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Abstract
Purpose of review
We systematically appraised randomized controlled trials pro-
posing exercise to influence cognition in older adults to (1) assess
the methodologic quality using Cochrane criteria; (2) describe
various exercise dose measures and assess their relationship with
improved cognitive performance; and (3) identify consistent pat-
terns of reported effects on cognition.

Recent findings
There was overall good methodologic quality in all 98 included
studies. The assessment of the relationship between improved
cognition and various measures of exercise dose (session duration, weekly minutes, frequency,
total weeks, and total hours) revealed a significant correlation with total hours. Improvements
in global cognition, processing speed/attention, and executive function were most stable and
consistent.

Summary
We found that exercising for at least 52 hours is associated with improved cognitive perfor-
mance in older adults with and without cognitive impairment. Exercise modes supported by
evidence are aerobic, resistance (strength) training, mind–body exercises, or combinations of
these interventions.

The population older than 60 years will reach 2 billion by 2050,1 and their highest health-
related concern is being “mentally sharp.”2 Physiologic changes to the aging brain
(i.e., cognitive aging) are complex and highly variable,3 resulting in difficulty projecting the
trajectory of cognitive decline and identifying transition to pathologic states, such as mild
cognitive impairment (MCI) and dementia. Given the limited effectiveness of available
treatments for dementia, promotion of a healthy brain is relevant. Physical exercise can
promote cognitive brain health (defined as the ability to remember, learn, plan, concentrate,
and maintain a clear, active mind) and counteract many effects of cognitive aging.4-6

To date, there are over 1,000 clinical trials, 174 systematic reviews, and 50 meta-analyses
examining effects of exercise on cognitive function in older adults. Effect sizes range from small
to moderate, yet findings appear to be consistently positive.7-12 Despite the determined
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efficacy, the available literature offers no practical pre-
scriptive guidance for physical exercise to promote cognitive
brain health. The sufficient and optimal exercise dose and
regimen to induce such effects have not been fully examined.
We undertook an exhaustive systematic review of studies
evaluating physical exercise to influence cognition in healthy
older adults and those with MCI and dementia. We aimed
our study to (1) assess methodologic quality using Cochrane
criteria, (2) describe and assess the relationship between
various exercise dose measures and improved cognitive
performance in older adults, and (3) identify consistent
patterns of reported effects on cognition.

Methods
The present systematic review is reported in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Statement13 and Cochrane Hand-
book for Systematic Reviews and Interventions.14 The protocol
is published (registration CRD42016049877).15 Randomized
controlled trials (RCTs) with the following criteria were in-
cluded: published in English; aimed at probing effects of regular
physical exercise (>4 sessions) on cognition; included older
adults (age ≥60 years) with or without cognitive impairment;
and including at least one neuropsychological outcome mea-
sure. Exclusion criteria were studies with lower dosage than
specified above or absence of a quantitative neuropsychological
measure of cognitive performance.

Searches were conducted in December 2016, by 2 in-
dependent investigators, in the following indexed electronic
medical databases: LILACS, MEDLINE/PubMed, SciELO,
PEDro, the Cochrane Central Register of Controlled Trials,
Scopus, and Clinicaltrials.gov utilizing the following key-
words: exercise, cognitive function, older adults, elderly,
cognitively impaired adults, and mild cognitive impairment
(supplementary material e-1, links.lww.com/CPJ/A27).
Data extraction was done according to the population in-
tervention comparison outcome framework.16 Cochrane
Review Manager 5.3 software (version 5.3, Cochrane Col-
laboration, Canada) was utilized to collect study information
and to construct a risk of bias table14 that displayed the
methodologic rating (low, high, or unclear risk) for each
potential source of bias. The risk of bias analysis comprised
(1) random sequence generation; (2) allocation conceal-
ment; (3) blinding of participants and personnel; (4)
blinding of outcome assessment; (5) incomplete outcome
data; (6) selective reporting; (7) other.

Exercise regimen information (session time, exercise in-
tensity, frequency per week, and length of intervention and
exercise intensity) was collected and averaged across studies.
Exercise intensity was described using heart rate relative to
age-predicted maximal heart rate (HRmax%) and con-
versions using rating of perceived exertion, percent of oxygen
uptake reserve (VO2R%), absolute metabolic intensity, or

percentage of maximum voluntary contraction were
employed.17 We classified exercise intensity relative to
HRmax as light (35%–54%), moderate (55%–69%), hard
(70%–89%), and very hard (90%–100%),17 exercise modes
into 6 categories (resistance training, aerobic training,
combination, mind–body, stretching/balance/toning, or
other), and calculated their relative frequency.

While interested in reporting on the patterns of exercise
employed by all studies that met our inclusion criteria, we
also aimed at assessing the relationship between each specific
exercise measure (session duration, weekly minutes, fre-
quency, total weeks, and total hours) and improved cognitive
performance. For this analysis, we conducted a correlation
utilizing Spearman rho statistic to examine relationships
between an improvement in cognitive performance and each
exercise measure. Intensity was not included in the analysis,
as it was not reported in all studies. A p value <0.05 was
considered statistically significant.

We grouped studies according to the cognitive status of the
participants, creating 3 groups: older healthy adults (OHA),
individuals with MCI, and individuals with dementia. Cog-
nitive status was reported according to the mean score on the
Mini-Mental State Examination (MMSE18), and scores were
converted if the modified MMSE19 or Montreal Cognitive
Assessment20 was used. For the analysis of cognitive
domains most influenced by exercise, all neuropsychological
tests employed by the included studies were classified into 5
possible domains: executive function, processing speed/
attention, global cognition, visuospatial processes/memory,
and working memory. A board-licensed PhD-trained clinical
neuropsychologist (KM) oversaw this classification. Out-
come measures pertaining to more than one domain were
represented in both relevant cognitive domains (2 maxi-
mum). We calculated the frequency with which a neuro-
psychological test was associated with an improvement
(statistically significant) or no improvement (nonsignificant) in
cognitive performance, as reported in each study. For each
domain, we carried out an analysis to test the hypothesis that
the percentage of analyses with cognitive improvements was
statistically different from 50% using a 2-tailed 1-proportion Z
test. A Bonferroni correction was applied to correct for the
inflation of type I error rate with statistical significance at p <
0.01. Domains that met this criterion (percentage successful
outcomes statistically different from 50%) were classified as
most consistently improved by exercise.

Data availability
All data reported are presented within the article and sup-
plementary material. For data-related inquiries, contact the
corresponding author.

Results
Of 4,612 studies, 98 met our inclusion criteria (figure 1).
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Participant characteristics
Data from a total of 11,061 participants (3,491 male [31.56%];
7,475 female [67.58%]; 84 not reported) were included in the
present study (tables e-1 through e-3 and e-references links.lww.
com/CPJ/A27). The mean age of participants was 73 ± 2 years.
According to standard exercise recommendations for physical
health,21 most participants (58.2%) were sedentary prior to
study enrollment, 11.25%were active, and 30.44% of studies did
not report on prior activity levels.

The average baseline MMSE for all individuals was 25.03 ±
1.55. Utilizing reference values for the MMSE,18 59.41% of
all participants were classified as OHA, 25.74% were classi-
fied as having MCI, and 14.85% had a score consistent with
dementia. Within the dementia group, 73.3% of participants
had moderate and 26.7% had severe dementia.

Risk of bias analysis of included studies
In the risk of bias analysis (figure 2), 100% of the RCTs
included in the present study had low risk for selection bias

due to random sequence generation. Concerning risk for
selection bias due to allocation concealment, 60.2% of
studies had unclear risk, 37.5% had low risk of bias, and the
remaining 4% had high risk of bias. Over half of the studies
(53.4%) had high risk of performance bias due to the lack of
blinding procedures for participants and personnel, 43.8%
had low risk, and the remaining 3% had unclear risk. Simi-
larly, for detection bias nearly half (51%) of the studies had
high risk, 43.8% had low risk, and 5.1% had unclear risk due
to lack of blinding of outcomes assessment. Regarding at-
trition bias, the majority of studies (79.5%) had low risk,
13.2% had unclear risk, and 7.1% had high risk. Nearly all
studies (90.8%) had low risk of bias for selective outcome
reporting, 5.1% of studies had high risk, and 4% had unclear
risk. Concerning “other” sources of bias, nearly half (48.9%)
of studies had low risk, 43.8% had unclear risk, and 7.1% had
high risk of bias. The most commonly observed “other”
sources of bias were low reporting on activity/sedentary
status and education level at baseline and lack of reporting on
exercise intensity employed (individual scoring for each item

Figure 1 Flow diagram of the study selection

RCT = randomized controlled trial.
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and study can be seen in figure e-1, links.lww.com/
CPJ/A27).

Exercise dosage analysis in included studies
Exercise modes
The most frequently reported exercise mode was aerobic
(43.63%), followed by combined aerobic and resistance
training (27.43%), resistance training in isolation (15.93%),
and mind–body exercises (8.85%) (table 1). Stretching/
balance/toning and water exercises/video games were uti-
lized less often (1.8% and 2.64%, respectively). Due to
studies with more than one intervention, the total number of
interventions is greater than the number of studies included.

Walking was the most frequently used mode of aerobic ex-
ercise (51.7%), and self-selected exercise was the second
(23.5%). The remainder of activities were cycling (10.59%),
dancing (5.88%), and walking and biking (8.23%). No ex-
ercise was the most common control (58.4%), followed by
stretching/toning/balance (25.7%), resistance training
(4.95%), and cognitive training (3.96%). Other less frequent
interventions were combined aerobic and resistance training
(2.97%), aerobic exercise (1.98%), mind–body exercises
(0.99%), and other (water exercises, Wii Fit [0.99%]).

Exercise measures per health status are seen in table 2.

Session time
The mean session time across studies was 56 ± 19.11
minutes; 52.0 ± 18.2 minutes for the OHA group, 57.5 ±
20.57 minutes for the MCI group, and 56.53 ± 22.2 minutes
for the dementia group.

Exercise frequency
The mean frequency of intervention (times per week) across
all studies was 2.86 ± 1.19 times per week; 2.81 ± 0.98 for the
OHA group, 2.51 ± 0.77 for the MCI group, and 3.6 ± 1.98
for the dementia group.

Length of intervention
The mean exercise duration across studies was 60.2 ± 49.4
hours distributed over an average of 25.43 ± 19.1 weeks
(range 4–104). For the OHA group, the mean exercise du-
ration was 54.33 ± 47 hours distributed over an average of
25.01 ± 20.3 weeks. The mean exercise duration for the MCI
group was slightly higher, with 70.11 ± 58.4 hours, delivered
over an average of 28.16 ± 17.96 weeks. For the dementia
group, the mean exercise duration was 58.17 ± 38.6 hours,
delivered over an average of 19.33 ± 14.61 weeks. The mean
exercise time per week in minutes was 160.1 (all individuals),
155.3 (OHA), 144.3 (MCI), and 203.5 (dementia).

Exercise intensity
The majority of studies utilized either high (37.8%) or me-
dium intensity (36.7%), and 6% of studies utilized light in-
tensity. Nearly a fifth of studies (19.4%) did not report
exercise intensity. The mean intensity across all studies was
66.36% ± 9.59% for the OHA group, 65.66% ± 10.01% for
the MCI group, and 65.5% ± 9.6% for the dementia group.

Relationship between improvement in cognitive
performance and exercise measures
The bivariate correlation analysis revealed that the total
length of intervention in hours was the only correlate of
improved cognitive performance (r = 0.24, p = 0.01). The

Figure 2 Risk of bias graph for all criteria in all included studies
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median length of intervention in hours (± lower and upper
quartiles) for studies reporting improved cognitive outcomes
was 52, compared to 33.8 in studies reporting no improve-
ment in cognitive outcomes (figure 3). None of the
remaining outcomes was correlated with improved cognitive
performance (session time in minutes r = 0.20, p = 0.05;
exercise frequency per week r = −0.04, p = 0.67; length of
intervention in minutes r = 0.15, p = 0.15; total weeks r =
0.15, p = 0.12).

Cognitive domains most consistently
influenced by exercise
A total of 122 different neuropsychological outcome meas-
ures were utilized across all studies. Themajority of tests (n =
34) primarily assessed executive function, followed by
visuospatial/memory processes (n = 32), processing speed/

attention (n = 27), global cognition (n = 18), and working
memory (n = 18).

Consistency of reported effects
Of all 460 analyses, we found that 57.6% (265) were asso-
ciated with improvements in cognitive function, while the
remaining 42.4% (195) did not report improved cognitive
outcomes. Table 3 presents the number of analyses and
relative percentage per cognitive domain and health status.
Data from all individuals revealed that improvements in
processing speed/attention, executive function, and global
cognition were most consistent (p = 0.0002, p = 0.002, p =
0.009, respectively) when compared to visuospatial/memory
processes and working memory (p = 0.92, p = 0.04, re-
spectively). Individual analyses for the OHA group revealed
that improvements in processing speed/attention and

Table 1 Exercise modes used as interventions

Categorization (intervention)

All individuals Healthy MCI Dementia

% No. % No. % No. % No.

Mind–bodya 8.85 10 10.29 7 11.11 3 0 0

Aerobic trainingb 43.36 49 50 34 33.33 9 29.41 5

Combinationc 27.43 31 20.59 14 29.63 8 52.94 9

Resistance training 15.93 18 13.24 9 25.93 7 11.76 2

Stretching/balance/toning/postural 1.80 2 2.94 2 0 0 0 0

Otherd 2.64 3 2.94 2 0 0 5.88 1

Abbreviation: MCI = mild cognitive impairment.
a Mind–body exercise modalities are yoga, mahjong, and tai chi.
b Aerobic training exercisesmodalities could bewalking, treadmill, elliptical, biking, or dancing. See tables e-2–e-4 (links.lww.com/CPJ/A27) formore details of
the aerobic exercise in each study.
c Combination: resistance training + aerobic.
d Other: water exercises or video game.

Table 2 Overview of exercise measures according to health status

Measure All OHA MCI Dementia

Session durationa 56b 55.3 57.5 56.53

Length of interventionb 25.43 25 28.16 19.33

Length of interventionc 60.2d 54.33 70.11 58.17

Length of interventione 160.1 155.3 144.3 203.5

Frequencyf 2.86 2.81 2.51 3.60

Intensityg 66.37% (58.6–76.86) 66.83% (58.64–77.4) 65.66% (58.05–76.83) 65.5% (58.33–74.66%)

Abbreviations: MCI = mild cognitive impairment; OHA = older healthy adults.
a Session duration was measured in average of minutes per week.
b Length of intervention was measured in average of weeks.
c Length of intervention was measured in average of hours.
d Indicates a significant comparison between the percent significant effects and 50% at the p < 0.01 level.
e Length of intervention was measured in total minutes per week.
f Frequency was measured in average of visits per week.
g Intensity was measured based on target heart rate.
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executive function were the most consistent (p = 0.005 and p
= 0.01, respectively) when compared to visuospatial/
memory processes, working memory, and global cognition
(p = 0.41, p = 0.03, and p = 0.11, respectively). In the MCI
group, none of the domains showed consistent improve-
ments (processing speed/attention p = 0.03, visuospatial/
memory processes p = 0.75, executive function p = 0.09,
working memory p = 0.24, global cognition p = 0.03). Finally,
in the dementia group, improvements in processing speed/
attention were the most consistent (p = 0.01) when com-
pared to visuospatial/memory processes, executive function,
working memory, and global cognition (p = 0.05, p = 0.40, p
= 1.00, and p = 0.79, respectively).

Discussion
This exhaustive systematic appraisal of 98 RCTs evaluating
physical exercise to influence cognitive performance in
11,061 older adults identified a high number of studies with
good methodologic quality that assessed various exercise
modes (comprising aerobic, resistance, combined, mind–
body exercises), dosages, and regimens. At least 50% of
articles had low risk of bias for all criteria assessed. The
highest biases were due to the lack of blinding of participants
and examiners and the low reporting on activity/sedentary
status and education level at baseline and exercise intensity.

The average exercise dose from all included studies was 1
hour a day, 3 times per week, for 60 hours distributed over 25
weeks. However, the comparison between exercise dose
measures in studies that reported positive and negative
cognitive outcomes revealed that the most important corre-
late of improved cognitionwas the total intervention time. All
studies associated with negative cognitive outcomes
employed interventions lasting less than 52 hours, which was
the median intervention time for studies associated with
a positive cognitive outcome (figure 3). A cautious in-
terpretation of this finding is that exercising for at least 52
total hours is likely to improve cognitive performance. While
we found no relationships between cognitive improvements
and session time, exercise frequency, intensity, and weekly
minutes, we recommend that future studies examine these
factors so that exercise guidelines for cognitive brain health
can be developed.

A comparison between our results and other available exer-
cise guidelines for physical health is difficult. The US De-
partment of Health and Human Services,21 American Heart
Association,22 and American College of Sports Medicine23

suggest that individuals engage in at least 150 minutes of
moderate intensity exercise or 75 minutes of vigorous exer-
cise per week to achieve benefits in physical health. However,
we found no relationship between improved cognition and
length of intervention in weekly minutes. This finding may
suggest that when compared to physical health, a longer-
term exposure to exercise may be necessary to achieve cog-
nitive benefits. Nevertheless, a likely scenario pertains to the
probability that gains in brain health are not limited to 52
total hours of exposure. Thus, akin to additional general
health benefits derived from additional activity, it is likely
that gains in cognitive brain health be seen from additional
activity beyond this amount.

Approximately half of all studies used aerobic exercise alone,
and another third combined aerobic and resistance training.
The average intensity in aerobic interventions was moderate
relative to the HRmax (60%–80%). We emphasize that this
does not mean that these interventions are superior to the
less often reported interventions such as mind–body exer-
cises, but rather that presently the majority of available data is
in support of these interventions. The finding that various

Figure 3 Boxplots indicating median intervention time in
hours (± lower and upper quartiles) in studies
reporting improvements (gray box) and no
improvements (white box) on cognitive outcome

The average exercise dose from all

included studies was 1 hour a day, 3

times per week, for 60 hours

distributed over 25 weeks.
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modes are associated with beneficial effects on cognitive
brain health is encouraging from a clinical perspective. Not
all individuals will have sufficient cardiovascular endurance,
functional capacity, or motivation to initiate moderate in-
tensity aerobic exercise, but it appears that they can still
benefit from lower intensity exercise.

In addition, it is conceivable that different types of exercise
may affect cognition via different pathways. For example,
a recent study in rodents24 showed that aerobic exercise and
resistance training improved spatial working memory and
hippocampal plasticity in aging rats, albeit by different mo-
lecular mechanisms. While both interventions increased
neurotrophic signaling, aerobic exercise increased gluta-
matergic signaling and reduced DNA damage, and resistance
training increased proinflammatory factors.24

Physical exercise has been suggested to be neuroprotective
against the onset of neurodegenerative diseases, such as
dementia.25-28 Nevertheless, a recent prospective study of
10,000 adults with a mean follow-up of 27 years found that
midlife physical activity (10–28 years before diagnosis) did
not prevent a dementia diagnosis later in life, suggesting
a lack of neuroprotective effects.29 Our analysis does not

Table 3 Frequency and pattern of cognitive outcomes by domain and health status

All individuals

Improvement No improvement

No. % No. %

Processing speed/attention 85 66.40a 43 33.60

Visuospatial/memory 57 49.56 58 50.44

Executive function 102 61.81a 63 38.19

Working memory 23 37.10 39 62.90

Global cognition 43 66.15a 22 33.85

Older healthy adults

Processing speed/attention 64 64.00a 36 36.00

Visuospatial/memory 33 45.21 40 54.79

Executive function 70 60.87a 45 39.13

Working memory 17 34.69 32 65.31

Global cognition 17 65.38 9 34.62

Mild cognitive impairment

Processing speed/attention 16 72.73 6 27.27

Visuospatial/memory 19 47.50 21 52.50

Executive function 27 62.79 16 37.21

Working memory 4 33.33 8 66.67

Global cognition 19 70.37 8 29.63

Dementia

Processing speed/attention 16 72.73a 6 27.27

Visuospatial/memory 19 47.50 21 52.50

Executive function 27 62.79 16 37.21

Working memory 4 33.33 8 66.67

Global cognition 19 70.37 8 29.63

a Significant comparison between the percent improvements and 50% at the p < 0.01 level.

These findings suggest that cognitive-

mediated improvements via exercise

act on the same constructs most

commonly affected by cognitive

aging.
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approach the question of neuroprotection, yet it suggests
that upon becoming symptomatic, exercise interventions can
result in cognitive gains. It is worthwhile to note that nearly
60% of the total sample was sedentary, suggesting that
combating sedentary behavior is a contributing factor to the
results observed. It is unclear whether similar cognitive
effects can be seen in response to exercise in physically active
individuals. In addition, only 730-36 of the 98 studies assessed
and demonstrated maintenance of effects at follow-up; future
studies should assess short-term and long-term follow-up of
effects.

In the overall analysis, processing speed/attention, executive
function, and global cognition were most consistently asso-
ciated with improvements. These findings suggest that
cognitive-mediated improvements via exercise act on the
same constructs most commonly affected by cognitive aging.
In addition, the identification of the cognitive domains most
susceptible to exercise-mediated improvements may enable
identification of individuals who may be most responsive to
exercise-mediated improvements in cognitive function. The
diversity in outcomes utilized across studies (122 in total)
makes comparisons difficult, and we recommend that
a common core of neuropsychological outcome measures be
delineated to facilitate further comparisons between studies.

We acknowledge that by limiting the analysis to the statistical
significance, we could not capture important clinical in-
formation that is pertinent to cognition, such as the clinical
significance. Our review synthesized dose of exercise in RCTs
indirectly by averaging results across studies. While this
allowed for comparison of a large number of studies, con-
clusions may be influenced by limitations in the design,
power, and other logistical aspects of such studies, such as
funding mechanisms and feasibility.

The present study advances the field by identifying practical
information that can be used by individuals and practitioners
for the implementation of exercise to promote cognitive
brain health in older adults. We found that exercising for at
least 52 hours in sessions lasting approximately an hour is
associated with improved cognitive performance in older
adults with and without cognitive impairment. Exercise
improves processing speed in OHA and individuals with
dementia, improves executive function in OHA, and appears to
have little effect onmemory (workingmemory and visuospatial
memory). While promising, the effect on overall cognition is
not clear, and suffers from a paucity of studies reporting the
effect of exercise on overall cognition.
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TAKE-HOME POINTS

Good quality evidence supports the use of exercise
for the promotion of cognitive brain health in older
adults.

Exercising for at least 52 hours in sessions lasting
approximately an hour is associated with improved
cognitive performance in older adults with and
without cognitive impairment.

In order to achieve the exercise dose above,
individuals can participate in aerobic, resistance
(strength) training, mind–body exercises, or com-
binations of these interventions.

Improvements in processing speed/attention, ex-
ecutive function, and global cognition are most
stable and consistently associated with exercise
participation.
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