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Behavior al inter ventionstobenefit cognition
I ntervendonescognitivaspar abeneficiar lacognicion

Jennifer L. Etnier, ChiaHao Shih & Aaron Piepmeer
Universty of North Carolinaat Greensboro, USA

Abstract. With the growing population of older adults, the identification of trestment strategies to prevent or ameliorate age-related cognitive decline
has been an important topic in recent years. After reviewing cross-sectiond, longitudina, and experimentaly designed studies, as well as evidence from
narrative and meta-analytic reviews, the authors concluded that behavioral approaches such as physica activity, cognitive training, and dietary
interventions show promising results. In addition, given the likelihood that multiple underlying mechanisms support cognitive function, research is
currently focusing on how to combine lifestyle factors into multi-component interventions to generate greater and more meaningful effects. Though
evidence for these enhanced benefits exists from anima studies, few multi-component studies have been performed with humans. However, the findings
from these studies are promising and a continued pursuit of multi-component behavioral interventions to benefit cognitive performance is warranted.
Given the world's aging population and accompanying age-related hedlth issues such as cognitive decline and dementia, future research should focus on
understanding the biological mechanisms responsible for these effects in order to alow for the development of behaviord lifestyle prescriptions to
benefit cognitive performance.
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Resumen. Con la creciente poblacion de adultos mayores, la identificacion de las estrategias de tratamiento para prevenir o mejorar €l deterioro
cognitivo relacionado con la edad ha sdo un tema importante en los Ultimos afios. Después de revisar estudios con disefios transversdes, longitudinaes
y experimentales, asi como la evidencia de revisones de literatura narrativa y meta-anditica, los autores concluyen gue los enfoques conductuaes como
la actividad fisica, € entrenamiento cognitivo y las intervenciones dietéticas muestran resultados prometedores. Ademas, dada la probabilidad de que
multiples mecanismos subyacentes gpoyan la funcion cognitiva, las investigaciones se enfocan actuadmente en la manera de como combinar factores
del edtilo de vida en las intervenciones con maltiples componentes para generar efectos mayores y mas sgnificativos. Aunque existe evidencia de estos
beneficios a partir de estudios en animales, se han redizado pocos estudios de componentes mditiples en humanos. Sin embargo, |os resultados de estos
estudios son prometedores y se garantiza un seguimiento continuo de las intervenciones conductuaes de componentes muiltiples para beneficiar e
rendimiento cognitivo. Teniendo en cuenta el envejecimiento de la poblacion mundial y los problemas de salud relacionados con la edad que la
acompafian, taes como e deterioro cognitivo y la demencia, la investigacion futura deberia centrarse en la comprension de los mecanismos biolégicos
responsables de estos efectos con € fin de permitir e desarrollo de las prescripciones de comportamiento de estilo de vida para beneficiar € rendimiento

cognitivo.
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Introduction

Age-rdated cognitivedeclineisapublic heel th concern because of
its association with clinical cognitive impairment (Flicker, Ferris, &
Resherg, 1991; Larson& Langa, 2008; Myers, Kluger, Golomb, Gluck,
& Ferris, 2008) and becauseitsprevaenceisexpected to surgewiththe
growing population of older adults(Hebert, Scherr, Bienias, Bennett, &
Evans, 2003). Thus, itisimportant to identify treatmentsthat maintain
cognitiveperformancewith advancingage Severd promisingbehaviord
approaches have been identified with recent studies focusing on the
potentia benefits of physical activity, cognitive training, and dietary
interventions.

Physical activity

Numerousstudieshave explored there ationship between chronic
physica activity and cognitive performance through the use of cross-
sectiond, progpective, and experimenta designs. This literature has
been reviewed meta-andyticaly on severd occasions with results
generdly supporting a positive relationship between physica activity
and cognitive performance. Etnier et a. (1997) conducted the first
comprehensive meta-analytic review of studies on physica activity
and cognition, which included 134 cross-sectiond, corrlationd, and
experimenta studies. They concluded that physicd activity hadasmal
but sgnificant positive effect on cognitive function, with an overal
mean effect Sze of 0.25. An important finding from this review was
that experimenta design was a sgnificant moderator of the effect of
physicd activity oncognition, withlessrigorousstudiesbeing associated
with larger effects. Thisfinding highlighted the need for morerigorous
studiesto be performed in order to elucidate the effect.

Prospectiveepidemiol ogica studiesexaminetheeffectsof basdine
physica activity on subsequent cognitive performance and provide a
stronger level of evidencethan cross-sectiond and correlaiond sudies.
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Ingenerd, studiesusing thisdesign report that higher levelsof physical
activity at basdine protect against subsequent cognitive decline. This
relationship is seen whether cognitive function is assessed using
standardized cognitive tests (Lytle, Vander Bilt, Pandav, Dodge, &
Ganguli, 2004; vanGelder et d., 2004; Weuveet d ., 2004; Yeffe, Barnes,
Nevitt, Lui, & Covinsky, 2001) or clinicad measures of cognitive
impairment (Abbott et ., 2004; Larson et d., 2006; Podewils et 4.,
2005; Rovioet d., 2005). When explored meta-anayticaly (Sofi et d.,
2011), progpective studies thet investigated the association between
physica activity andrisk of cognitivedeclinein non-demented people,
showed that physicd activity had aprotective effect againgt cognitive
decline. This protective effect was Smilar for those who performed
high levels compared to low-to-moderatelevels of physicd activity.

Randomized control trid studies provide an even higher leve of
evidencefor the effects of physica activity on cognitive performance
because they dlow for the establishment of causation. Colcombe and
Kramer (2003) performed ameta-andysistoexploretheeffect of chronic
aerobic exercise training on cognitive performance by older adults
specificdly limiting their review to randomized control sudies Findings
from their review reveded that aerobic exercise training produced a
moderate overal postive effect on cognitive performance (g=0.48).
Importantly, athough effectswere largest for executive function tasks
(0=0.68), beneficid effectswereobserved acrossavariety of cognitive
domains, suggesting globa benefitsof exerciseon cognitive performan-
ce Theresultsfromthisreview provided strong evidencefor abeneficid
effect of aerobic exercise training on cognitive performance by older
adults.

Heyn, Abreu, and Ottenbacher (2004) specifically focused their
review onwhether physica activity wasbeneficid for older adultswith
dementiaand rlated cognitiveimpairments. Aswith thestudy conducted
by Colcombe and Kramer (2003), this meta-analys's only included
Sudies that used randomized control trials. Results showed thet the
overal mean effect Sze between exercise and non-exercise groupsfor
cognitiveperformancewas0.57. Therefore, they concluded thet exercise
training increases cognitivefunction in older adultswith dementiaand
related cognitiveimpairments. Findings from this study areimportant
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becausethey suggest thet themechanismsresponsiblefor thebeneficial
effect of exercise on cognitive performance are gill functiona in
individua swith cognitiveimparment and degenerative brain disease.
Thesefindings are support for acontinued effort to explore the use of
exerciseto benefit those with, or a risk for, dementia.

Much of the early research in this area was conducted using the
cardiovascular fitness hypothesis as a foundation. The cardiovascular
fitness hypothes's asserts that cardiovascular (or aerobic) fitnessis a
causd factor that explains the relationship between physicd activity
and cognitiveperformance. However, Etnier and colleaguesused mete
regression techniques to specificaly test the cardiovascular fitness
hypothesisof cognitiveperformance (Etnier, Nowell, Landers, & Sibley,
2006) and concluded that there was no support for this hypothesis.
Specificaly, analyses showed that there was no relationship between
changes in aerobic fitness and changes in cognitive performance for
studies with cross-sectiona designs or when making comparisons of
dataat podt-test. Surprisingly, changesin aerobic fitness from pre-test
to pogt-test werefound to be negetively related to changesin cognitive
performancefrom pre-test to post-test indicating that increasesin aerobic
fitness actudly predicted decreases in cognitive performance. Given
that thecardiovascular fitnesshypothesiswasnot supported, theauthors
suggested that other causa mechaniams for the relationship between
physica activity and cognitive performance should be explored.

More recently, Angevaren, Aufdemkampe, Verhaar, Aleman, and
Vanhees (2008) conducted aCochranesystematic review of 11 sudies
to assessthe effects of chronic aerobic exercise programson cognitive
function with nonclinica older adults. They found that the largest
effectswereon moator function, auditory attention, and dd ayed memory.
However, the authors suggest that care be taken in interpreting the
effect on ddlayed memory asit was obtained from asingle sudy. In
addition, they observed moderate positive effects on cognitive speed
and visud atention. Similar beneficid effectsof exerciseon cognitive
functionwerea so observed for cognitively impaired ol der adullts.

In sum, when reviewed meta-andyticaly, results from studies
testing the effects of chronic exercise on cognitive performance
congstently support that thereare benefits. Theseresultsareevident in
older adultsand in ol der adultswho area ready experiencing cognitive
decline. Further, theseresultsare evident when using laboratory-based
measuresof cognitive performanceand whenusing dlinica measuresof
cognitiveperformance.

Cognitive training

Cognitivetrainingisanother behavioral intervention that hasbeen
examined for its effect on cognitive performancein clinical and non-
clinical populations. Systemetic and meta-andytic reviewsconsstently
show that cognitive training has positive effects on cognitive perfor-
mance Inameta-andyticreview of published gudieswithrandomized
control trid designs, Zehnder, Martin, Altgassen, and Clare (2009)
revedled sgnificant training effects for paired associate learning and
immediate and delayed recal in hedthy older adults and significant
training effects for immediate recdl in adults with mild cognitive
impairment (MCI). Other reviews support cognitive training benefits
for memory (Gates, Sachdev, Fiatarone Singh, & Vaenzuda, 2011;
Texeraetd., 2012), learning (Smon, Yokomizo, & Bottino, 2012), and
variousaspectsof cognitivefunction, including objectiveand subjective
measures of cognitive functioning, memory performance, executive
functioning, processing speed, atention, andfluidintdligence(Reijnders,
van Heugten, & van Boxtel, 2013). Results have aso shown that the
effectsof computer-based cognitiveinterventionsare comparableto or
better than theeffectsof traditional , paper-and-pencil cognitivetraining
gpproaches (Kueider, Parig, Gross, & Rebok, 2012). Recently, Jak,
Sedye, and Jurick (2013) conducted asystematic review of electronic
cognitivetraining programs(e.g., computer and video gamebased) and
found that most sudies showed sgnificant improvements in trained
cognitivetasks, specificaly processing speed. Thus, thereissubstantial
evidence supporting the use of cognitivetraining toimprove cognitive
performance.
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Despite the evident benefits of cognitive training, Jek et d. point
out thet there isa short-coming in this scientific literature because the
benefits of cognitive training programs are typically only observed in
thespecifictasksthat havebeentrained. Hence, morework isneededto
determinethepotentia benefitsof cognitivetraining programsonmore
genera outcomessuch asage-related cognitivedecline. Oneintriguing
directionfor futureresearchisto combinecognitivetrainingwith physica
activity with the hopes of producing larger effects on abroad array of
cognitivetasks.

Dietary intervention

Another promising gpproach to protect or improve cognitive per-
formance is through dietary interventions. The focus of this research
thus far has largely been on understanding how diet can be used to
reduceoxidative stressby enhancing the anti oxidant-prooxidant balan-
cethrough anincreasein antioxidants. Thereduction of oxidativestress
isimportant becauise when the production of reactive oxygen species
(or freeradicals) exceedsthe cgpacity of theantioxidant defensesystem,
oxidative gress markers are evated in the systemic circulation and
result in the activation of the inflammatory process (Giunta, 2008).
According to the free-radicd theory of aging (Harman, 1994), asthe
human body agesthereisan increasein the production of freeradicals
and/or adecreasein the quantity or quaity of antioxidantsresultingin
an overdl increase in oxidative stress and inflammetion. Thebrainis
particularly vulnerable to oxidetive insults, so this theory posits thet
the damage caused by increased oxidative stress plays arole in age-
related cognitivededlineandtherisk of Alzheimer’ sdisease (Berr, 2000;
Clausen, Doctrow, & Baudry, 2010; Hasnis& Reznick, 2003).

Researchhasshownthat low plasmaleve sof molecular antioxidants
such as plasma o-tocopheral, vitamin C, vitamin E, carotenoids, and
selenium, are linked to detriments in cognitive performance (Berr,
Richard, Roussd, & Bonithon-Kopp, 1998; Gae, Martyn, & Cooper,
1996; Goodwin, Goodwin, & Garry, 1983; Jamaet d., 1996; Perkinset
d., 1999; Perrig-Chidllo, Perrig, Ehrsam, Staehdlin, & Krings, 1998;
Schmidt et d., 1998; Tucker et d., 1990) as well as a greater risk of
cognitivedeclineor impairment (Berr, 2000; Engelhart et d., 2005; La
Rueetd.,1997; Parrig, Parig, & Stahdlin, 1997). Conversdly, corrdationda
studies have shown that people whose diets are high in antioxidants
havelower levelsof oxidativestress(Covaset d., 2006; Kang, Ascherio,
& Grodgtein, 2005; Rondanelli, Trotti, Opizzi, & Solerte, 2007;
Senthilmohan, Zhang, & Stanley, 2003), perform better on cognitive
tests (Kang et d., 2005; Rondandlli et d., 2007), and experience less
cognitivedeclineover time (Wengreenet d., 2007). Interventionswith
older non-human animals report thet those on a high antioxidant diet
experienced reductionsin oxidativestressandimprovementsin cognitive
performance (Cartford, Gemma, & Bickford, 2002; Josephetd., 1999;
Milgram et d., 2002; Reme et d., 2008). Findings from intervention
studieswith humansin which dietary supplementshave been used are
more equivoca (Grodgtein, Kang, Glynn, Cook, & Gaziano, 2007,
Petersen et d., 2005). However, it has been suggested thet thismay be
duetothevariability intheantioxidant potency of varioussupplements,
individual differences in the metabolism of supplements, and/or
adherenceissues. With regardsto theeffectsof dietary interventionson
cognitive performance, severd researchers have shown benefits in
cognitivefunctioning or reducedrisk of Alzheimer’ sdiseesewithincreesed
intakeof vegetables(Kang et d., 2005), fruit and vegetablejuices(Da,
Borenstein, Wu, Jackson, & Larson, 2006), and fruit and vegetable
extractsinrats(Joseph et a., 1999) and canines(Milgramet d., 2002).
More comprehensive dietary changes like those associated with the
Mediterranean diet haved so been shownto reducecognitivedeclinein
humans (Scarmeas, Stern, Tang, Mayeux, & Luchsinger, 2006; Weih,
Wiltfang, & Kornhuber, 2007).

Insum, thefree-radical theory of agingimplicatestheantioxidant /
prooxidant balanceashba ngacritica determinant of age-related cognitive
dedline. Correlationd evidencewith humansand experimenta evidence
with non-human animal ssupport the potential roleof dietinmitigating
age-related cognitivedecine. Intervention studieswith humansprovide
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some promising findings, but future studies are necessary to better
understand how diet can be religbly manipulated to positively impact
cognitiveperformance.

Multi-component interventions

Based on the abovementioned evidence, there is support for the
efficacy of individua behaviora interventionsto benefit cognitive per-
formance. However, alimitation of al of theseinterventionsisthat their
effects tend to be rdatively modest in size and the cognitive training
interventionsareparticularly limitedin thet their benefitsdo not transfer
across cognitive domains. Given these limitations and that multiple
mechanismslikely contributeto cognitivefunction (Etnier, 2008), it has
been suggested that «a cocktail of multiple interventions» may be
necessary toattainlarger, moregenerdizableeffects(Droge& Schipper,
2007). Infact, recent callsfor proposal sfromthe United StatesNational
Indtitutes of Hedth (RFA-AG-09-009 and RFA-AG-14-016) focus
explicitly on this expectation that combined interventions may be
necessary to dicit larger, meaningful effects. The retionde behind a
multi-component intervention is that the various components of the
intervention might impact multiplemechanismsor might havealarger
combined (i.e, synergidic) effect onasnglemechanism (Rebok, Carlson,
& Langbaum, 2007). Although there are severa studies which have
assesd the effects of multi-component interventions on non-human
animds, thereareonly afew studieswith humanswhich haveusedthis
gpproach (Benloudif et d., 2004; Madey, Weaver, Peri, & Phillips,
2008; Smdl et d., 2006; van Uffden, Chingpaw, van Mechden, &
Hopman-Rock, 2008).

Non-human animd studies have shown that rodents exposed to
coghitively engaging exercisedemondirate beneficial adaptationsince-
rebra structure (which are sometimes shown to be concomitant with
improvementsin behaviord measuresof cognition) comparedtoanimals
that recelve exercise done (Black, Isaacs, Anderson, Alcantara, &
Greenough, 1990; Kleim, Lussnig, Schwarz, Comery, & Greenough,
1996; Kleim et d., 1998; Kleim, Vij, Balard, & Greenough, 1997,
Klintsova, Dickson, Yoshida, & Greenough, 2004). In these studies,
«cognitively engaging exercise» istypicaly defined asphysical activity
in simulating environments in which the objectstoysin an animd’s
cageare changed on aregular basisto encourage exploratory physica
activity while «exercised one» isdefined asaccessto arunning whed.
In light of these positive findings, it has been proposed that more
cognitively engaging forms of physical activity might result in larger
cognitivegansfor older adults(Colcombe, Kramer, McAuley, Erickson,
& Scalf, 2004; Fabre, Chamari, Mucci, Masse-Biron, & Prefaut, 2002).
However, feaw human studies report on the cognitive effects of
interventions that include physical activity and cognitive training
componentsin combination.

Fabre et d. (2002) tested the effects of a 2-month combined
intervention on cognitive performance. Sedentary older adults were
randomly assigned to oneof four groups anexercisegroup (two sessions
per week of walking or running for 45 min), amenta training group (one
90-min session per week of performing mentaly chalenging tasks), a
combined group that performed both the exercise sessons and the
mentd training sessioneachweek, or alesureactivity group. Participants
in the combined group showed a significantly larger gain in memory
quotient (Cohen'sd=5.22) than participantsany other group (exercise:
Cohen's d=1.64; mentd training Cohen's d=3.15; control Cohen's
d=0.20). However, there were no sgnificant benefits for any of the
training groups on 5 of the 8 cognitive measures and improvements
were comparablefor dl threetraining groups on the other 2 cognitive
measures. Although the multi-component program resulted in alarger
improvementincognitiveperformanceon 1 of the8 cognitivemessures,
the generd lack of a difference between the combined group and the
single intervention groups might indicate that combining this type of
cognitivetrainingwith physical activity inthisspecific fashion doesnot
result in abroad synergitic effect on cognitive performance.

Benloucif et d. (2004) used arepested measurescross-over design
tocomparetheeffectsof two (morning vsevening) 2-week daily activity
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interventions on the cognitive performance and deep quality of older
adults Theintervention conssted of physicd activity and socid cognitive
activitiesperformedinamdl groupsfor 90 min. Specificaly, participants
performed 30 min of sretching and low to moderateintensity physical
activity, 30 min of socia game playing, and another 30 min of low to
moderate intengity physical activity. Results showed that participants
in both the morning and evening interventions experienced significant
improvements in cognitive performance as compared to their own
performance during basdline. Significant benefitsranged in effect Sze
from 0.598t0 1.235 and wereevident for tasksassessng mathematical
processing, memory, logicd reasoning, andworkingmemory /information
processing. These effectsare promising and certainly suggest thet this
combined intervention benefits cognitive performance, however the
failureto use arandomized control trid limitsthe conclusonsthat can
be drawn from this study.

Given that one of the mechanisms by which chronic physical
activity may improve cognitive performance is through effects on
antioxidants, itislogica todso congder combining exerciseand dietary
interventionsthat focus on reducing oxidative stress. Non-human ani-
ma studiesshow that chronicexercisetraining reducesoxidativestress.
This evidence comes from studies showing that exercise reduces free
radica production at rest, increases antioxidant defenses (Aksu, Topeu,
Camsari, & Acikgoz, 2009; Harris, Mitchell, Sood, Webb, & Venema,
2008; Leauwenburgh, Fiebig, Chandwaney, & J, 1994; Leeuwenburgh
etd., 1997; Powersetd., 1994; Powerset d., 1993; Radak et d ., 2001;
Radak, Sasvari, Nyakeas, Taylor, et d., 2000; Venditti, Masullo, & Di
Meo, 1999), and enhancestherepair anddimination of oxidized molecules
(Radak etd., 1999; Radak et d., 2002, Radak, Sasvari, Nyakas, Pucsok,
et ., 2000). Although research with humansis more limited, thereis
evidencethat chronic exerciseimprovesantioxidant defensesinyounger
men and women (Evelo, PAimen, Artur, & Janssen, 1992; Sato, Nani,
Ohta, Kasal, & lkeda, 2003) and in older men (Fatouros et d., 2004).
Based upon thisevidenceand theaf orementi oned evidence supporting
thet dietary changescaninfluencecognitiveperformanceandAlzhemer’s
disesserisk, onemight expect that combining exercisewithan antioxidant
diet would result in maximal reductions in oxidative stress and,
concomitantly, larger cognitive benefits. Researchers have tested the
effect of multi-component interventions (described as behaviora
enrichment that includes physica activity, opportunity for exploratory
behavior, and socid interactions through group housing) and an
antioxidant diet onthecognitiveperformanceof canines(Milgrametd.,
2005; Nippak, Mende son, Muggenburg, & Milgram, 2007) withresults
supporting cognitive benefits. There are two studies with humansin
whichtheeffectsof interventionscombining physica activity with diet
on cognitive performance havebeen examined.

Madey et d. (2008) randomly assigned fifty-six older adults to
ether ano-trestment control or amulti-component intervention for 10
weeks. Themulti-component intervention consisted of medl plansand
recipes to increase dietary fiber and decrease saturated fat and
encouragement to increase physica activity that was presented in
weekly meetings. Participantsin the intervention improved on 3 of 4
tests of cognitive performance (ES = 0.26 — 0.41). These effects are
smilar to what has been observed with physica activity doneandthe
modest effects may be due to the limitations of only recommending
behaviord change, therddivebrevity of theintervention, and thelack
of afocuson ahigh antioxidant diet.

van Uffdenetd. (2008) performed arandomized placebo-controlled
trid to explore the effects of 12 months of aerobic activity combined
with the supplementation of folic acid and other B vitaminsin older
adultswith MCI. Theresults showed thet thosein the aerobic activity
group experienced improvementsin cognitive function thet positively
correlaedwith higher levelsof adherencetotheexerciseprogram. These
findingssuggest that thosewhowel ked moregained thebiggest cognitive
benefits. However, interpretation of the combined effects of aerobic
activity and supplementation use is limited since the authors only
presented results for the main effects of supplementation and physica
activity.
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To our knowledge, there is only one study which has tested the
combined effectsof physical activity, cognitivestimulation, and diet on
cognitiveperformance. Smdll et d. (2006) examined theeffectsof al4-
day combined program on cognitive performanceby older adultswith
mild age-rlaed memory complaints. Participants were randomly
assgnedtoacontrol conditionor tothecombined program. Thecombined
program consisted of aerobic exercise, relaxation training, cognitive
training to teach memory techniques and to give exposure to mental
puzzles, and suggested med plansthat included an emphasison fruits
and vegetableshighin antioxidants. They found thet participantsinthe
intervention program improved significantly on a measure of verbal
fluency compared to participantsin the control group.

Clearly, research ontheefficacy of multi-component interventions
isdill initsinfancy. Support for the «cocktail» hypothesis from non-
human animd dudies is promising and demonstrates benefits both
behaviordly and mechanidticaly that exceed benefits from physica
activity in isolation. However, research exploring multi-component
interventionsfor humansisextremey limited. Further, human studies
exploring physical activity and cognitivestimulation havenot mimicked
the animal research because the animal studies have typicaly
smultaneoudy combined physicd activity and cognitive stimulation
while, by contragt, the human studieshave presented theseintervention
components asynchronoudly. This may be an important digtinction
because the asynchronous presentation may not result in the same
synergistic impact on mechanisms as might be observed with a
synchronous presentation. Further, as described above, we are avare
of only one short-term intervention which has tested the combined
effectsof physicd activity, cognitive stimulaion, and diet on cognitive
performance. Thisisanimportant directionfor futureresearch because
interventionsthat encompassmany lifestylefactorsmay affect multiple
mechanisms, which may in turn leed to an exponentid increasein the
megnitudeof beneficid effectson cognitive performance. Consdering
additiona mechanismsthet explainthe benefitsof physical activity on
cognitiveperformanceisalogica placeto beginwhendesigning multi-
component interventions that include physical activity and are
hypothesized to achieve larger benefits.

M echanisms

There is evidence supporting that chronic physicd activity hes
beneficid effectsoncerebrd structure, cerebrd function, and neurctrophic
factorswhichmay explain thebenefitsfor cognitive performance. With
magneticresonanceimaging techniques, Colcombeet d. (2003) observed
age-relaed decreasesin brainvolume, inboth whiteand grey matter of
the frontal, parietal, and temporal cortices, in older adults. More
importantly, they revedled that losses in these areas were smdler in
older adults with higher levels of cardiovascular fitness. Relatedly,
Colcombeet d. (2004) found that ederly individua swith higher levels
of fitness showed different activation patterns in the middle frontal
gyrus, superior frontd gyrus, anterior cingulate cortex, and superior
parieta cortex relaiveto lower fit individuas. Other reseerchershave
a so provided evidencethet aerobicfitnessispostively associated with
hippocampd volume (Bugg & Head, 2011; Ericksonet d., 2009; Szabo
etd., 2011). Progpective evidenceislimited, but one study hasshown
that basdline physicd activity is predictive of hippocampa volume
nineyears|ater (Erickson et d., 2010). To further understand whether
aerobicfitnesstraining canincreasebrain volumeinregionsassociated
with age-reated declineinboth brain structureand cognition, Colcombe
etd. (2006) randomly assigned ol der adultstoeither anaerobictraining
group or atoning and dretching control group. After the 6-month
intervention, individuas in the aerobic fitness training group showed
sgnificant increases in brain volume in both gray and white matter
regionsthat werenot observed in control group participants. Similarly,
Erickson et d. (2011) found that participation in a 1-year exercise
interventionresultedinanincreased hippocampd volumeinolder adults
These results provide strong support for a causa effect of aerobic
exerciseonmeasuresof cerebra sructureand functionthat areindicative
of centra nervoussystem healthinolder adults, and extend thefindings
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from Colcombeet d. (2004) by showing that aerobic exercisemay not
only amdliorateage-rd ated dedinesin brainvolume, but actudly increese
brainvolumesin older adultswho beginlong-term aerobic exercise.

In non-human anima sudies, exercise has dso been shown to
increaselevelsof brain-derived neurotrophic factor (BDNF) and other
growthfactors, simulateneurogeness, incresseresstanceto braininault
andimproveperformanceon cognitivetasksindudinglearning (Cotman
& Berchtold, 2002). Gomez-Finilla, Ying, Roy, Molteni, and Edgerton
(2002) demongtrated that exercise could promote changesin neurond
pledticity via BDNF and Neeper, Gomez-Pinilla, Choi, and Cotman
(1996) showed that BDNF concentration in the hippocampus was
devated after exercise. Importantly, Vaynman, Ying, and Gomez-Finilla
(2003) showed that BDNF actudly actsasamediator of the effects of
exerciseon hippocampd synaptic-plagticity. Eventhoughthereisstrong
evidence in the non-human animd literature that BDNF is a causd
mechanisminthephysicd activity / cognitive performancerdationship,
this hypothesis has not been empiricaly tested in humans.

That being said, research with humans has shown a positive
relationship between physica activity and basal BDNF concentrations,
aswell asanincreasad BDNF responseto maximal exercisefollowing
fiveweeksof aerobictraining (Zoladz et d., 2008). However, astudy
that assessed the relaionship between a 6-month aerobic activity
program, cognitive performance, and BDNF in older adultswith MCl
hasshown that whilethere seemsto beno effect of physicd activity on
cognitive performance or BDNF concentrations in men, for women
there is a positive effect on cognitive performance and a decrease in
BDNF concentration compared to controls (Baker et d., 2010). More
researchisneeded to el ucidatethe potentia causd relationship between
physica activity, BDNF concentrations, and cognitive performance.

Conclusions

Research has established simple relationships between various
lifestylefactors(e.g., physica activity, diet) and cognitive performance
and there is evidence supporting that these relationships are causd.
Research hasad sobegunto establish mechanismsthat explainthebenefits
of physicd activity and specific dietary interventions for cognitive
performance. The focus of current studies is on furthering our
undergtanding of how to best combinelifestylefactorstoachievelarger,
morerobug effectson cognitiveperformance. Insodoing, thedlucidation
of mechanismsisanimportant emphasisfor futureresearch because of
thepotential to usethisinformeation to helpidentify themost promising
combined interventions. Additionally, understanding mechanisms is
likely to contribute to our ability to prescribe physicd activity in a
specificdose (intengity, duration, mode) to maximally benefit cognitive
performance. Laglly, understanding mechanisms may bring to light
ways to combine pharmecologica or nutritiond interventions (eg.,
BDNF supplementation, antioxidant supplements) with behaviord
interventionsto, again, producestronger cognitivebenefits Withregards
tothedesign of multi-component interventions, itisour contention that
itismogt efficaciousto basetheir design onexistingempirica evidence,
theory, and the understanding of mechanisms. Specificaly, multi-
component interventions combining physical activity and cognitive
training would likely benefit from more closely mimicking the extant
literature with non-human animdls, i.e,, the combination of physica
activity and cognitive training should be a synchronous experience
rather than an asynchronous experience. Similarly, given the shared
mechaniam of antioxidants, interventionscombining diet and physica
activity should likefocus on an antioxidant diet asaway to maximize
effects. Given the projected increase in the population of older adults
and theanticipated coincident increesein the prevaence of age-related
cognitive decline and dementia, the identification of interventions to
benefit cognitive performanceisapublic healthimperative.
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