inde-
pendently screened by two reviewers. Disagreement between
reviewers was resolved by discussion or by a third member of
the PAGAC committee.

The amended literature search yielded 20MA and SRmeeting
the inclusion criteria for our analysis of OA and pain, physical
function, and HRQoL outcomes (14–31); however, the studies
identified included significant overlap. In an attempt to minimize
redundancy, the Committee reviewed the overlap of studies
within all the MA/SR; those with considerable overlap, with
three or fewer unique additional studies, and that did not
add additional information to the larger studies, were not
retained for purposes of the final summary. This procedure
resulted in retention of six MA (14–16,18,22,32) and three
SR for the purposes of the summary related to OA pain, physical
function, and HRQoL (17,33,34) (Table 1); from the amended
search, one additional MA and two additional SR were added to
the original search conducted as part of the governmental report.

Upon completion of triage based on the MA, SR, and
pooled analyses, the authors observed a paucity of MA and
SR dealing with physical activity and knee OA progression de-
fined as structural worsening of OA based on imaging (radio-
graphic or magnetic resonance imaging [MRI]), worsening
function (based on patient-reported outcomes or gait speed) or
Medicine & Science in Sports & Exercise® 1325
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progression to total joint arthroplasty (replacement) for OA.
Based on the paramount importance of the issue of disease
progression for individuals with OA, we elected to perform
a separate literature search, using the same search strategy,
process, and inclusion/exclusion criteria used for the pain,
physical function and HRQoL outcomes but including two
additional specific criteria: only inclusion of original re-
search published from 2006 through February 2018 and
only inclusion of the outcome of OA progression. Of note,
we did not identify any studies examining the effects of physical
activity on progression based on systemic biomarkers associ-
ated with disease state.

The search for MA, SR, and pooled analyses, and reports
failed to identify any literature to address the question of the
effects of physical activity on comorbid conditions in OA.
The term comorbid condition referred to any other existing
chronic condition identified by a medical diagnosis (e.g., cor-
onary heart disease) or by clinical events (e.g., cardiovascular
mortality); therefore, this question was not pursued.

The quality of each MA, SR and pooled analysis, summa-
rized in Supplemental Digital Content 1 (see Table, Supplemen-
tal Digital Content 1, quality assessment chart, http://links.lww.
com/MSS/B518), was assessed using AMSTARExBP (35), a
modified version of “A Measurement Tool to Assess System-
atic Reviews” (AMSTAR) (36,37); the majority of the studies
met 11 of the 18 AMSTAR criteria. Risk of bias, or internal va-
lidity was assessed for each original study using an adapted ver-
sion of the USDA NEL Bias Assessment Tool (BAT) (38) as
summarized in Supplemental Digital Content 2 (see Table,
Supplemental Digital Content 2, original research bias assess-
ment chart, http://links.lww.com/MSS/B519); the majority of
the studies met 8 of the 10 applicable criteria. The bias assess-
ment of the original research and the full search strategy is
available (12). Recently, the method of data extraction has
been published in detail (11). Literature trees summarize the
selection of MA, SR, and pooled analyses and reports in Sup-
plemental Digital Content 3 (see Figure, Supplemental Digital
Content 3, providing details of literature tree search for re-
views related to OA pain, physical function, HRQoL, progres-
sion and risk of comorbid conditions, http://links.lww.com/
MSS/B520) and original research related to OA progression
in Supplemental Content (see Figure, Supplemental Digital
Content 4, providing details of literature tree search for origi-
nal research related to OA progression, http://links.lww.com/
MSS/B521).

RESULTS

OA and Pain, Physical Function, and HRQoL
as Outcomes

Most of the retained MA (six) and SR (three) publications
evaluated randomized controlled trials (RCT) reviewing the
effects of one or more modalities of exercise (land-based and
aquatic, aerobic, muscle strengthening, and Tai Chi) on knee
and hip OA. Most used the WOMAC scale—common in the
OA research arena—to assess pain and physical function, and
PHYSICAL ACTIVITY IN OSTEOARTHRITIS
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SF-12 to assess HRQoL. One SR examined land-based exercise
studies exclusively (18); another examined pool-based exercise
effects only (14). In sum, these references encompassed 261 stud-
ies related to knee and/or hip OA involving 25,924 individuals
with pain, physical function or HRQoL as an outcome. A total
of 240 studies involving 24,583 participants included knee OA;
a total of 52 studies involving 4803 participants included hipOA.

Taken together, the evidence demonstrated that physical ac-
tivity reduces pain and improves physical function and
HRQoL for persons with lower limb OA. The effect sizes
(based on standardized mean differences [SMD]) favored ex-
ercise: maximal SMD reported were 0.53 for pain (15), 0.76
for physical function (16) and 0.28 for HRQoL (18) (Table 1).
For pain, physical function, and HRQoL, the effect sizes for
those with hip OA did not vary from those with knee OA
only. Although there were some modest differences in ef-
fect sizes across different exposures, in general, the reviews
were consistent in finding that physical activity is associ-
ated with reductions in pain and improvements in physical
function and HRQoL for both knee and hip OA, irrespective
of the mode (aquatic vs land-based exercise) or muscle
strengthening versus aerobic versus Tai Chi (Table 1). Fol-
lowing cessation of the intervention, the beneficial effects
of physical activity persisted up to 6 months for pain, and
beyond 6 months for physical function (18) (Table 1).

The findings on pain, physical function, and HRQoL are il-
lustrated in Figures 1 and 2, which present results from one re-
view addressing land-based exercise effects on the knee (from
Fransen et al. (18)) and one review addressing aquatic exercise
effects on the knee (from Bartels et al. (14)). In Figure 1, the
direction to the left favors exercise (decreased pain and im-
proved physical function), whereas, improved HRQoL is to
the right. In Figure 2, the direction to the left favors exercise
(decreased pain, improved physical function and HRQoL).
Mode and Dose of Exercise

Most studies of the effects of physical activity on pain,
physical function, and HRQoL were RCT of one mode, inten-
sity, or duration; there was significant heterogeneity for these
factors among the studies included within each MA/SR. Lim-
ited information was available on dose–response or different
modes (types of exercise). Overall, the literature search re-
vealed fourMA/SR (22) addressing mode and/or dose of exer-
cise for OA (Table 1). One MA/SR of 48 RCT (4028 patients
with pain data) (22) observed similar pain reduction for aero-
bic, resistance, and performance exercise (practicing a specific
activity with the lower extremity); single-type exercise pro-
grams were more efficacious than programs that included dif-
ferent exercise types. The effect of aerobic exercise on pain relief
increased with an increased number of supervised sessions; over-
all, more pain reduction occurred when supervised exercise was
performed at least three times a week. The authors recommended
supervised exercise three times a week, noting that such pro-
grams have a similar effect, regardless of patient characteristics,
including radiographic disease severity and baseline pain.
Medicine & Science in Sports & Exercise® 1329
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FIGURE 1—Effects of land-based exercise on pain, physical function and HRQoL in knee OA. Negative SMD represent improvements in pain and physical
function (lower scores represent better pain and/or physical function) whereas positive SMDrepresent improvements inHRQoL (higher scores represent better
HRQoL). Reproducedwith permission fromFransenM,McConnell S, Harmer AR, et al. Exercise for osteoarthritis of the knee: a Cochrane systematic review.
Br J Sports Med. 2015;49:1554–7. Copyright © 2015 BMJ Publishing Group Ltd.
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Another SR, encompassing 45 trials (4699 participants),
addressed mode and dose of exercise for knee OA (33). This
review concluded that knee extensor strength significantly
improved following American College of Sports Medicine
(ACSM) recommendations (39) (described in Table 1 footer)
versus all other types (i.e., any that did not deliver the interven-
tion according to the ACSM recommendation) of strength train-
ing for older or sedentary patients. Although a dose–response
association was identified between knee extensor strength gain
and improvement in pain and physical function, there was no
difference in pain and function outcomes comparing ACSM
versus other types of exercise interventions.

A third SR, encompassing 24 trials (1747 participants), ad-
dressed dose of exercise for knee OA (34). Large differences
among studies in the type, duration, and volume of exercise
made it difficult to discern specific variables influencing the ef-
fects of treatment. A few generalizations based on self-reported
pain and function were possible: 1) 24 or more total exercise
sessions were most often related to large effect sizes (studies
ranged from 3 to 108 sessions), 2) 8- and 12-wk exercise dura-
tions most often exhibited larger effect sizes (studies ranged
from 4 to 36 wk), and 3) a frequency of one time per week ex-
ercise showed no effect.

A fourthMA/SR, encompassing 27 trials (3060 participants),
addressed different modes of land-based exercise (recreational
activities, walking or conditioning exercise consisting of a
1330 Official Journal of the American College of Sports Medicine

Copyright © 2019 by the American College of Sports Medicine
combination of strength training, flexibility, and aerobic inter-
ventions) (32). In contrast to studies lasting 12 months, walking
and conditioning exercise lasting 6 months had a significant im-
pact on physical function and/or physical performance (6-min
walk test or timed stair climbing test) but not on pain. Condi-
tioning exercise also had a moderate level of evidence for effec-
tiveness on physical function in individuals with knee OA in
both the short (6 months) and longer (18 months) terms. Adher-
ence to the interventions is very likely to have an effect on the
significance of the results.

Although not an MA or SR, and therefore not used in the
PAGAC report, we found one original research article worth
noting related to dose of exercise and function. In this study,
Dunlop et al. (40) assessed the association of accelerometer
measured physical activity and physical function in 1647 par-
ticipants with lower-extremity symptoms in the OA Initiative
(OAI) cohort. Moderate-to-vigorous physical activity (MVPA)
was defined as greater than 2020 counts per minute corre-
sponding to 3 METs or a level of exertion corresponding to
a ~3.5 mph walk (41). Physical function based on measured
(gait speed) and self-reported (SF-12) function was assessed
2 yr later. Improved or sustained high function was achieved
by 34% of participants. Compared with participants perform-
ing ≤45 total minutes of MVPA per week (including bouts
<10 min in duration), those performing >45 min·wk−1 were
more likely to improve gait speed (relative risk [RR], 1.8;
http://www.acsm-msse.org
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FIGURE 2—Effects of Aquatic Exercise on Pain, Physical Function and HRQoL in Knee OA. A multitude of measures were used in the included studies;
standardized instruments usedmost often wereWOMAC for pain and function and SF-36, SF-12 or SF-8 for physical function. Negative SMD represented
improvements in pain, physical function and/or HRQoL (lower scores mean better pain, physical function and/or HRQoL). Reproduced with permission
from Bartels EM, Juhl CB, Christensen R, et al. Aquatic exercise for the treatment of knee and hip osteoarthritis. Cochrane Database Syst Rev. 2016;3:
CD005523. Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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95% confidence interval [CI], 1.6–2.1) and self-reported
function (RR, 1.4; 95% CI, 1.3–1.6). Individuals performing
or exceeding the 2008 Physical Activity Guidelines for
Americans of >150 min·wk−1 of MVPA in bouts lasting
≥10 min also improved gait speed (RR, 1.4; 95% CI,
1.3–1.6) and self-reported function (RR, 1.3; 95% CI,
1.2–1.4). Results were consistent across varying knee OA
severities. Thus, it is evident that important health improve-
ments can be achieved even with levels of physical activity
below those recommended by the 2008 Physical Activity
Guidelines for Americans.

Demographic factors and weight status. Dunlop
et al. (40) determined that the results for the intermediate level
of physical activity (≥45 min·wk−1 moderate-vigorous activ-
ity) were consistent across sex, body mass index and age.
However, effect modifications by sex, age, race/ethnicity
and socioeconomic status were not addressed in any of the
MA/SR identified for this umbrella review. Although a rela-
tionship between body mass index (BMI) and OA is gener-
ally well recognized (42), to our knowledge, there are no
MA evaluating whether BMI modifies the physical activity–
OA relationship.
OA Disease Progression as an Outcome

Existing SR andMA.A concern about the potential harm
that high intensity and large amounts of weight-bearing exer-
cisemay cause for OA progression prompted a targeted review
for this outcome.

We identified one SR/MA (29) that assessed the association
of self-reported running or jogging (including running-related
PHYSICAL ACTIVITY IN OSTEOARTHRITIS
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sports such as triathlon and orienteering) with knee OA onset
or progression defined by any definition of diagnosed knee
OA, radiographic or imaging markers of knee OA, knee
arthroplasty for OA, knee pain and/or disability specifically
associated with the knee (Table 2). Although this SR/MA in-
cluded incident as well as progressive OA, the data are instruc-
tive for understanding the potential role of running in the
development and/or progression of OA. With this evidence,
the authors concluded that it was not possible to determine
the role of running in knee OA. However, they noted that a
key finding of their review was the result of their MA (2172
individuals) of three case-control studies (two of the three con-
trolled for joint injury), which suggested that runners (running
for 1 yr up to a lifetime) had around a 50% reduced odds of un-
dergoing a total knee replacement for OA than nonrunners
(pooled odds ratio, 0.46, P = 0.0004, Table 2). Evidence relat-
ing to symptomatic outcomes was sparse and inconclusive.
Because retrospective case-control studies are subject to sev-
eral types of bias, these data have to be interpreted with cau-
tion; these biases include recall and observer bias, bias
related to choice of control groups, and selection bias. Selec-
tion bias could occur if individuals with joint symptoms or in-
jury ceased their participation in physical activity and went on
to eventual joint replacement; therefore, individuals with total
knee replacement would be identified as having engaged in
less physical activity leading to an apparent protective effect
of physical activity on knee replacement.

We also identified one SR that included 49 studies (43)
assessing the safety of physical activity in older adults with
knee pain (summarized in Table 2). The SR (43) examined
49 longitudinal studies (comprising 48 RCT and one case
Medicine & Science in Sports & Exercise® 1331
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control study) of 8614 total participants with knee pain and/
or a diagnosis of knee OA ranging in radiographic severity
from Kellgren and Lawrence (49) grades 1 to 4. All physical
activity interventions were low-impact, most often combin-
ing muscle-strengthening, stretching, and aerobic elements
for 3 to 30 wk. None of the primary literature studies in this
SR dealt with hip OA. Comparing groups with greater
amounts of low-impact physical activity to groups with
the least amounts, this SR provided no evidence of serious
adverse events defined as increased pain, decreased physi-
cal function, progression of structural OA on imaging or in-
creased total knee replacement at a group level. In addition,
although the total numbers were small and total follow-up
brief, based on four RCT (985 participants), there were no
more total knee replacements over a 2- to 24-month observa-
tion period within physical activity groups compared to non-
physical activity groups (n = 8 vs n = 10 total knee
replacements, respectively).

Original research. We identified five original research
studies that examined the relationship between physical activ-
ity and disease progression (40,44–48) (Table 2); no additional
studies were identified as part of the extended search for this
summary. All studies were prospective cohort studies (pub-
lished 2013 to 2016). The analytical sample size ranged from
100 (47) to 2073 (45); four were US studies (40,45–48), one
Australian (44). Three studies used self-reported physical activ-
ity via the Physical Activity Scale for the Elderly (PASE)
(45,47,48). Two studies had device-measured physical activity
via accelerometer or pedometer (40,44,46). The five included
studies determined OA progression based on change in radio-
graphic imaging (34), change in MRI imaging (cartilage loss)
(44,47,48) or both (46). Collectively, these five studies fo-
cused on one of three longitudinal cohort studies: the OAI
(40,45,47,48), the Multicenter Osteoarthritis (MOST) study
(34,35) and a longitudinal cohort study of 405 community
dwelling adults from Australia (33). The OAI assessed physi-
cal activity with the PASE survey (34,36,37) and acceler-
ometry (29); the MOST study and the Australian cohort
assessed exposure by objective step count measures. Overall,
the findings in these studies were mixed.

Three progression-related studies quantified physical activity
with PASE at baseline and quantified OA progression by imag-
ing (radiographic or MRI) outcomes. Kwee et al. (47)
assessed 2-yr knee OA progression based on MRI of 100
participants in the OAI with symptomatic OA and baseline
full-thickness cartilage defects of the knee; although OA
progressed, there was no association of disease progression
and levels of physical activity as measured by PASE (mean,
2-yr score 156; range, 42–334). Lin et al. (48) assessed 4-yr
knee OA progression based on knee MRI (increasing T2 sig-
nal) of 205 asymptomatic individuals with (80%) and without
(20%) risk factors for knee OA in the OAI. Greater OA pro-
gression was identified in the individuals with the 15% highest
(score range, 242–368) and 15% lowest (score range, 31–120)
PASE scores compared with the 70% mid-range (score range,
153–207) scores of the reference group. The moderate activity
Medicine & Science in Sports & Exercise® 1333
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 mid-range group consistently showed the lowest (best) T2

values at baseline and 48-month follow-up. This study sup-
ported a potential U-shaped relationship of physical activity
and OA progression for individuals at high risk for radiographic
OA (80% with risk factors) or who had radiographic OA
(Kellgren Lawrence grade 1), although the overall proportion
of this subset was not reported. Potential interactions of baseline
MRI lesion severity and physical activity for OA progression
were not evaluated. Felson et al. (45) assessed 30- to 48-month
kneeOA progression based on radiograph or symptoms of 2073
participants (3542 knees, 50% symptomatic) with or at high risk of
knee OA; there was no relation of quartiles of PASE scores with
any OA progression outcomes (radiographic joint space loss or in-
cident symptomatic kneeOA) and no difference by degree of knee
malalignment. The upper quartile of PASE scores (median score
250 for women, 300 for men) corresponded to regular work with
some walking, “walks outside the home 1–2 h·d−1 occasionally,”
light house or yard work in the prior 7 d but no extensive
sports participation.

Two progression-related studies quantified physical activity
with pedometers or accelerometers at baseline and quantified
OA progression by imaging (radiographic or MRI) outcomes.
Oiestad et al. (46) assessed 2-yr kneeOA progression based on
both knee radiographs (X-rays) and MRI (cartilage loss) of
FIGURE 3—Interaction of underlying joint pathology by MRI and ambulatory
MRI. Greater meniscal pathology scores, presence of BML and less cartilage vo
adjacent to the subcortical bone at the medial tibial, medial femoral, lateral ti
All figures show an interaction effect, wherein for those individuals with les
score increases. In contrast, in adults with greater baseline pathology scores
worsening of pathology scores over time (26%) compared to adults with fewer t
with permission from Doré DA, Winzenberg TM, Ding C, et al. The associati
change using MRI. Ann Rheum Dis. 2013;72:1170–5. Copyright © 2013 BMJ P
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1179 participants in the MOST study, at risk of or with mild
knee OA with physical activity measured at baseline by ac-
celerometer (steps). There were no significant associations
between daily walking or more time spent walking at a mod-
erate to vigorous intensity with radiographic worsening or
cartilage loss. Dore et al. (44) assessed ~2.7-yr knee OA
progression based on knee MRI (with four structural mea-
sures) of 405 Australian individuals (age, 50–80 yr) in a
community-based sample with physical activity measured
at baseline by pedometer. There was no association of steps
and OA progression for individuals with baseline MRI joint
pathology performing fewer than 10,000 steps per day.
However, in the context of baseline joint pathology compared
with the individuals performing fewer than 10,000 steps per
day, there was greater OA progression (more meniscal pathol-
ogy, more bone marrow lesions and/or lower cartilage volume
by MRI) related to performing ≥10,000 steps per day (Fig. 3).
Thus, the effect of physical activity was modified by baseline
OA status. When steps were analyzed as a continuous vari-
able, there was a significant association of steps and risk of
progression of cartilage defects and bone marrow lesions;
there was also an interaction of steps and baseline severity of
OA for MRI-based cartilage volume and meniscal pathology.
Taken together, these data support a potential J-shaped
physical activity amounts (step counts) on OA progression, as shown on
lume all indicate more severe disease. BML are areas of increased signal
bial, and lateral femoral sites and indicate more severe joint pathology.
s baseline osteoarthritis pathology, steps are not related to pathology
, a greater percent of adults with more than 10,000 steps per day show
han 10,000 steps per day (10%). BML, bone mineral lesions. Reproduced
on between objectively measured physical activity and knee structural
ublishing Group Ltd.
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relationship of physical activity and OA progression for those
with preexisting OA.

DISCUSSION AND NEEDS FOR
FUTURE RESEARCH

Over an entire week, as many as 40% of adults with lower-
extremity joint conditions do not engage in even a single
session of moderate physical activity lasting 10 min (40).
However, as is clear from our review, regular exercise at
amounts up to those consistent with the 2008 Physical Activity
Guidelines for Americans—150 min·wk−1 of moderate-intensity
aerobic exercise, 2 d·wk−1 of muscle-strengthening exercise—
has a substantial beneficial impact on health of individuals
with preexisting knee and hip OA. The evidence suggests that
up to 10,000 steps per day of activity does not accelerate OA
progression in individuals with preexisting OA. Land-based
exercise appears to be as efficacious as water-based exercise
for these outcomes. Benefits related to pain relief, physical
function, and HRQoL appear to be applicable for aerobic ex-
ercise, muscle-strengthening exercise, and Tai Chi. Although
not tested head to head, effect sizes for joint pain reduction
by physical activity are comparable to those reported for anal-
gesics (20). Although this review did not identify any MA/SR
related to risk of comorbid conditions, a recent large cohort
study (16,362 individuals age ≥55 yr; median, 13.5 yr follow-
up) demonstrated that the presence and burden of radio-
graphic hip and/or knee OA was significantly associated with
increased risk (16%–25%) for incident diabetes (controlled for
confounders) with 37% to 46% of this relationship explained
by baseline limitations in walking (50). This excellent study be-
gins to address the important question of physical activity and
comorbidities in OA and underscores the necessity of further
studies to determine means of counteracting the incidence or re-
versing established serious comorbidities, such as diabetes, in
individuals with OA. A summary of the overall conclusions
and grade of the evidence, based on a consensus of the 2018
PAGAC, are provided in Table 3.

There are a number of barriers to physical activity for individ-
uals with OA. For people with lower-extremity joint symptoms,
even 10-min bouts of activity can be a challenge. Moreover,
greater knee pain and BMI can both contribute to poorer com-
pliance with exercise (51). One study suggested a potential
U-shaped, and another a J-shaped, dose–response relationship
of physical activity with OA progression (40,44,48). Interest-
ingly, this U-shaped dose–response relationship is supported
by an MA of exercise studies in healthy animals (52).

Evidence addressing some of the barriers to physical ac-
tivity for individuals with joint disease are provided by
Dunlop et al. (40) where an intermediate level of accumu-
lated physical activity—minimum of 45 min·wk−1 of at
least moderate intensity, irrespective of bouts—benefited
function of individuals with lower-extremity OA. Given
the ready accessibility to the general public of mobile health
devices—including individuals with arthritis—it is useful for
patients and arthritis health-related professionals to understand
PHYSICAL ACTIVITY IN OSTEOARTHRITIS

Copyright © 2019 by the American College of Sports Medicine
what is known about the relation of step counts to health out-
comes in those with OA. The goal of 150 min·wk−1 of MVPA
(walking at least 3.3 mph) equates to ~2500 steps per day
whereas the goal of 45 min·wk−1 of MVPA corresponds to
~750 steps per day. Considering a background of daily activity
of 5000 steps per day (53), a computed translation of these rec-
ommendations yields estimates of a total of ~7500 steps per
day (corresponding to a ‘somewhat active’ lifestyle (54)),
and ~5750 steps per day (also considered a ‘somewhat active’
lifestyle (54)), respectively. It is possible that background
daily activity in some individuals with OA does not exceed
basal activity levels of 2500 steps per day (54); under these cir-
cumstances, the corresponding minimal estimates of activity
would be a total of ~5000 steps per day and ~3250 steps per
day (considered a “sedentary” lifestyle). Interestingly, all these
goals fall within the apparent safe range for individuals with
more severe lower limb OA of less than 10,000 steps per day.
In a large (n = 4840) community-based sample, benefits are
similar for both bouted and nonbouted physical activity
(55,56). Moreover, a marked mortality benefit accrues from as
little as 40–80 min·d−1 of moderate activity (56) defined as a
threshold of 760 counts per minute using a waist-worn
accelerometer—roughly equivalent to the level of exertion of
activities of daily living. Taken together, these new insights
provide encouraging news for individuals with OA for whom
nonbouted activity and intermediate levels of activity below
US guideline amounts are likely to be beneficial and more
readily achieved on a regular basis.

Although umbrella reviews represent one of the highest
levels of evidence synthesis currently available, they are sub-
ject to several limitations including: incomplete stratification
of the evidence due to residual overlap within the included
MA/SR; heterogeneity of exposures making it difficult to de-
termine the exact relationships of physical activity and out-
comes; and heterogeneity of studied populations potentially
limiting the generalizability of results. In addition, this review
was limited by the lack of studies related to HRQoL and OA
progression and a lack of uniform definitions of OA—a cur-
rent challenge to the OA research field as a whole. As a
strength, this review has yielded insights into knowledge gaps
that led us to formulate the recommendations described below
for future research.

1. Conduct additional research to assess effect sizes of phys-
ical activity on OA to determine the clinical impact exer-
cise may have on particular outcomes.

Rationale: There is a particular need to conduct prospective
longer-term RCT of physical activity to evaluate OA dis-
ease progression, with objective quantification of physical
activity exposures withmolecular and imaging disease sta-
tus biomarkers as outcomes. In addition, more data are
needed to address the critical issues of varying amounts
and intensities of physical activity and their relationship
to incidence and progression of OA (tibiofemoral and
patellofemoral) in the absence of underlying injury. Be-
cause it often takes years for disease activity to result in
Medicine & Science in Sports & Exercise® 1335
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TABLE 3. PAGAC recommendations.

Research Questions Evidence Gradea

Amounts of physical activity and comorbidities in individuals with OA Not assignable
Amounts of physical activity and decreased pain and improved physical

function in adults with OA of the knee and hip
Strong (evidence is unlikely to be modified by more studies for these outcomes)

Amounts of physical activity and improved HRQoL in persons with OA of the knee and hip Moderate
Relationships vary by age, sex, race, ethnicity, socioeconomic status, or body mass index Not assignable
Dose–response relationship between physical activity and improved pain, physical function

and HRQoL in individuals with OA
Not assignable

Intensity or duration of aerobic and muscle-strengthening physical activity is related to
improvement in pain and functional capacity in individuals with OA of the knee and hip

Limited

Dose–response relationship between physical activity and disease progression in individuals
with OA

Moderate for safety (the relationship appears to be U-shaped; up to the range
of 10,000 steps per day, ambulatory physical activity does not accelerate
OA of the knee); Limited for adverse effects (range of more than 10,000 steps
per day may have an adverse effect on progression of OA of the knee in
individuals with existing OA of the knee)

aThe 5 grading criteria serving as the determinants of the final Evidence Grade are described in Torres 2018 (Table 1); in brief they were 1) applicability, 2) generalizability (to the US population of
interest), 3) risk of bias or study limitations (as determined by NEL BAT and/or AMSTARExBP), 4) quantity and consistency (of the results across the available studies), and 5) magnitude and
precision of effect.
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structural, detectable radiographic changes in the joint,
sophisticated imaging modalities, such as MRI, and bio-
logical biomarkers of disease activity (circulating systemic
or intra-articular) are needed to measure the outcomes. Re-
cently (after the timeframe of the searches for this review),
the first MA of synovial fluid, serum, and urine bio-
markers in individuals with established knee OA was
published (57). It concluded that 4 to 24 wk of exercise
therapy (strengthening and or aerobic) was not harmful
as it did not increase the concentration of molecular bio-
markers related to inflammation and cartilage turnover,
associated with cartilage breakdown. The overall qual-
ity of evidence was graded as low because of the limited
number of RCT available underscoring the need for
more biomarker research in this field.

2. Conduct research to clarify how OA progression is mod-
ified by baseline demographic and disease characteristics
as well as pain responses to exercise.

Rationale: For the outcome of disease progression induced
by physical activity, some evidence suggests that baseline
disease status plays a role in modifying the effect of phys-
ical activity; but this role has not yet been fully explained.
In addition, although a relationship between BMI and OA
is generally recognized, no studies have investigated through
MA whether BMI modifies the physical activity–OA re-
lationship. More studies on OA progression need to eval-
uate groups of individuals with clear evidence of OA
(defined biochemically, by MRI or radiograph) at base-
line as well as those “at risk” of OA.

3. Conduct direct head-to-head comparisons of the relative
effectiveness of physical activity and analgesics for pain
control in individuals with OA.

Rationale: Our review of the literature revealed that the
effect sizes for pain control from exercise interventions is
very similar to that of analgesics, including narcotic anal-
gesics (20). If true, this would be a critical observation
with profound implications for patient care, especially as
the effects of physical activity on OA-related pain seem
to be durable for up to 6 months following cessation of
1336 Official Journal of the American College of Sports Medicine
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an intervention. Determining the comparative effects of
physical activity and analgesics on OA pain could con-
tribute greatly to effective clinical management of OA
and potentially to greater third-party payment of exercise
treatments for OA.

4. Conduct research to determine the optimal physical activ-
ity dose, mode, intensity, duration and frequency to opti-
mize efficacy and sustainability of physical activity for
different types and severity of OA.
Rationale: Different modalities or amounts of physical
activity (using the same modality) have not been compared
head-to-head to ascertain their relative effects on OA pro-
gression, as well as pain, physical function, and HRQoL.
Dose–response investigations on the relationship of daily
step counts and other device-basedmeasures of physical ac-
tivity and OA disease progression are particularly needed.
Given that varying pain intensities and structural severities
of OA have been associated with reduced compliance with
exercise therapy, it is important to develop approaches to
personalize physical activity prescriptions for individuals
with OA tominimize discontinuation due to exacerbation
of symptoms and/or disease progression.

5. Determine the capacity of individuals with OA to perform
physical activity at intensities and amounts of exercise
that are able to modify comorbidities.
Rationale: Obesity is a risk factor for OA incidence and
progression. Obesity is also a significant risk factor for
OA-related comorbidities, including diabetes, cardio-
vascular disease, and cancer. However, few to no data
address the relationships of physical activity and mod-
ification of OA-related comorbidities and mortality in
those with OA. New longitudinal cohort studies, facilitated
by device-based measures of physical activity, will be re-
quired to adequately address this question. In addition,
more data are needed to determine whether those with ad-
vanced OA can safely exercise at intensities or amounts
that are able to modify the risk of developing disease co-
morbidities without subjecting themselves to a greater
risk of disease progression.
http://www.acsm-msse.org
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6. Develop biomarkers of exercise responsiveness and trajec-
tories for different types and severity of OA, to determine
who is likely to respond favorably to physical activity in-
terventions versus who is at risk of disease progression.
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Rationale: As for many human conditions and physiologic
states, even when controlling for possible effect modifiers,
individuals with different OA characteristics (pain, physi-
cal function, HRQoL, and disease structural severity) dem-
onstrate a range of individual responses to the same
exercise exposure. Developing technologies (such as bio-
markers) and approaches to better understand the demo-
graphic, physiologic, and molecular basis of disease will
be valuable for predicting andmonitoring responses to ex-
ercise and thereby for developing the best exercise regi-
men to elicit specific responses at the individual level.

CONCLUSIONS

Physical activity decreases pain, improves physical function
and HRQoL among people with hip and/or knee OA relative
to less active adults with OA. Given the strength of the evi-
dence (261 studies of various physical activity modes of expo-
sure including land and pool, aerobic, resistance and
flexibility), it is highly unlikely that the conclusions will be
modified by more RCT for these outcomes. There is currently
no evidence to suggest accelerated progression of OA in indi-
viduals with preexisting joint pathology for physical activity
below 10,000 steps per day. A total of at least 45 min·wk−1

of MVPA can improve or sustain function of individuals with
lower-extremity OA. Thus, people with lower-extremity OA
PHYSICAL ACTIVITY IN OSTEOARTHRITIS
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should be encouraged to engage in achievable amounts of
physical activity, of even modest intensities, accrued through-
out the entire day, irrespective of bouts, and be confident of
gaining some health and arthritis-related benefits.
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2019. Purpose: This article describes effective interventions to promote regular physical activity and reduce sedentary behavior that were

identified as part of the 2018 Physical Activity Guidelines Advisory Committee Scientific Report.Methods:A comprehensive literature search

was conducted of eligible systematic reviews,meta-analyses, and relevant governmental reports published between 2011 and 2016. For the physical

activity promotion question, articles were first sorted by four social ecological levels of impact (i.e., individual, community, communication environ-

ment, and physical environment and policy levels) and then further sorted intomore specific categories that emerged during the reviewprocess. For the
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Other articles in this issue describe a broad spectrum of
evidence-based health benefits associated with regular
physical activity and lower levels of sedentary behavior

over the life course. The evidence clearly shows that physical ac-
tivity provides a wide array of benefits—from reducing feelings
of anxiety and depression and improving sleep and quality of life
to lowering the risk of developing diabetes, heart disease, and
many cancers. A large proportion of Americans, however, are
not receiving the substantial benefits a physically active lifestyle
can offer. In 2015, only about one half of US adults and one
quarter of high school students and children in the United States
reported meeting the age-specific federal guidelines for aerobic
physical activity (1–3). Nearly one third of adults and one quar-
ter of older adults (65+ yr of age) reported being inactive during
their leisure time (1,4). These findings reflect the large burden
of physical inactivity in the United States, which has been re-
ported to be even higher when device-based measurement has
been used (5). Furthermore, a large burden is found in a grow-
ing number of countries throughout the world (6). For individ-
uals who are not yet participating in regular physical activity,
there are a number of effective intervention strategies that indi-
viduals and communities can use to increase physical activity
and reduce sedentary behavior.

The major goal of this article is to highlight the current ev-
idence-based strategies and approaches for increasing regular
physical activity and reducing sedentary behavior. This area
was deemed of particular interest for the 2018 Physical Activity
Guidelines Advisory Committee given it was not reviewed as
part of the 2008 Physical Activity Guidelines Advisory Commit-
tee Report (7). In light of the variety of intervention strategies
and approaches used, the evidence for the current review was
organized by level of impact using an adapted version of a
social ecological framework (8) (see Fig. 1). Using this
—Social ecological framework.

L ACTIVITY PROMOTION SYSTEMATIC REVIEW

Copyright © 2019 by the American College of Sports Medicine
framework, the evidence was divided into four broad levels—
individual, community, the communication environment (i.e.,
interventions delivered through information and communica-
tion technologies [ICT]), and physical environments and
policy. The potential public health impacts of the described
intervention strategies and approaches are also discussed,
along with recommendations for future research and practice
in physical activity promotion. Because the aim of the 2018
Physical Activity Guidelines Advisory Committee Report was
to evaluate the physical activity evidence as it pertains to pop-
ulation health, intervention-based clinical health impacts/
clinical meaningfulness were not evaluated. Additionally,
such clinical health impacts typically were not the focus of the
reviews that were part of the evidence search.
METHODS

Questions of interest. The Physical Activity Promotion
Subcommittee of the Physical Activity Guidelines Advisory
Committee focused on two central questions to examine in
the physical activity intervention area, as follows: 1) What in-
terventions are effective for increasing physical activity at dif-
ferent levels of impact? 2) What interventions are effective for
reducing sedentary behavior? The Committee also sought to
determine whether intervention effectiveness varied by age,
sex, race/ethnicity, or socioeconomic status, when such infor-
mation was available. Thus, the Subcommittee charge was to
identify those intervention areas for which effective interven-
tions were available, as opposed to searching for any interven-
tion areas for which the evidence did not support effectiveness.

Evidence reviewprocess. The evidence review process
and methods are fully detailed in the 2018 Physical Activity
Guidelines Advisory Committee Report (9), and will be briefly
described here. The protocol-driven methodology applied was
aimed at minimizing bias and maximizing the identification of
relevant and high-quality systematic reviews (10). Due to the
size of the physical activity promotion evidence base, which
spans at least six decades, includes review articles from both
the US and non-US regions, and was not formally reviewed in
developing the original 2008 US Physical Activity Guidelines
(11), the focus of the evidence review was limited, due to prag-
matic considerations, to systematic reviews, meta-analyses, and
relevant governmental reports published from 2011 through
2016 and deemed of sufficient quality based on the Physical Ac-
tivity Guidelines Advisory Committee’s eligibility criteria (9).
These criteria included publication language (English), publica-
tion status (i.e., peer-reviewed, high-quality report), research type
(i.e., systematic review, meta-analysis, pooled analysis, relevant
report), and study subjects (human) (10). Evidence sources
published before or after the 2011 to 2016 period were unable
to be included, and thus are not represented in the 2018
Medicine & Science in Sports & Exercise® 1341
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though it is possible that reviewing additional literature
through the beginning of 2018 could provide further insights,
the nature of the evidence being accumulated in this field
makes it less likely than other fields that the current evidence
evaluation would have substantively changed. This is because
of the broad heterogeneity of the physical activity promotion
literature across a variety of factors (e.g., target populations,
study designs and methods, physical activity types, interven-
tion content, length and delivery channels). This, in turn, makes
it less likely that any one additional study or review would be
sufficiently rigorous and comprehensive to substantially change
the evidence grades during that additional 16-month period.
This point notwithstanding, the constrained period remains a
limitation of the review process.

Additionally, studies included within the articles being
evaluated typically reflected a mix of physical activity mea-
sures (i.e., self-report, device-based assessment), the types of
primarily aerobic forms of physical activity being targeted
(e.g., walking, moderate-to-vigorous forms of physical activ-
ity, aerobic activities combined with strengthening activities),
and outcomes (e.g., total volume of activity, duration and/or
frequency of moderate-to-vigorous activity, percentage of par-
ticipants meeting guidelines). The review articles generally
did not look at associations between specific types of physical
FIGURE 2—Evidence review flowchart.
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activity measures and intervention outcomes, or how different
types of physical activity outcomes were affected.

For efficiency, one comprehensive search was conducted
which included global key word terms for both physical activ-
ity promotion and sedentary behavior reduction (see Fig. 2).
Relevant review articles for each field were then sorted to spe-
cifically address each question of interest. For each question of
interest (i.e., physical activity promotion, sedentary behavior
reduction), eligible articles were next sorted into more specific
categories (i.e., topic areas) that emerged as part of the review
process. For the physical activity promotion question, articles
were first sorted by the four social ecological levels of im-
pact described earlier, and then further grouped into specific
categories that emerged in examining each article (e.g., at
the Community level, seven categories emerged). In light of
the smaller overall evidence base available for the sedentary
behavior reduction question, that literature was grouped di-
rectly in emergent clusters (as opposed to by level of impact)
of youth, adult, and worksite interventions.

When available, informationwas abstracted from the reviews
for between- and within-group comparisons, the magnitude of
effect, type and amount of physical activity, and physical activ-
ity intensity and frequency. For most systematic reviews, which
constituted the majority of articles evaluated, such information,
including effect size estimates, was often inadequately described
http://www.acsm-msse.org
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or missing. When effect size estimates were available, we in-
cluded them in the findings of this article. A standard evidence-
grading rubric was utilized across all Committee topic areas
which consisted of evidence grades of strong, moderate, lim-
ited, and grade not assignable (9). The collective scientific ex-
pertise of the Committee members was utilized inmaking final
determinations with respect to applying the rubric in arriving at
evidence grades, commensurate with the formal charge of the
Committee. The Physical Activity Promotion Subcommittee
assigned evidence grades of “Strong” or “Moderate” when the
body of systematic evidence was reasonably large (e.g., typi-
cally more than one rigorous systematic review or a published
meta-analysis, with articles usually including more than 10
studies) and indicated a consistent effect across rigorously de-
signed studies (e.g., experiments). “Strong” was distinguished
from “Moderate” based on the larger pool of more rigorously
designed studies available (e.g., experimental designs) and
typically longer intervention periods (e.g., greater than 6 months)
(9). Because both strong and moderate evidence grades reflect
sufficiently consistent bodies of literature supporting the use
and deployment of the interventions involved, they constitute
the focus of this article.
RESULTS

Number of Articles Included in the Review

For both questions, a total of 1778 eligible systematic re-
views, meta-analyses, and governmental reports (all referred
to as “articles” in this article) were evaluated for relevance in
addressing questions 1 and 2. Of this total, 96 articles were
deemed relevant to address question 1 related to physical
activity promotion, and 18 articles were deemed relevant to
address question 2 related to sedentary behavior reduction.

Results of the Evidence Review: Interventions to
Promote Physical Activity

Categories for which consistent strong or moderate evidence
support was found for physical activity intervention effective-
ness are provided in Table 1 and described briefly below by
levels of impact. Promising, but currently understudied, strat-
egies within each level are listed within each level of impact
but, due to space constraints, are not described in detail. The
“Online-Only Supplementary Material” included in the 2018
Physical Activity Guidelines Advisory Committee Report con-
tains detailed information about all articles that were consid-
ered by the Committee.

Individual-Level Strategies and Approaches

Much of the original physical activity promotion literature
dating back to the mid-twentieth century has been comprised
of individual-level interventions consisting of person-to-
person or small group-based programs. The literature eval-
uated as part of the 2011 to 2016 comprehensive evidence
review resulted in five individual-level intervention catego-
ries, with four of those categories containing a sufficiently
PHYSICAL ACTIVITY PROMOTION SYSTEMATIC REVIEW

Copyright © 2019 by the American College of Sports Medicine
consistent and rigorous evidence base to be highlighted here.
The fifth category, interventions for postnatal women, was
identified as an area with limited evidence from systematic re-
views and meta-analyses that warranted further study.

Application of behavioral theories and models to
inform interventions. The current evidence base supports
the application of behavioral theories and models (e.g., Social
Cognitive Theory, the Transtheoretical Model, Theory of
Planned Behavior, Self-Determination Theory) and strategies
drawn from such theories in developing effective programs
at the individual level as well as at other levels of impact (9).
For example, a meta-analysis of 82 randomized controlled trials
(RCT) of theory-based interventions in more general adult popu-
lations reported an overall average effect size of 0.31 (95% con-
fidence interval [CI], 0.24–0.37) relative to controls (34). Among
the most commonly reported behavior change techniques associ-
ated with physical activity change were self-monitoring of be-
havior and intention formation. Several techniques within
theory-based behavioral interventions were identified as
areas warranting additional study, including providing re-
wards (conditional and unconditional) for exercise session
attendance and understanding the effects of achieving phys-
ical activity goals across a variety of age groups.

Interventions specific to youth and older adults.
Notably, the evidence base at the individual level has expanded
well beyond the general adult populations constituting the early
targets of intervention to important population subgroups,
including youth and older adults. Robust evidence exists for
individual-level interventions aimed specifically at youth (9).
Effective programs often have included in-person education
and experiential activities (i.e., exercise classes), which can
be enhanced through incorporating the family as part of
the intervention (14). Examples of such interventions include
in-person and Web-based education, hands on experiential
activities (e.g., supervised exercise, dance, or sports and
recreational activities), and replacing sedentary behaviors
with increased physical activity (14).

Interventions aimed specifically at older adults have been
shown to be effective in promoting increased physical activity
across intervention periods of a year or more (9). Among the
types of strategies that have been reported to be effective
among older adult samples are individual or group-based
advice and counseling, problem-solving around barriers to
physical activity, social support, modeling and similar dem-
onstrations of the physical activities being targeted, and use
of rewards linked to behavior change (13).
Extending the Reach of Individual-Level
Interventions—Peer-Led Interventions

While in-person individual-level approaches provide a flex-
ible means for tailoring programs to the needs of each person,
they often require a level of staff time and support that can be
costly and/or infeasible to deliver to larger groups of people
or in certain contexts (e.g., under-resourced communities).
The growth of information and communication technologies
Medicine & Science in Sports & Exercise® 1343
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(described in a subsequent section) as well as peer-led pro-
grams can provide a level of personalized advice and support
in a manner that may reduce costs and enhance reach to a
wider and more diverse audience. For example, there is
consistent evidence supporting the effectiveness of peer-
led behavioral self-management interventions such as the
Chronic Disease Self-Management Program in attaining
meaningful increases in physical activity among older adults
and persons with chronic conditions, particularly over the
short-term (e.g., 3 months) (16). Examples of original research
supporting the longer-term effectiveness (1 yr or longer) of
peer-engaged in-person or phone-delivered physical activity
interventions in healthy midlife and older adults also are avail-
able (35,36). However, it is also important to further evaluate
the impacts of such physical activity programs on important
health outcomes of interest, such as physical function, which
a recent meta-analysis in this area suggested may be more diffi-
cult to attain with such interventions (37).
Community-Level Strategies and Approaches

Community interventions can be aimed at the entire commu-
nity (i.e., community-wide) or at particular community settings.
Among the settings that have been frequently targeted for phys-
ical activity intervention are educational, housing, recreational,
worksite, primary care, and faith-based settings. They offer po-
tentially convenient locations for reaching diverse groups of peo-
ple and, depending on the setting or location, provide a means
for targeting different age groups using a range of strategies (38).

As noted earlier, the Committee’s evidence review focused
on those eligible systematic reviews, meta-analyses, and gov-
ernment reports published between 2011 and 2016. The avail-
able evidence during that time frame allowed us to identify
robust evidence supporting contact-intensive community-wide
interventions and interventions occurring in school settings.
Meanwhile, other community setting reviews captured during
the 2011 to 2016 review period (i.e., childcare and preschool set-
tings, faith-based interventions, primary care settings, worksites,
nurse-delivered interventions in home or other community
settings), while promising, presented less rigorous interven-
tion evidence. We present highlights from the two areas
(contact-intensive community-wide interventions and school
settings) that received particularly rigorous evidence support
during the targeted review period.

Community-wide interventions. Community-wide in-
terventions that use intensive contact with the majority of the
target population over time can increase physical activity across
the population (9). Although a large number of community-
wide interventions that included physical activity promotion
have occurred throughout the world, a relatively smaller num-
ber have been able to report sufficiently intensive contact with
the majority of community members over time to produce sig-
nificant physical activity increases across the target population.
One example is a study conducted in China (39) that reported
a significant increase in community-wide physical activity
levels in three urban areas of Hangzhou city. The types of
PHYSICAL ACTIVITY PROMOTION SYSTEMATIC REVIEW
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intervention strategies that were used included door-to-door
distribution of instructions and information, identification
and support of community members at increased chronic dis-
ease risk, and health counselor advising. The effectiveness of
this type of community-wide intervention has been supported
by a recent 5-yr cluster-randomized trial evaluating the effects
of a community-wide intervention on population-level physi-
cal activity among midlife and older adults in Japan (40).
The percent of adults achieving recommended levels of regu-
lar physical activity in the communities randomized to the so-
cial marketing-based intervention (n = 9) increased by 4.6
percentage points over 5 yr relative to the control communities
(n = 3). The intervention, which consisted of targeted educa-
tional outreach, information delivery through different media
channels, and different types of social support, was effective
in promoting aerobic, muscle strengthening, and flexibility ac-
tivities in those communities in which these different physical
activity types were specifically targeted. Of note, however, in
the intervention community in which all three types of physi-
cal activity were targeted simultaneously, less positive change
occurred relative to those communities targeting fewer
physical activity types (40). Although promising evidence
for positive physical activity changes in some portions of
the community has been reported in other studies in the United
States and elsewhere, it remains a challenge to reach broad
segments of communities with sufficient intervention duration
and intensity to produce sustainable changes, particularly
when interventions often include strategies to improve other
risk factors beyond physical activity (9).

Overall, there is an extensive literature evaluating community-
wide as well as setting-specific community interventions for
physical activity promotion (9,41). The robustness of the evi-
dence overall could be improved by using more rigorous study
designs and assessment strategies, longer intervention time
frames, and consistent applications of intervention fidelity
processes and procedures (9).

School interventions. Among the most robust literature
available in the physical activity promotion field is that aimed
at promoting physical activity in school settings (41). Effective
multicomponent school-based interventions, such as CATCH
(17) and SPARK (18), include structural changes in physical
education (PE) classes, classroom activity breaks, activity ses-
sions occurring before and after school, active transport to and
from school, behavioral skill-building to promote physical ac-
tivity participation, and the provision of after-school spaces
and equipment for physical activity (17,18). Such interven-
tions have been found to significantly increase physical activ-
ity during school hours relative to controls in primary school
and adolescent youth (9). A number of studies also have shown
that implementing a well-designed PE curriculum with appro-
priately trained teachers can improve amounts of within-class
moderate-to-vigorous physical activity. For example, a meta-
analysis in this area (19) reported a 24% increase in active
learning time during PE in the intervention groups relative to
controls irrespective of age, sex, and intervention duration
(standard mean difference [SMD], 0.62; 95% CI, 0.39–0.84).
Medicine & Science in Sports & Exercise® 1347
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and Approaches

The communication environment includes a large and grow-
ing group of ICT that have been used increasingly to promote
regular physical activity. The ICT strategies are typically tested
with individuals but can be deployed widely within a larger
communication and technology environment, thus having the
potential for broad reach. Given this observation along with
the unique delivery channels represented in this emerging field,
we chose to treat ICT interventions as a distinct level of impact
(8). Such interventions have the potential for providing more
dynamic intervention delivery (e.g., “just-in-time” strategies)
than those accessed in the more traditional in-person interven-
tions found at the individual level. Typical delivery channels
used include technologies such as wearable activity monitors,
cell or smart phones, and the Internet. Among the advantages
of ICT intervention approaches are their ability, similar to the
individual-level approaches highlighted earlier, to personal-
ize information, behavior change strategies, and support to the
varying contexts and needs of individual users while provid-
ing a means for readily documenting the information delivered
and responses received. For example, the passive sensing capa-
bilities of smartphones and similar mobile devices can provide
near continuous, lower burden physical activity tracking abili-
ties, as well as a means for capturing social and environmental
contextual information that allow delivery of “just in time” per-
sonalized advice and support (42). In addition, in light of accel-
erating smartphone ownership (69%) in the US population and
other developed countries (43), as well as in a growing number
of developing economies worldwide (46% own smartphones)
(43), the population reach of mobile device-based interventions
can potentially rival or eclipse community interventions.

The evidence evaluated during the 2011 to 2016 compre-
hensive review that focused on ICT interventions was orga-
nized into seven categories, with five of those categories
containing a sufficiently consistent and rigorous evidence base
to be highlighted here. The two categories not included, which
represent areas needing further systematic study, were active
video games promoting active play or exercise and interven-
tions delivered via social media. A recent meta-analysis of
18 RCT of active video games focusing on healthy, community-
dwelling older adults suggested that use of such games can
promote short-termmobility and balance gains in healthy pop-
ulations (44). However, their impacts in older adults with bal-
ance or mobility limitations are less clear. In addition, while
program adherence rates were reported overall to be reason-
ably high, intervention durations in this area remain brief
(i.e., from 3 to 20 wk) (44). With respect to social media, a re-
cent systematic review of physical activity interventions
using a specific social media platform—Facebook—found
that only two of eight interventions reviewed resulted in sig-
nificant physical activity increases relative to controls (45). As
represented in this review, this nascent intervention field con-
tinues to suffer from weak designs, lack of theory-based con-
tent, small sample sizes, and short follow-up periods (45).
1348 Official Journal of the American College of Sports Medicine
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Wearable activity monitors. The evidence reviewed
supports the use of wearable activity monitors, such as step-
counters and accelerometers, when used jointly with specific
behavioral strategies such as goal-setting, behavioral coaching,
and/or group-based support for increasing regular physical ac-
tivity in general adult populations as well as some specific adult
subgroups. In general adult populations, a meta-analysis of 12
trials using activity monitors reported a significant, albeit small,
increase in physical activity levels relative to minimal-attention
or usual care controls (SMD, 0.25; 95% CI, 0.04–0.49) (20). In
this review, setting a specific physical activity goal appeared to
enhance physical activity outcomes irrespective of whether it
was a self-chosen goal versus a goal specified by the inter-
vention team (e.g., a 10,000-step goal) (20). The importance
of setting a specific physical activity goal in combination
with an activity monitor was also supported in a meta-analysis
of patients with type 2 diabetes (21). In this meta-analysis,
setting a specific physical activity goal resulted in a significant
mean increase of 3200 steps per day relative to controls,
whereas step-counter use without a goal did not increase phys-
ical activity significantly relative to control. Use of a step diary
also was efficacious in increasing physical activity (21). Signif-
icant positive effects of behavioral interventions that included
activity monitors in comparison with waitlist or usual care inter-
ventions were also found in a meta-analysis of adults with over-
weight or obesity (22).

Among some of the challenges accompanying wearable
activity monitor use are the timing of their use in physical activ-
ity programs (e.g., during the adoption vs maintenance phases
of behavior change) (46), and methods for extending the
duration of use.

Telephone-assisted interventions. Decades of physi-
cal activity intervention work have supported the use of phys-
ical activity advice and support delivered by phone for general
adult as well as older adult populations, with effect sizes in the
moderate range or stronger (i.e., d > 0.5) (47). Longer-term in-
terventions (i.e., 12 months or longer) have been associated
with greater effectiveness, and at least two large-scale dissem-
ination studies targeting diverse groups of midlife and older
adults and including trained community staff as well as volun-
teers have reported physical activity increases of a magnitude
similar to those obtained in RCT (47–49). Of interest, a review
of a small number of trials that combined physical activity and
dietary interventions in general adult and older adult popula-
tions suggested that including a dietary intervention might at
times hamper physical activity change (47). This finding
was supported in a subsequent RCT in which the timing of
the introduction of these two health behavior interventions
was manipulated systematically (i.e., sequential or simulta-
neous ordering) (50). Greater increases in physical activity oc-
curred when the physical activity intervention was initiated
from the beginning, as opposed to when it was added follow-
ing initiation of a dietary intervention (50).

Web-based or Internet-delivered interventions. Sys-
tematic reviews and meta-analyses of interventions delivered
remotely over a web page or the Internet and that include
http://www.acsm-msse.org
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educational components have reported small but positive inter-
vention effects in general adult populations (6); for example,
one meta-analysis found a d = 0.14 when comparing such in-
terventions with control arms (23). Larger effect sizes have
been reported for studies which screened out already active in-
dividuals (d = 0.37) (23), while targeting physical activity
alone or in combination with other health behaviors (i.e., dietary
behaviors, weight management behaviors) produced similar ef-
fect sizes (23). Web-based or Internet interventions may also
result in significant short-term physical activity increases (i.e.,
typically less than 6 months) in persons with type 2 diabetes
when compared with controls (24), although this literature
is less well developed and more variable than the literature
for general adult populations.

Computer-tailored print interventions. These pro-
grams collect user information via mailed surveys, which is
then used to develop computer-tailored mailings that include
personalized physical activity advice and support (51). Current
evidence indicates that, in general adult populations, such in-
terventions have a positive, albeit small effect (d = 0.12 to
0.35) on physical activity levels, particularly in the short-term
(i.e., 6 months or less) (51). Commonly used tailoring vari-
ables upon which to personalize the mailed advice were psy-
chosocial and behavioral variables (e.g., perceived barriers to
activity; motivational readiness to change) (51).

Mobile phone interventions. In generally healthy adult
populations, the relatively small number of mobile phone in-
terventions that include or focus primarily on text-messaging
have reported significant positive effects, relative to controls,
on physical activity levels (9). Some of the effect sizes reported
in the available reviews have been notable (i.e., an average of
0.40 or greater) (26). In a number of studies, text-messaging
was used primarily to provide simple cues or messages related
to becoming more active (9).

While no reviews of text-messaging interventions in youth
were found during the 2011 to 2016 search period, reviews
were identified evaluating the efficacy of physical activity
smartphone apps in youth. Occurring in school and other com-
munity settings and across diverse countries, the evidence in-
dicates small to moderate effects on physical activity levels
in boys and girls, although at least one systematic review re-
ported Cohen’s d coefficients of 0.36 to 0.86 (27). When types
and combinations of behavioral strategies were evaluated
systematically, differences were found in children relative
to adolescents. For example, while general encouragement,
modeling and instruction predicted positive physical activity
effects in children (27), providing teens with specific instruc-
tion tended to reduce the effects of the intervention (27).

While no systematic reviews were found during the
search period evaluating smartphone apps in adults, a re-
cent systematic review and meta-analysis of 18 RCT in
this area indicated some promising results for adults, with
small to moderate increases in device-based physical activ-
ity when measured in minutes per day (SMD, 0.43; 95% CI,
0.03–0.82) (52). However, most studies included additional in-
tervention components (e.g., counseling sessions), which could
PHYSICAL ACTIVITY PROMOTION SYSTEMATIC REVIEW
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result in larger effects than if the smartphone app was offered
alone (53).
Physical Environment and Policy-Level Strategies
and Approaches

Physical environment-level approaches can be defined
broadly as the evaluation and targeting of features in the built
environment that may affect physical activity levels, including
pedestrian or bicycling infrastructure, ready access to stairs,
and access to indoor and outdoor recreational facilities, in-
cluding parks, trails, and gyms (9). Policy-level approaches,
meanwhile, include local ordinances and laws, as well as orga-
nizational policies and practices that can influence physical
activity (9). Over the last several decades there has been an
increase in research worldwide evaluating the associations
between physical environment factors and levels of physical
activity (38). In addition to the large number of cross-sectional
observational designs that have been used in this field, more
rigorous longitudinal and natural experimental designs have
been addedmore recently to the literature (29,38). Environmen-
tal and policy-level evidence can set the stage for intervention
approaches that can span large portions of the population,
therefore having a potentially larger impact and “reach” than
interventions at other levels of impact (e.g., the individual-
level). However, environmental and policy approaches are also,
by their often complex and multifactorial nature, constrained by
the real-world challenges that canmake it difficult to implement
as well as evaluate them. These challenges notwithstanding,
four approaches at this level, described below, have achieved
consistent evidence support and are important public health
strategies to consider in the physical activity area.

Point-of-decision prompts promoting stair use.
Systematic reviews of short-term point-of-decision studies
(typically ranging from 4 to 12 wk) conducted in a variety of
community settings (e.g., shoppingmalls, transit hubs, worksites)
have reported increases in stair use in the majority of studies
evaluated (e.g., 77% of 67 studies reviewed) (28). Most of
the studies reviewed used quasi-experimental designs (e.g.,
interrupted time series, controlled before-and-after studies) (28).
Percent stair use increases have ranged from 0.3% to 34.7%
(28). Some studies suggest that responses to the prompts
may vary by age, sex, and weight status (9).

Built environment characteristics that support
active transport to destinations. The evidence reviewed
reported that street connectivity, a mix of commercial, residen-
tial and public land uses, and similar types of characteristics,
along with Safe Routes to School programs, are positively as-
sociated with greater walking and cycling for transport among
adults, older adults, and children relative to environments
lacking such elements (9,38). For instance, the results of a large
natural experiment (RESIDE) (29) found increases across a 7-yr
period in active transport among residents moving to neighbor-
hoods that they perceived as safer for walking and bicycling
relative to those who did not move to such neighborhoods.
The importance of walkability and similar environmental
Medicine & Science in Sports & Exercise® 1349
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 features for active transport and other forms of physical activity

additionally has been supported by a recent large-scale study of
US smartphone app users (42). This study showed that women
may be particularly sensitive to the effects of walkability features
in terms of their daily physical activity levels.

Community design and characteristics that support
recreational physical activity. Readily usable and safe
walking and cycling infrastructure and related built environ-
ment features (e.g., sidewalks, street connectivity, absence of
heavy traffic) are also positively associated with greater amounts
of recreational physical activity among both children and adults
relative to environments without such infrastructure. For example,
one meta-analysis reported that absence of heavy traffic was asso-
ciated with significantly more walking and leisure-time physical
activity in adults (odds ratio, 1.22; 95% CI, 1.08–1.37) (54).

Access to indoor and/or outdoor recreation facili-
ties or outlets. The evidence review additionally showed
that access to indoor (e.g., gyms or fitness centers) or outdoor rec-
reational facilities (e.g., parks, trails, open streets programs which
temporarily reduce motor vehicle access in specified locations) is
positively associated with greater physical activity among both
children and adults compared to environmentswithout such facil-
ities or outlets (9). For example, a meta-analysis reported that
greater access to such facilities among adults was related to more
physical activity, with an odds ratio of 1.20 (95% CI, 1.06–1.34)
(54). In addition, some intervention studies have shown that com-
bining a built environment approach (e.g., building a new foot-
path) with a public education or skills-building program has
resulted in increased physical activity levels (55).

Policy-specific approaches to physical activity
promotion. In contrast to the built environment arena, little
evidence was found during the 2011 to 2016 evidence search
period evaluating the impacts of specific policies related to
land use, urban sprawl, and similar environmental design fac-
tors on physical activity levels. Only one review was found
during this search period that focused specifically on policy
approaches for physical activity programs (56), and this re-
view was primarily descriptive in nature. It identified land
use policies and school physical activity policies as among
the most promising types of policies that have been studied
to date. In a review that included five studies of urban sprawl
and physical activity, 80% found a relationship between less
sprawl and more physical activity of different types (e.g., ac-
tive transport, recreational, total physical activity) (38), and
one prospective study reported positive impacts over time of
urban sprawl mitigation policies on physical activity (57).
SUMMARY OF KEY INTERVENTION
COMPONENTS FOR PHYSICAL ACTIVITY
PROMOTION AT EACH LEVEL

For investigators designing and implementing physical ac-
tivity interventions, a number of key intervention components
were highlighted above. At the individual level, self-monitoring
of behavior and intention formation are commonly related to in-
creased physical activity. At the community level, door-to-door
1350 Official Journal of the American College of Sports Medicine
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distribution of instructions and information, identification and
support of community members at increased chronic disease
risk, and health counselor advising can be important compo-
nents, as can well-structured PE classes and environmental
changes in school settings. At the communication environ-
ment level, goal setting was found to be particularly important,
and assessing perceived barriers to activity and motivational
readiness to change are useful. At the physical environment/
policy level, street connectivity, a mix of commercial, residen-
tial, and public land uses and similar types of built environment
characteristics, along with Safe Routes to School programs, are
positively associated with greater walking and cycling for
transport among adults, older adults, and children relative to
environments lacking such elements.
RESULTS OF THE EVIDENCE REVIEW:
INTERVENTIONS TO REDUCE
SEDENTARY BEHAVIOR

A summary of the intervention categories for which suffi-
ciently consistent evidence was found supporting sedentary
behavior reduction among youth and in worksites is summa-
rized in Table 1 and briefly described below. Interventions to
reduce sedentary behavior among adults were identified as
an area warranting further study. Given the relative newness
of this area, the size of the evidence base was smaller than that
for physical activity interventions (9). However, the evidence
available tended toward more rigorous methods (i.e., meta-
analyses of RCT).

Youth interventions. The 2011 to 2016 evidence review
found support for sedentary behavior interventions in youth
which typically were delivered in school settings, generally
lasted at least 6 months, and targeted primarily reductions in
television viewing and other screen-time activities (9). Combi-
nations of strategies were often used in these studies consisting
of school-based counseling, parental involvement, tailored
feedback regarding screen-time activities, and the use of screen
allowance devices to limit TV and video game viewing time.
Taken together, the reviews indicated small but consistent
self-reported sedentary behavior reduction effects (e.g., a mean
reduction of about 20 min·d−1) irrespective of whether the inter-
vention was delivered alone or as part of a multiple behavior
change program (31). A more recent review of 0- to 5-yr-old
children showed similar reductions in sedentary time (i.e., mean
difference of 18.91 fewer sedentary minutes per day relative to
control; 95% CI, −33.31 to −4.51) (58). It was unclear from the
evidence reviewed whether such consistent reductions in seden-
tary behavior would be sufficiently large to produce positive
health effects in this age group.

Worksite interventions. We found consistent evidence
supporting the effectiveness of sedentary reduction interven-
tions with worksite populations that performed their work
duties typically while seated (9). This was particularly the case
for interventions that targeted physical changes to work stations
(e.g., sit-stand workstations), which reported medium to large
effect sizes based on device-measured sedentary behavior
http://www.acsm-msse.org
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(i.e., mean difference of 72.78 fewer sedentary minutes per 8-h
workday relative to control, 95% CI, −104.92 to −40.64) (33).
Such effects were strengthened when the workstation changes
were combined with educational (e.g., e-newsletters), social
(e.g., workgroup contests), and other environmental (e.g.,
managerial support, signage) support strategies (e.g., mean
difference of −88.80 min per 8-h workday relative to control)
(33). Evidence of efficacy in the meta-analyses also appeared
to be somewhat diminished when walking workstations and
cycle ergometers were used (59).

Methodological constraints included small sample sizes and
short-term intervention durations (3 to 6 months) (59). How-
ever, these constraints have been addressed in recent trials
using cluster-randomized designs that demonstrated similar
effect sizes to those observed in the meta-analyses (60,61).
In addition, a recently published cluster-randomized trial re-
sulted in reductions in body fat percentage at the end of the
multicomponent intervention (62).
DISCUSSION AND FUTURE
RECOMMENDATIONS

The above highlights from the 2018 Physical Activity
Guidelines Advisory Committee Scientific Report underscore
the range of effective interventions for promoting regular
physical activity at different life stages. Of particular note are
the promising number of technology-based approaches that
can effectively promote short-term physical activity increases.
An ongoing challenge for the field as a whole is to identify the
best methods for promoting sustained physical activity for dif-
ferent population groups within different environmental and
cultural contexts as well as life stages. One way to increase
sustained physical activity is to target several levels of the
social ecological framework within the same intervention.
Unfortunately, such multilevel interventions have not been
commonplace to date. In addition, while the type and nature
of the physical activity (e.g., intensity, duration, frequency,
its enjoyability and related factors) can influence the effective-
ness of an intervention for different population groups, few of
the reviews, meta-analyses, and reports that were evaluated
presented systematic information on the associations of such
program factors with intervention success. The field as a
whole would benefit from further research in this area.

The evidence also supports the effectiveness of those sed-
entary behavior reduction approaches that have received
systematic study to date. Such evidence notwithstanding,
there remains much that we need to know about how to most
efficiently and effectively promote these key health behaviors
among the significant proportion of the population who are
substantially sedentary or insufficiently active on a regular
basis. Among other important areas for further systematic
investigation are the following:

• Incorporate more diverse population subgroups, includ-
ing broader age groups, men as well as women, diverse ra-
cial/ethnic groups, and vulnerable and underrepresented
PHYSICAL ACTIVITY PROMOTION SYSTEMATIC REVIEW
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population groups (e.g., lower-income residents, patient
subgroups).

• Develop efficient methods for collecting cost data on all
interventions being tested to inform cost-benefit and cost-
effectiveness comparisons across the field as a whole (63).

• Study the most effective methods for disseminating to real-
world settings those physical activity interventions that
work, a number of which have been highlighted in this re-
view. As part of this dissemination process, it is critical that
specific efforts are made to reach traditionally underserved
segments with interventions adapted to their needs. Doing
this can help to ensure that all population groups can ben-
efit from interventions shown to be effective. Additionally,
it will be important to systematically evaluate such dissem-
ination efforts to better capture actual intervention effects
when delivered in the community (48).

• As a complement to dissemination approaches, conduct
implementation research as a means of identifying methods
for enhancing the uptake and implementation of programs
shown to be effective to ensure that theymaintain their ef-
fectiveness when delivered at scale.

• Test strategies across different levels of impact, as has been
done in school settings, to determine which combinations
achieve the greatest effects on different modes of physical
activity across the week and in different population groups.

• Testmethods for sustaining physical activity increases over
time and across different contexts, given that inactivity is
most appropriately conceptualized as a “chronic condition,”
as opposed to an acute condition that can be “cured” with a
finite intervention without targeting maintenance.

• Continue the systematic work aimed at increasing our un-
derstanding of the most effective strategies and mecha-
nisms of action underlying physical activity interventions.
An example of such an approach, based on international
scientific consensus-building and evidence review and
analysis, aims to build a taxonomy of behavior change
techniques for physical activity and other health behaviors
(64). Such a taxonomy can serve as the starting point to
identify the most effective strategies and mechanisms for
behavior change for different population groups, con-
texts, and outcomes.

Finally, although this article highlights those interventions
reviewed for which the evidence supported intervention
effectiveness, many such interventions were noted to have
small to moderate effects in increasing physical activity.
Among the aims of the future recommendations described
above are to help facilitate the development of increasingly
robust multicomponent and multiple-level interventions that
can strengthen intervention effects among different population
segments. This point notwithstanding, it has been noted that
even small effects of an intervention can translate into meaning-
ful public health impacts when the intervention is disseminated
effectively across a large segment of the population (65,66).
This observation underscores our call for an increased focus
on broad dissemination of the group of interventions that show
Medicine & Science in Sports & Exercise® 1351
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 effectiveness, even if an intervention might alone produce a

reasonably small individual-level effect.With careful attention
to ensuring that all groups benefit from the knowledge that has
been gained in the physical activity promotion field, the
untapped promise for the nation’s health offered through a
physically active lifestyle can be more fully realized.
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