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Abstract

Objective: We investigated whether physical exercise interventions improve cognitive functioning in nondementia populations.
Methods: We conducted a systematic review of meta-analyses including only randomized controlled trials (RCTs). Two
reviewers completed a systematic search of PubMed, Embase, Psychinfo, and Cochrane Controlled Register of Trials. Study
characteristics, effect size data, and heterogeneity estimates were extracted and presented in tabular form. Methodological quality
was assessed by 2 reviewers using the AMSTAR-2 checklist. The validity of results was considered based on AMSTAR-2 scores
and study characteristics. Results: We included | | meta-analyses: 6 focused on disease-free older adults and 5 on mild cognitive
impairment (MCI) excluding dementia. These meta-analyses summarized 97 unique RCTs. Methodological quality ranged from
critically low to high. For overall cognitive functioning, which was the outcome of 6 meta-analyses, | showed improvement due to
exercise interventions in disease-free older adults (g = 0.29, P <.01), while 2 reported nonsignificant effects. In patients with MClI,
3 meta-analyses reported significant benefits of exercise interventions on overall cognitive functioning (g = 0.25-0.57, P < .01). For
cognitive domains such as attention and memory, there was limited evidence of beneficial effects of exercise demonstrated in
either disease-free or MCI samples. Conclusions: Exercise may improve overall cognitive functioning in disease-free older
adults, but there is too little high-quality evidence to conclude whether this is achieved through improvement in any of the specific
cognitive domains assessed. There is clearer evidence that exercise may improve cognitive functioning in MCI, but again there is
limited evidence across most cognitive domains.
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Introduction

The identification of interventions targeting lifestyle factors

that promote healthy aging is of particular relevance in the
context of an aging population and increasing pressure on
health- and social care resources. In this context, age-related
cognitive decline is a significant public health concern due to
the impact on life functioning and the risk of development of
neurodegenerative disorders.' Dementia is an age-related neu-
rodegenerative disorder which consists of acquired cognitive
decline in at least one cognitive domain, resulting in distur-
bance to essential cognitive processes such as thinking, mem-
ory, and perception. Population-level data suggest that
Alzheimer disease (which accounts for 60%-70% of dementia
cases) may be prevented by targeting lifestyle factors including
physical inactivity.>> Interventions aiming to increase exercise
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levels may therefore help protect against age-related cognitive
decline, cognitive impairment, and neurodegenerative disor-
ders including dementia.

Although there is a considerable body of prospective obser-
vational research on the association between physical exercise
and age-related cognitive decline including dementia,* the
observational nature of this research limits valid conclusions
on causality due to the possible impact of confounding vari-
ables. Randomized controlled trials (RCTs) represent the best
available methodology by which to test the hypothesis that age-
related cognitive decline may be prevented by physical exer-
cise. Due to the large samples and the long follow-up duration
required for trials on true prevention of dementia, only a small
number of trials assessing exercise interventions for the pre-
vention of dementia have been published. One systematic
review and meta-analysis which included 3 randomized studies
assessing exercise interventions in the prevention of dementia
diagnosis concluded that exercise did not significantly reduce
the risk of dementia.’ Since only 3 trials were available for this
comparison, there is a high chance of false-negative findings.°
Consequently, evidence on whether physical exercise prevents
the onset of dementia is currently limited. Numerous trials are
available on intermediate, related cognitive function outcomes,
and therefore, a number of meta-analytic reviews have assessed
the impact of exercise interventions on age-related cognitive
decline. These outcomes are routinely assessed in clinical prac-
tice via neuropsychological testing to facilitate dementia diag-
nosis’; therefore, investigating the impact of exercise
intervention on these measures of cognitive functioning may
provide an important insight into the prevention or lessening of
age-related cognitive decline.

This article systematically reviews randomized preventa-
tive outcome studies testing the impact of physical exercise on
overall (also known as global) cognitive functioning and spe-
cific cognitive domains (eg, executive function, memory
recall, verbal fluency, or attention). We investigated whether
there is evidence for a protective effect of physical exercise
interventions on cognitive decline in nondemented popula-
tions, primarily disease-free older adults or adults with mild
cognitive impairment (MCI). Due to the existence of a range
of relatively up-to-date meta-analyses on this topic,*'* we
chose to conduct a systematic review of meta-analyses rather
than replicate existing systematic searches for individual
RCTs. “Providing a review of reviews allows the opportunity
to assess the existing evidence on a macro level alongside
commenting on the methodological stringency of the included
reviews. This approach therefore allows the provision of clear
recommendations for improvement of meta-analytic research
in this field.”

Methods

A systematic literature search and systematic review of meta-
analyses was performed adhering to the PRISMA'' guidelines
detailing the preferred reporting of systematic reviews and
meta-analyses.

Protocol

A protocol was registered at PROSPERO specifying the
intended aims and methodology of the broader project
from which this particular review of meta-analyses devel-
oped as a subsection (PROSPERO registration number
CRD42018094215).

Search Strategy and Study Selection

A systematic literature search was completed in December
2019 including the following databases: PubMed, Embase,
PsychInfo, and Cochrane Controlled Register of Trials. Our
initial aim was to search for meta-analyses focused on the
prevention of dementia, while our secondary aim was to
search for meta-analyses which targeted secondary or pre-
cursory outcomes, primarily cognitive impairment. An
example of the search strings for PubMed is included in the
Supplementary Materials. When possible we entered the
relevant MeSH terms to better facilitate accurate category
searching. We also performed simple searches of Google
Scholar and examined the reference lists of published arti-
cles. All study selection was facilitated by the Covidence
web application, which requires that 2 researchers (authors
D.T.T. and M.X.H.) independently review each citation.
Abstracts were first screened based on our exclusion and
inclusion criteria. When abstracts suggested that studies met
these criteria, full-text PDFs were extracted and examined
in detail. Conflicts in study selection were discussed and
resolved at both the abstract and PDF screening stages.
Figure 1 provides the PRISMA diagram as an overview of
study selection.

Inclusion and Exclusion Criteria

We included (1) meta-analytic reviews which (2) reported
pooled effect sizes from comparisons including only RCTs
of (3) physical exercise interventions for (4) adults not diag-
nosed with dementia or (5) other morbidities (eg, obesity,
cancer, and stroke). Meta-analytic reviews that reported
pooled effect sizes from a combination of RCTs and noncon-
trolled trials were excluded, as were non-meta-analytic sys-
tematic reviews or reviews including observational research.
Physical exercise interventions that integrated other elements
into the intervention (eg, dietary advice or medication) were
also excluded. Inclusion of participants with MCI formed a
subsection of our review relevant to our research objectives.
We excluded meta-analyses focused on children and/or ado-
lescents since cognition at this early stage is not considered an
indicator of dementia-relevant cognitive decline. For the
disease-free older adults section, we included only meta-
analyses studying older adults aged 554. We included only
meta-analyses published in English, Spanish, German, Dutch,
or Greek based on language availability within the research
team.
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365 references identified by literature
search:

PubMed: 146
Embase: 51

Psychlnfo: 77
Cochrane: 91

<&

Articles identified from reference lists

€
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and grey literature searches

After removal of duplicates: 326
abstracts

269 excluded after reading title and

v

70 publications retrieved

A 4

abstracts

Excluded: 59

Included in review of reviews:

11 meta-analyses investigating the
impact of physical exercise
interventions on overall cognitive
function or sub-domains

v

Inappropriate design e.g. systematic
reviews not including meta-analysis
or non-intervention focused meta-
analyses focused on prospective data
(32)

No full text available e.g. conference
abstract only (5)

Inappropriate intervention (4)
Non-relevant outcome measures (5)

Inappropriate sample, e.g. clinical
samples (10)

Duplicates not detected (3)

Figure |. Flowchart of inclusion of studies.

Assessment of Methodological Quality

To assess the methodological stringency of the included meta-
analyses, we administered the AMSTAR checklist for each
review. The AMSTAR-2'? checklist is a measurement tool
designed to assess the quality of the execution and reporting of
systematic reviews. It consists of 16 items relevant to design
methodology, such as satisfactory completion of a systematic
search, adherence to population, intervention, comparison and
outcome (PICO) design principles, assessment and consideration
of the impact of risk of bias on meta-analytic findings, and dupli-
cation of study selection and data extraction. Two authors (D.T.T.
and M.X.H.) independently rated the criteria and resolved any
conflicts via discussion. Scores for each review were entered on
the AMSTAR website, which applies a formula to categorize the
relevant review as critically low, low, moderate, or high quality.

Data Extraction

Data on relevant study characteristics were extracted, namely,
author, year of publication, target population, total number of
RCTs included, form of exercise intervention, control condi-
tion, and which cognitive domains were assessed. We also
extracted information on the effect size data from relevant
meta-analytic comparisons alongside and preferred Hedge’s g
when possible while also extracting Cohen’s d or mean differ-
ence effect sizes when g was absent. All meta-analyses utilized
continuous outcome measures rather than dichotomous data;
therefore, risk ratio or odds ratio effect sizes were not present.
All data were extracted by one author (D.T.T.) and presented in
tabular form. When possible we extracted information on the
number of RCTs included in each comparison and the total N of
each comparison. Data on the degree of heterogeneity present
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in meta-analytic comparisons were also obtained when avail-
able via the I statistic. The included meta-analyses did not
include sensitivity analyses for low risk of bias, which is a
method that can be applied to provide a potentially more reli-
able effect size estimation by excluding trials with high risk of
bias in subcomparisons.'> We were therefore unable to provide
effect size estimates from comparisons in which risk of bias
had been minimized.

Overlap Between Meta-Analysis

In order to estimate the extent of crossover between meta-
analytic research, we calculated the percentage of studies in
each meta-analysis which were not included in any other of the
included meta-analyses. This information was provided along-
side study characteristics.

Power Calculation

For each meta-analytic comparison included, we calculated the
available power based on the recommendations by Cuijpers
et al.'"* Since the available effect sizes were of small to medium
range, we estimated whether each meta-analysis had sufficient
power to detect an effect size of Cohen’s d = 0.3 when assum-
ing 0.80 power. We included this information as a column
within the results tables.

Results

Figure 1 presents the study flow diagram detailing the inclusion
of meta-analyses in this review. After the automated removal of
duplicate records, 365 abstracts were screened for inclusion,
resulting in 70 full-text PDFs being assessed. Of these, 11
meta-analyses assessing the impact of physical exercise on
cognitive function and/or its subdomains were included in this
study.

The resultant sample of meta-analyses included 97 unique
RCTs in total. The percentage of unique RCT in each review is
provided in Table 1. Six meta-analyses included healthy or
nonclinical older adults as participants, while 5 included adults
with MCI. AMSTAR-2 ratings ranged between critically
low (2 meta-analyses), low (2 meta-analyses), and moderate
(7 meta-analyses). One meta-analysis satisfied AMSTAR-2
criteria sufficiently to be rated as high quality. AMSTAR-2
ratings for each meta-analysis are provided in the Supplemen-
tary Materials.

Six meta-analyses assessed overall cognitive function as an
outcome measure. A variety of cognitive domains were also
assessed in meta-analytic comparisons including visual atten-
tion, auditory attention, simple attention, verbal memory,
visual memory, working memory, executive function, and
motor function. Further details on the outcome measures
included in meta-analytic comparisons are included in Tables 1,
2, and 3.

The majority of meta-analyses assessed physical or aerobic
exercise/activity as the intervention, while 1 meta-analysis

utilized walking only.?* One meta-analysis also included resis-
tance training as a subcategory,” while another included sub-
categories of exercise as “moderator” variables.® Control
conditions ranged from nonexercise controls, active interven-
tions, no intervention, or any control. One meta-analysis pro-
vided a subcategory of resistance training versus stretching/
toning.

Overall Cognitive Functioning

Table 2 presents all results of meta-analytic comparisons of
physical exercise interventions in disease-free older adults.
Kelly et al’ reported a nonsignificant effect (¢ = 0.18, P =
.26) from 4 RCTs including 432 participants when comparing
aerobic exercise versus any nonexercise control. Sanders et al'®
also reported a nonsignificant effect (g = 0.18, P > .05) when
examining 6 RCTs including 314 participants comparing phys-
ical exercise to any control. Northey et al® included 36 RCTs
(total N not specified) and reported a significant beneficial
effect (g = 0.29, P < .01) when comparing physical exercise
to any control. Significant heterogeneity was reported for this
comparison, and although the I statistic estimating the per-
centage of variance explained by heterogeneity was not pro-
vided, we calculated heterogeneity as 96%. Twelve RCTs
(85%) included in the meta-analyses of Kelly et al’ and 3
(60%) of those in the meta-analysis of Sanders et al were
included in the considerably larger meta-analysis of Northey
et al.®

Table 3 contains results for comparisons of physical exer-
cise interventions in MCI samples. Overall cognitive function-
ing was also analyzed in 3 MCI meta-analyses. Wang et al'’
included 5 meta-analyses with 612 participants and reported a
significant effect favoring exercise versus control (g = 0.25,
P < .01), with no study heterogeneity present. Heyn et al'’
included 12 RCTs which included 636 participants and
reported a significant effect favoring exercise versus any con-
trol (g = 0.57, P < .01). Heterogeneity was reported as non-
significant. Finally, Song et al'® included 8 RCTs with 628
participants and reported a significant effect favoring physical
exercise versus any control (g = 0.30, P < .01) with low het-
erogeneity (20%).

Specific Cognitive Domains

Results of meta-analytic comparisons of exercise interventions
for specific cognitive domains are presented in Tables 2 and 3.
Significant comparisons and results of note are summarized
subsequently.

Angevaren et al'® included 6 RCTs in a comparison which
included 312 participants in total and reported a significant
effect favoring aerobic exercise versus other interventions for
cognitive processing speed (g = 0.24, P < .05) with no hetero-
geneity. This effect was not replicated by Young et al** when
comparing to active interventions (g = 0.12, P = .23). Incon-
sistency in results between Young et al*° and Angevaren et al'>
is of note since the meta-analysis by Young et al*® was
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Table. |. Selected Characteristics of Included Meta-Analyses.

Exercise Indicator/  Control Unique AMSTAR-
Review Target Population N of RCTs Intervention Comparisons Cognitive Function outcome RCTs 2 Rating
Angevaren Elderly adults 55+ 11 RCTs Aerobic physical Other Cognitive function via 20%  Ciritically
etal'® with no known activity interventions neurobattery or MMSE. low
cognitive or no Cognitive speed, verbal
impairment intervention memory (immediate), visual
memory (immediate),
working memory, memory
function (delayed), exec
function, perception, cognitive
inhibition, visual attention,
auditory attention, motor
function
Gates Adults 65+ with 14 RCTs Exercise activities ~ Any control Cognitive function including 14%  Moderate
etal'® MCI subdomains: Executive
function, information
processing, immediate
memory, delayed memory
Heyn Adults 65+ with 12 RCTs Exercise programs  Any control Cognitive function (overall) 88% Low
etal'’ MCl
Kelly et al’ Healthy older adults 25 RCTs Aerobic exercise, No exercise Cognitive functioning 14% Low
resistance active (processing speed, attention,
training, and Tai control, no working memory, attention,
Chi intervention, verbal fluency, immediate
stretching/ recall, delayed recall)
toning
Northey =~ Community- 39 RCTs Exercise Any control Cognitive function (overall via 41% Moderate
et al® dwelling adults interventions any validated
50+. Excluded neuropsychological measure)
neurological or
mental health
clinical samples
Sanders Healthy older adults, 23 RCTs Aerobic, anaerobic, Any control Global cognitive function, 48% Low
etal'® mean age 70.3 multicomponent, executive function (including
or psychomotor working memory, memory)
exercise
Scherder 5 with elderly 5 RCTs Walking Active control  Executive function 60%  Critically
etal'® participants (without or no low
without MCI and Cl) intervention
3 with Cl
Song et al'® Adults 18+ with Il RCTs Physical exercise Any control Global cognitive function 27% Moderate
MCI interventions (primary) and subdomains
(secondary): Delayed recall,
immediate recall, verbal
fluency
Wang Adults with MCI RCTs Exercise Any control Global cognitive function as 91% Moderate
etal' interventions compiled from various
available tests, eg, RBANS,
MMSE, or subdomain tests
Young Older adults 12 RCTs Aerobic exercise Any active Cognitive function including 0% Moderate
et al® without MCI intervention subdomains: Cognitive speed,

or no
intervention

verbal memory (immediate),
visual memory (immediate),
working memory, memory
(delayed), executive function,
perception, cognitive
inhibition, visual attention,
auditory attention, motor
function

(continued)
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Table. (continued)

Exercise Indicator/  Control Unique AMSTAR-
Review Target Population N of RCTs Intervention Comparisons Cognitive Function outcome RCTs 2 Rating
Zheng et al Adults 60+ with Il RCTs Aerobic exercise No intervention Memory (immediate recall, 36% High

2016%' MCI including Tai Chi,
walking, cycling,
jogging, and

others

or sham
exercises

delayed recall), attention,
executive function, verbal
fluency, visual-spatial function

Abbreviations: RBANS, Repeatable Battery for Assessment of Cognitive Status;
Mental State Examination; Cl, cognitive impairment.

commissioned as an update of Angevaren et al'> for the
Cochrane Collaboration; differential outcome may be
explained by differential inclusion. The Angevaren et al’s'
comparison of aerobic exercise versus no intervention was
however nonsignificant, and there were no further significant
comparisons in other meta-analyses.”>°

Sanders et al'® reported a significant effect of physical exer-
cise interventions versus any control for memory (g = 0.31, P <
.05) in disease-free adults. Scherder et al* reported a beneficial
effect of walking versus control on executive function in
disease-free adults (g = 0.36, P < .01) in a meta-analysis
including 5 RCTs (N = 363) without significant heterogeneity.
Sanders et al'® also reported a significant effect for executive
function (g = 0.34, P <.05), although their categorization also
subsumed working memory within executive function. Both
memory effects reported by Sanders et al'® had high (92%)
heterogeneity.

Angevaren et al'> reported a beneficial nonstandardized
mean difference effect on motor function (1.17, P < .01) for
aerobic exercise compared to no intervention in disease-free
older adults. No heterogeneity was observed, although only 3
RCTs (N = 115) were included. The effect for aerobic activity
versus other interventions was nonsignificant (g = 0.52,
P =.19).

In participants with MCI, Zheng et al*' reported significant
effects of aerobic exercises versus control for memory, each for
delayed recall (g = 0.25, P < .05) and immediate recall (g =
0.26, P < .05). This meta-analysis was rated as high quality on
the AMSTAR-2 criteria.

No meta-analyses found beneficial effects of physical exer-
cise interventions on perception, verbal fluency, or cognitive
inhibition, although comparisons were often hampered by low
power.

Discussion

We found a mixed and in some instances conflicting pattern of
results between meta-analyses examining the impact of phys-
ical exercise interventions on cognitive functioning and its sub-
domains. There was also considerable heterogeneity in the
RCTs included between meta-analyses. Although exercise was
suggested as beneficial to overall cognitive function in healthy
or nonclinical older adults, this effect suffered from very high

RCTs, randomized controlled trials; MCI, mild cognitive impairment; MMSE, Mini-

heterogeneity, which limits valid conclusion. Due to the report-
ing style in the review reporting this effect,® it was not possible
to determine the specific RCTs included in this comparison,
although on investigation, this comparison appeared to com-
bine measures of various cognitive domains to produce one
overall effect size for cognitive function rather than utilizing
only outcome measures intended to comprehensively assess
global cognitive function. We note a smaller nonsignificant
effect size for global cognitive function reported by Northey
et al® in the moderator analysis, which suggests that this com-
parison included outcome measures designed specifically to
assess global cognitive function. This may therefore limit the
reliability of this effect size. Other meta-analyses pooling mea-
sures of global cognitive function in healthy or nonclinical
older adults did not report significant effects, albeit with
smaller RCT samples.

In the specific cognitive domains, beneficial effects demon-
strated by some meta-analyses were inconsistent in others. The
methodological quality of meta-analyses also hampered con-
clusions in a number of instances, while in many subdomains,
limited study availability meant low powered comparisons and
the likelihood of unreliable estimates increasing the risk of both
type 1 and type 2 errors.

Disease-Free Older Adults

Available evidence suggests that exercise has a beneficial
effect on overall cognitive functioning in disease-free older
adults; the best powered and best quality meta-analysis in
this category by Northey et al® reported an effect size of
g = 0.3 in favor of exercise versus controls, while the other
meta-analyses in this category”'® were underpowered and
assessed as low quality on the AMSTAR criteria. These null
findings may therefore be unreliable. However, we also note
the very high degree (96%) of heterogeneity in the meta-
analysis of Northey et al,*> which may be the result of the
aforementioned combination of disparate cognitive out-
comes to formulate a nonstandardized global cognition out-
come. High heterogeneity limits clear conclusions by
suggesting that the research included in this meta-analysis
may be too divergent in terms of populations, outcome
measures, and interventions for meaningful comparison. The
pooled effect provided included RCTs applying aerobic
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Table 2. Results of Meta-Analyses of Physical Activity Interventions for Healthy or Nonclinical Older Adults on Cognitive Function.

Outcome Effect size (g or 0.80
Measures Review RCTs N Comparison d unless noted) 95% ClI > Power
Cognitive/ Angevaren et al'® 6 312 AE vs other interventions 0.24° 0.01 to 0.46 0% N
processing
speed
8 236 AE vs no intervention 0.10 —0.16 to 0.36 0% N
Kelly et al’ 3 307 AE vs stretching toning 0.27 —022t0 075 77% N
3 413 AE vs nonexercise active —0.04 —029t0 0.21  38% Y
control
4 213 AE vs no intervention —0.29 —0.70t0 0.13 52% N
Young et al®® 6 389 AE vs any active intervention 0.12 —0.08 to 0.33 0% N
5 260 AE vs no intervention 0.12 —0.16 to 0.41  21% N
Visual attention  Angevaren et al'® 5 290 AE vs other interventions 0.26* 0.02 to 0.49 0% N
5 176 AE vs no intervention 0.09 —0.20 to 0.39 0% N
Young et al® 3 265 AE vs any active intervention 0.22 —0.03 to 0.46 0% N
Auditory Angevaren et al'® 5 243 AE vs other interventions MD =0.05 —0.45 to 0.54 0% N
attention
5 121 AE vs no intervention MD = 0.52° 0.13 to 0.91 0% N
Young et al*° 4 251 AE vs any active intervention 0.15 —038t0 069 23% N
Attention Kelly et al’ 5 409 AE vs stretching toning —0.91 —2.16t0 034 97% N
6 414 AE vs nonexercise active —0.06 —025t0 0.14 0% N
control
5 362 AE vs no intervention —-0.27 —0.58t0 0.05 50% N
3 236 Resistance training vs 0.12 —0.39t0 0.14 0% N
stretching/toning
3 271 Resistance training vs no —0.06 —0.30t0 0.18 0% N
exercise active control
Memory Sanders et al 2019'® I 589 PE vs any control 0.31% 0.10 to 0.53  92% Y
Verbal memory ~ Angevaren et al'® 4 209 AE vs other interventions 0.17 —0.10 to 0.44 0% N
(immediate)
6 141 AE vs no intervention 0.06 —030t0 042 13% N
Young et al® 5 292 AE vs any active intervention 0.08 —038t0 055 68% N
Working memory Angevaren et al'® 3 189 AE vs other interventions MD =036 —0.31I to 1.03 7% N
Kelly et al’ 5 374 AE vs nonexercise active —0.03 —0.24t0 0.17 0% N
control
3 181 AE vs no intervention 0.06 —0.24 to 0.35 0% N
3 236 Resistance training vs 0.10 —0.17.5.24 0% N
stretching/toning
Young et al® 3 238 AE vs any active intervention 0.10 —0.16 to 0.36 0%
Executive Angevaren et al'® 7 326 AE vs other interventions 0.16 —0.20 to 0.51  54% N
function
6 202 AE vs no intervention 0.23 —0.09 to.056  22% N
Scherder et al* 5 363 Walking vs control 0.36° 0.16t0055 0% N
Sanders et al (including 28 1430 PE vs any control 0.34° 0.20 to —0.47 92% Y
working memory)'®
Young et al*® 6 367 AE vs any active intervention 0.38 —0.14t0 090 80% N
3 217 AE vs no intervention 0.18 —0.16 t0 0.53  39% N
Perception Angevaren et al'® 3 160 AE vs other interventions —0.10 —0.63t0 043 41% N
4 76 AE vs no intervention 0.10 —0.38 to 0.57 8% N
Young et al®® 3 178 AE vs any active intervention —0.01 —050t0048 45% N
Cognitive Angevaren et al'® 3 189 AE vs other interventions —0.02 —0.31 to 0.26 0% N
inhibition
4 314 AE vs any active intervention —0.06 —0.28 t0 0.17 0% N
Young et al*° 3 155 AE vs no intervention 0.05 0260037 0% N
3 217 AE vs no intervention 0.20 —0.06 to 0.47 NP N
Motor function  Angevaren et al'® 4 237 AE vs other interventions 0.52 —025t0 1.30 86% N
3 115 AE vs no intervention MD = I.I17° 0.19 to 2.15 0% N

(continued)
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Table 2. (continued)

Outcome Effect size (g or 0.80
Measures Review RCTs N Comparison d unless noted) 95% ClI > Power
Visual memory Angevaren et al'® 3 81 AE vs no intervention 0.15 —0.58 to0 0.29 0% N
(immediate)
Immediate recall Kelly et al’ 3 307 AE vs stretching toning 0.23 —067to .14 88% N
3 263 AE vs nonexercise active 0.00 —0.40t0 040 53% N
control
Delayed recall Kelly et al’ 3 278 AE vs stretching toning 0.39 —0.15t0 094 80% N
4 413 AE vs nonexercise active 0.04 —0.15t0 0.23 0% N
control
3 300 AE vs no intervention 0.27 —0.08t0 062 54% N
Young et al*® 3 249 AE vs any active intervention 0.10 —0.16 to 0.36 0% N
Verbal fluency Kelly et al’ 3 380 AE vs nonexercise active 0.09 —022t0 039 53% N
control
Overall cognitive Kelly et al’ 4 432 AE vs nonexercise active 0.18 —0.13t0 049  59% N
function control
Northey et al 36 2748 PE vs control 0.29° 0.17to 041  96% Y
Sanders et al'® 5 314 PE vs any control 0.10 —0.04 to —0.24 59% Y

Abbreviations: AE, aerobic exercise; Cl, confidence interval; d, Cohen’s d; g, Hedge’s g; MD, instances in which mean difference was provided instead of d or g; N,

no; NP, not provided; PE, physical exercise; RCT, randomized controlled trial; Y, yes.

2P < .05.
bp< 0l.

Table 3. Results of Meta-Analyses of Physical Activity Interventions in Other Populations.?

Effect Size
(gord 0.80
Review Comparison RCTs N  Outcome Measures Unless Noted) 95% Cl > Power
Adults with MCI
Overall cognitive function Wang 2014'° 5 612 Exercise vs control 0.25° 0.08 to 0.41 0% Y
Heyn et al'’ 12 636 Exercise vs any control 0.57° 038t0 0.75 92% N
Song et al'® 8 628 Physical exercise vs any control 0.30° 0.10t0 049 20% Y
Verbal fluency Gates et al'® 8 945 Physical exercise vs any control MD = 1.32* 038to226 0% Y
Song et al'® 8 731 Physical exercise vs any control 0.12 —0.14t0 038 56% Y
Zhengetal” 5 840 Aerobic exercise vs control —0.16 —174tw0 142 43% Y
Cognitive flexibility Gates et al'® 7 825 Physical exercise vs any control MD =6.76 —1.13to 1467 0% Y
Inhibition Gates et al'® 6 444 Physical exercise vs any control MD =297 —1.19t07.14 0% N
Memory (delayed recall) Gates et al'® 6 722 Physical exercise vs any control D = 0.0l —0.16t0 0.14 0% Y
Song et al'® 10 789 Physical exercise vs any control D =000 —-0.14t00.14) 0% Y
Zhengetal?’ 7 1068 Aerobic exercise vs any control 0.25 0.05t0 045 57% Y
Memory (immediate recall) ~ Song et al'® 9 511 Physical exercise vs any control D =0.10 —-006t00.27 0% Y
Zheng et al*' 6 578 Aerobic exercise vs control 0.26* 000to 052 54% Y
Information processing Gates etal'® I3 1312 Physical exercise vs any control MD =0.16 —0.16t0 042 0% Y
Attention Zheng et al*' 4 529 Aerobic exercise vs control 0.14 —0.04 to 0.31 0% Y
Executive ability (reaction time) Zheng et al*' 4 492 Aerobic exercise vs control —0.09 —037t0 020 51% Y

Abbreviations: d, Cohen’s d; D, difference; g, Hedge’s g; MClI, mild cognitive impairment; MD, mean difference; N, no; Y, yes.
2In instances in which I* was unavailable or could not be calculated, power calculations conservatively assumed high heterogeneity.

bp< 0lI.
°p < .05.

exercise (17), resistance training (12), multicomponent
training (9), Tai Chi (4), and yoga (2), which may explain
high heterogeneity. This meta-analysis therefore risks com-
paring “apples and oranges” rather than a homogenous set
of related interventions. Furthermore, limited reporting
meant that estimates of heterogeneity, publication bias, or
power were not possible on the moderator analyses that

Northey et al® provided in an attempt to investigate sub-
groups in interventions, outcomes, and populations.

There were also significant beneficial effects reported for
exercise for this population on cognitive processing speed,
visual attention, motor function, and auditory attention in the
meta-analysis of Angevaren et al.'> These findings were not
replicated in the update of Young et al*® despite a high degree
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of crossover; 80% of RCTs included in the meta-analysis of
Angevaren et al'> were also included by Young et al,** while
only 3 new unique RCTs were added. This inconsistency,
alongside low power in a high proportion of the subdomains
meaning a high chance of type II errors, adds to an unclear
picture regarding the impact of physical exercise. Similarly, the
meta-analysis by Scherder et al*® reported a beneficial effect on
executive function for walking versus controls, although the
critically low AMSTAR rating for this meta-analysis limits reli-
able conclusion. The rest of the cognitive domains, namely,
verbal memory, working memory, immediate and delayed
recall, perception, cognitive inhibition, visual memory, and ver-
bal fluency, did not demonstrate significant improvement fol-
lowing exercise interventions, although again limited study
availability and therefore low power across comparisons limits
firm conclusions. We therefore conclude that for disease-free
older adults, there is preliminary evidence that exercise may
improve overall cognitive functioning, but there is too little
high-quality evidence to conclude whether this is achieved
through improvement in any of the specific cognitive domains
assessed. The broad nature of inclusion of outcomes and inter-
ventions for the Northey et al’s® pooled effect on cognitive
function limits firm conclusion on the validity of the effect on
global cognition. As discussed, such broad inclusion may have
resulted in increased heterogeneity, which may indicate limited
validity of the comparisons. The moderator analyses, while use-
ful in indicating possible differential effects of exercise subtypes
such as aerobic exercise or yoga, did not provide conventionally
reported statistics for meta-analysis; therefore, it was difficult to
conclude on the validity of these comparisons.

Adults With MCI

We observed a similar pattern of results for adults with MCI.
All 3 meta-analyses assessing the impact of exercise on overall
cognitive functioning in this population reported significant
beneficial effects of the intervention, with effect sizes ranging
from g = 0.25 to g = 0.57 without significant heterogeneity in
any comparison. Two of these meta-analyses were assessed by
the AMSTAR criteria as moderate,'®!® while one was assessed
as low quality,!” which is somewhat understandable due to
publication before full development of the PRISMA guide-
lines.'! In summation, these results provide evidence that exer-
cise interventions are broadly beneficial to cognitive function
in MCI, although only 3 domains (verbal fluency, immediate
recall, and delayed recall) showed evidence of significant
improvement as a result of exercise. Study availability and
therefore power was relatively higher in these comparisons
than in the aforementioned comparisons of older adults, but
there remained a lack of significantly beneficial effects
observed in the cognitive domains.

Limitations

Like any review, the conclusions possible in this review of
meta-analyses were dependent firstly on the available outcome

data in terms of the RCTs included in the original meta-
analyses both from a power and a methodology perspective.
We also depended on the methodological stringency and
reporting quality of the meta-analyses we included in our
review, which when assessed by the AMSTAR-2** criteria
were (excepting one review by Zheng et al*') moderate at best
and on occasions critically low. It is evident that meta-analyses
in this area should strive to improve methodology and reporting
to facilitate researchers drawing firmer conclusions regarding
efficacy and the impact of potential bias. For example, in a
number of the included meta-analyses, the total number of
participants or heterogeneity statistics per comparison was not
clearly reported.® Such problems were typically reflected in
low or critically low AMSTAR-2 ratings; although in some
instances, meta-analyses scoring moderate on the AMSTAR-
2 showed evidence of such reporting problems.® Reporting
problems may hinder the extent to which findings can be con-
sidered valid and reliable. We also note that our macro-
approach of reporting from and assessing the methodological
quality of published meta-analysis does not allow detailed
comment on the methodological stringency of the RCTs
included in each meta-analysis. We do however note that many
comparisons were underpowered, suggesting that the RCT evi-
dence base has room for further development in many areas,
especially in disease-free populations when compared to the
better powered MCI comparisons. Furthermore, 36% of the
included meta-analyses did not assess risk of bias among the
included RCTs, while 45% did not consider the impact of risk
of bias on result. The methodological quality of much of the
primary research is therefore unknown.

A further weakness of our design is that we were unable to
compute our own effect sizes based on meta-analytic data from
other studies, although we hope that our design provides as best
possible a clear overview of the available efficacy data on
exercise interventions targeting cognitive functioning.
Strengths include a stringent systematic search procedure
involving 2 authors and the assessment of methodological qual-
ity of included meta-analyses via AMSTAR, which allowed
more detailed critique of the validity of conclusions.

Future Research

For the broader field, it is evident that more high-quality out-
come research is required to allow clearer conclusions across
the various cognitive domains by allowing sufficient pooling of
RCTs to provide more reliable effect estimates. Further devel-
opment of such research is required to draw firmer conclusions
on the relationship between the provision of exercise interven-
tions, their specific effects within the cognitive domains, and
the currently observed effect on overall cognitive function; this
effect was relatively consistent across both disease-free older
adults and MCI populations.

For future meta-analytic research, the tendency toward
broad inclusion of diverse physical exercise interventions, and
on occasion broadly combined measures of cognition, may also
require closer attention. To improve the validity of findings, it
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is important that interventions are conceptually similar rather
than heterogeneous, and therefore, future research must con-
sider this in design. There is however merit in the broad pooling
of diverse exercise interventions followed by more specific
sensitivity analyses which attempt to provide effect sizes on
subtypes such as aerobic training, yoga, and resistance training
as attempted by Northey et al.®* We note however the impor-
tance that such comparisons clearly report heterogeneity statis-
tics and participants included for each comparison alongside
clear demarcation of RCTs included in each comparison since
each of these important inclusions were limited in the review
by Northey et al.® Where possible, pooling of original RCT
data in individual participant meta-analyses may also allow
investigation of the impact of individual participant character-
istics (eg, demographic or clinical variables) on cognitive
outcome.

Based on our assessment of the included reviews using the
AMSTAR-2 criteria, there are specific areas of improvement
required in meta-analytic design. Six of 11 included meta-
analyses did not provide adequate explanation for or discussion
of heterogeneity, while 9 did not address potential publication
bias. A significant minority also failed to adequately investi-
gate the impact of risk of bias in individual studies and/or the
impact of risk of bias on interpreting outcomes. These methods
are essential for the appropriate critical interpretation of meta-
analytic results; therefore, inclusion of these specific features
would help improve the quality of meta-analytic evidence in
this field. Future meta-analyses should also ensure that risk of
bias is assessed comprehensively among the included trials and
that the potential impact upon the validity of results is consid-
ered, preferably in a statistical rather than narrative manner.

Conclusions

This review of meta-analyses attempted to collate and summar-
ize efficacy data in the somewhat disparate field of outcome
research investigating the impact of physical exercise interven-
tions targeting cognitive function and its subdomains. We
included only meta-analyses focused exclusively on RCTs in
order to present the best available contemporary evidence.
Although the evidence summarized in this review of meta-
analyses does not provide direct evidence that physical exercise
interventions are preventative of dementia, the evidence pro-
vided does suggest that cognitive functioning may be improved
by exercise interventions and therefore may hold promise for
future development in this domain.
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