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Abstract

Background—A recent NIH State of the Science conference on interventions to reduce or delay

Alzheimer's disease and cognitive decline in older adulthood suggested cognitive engagement and

aerobic exercise held promise for healthy individuals, but were inconclusive.

OBJECTIVES—This quantitative meta-analysis examines whether therapeutic interventions of

extended practice of cognitive tasks or aerobic exercise have produced significant improvement on

untrained cognitive outcomes.

DESIGN—The PSYCINFO, MEDLINE, and Abstracts in Social Gerontology databases were

searched for English language cognitive interventions of exercise or extended cognitive practice

ranging 1966-2010. The final search was in January 2011. Studies included were experimental

interventions hypothesizing improvement on untrained cognitive outcomes with pre- and post-

tests. Studies of varying quality were included and compared.

SETTING—Interventions generally took place in laboratories, gymnasium facilities, in the home

and outdoors. Testing was administered by experimenters.

PARTICIPANTS—Forty-two studies with 3781 healthy older adults ages 55+ were analyzed.

MEASUREMENTS—Between-group effect sizes (ES), which account for practice effects on

outcome measures, and within-experimental group ES were computed from untrained cognitive

outcome domains including choice reaction time, memory, and executive function, which were

compared. ES were also coded for training type and study quality. Multilevel mixed effects

analyses accommodated multiple outcomes from individual studies.

RESULTS—Both extended practice (estimated ES = 0.33, 95% CI= [.13-.52]) and aerobic fitness

(estimated ES= 0.33, 95% 95% CI=[.10-.55]) training produced significant between-group ES but

did not differ in magnitude. Better study quality was associated with larger effect sizes.

Correspondence to: Shoshana B. Hindin.

Corresponding Author: Elizabeth Zelinski, Davis School of Gerontology, 3715 South McClintock Avenue, University of Southern
California, Los Angeles, CA, 90089-0191, FAX: 213 740-5694, zelinski@usc.edu. Alternate Corresponding
Author:shindin@usc.edu.

Author Contributions: Both authors contributed to study concept, acquisition, analysis and interpretation of data, and preparation of
the manuscript.

Conflict of Interest: This research was supported in part by grant R01AG10569 from the National Institute on Aging.

Sponsor's Role: None.

NIH Public Access
Author Manuscript
J Am Geriatr Soc. Author manuscript; available in PMC 2014 August 12.

Published in final edited form as:
J Am Geriatr Soc. 2012 January ; 60(1): 136–141. doi:10.1111/j.1532-5415.2011.03761.x.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



CONCLUSION—Findings indicate that both aerobic and extended cognitive practice training

interventions for healthy older adults improve performance on untrained cognitive tasks.
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INTRODUCTION

Recently, the National Institutes of Health published a State of the Science Conference

statement on preventing Alzheimer's disease and cognitive decline.1 It indicated the

evidence is inadequate to support a conclusion that any interventions are adequate to either

prevent or delay Alzheimer's disease. The conference review focused only on randomized

controlled clinical trials with more than 200 participants. However, it suggested there are

encouraging associations of positive effects of interventions that either maintain or improve

cognitive function in healthy older adults, including cognitive engagement and aerobic

exercise.

Both types of interventions are at an early evaluation phase for clinical practice adoption.

Many studies are at Phase I or II, where hypothesized effects of the intervention and

treatment protocol are developed (Phase I) or initial exploratory studies are conducted

(Phase II). A few randomized controlled trials are at Phase III. In contrast, the State of the

Science review was of Phase IV and V interventions: efficacy studies to extend established

positive outcomes to specified populations (Phase IV) and focusing on cost-effectiveness

and intervention efficiency (Phase V).2

Yet the cognitive training industry grossed an estimated $295 million in 2009. 3 It is

therefore important to evaluate early-phase results of interventions for older adults. The

assumption behind cognitive training is that the benefits will extend to untrained outcomes.4

Several meta-analyses,5,6 however, have found only small effects of untrained test

improvement.

Nevertheless, some approaches may be effective for untrained outcomes. One kind of

intervention similar to that of commercial products uses extended practice that is,

completing hundreds to thousands of trials of basic tasks like phoneme span or choice

response time either with or without strategy instruction. Extended practice is likely to result

in untrained task improvement because the skills trained overlap with those used in other

cognitive activities,4 but its general effectiveness has not yet been confirmed.

Aerobic training interventions were also cited as promising for cognitive benefits.1 A meta-

analysis of aerobic exercise interventions found significant within-experimental group

improvements in several cognitive domains.7, 8 Aerobic training engages neuroplastic

processes that produce general improvements in cognition in animals and humans,9

including older adults.10

It is too early to compare the likely different mechanisms underlying cognitive changes

associated with extended practice and aerobic exercise and it is unknown whether either is
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more effective. Cognitive processes thought to benefit from interventions have been

suggested to be those most sensitive to aging, such as executive processes. However,

memory has not been systematically evaluated with respect to aerobic interventions in older

adults, 7 nor has it been shown to improve in strategy-based interventions.11 Because

memory declines systematically with age, it is important to establish whether it can be

improved with extended practice or aerobic interventions.

This meta-analysis evaluates improvements of healthy older adults on untrained cognitive

tasks after extended cognitive practice compared with findings from aerobic exercise. It

extends earlier findings from aerobic exercise interventions7, 8 that evaluated improvement

within the experimental group to analysis of between-group effect sizes (ES) that include

pre- and post-test control group means to account for improvements from retesting at post-

test that may be independent of the intervention.12 It examines performance changes on

memory tasks, choice response time (RT) and executive tasks, all of which are sensitive to

aging. The role of study quality is also analyzed as an outcome predictor. Aerobic training

studies represent a somewhat older literature (range of publication dates from 1966 - 2009;

median 1993) than extended practice studies (1984-2010; median 2005), and the more recent

literature may reflect greater sophistication in study design, so the interaction between type

of intervention and study quality on outcomes was also evaluated.

The questions addressed included 1) whether ES computed from between experimental and

control group comparisons show different patterns than within-experimental group

comparisons; 2) whether ES differ between extended cognitive practice and aerobic exercise

interventions, 3) whether ES differ for outcomes from different cognitive domains, 4)

whether ES varies with study quality, and 5) whether the two interventions produce ES that

vary with study quality.

METHODS

Study Selection

Database searches, restricted to English language, human studies, and older adults, were of

PSYCINFO, Abstracts in Social Gerontology, and MEDLINE. There were no restrictions on

publication dates, and included articles published online through December 2010. Keywords

included “aerobic”, “aging” “cognition”, “cognitive”, “cognitive plasticity”, “cognitive

rehabilitation”, “intervention”, “maintenance”, “older adult”, “physical fitness”, “plasticity”,

“transfer”, and “training”, both individually and in combination. There were 715 abstracts

returned from the databases, and of these, 239 articles were determined to be potentially

appropriate for inclusion. Additional articles were found manually. Articles used in the

meta-analysis of adult aerobic training programs7 were also obtained for computation of ES

with practice effects removed. The final search was on January 5, 2011.

Inclusion and Exclusion Criteria—Inclusion criteria were (a) original research

reporting extended cognitive domain practice of basic tasks such as N-back or aerobic

fitness interventions hypothesizing cognitive improvements, (b) healthy, cognitively

unimpaired community-residing age 55+ adult participants (if younger adults were included,

only ES for the older participants were computed), (c) experimental and control groups, (d)
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multiple session training, and (e) pre- and post-tests of untrained cognitive tasks. Studies

with subjective outcomes were excluded, though studies with both subjective and untrained

cognitive outcomes were included with only the cognitive outcomes evaluated. Interventions

teaching only strategies such as mnemonics or inductive reasoning were not included as they

do not generalize11. Included articles not directly cited are listed in the appendix.

Study Quality—To assess quality, a 5-point scale adapted from items used elsewhere5 was

applied. One point was assigned for a) randomization, b) an active control group, c) a

description of inclusion/exclusion criteria, d) provision of attrition information, including

whether there were dropouts or no attrition, and e) indication of follow-up either in the

original study or a subsequent report. Scores ranged from 0 to 5.

Effect Size Calculation

Two d's13 for pre- vs. post-training effects corrected for small sample bias were computed

for each outcome. These were the between-group pre-post effect (between ES), to control for

cognitive test-taking practice in the experimental and control groups, and the within-

experimental group pre-post effect (within ES). Two studies included both no-contact and

active control groups14, 15 and one had two sets of older age groups16 so that two between

ES for the same outcome were computed. Effects reflecting better performance with lower

values were rescaled. ES were computed from reported means and measures of variability,

or estimated from figures, t ratios, F ratios for 1 degree of freedom (df) main effects, or

reported probabilities associated with 1 df test statistics. When only a description of findings

across groups was available, significant pre-post change of p < .05 and non-significant

change of p < .50 was used to transform z to r to d's.14

Outcomes likely to reflect ceiling or floor effects in healthy older adults were excluded,

including accuracy measures in RT studies, RT tasks with memory loads of 1, 1-back tasks,

and Trails-A. Tasks within a study reflecting essentially identical constructs at different

levels of difficulty were averaged using d+ computations, for example, RT at memory loads

of 2 and 4.17

Thirty-two ES were computed based on estimated probabilities, 14 between, and 18 within,

from four studies. Several studies had insufficient information to compute parallel between-

and within-group ES. For example, Dustman et al14 provided only within-group significant

p-values. Multiple outcomes per study are included to reflect different cognitive domains

resulting in 421 ES, 218 between and 203 within, computed.

Coding of Outcome Domains—Choice response time (RT) included direct measures as

well as paper and pencil measures such as pattern comparison. Executive function included

digits backwards, dual or switch task RT's or RT costs, fluency, letter-number sequencing,

N-back accuracy, Stroop, or Trails-B. Memory included recall or recognition, as well as RTs

under memory load conditions.

Other domains were not analyzed because there were many fewer ES. Reasoning included

inductive or matrix reasoning tasks with 10 between and 9 within ES. Simple RT included

direct measures or tapping (8 between, 9 within). Visuospatial measures included

Hindin and Zelinski Page 4

J Am Geriatr Soc. Author manuscript; available in PMC 2014 August 12.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



enumeration, mental rotation, rotation span, and visual short term memory (5 between, 8

within). There were measures of crystallized intelligence (3 between, 3 within) and

cognitive task composites (2 between, 1 within).

Data Analysis

Multilevel modeling using maximum likelihood estimation was used to contrast ES across

training interventions, quality, cognitive domains, and the training x quality interaction as

fixed effects. ES varied in number and type of outcome and were nested within studies. The

intercept-only model tested whether the average ES for transfer across all studies differed

from zero and for significant between-study remaining random variance, which would

justify analyses with additional hypothesized ES predictors. A second model added main

effects of training (extended practice, aerobic), quality (dummy coded as low or high; see

below), and domain (choice RT, executive, memory, each dummy coded against all other

domains). A third model added a test of the training x quality interaction. Statistical

significance was set at α = .05. Means and 95% CIs were estimated from Model 3. Analyses

were separate for between and within ES.

RESULTS

There were 42 studies in the analysis, 25 of which reported extended cognitive practice.

Information about study characteristics is in Table 1. The total sample of participants across

all studies was 3781, with a mean age of 69.2. Quality ratings were recoded due to positive

skewness. Ratings of 0-2 represented low (13 studies with 70 between and 70 within ES)

and 3-5 represented high quality (29 studies with 148 between and 133 within ES). About

two thirds of the participants were in the extended practice studies, but this was due to the

inclusion of one experimental group and the no-contact controls from a study18 with 1292

participants.

The two training approaches did not differ in study characteristics, with F's (1, 41) in the

range of .62 to 1.83 for sample size, mean age, and quality rating. Dummy coded quality

ratings were also not significant across training type, χ2 (1) = 1.4. The only difference

between training types was in the number of sessions, F (1, 41) = 22.3, p < .001, with more

for aerobic exercise (M = 51.9) than extended practice (M = 17.6).

Model 1, the baseline model with three significant parameters, intercept, between-study

error, and residual, indicated that the estimated d across all studies differed significantly

from zero for both the between ES (-2LL = 261, 3 parameters) and within ES (-2LL = 254, 3

parameters). The between ES intercept of 0.31 was smaller than the within effect intercept

of 0.49, suggesting that practice effects from baseline testing inflate the apparent training

benefit. Significant between-study random variance justified additional explanatory fixed

effects in Model 2 including training, quality, choice RT, executive function, and memory.

Model 2 had significantly better fit than Model 1 for between ES (-2LL = 249, 8 parameters,

χ2/dfdiff = 12/5, p<.05) and not for within ES (-2LL = 250, 8 parameters, χ2/dfdiff = 4/5, ns).

However, random between-study variance was reduced by 22% and 4%, for between and

within ES, respectively.

Hindin and Zelinski Page 5

J Am Geriatr Soc. Author manuscript; available in PMC 2014 August 12.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Model 3, which adds the training type x quality interaction, was a significantly better fit for

the within but not between ES, see Table 2. There was a further reduction of random

variance by 8% and 16%, for between and within, respectively; however, random variance

remained significantly different from zero. Model 3 was selected for comparisons across

methods of computing ES (Table 2).

For both ES, the coefficients for study quality and training x quality differed significantly

from zero, see Table 2. High quality studies produced larger ES than the low quality ones.

The interaction for between ES indicated no quality difference in ES for aerobic training;

however, high quality extended practice studies produced larger ES. Paradoxically for

within ES group, low quality aerobic exercise studies had larger ES than high quality studies

and the reverse was true for extended practice. This suggests that the within ES

improvement is due to low quality aerobic studies using measures with stronger practice

effects than high quality studies.

The test of differences in ES for extended practice versus aerobic training was not

significant for either ES. The main effects of choice RT, executive, and memory domains

did not produce significantly larger ES compared to those of all other outcomes. All ES did

differ significantly from zero, however, suggesting that untrained outcomes benefitted from

the interventions.

CONCLUSION

Both extended practice and aerobic interventions produced significant improvement in

untrained cognitive outcomes. However, the between ES, which accounted for practice,

were significantly smaller than the corresponding within ES, as confirmed by a separate

multilevel analysis contrasting them. The finding of improvement for extended practice in

this meta-analysis is inconsistent with previous work6; the substantial increase in currently

available studies implies that those findings were affected by low statistical power.

The lack of ES differentiation between aerobic exercise and extended cognitive practice

suggests that both are similarly effective in improving untrained cognitive performance in

older adults despite different “dosages”. However, the mechanisms are likely to be very

different between intervention types.

For comparison, ES from all studies in a previous meta-analysis7 of aerobic exercise were

computed, with the mean within ES essentially replicating the previous report's mean.

Importantly, the between ES for those studies7 estimated from a multilevel intercept-only

model was 0.24, 95% CI (.09-.40), consistent with the results of this meta-analysis.

The overall between ES for extended practice 0.33, 95% CI (.13-.52) and for aerobic

exercise 0.33, 95% CI (.11-.55) interventions might be considered negligible in terms of

potential clinical relevance. However, for comparison, between ES for Modafinil (Provigil),

prescribed for narcolepsy but used off-label for enhanced cognitive performance19 was

computed. The multilevel estimate for 28 cognitive outcomes including working memory

and short term memory in a study of young adults20 compared to placebo was 0.23 for both

high and low dosage.
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Neuroplasticity may be associated with untrained cognitive improvements for both types of

training. Aerobic interventions produce neurogenesis in animal models and increased

hippocampal volume in young and middle-aged adults9 as well as older ones. 21 The

neuroplastic mechanisms for extended practice findings are not as well defined,22 with

mixed findings of changes correlated with performance improvements.21,23 Improvements

in untrained memory performance in this analysis suggests that memory can be improved

with training, in contradiction to studies using traditional mnemonic strategy training.11,12

Memory strategy training is likely to be more effortful than nonstrategic approaches, age

declines in executive abilities may affect strategy application, and its efficacy may be

limited by an approach that does not consider individual differences.4

None of the cognitive domains of choice RT, executive function, or memory produced

greater ES. A lack of advantage of any of the domains, however, may be associated with

how well the outcomes represent the domains and may be because many studies included

only one task to represent a domain.24 It is also not currently possible to differentiate

benefits of specific approaches to particular domains because many extended practice

studies combine training from multiple domains, for example, working memory and

processing speed.25 Finally, it remains to be determined whether domain-specific benefits

are more likely in aerobic than in extended practice interventions, which could not be

evaluated here because of varying cell sizes associated with interaction tests.

Studies with higher quality ratings showed larger between ES, (M = 0.43) compared to (M =

0.22) for lower quality interventions, confirming the importance of rigorous methods.

Analysis of individual components of the quality score suggested that the association

between quality and outcomes was not driven by specific criteria, such as randomization.

Limitations

Publication bias, whereby studies with null results are excluded because they were not

published, is often considered a limitation in meta-analysis. However, it was common to

find studies here with null results for outcome measures. Other explanations for benefits

could not be extracted, such as effects due to the social stimulation associated with

participating, (e.g., interacting with training staff on a regular basis in extended practice, or

exercising in a group).26

No formal test of differences between ES of studies using active versus wait-list controls

could be made because few studies included active controls. Inclusion of age as a covariate

in separate analyses suggested ES did not vary by age, but there was not much variability in

age across studies. Training dosage in session number and overall duration for both aerobic

and extended practice studies was analyzed as a covariate, but was not significant. A better

comparison would involve similar doses of these two approaches. Duration of training

benefits27 could not be evaluated because too few of the studies included follow-ups.

Several extended practice studies, e.g.,25 evaluated three month to one year effects after

training discontinuation and found reduced ES. Although cognitive outcomes have not been

evaluated after discontinuation of aerobic exercise participation, it is likely that effects will

fade, given that physical deconditioning occurs. This raises questions of whether continual

practice is required for maintenance.
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Assuming continued engagement in either type of training is necessary, how to encourage

participation over the long term is poorly understood; participants in most of the studies

were selected for their willingness to remain at least until posttest. Older adults, even in

multiyear aerobic intervention studies, e.g.,28 are likely to eventually discontinue

participation. Thus it is important to identify approaches that encourage persistent

engagement in cognitively beneficial activities.

A substantial investment is being made in commercial “brain fitness” activities.3 Our

findings suggest that improvement in untrained cognitive performance is observed, however,

we do not endorse use of commercial products which resemble extended practice

interventions, because few have been tested for those benefits.29

Questions about training efficacy remain, including whether benefits are observed in

subpopulations with health problems, or with varying education or ability. It is unclear when

interventions should be first engaged, or whether they should be tailored to individuals’

cognitive needs rather than to general abilities that decline with age. Direct health benefits of

aerobic exercise must be acknowledged, though extended practice improvements may also

be associated with health improvements.
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APPENDIX

Supplemental references in alphabetical order included in the meta-analysis, but not cited in

the article. Those marked with a cp used extended targeted practice and those with an a had

an aerobic program.

cp Ackerman PL, Kanfer R, Calderwood C. Use it or lose it? Wii brain exercise practice and

reading for domain knowledge. Psychol Aging. 2010;25(4):753-66.

a Barry AJ, Steinmetz JR, Page HF, et al. The effects of physical conditioning on older

individuals. II. motor performance and function. J Gerontol. 1966;21:192-9.

cp Basak C, Boot WR, Voss MW, et al. Can training in a real-time strategy video game

attenuate cognitive decline in older adults? Psychol Aging. 2008;23(4):765-77.

cp Bherer L, Kramer AF, Peterson MS, et al. Training effects on dual-task performance: Are

there age-related differences in plasticity of attentional control? Psychol Aging. 2005;20(4):

695-709.

cp Bherer, L, Kramer, A F, Peterson, M.S. Transfer effects in task-set cost and dual-task cost

after dual-task training in older and younger adults: further evidence for cognitive plasticity

in attentional control in late adulthood. Exp Aging Re., 2008;34:188-219.
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a Blumenthal, JA, Emery, CF, Madeen, DJ, et al. Cardiovascular and behavioral effects of

aerobic exercise training in healthy older men and women. Journals of Gerontology:

Medical Sciences. 1989;44:147-157.

cp Borella, E, Carretti, B, Riboldi, F. Working Memory Training in Older Adults: Evidence

of Transfer and Maintenance Effects. Psychol Aging. 2010;25(4):767-78.

cp Buschkuehl, M, Jaeggi, SM, Hutchison, S, et al. Impact of working memory training on

memory performance in old-old adults. Psychol Aging. 2008;23:743-753.

cp Clark, JE, Lanphear, AK, Riddick, CC. The effects of videogame playing on the response

selection processing of elderly adults. Journal of Gerontology. 1987;42:82-85.

cp Dahlin, E, Nyberg, L, Bäckman, L, Stigsdotter Neely, A. Plasticity of executive

functioning in young and older adults: immediate training gains, transfer, and long-term

maintenance. Psychol Aging. 2008;23:720-730.

cpda Silva, L, Sunderland, A. Effects of immediate feedback and errorless learning on

recognition memory processing in young and older adults. Neuropsychological

Rehabilitation. 2010;20:42-58.

cp Drew, B, Waters, J. Video games: Utilization of a novel strategy to improve perceptual

motor skills and cognitive functioning in the non-institutionalized elderly. Cognitive

Rehabilitation. 1986;4: 26-31.

cp Edwards, J D, Wadley, VG, Myers, RS, et al. Transfer of a speed of processing

intervention to near and far cognitive functions. Gerontology. 2002;48: 329-340.

a Emery, CF, Gatz, M. Psychological and cognitive effects of an exercise program for

community-residing older adults. The Gerontologist. 1990;30:184-188.

a Fabre C, Chamari K, Mucci P, et al. Improvement of cognitive function by mental and/or

individualized aerobic training in healthy elderly subjects. Int J Sports Med. 2002;23(06):

415-421.

cp Goldstein, J, Cajko, L, Oosterbroek, M. Video games and the elderly. Social Behavior

and Personality.1997;25:345-352.

cp Hawkins, HL, Kramer, AF, Capaldi, D. Aging, exercise, and attention. Psychol Aging.

1992;7(4):643-653.

a Hill, RD, Storandt, M, Malley, M. The impact of long-term exercise training on

psychological function in older adults. Journal of Gerontology: Psychological Sciences.

1993;48:12-17.

cp Jennings, JM, Webster, LM, Kleykamp, BA., et al. Recollection training and transfer

effects in older adults: Successful use of a repetition-lag procedure. Aging,

Neuropsychology, and Cognition. 2005;12:278-298.
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cp Karbach, J, Kray, J. How useful is executive control training? Age differences in near and

far transfer of task-switching training. Developmental Science. 2009;12:978-990.

Kramer, AF, Hahn, S, Cohen, NJ, et al.. Ageing, fitness, and neurocognitive function.

Nature. 1999;400:418-419.

cp Kramer, AF, Larish, JF, Strayer, DL. Training for attentional control in dual task settings:

A comparison of young and old adults. Journal of Experimental Psychology: Applied.

1995;1:50-76.

cp Kramer, AF, Larish, JL, Weber, TA, Bardell, L. Training for executive control: Task

coordination strategies and aging. In Gopher D, Koriat A, editors. Attention and

Performance XVII. Cambridge, MA: The MIT Press; 1999. p. 617-652

a Lord, SR, Castell, S. Physical activity program for older persons: Effect on balance,

strength, neuromuscular control, and reaction time. Archives of Physical Medicine and

Rehabilitation. 1994;75:648-652.

cp Lustig, C, Flegal, KE. Targeting latent function: Encouraging effective encoding for

successful memory training and transfer. Psychol Aging. 2008;23:754-764.

cp Mahncke HW, Bronstone A, Merzenich MM. Brain plasticity and functional losses in the

aged: Scientific bases for a novel intervention. Prog Brain Res 2006;157:81-109.

cp Mahncke HW, Conner BB, Appelman J et al. Memory enhancement in healthy older

adults using a brain plasticity-based training program: A randomized, controlled study. Proc

Natl Acad Sci USA 2006; 103:12523-12528.

a Moul, JL, Goldman, B, Warren, B. Physical activity and cognitive performance in the

older population. Journal of Aging and Physical Activity. 1995;3:135-145.

cp Mozolic, JL, Long, AB, Morgan, AR, et al. A cognitive training intervention improves

modality-specific attention in a randomized controlled trial of healthy older adults.

Neurobiology of Aging. 2011;32(4):655-668.

a Okumiya, K, Matsubayashi, K, Wada, T,et al. Effects of exercise on neurobehavioral

function in community-dwelling older people more than 75 years of age. Journal of the

American Geriatrics Society. 1996;44:569-572

a Perri, S, & Templer, DI. The effects of an aerobic exercise program on psychological

variables in older adults. International Journal of Aging and Human Development.

1984-5;20:167-172.

a Rikli, R E, Edwards, DJ. Effects of a three-year exercise program on motor function and

cognitive processing speed in older women. Research Quarterly for Exercise and Sport.

1991;62:61-67.
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cp Roche, RAP, Mullally, SL, McNulty, JP, et al. Prolonged rote learning produces delayed

memory facilitation and metabolic changes in the hippocampus of the ageing human brain.

BMC Neuroscience. 2009;10:136-152.

cp Smith GE, Housen P, Yaffe K, et al. A Cognitive Training Program Based on Principles

of Brain Plasticity: Results from the Improvement in Memory with Plasticity-based

Adaptive Cognitive Training (IMPACT) Study. J Am Geriatr Soc. 2009;57(4):594-603.

10.1111/j.1532-5415.2008.02167.x.
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Table 1

Participant, Training, Quality, and Outcome Characteristics
a

Characteristic All Studies (n = 3781) Aerobic Exercise (n = 1016) Extended Practice (n = 2765)

N of Studies 42 17 25

Participants

    Total N 3781 1016 2765

    Median N 39 (13-1292) 34 (13-187) 40 (13-1292)

    Mean age 69.2 (55+) 67.9 (55+) 69.9 (55+)

Training

    Mean weeks 13.2 (2-52) 23.8 (8-52) 5.9 (2-12)

    Mean session N 30.5 (3-79) 49.6 (18-152) 17.1 (3-45)

    Mean quality 2.9 (0-5) 2.5 (0-5) 3.1 (1-5)

    N of low quality studies 13 7 6

Untrained Outcomes

    Mean outcome N 5 (1-16) 5 (1-12) 5 (1-16)

a
Ranges are in parentheses.
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