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2018 Physical Activity Guidelines Advisory Committee Scientific Rddoesses this important topic

and examines the strength of the scientific evidence that would be the basis for public health guidelines.
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4. What is the relationship between physical activity and piee

a) Is there a dose-response relationship for either acute bouts of physical activity, or regular
physical activity? If yes, what is the shape of the relationship?

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

c) Does the relationship vary for individuals with normal to impaired sleep behaviors? If yes, for
which sleep disorers?

Data Sources and Process Used to Answer Questions

The Brain Health Subcommittee determined that systematic reviews, meta-analyses, pooled analyses,

and reports provided sufficient literature to answer all four research questibms databases searched
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Strong evidence demonstrates that greater amounts of physical actirétgssociatedvith a reduced

EJ]el }( A 0}%]vP }PV]3]A Ju% ]Eu viU JRAGA@radk: Sirahg]u E [ ]

Moderate evidence indicates that moderate-vigorous physical activity interventions can improve

cognition in individuals with dementi®@AGAGGrade: Moderate

Moderate evidence indicates that moderate-vigorous physical activity can have beneficial effects on
cognition in individuals with diseases or disorders that impair cognitive function, including attention

deficit hyperactivity disordersctizophrenia, multiple sclerosidvV- EE1]ve}v][e, ahd stroke.
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term that represents a number of goal-directed processes that support thinking, reasoning, and problem
solving), and dementia diagnoses. However, cognitiaa defined in this questiondoes not include
measurement of intelligence, motor function, personality, mood (addressed below in Question 3), and

sensory and perceptual function.
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In young and mid-life adults, effect sizes ranged from 0.12 to*@.fB physical activity improving
cognition. Effects were largest for the cognitive domains of executive function, attention, processing
speed® and short-term memory.In cognitively normal older adults, effect sizes ranged from non-
significanf to .208 to 0.4& in favor of physical activity interventions positively influencing cognitive
outcomes. Effect sizes were greatest for measures of executive furfagiobal cognitiorf,and

attentiont

Impaired cognitive functionStrong evidence demonstrates that greater amounts of physical acéirgty
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Dose-responseThe included reviews rarely report whether a dose-response relationship was observed
for the effects of physical activity on cognitive outcomes. However, one meta-afagsisted that

among older adults, larger effects on cognition were observed in randomized controlled trials in which
physical activity bouts lasted 46-60 minutes in duration (compared to bout durations lasting 15-30
minutes and 31-45 minutes) and the interventions occurred for at least 6 months compared to
interventions lasting 1-3 and 4-6 months. In addition, physical activity has a general effect across the
aspects of cognition that were studied (i.e., executive, controlled, spatial, and speed), but the effect was

selectively and disproportionately larger for tasks requiring greater amounts of executive control.

Acute bouts of physical activityStudies demonstrate a small, transient improvement in cognition
following the cessation of a single, acute bout of physical activity, with effect sizes ranging from 0.014 to
0.67252 Reported effects were most consistent for domains of executive funét#®rut significant

benefits were also realized for processing speed, attention, memory, and crystalized intelligence, the
latter of which is a measure of general and verbal knowledge (e.g., what is the name of the first
president of the United States).2- 2 Larger effects were alsealized for preadolescent children and

older adults relative to adolescents and young adéfts.

Exercise intensity of an acute bout of activity had an effect on changes in cognition, with some findings
suggesting an inverted-U shaped curve, as moderate-intensity exercise demonstrated a larger effect
than light- and vigorous-intensity exerci€e?? and other studies indicating that very light-, light-, and
moderate-intensity exercise benefited cognition, but hard-, very hard-, and maximal-intensity exercise
intensity demonstrated no beneff€ The timing of the assessment of cognition relative to the cessation
of the acute bout of exercise also demonstrated differences in the magnitude of the effect, with
negative effects in cognition observed during the first 10 minutes following the exercise bout and the

largest positive effect observed from 11 to 20 minutes and a smaller effect observed after 20 minutes
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inadequate blinding, and variability in control group conditions. As such, the studies included in these
meta-analyses and systematic reviews generally have a high risk of bias and low precision. However,
despite these limitations, these studies appear to have high applicability, generalizability, and
consistencyThe effects are also detectable using acute exercise paradigms, where preadolescent
children and older adults demonstrate large and consistent positive effects of moderate-intensity
physical activity®2® with some evidence to support 11 to 20 minutes in duration as being optimal for

cognitive outcomes®

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

Comparing 2018 Findings with the 2008 Scientific Report

The 2008 Scientific Repértoncluded that strong evidence demonstrated that physical activity delays
the incidence of dementia and the onset of cognitive decline associated with. dgaigp indicated that
physical activity improves cognitive symptoms associated with dementia. Thus, the evidence described
here considerably expands that described in 2008 by including significantly more observational studies
and RCTs. This research finds that physical activity influences cognitive function across the lifespan,
including both cognitively normal and impaired populations (e.g., schizophrenia). The affects
consistent across a variety of methods for assessing cognition (e.g., academic achievement and
dementia diagnoses). The 2018 Scientific Report also demonstrates, for the first time, the positive
effects of physical activity on biomarkers of brain health obtained from neuroimaging techniques (e.qg.,
brain volume). Finally, the 2018 Scientific Report describes evidence on acute bouts of activity for

improving cognitive function.

Public Health Impact
In 2017,
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physical inactivity in the United States could potentially prevent 230,000 cases. The results from the
2018 Scientific Report provide support the argument that physical activity reduces the gk

0lZ Ju E[s ] « v }8Z E uinerddsing physical &ctivity in individuals with

01Z Ju E[s ] < }poogiitivéidion.

The public health impact of the results summarized in the 2018 Scientific Report goes beyond

olZ Ju E[+ ]+ + v bydemdhktrating that physical activity influences cognitive function
in children and healthy older adultsor example, academic achievement is a predictor of future job
opportunities’ and adult health outcome®:2° Thus, these findings, which indicate that increasing
physical activity during childhood may positively influence cognition and academic achievement, may

have further downstream effects on many features of adult health and quality of life

Healthy older adults, even in the absence of a dementia, often show evidence for cognitive losses and
decline, especially on measures of processing speed, memory, and executive fuh@tiestimated

that by the year 2050, the population of adults older than 65 years in the United States will reach 83.7
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Maintaining or improving QoL is a universal goal. Being physically active has been suggested as one way
to enhance perceptions of, and feelings of, QoL. This question focuses on the scientific literature that
describes QoL as experienced by the general population across the lifésplan.includes an

assessment of the effects of physical activity on QoL in individuals with mental health issues. QoL among
individuals who have a chronic physical condition, such as diabetes or osteoarthritis, is considered in

Part F. Chapter 10. Individuals with Chronic Conditions.

The literature reviewed here focused on QoL and HRQoL, specifically. Searches were not conducted on
AA -00vP_ }JE ]3¢ E]JA 3]A U . pbéingspesitive vie]ldeiry, oropsychological well-
being. Those well-being concepts typically blend cognitive/evaluative and affective comp8aerts

this question is limited to the cognitive/evaluative aspects widely known as quality of life.

Literature Reviewed

To answer this question, tfteubommittee reviewed 18 systematic reviews across the following
populations: older adults (generd®?! olderadults (with dementiaj? adults?**® youth® individuals
with schizophreni&2 ! individuals with depressio¥,and14 meta-analyses across the following

populations: adult$?%4 olderadults (general§?”° older adults (with dementia), "
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QoL was most often conceptualized as HRQoL, and assessed uslfgtdra Short Form Health Survey
(SF36), a widely-used self-report measure of perceived physical and mental health and functiéting.
49,6570,76 OtherQoL measures that were used across studies included: MacNew globafsddr&) QoL -
Bref2 EuroQoL Group 5 - Dimension Self-Report Questionffitdental health-related quality of
life,” World Health Organization (WHO) QoL for Elderly S¢&8atisfaction with Life Scale and Life
Satisfaction Indexf PGCMS and DQ&land QoL operationalized as depression, vitality, and

perceived healttg

General Population - Adults

The number of studies reviewed ranged from®312 to 5622 The number of studies reviewed that

included both physical activity and QoL was 179.

The definition of adult varied from study to study. However, studies typically reported a mean age older
than 18 years and younger than 65 yez#®. 3! 58 6354 The sgtematic reviews covered the following
timeframes: 1806 to 2008 inception to November 200%,1985 to December 201%,1980 to August
201077 2001 to January 201%,inception to May 20158 and inception to February 20E8The meta-

analyses covered: inception to September 260and inception to 201 %

QoL was most often conceptualized as HRQoL, and assessed with3Biet &2 62.84 Other QoL
measures included Satisfaction with Life Séamd WHOQD4:58 62

General Population - Youth

One systematic review was included, and covered inception to October 2013. A total of 91 studies were
included, but only 14 addressed a QoL outcome. The mean age of those 14 studies ranged from

approximately 10 years of age to approximately 17 years ofage.

Individuals with Schizophrenia

Systematic reviews that included a search for both physical activity and QoL ranged from 10 studies
including 332 participants in a qualitative anay8ian update to this review that included 13 studies
involving 549 participant$! and a meta-analysivith 29 studies including 1,109 individuals with
schizophrenid? Although the earlier reviews;! included numerous outcomes, the most recent

systematic review and meta-analyses included 770 participants in controlled or non-controlled studies in

which QoL was systematically measuféd.
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The reviews covered the following timeframe: inception to July 2831y 2011 to October 2024and
inception to 20153

QoL was most often conceptualized as HRQoL, and assessed with the S=BB, ttre WHOQoL-Bref,

and the EuroQoL Group 5- Dimension Self-Report Questionfaire.

Individuals with Depression

The reviews covered the following timeframes: inceptiodune 20132 inception to May 2013 and
inception to January 2013.Two of these reviews included 7 studies, and another that examined the

effects of yoga included 12 RCTs

The number of studies reviewed that included both physical activity and QoL (N=10 sisidiash
smaller than the total number of studies in the systematic reviews, ranging from onesthely

included only the Mental Component of the SF-36, four studies in older adults with depresaimha
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type of activity®®> Of the studies reviewed, only one presented specific information on the frequency,
intensity, time, and type (FITT) principles for exercise prescriptibawever, the FITT principles were

not reported in relation to QoL outcomes.

Evidence on the Overall Relationship
General Population - Older Adults

Overall, results showed that physical activity consistently resulted in improvements in QoL in older
adults. One meta-analysis reported that collectively, exercise programs (1,317 participants) improved
the QoL (overall and health-related combined) of older adult participants (Z=2-23)3), and the

pooled standardized mean difference (SMD) was 0.86 (95% confidence in@yvali(1-1.62¥2 In

another meta-analysis, statistically significant improvements were found for the physical function

2018 Physical Activity Guidelines Advisory Committee Scientific Report F319



Part F. Chapter Brain Health

Physical activity as part of other activities that involve mental and physical components, such as gigong
and tai chi, hold great potential for improving Qa both healthy and chronically ill individuéts.

However, effect sizes were not included, it was not reported which of the subdomaind efep®

improved, and results and conclusions were not separated by healthy and chronically ill participants.
Moreover, given the mind-body nature of these modes of physical activity, it is not clear whether
changes in QoL would be the result of changes in physical activity or other components of the activity

(e.g., breathing, meditation).

In a pooled analysi$,participants who were active for more than 150 minutes per week of physical
activity but then dropped to fewer than 150 minutes per week from baseline to 6 months showed a 11.8
point drop <0.001) in SB6 physical function scores. In contrast, those who were active for fewer than
150 minutes per week of physical activity but then increased to more than 150 minutes per week from
baseline to 6 months showed an increase of 5.1 points in SF-36 physical functionstbese results

indicate the importance of maintaining physical activity for maintaining HRQoL in late adulthood.

The effects of physical activity on néfRQoL domains are more equivocal. Studies examining non-

HRQoL domains show consistent and positive associations between physical activity and the domains of
functional capacity, general QoL, and autonomy. These domains have been related to QoL in the elderly
However, few studies were methodologically rigorous. Effect sizes were generally small or moderate and

varied widely between studies and across QoL donfdins.

Among frail older adults, one review found no significant differences in QoL among studies that used
water exercises, flexibility exercises, tai chi, and resistance exéfasesothers had too few studies to
make a conclusioff=8 These studies of QoL were not intended to capture objective measures of
physical function (e.g., balance, gait speed), as the measures of QoL were developed to assess
perceptions of functioning. Thus, in the context of frail older adults, beneficial effects of physical activity
on measures of physical function may not be immediately apparent on perceptions of functioning that

are captured by common instruments assessing QoL.

In summary, the evidence points to a positive effect of physical activity on both overall and health-
related QoL in older adults. Physical health-related QoL has been investigated more consistently than
mental health-related QoL. The limited available literature suggests that the physical activity effects on
physical and mental health composite scores appear to be similar in both direction and magnitude.

There were insufficient studies and sample sizes to adequately analyze effects of different exercise
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The other six reviews reported similarly positive associations between greater amounts of physical

activity and higher assessments of G&t6,58 63 64

General Population - Youth

There was no evidence available on the relationship between physical activity and QoL among youth.
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QoL in most report&2 OneRCTcomparing yoga to a relaxation control group showed improvement of

50 percent or greater on the mental QoL dom&in.

Collectively, these studies provide limited evidence for a moderate effect size of physical activity on
physical and mental domains, but not overall QoL outcomes for adults with depression, when compared
to placebo or inactive controls. In older adults with clinical depression, limited evidence from a small
number of controlled studies suggests that physical activity is associated with improved QoL outomes.
Thus, advancing age may serve as a response modifier for the effects of physical activity on QoL,
consistent with our report that physical activity has a strong positive effect on HRQoL in the non-

depressed older population.

Evidence on Specific Factors

Dose-responseMeta-analyses did not report on the effect of different doses of physical activity on QoL

outcomes.
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intensity exceeds the lactate oentilatory threshold. Such evidence has been demonstrateatite

bouts of exercise iadolescents and in adults up thrdugniddleage.PAGAC Grade: Strong.

Strong evidence demonstrates thatutebouts of exercise can reduce state anxiety and that regular
participation as well as longer durations of moderétevigorous physical activity can reduce trait

anxiety in adults ash older adultsPAGAC Grade: Strong
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Non-experimental evidence from ecological momentary assessments provides insight into relations
between physical activity and subsequent affective responses over a 3-hour irffeiv&l.out of 11

studies, physical activity was associated with more pleasant and activated subsequent affective states
following the activity bout. Results were mixed with regard to physical activity and unpleasant feelings.
Two studies found no association between physical activity and subsequent unpleasant feelings and two
studies found that physical activity was associated with reduced unpleasant feelings. A fifth study found
that physical activity did not lead to acute reductions in unpleasant feelings but that people who were

typically more active reported fewer unpleasant feelings in general.

Dose-responseStrong evidence shows an effect of physical activity on immediate affective responses

and that this effect is moderated by the imposed dose of activity.

Evidence on Specific Factors
Demographic factors and other moderatorsittle is known about the persistence of the effects of
physical activity on affective states across time or how they might be moderated by individual variability

in demographic or other biological or environmental factors.

Biomarkers:Insufficient evidence was available from the reviewed literature to determine whether
physical activity modifies biomarkers of brain structure and function in the context of affect. There were

no studies reviewed that examined brain measures or other biomarkers.

Anxiety

Here, the Subcommittee defines anxietya noticeable, psychophysiological emotional state, which is
most often characterized by feelings of apprehension, fear or expectations of fear, worry, nervousness,
and physical sensations arising from activation of the autonomic nervous system (e.g., increased muscle

tension, elevated heart rate, sweating). This normal human emotion becomes pathological (i.e., clinical
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majority of this work has examined the effects of exercise in individuals without elevated symptoms of

anxiety and/or not diagnosed with any clinical anxiety disorders.

Evidence on the Overall Relationship
To examine the effects of acute exercise bouts on measures of state anxiety, the Subcommittee
reviewed evidence from a meta-analysis of 36 RCTs (involving 1,233 individuals [726 Jemales]

examining the effects of acute exercise on state anxiety published since®18amples varied from
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to 6 months, with a range of 1 to 7 training sessions per week. Outcome measures varied considerably,
from assessments of anxiety symptoms to clinical assessments of anxiety; all were used to assess anxiety
before and after the exercise (or control) interventions. Control comparisons involved standard care

(most often pharmacotherapy or cognitive behavioral therapyyaitlist group that is tested several

times before beginning the interventiona,placebo group, banother exercise intervention.

Physical activity had a significant effect on the reduction of trait anxiety. One #évieported a

moderate effect (Cohen d (d)=&L for non-RCT studies; d=0.45 from RCTs) and another #view
reported a smalto-moderate effect for resistance exercise training (d2D. Reviews comparing the
effects of exercise to other treatmer¥s®® 22 24 consistently reported that exercise interventions were at
least as effective as standard care treatment for anxiety and sometimes even ¥ehieuse one

example, a meta-analy$#of exercise compared to various control groups (including active treatments)

on trait anxiety in patient populations showed that exercise was as efficaa®asnd not inferior to,
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the evidence indicates that exercise may have beneficial effects on PTSD symptoms and that regular
physical activity may reduce risk of developing PTSD. The evidence also suggests that yoga may be useful
(d=048) in alleviating PTSD symptoms, but the studies show little consistency regarding the type of yoga

and the length of treatment.

Dose-responseLimited evidence suggests a dose-response effect of physical activity on either state or

trait anxiety symptoms.

Evidence on Specific Factors
Demographic factorsModerate evidence indicates that state anxiety reduction is moderated by sex
and age such that females and those older than age 25 years show greater reductions in state anxiety

after participating in physical activif§.Insufficient evidence was available from the examined literature
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unique studies, with 2 studies included in both revied¥s’ 128 all studies were experimental in design.
Each of the systematic reviews included six longitudinal stdéié® The review of reviewsincluded

four systematic reviews that had appropriate exposures and outcomes for this question; the sum of
RCTs included in each of the 4 reviews totaled 93. In all of the reviews, parameters of physical activity
were obtained from a variety of self-report instruments. Similarly, symptoms of depression were

assessed with a wide variety of tools, standard and non-standard.

All five studies reported statistically significant reductions in depressive symptoms in the more physically
active groups. One meta-analysis reported a Hedigre®.26 (95% CI: -0.48 -0.085*128 another a
standardized mean difference of -0.61 (95% CI: -1h36.16)%2’ The review of reviews reported a

statistically significant reduction in the standardized mean difference among the more physically active
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this effect modification, there are other reports showing similar effects across males and féfiales.
any case, potential sex differences (or lack thereof) should be interpreted with caution because of the

higher prevalence of depression and depressive symptoms in females. In contrast, little to no
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2018 Scientific Report includes an assessment of acute bouts of physical activity on measures of affect
and state anxiety. Finally, the 2018 Scientific Report also provides an examination of physical activity on

reducing depression and state and trait anxiety across multiple age groups and populations (e.g., youth).

Public Health Impact

In the United States, fewer than half of children and adults engage in regular physical &tivity.
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activity, is neededThe results repord in this chapter clearly indicate that physical activity is an

effective and robust approach for reducing the rigldepression that would clearly have downstream
consequences for quality of life, health care costs, and job productivity. Furthermore, these results also
demonstrate that physical activity is an effective approach for improving both anxiety and depressive
symptoms (symptoms that often co-occur), with effect sizes that are similar to that of the most effective

pharmaceutical approaches.

In sum, physical activity holds great promise as a means for preventing and treating common mood
disorders that are a significant source of disability, lower quality of life, and increased health care

burden.

Question 4 What is the relationship between physical activity and sleep?

a) Isthere a dose-response relationship for either acute bouts of physical activity, or regular physical
activity? If yes, what is the shape of the relationship?

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

c) Does the relationship exist for individuals with impaired sleep behaviors or disorders? If yes, for
which sleep disorers?

Sources of evidence: Systematic reviews, meta-analyses

Conclusion Statements
Strong evidence demonstrates that both acute bouts of physical activity and regular physical activity

improve sleep outcomes in adulBAGAC Grade: Strong.

Moderate evidence indicates that longer duration acute bouts of physical activity and regular physical

activity improve sleep outcomes. These positive effects are independent of exercise inteASH}C
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awakenings. In contrast, physical activity bouts performed 3 to 8 hours before bedtime were associated
with reduced REM sleef?

Dose-responseModerate evidence indicates a dose-response relationship between the length in
minutes but not the intensity or modality of moderate-vigorous physical activity and sleep outcomes.

In adults, this evidence is supported by analyses from 59 controlled studies (N=2,863 participants) in
which the length in minutes of acute physical activity bouts was found to moderate the beneficial effects
on sleep onset latency (less), total sleep time (more), slow wave sleep (more), and rapid eye movement
sleep (less¥?? In terms of regular physical activity, limited but concordant evidence suggests that more
minutes of moderatao-vigorous physical activity in each individual session is also associated with
greater beneficial effects on reducing sleep onset latency. Taken together, these findings provide
consistent evidence for a relationship between greater length in minutes of modésdatégorous

physical activity bouts associated with benefits to multiple objective and physiological sleep outcomes.
In contrast to the length of each physical activity session, the number of weeks of the exercise
intervention had a small but statistically significant effect on total sleep time, but no effect on sleep

quality, latency, or efficienc}?

Regular physical activity levels influence the response to an acute bout of physical aotsliiy wave

2018 Physical Activity Guidelines Advisory Committee Scientific Report F342



Part F. Chapter Brain Health

Evidence on Specific Factors

Age:In adults, moderate evidence indicates that relationships between physical activity and sleep
outcomes are consistent in their effects across young, middle-aged, and older men and WéaehRe

162163 Consistent evidence indicates a reduced beneficial effect of greater physical activity amount on
sleep latency with aging, consisting of a 0.15 standard deviation decrease in the beneficial effects of
regular physical activity for every decile increase in mean‘&de.contrast, age does not moderate the
relationship between greater amounts of regular physical activity and its beneficial effects on total sleep

time, sleep efficiency, and sleep quality.

In contrast to systematic reviews in adults that include many controlled intervention studies, in children
and adolescents, studies examining the relationship between physical activity and sleep are mostly
cross-sectional, with a few cohort studi€d1>> 1 A meta-analysis of 15 studies of 12,604 individuals
agesl4 to 24 years, reported a beneficial effect of physical activity on sleep with an overall standard

mean differenceof 0.77 (95%Ct 0.41-1.13}> Another meta-analysis of 11 cross-sectional studies
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daytime sleepiness, compared to contréléAnother meta-analysis of 180 participants in 6 RCTs and 2
pre-post studies (the pre-post studies contributed 10 percent of the total number of particijpants

reported adecrease in AHI (unstandardized mean difference (USMD) =-0.536 (95% CI: -0.865 to -0.206)
and reduced Epworth sleepiness scale (USMD=-1.246; 952387V to -0.0953%! Finally, a network
meta-analysis compared the effectiveness of supervised aerobic exercise training with continuous

positive airway pressure (CPAP), mandibular advancement devices (MAD), and weight los$%on AHI.
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Comparing 2018 Findings with the 2008 Scientific Report

The 2008 Scientific Repért}v o u §Z 8§~ eu 00 VUU E }( } * Ebasad pwdes) %o} %o U0 3

provides initial evidence supporting a positive association of regular participation in physical activity
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physical activity has favorable effects on sleep quality and is a usefuke¢dm vS }( P}} ¢0 % ZCP] v
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environmental risk factors (e.g., stroke risk factors, traumatic brain injury) as covariates influencing
the response to physical activity. To date, although candidate biomarkers and environmental risk
factors have been identified, little systematic study in humans has emerged in the literature

especially in relation to markers associated with affect, anxiety, depression, and sleep.

5. Conduct studies to monitor sedentary time and conduct randomized controlled trials that
systematically reduce sedentary behaviors to improve the understanding of the impact of varying
contexts, patterns, and durations of sedentary behavior on brain health outcomes (e.g., depression

symptoms) throughout the lifespan and in populations with brain health disorders and diseases.

Rationale:The understanding of the effects of sedentary behavior on brain health is in its infancy.
Given that recent evidence indicates that sedentary behavior is distinct from physical inactivity, a
greater understanding of the effect of sedentary behavior on brain health may inform and target
interventions aimed at improving brain health across a variety of populations, including school-aged
children, middle-aged adults, and older adu#is these populations spend considerable time during
their day engaged in sitting and other sedentary behaviors. In addition, portable health technologies
that continuously measure physical activity, estimate its intensity, and characterize sleep behavior,
may offer inroads to better understand such relationships, and perhaps test novel interventions

using connected health approaches.

6. Conduct appropriate analyses to examine effect modification by demographic factors. Such
analytical approaches require studies that include large samples and substantial variation in sample

characteristics (i.e., race/ethnicity, socioeconomic status).

Rationale:Although some understanding of the effects of physical activity during the developing
years and in aging has emerged, evidence for other demographic factors has not been

demonstrated in a systematic fashion, affording little opportunity to form strong conclusions about
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periods, and a broader range of instruments and outcomes relevant for brain health (e.g., mental

subdomain of health-related quality of life, affect).

Rationale:To date, the temporal dynamics of the effects of physical activity on brain headth

poorly understoodYet, it is known that individuals start and stop exercise regimens on a regular
basis and such variability in the consistency of physical activity may differentially influence the
impact of physical activity on brain health outcomiss possible that the persistence of the effects
might also depend on the dose of activity (frequency, intensity, time, type), the age of the

individual, the presence of a disorder or disease, or other factors. Enrolling samples of sufficient size
to support mediator analyses (i.e., exploration of putative mechanisms through which the
interventions operate) will provide useful information for adapting the interventions to optimize
uptake among different subgroups as well as to identify key elements that are essential to improving

brain health.

8. Conduct randomized controlled trials and prospective observational research on the impact of

muscle-strengthening exercises (often referred to in the literature as resistance training) and other
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