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Mind body exercise improves cognitive sl

function more than aerobic- and resistance
exercise in healthy adults aged 55 years
and older — an umbrella review
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Abstract

Exercise is often cited as a major factor contributing to improved cognitive functioning. As a result, the relationship
between exercise and cognition has received much attention in scholarly literature. Systematic reviews and meta-
analyses present varying and sometimes conflicting results about the extent to which exercise can influence cogni-
tion. The aim of this umbrella review was to summarize the effects of physical exercise on cognitive functions (global
cognition, executive function, memory, attention, or processing speed) in healthy adults > 55 years of age.

Methods An umbrella review of systematic reviews with meta-analyses investigating the effect of exercise on cogni-
tion was performed. Databases (CINAHL, Cochrane Library, MEDLINE, Psyclnfo, Scopus, and Web of Science) were
searched from inception until June 2023 for reviews of randomized or non-randomised controlled trials. Full-text
articles meeting the inclusion criteria were reviewed and methodological quality assessed. Overlap within included
reviews was assessed using the corrected covered area method (CCA). A random effects model was used to calculate
overall pooled effect size with sub-analyses for specific cognitive domains, exercise type and timing of exercise.

Results Database searches identified 9227 reviews. A total of 20 met the inclusion criteria. They were based on 332
original primary studies. Overall quality of the reviews was considered moderate with most meeting 8 or more

of the 16 AMSTAR 2 categories. Overall pooled effects indicated that exercise in general has a small positive effect
on cognition (d=0.22; SE=0.04; p < 0.01). Mind-body exercise had the greatest effect with a pooled effect size

of (d=0.48; SE=0.06; p<0.001). Exercise had a moderate positive effect on global cognition (d=0.43;SE=0,11;
p<0,001) and a small positive effect on executive function, memory, attention, and processing speed. Chronic exer-
cise was more effective than acute exercise. Variation across studies due to heterogeneity was considered very high.

Conclusions Mind-body exercise has moderate positive effects on the cognitive function of people aged 55 or older.
To promote healthy aging, mind-body exercise should be used over a prolonged period to complement other types
of exercise. Results of this review should be used to inform the development of guidelines to promote healthy aging.

Trial registration PROSPERO (CDR 42022312955).
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Background

An active lifestyle has long been promoted as a means
of slowing down the aging process and helping people
retain their independence. Physical exercise in particular
has been identified as beneficial for older adults and has
been suggested to have positive effects on both physical
and cognitive health outcomes [1]. While there is high-
level evidence supporting exercise as an effective inter-
vention for maintaining physical function in older adults
[2], recent research has provided reason to question
previous claims of a positive association between physi-
cal exercise and cognitive functioning [3].

Cognitive functioning can be analysed from a general
perspective (global cognition) or sub-divided into spe-
cific domains, each representing different abilities. These
include executive functions, memory, attention, and pro-
cessing speed [4]. Each of these domains has been associ-
ated with a measurable decline with age [5] which begins
before the age of 60 in healthy adults [6]. Murman [5]
suggests that the greatest impact of age-related change
in cognition results from deterioration in a person’s abil-
ity of perform cognitive tasks requiring rapid processing
of information and then a decision. These types of tasks
require effective use of working memory, processing
speed, and executive functions.

Slowing or even reversing age related cognitive decline
has been a popular topic of many scholarly publica-
tions and physical exercise is one intervention that has
received much attention as a potential mediating factor.
Studies to date have attempted to identify the most effec-
tive type of exercise to promote maintenance of cognitive
functions [7-9], determine the optimal intensity, dura-
tion and frequency of exercise for promoting cognitive
function [8, 10-12] and to identify which specific cogni-
tive domains may benefit most from an exercise inter-
vention [13]. Specific types of physical exercise that have
been investigated can be loosely categorised into three
groups; aerobic exercise (e.g. walking, running, dancing,
swimming or bicycling), resistance exercise (e.g. weight
training, training by use of body weight or elastic bands)
and mind body exercise (e.g. yoga, tai chi or qi gong)
[7-9]. The link between exercise and cognition has also
been studied as an acute intervention, involving a single
bout of training, and as a chronic intervention, consisting
of multiple bouts of training performed over a period of
weeks or months [14].

A recent meta-analysis comparing the effects of resist-
ance and aerobic exercise on global cognition, memory
and executive function concluded that both types of
exercise were beneficial for older adults with and without
cognitive decline [15]. Another recent systematic review
by Huang et al. showed that resistance exercise had the
highest probability for slowing down cognitive decline
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[16]. Zhang et al. reported that mind—body exercise has
significant benefits for global cognition, executive func-
tions, learning and memory [17]. In contrast to these
findings, a recent umbrella review including 23 meta-
analyses and including people between the ages of 6 and
80 showed only small exercise related benefits on cogni-
tion and demonstrated that these effects became negligi-
ble after correcting for publication bias [3].

Many physiological processes are stimulated by exer-
cise and support the premise that increased physical
activity contributes to maintenance or even improve-
ments in cognitive health. These processes are generally
related to an exercise induced increase in neural activity
or increased levels of exerkines. For example, high inten-
sity aerobic exercise has been associated with increased
activity in the frontal and parietal cortices as well as the
supplementary motor area [18], all key areas for execu-
tive functions and motor planning. Aerobic exercise but
not resistance exercise has also been linked to an increase
in resting concentrations of brain-derived neutrophic
factor (BDNF) in peripheral blood [19], and hippocam-
pus [20], a regions which plays a major role in learning
and memory. BDNF expression has also been found to be
affected by the duration and intensity of exercise [19, 21].

Recent data has also linked potential beneficial effects
of exercise to crosstalk which takes place between the
brain and the liver, muscle, adipose tissue and gut [22]. In
these studies, exercise-related signalling molecules and
exerkines have been identified to regulate the positive
effects of exercise on cognitive function. An example of
this is Cathepsin B which increases in plasma and mus-
cles during exercise and which is strongly associated with
memory functions [23]. Similarly, Glycosylposphatidylin-
ositol-Specific Phospholipase D1 (GLDP1) from the liver
is increased after exercise. GLDP1 is correlated with neu-
rogenesis, increased expression of BDNF and improved
hippocampal dependent learning and memory in aged
mice [24]. Exercise also increases circulating interleu-
kin-6 (IL-6) which reduces the pathological amyloid pre-
cursor protein in prefrontal cortex and hippocampus.
This protein plays a central role in the pathophysiology
Alzheimer’s disease [25].

While pathophysiological evidence seems to sup-
port exercise induced benefits on cognition, inconsist-
encies in data syntheses which have studied cognitive
outcomes after exercise suggest that further investiga-
tion is warranted. Umbrella reviews are a relatively new
concept which may help to shed light on uncertainties
that exist regarding the relationship between exercise
and cognition. This research method allows research-
ers to synthesise results from previous reviews under
a single “umbrella” and to draw conclusions about the
overall strength and quality of studies which may have
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inconsistent of conflicting conclusions [26]. Umbrella
reviews represent one of the highest levels of evidence
[27].

The aim of this study was to conduct an umbrella
review to evaluate the impact of physical exercise on
cognitive functions in healthy adults who are 55 years
of age or older. More specifically we aimed to determine
the type of exercise that is most effective for improving
cognitive functions (aerobic exercise, resistance exer-
cise or mind body exercise), which cognitive domains
are likely to be most affected (global cognition, executive
functions, memory, attention, or processing speed) and if
exercise duration (acute versus chronic) has a significant
effect on cognitive outcomes.

Methods

Protocol and registration

The protocol for this umbrella review was pre-registered
in PROSPERO and is available at https://www.crd.york.
ac.uk/prospero/display_record.php?RecordID=42022
312955. This review complies with the Preferred Report-
ing Items for Systematic reviews and Meta-Analyses
(PRISMA [28]).

Literature search strategy

In March 2022 and June 2023, the following data-
bases were searched for systematic reviews with meta-
analyses of randomized controlled trials (RCTs) or
non-randomized controlled trials (NRCTs): CINAHL
(EBSCOhost), Cochrane Library (Wiley), MEDLINE
(EBSCOhost), PsycInfo (ProQuest), Scopus, and Web
of Science. The search strategies were based on the
concepts of age (older adults), exercise, and cognition.
Searches were further limited by study type but not by
language or publication date. The full search strategy for
each database is reported in Supplementary data, S1. A
manual search of the reference lists of included reviews
was performed in addition to the digital search to ensure
that no relevant articles were missed.

The literature selection criteria

Studies were included in this umbrella review if they were
systematic reviews with meta-analyses which assessed
the effect of acute or chronic exercise interventions on
cognitive functions. The definition of systematic review
used in the study was: “A review of a clearly formulated
question that uses systematic and explicit methods to
identify, select, and critically appraise relevant research,
and to collect and analyse data from the studies that are
included in the review” [29]. Participants were required
to be>55 years and healthy, with no specific disorders
such as cancer, heart failure, mental illness, neurologi-
cal disease, cognitive impairment, or dementia. The age
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cut-off of 55 years deviates from the original Prospero
registration and was made for pragmatic reasons as few
reviews were found to include participants from 65 years
of age. Reviews that comprised of both healthy and
unhealthy participants were included only if results from
the healthy participants were reported independently
and meta data for this specific group could be extracted.
Reviews were required to investigate a physical exercise
intervention compared to a control group performing no
activity or another type of activity. Physical exercise inter-
ventions included in this umbrella review were required
to be categorised as either: aerobic exercise, resistance
exercise, mind body exercise or a combination of these.
These categorisations were selected as they represent the
broad classifications commonly used by health promot-
ing organisations and have previously been used to clas-
sify exercise types in systematic reviews [30, 31]. For the
purposes of the review, aerobic exercise was defined as
any exercise intervention aiming to improve cardiovascu-
lar fitness. This included activities such as walking, run-
ning, dancing, bicycling, swimming, or exergaming [7].
Resistance exercise was defined as interventions which
aimed to improve muscle strength and included weight
training, bodyweight training or use of resistance bands
[8]. Mind-body exercise was classified as exercise which
combines movement sequences, breathing control, and
attention regulation [32]. Examples of mind—body exer-
cise are Tai Chi, Pilates and Yoga.

In addition to an exercise intervention, meta-analyses
included in the umbrella review were required to inves-
tigate at least one cognitive outcome that could be clas-
sified into one or more of the following categories: global
cognition, executive functioning, memory, attention, or
processing speed. Only peer reviewed, English language
publications were included. No supplemental primary
studies were added.

Study selection and data extraction

Publications identified by the search were exported to
EndNote where duplicate publications were removed
using methods described by Bramer et al. [33]. In contrast
to other de-duplication methods, this method does not
rely on digital object identifies (DOI’s) and PubMedIDs
(PMIDs) which are not present in every database, rather
combines other fields (e.g. author, year, title) with page
numbers to identify duplicate publications. Following
the deduplication process remaining publications were
exported to Rayyan online software where titles and
abstracts were initially reviewed [34]. Publications were
excluded if they were not systematic reviews with meta-
analyses, if they included participants under 55 years of
age in the analysis or if they included patients with cog-
nitive impairment, dementia, or severe medical disorders
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and did not present separate analyses for healthy people.
The reviewers (PB, NR, DT) worked in pairs to review
titles and abstract. Each pair initially reviewed the stud-
ies independently before results were compared to the
second reviewer. Any disagreement was resolved through
discussion with the third reviewer. Finally, the review-
ers read the full text of remaining articles. Manuscripts
were excluded during the full text review if they had; A.
the wrong study design (e.g. not a systematic review or
meta-analysis); B. wrong or no intervention; C. wrong
outcome (e.g. no cognitive test reported); D. wrong par-
ticipants (e.g. participants with mild cognitive impair-
ment or dementia, or aged<55 years); or E. were not
published in English. During this process reviewers read
the full text of each article independently before compar-
ing their decision to include or exclude the review with at
least one other author. Conflicts were discussed among
all three authors until consensus was reached.

Data extracted from the remaining articles included
citation (author/year), study design, population charac-
teristics, description of the exercise intervention, cog-
nitive outcome measures used, and results of the study
(effect size, confidence intervals). At least two authors
independently extracted all the data and then met to
compare their results. Discrepancies were resolved
through discussion among all three authors.

Study quality assessment

The validated AMSTAR tool for systematic reviews was
used to assess the risk of bias and the quality of reviews
[35, 36]. Risk of bias was initially rated independently by
all three authors. Ratings were then compared between
the authors and any conflicts were resolved through dis-
cussion within the group. To assess the potential impact
of overlap, where the same primary studies were included
in two or more reviews, we used the corrected cover area
(CCA) method. This is a validated measure which uses
a citation matrix to calculate overlapping publications
included in reviews. A CCA score of 0-5 indicates slight
overlap, 6-10 moderate, 11-15 high and>15very high
[37]. The authors agreed that reviews would be removed
from the analysis if the overlap was found to be high or
very high.

Statistical analysis

Data analysis was performed with IBM SPSS Statistics v.
28.0.1.0. Pooled effect sizes were calculated from effect
size data reported in each review (Cohen’s d) together
with standard error data calculated from 95% confidence
intervals [38]. Four studies included in this umbrella
review reported effect size as Hedge’s g [10, 39-41]. The
main difference between Cohen’s d and Hedge's g is that
Hedge’s g is multiplied by a correction factor for small
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samples. Given that the sample sizes in studies report-
ing Hedge’s g were relatively large, and considering that
Hedge’s g would provide a more conservative estimate,
this data was not converted to Cohen’s d [42]. No re-
analysis of raw data from reviews included in this study
was performed.

When available, data was extracted to allow for a sub-
analysis of a/ global cognition and specific cognitive
domains; b/ different types of exercise and c/ acute ver-
sus chronic exercise. Specific domains were included in
sub-analyses when they were identified in at least two
reviews. Cognition was analysed as global cognition or
one of the following specific domains; executive function,
memory, attention and processing speed.

Data related to the specific type of exercise performed
was classified as being aerobic, resistance or mind—body
exercise. Classifications were based on the definitions
presented above and agreed upon by all three authors.
Classifications of acute versus chronic exercise were
determine in the same manner.

Data was pooled into one overall effect size for each
analysis. A random effects model was used to adjust
the weights according to the extent of variation, or het-
erogeneity. Effect sizes were interpreted as small d=0.2;
medium d=0.5 and large d=0.8 [38].

Publication bias and small study effects biases were
evaluated using funnel plots and Egger’s test. Small-study
effects bias was considered an issue for p values<0.01 in
the regression asymmetry test [43]. Heterogeneity was
estimated using I? and interpreted as very large (>75%);
large (50-74); moderate (25-49); and low (<25%) [44].
In both instances p<0.05 was considered significant. To
explore if results related to the overall effect size were
sensitive to exclusion of specific studies, we calculated
effect size while systematically excluding one study at a
time.

Results

Database searches identified 9227 reviews. No addi-
tional reviews were identified by manually searching
reference lists. 3149 reviews were removed as they were
identified to be duplicate publications, and 5881 reviews
were removed following the authors’ review of titles and
abstracts. Full text copies of four reviews were not able to
be retrieved. Full text versions 193 articles were read by
the authors, of which 173 were excluded due to; wrong
study design (n="77); wrong intervention (n=37); wrong
outcome (n=11); wrong participants (n=47); wrong
language (n=1). This left a total of 20 meta-analyses
that were identified as assessing the effects of exercise
on cognition in healthy individuals aged 55 years and
older. Figure 1 presents the PRISMA flowchart and rea-
sons for exclusion. A list of all articles excluded during
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[ Identification of studies via databases ]
Records identified from:
S CINAHL (n = 710)
s Cochrane Library (n = 500) Records removed before
o MEDLINE (n = 871) ) screening:
= PsyclInfo (n = 1249) Duplicate records removed
= Scopus (nl= 3382) (n =3149)
k-] Web of Science (n = 2515)
Total (n = 9227)
\ 4
Records screened Records excluded
—>
(n=6078) (n =5881)
\ 4
Reports sought for retrieval Reports not retrieved
—>
g’ (n=197) (n=4)
=
o
g
é \4
Reports assessed for eligibility
(n=193) ’
Reports excluded:
Wrong study design (n = 77)
Wrong intervention (n = 37)
Wrong outcome (n = 11)
Wrong participants (n = 47)
Wrong language (n = 1)
Total (n =173)
Studies included in review
(n=20)

Fig. 1 PRISMA flow diagram. Legends Flow chart illustrating the literature search

the full-text review is included as Supplementary data,
S2 (Fig. 1).

Characteristics of included studies

Study characteristics are presented as Table 1. The aver-
age number of studies included in each meta-analysis
ranged from two (45) to 50 (41) with an average of 13
studies. Overlap in the included reviews is presented in
supplementary data, S3. The CCA was calculated to be
1.84% representing only slight overlap [37].

The total number of participants included in meta-
analyses ranged from 68 (45) to 3523 (40). Fifteen
meta-analyses included only RCTs, three included both
RTCs and NRTCs [9, 14, 51], and one included system-
atic reviews of studies with an experimental design [48,
55]. Most reviews included studies with passive control
groups although Clifford et al. [45] and Jiang et al. [47]

did include both passive and active control groups. It
was not possible to determine the characteristics of
control groups in two reviews [40, 49] (Table 1).

Age span of participants included in the reviews var-
ied from 55 to 94 years. Most studies (n=11) investi-
gated the effects of aerobic exercise on cognition (7,
13, 14, 45-48, 50-52, 54]. Three studies investigated
the effects of mind body exercise on cognition [9, 32,
39], two analysed the effects of resistance exercise [8,
49] and five investigated the effects of mixed exercise
interventions [10, 39-41, 53] (Table 1). Only two stud-
ies investigated cognition after a single bout of exercise
(Acute) [14, 48] while all others investigated cogni-
tion after prolong exercise (Chronic). The duration of
chronic exercise ranged from one month [10] to two-
years [41]. The most common intervention for control
groups was no training, other control interventions
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included balance training, flexibility training, health
education and even social activities.

Outcomes were typically reported for one or more cog-
nitive domains. Six studies reported results for global
cognition [8, 13, 40, 49, 51, 52], while others reported
outcomes for more specific cognitive domains. Memory
and executive function were the most frequently reported
domains (15 studies and 11 studies respectively). Pro-
cessing speed and attention were reported in five and
three studies respectively. Ma et al. [13] reported analy-
ses for global cognition and memory but it was unclear if
memory data was reported as mean differences or stand-
ardised mean differences so only data for global cognition
was analysed.

Several meta-analyses chose to report specific domain
broken down into sub-categories. An example of this
was Angevaren et al. [7] who presented separate analy-
ses for verbal memory, visual memory, working memory
and memory functions. Cognitive domains along with
cognitive tests used to measure cognition are presented
in Supplementary file S4. The most frequently used tests
for executive functioning were the Trail making test B
and Task switching test. Memory was most frequently
evaluated using the Wechsler Memory Scale and Rey’s
Auditory test. Many studies used several different tests
of memory and over 40 different memory tests were
reported across the studies included in this umbrella
review.

Methodological quality assessment

The AMSTAR 2 rating of overall confidence in reviews
is presented in Fig. 2. In the AMSTAR 2 rating overall
quality was considered high in six studies, moderate in
12 studies and low in two studies. The review by Hin-
din et al. was considered to have critical flaws, having
scored satisfactorily on only one of the sixteen AMSTAR
2 criteria. This study was removed from further analysis
[40]. Five studies contained an explicit statement that
the review methods were established prior to the review.
Recently published studies presented a fully comprehen-
sive literature search strategy to a greater extent than
older studies. No studies reported on sources of funding
for articles included in their review. Most authors used
appropriate methods for study selection and methods
used for meta-analyses were generally performed well
(Fig. 2).

Results from pooling of effect sizes

Effect size data used in our analysis are presented in
Fig. 3. Pooled results of all studies assessing the effect of
exercise on cognition resulted in a small, positive effect
in favour of exercise (d=0.22; SE=0.04; p<0.01). Sub-
analyses for each cognitive domain are presented in

(2023) 20:15
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Fig. 3 (Global Cognition, Executive functioning, Memory,
Attention and Processing speed), for type of exercise in
Fig. 4 (aerobic, resistance and mind—body) and for dura-
tion of intervention (Acute vs Chronic) in Fig. 5.

In several studies included in this review, authors pre-
sented results separately for categories within a specific
cognitive domain or separated their analysis based on
study design (see Table 2). For example, Angevaren et al.
presented effect sizes which were categorised into four
types of memory (verbal memory, visual memory, work-
ing memory and memory function) as well as separating
their analysis into 1/controls with no interventions and
2/controls with any other type of intervention [7]. Given
that there is no overlap in the data included in each of
these analyses we have chosen to include all relevant
results (Table 2).

Sub-analyses for global cognition and specific cognitive
domains

Global cognition was investigated in 5 studies and pooled
data resulted in a moderate positive effect of exercise on
cognition (d=0.43; SE=0,11; p<0,001) [8, 13, 40, 49, 52].

Data presenting the effect of exercise on executive
function was able to be extracted from 8 systematic
reviews. Pooled data indicated a small, significant effect
in favour of exercise (d=0.26; SE=0.07; p <0.001).

Memory was the most frequently investigated cogni-
tive domain and was reported in a total of 15 reviews,
ten reporting effect size data relevant for this analysis.
When studies reported separate results which were cat-
egorised by a specific type of memory (e.g. long-term and
short-term memory) we included all results. Exercise was
found to have a small, significant effect on pooled mem-
ory data (d =0.20; SE=0.05; p <0.001).

Only two reviews were found to investigate the effect of
exercise on attention. Angevaren et al. presented pooled
data for auditory attention and visual attention as sepa-
rate analyses [7]. Exercise was found to have a positive,
but small effect on attention (d=0.20; SE=0.11; p=0.01).

Four reviews investigated the effect of exercise on pro-
cessing speed with three of these reporting relevant effect
size data. Exercise was found to have a positive but small,
effect on processing speed (d=0.21; SE=0.05; p <0.001).

Sub analyses for types of exercise

Mind-body exercise had the greatest effect on cognition
with a pooled effect size of d=0.48 (SE=0.06; p<0.001)
(Fig. 4). Five systematic reviews with meta-analyses
included all together 31 original primary studies (over-
laps excluded) that evaluated the effect of mind body
exercise on cognitive function [9, 10, 32, 39, 53]. Eleven
reviews investigated the effects of aerobic exercise on
cognitive function with several studies evaluating the
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Q1 2 3 45 6 7 8 9 10 11 1213 14 15 16

RCT

|- [-1-[-]-]-NRsI

Author

Angevaren et al, 2008 (7)
Bhattacharyya et al, 2021 (9)
Chen et al, 2020 (10)
Clifford et al, 2022 (48)
Coelho-Junior et al, 2022 (8)
Falck et al, 2019 (40)
Gasquoine and Chen, 2022 (41)
Hindin and Zelinski, 2012 (51)
Jiang et al, 2022 (49)
Loprinzi et al, 2019 (45)

Ma et al, 2023 (13)

Martins et al, 2022 (50)

Roig et al, 2013 (14)
Scherder et al, 2014 (52)
Wang et al, 2021 (46)

Xiong et al, 2021 (39)

Ye et al, 2021 (32)

Zhao et al, 2022 (53)
Zhidong et al, 2021 (55)

Zhu et al, 2023 (54)

-
(&]
14

[e]

- [-]- -0 - -] [ NRs

[ Yes | BBl [ Not included/conducted |

AMSTAR Questions Possible
answers
1 Did the research questions and inclusion criteria for the review include the components of PICO?
2 Did the report of the review contain an explicit statement that the review methods were established prior

to the conduct of the review and did the report justify any significant deviations from the protocol?
Did the review authors explain their selection of the study designs for inclusion in the review?

Did the review authors use a comprehensive literature search strategy?

Did the review authors perform study selection in duplicate?

Did the review authors provide a list of excluded studies and justify the exclusions?
Did the review authors describe the included studies in adequate detail?
Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual
studies that were included in the review?

10 Did the review authors report on the sources of funding for the studies included in the review?

11 If meta-analysis was performed did the review authors use appropriate methods for statistical
combination of results?

12 If meta-analysis was performed, did the review authors assess the potential impact of RoB in individual
studies on the results of the meta-analysis or other evidence synthesis?

13 Did the review authors account for RoB in individual studies when interpreting/ discussing the results of
the review?

3
4
5
6 Did the review authors perform data extraction in duplicate?
7
8
9

14 Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity
observed in the results of the review?

15 If they performed quantitative synthesis did the review authors carry out an adequate investigation of
publication bias (small study bias) and discuss its likely impact on the results of the review?

16 Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity
observed in the results of the review?

Fig. 2 Amstar rating. The validated AMSTAR tool for systematic reviews was used to assess the risk of bias and the quality of reviews. RCT,
Randomized controlled trials; NRSI, Not randomized studies of interventions
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Forest Plot
Effect size of each study Confidence interval of effect size
@ Estimated overall effect size No-effect value
T Estimated overall confidence intenal
Cognitive domain ro
Global cognition 0. —
0.
0.21
0.38 .
Zhao et al 1.02 0.65 .12
Subgroup Overall 0.43 0.11 0.00 ——
Attention Angevaren et al. (a) 0.52 0.20 .01
Angevaren et al. (a) 0.09 0.15 .55 —_—
Angevaren et al. (b) 0.05 0.25 .84
Angevaren et al. (b) 0.26 0.12 .03 —_
Coelho-Junior et al. 0.05 0.17 71
Subgroup overall 0.20 0.07 .01 -
Executive functioning Angevaren et al.(a) 0.23 0.17 17
Angevaren et al. (b) 0.16 0.18 38
Scherder et al. 0.36 0.10 00 _—
Wang et al. -0.14 0.41 3
Xiong et al. 0.57 0.04 —_
Chen et 0.26 0.03 -
Bhattacharyya et al. 0.09 _—
Gasquoine et al. (k) 0.33
Gasquoine et al. (n) 0.08 —_
Jiang et al 0.09 _—
Subgroup Overall 0.07 -
Memory Angevaren et al. (b) 0.17 0.09 .05 -
Angevaren et al. (b) 0.04 0.87
Angevaren et al. (b) 0.36 0.34 29
Angevaren et al. (b) 0.50 0.48 .30
Angevaren et al. (a) 0.06 0.18 .74
Angevaren et al. (a) -0.15 0.22 .50
Angevaren et al. (a) 0.49 0.64 a4
Angevaren et al. (a) -0.55 0.79 .49
Loprinzi et al (c) -0.53 0.18 .00
Loprinzi et al (d) -0.93 0.41
Roig et al. 0.08 0.11 _—
Roig et al. 0.97 0.47
Roig et al. 0.10 0.05 | |
Xiong et al 0.19 0.09 5
Bhattacharyya et al. 0.40 0.11 —
Xiong et al. 0.14 _—
Ye et al. (e) 0.44
Ye et al. (f) 0.21
Ye et al. (q) 0.11 _—
Ye et al. (h) . 0.11 .00 =
Coelho-Junior et al. -0.20 0.03 .00 -
Gasquoine et al. (i) 0.14 0.09 .12 -—
Gasquoine et al. (m) 0.11 0.10 .28 _—
Zhidong et al 0.30 0.03 .00 -
zhu et al 0.35 0.08 .00 —
Subgroup Overall 0.20 0.07 .00 L
Processing speed Angevaren et al. (a) 0.10 0.13 .as _
Angevaren et al. (b) 0.24 0.1 .04 ——
Bhattacharyya et al. 0.39 0.12 .00 _
Gasquoine et al. (3) 0.17 0.08 .03 —
Gasquoine et al. (1) -0.56 0.64 .38
Subgroup Overall 0.21 0.0 .00 P
Global cognition + memory Clifford et al -0.19 0.23  0.41
Subgroup Overall ~0.19 0.23  0.41 ———
overall 0.22 0.04 0.00 L 2
-3 2 1 0 1 2 3

Model: Random-effects model
Heterogeneity: Tau-squared = 0.04, H-squared = 6.59, I-squared = 0.85
Test of between-subgroup homogeneity: Q = 7.61, df = 5, p-value = 0.18

Fig. 3 Effect size for each cognitive domain. Forest Plot showing the effect of exercise on cognitive domains (a = control group received
no intervention, b= control group received any other intervention, c=exercise immediately before memory test, d =exercise during memory test,
e=general memory, f=short-term memory, g=working memory, h=long-term memory, i = Digital span backwards, j=digit symbol test, k=trail

making test a, I =trail making test b, m=letter fluency test, n=stroop test)

effects of aerobic exercise on multiple cognitive domains
[7, 14, 48]. Aerobic exercise had a small effect on cogni-
tion (d=0.17; SE=0.04; p<0.001), as did resistance exer-
cise (d=0.24; SE=0,24; p<0.32). The effect of mixed
exercise on cognition was also small (d=0.18; SE=0.05;
p<0.001). Note that all cognitive domains were in this
sub-analysis.

In order to investigate if the type of exercise had an
effect of different cognitive domains we performed a
separate analysis which stratified domains and exercise
types. Results of this analysis can be found in Supple-
mentary file S6. Mind—body exercise was not represented
in every cognitive domain however was found to have
the greatest effect size on executive function (d=0.5;
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I Effect size of each study
<@ Estimated overall effect size

Confidence intenval of effect size
No-effect value

I Estimated overall confidence interval

Typeofexercise Study Effect Size Std. Error p-value

Rerobic Angevaren et al.(a) 0.23 0.17 0.17
Angevaren et al. (b) 0.16 0.18 0.38
Scherder et al. 0.36 0.10 0.00
Wang et al. -0.14 0.41 0.73
Angevaren et al. (b) 0.17 0.09 0.05
Angevaren et al. (b) 0.04 0.87 0.96
Angevaren et al. (b) 0.36 0.34 0.29
Angevaren et al. (b) 0.50 0.48 0.30
Angevaren et al. (a) 0.06 0.18 0.74
Angevaren et al. (a) -0.15 0.22 0.50
Angevaren et al. (a) 0.49 0.64 0.44
Angevaren et al. (a) -0.55 0.79 0.49
Loprinzi et al (c) -0.53 0.18 0.00
Loprinzi et al (d) -0.93 0.41 0.02
Roig et al. 0.08 0.11 0.47
Roig et al. 0.97 0.47 0.04
Roig et al. 0.10 0.05 0.05
Xiong et al. 0.19 0.09 0.03
Angevaren et al. (a) 0.10 0.13 0.45
Angevaren et al. (b) 0.24 0.11 0.04
Angevaren et al. (a) 0.52 0.20 0.01
Angevaren et al. (a) 0.09 0.15 0.55
Angevaren et al. (b) 0.05 0.25 0.84
Angevaren et al. (b) 0.26 0.12 0.03
Clifford et al -0.19 0.23 0.41
Jiang et al 0.36 0.09 0.00
Ma et al 0.46 0.21 0.03
zhao et al 1.02 0.65 0.12
zhu et al 0.35 0.08 0.00
Subgroup Overall 0.17 0.04 0.00

Mind-body Xiong et al. 0.57 0.04 0.00
Bhattacharyya et al. 0.39 0.09 0.00
Bhattacharyya et al. 0.40 0.11 0.00
Xiong et al. 0.35 0.14 0.01
ve et al. (e) 1.24 0.44 0.00
Ye et al. (f) 0.51 0.21 0.02
Ye et al. (g) 0.28 0.11 0.01
Ye et al. (h) 0.78 0.11 0.00
Bhattacharyya et al. 0.39 0.12 0.00
Subgroup Overall 0.48 0.06 0.00
Resistance Coelho-Junior et al. -0.20 0.03 0.00
Coelho-Junior et al. 0.05 0.17 0.77
Coelho-Junior et al 0.54 0.28 0.05
Martins et al 0.94 0.38 0.01
Subgroup Overall 0.24 0.24 0.32

A1l type/mixed Chen et al. 0.26 0.03 0.00
Gasquoine et al. (i) 0.14 0.09 0.12
Gasquoine et al. (3) 0.17 0.08 0.03
Gasquoine et al. (k) -0.35 0.33 0.28
Gasquoine et al. (1) -0.56 0.64 0.38
Gasquoine et al. (m) 0.11 0.10 0.28
Gasquoine et al. (n) -0.05 0.08 0.53
Falk et el 0.31 0.06 0.00
Zhidong et al 0.30 0.03 0.00
Subgroup Overall 0.18 0.05 0.00

overall 0.22 0.04 0.00

(2023) 20:15

Page 14 of 22

Forest Plot

Heterogeneity: T: q d =0.04, H-sq d =6.59, I-sq d =0.85
Test of between-subgroup homogeneity: Q = 20.24, df = 3, p-value = 0.00

Fig. 4 Effect size for each type of exercise. Forest Plot showing the effect of exercise on cognitive function. Sub-analyses are presented for different
types of exercise (a=control group received no intervention, b= control group received any other intervention, c=exercise immediately

before memory test, d =exercise during memory test, e =general memory, f=short-term memory, g=working memory, h=long-term memory,
i=Digital span backwards, j=digit symbol test, k=trail making test a, | =trail making test b, m=letter fluency test, n=stroop test)

SE=0.10; p<0.001) and processing speed (d=0,39;
SE=0.13; p<0.01). Only aerobic and resistance exercise
were investigated for their effects on global cognition and
both resulted in moderate effect sizes (Aerobic d=0.51;
SE=0.2; p=0.01), Resistance d=0.68; SE=0.23; p<0.01).

Sub analysis for acute versus chronic exercise

Nineteen reviews investigated the effects of chronic exer-
cise on cognition while two studied the effects of acute
exercise [14, 48]. Roig et al. [14] included analyses for both
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Forest Plot
Effect size of each study Confidence interval of effect size
<@ Estimated owerall effect size No-effect value
I Estimated overall confidence interval

Chronic Acute Study Effect Size Std. Error p-value

Acute Loprinzi et al (c) 0.18 0.00
Loprinzi et al (d) -0.93 0.41 0.02
Roig et al. 0.97 0.47 0.04
Subgroup Overal -0.20 0.54 0.71 -

chronic Scherder et al. 0.36 0.10 0.00 -
Wang et al. -0.14 0.41 0.73
Xiong et al. 0.57 0.04 0.00 —
Chen et al. 0.26 0.03 0.0 —
Bhattacharyya et al. 0.39 0.09 0.00 —_—_
Roig et al. 0.08 0.11 0.47 .
Roig et al. 0.10 0.05  0.05 —
Xiong et al. 0.19 0.09 0.03 _—_—
Bhattacharyya et al. 0.40 0.11 0.0 _—
Xiong et al. 0.35 0.14 0.01
Ye et al. (e) 1.24 0.44 0.00
Ye et al. (f) 0.51 0.21  0.02
Ye et al. (qg) 0.28 0.11 0.01 —_—
Ye et al. (h) 0.78 0.11 0.00 _—
Coelho-Junior et al. -0.20 0.03 0.00 -
Bhattacharyya et al. 0.39 0.12  0.00 _—
Coelho-Junior et al. 0.05 0.1 0.77
Gasquoine et al. (i) 0.14 0.09 0.12 _—_
Gasquoine et al. (j) 0.17 0.08  0.03 —_—
Gasquoine et al. (k) -0.35 0.33 0.28
Gasquoine et al. (1) -0.56 0.64 0.38
Gasquoine et al. (m) 0.11 0.10 0.28 e
Gasquoine et al. (n) -0.05 0.08 0.5 —_—
Falk et el 0.31 0.06  0.00 _
Coelho-Junior et al 0.54 0.28 0.05
Clifford et al -0.19 0.23  0.41
Jiang et al 0.36 0.09  0.00 _
Ma et al 0.46 0.21 0.0
Martins et al 0.94 0.38  0.01
Zhao et al 1.02 0.6 0.12
Zhidong et al 0.30 0.03  0.00 -
Zhu et al 0.35 0.08  0.00 _
Subgroup Overall 0.27 0.04 0.00 -

Overall 0.24 0.05 0.00 L

2 1 0 1 2 3

Heterogeneity: Tau-squared = 0.06, H-squared = 11.67, I-squared = 0.91
Test of between-subgroup homogeneity: Q = 0.74, df = 1, p-value = 0.39

Fig. 5 Effect size for each acute versus chronic exercise. Forest Plot showing the effect of acute and chronic exercise on cognitive function.
Sub-analyses are presented for different types of exercise (a=control group received no intervention, b =control group received any other
intervention, c=exercise immediately before memory test, d =exercise during memory test, e=general memory, f=short-term memory,
g=working memory, h=long-term memory, i=Digital span backwards, j=digit symbol test, k=trail making test a, |=trail making test b, m=letter

fluency test, n=stroop test)

chronic and acute exercise. Chronic exercise had a small
positive effect on cognition (d=0,24;SE=0,04;p<0.001)
while acute exercise has a small negative effect (d=-0.20;
SE=0.54; p=0.71) (see Fig. 5).

Analysis of heterogeneity and publication bias

Variation across studies due to heterogeneity was very
high (I’=85%). A funnel plot showing effect estimates
from all studies and 95% confidence limits around the
summary treatment effect is presented as Fig. 6. Egg-
er’s test including all data revealed a significant devia-
tion from zero (B,=0.23; CI=0.107-0.350; t=3.783;
p<0.001) confirming that small study effects may have

influenced the results. This was further analysed by eval-
uating sub-groups (see Supplementary data S5). Results
suggest that the heterogeneity is mainly due to the sub-
groups for memory and executive functions as well as the
subgroups for aerobic and mixed exercise.

Sensitivity analysis

Supplementary Table S7 presents results of a sensitiv-
ity analysis showing the overall effect size for all reviews
and the effect size calculated while systematically exclud-
ing A/ one review at a time and B/ reviews that included
acute exercise interventions. Individual reviews which
had the greatest influence on effect size were Ye et al.
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Table 2 Meta-data extracted from reviews
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Author, year, reference Type of exercise Cognitive domain Chronic/ Effect size  lower limit upper limit SE
acute Cohensd
exercise or Hedges
#
g

Angevaren et al,, 2008 [7] Aerobic (control group Attention (Auditory) unclear 0.52 0.13 091 0.20
no exercise)

Angevaren et al,, 2008 [7] Aerobic (control group Attention (Visual) unclear 0.09 -0.2 0.39 0.15
no exercise)

Angevaren et al,, 2008 [7] Aerobic (control group Executive functioning unclear 0.23 -0.09 0.56 0.17
no exercise)

Angevaren et al,, 2008 [7] Aerobic (control group Memory (Verbal) unclear 0.06 -0.3 042 0.18
no exercise)

Angevaren et al,, 2008 [7] Aerobic (control group Memory (Visual) unclear -0.15 -0.58 0.29 0.22
no exercise)

Angevaren et al,, 2008 [7] Aerobic (control group Memory (Working) unclear 049 -0.76 1.73 0.64
no exercise)

Angevaren et al,, 2008 [7] Aerobic (control group Memory (memory func- unclear -0.55 -2.11 1 0.79
no exercise) tions)

Angevaren et al, 2008 [7] Aerobic (control group Processing speed unclear 0.1 -0.16 0.36 0.13
no exercise)

Angevaren et al, 2008 [7] Aerobic (control group any  Attention (Auditory) unclear 0.05 -045 0.54 0.25
other intervention)

Angevaren et al,, 2008 [7] Aerobic (control group any  Attention (Visual) unclear 0.26 0.02 049 0.12
other intervention)

Angevaren et al.,, 2008 [7] Aerobic (control group any  Executive functioning unclear 0.16 -0.2 0.51 0.18
other intervention)

Angevaren et al.,, 2008 [7] Aerobic (control group any ~ Memory (Verbal) unclear 0.17 0.1 044 0.09
other intervention)

Angevaren et al,, 2008 [7] Aerobic (control group any ~ Memory (Visual) unclear 0.04 -1.66 1.75 0.87
other intervention)

Angevaren et al,, 2008 [7] Aerobic (control group any  Memory (Working) unclear 0.36 -0.31 1.03 034
other intervention)

Angevaren et al,, 2008 [7] Aerobic (control group any ~ Memory (Memory func- unclear 0.5 -044 144 048
other intervention) tions)

Angevaren et al.,, 2008 [7] Aerobic (control group any  Processing speed unclear 0.24 0.01 046 0.1
other intervention)

Bhattacharyya et al, 2021 [9] Mind-body Memory Chronic 04 0.17 0.62 0.1

Bhattacharyya et al, 2021 [9] Mind-body Processing speed Chronic 039 0.15 0.64 0.13

Bhattacharyya et al, 2021 [9] Mind-body Executive functioning Chronic 0.39 0.21 0.56 0.09

Chenetal, 2020 [10] All types (aerobic. mind- Executive functioning Chronic 0.26" 02 032 0.03
body. resistance)

Clifford et al.,, 2022 [45] Aerobic Global cognition and Mem-  Chronic -190 -,650 =270 0,23

ory

Coelho-Junior et al, 2022 [8] Resistance Global cognition Acute 540 ,000 1,080 0,28

Coelho-Junior et al, 2022 [8] Resistance Attention Chronic 0.05 -0.28 038 0.17

Coelho-Junior et al,, 2022 [8] Resistance Memory (short-term Chronic -0.2 -0.25 -0.15 0.03

memory)

Falk et al,, 2019 [40] All types (aerobic. mind- Global cognition Chronic 310" 200 430 0,06
body. resistance)

Gasquoine and Chen, 2022 All types (aerobic. resist- Memory Chronic 0.14% -0.03 0.32 0.09

[41 ance. combination)

Gasquoine and Chen, 2022 All types (aerobic. resist- Processing speed Chronic 0.17% 0.01 032 0.08

[41] ance. combination)

Gasquoine and Chen, 2022 All types (aerobic. resist- Executive functioning Chronic -0.35" -0.99 0.29 033

[41] ance. combination)

Gasquoine and Chen, 2022 All types (aerobic. resist- Processing speed Chronic -0.56% -1.8 0.69 0.64

[41]

ance. combination)
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Table 2 (continued)
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Author, year, reference Type of exercise Cognitive domain Chronic/ Effectsize  lower limit upper limit SE
acute Cohensd
exercise or Hedges
#
g
Gasquoine and Chen, 2022 All types (aerobic. resist- Memory Chronic 0.11* -0.09 031 0.10
[41] ance. combination)
Gasquoine and Chen, 2022 All types (aerobic. resist- Executive functioning Chronic -0.05* -0.21 0.1 0.08
[41] ance. combination)
Jiang et al, 2022 [47] Aerobic Executive functioning Chronic 365 179 550 0,09
Loprinzi et al, 2019 [48] Aerobic (exercise immedi- Memory Acute -0.53 -0.88 -0.18 0.18
atly prior to memory test)
Loprinzi et al, 2019 [48] Aerobic (exercise dur- Memory Acute -0.93 -1.76 -0.15 0.41
ing memory test)
Ma et al, 2023 [13] Aerobic Global cognition Chronic 460 ,040 880 0,21
Martins et al.,, 2022 [49] Resistance Global cognition Chronic 940 200 1,680 0,38
Roig et al, 2013 [14] Aerobic (long-term exercise) Memory (short-term Chronic 0.1 -0.03 0.23 0.07
memory)
Roig et al, 2013 [14] Aerobic (longterm memory) Memory (long-term) Chronic ,080 -,140 310 011
Roig et al, 2013 [14] Aerobic (longterm Memory (long term) Acute 970 ,040 1,890 047
memory))
Scherder et al,, 2014 [50] Aerobic Executive functioning Chronic 0.36 0.16 0.55 0.10
Wang et al, 2021 [51] Aerobic Executive functioning Chronic -0.14 -0.95 0.67 041
Xiong et al, 2021 [39] Aerobic Memory Chronic 0.186" 0014 0.358 0.09
Xiong et al, 2021 [39] Mind-body Memory Chronic 0.348" 0.079 0617 0.14
Ye etal, 2021 [32] Mind-body Memory (General memory)  Chronic 1.24 038 2.09 044
Ye etal, 2021 [32] Mind-body Memory (short-term Chronic 0.51 0.1 0.93 0.21
memory)
Ye etal, 2021 [32] Mind-body Memory (Working memory) Chronic 0.28 0.07 049 0.1
Ye etal, 2021 [32] Mind-body Memory (Long-term Chronic 0.78 057 0.99 0.1
memory)
Zhao et al.,, 2022 [52] Aerobic Global cognition Chronic 1,020 -250 2,300 0,65
Zhidong et al., 2021 [53] All types Memory Chronic ,300 230 ,360 0,03
Zhu et al, 2023 [54] Aerobic Memory Chronic 351 207 514 0,08

Effect size data used in our meta-analysis

and Gasquoin et al. [32, 41]. The overall effect size varied
from a minimum of 0.19 with Ye al al removed to a maxi-
mum of 0.25 with Gasquoine et al. removed. Removing
any one study did not vary how the overall effect size
would be interpreted, ie. a weak positive effect size [44].
Removing reviews including acute exercise interventions
(n=2) had little effect on the overall effect size which
raised from d=0.22 to d=0.24.

Discussion

To the best of our knowledge, this is the first umbrella
review investigating the effects of exercise on cogni-
tive functions in healthy adults (>55 years of age).
Our analyses indicate that aerobic and resistance exer-
cise have a rather small effect on cognitive function-
ing while mind—body exercise has a moderate positive
effect which would be more likely to result in a notice-
able change in cognitive functions in adults over the

age of 55. Chronic exercise was found to have a greater
effect than acute exercise suggesting that regular train-
ing over a longer period is more beneficial for promot-
ing cognitive functioning than a single bout of acute
exercise.

Of the exercise modalities studied in this review,
mind body exercise showed the greatest potential for
slowing age-related cognitive decline. In contrast to
aerobic and resistance exercise, which focus on car-
diovascular fitness and strength, mind—body exercise
combines movement sequences together with breath-
ing control and attention regulation. This combination
of physical and neurological resources may provide an
explanation for the observed differences in the exer-
cise modalities investigated. The potential relationship
between physical activity and changes in neurological
activity is supported by results from a recent systematic
review which demonstrated that mind—body exercise
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Fig. 6 Funnel plot. Funnel plot including studies assessing the impact of exercise on cognitive functions. The plot shows the effect estimates
from all studies and 95% confidence limits around the summary treatment effect

induces changes in neural activity and functional con-
nectivity in the brain [47], including the pre-frontal
cortex which has an important role for cognitive func-
tions [56, 57].

It is important to reflect on results related to exercise
modality from a holistic perspective and with consider-
ation of previous work demonstrating that aerobic and
resistance exercise play an important role in maintain-
ing physical function and in protecting against falls in
older adults [58, 59]. Considering this previous work,
combined with result of the present study, we sug-
gest that a regular exercise routine including all three
modalities (aerobic, resistance and mind-body) is most
beneficial for promoting healthy aging.

Effect sizes across specific cognitive domains, execu-
tive functioning, memory, attention, and processing
speed, ranged between 0.20 and 0.26 suggesting a rel-
atively small effect when types of exercise are pooled.
Whether these effects translate into clinically meaning-
ful outcomes for older adults remains unclear. A sub-
analysis for each domain, stratified by exercise type
does indicate that different types of exercise may affect
cognitive domains to different extents. For example,
mind-body exercise had the greatest effect on execu-
tive function and processing speed, but no reviews
reported the effects of mind—body exercise on atten-
tion or global cognition. These results are support by Ye
et al. who reported mind-body exercise having a large
effect on memory functions but only small to moder-
ate effects on executive function [32]. Ren et al. call
for additional research to clarify the effects of exercise
types on different cognitive domains [60].

Effects of exercise on global cognition were higher
than more specific cognitive domains (d =0.43). Tests
for global cognition aim to assess an individual’s gen-
eral mental status and typically comprise of items rep-
resenting a wide variety of different cognitive domains.
For example, the Mini-Mental State Examination,
included in many reviews, comprises of items that test
memory, attention, speech perception and visuo-spa-
tial skills [61]. Based on our study results it is not pos-
sible to determine why exercise has a greater effect on
global cognition, although it is possible that the gen-
eralised global cognition tests included items cover-
ing cognitive domains that were not addressed in this
review.

Exercise intensity and duration

Exercise intensity was poorly reported in many of the
reviews and may have affected results of this study. Exer-
cise intensity has been suggested as an important fac-
tor in promoting healthy aging however, there appears
to be significant discrepancy in the literature regarding
the optimal intensity for promoting cognitive function
[62-64].

Results of this umbrella review indicated that pro-
longed (chronic) exercise has a greater effect on cog-
nitive function than a single (acute) bout of exercise. It
should be noted however that only two reviews included
data for acute exercise and these had contrasting results.
Roig et al. concluded that acute aerobic exercise had a
large, positive effect on memory functions by priming
molecular processes involved in encoding and consoli-
dation, while long-term exercise had negligible effects
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[14]. Loprinzi et al. found that acute aerobic exercise
before memory encoding and during early consolidation
had a negative effect on episodic memory [48]. Empiri-
cal studies involving younger adults have demonstrated
an intensity-dependent effect of acute exercise on cog-
nitive functions [65, 66]. El-Sayes et al. [67] propose
a model of neuroplasticity which is induced by acute
exercise and facilitates cognitive and motor function.
They report that concentrations of BDNF and vascular
endothelian growth factor (VEGF) increase after a bout
of acute exercise and that this, together with increases in
neurotransmitter and metabolite concentrations induces
neuroplasticy within the brain to facilitate cognitive
functions. It is important to recognise that this model
based on studies involving adults in their early to late 20 s
and further research is necessary to determine its validity
with an older population.

Timing of the application of cognitive tests post exer-
cise may be an important factor that influences results
of empirical studies. In a recent systematic review, again
involving young adults, a single, acute exercise workout
immediately before a learning activity improved learning
and memory functions and the effects remained for 30 to
120 min [68]. Unfortunately, most studies in our review
did not report the time elapsing between physical activ-
ity and cognitive testing. This, along with clear details of
exercise dosage (frequency, duration and intensity) are
recommended as standard reporting parameters when
studying exercise interventions.

An additional factor that must be taken into consider-
ation when interpreting results of this umbrella review
is the activity level of control groups. Some reviews
only included studies with control group participants
who did not undertake training [14], while others also
included controls who undertook another form of exer-
cise which would likely result in smaller effect sizes
when comparing the means of intervention and control
groups [7, 9, 51].

Population

Many studies of exercise in older adults include both
healthy individuals and those with mild cognitive
decline. In this umbrella review we made a conscious
decision to only include healthy individuals as previ-
ous work has identified differences in the effects of
exercise on cognition between the two groups [10]. We
also set the minimum age limit to 55 years. It has been
found that cognitive outcomes are moderated by age
with significant benefits for young-old (55-65 years)
compared to older adults [10]. This decision was a
rather pragmatic one based upon classifications used
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in previous studies and we recognised that results
may have varied if we had limited our review to adults
within a higher age range. Six of the selected studies in
our meta-analysis included adults from the age of 55
and older [7, 9, 10, 46, 50, 51].

Limitations

As is the case with all review studies, umbrella reviews
are limited by the number, quality and comprehensive-
ness of data which is possible to extract from primary
sources [69]. Inconsistency in use and classification
of outcome measures representing specific cognitive
domains as well as specific exercise interventions may
limit the specificity of results in this review. Including
sample populations from 55 years of age may also be
considered a limitation of this study although age-related
cognitive decline had been demonstrated to begin well
before the age of 60 [6].

We are confident that a thorough search of the litera-
ture was performed in this umbrella review however with
so many studies identified in the initial search it is pos-
sible that some relevant meta-analyses were overlooked.
Our umbrella review also recorded high levels of hetero-
geneity suggesting high levels of variability in the data.
This may be due to differences in target populations,
measurement instruments or analytical methods. There
were also a large number and variety of outcome meas-
ures that were included in reviews and inconsistencies
in the cognitive domain classifications allocated to some
measures. The variety of outcome measures together
with overlap in the classification of outcomes is also likely
to have contributed to high levels of heterogeneity. To
manage heterogeneity we used a random-effects model
for calculating effect size.

Conclusions

This umbrella review has been a search for answers
regarding the effects of exercise on cognitive functioning
in healthy people aged 55 years and older. Results indi-
cate that aerobic and resistance exercise have a rather
small, and likely negligible effect, on cognitive functions
in adults aged 55 years or older. A noteworthy finding is
that mind body exercise had a moderate effect on cog-
nition. Choice of cognitive outcomes along with timing
and dosage of exercise may be key factors that influence
the cognitive functions and require further investiga-
tion. Based upon results of this study we recommend
that mind-body exercise be incorporated in the regu-
lar exercise routine of people aged 55 years and older.
To promote healthy aging, mind-body exercise should
serve as a complement to other types of exercise such as
endurance training, resistance and balance activities all
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of which have been shown to improve body functions.
It is anticipated that results of this review will be ben-
eficial in supporting future studies, standardisation of
study designs and the development of guidelines includ-
ing mind body exercises for interventions which support
healthy aging.
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