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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
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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
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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
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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).
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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).

1274 Official Journal of the American College of Sports Medicine
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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-

http://www.acsm-msse.org
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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
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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).
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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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