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RunningtitlexPhysicalActivity and Cognitionin Older Adults

ABSTRACT

Objectives: To examine the relationshipetweenobjectively measuredphysical activity
(PA) andcognitivefunctionin white andblackolder adults.

Design:Crosssectional.

Setting:REasongor Geographi@andRacialDifferencesn Stroke(REGARDS)study
Participants: Older adults who provided valid data from accelerometerand cogrive
functiontests(N=7,098).

MeasurementsyActical™

accelerometergrovided estimatesof PA variables for 4-7
consecutivesdays?A countcutpoints of 50 countper minute (cpm) and 1065cpm were
appliedto differentiate betweenbeing sedentaryand light PA, andlight and moderatés-
vigorousPA respectively Prevalenceof cognitiveimpairmentwas defined by theSix-ltem
Screene(scoral <4 out of 6). Letterfluency,animalfluency,word list learningand Montreal
Cognitive Assessment(orientation and ecall) were conductedto assessmemory and

executive function.
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Results: Of 7,098 participants(70.1 = 8.5 yr, 54.2% women, 31.5% blackh935.1%)
exhibitedimpairedcognitionwithin £12 months oPA measuremeniThe average proportion
of time spentin moderatao-vigorous PA (MVPA%) was 1.4 + 1.9%. RBrticipantsin the
highestquartile of MVPA% (approximately258.3min/wk of MVPA) werelesslikely to be
cognitively impaired than thosein the lowest quartile (OR [95%C.l.] = 0.65 [0.43-0.97]).
MVPA% was al significantly associatedvith z-scoresof executive function andnemory
(P<0.001):Similar analysesof proportion oftime spentin light PA (LPA%) andsedentary
time (ST%)showed naignificantassociatioawith cognitivefunction.

Conclusion:,Higher levels of objectively measuredIVPA%, ratherthan LPA% or ST%,
were associatedvith lower prevalenceof cognitive impairmentand better performancen
memoryandexecutivefunctionin aging peopleThe amount oMVPA associateavith lower

prevalencef cognitiveimpairmentis consistentvith meetingPA guidelines.
Key Words: Aging;PhysicalActivity; AccelerometryCognitive Function

INTRODUCTION
A growing.body of evidenceéndicatesincreasingprevalenceand incidence of cognitive
impairméntamong olderadults in the United States(U.S.)! A national study reporteen
estimated5.4.million peoplein the U.S. age >70years had mild cognitive impairment
(MCI).2'’Among thosewho completedfollow-up assessmenis the study, 11.7%with MCI
progressedo dementia annually. Aecentstudy showed thprevalenceof dementia among
older adultsin the U.S.in 2010was 14.7%° The monetarycost of dementiain 2010was
$157-215 billionwith $11billion associateavith directmedicalcare.Cognitiveimpairment
represerd a substantialfinancial liability on society that is similar to heart diseaseand
cancer.Effective preventionstrategieswill have significant public health implications by
improving/quality oflife and reducing economaostandsocialburden.
Regular=physicalactivity (PA) provides benefitdor cognitive health and helpsto
improve ormaintain quality of life among olderadults? Researchsuggestsmore active
individualsshavereducedrisk of cognitiveimpairmentor dementi&:® Cognitive impairment
was more prevalentin those reporting no PA versus moderatand high PA levels in
communitydwelling older adults’ Higher selfreported PA levels at early life were
associatedvith reducedrisk of MCI in later life.®® However, methodologicaHifferenesin
PA assessmentreclude comparisons amostyudiesof the optimalpatternof PA to reduce

the risk of cognitive decline. Most previous studiesnvere based on selfreported PA

This article is protected by copyright. All rights reserved



0,11

assessments>! which are subjectto reportingand recall biases Furthermore, important

differencesexist in PA acrossracial groups*** with blacks significantly understudiedn
termsof theassociatiorbetweerPA and cognitive functiof’

Thus, the purpose dhis studywasto investgate the associatiorbetweenobjectively
measuredPArand cognitivefunction among older adult@ndto explore theassociationdy
sex andrace.We hypothesizedhat a significant positive dose-responsessociationwould
exist betweenPA measuredby accekrometersand cognitive functionn a representative

sampleof white andblack olderadultsin theU.S.

METHODS
Designand Procedures
Our study was ancillary to the REasongor Geographic andRacial Differencesin Stroke
(REGARDS)study, a national epidemiological study tkatolledandis following a cohort
of 30,239"kack and white adultsto assesghe prevalence andncidence of stroke and
cognitive declinén the continental.S. The cohortwasrecruitedby a combination ofail
andtelephone contadrom January2003October2007. A telephonenterview assessedsk
factors, followed by an in-person physicabhssessmen8-4 weekslater. Participantswere
contactedby_telephoneevery 6 monthsfor incident stroke events, annuallyor cognitive
screeningstaus, andevery 2 yearsfor more detailed cognitive assessmentd he detailed
design and methodsr REGARDShavebeendescribedreviously™®

Our ancillary study was condut¢ed May 2009January2013 during follow-up of the
cohort. A gquestionwasaddedto the 6-month telephon®llow-up askingparticipantsf they
werewilling_to wearan accelerometeandcompletea daily activity log for oneweek.Upon
acceptancea package includingn accelerometeand logsheetwere mailedto participants
with instructions, andhenmailedbackfor processingDetaileddesignand methods$or the
ancillary studyhavebeendescribecelsewheré! The studywasapproved by the institutional
review boards=0fArizona State University, University of South CarolinaUniversity of
GeorgiaandUniversity of Alabamaat Birmingham.

Baselineinformation obtainedfrom the parentREGARDS datasetincluded age, sex,
race, region of residence(living within or outside thestroke belt), education, bodynass
index (BMI), smoking status (selfreported current smoking or not), hypertension

(Hypertensiveif SBP> 140 orDBP > 90mmHgor selfreported currenimedicationuseto
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control bloodpressure)and diabete (self-reporteddiseaseor currentmedicationuse)for

purposes oflescribingthe sampleandcontrollingfor possible confounders.

PA Measures

Actical™=PA=monitors (Mini Mitter Respironics,Inc. Bend, OR) provided reattime
estimatesof the frequencyintensity, and duration oPA. Accelerometersvere worn over
the righthip while attachedo a neoprene waistbanBarticipantswere askedto put on the
deviceafter waking upeachmorning and také& off just prior to goingto bedeachevening.
Participantawere instructedto wearthe deviceor 7 consecutivelaysandreturnthe device
immediately after. For all participantswith valid data,time in sedentsy behavior, light
(LPA) andsmoderateo vigorousintensity PA (MVPA), and proportions ofotal weartime
spent in sedentarybehavior (ST%), light PA (LPA%), and MVPA (MVPA%) were
determined Activity count cutpoints of 50 counts per minutecpm) and 1065cpm were
appliedto differentiate betveen being sedentaryand light PA, andlight PA and MVPA,
respectively’® Details of the accelerometerata management and analysisve been

published previously”*?

Cognition'Assessment
Cognitive funetionwas assesseduring telephonénterviewsusingstandardize scriptsand
scoring methodsdescribed previoudy.'® Cognitive impairment was defined by each
participants score on the SIS, which is a testof global cognitive function with established
reliability andvalidity in communitysamplesand amondlack andwhite adults?®® The SIS
included 6 questions: “Mhatyearis this? 2. What monthis this? 3. Whatis the day of the
week? 4-6. What were the three objects laskedyou to remember(Apple, Table and
Penny)?”Scoreson theSIS rangefrom 0 to 6, with a scoreof 4 orfewer correctresponses
indicating.ognitive impairment® We conductedsensitivity analysegdatanot shown) and
decidedtorusercognitiveassessmentwithin a time range of +12 months oivearing the
accelerometeto” obtain thelargest sample size and shortesttime intervals betweenPA
measurementand cognitivdests

We alsoutilized four expandedogritive batterytestswith demonstratedisefulnessn
early identification of Alzheimets diseaseor dementid’ These tests were Word List
Learning (WLL) and semanticfluency (animals fluency, AF) from the Consortiumto
Establid a Registryfor Alzheimer's Diseasebattery?! and letter fluency (LF), recall and

orientationitems from the Montreal Cognitivé\ssessmentMoCA-recall andorientatior).??
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Thesetestsassesslomains ofmemory(WLL, MoCA-recall and orientation) and executive
function AF, LF). Acceptablereliability andvalidity of thesecognitive batterytestshave
beenpreviously reported®?® For thesemeasuresyve also restrictedanalysesto the most
recentresultsobtainedwithin £12 months oPA measurementCompositemeasure®f two
cognitiverdemaingmemoryand executive functionyerecreatedoy convertingeachbattery
testinto a/zscorebasedon themeanand standarddeviationfor that specific test's results
amongall ‘participants.The mean of the zscoresof memory and executive functiomas
calculatedas an overall cognitive zscore presenting theaveragelevel of memory and
executivedomains.For participantsmissing one test scoreor zscore the other available

recordswereusedto calculatedomain and cognitivbatteryz-scores.

Participants

Among the cohort of the pareREGARDS study, 12,146 (60.5%ggreedto completethe

accelerometeprotocol, 7,312 (36.4%)eclined,and 618 (3.1%}jvere deferredand did not
have the opportunitio beaskedagainduringthe enrolimentperiod.Of the devices thatere

mailed, 972.(8:0%)werelost/notreturned, 1,187 (9.8%jyerereturnednot worn, 14 (0.11%)
werereturnedand foundto be defectivesuchthat no datacould be downloadednd 9,973

(82.1%) were returnedwith data. Of the 9,973participantswho returned and wore the

accelerometei,096 (81.1%) provided usaldata,after exclusiondor deviceerror,missing

log sheetandweartime < 4 days and/or <10 hr/daj.

We included 7,098participants of the 8,096 participantsin the presentanalyses.
Participantswere excludedif they: 1. hadselfreportedstrokeat baseline (n=264); avere
identified as cognitively impaired >12 months prioto PA assessmenin=383); 3. hacan
incident strokeprior to wearing the acceleromete(n=6); 4. had norecord of valid PA

measuremerdssociateavith SISassessmentithin £12 months oPA assessmer{h=345).

Statistical Analysis

Continuous-dataxpresseadsMVPA (min/wk) andMVPA% wasextremelyskewed(e.g.,
20% of theentire samplerecordec<1 min/day ofMVPA), therebwiolating the assumptions
of linearregressiorand not providing &ue measureof associationsvith the dependent
variables Thus,the pgimary independentariableof MVPA% wasdividedinto quartiles
allowing for group comparisons anivestigationof possible dose-responassociationin
the presencef skewnessDueto inherentvariability in daily accelerometeweartime,

MVPA% ratherthan the absolutigme spentin MVPA wasusedasthestandardor quartles
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to rendemresultscomparable among individuals. Dependeariableswvere cognitivestatus
(impairmentor not)measuredy SIS, and zscoreggeneratedrom WLL, AF, LF and
MoCA-recallandorientation Differencesn demographiwariablesacrossquartieswere
testedby Analysis ofVariance(continuousrariables)or Chi-squargests(categorical
variablesyBecausehe SISwasvalidatedusing dichotomous outcomestherthan
continuousscores”® associationsetweerMVPA% and cognitivémpairmentwereexamined
usingmultivariablelogistic regressiormodels.In thelogistic models, Model vas
unadjusted. Model adjustedor age,sex,race region ofresidenceand education. Model 3
adjustedor age,sex,race,region ofresidenceeducationST% BMI, hypertension,
smoking,anddiabetesOddsratios(ORs)and 95% confidencatervals(Cls)were
generatediinearregressiormodelswith similar adjustment$or potential confounders
mentioned aboverereusedto assessheassociatiorbetweerMVPA% and zscaes
generatedrom WLL, AF, LF andMoCA-recallandorientation Differencesn z-scoresof
memoryand executive functioacrosgjuartilesandrace/sexsubgroupsvereexaminecdafter
full adjustment of confounder&nalyseswereconductedisingSASversion 9.3SAS
Institute,Cary;NC).

RESULTS

DemographicsPA and cognitive functiorstatusare shownin Tables 1 and Zaccordingto

guartilesof MVPA%. Among the 7,09®articipants 54.2%werewomen, 31.5%vereblack,

54.9% wereliving in the StrokeBelt, and 5.1% exhibitedmpaired cognitive statusat the

assessmemwithin = 12 months of th&®A measuremeniThe mean(xSD) time betweenPA

assessmergndeachcognitiveassessmemas5.4 + 3.8 monthsThe mean(xSD) age ofall

participantswas 70.1 + 8.5years,and theywore the accelerometefor 6.6 + 0.8 days.
Participantsspentmost of their weartime in sedentarybehavior(69.9% * 8.1%) and RA

(26.6% =+ 7 7%)yMVPA% was extremelylimited (1.5% + 1.9%).There were significant
differencesacross quartiles of MVPA% in all variableslisted in Table 2 (P<0.001).
Participantswith higher MVPA% were more likely to be men, white, younger, well-

educatednonsmoker,without diabetes and hypertension, and cognitipairment, and
lower in BMI and systolic andliastolic blood pressureParticipantan the higherMVPA%

guartiles also spentmore time in LPA, and had higheraw scoresin WLL, AF, LF, and

MoCA-recall and orientation A higher level of MVPA% was associatedwith lower

prevalenceof cognitiveimpairmentas measired bySIS. Therewere fewer individuals with
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cognitive impairmentin the highestMVPA% quartile (2.9%) thanin the lowest MVPA%
guartile(15.0%).

Resuls of logistic regressioranalysesare displayedin Table 3. In the unadjustednodel
(Model 1), those participants the highesMVPA% quartile were 63% lesslikely to have
cognitiveimpairmentcomparedwith thosein the lowestquartile. After adjustmentor age,
sex,race,region ofresidenceandeducation(Model 2), significanceremainedParticipantsn
the highesguartilewere 36% lesslikely to havecognitiveimpairment(OR [95% CI] =0.64
[0.44-0.93}). There were no significant interactions (age*MVPA%, sex*MVPA%,
race*MVPA%, education* MV PA%, region™MV PA%); thus,thesewere not includedn the

analytic modelsn thefully adjustednodel (Model 3)resultswereconsistentvith Model 2,

with participantsin the highest MVPA% quartile 37% less likely to have cognitive
impairment(ORT95% CI] =0.63 [0.43-0.93])Similar analysesvith LPA% andST%did not
reveal any significant associations(P>0.05) with the odds of cognitiveimpairment.
Additionally, logistic regressiomanalysiscategorizingparticipantsas accumulatingmore or
lessthan150 min/wk of MVPA indicatedolder adultswere 36%lesslikely to have cognitive
impairmentif,they accumulated150 min/wk of MVPA (OR [95% CI] =0.64 [0.44-0.91])
afterfull adjustment. Subgroupgistic analysesvere conductedor eachrace/sexgroup, but
significancewasnot maintainedWhenusingMVPA% asa continuousariable therewasno
significantasseciatiorbetweenMVPA% andthe prevalence of cognitivenpairmentwhen
adjustedor confoundersn Models 2 and 3 (P>0.05).

There were 4,441 participantsvith at least one test of AF or LF in the domainof
executive functior(with 3,412 or77% of those having bottest3, 5178participantshaving
at leastonetestof WLL or MoCA itemsin the domainof memory (with 3,977 or 77% of
thosehavingbothtest3. Additionally, 5,188participantshadat leastone z-scoreof memory
or executivefunction (ith 4,431 or 85% of thoskaving both testg. Linear regression
models(Table.4) revealeda significantassociation(P<0.001)betweenMVPA% and both
cognitive funetion domains the unadjustedchodel Theserelationshipsemainedsignificant
when contrelling for age,sex, race,region ofresidenceand education, antherewere no
significant.interactionsbetweenMVPA% and these confounders,respectively (P>0.05).
Whenanalysesverefurtheradjustedor BMI, hypertension, smoking amtiabetesMVPA%
remainedsignificantly associatedwvith z-scoresof executivefunction, memory, andheir
averagecombinedscore for overall cognitive function. Linear regressionmodels using

MVPA% as a continuous variableere also conducted. Signifianceswere maintainedfor
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the associatio betweenMVPA% and z-scoresof executive function, memory, and overall
cognitive functionin all models(P<0.05).

The associationbetweenMVPA% and memory and executivefunction varied across
differentrace/sexsubgroups(Table5). For white men, both memoryand executive function
z-scoresweresignificantly positivelyassociatedvith MVPA% (P<0.001) For white women,
significantdifferencesexistedbetweenQuartile 1 and 3and Quartile 1 and 4for executive
function (P<0.001)For black men, significantdifferencesexistedbetweenQuartile 1 and 3
andQuartile 1 and 4for memory(P<0.001) No significancewas observedor any domains

amongblackwamen(P>0.05).

DISCUSSION

To our knowledgethis is one ofthe fir st studiesto examinethe dose-responsessociatio
betweenobjectively measuredPA and cognitive functionn a large and diverse older
population., @jectively measuredMVPA (both absolutemin/wk and MVPA%) was
independentlyassociatedvith cognitive impairmentand continuousneasuresf cognitive
function among'a population of 7,098 oldehnite and black adults.The odds of cognitive
impairmentwassignificantly lower in thosein the highestquartilewhich wasassociateavith
36.9 min/day«(258.3 min/wk) dIVPA, which is abovethat recommendeth U.S. national
guidelines “&cclimulating >150 min/wk)®* Older adultswith a greater proportion of
accelerometewear time spentin MVPA also had higherevels of memoryand executive
functionthantheir lessactivepeers.

Both ¢rosssectionaland prospective studié$ using selftreported PA measurements
suggestmore active individuals may be less likely to develop cognitiveimpairment and
dementia.A_metaanalysisof 16 prospective studies usisglfreportedPA indicatedthe
relative risks.of fincident dementia andlzheimer’s diseasein the highestPA category
comparedwith=the lowest were reducedby 28% and 45%, respectively’> However, most
previousstudieson the relationshipbetweenPA and cognitive function haveeenlimited by
the bias ofselfreportmeasure®f PA, andalso havedifficulties identifying effectsof LPA
andsedentanfime on cognitive function.

A few studeswith objectivelymeasurediatahavealsoreportedthatactive olderadults
may have lower prevalence oftognitive impairmentor dementi€>*® One crosssectional
study of 2735 old womenshowed daytiméA measuredy accelerometera/as associated

with lower odds of cognitivémpairmentin women?® Anothercrosssectionalstudywith 217
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older adults indicated a dose response relationshigtween objectively measured PA

intensity and cognitive functionwith a strongerassociatiorbetweenMVPA and cognitive
function?” Buchman et al® reported a highedevel of total daily PA, measuredby

accelerometersyassignificantly associateavith a reducedisk of Alzheimerdiseaseamong
716 white'olderadultsaged55 and oldeduring 4 yearsof follow up. Barneset al.?® also

demonstrated highdevels of aerobicfitness at baselinepredictedbetter performance on
measure®f attentionand executivefunction 6yearslater with 349 adultsaged>55 years

However,the samplesizesof studieswith objectivePA assessmentererelatively smalland

includedfewer ponwhite participants

To our knowledge, thassociatiorbetweenPA and cognitive functiomemainsrobustin
older adultsvhéhadjustedfor race,sex, education, andge®**? but few investigationshave
investigaed the relationshipbetweenPA and cognitive functiorwithin specific race/sex
subgroups. Althougimteractiontermswere nonsignificant,our exploratoryanalyse (Table
5) indicatel theassociatiorbetweenMVPA% andmemoryandexecutivefunctionmay vary
by race/sexsubgroups. Additional rpspective and interventionstudies are neededto
investigatethe.contributions ofraceand sexto the associatiorbetweenPA and cognitive
functionin'diverseolderadults.

Ourfindings regardind.PA% andST% revealedno relationshipso cognitive function.
MVPA% wasthe onlyPA elementdisplaying asignificant doseresponseelationshipwith
cognitive functionin this population, suggestingntensity may be an important factor
influencing therelationshipbetweenPA and cognitive functiomn older adults.This finding
was consistentwith previousstudiesusing selfreportedPA.3*** There hasbeenonly one
study usingacceleromeersreportingintensityof PA asimportantin the associatiorbetween
PA and cognitive functiorin older adults, with participantsin the highesttertile of PA
intensity performing better than those in the lowest tertile in cognitive tasks related to
memoryand.executive functiotr.

The influence of IPA andsedentarybehavior on cognitive functiois not fully known.
One crosssectionalstudy documerted LPA was not significantly associatedvith memory
and executivée function after adjustmentsfor confoundersin older adults*’ Another
longitudinal studyin JapardeterminedselfreportedLPA andsedentaryime wereassociated
with cognitive impairmentafter 8 years of follow-up>® Previousresearchalso indicated
diverse types of sedentarybehaviors might bedifferently associatedwith cognitive
function®’ Computer usingtime was positively associatedwith memory and executive

function, while televisionviewing time was negativelyassociatedavith cognitive functionin
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older adults®*=° Unfortunately we were not ableto recordthe type ofsedentarypehaviorin
our study. Additionalinvestigationsare necessaryto more fully explore theimpact of
sedentarybehavior and BA on cognitivefunction in older adultsasthis is how they spend
thevastmajority of theirtime.

PA may-be related to cognitive function throughdifferent mechanisms.Research
suggestsPA is associatedvith greaterbrain volumein specific areasrelatedto executive
function ahd"memory (e.g., hippocampus volum&?! increasedlevels of brainderived
neurotrophic factor**** improved cerebrovascularfunction, and reduced vascular risk
associatedwith,.hypertension,type 2 diabetes and obesity.Moreover, studies suggest
improved cognitive function and reducedk of dementiamay be mediatedby significant
changesn cardiorespiratoryitness?”

Our study hasseveralstrengthsFirst andmostimportant,we usedan objectivemeasure
of PA to examine thessociatiorof PA with cognitive functionn alarge population of older
adults.This allowedfor analysesvith both absolute amount and proportiortiafe spentin
PA of varyingintensity. Secondly this is one of thefirst studiesto examinethe association
betweenobjectively measuredPA and cognitive functionin a diverse population, providing
more detailedanalysisfor older white andblack womenandmen. Finally, we were ableto
explore'therelationshipof accelerometederivedPA andsedentarybehaviorwithin specific
domains ofmemory and executivefunction in additionto odds ofimpairmentin global
cognitivestatus

Thefindings ofthis studywerealsosubjectto limitations.First, our studywasanattempt
to characterizethe participants habitual PA by accelerometersA limitation to using
accelerometeris the type ofPA activity and upper bodynovementsare not captured.
Second,as a crosssectionalanalysis,causality cannot beinferred. Third, becauseof the
potentialfor unaccounted confoundirfgctorsandrandomerrorsor noisein the datasetour
resultsshould. bénterpretedwith caution. Lastly, due to theexcessiveskewness of MVPA
(min/wk) and=MVPA% as continuous variables, we were unable to identify a precise
threshold fer=reducing the risk of cognitive gairmentor the degree of risk reduction
associatedswith a relatively minor increase in daily or weekly MMPK& possible a MVPA
level higher“than that exhibited by those in quartile 3 (11.1 min/day) and less than that
observed for quartile 4 (36.9 min/day) is adequate to redeceskhof cognitive decline in
older adults. Further studies are well warranted in this dcehelp refine PA guidelines.

In summary, higherevels of objectively measuredMVPA% were independently

associateavith lower prevdenceof cognitiveimpairmentandbetterperformancen memory
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and executive functiofor bothwhite andblack older adultsin addition, therevasa dose-
responserelationshipbetweenMVPA% and cognitive functiorin older adults, with the
highestlevel of MVPA% associatedvith higher cognitive function.The amount ofMVPA
associatedavith lower prevalence of cognitivienpairmentis consistentvith meetingu.S. PA
guidelines.Neither LPA% nor ST% wasassociateavith any measure®f cognitive function

in this cohortwarrantingfurtherinvestigation.
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Tablel. Characteristicef Participantdy Level of Moderateto VigorousPhysicalActivity
(% ormeant SD, N =7,098)

Quartilé

Variable Quartile2 Quartile3 Quartile4  Total

1164 1026 904 750 3844
Women,n %)
(65.7)  (57.8) (51.0)  (42.1f (54.2)
_ . 749 611 495 379 2234
African/American n (%)
(42.3) (34.4) (28.0) (21.3f (31.5)
991 1001 989 913 3894
Strokebelt, n (%)
(56.0) (56.4) (55.8) (51.3f (54.9)
Education,«{%)
: 203 111 447
Lessthanhigh school 85 (4.8) 48 (2.7)
(11.5) (6.3) (6.3)
_ 544 445 366 1618
High school graduate 263 (14.8)
(30.7) (25.1) (20.7) (22.8)
486 561 469 1901
Somecollege 385 (21.6)
(27.4) (31.6) (26.5) (26.8)
538 659 851 1084 3132
College graduate and above
(30.4) (37.2) (48.1) (60.9¥ (44.1)
Smoking, n(%) 255 219 165 112 751
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(14.4)  (12.3)  (9.3) (6.3f (10.6)

1224 987 831 657 3699

Hypertengon, n (%) (69.1)  (55.6)  (46.9)  (36.9)  (52.1)

_ 454 308 215 162 1139
Diabetesn (%)

(25.6)  (17.3)  (12.1) (9.1 (16.1)
Age (yr) 75.248.1 70.9+7.7 68.1+7.8 66.3+7.7 70.1+8.5
Body MassIfidex (kg*m?) 30.1+6.4 29.3+5.8 28.3+5.3 26.9+4.8 28.6+5.7
Systolicbloedpressure 130.1+16. 126.4+15. 124.4+14. 121.5+14. 125.6+15.
(mmHg) 3 5 7 3P 6

Diastolic bloedpressure
76.4+9.6 76.3+9.5 76.3+9.0 75.8+8.8 76.2+9.2
(mmHg)

2Denoteghe quartilesof the proportion ofotal time spentin moder#e to vigorous physical
activity.
P Denotesssignificandifferenceamongquartiles(P<0.001)testedby Analysisof Variance

(continuousrariables)or Chi-squareests(categoricalariables)

Table 2. Physical Activity and Cognitive Function by Level of Moderate to Vigorous

Physical Activity (% or mean £SD, N = 7,098unlessotherwise noted)

_ Quartile®* Quartile Quartile  Quartile
Variable 1 ) 3 Total

Compliance (dayswith valid .
6.4+t0.9 6.6+0.8 6.6x0.7 6.7+0.7 6.6+0.8
wear)

o ' 868.3+11 885.4+10 897.8+99. 910.1+92. 890.4+10
Total wearing time (min/day) .

7.0 4.1 7 9 4.9
MVPAP® (min/day) 0.4+0.4 3.3%1.5 11.1+3.8 36.9+19.5 12.9+17.5
Light PA (min/day) 117.0+58. 181.9+60. 213.8+68. 235.0+69. 186.9+78.
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3 7 3 7 4

. . 750.9+11 700.2+10 672.9+10 638.3+107 690.5+11
Sedentarytime (min/day) .

9.5 8.5 5.9 Kl 7.8
MVPAY < 0.05+0.05 0.37+0.15 1.23+0.39 4.05+2.10 1.42+1.91
LPA% ¢ 13.6+6.6 20.7#6.9 24.0+7.5 26.0+7.7 21.1+8.6
ST%® 86.4+6.6 78.9+6.9 74.8+7.5 69.9+8.1 77.5+9.5
Cognitive impairment’ , n(%) 134 (7.6) 103 70 (4.0) 52 (2.9) 359
(5.8) (5.1)

Letter fluency score(n=3,405) 10.3+4.3 11.2+45 11.4+45 12.3+4.8 11.3+4.6

Animal fluencyiscore
(n=4,353)

14.9+5.1 16.74#5.0 17.6+5.6 19.4+5.7 17.145.6

Word list:learning sumscoré
(n=3,847)

16.4+5.1 17.745.1 18.9+4.8 19.5+45 18.1#5.0

MoCA" recall.and orientation
(n=5,160)

9.6+1.6 10.0+#1.3 10.1+1.2 10.2+1.2 10.0+1.4

2Denoteghe quartilesof the proportion ofotal time spentin moderateto vigorous physical
activity.

PMVPA refersto moderateo vigorous physicahctivity.

“Denoteshe proportion oftotal weartime spentin moderateo vigorous physicactivity.
4Denoteghe proportion oftotal weartime spentin light physicalactivity.

°Denoteghe proportion oftotal weartime spentin sedentarnpehavior.

" Cognitiveimpairmentis definedasascoreof 4 orfewercorrectresponsem six-item
screenerTheseorerangedrom 1to 6, consisting of a #&emrecalland 3item temporal
orientations

9WLL is from the Consortiunto Establisha Registryfor Alzheimer’'sDiseasebattery(0-30).
"MoCA refersto Montreal Cognitive Assessmenincluding a 5word delayednemoryrecall
test(0-5), and

6-item orientationtest(0-6).
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' Denotessignificantdifferenceamongquartiles(P<0.001) testedby Analysis ofVariance

(continuousvariables)or Chi-squareests(categoricalariables)

Table 3. Multivariable Odds Ratios for Prevalenceof Cognitive Impairmentby Level of
ModeratettorVigorous Physical Activity (MVPA)

Model 72 Model 2 Model 3
95.0% 95.0% 95.0%
O.R. O.R. O.R.
C.l. C.l. C.l.
MVPA% Q1(low)® Ref. Ref. Ref.
Q2 0.76 0.58-0.99 0.99 0.75-1.31 0.97 0.71-1.31
Q3 0.52 0.39-0.70 0.78 0.56-1.07 0.74 0.51-1.07

Q4(high) 0.37 0.27-0.51 0.64 0.44-0.93 0.63 0.43-0.93

Weekly MVPA' <150min Ref. Ref. Ref.

(min) >150min 0.43 0.31-0.61 0.63  0.44-0.89 0.64 0.44-0.91

#Unadjustedegressiormodel.

b Adjustedby age,sex,race regionof residenceand education.

¢ Adjustedibyage,sex,race,regionof residenceeducation, proportioof time spentin
sedentanpehavior, bodynassindex, hypertension, smoking and ditdse

4Denoteshe proportion oftotal time spentin moderateo vigorous physicactivity.

°Denoteghequartilesof the proportions affotal time spentin moderateo vigorous physical
activitysQlrefersthelowestquartile,andQ4 refersthe highesguartile.

"TheU.S"PhysicalActivity Guidelinesecommendeolder adultperform=>150 minutes of

moderateo vigorous physicahctivity perweek?*

Table 4¢Linear RegressionModel Indicating the Association of Moderateto Vigorous

PhysicalActivity"with Z-scoresof Expanded CognitivBatteryTests

Model £ Model 2 Model 3

Beta SE P Beta SE P Beta SE P
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Average Q1(low)’

overall
cognitive z- Q2 0.32 0.03 <0.001 0.13 0.03 <0.001 0.15 0.03 <0.001
scoré
(N=5188) Q3 0.46 0.03 <0.001 0.19 0.03 <0.001 0.16 0.03 <0.001

Q4(high) 0.63 0.03 <0.001 0.27 0.03 <0.001 0.23 0.03 <0.001

Executive . Q1(low)

function z-
scoré Q2 0.30 0.04 <0.001 0.13 0.03 <0.001 0.11 0.03 0.003

(N=4441)
Q3 0.46 0.04 <0.001 0.17 0.03 <0.001 0.13 0.04 0.001
Q4(high) 0.71 0.04 <0.001 0.29 0.04 <0.001 0.25 0.04 <0.001
Memoryz+ | Q1(low)
scoré
(N=5178) Q2 0.32 0.03 <0.001 0.20 0.03 <0.001 0.19 0.03 <0.001

Q3 0.46 0.03 <0.001 0.21 0.03 <0.001 0.19 0.04 <0.001

Q4(high) 0.63 0.03 <0.001 0.26 0.04 <0.001 0.24 0.04 <0.001

#Unadjustedegressiommodel.

b Adjustedby age,sex,race regionof residenceand education.

¢ Adjusted byage, sex, race, region of residence,education, proportion afime spent in
sedentarypehavior, bodynassindex, hypertension, smoking adbetes.

4Denoteghe quartilesof the proportion ofotal time spentin moderateo vigorous physical
activity. Q1 refersthe lowestquartile,andQ4 refersthe highestuartile.

®Average cognitive scorerefersto the average aheanexecutivescoreandmeanmemory

score.
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"Executive zscorerefersto theaverageof standardize@dcoresof letterfluency andanimal
fluencytests.For participantsvith only one executivéest,the meanscae would bethe
resultof thattest.

9Memory z-scorerefersto theaverageof standardizedcoresof word list learningand
MoCA recallandorientationtests.For participantswvith only oneexecutivetest,themean
scorewould be theesultof thattest. MOCA refersto Montreal CognitiveAssessment,
including 'a’5word delayednemoryrecalltest,anda 64item orientationtestTable5.
AdjustedZ-scoregMean=* SE) of CognitiveBatteryTestsandPrevalencef Cognitive

Impairmentby,Levelsof Moderateto Vigorous PhysicaActivity andRace/Sex.

Quartild Quartile Quartile Quartile

Variable Race/Sex P-value
1 2 3 4
Average m - - -
cognitive Black Male 0.49+0.0 0.35+0.0 0.40+0.0 <0.00F
0.70+0.05
(N=5,188! 5 5 6

Black -
0.21+0.0 0.27+0.0 0.15+0.0 0.30
Female 0.35+0.04

2 4 5 6
White - ' ' '
0.2840.0 0.22+0.0 0.14+0.0 <0.00%

Y 4 3 3
F

Male 0.44+0.04

White - 0.06+0.0 0.01+0.0 0.08%0.0
Female 0.08+0.03 3 4 4

Executive funetion z- - - -

scoré Black Male 0.38+0.0 0.35+0.0 0.32+0.0 0.50
0.56+0.07
(N=4,441) 7 7 8

Black -
0.42+0.0 0.49+0.0 0.39+0.0 0.99
Female 0.48+0.05

6 8
White ; . - 0.01%0.0

<0.007T
Male 0.32+0.05 0.18+0.0 0.08+0.0 4
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Memory z @

(N=5,178
|

anuscrif

|

White - 0.14+0.0
0.03+0.0 0.02+0.0 <0.007
Female 0.13+0.04 5
4 5
Black Male _ 0.48+0.0 0.32+0.0 0.38+0.0 <0.00F
0.74+0.07
7 7
Black - ' ©0.010.0
0.03+0.0 0.10+0.0
Female 0.23+0.04 8
5 6
White - ' ' '
0.32+0.0 0.26+0.0 0.20+0.0 <0.00F
Male 0.52+0.05
4 4 4
White - 0.14+0.0 0.05+0.0 0.08%0.0
Female 0.02+0.04 4 4 5

@Adjusted byage, region,education, proportion dfme spentin sedentarjpehavior, body

massindex; hypertension, smoking adbetes.

P Averagecognitivez-scorerefersto the average aheanexecutivescoreor/andmean

memoryscore.Thereferenceof the zscoreis the meanandstandardieviation of theotal

sample.

“Executiveizscarerefersto theaverageof standardizedcoresof letterfluency andanimal

fluencytests For participantsvith only one executivéest,the meanscorewould bethe

resut ofthattest. Thereferenceof the z-scoreis the meanandstandarddeviation of theotal

sample.

9Memory z-scorerefersto theaverageof standardizedcoresof word list learningand

MoCA recallandorientationtests.For participantsvith only oneexecutivetest,themean

scorewould be thaesultof thattest. Thereferenceof the zscoreis themeanandstandard

deviation of theotal sample MoCA refersto Montreal CognitiveAssessmenincluding a

5-word delayednemoryrecalltest,anda 6item orientationtest.
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®Cognitiveimpairmentis definedasascoreof 4 orfewercorrectresponses six-item
screenerThescorerangedrom 1to 6, consisting of a #&emrecalland 3item temporal
orientation.

" Denoteghe quartilesof the proportion ofotal time spentin moderateo vigorous physical

activity.

9Denotes Significandifference(P<0.05)oetweerQuartilel and 3, an@Quartile1 and4.

"Denotes sighificandifference(P<0.05)betweerQuartile1 and 3.
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