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ABSTRACT
Objectives: The review aims to create an overview of current evi-
dence on the acute effect of physical activity (PA) on cognition in
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adults aged 50 and older, focusing on which cognitive (sub)domains,
cognitive tests, and outcomes are used, and whether effects were
demonstrated.

Methods: The MEDLINE, Embase, and Cochrane Central databases
were searched for articles assessing the acute effect of PA on cog-
nition in healthy adults aged 50 and older.
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Results: Forty-two articles were included, using a variety of pro-  older adults; exercise

tocols. Executive functioning was the most frequently assessed
cognitive domain. Overall, thirty-five different cognitive tests
were administered, among which many variations and modifica-
tions were found. Furthermore, the reported outcomes varied
greatly, even when using the same test. Across tests, 45.3% of
the reported outcomes demonstrated an improvement in cogni-
tion shortly after PA. Time-based outcomes demonstrated an
improvement more often than accuracy-based outcomes.
However, because of the large variety among protocols and
often insufficiently nuanced reporting, results should be inter-
preted carefully.

Conclusions: The acute effect of PA on executive functioning in
older adults has been examined frequently, but research in other
cognitive domains is limited. The variety among study protocols
and test outcomes highlights the need for more rigorous research
and reporting.
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1. Introduction

The aging process is inherently associated with changes in cognition. Although
some cognitive functions, such as vocabulary knowledge, can remain stable or
improve into late adulthood, most start declining around age 60, such as memory
and reasoning (Salthouse, 2010). Beyond these long-term changes, cognition also
fluctuates in the short term, i.e. from day to day or even within one day (McKinney
et al.,, 2019; Sliwinski et al., 2006). Such short-term fluctuations appear to be
larger in older adults compared to younger individuals (Hultsch et al., 2002),
causing older adults to experience moments or days during which they are more
forgetful and ‘cognitively slower’ than usual. Moreover, larger fluctuations in
cognition among older adults have been associated with the development of
dementia (Gamaldo et al., 2012; Hultsch et al., 2000).

Adopting a physically active lifestyle could be a promising approach to counter
large short-term fluctuations in older adults’ cognition, as physical activity (PA) has
been shown to improve cognition across the lifespan and reduce the risk of cog-
nitive decline later in life (Gallaway et al., 2017; Sofi et al.,, 2011). The majority of
the existing literature has focused on the long-term effects of PA on cognition, with
study durations ranging from a few weeks to several years (Bherer et al, 2013;
Northey et al., 2018). Overall, moderate evidence has been found for a long-term
effect of regular PA of moderate to vigorous intensity on cognition later in life
(Erickson et al., 2019; Northey et al., 2018). In recent years, several studies have
examined the effects of PA on cognition within the same day in middle-aged and
older adults, hereafter referred to as acute effects (Chang et al., 2012b; Erickson
et al.,, 2019; McSween et al., 2019). Overall, this research has revealed small to
moderate evidence for an acute improvement in cognition after PA (Chang et al.,
2012b; Erickson et al., 2019; McSween et al., 2019). The meta-analysis of Chang
et al. (2012b) demonstrated that light to moderate-intensity PA appears to be the
most beneficial and that the duration of the PA session should be at least 11 min
to positively affect cognition. Furthermore, the delay between the PA session and
cognitive assessment also appeared significant, with the strongest effects demon-
strated when cognition was tested 11-20min after finishing the PA session (Chang
et al., 2012b).

Although previous studies have demonstrated certain acute effects of PA on cognition,
primarily in the domains of executive functioning, attention, and memory (Chang et al.,
2012b; Erickson et al.,, 2019; McSween et al., 2019), a frequently mentioned shortcoming
is the large heterogeneity in the assessed cognitive domains and the cognitive tests that
are used to measure them (Erickson et al., 2019; McSween et al.,, 2019). Furthermore, since
the first signs of dementia can already start manifesting at age 50 (Haeger et al.,, 2020),
more research on adults aged 50 and older is needed. However, there is currently no
overview that summarizes which cognitive domains and tests are suitable to assess the
acute effects of PA on cognition in this population. Consequently, this review aims to
provide an overview of the existing literature on the acute effects of PA on cognition
among healthy adults aged 50 and older, focusing on (1) which cognitive (sub)domains
were assessed, (2) which cognitive tests and (3) outcomes were used, and (4) whether the
reported results demonstrated acute effects of PA on cognition.
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2. Methods

This systematic review follows the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) criteria (Page et al., 2021). See Appendix A for the PRISMA
checklist. The review was preregistered at PROSPERO (ID: CRD42022301784) and Open
Science Framework (De Block & Poppe, 2023).

2.1. Eligibility criteria

Only articles published in scientific journals or as conference papers were eligible for
inclusion. Other publication types were not considered. Articles were required to be
English-language with interventional or observational designs. To assess the acute effects
of PA on cognition, at least one behavioral cognitive test had to be conducted after the
PA and on the same day. All types, intensities, and durations of PA were considered. PA
was defined as any bodily movement produced by skeletal muscles that requires energy
expenditure (WHO guidelines on physical activity & sedentary behaviour, 2020).

Only articles in which all participants or a distinct group of participants were at
least 50years old were included. Furthermore, participants needed to be described
as healthy to be eligible for inclusion, i.e. free of (neurological) conditions impeding
daily life. Healthy controls in clinical trials were also eligible for inclusion. Participants
residing in residential care centers or retirement homes were considered insufficiently
healthy and were therefore excluded, since the National Institute on Aging describes
residents of residential facilities as (temporarily) in need of help or care greater than
what their environment can offer (Residential Facilities, Assisted Living, and Nursing
Homes | National Institute on Aging, n.d.).

2.2. Information sources and search strategy

Three databases—MEDLINE (PubMed interface), Embase, and Cochrane CENTRAL—were
searched. The search, which was conducted without filters and not restricted to a
specific time period, followed the PICO framework (Population, Intervention, Comparison
(not applicable to this review), and Outcome). The search strategy was developed in
consultation with a center of expertise (Knowledge Centre for Health Ghent) and
encompassed five concepts within the framework: ‘physical activity’ ‘acute;, ‘cognition;
‘adults aged 50 and older; and ‘healthy"

The search strategies can be found in Appendix B. In the Embase and Cochrane
Central databases, the ‘NEAR/n’ operator was initially employed to ensure keeping the
concepts ‘acute’ and ‘cognition’ near each other, within n words. However, because
this search yielded no results in the Cochrane database, the ‘NEAR/n’ operator was
replaced with an ‘AND’ operator in this database to broaden the search.

The first search was run on December 17t (MEDLINE and Embase) and December
20, 2021 (Cochrane CENTRAL). To update the review, a second search of all three
databases was performed on April 4™, 2023. This search was limited to articles pub-
lished after the first search. In addition to articles retrieved directly from the search
results, papers included in systematic reviews and meta-analyses identified by the
search were also screened.
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2.3. Selection process

References were imported into EndNote X9 and duplicates were deleted. Thereafter, the
references were imported into Rayyan, an online screening tool (Quzzani et al,, 2016). After
a second duplicate search was conducted in Rayyan, two reviewers
(FDB and LP) independently screened the remaining articles’ titles and abstracts. Articles
were assigned ‘include] ‘exclude; or ‘maybe’ After screening all articles, the reviewers' assign-
ments were compared. When the reviewers disagreed or an article was assigned ‘maybe;
the reviewers screened these abstracts together to reach a consensus. Abstracts lacking
sufficient evidence for inclusion or exclusion were included, so the full text could be
reviewed. One reviewer (FDB) assessed the full text of the included articles to decide on
final inclusion. Uncertainties were discussed with at least one other reviewer.

2.4. Data collection process and data items

Data from the included articles were collected in a file by one reviewer (FDB) and shared
with all authors. Uncertainties were discussed with at least one other reviewer. The primary
outcomes were (1) the assessed cognitive (sub)domain(s), (2) the used cognitive test(s),
(3) the measured outcome(s), and (4) whether an acute change in cognition was detected
after PA, compared to after a rest condition, rest group or baseline measurement. The
presence of an acute effect of PA on cognition was determined based on the significance
of the effects reported. In articles with a rest group or rest condition next to the PA
group(s) or condition(s), a significant group-by-time interaction was necessary to conclude
the presence of an effect. In articles only consisting of (a) PA group(s) or condition(s), a
main effect of time or a group-by-time interaction effect was required.

Other extracted data included: year of publication, study design, conditions/groups
(if applicable), sample size, sex distribution, participants’ mean age or age range, PA
condition (type, duration, and intensity), rest activity (type and duration; if applicable),
administration method, the time between the PA/rest condition and cognitive assess-
ment(s) (if applicable), and details on the test’s conditions, version, etc. If any infor-
mation regarding these variables was missing or unclear, the article’s corresponding
author was contacted. If the authors did not respond or could not provide the
information, the data was labeled as ‘not reported.

2.5. Risk of bias assessment

One researcher (FDB) performed the risk of bias (ROB) assessment using the Effective
Public Health Practice Project Quality Assessment Tool for Quantitative Studies (Quality
Assessment Tool for Quantitative Studies, n.d.). The total ROB score consisted of the
following six component scores: (1) selection bias (the representativeness of the study
sample, based on whether the participants were recruited through random sampling),
(2) study design (the strength of the research design), (3) confounders (the presence
of important differences between participant groups at baseline and whether these
differences were controlled for), (4) blinding (whether the outcome assessors and
participants were blinded during the data collection), (5) data collection methods
(whether the tools to measure the outcomes were valid and reliable), and (6)
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withdrawals and drop-outs (whether the numbers of and reasons for withdrawals and
drop-outs were reported). Each component received a ‘strong’ (low ROB), ‘moderate;
or ‘weak’ (high ROB) rating based on these criteria. Articles received a total ‘strong’
score if they had no weak components, a ‘moderate’ score if they had one weak
component, and a ‘weak’ score if they had more than one weak component. To ensure
accurate assessments, a second reviewer (LP) independently performed the ROB on
five randomly selected included articles to verify the inter-rater agreement. Uncertainties
were discussed with at least one other reviewer.

This ROB assessment tool was originally developed for a wide range of health-related
topics. However, it overlooks within-subject and longitudinal study designs and lacks
information on how to score components in certain cases. Therefore, some criteria were
slightly adapted to fit this review. Regarding the component ‘selection bias, the original
tool did not specify how to score articles that did not report their recruitment methods.
In such cases, the component was scored as ‘not reported. Within the component ‘study
design; designs that were not mentioned by the ROB tool received the same scores as
designs with similar strength. Randomized cross-over trials received a ‘strong’ score.
Non-randomized cross-over trials and longitudinal designs received a ‘moderate’ score. For
the ‘confounders’ component, the criteria were initially grounded in assessing differences
between participant groups. However, as this review also included research designs that
were not composed of different participant groups, ‘n/a’ was filled in for these articles.

Furthermore, within the component ‘data collection methods, the tools used for
the articles’ outcome assessment(s) (i.e. the cognitive tests) were scored on validity
and reliability. A test was considered valid and reliable if the validity and reliability
of that specific test were published for healthy adults aged similar to the articles’
participants or if the test was part of a validated test battery. For articles employing
multiple tests, a weak score was assigned if less than half of the tests were valid and
reliable, a moderate score if more than half but not all tests were valid and reliable,
and a strong score if all tests were valid and reliable.

Within the component ‘withdrawals and drop-outs, articles that did not explicitly
report withdrawals or drop-outs, but reported a consistent participant number
throughout all data-collection moments (meaning there were no drop-outs or with-
drawals) were given a ‘strong’ rating. If participant numbers varied or were undisclosed
across different data collection moments without explicitly mentioning drop-outs, the
article received a ‘weak’ score.

2.6. Synthesis methods

The articles’ characteristics were organized per study design and arranged alphabetically
by the first author’s name. The articles’ results were structured based on the cognitive
tests used, prioritized from most to least used, and further sorted alphabetically by
the first author’s name. The assignment of cognitive domains and subdomains to the
tests was derived from the articles’ descriptions. Many approaches exist to define and
categorize cognitive (sub)domains. This review employed the six key domains of cog-
nition and their respective subdomains, as described by the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition: language (object naming, word finding, fluency,
grammar and syntax, and receptive language), learning and memory (free recall, cued
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recall, recognition memory, semantic and autobiographical long-term memory, and implicit
learning), social cognition (recognition of emotions, theory of mind, and insight), complex
attention (sustained attention, divided attention, selective attention, and processing speed),
executive functioning (planning, decision-making, working memory, responding to feedback,
inhibition, and flexibility), and perceptual-motor functioning (visual perception, visuocon-
structional reasoning, and perceptual-motor coordination) (Sachdev et al,, 2014). If no
subdomain was specified for a certain test, it was only assigned to the cognitive
domain(s) described by the articles in which it was used.

3. Results
3.1. Study selection

Figure 1 demonstrates the selection process. The searches generated 2390 results, of
which 1807 remained after having removed the duplicates. Following the abstract
screening, 73 full-text articles were reviewed, of which 25 articles were included.
Additionally, the search yielded five relevant reviews and meta-analyses (Cheng et al.,
2022; Erlenbach et al., 2021; Griebler et al., 2022; McSween et al., 2019; Oberste et al.,
2021). The 116 articles included in these reviews were screened for inclusion. After
having removed the duplicates, 106 abstracts were reviewed, resulting in 20 full-text
screenings, which led to 17 more articles being included in this systematic review.
This brought the number of included articles to 42.

Authors of similar articles were contacted to verify whether the articles were written
on the same study. Two of the included articles were confirmed to have been written
on the same study (Won et al, 2019a, 2019b). Two articles were confirmed to be
written on different studies (Tsai et al., 2021; Tsai & Pan, 2023). Other similar articles

Figure 1. PRISMA flow diagram of the selection process. PRISMA definitions: report=a document
supplying information about a particular study (e.g. journal article); record =the title and/or abstract
of a report indexed in a database or website; study=an investigation that includes a defined group
of participants and one or more interventions and outcomes (Page et al., 2021).
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were not confirmed to be written on the same study or different studies, namely
Hsieh et al. (2016) and Hsieh et al. (2016); and Chang et al. (2012a) and Chang et al.
(2014b). These articles were therefore treated as different studies.

3.2. Study characteristics

Tables 1-4 provide an overview of the articles’ characteristics. The included articles
employed various designs: 24 used a cross-over design (Table 1), 11 were randomized
controlled trials (Table 2), one article used a cross-over design for the first half of the
participants, and a randomized controlled trial for the second half (Table 1), four
employed pretest-posttest designs (no rest group) (Table 3), and two used a
micro-longitudinal design (repeated measurements over several days) (Table 4).

The included articles were published between 1997 and 2023, with 15 (35.7%) being
published in the last 5years. The number of participants per article ranged from 11 to
150. Six articles included multiple age groups, of which only the groups with adults
aged 50 and older were included in this review. Two articles consisted of patients and
healthy controls, of which only the healthy controls were included. Thirty-four articles
included men and women, four included only women, and four included only men.

Nine different PA types were used in the included articles, of which ergometer
cycling was the most commonly used (n=18). Other types of PA included walking
(with or without a treadmill; n=8), resistance exercises (n=5), dancing (n=2), com-
bination exercise (n=1), seated exercises (n=1), and squeezing a latex ball (n=1).
Additionally, one article consisted of two PA groups with different PAs (one used a
cycling ergometer and one performed resistance exercise); and one article had three
PA groups (two used a cycling ergometer and one performed stretching exercises).
Lastly, four articles measured the participants’ PA levels in their daily lives or during
their habitual PA sessions.

Of the 42 included articles, 29 implemented a rest condition or rest group. (Seated)
reading (n=12) was the most common, followed by rest (n=11), watching videos
(n=2), providing picture quality ratings (n=1), talking with a researcher (seated) (n=1),
and habitual sedentary activity (n=1). Additionally, one article used a typical ‘rest
day’ from the participants’ daily lives as a rest condition. Lastly, 13 articles used
baseline measurements or real-life sedentary measurements as a rest condition.

3.3. Risk of bias assessment

Appendix C shows the component ratings and total ratings for the ROB assessment.
Four articles received a ‘strong’ total rating, 12 received a ‘moderate’ total rating and
26 received a ‘weak’ total rating. Although many articles received moderate or strong
scores on the ‘design; ‘confounders, and ‘blinding’ components, the majority received
a weak total rating. This was mainly because 26 of the included articles did not ran-
domly select their participants, resulting in weak scores for the component ‘selection
bias. Additionally, many articles did not use validated cognitive tests (for this age
group) or did not clarify or refer to which version of a test was used, resulting in weak
scores on the ‘data collection methods’ component. Lastly, several articles did not
report withdrawals or drop-outs, leading to weak scores on the respective component.
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Table 3. Characteristics of articles using pretest-posttest designs.

Time between
PA condition Rest condition PA session and

Sample (type, duration?, or group (type, cognitive
Article Groups size (#F) Mean age intensity) duration) assessment
Hatta et al. 1 group 20 (10) 70534 Self-paced walk  No rest Immediately
(2013) at moderate condition after
intensity for
80 — 120 min
(target
7000—-10 000
steps)
Lebeau et al. 1 group 71 (46) 66.4+4.7 Walking on a No rest Not reported
(2022)0 treadmill for condition
15min at until
RPE = 15
Netz et al. 2 groups: 20 (20) 63.7%3.6 Walking on a No rest Twice: 5min
(2009) youngerc treadmill for condition after and 1h
and older 35min at 60% after
adults of HRR
O’'Brien et al. 3 groups: usual 58 (37) 0S: 69.2+5.1 Usual PA type, Usual sedentary Within 10 min
(2017) activity: OS, CS: 69.2+£4.8 duration, and activity for
CS, or C: 70.5+6.9 intensity 60 min (e.g.
sedentary 0S mean card games)
Q duration:
80+20min
CS mean
duration:
70+£20min

aWarm-up and cool-down not included.

Only part of artcile with pretest-posttest design was relevant for this review, so only this part was included.

‘Group was not included.

Abbreviations: F=female; RPE=rate of perceived exertion; HRR=heart rate reserve; OS=open skill (dynamic and
unpredictable environment, e.g. tennis); CS=closed skill (stable and predictable environment, e.g. swimming);
C=control.

Table 4. Characteristics of articles using micro-longitudinal designs.

Duration of
assessment period/
number and timing

Sample of assessments
Article size (#F) Mean age every day PA/rest assessments
Luo et al. 150 (74) 73.5+5.6 15days/7 times per Ecological momentary assessment:

(2023) day + 2h apart participants were asked to indicate their
current activity (socio-cognitive activities?,
passive leisure activities?, physical
activities, and self-maintenance activities?)
and perform a cognitive test.

Phillips et al. 51 (31) 70.1+7.0 4days/once per day Participants continuously wore an activity

(2016) at a self-selected monitor and performed a cognitive

time assessment battery daily.

2Assessments for these activities were not included.
Abbreviations: F=female..

3.4. Study results

All study results are presented in Table 5. Frequencies of tests, assessments, and out-
comes per (sub)domain are shown in Table 6. It is important to note that several
cognitive tests were assigned to multiple cognitive domains and subdomains, based
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Table 6. The number of tests, assessments, and outcomes per (sub)domain. Abbreviations: LT=long
term.

Number of Proportion of

Cognitive domains and Number of Number of Number of significant significant

subdomains times assessed tests outcomes outcomes outcomes (%)

Executive functioning 52 24 125 58 46.4
Inhibition 18 3 56 32 57.1
Working memory 18 8 27 10 37.0
Flexibility 23 5 58 31 53.4
Planning 2 2 9 4 44.4
No subdomain(s) n/a 8 n/a n/a n/a
mentioned

Complex attention 29 9 66 35 53.0
Processing speed 23 4 54 28 51.9
Selective attention 15 3 46 29 63.0
Sustained attention 14 2 44 27 61.4
No subdomain(s) n/a 4 n/a n/a n/a
mentioned

Perceptual-motor 1 4 13 3 23.1
functioning
Visual perception 5 1 7 2 28.6
Perceptual-motor 4 1 4 0 0
coordination
No subdomain(s) n/a 2 n/a n/a n/a
mentioned

Learning and memory 6 6 13 2 15.4
Recognition memory 1 1 2 1 50.0
Semantic and 1 1 2 0 0
autobiographical LT
memory
No subdomain(s) n/a 4 n/a n/a n/a
mentioned

Language 3 1 3 1 333
No subdomain(s) n/a 1 n/a n/a n/a
mentioned

on how the tests were described by the articles in which they were used (see Table 5
for the (sub)domains each test was assigned to). Therefore, the results of a domain are
not equal to the sum of their subdomains’ results.

Executive functioning was the most frequently measured cognitive domain (effect
assessed 52 times by 24 tests), followed by complex attention (effect assessed 29
times by 9 tests), learning and memory (effect assessed 6 times by 6 tests),
perceptual-motor functioning (effect assessed 11 times by 4 tests), and language
(effect assessed 3 times by 1 test). When examining the specific outcomes per domain
and subdomain, it becomes apparent that the highest proportions of acute effects
of PA on cognition were found in the domains and subdomains of complex attention
and executive functioning.

In total, 35 different cognitive tests were employed. The Stroop Test (executive
functioning, complex attention) was used most frequently, in 13 articles. Furthermore,
the Trail Making Test (executive functioning, complex attention) was used in five
articles, and the Eriksen Flanker Test (executive functioning, complex attention) and
Digit Symbol Substitution Test (complex attention, perceptual-motor functioning,
learning and memory) were each used in four articles. The Verbal Fluency Test (exec-
utive functioning, language) was used in three articles, and the Sternberg Memory
Test (executive functioning), n-back test (executive functioning), Wisconsin Card Sorting
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Test (executive functioning), and Digit Span Test (executive functioning) were each
used in two articles. The remaining 26 tests were each used in one article.

Across all conducted tests, 24 reported both accuracy- and time-based outcomes,
24 used only accuracy-based outcomes, 14 used only time-based outcomes, and one
used a motor-based outcome (number of finger taps in 105s). In total, all test admin-
istrations produced 148 outcomes, of which 77 were accuracy-based, 70 were
time-based, and one was motor-based. Across all outcomes, 67 (45.3%) showed an
effect of PA. Across the 77 accuracy-based outcomes, 24 (31.2%) demonstrated an
improvement in accuracy scores after PA. Across the 70 time-based outcomes, 43
(61.4%) showed faster response times after PA. The one motor-based outcome did
not demonstrate a better performance after PA. Furthermore, a large variety of out-
comes was used, sometimes specific to the cognitive test. The most frequently used
accuracy-based outcomes were accuracy rate, error rate, number of correct items, and
number of errors. The most frequently used time-based outcomes were response time
and completion time.

When comparing the number of significant outcomes of articles with strong designs
to articles with moderate designs (no articles employed weak designs according to
the ROB assessment), the proportion of significant outcomes was similar (44.6% and
47.1%, respectively).

4. Discussion

This systematic review aimed to provide an overview of the current body of literature
on the acute effects of PA on cognition in adults aged 50 and older, focusing on (1)
the assessed cognitive domains, (2) the employed cognitive tests, (3) the reported
outcomes, and (4) whether reported results provided evidence for acute changes in
cognition. The review of Pontifex et al. (2019) already offered a comprehensive over-
view of this effect in all age groups. However, because of the aging population and
the consequences it entails, a more detailed overview focusing on middle-aged and
older adults was warranted. Furthermore, as the review of Pontifex et al. (2019) iden-
tified articles that were published before 2018, many new studies have been performed
since. The current systematic review included 18 articles that were published in 2018
or later, which demonstrates the growing interest in the acute effects of PA on cog-
nition. Lastly, the current systematic review further complements the review of Pontifex
et al. (2019) by including a wider range of study designs, including micro-longitudinal
designs.

4.1. Cognitive (sub)domains

The most frequently assessed cognitive domain was executive functioning. This reflects
previous research, as executive functioning is historically the most well-researched
domain when assessing the acute effect of PA on cognition (Erickson et al., 2019;
Pontifex et al., 2019). Across the executive functioning tests for which at least one
subdomain was specified, cognitive flexibility, working memory, and inhibition were
assessed most frequently. The subdomain of planning was assessed less often. Next
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to executive functioning, complex attention was also assessed by a fair amount of
studies. The subdomain processing speed was measured most often, but selective
and sustained attention were also assessed frequently. The domains and subdomains
of learning and memory, perceptual-motor functioning, and language were tested
less often. The domain of social cognition was not assessed in any article. These
results are similar to the findings of Pontifex et al. (2019), as these authors also found
that executive functioning and complex attention were assessed most often, and
learning and memory and perceptual-motor functioning were assessed less frequently.
Contrary to this review, Pontifex et al. (2019) identified more inhibition assessments
compared to other subdomains, whereas this review found that inhibition was assessed
a similar amount of times as working memory, flexibility, processing speed, selective
attention, and sustained attention.

Furthermore, the current review found higher proportions of significant effects in
specific (sub)domains: within executive functioning, the subdomains of inhibition and
flexibility showed the highest proportion of significant effects (57.1% and 53.4%,
respectively). Planning and working memory outcomes demonstrated a lower pro-
portion of significant effects (44.4% and 37.0%, respectively). All assessed subdomains
within complex attention (i.e. processing speed, selective attention, and sustained
attention) showed significant effects in more than half of the outcomes (51.9%, 63.0%,
and 61.4%, respectively). It has already been suggested that the acute effects of PA
on cognition may be most pronounced on functions of the prefrontal cortex, such
as executive functioning and complex attention, as this area is known to be affected
by short bouts of PA (Basso & Suzuki, 2017).

This review found, similar to the existing literature, that the other domains were
assessed considerably less frequently (Basso & Suzuki, 2017; Pontifex et al., 2019).
However, these domains should not be overlooked, since certain skills in these domains
are known to decline throughout the normal aging process (Grainger et al., 2023;
Harada et al.,, 2013) and several studies have already demonstrated acute effects of
PA on these cognitive domains (Basso & Suzuki, 2017). Therefore, further research is
warranted to further clarify whether the other cognitive domains can also benefit
from an acute bout of PA.

4.2. Cognitive tests

In contrast to the limited variation among the reported cognitive (sub)domains, many
different cognitive tests were used in the included articles. Among the 42 included
articles, 35 different cognitive tests were mentioned, with the Stroop test being the
most frequently administered. Among the tests used in multiple articles, various
versions, and administration methods were reported. For instance, the 13 articles that
administered the Stroop test each used a different version. Moreover, certain articles
did not refer to or provide detailed descriptions of the cognitive testing protocol,
such as unexplained modifications to a test. Therefore, comparing test results across
articles is not straightforward, even when the same test is used.

Furthermore, the ROB component score data collection methods revealed that
the majority of the articles used cognitive tests that have not been shown to be
valid or reliable for the specific population. Important to note is that determining
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the reliability of repeated cognitive testing is different from the standard reliability
analyses (e.g. test-retest reliability). Most traditional cognitive tests are meant to be
administered once and are used to discern between-person differences, e.g. iden-
tifying neurodiversity, intellectual giftedness, dementia, etc. (Sliwinski et al., 2018).
Therefore, many cognitive tests may not offer reliable assessments of intra-individual
changes in cognition in healthy populations (Pontifex et al., 2019). In addition, as
most tests are not designed to be administered more than once within a short time
span, improvements might be affected by practice effects, particularly in studies
without a control group or control condition. Furthermore, many of the cognitive
tests were not validated in middle-aged and older adults. This is important since
research has shown that one cognitive test may assess different cognitive functions
in different age groups, likely caused by an age-related change in processing strat-
egies (Gajewski et al., 2018). Some examples of tests that have been shown to be
valid and reliable in assessing acute changes in cognition in older adults with
repeated measures designs are the 2-back test (Sliwinski et al., 2018), dot memory
test (Sliwinski et al., 2018), and symbol search test (Hernandez et al., 2023; Sliwinski
et al., 2018), with their specific protocols and outcomes. Lastly, as demonstrated in
Table 5, several studies performed their timekeeping manually with a stopwatch or
did not report their timekeeping or administration methods. However, cognitive
tests that intend to identify small intra-individual differences require consistent
procedures and precise measurements. Consequently, it could be argued that com-
puterized administration methods are preferred over procedures requiring an admin-
istrator to keep time or present cues.

4.3. Reported outcomes

Among the administered cognitive tests, various outcomes were reported, of which
45.3% found an acute effect of PA on cognition. In general, outcomes were mostly
accuracy- or time-based. Time-based outcomes appeared more sensitive in detecting
acute effects of PA on cognition, with more than half demonstrating an effect, com-
pared to one-third of the accuracy-based outcomes. However, drawing such a con-
clusion would be insufficiently nuanced, since the majority of the reported cognitive
tests did not use both accuracy- and time-based outcomes, despite this being highly
recommended when measuring cognition (Liesefeld & Janczyk, 2019; Wickelgren,
1977). Both accuracy- and time-based outcomes should be measured and reported,
as this respects the speed-accuracy tradeoff, which is inherent in decision-making
processes. This tradeoff is defined as ‘the complex relationship between an individual’s
willingness to respond slowly and make relatively fewer errors compared to their
willingness to respond quickly and make relatively more errors’ (Zimmerman, 2011).
Hence, accuracy- and time-based outcomes are needed to conclude whether an effect
was found. This could explain why conclusions on the acute effect of PA on cognition
in the existing literature vary so strongly.

Moreover, it might not be realistic to expect all outcomes across all tests to improve,
as many tests often have high accuracy scores (ceiling effect) (Faria et al., 2024). This
reduces variation across assessments and decreases the likelihood that changes in
cognition will be reflected in accuracy scores. Additionally, some outcomes were not
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reported in sufficient detail. For instance, response time was frequently used as out-
come but it was often unclear whether it was measured across all trials or only correct
trials. Furthermore, various outcomes were reported across all tests, even among
articles that administered the same test. Moreover, articles sometimes used different
names for the same outcome or the same name for different outcomes. This ambig-
uous variation of outcomes complicates study reproducibility and the comparison of
findings across articles.

4.4. Study designs and protocols

Pontifex et al. (2019) already emphasized the importance of selecting a strong
research design that is appropriate for the specific research question. In this review,
none of the included articles received a weak rating on the ‘study design’ compo-
nent of the ROB analysis. When comparing the articles published before 2018 with
the articles that were published later, a higher percentage of recent articles utilized
strong research designs (37.5% before 2018 vs. 55.6% in 2018 or later), suggesting
a potential shift towards stronger research designs in recent years. In addition to
the five types of study designs Pontifex et al. (2019) defined, the current review
also identified two articles with micro-longitudinal designs, in which participants
were observed multiple times over several days in their daily lives. One of these
articles used ecological momentary assessment (EMA) to repeatedly test participants’
cognition in real-time in their natural environment (Luo et al., 2023). Therefore, EMA
minimizes recall bias and maximizes ecological validity, making it suitable to assess
whether lab-based findings can be translated to real-life settings. Important to note
is that the cognitive tests used in such designs must be suitable for repeated
assessments and cannot be overly complicated, since the participants perform the
tests on their own.

Despite all included articles having moderate or strong designs, the ROB analysis
revealed that many articles had an overall low quality, due to low component scores
for ‘selection bias’, ‘data collection methods, and ‘withdrawals and drop-outs. First, the
majority of the included articles recruited volunteers instead of randomly selecting
participants, which could have resulted in samples that were already interested in PA
and cognition, and therefore could have caused selection bias (Smith & Vanderweele,
2019). Second, as discussed earlier, many of the reported cognitive tests have not
been demonstrated valid or reliable for repeatedly assessing cognition in this specific
population. Third, withdrawals and drop-outs were often not reported or could not
be determined. Since withdrawals and drop-outs can affect a study’s validity, it is
crucial to clearly report the number of participants at each stage of a study and
analyze the data accordingly (Bell et al., 2013).

Furthermore, the PA and rest procedures in the included articles varied greatly.
Various types, durations, and intensities of PA were reported, and cognition was
assessed at different post-PA intervals (e.g. immediately after vs. 30 min after), which
complicates the comparison of studies. These parameters can also influence the acute
effects of PA on cognition. Chang et al. (2012b) demonstrated that light to
moderate-intensity PA appeared to be the most beneficial, and higher intensity resulted
in negligible effects. Regarding the duration of the PA session, sessions of 11 min or



24 (&) F.DEBLOCKETAL.

longer resulted in positive effects, while shorter duration demonstrated no significant
effects on cognition (Chang et al., 2012b). The delay between a PA session and cog-
nitive assessment also appeared significant (Chang et al., 2012b). The strongest effects
were demonstrated when cognition was tested 11-20min after finishing the exercise.
When the delay was more than 20 min, the overall effect was also positive but smaller.
If a test was conducted within 10min after finishing the session, exercise appeared
to have a negative effect on cognition (Chang et al., 2012b).

Additionally, various rest conditions were used across the included articles. However,
some rest activities may affect cognition differently than others, e.g. lying down vs.
playing cards. Pontifex et al. (2019) suggested using a control condition in which the
only difference from the PA condition is the absence of PA. This large variety of
procedures challenges drawing conclusions regarding which specific types of PA affect
cognition and when and how long this effect takes place. Therefore, detailed reporting
of PA sessions and cognitive test administration is recommended, e.g. whether a
warming-up was included or what the duration of the cognitive assessment was. This
will allow future meta-analyses to assess which types, durations, and intensities of PA
affect which cognitive (sub)domains and when these effects take place.

4.5. Strengths and limitations of the review processes

This systematic review has several strengths. First, it is the first that includes such a
broad overview of the acute effect of PA on cognition in healthy adults aged 50 and
older. The definitions of PA and cognition were kept broad and the search was not
limited to specific research designs to give an extensive overview of the existing
research on this topic. Second, the search strategy was created together with experts
from Knowledge Centre for Health Ghent, ensuring a thorough literature search.

Despite its strengths, this review has some limitations. First, the ROB assessment
tool chosen for this review, while clear, overlooked certain study designs like cross-over
and (micro)longitudinal designs. This required some components to be slightly adapted
for specific designs and made certain components not applicable to certain cases.
Second, several articles consisted of multiple PA conditions/groups or administered
the cognitive tests at multiple post-PA time points. However, this review did not
describe all possible comparisons between groups and time points, as this would
have made the results section too extensive. For instance, when an article reported
an improvement from baseline to immediately post-PA, but not from baseline to
30min post-PA, this review drew positive conclusions for that outcome, despite not
finding an effect at both time points. Therefore, the results of this review should be
interpreted carefully, as they overestimate the acute effect of PA on cognition. Third,
we recognize that different approaches for classifying cognitive (sub)domains exist
(McCaffrey & Wright, 2022). We chose an existing classification of cognitive domains
(i.e. the classification used in the DSM-5), because of its comprehensiveness. Using
any other system could slightly change the domains and results, but the overall
conclusions would likely remain the same. Fourth, linking the tests to cognitive (sub)
domains was based on how the tests were described by the articles. Therefore, the
terminology used by the articles to describe the tests could be inconsistent with the
DSM-5 classification.
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4.6. Implications for practice, policy, and future research

This review demonstrated that the most evidence for an acute effect of PA on cog-
nition was found in the domains of complex attention and executive functioning.
Nevertheless, since these domains were also the most frequently assessed, further
research on the acute effect of PA on the other cognitive domains (e.g. learning and
memory, language, etc.) is warranted. Furthermore, researchers should select valid
and reliable cognitive tests for the target population and study protocol. In addition,
the tests’ properties, administration methods, and outcomes should be reported as
clearly and in as much detail as possible. Preferably, cognitive tests should include
both accuracy- and time-based outcomes, as this respects the speed-accuracy trade-off
and provides more nuanced conclusions.

5. Conclusion

This systematic review investigated the acute effect of PA on cognition in healthy
adults aged 50 and older. Executive functioning was the most frequently assessed
cognitive domains, with slightly less than half of the outcomes indicating improvements
following PA. However, research on this effect in other domains remains limited. Despite
numerous articles suggesting cognitive benefits, the large variety and insufficient
transparency regarding cognitive testing and PA protocols underscore the need for
more high-quality research in this area, with clear and detailed reporting.
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Appendix A. PRISMA checklist.

PRISMA full-text checklist

Section and topic

Item #

Checklist item

Location where item is
reported

Title

Title

Abstract
Abstract
Introduction
Rationale
Objectives
Methods
Eligibility criteria

Information sources

Search strategy

Selection process

Data collection process

Data items

Study risk of bias
assessment

Effect measures

10a

10b

Identify the report as a systematic review.
See the PRISMA 2020 for Abstracts checklist.

Describe the rationale for the review in the
context of existing knowledge.

Provide an explicit statement of the objective(s)
or question(s) the review addresses.

Specify the inclusion and exclusion criteria for the
review and how studies were grouped for the
syntheses.

Specify all databases, registers, websites,
organizations, reference lists and other sources
searched or consulted to identify studies.
Specify the date when each source was last
searched or consulted.

Present the full search strategies for all databases,
registers and websites, including any filters
and limits used.

Specify the methods used to decide whether a
study met the inclusion criteria of the review,
including how many reviewers screened each
record and each report retrieved, whether they
worked independently, and if applicable,
details of automation tools used in the
process.

Specify the methods used to collect data from
reports, including how many reviewers
collected data from each report, whether they
worked independently, any processes for
obtaining or confirming data from study
investigators, and if applicable, details of
automation tools used in the process.

List and define all outcomes for which data were
sought. Specify whether all results that were
compatible with each outcome domain in each
study were sought (e.g. for all measures, time
points, analyses), and if not, the methods used
to decide which results to collect.

List and define all other variables for which data
were sought (e.g. participant and intervention
characteristics, funding sources). Describe any
assumptions made about any missing or
unclear information.

Specify the methods used to assess risk of bias in
the included studies, including details of the
tool(s) used, how many reviewers assessed
each study and whether they worked
independently, and if applicable, details of
automation tools used in the process.

Specify for each outcome the effect measure(s)
(e.g. risk ratio, mean difference) used in the
synthesis or presentation of results.

Page 1
n/a
Page 3

Pages 3-4

Page 4

Pages 4-5

Pages 4-5,
Appendix B

Page 5

Pages 5-6

Pages 5-6

Page 5-6

Pages 6-7

n/a

(Continued)
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Appendix A. Continued.

PRISMA full-text checklist

Section and topic

Item #

Checklist item

Location where item is
reported

Synthesis methods

Reporting bias
assessment

Certainty assessment

Results
Study selection

Study characteristics
Risk of bias in studies

Results of individual
studies

Results of syntheses

13a

13b

13c

13d

16b

20a

20b

20c

20d

Describe the processes used to decide which
studies were eligible for each synthesis (e.g.
tabulating the study intervention
characteristics and comparing against the
planned groups for each synthesis (item #5)).

Describe any methods required to prepare the
data for presentation or synthesis, such as
handling of missing summary statistics, or data
conversions.

Describe any methods used to tabulate or visually
display results of individual studies and
syntheses.

Describe any methods used to synthesize results
and provide a rationale for the choice(s). If
meta-analysis was performed, describe the
model(s), method(s) to identify the presence
and extent of statistical heterogeneity, and
software package(s) used.

Describe any methods used to explore possible
causes of heterogeneity among study results
(e.g. subgroup analysis, meta-regression).

Describe any sensitivity analyses conducted to
assess robustness of the synthesized results.

Describe any methods used to assess risk of bias
due to missing results in a synthesis (arising
from reporting biases).

Describe any methods used to assess certainty (or
confidence) in the body of evidence for an
outcome.

Describe the results of the search and selection
process, from the number of records identified
in the search to the number of studies
included in the review, ideally using a flow
diagram.

Cite studies that might appear to meet the
inclusion criteria, but which were excluded,
and explain why they were excluded.

Cite each included study and present its
characteristics.

Present assessments of risk of bias for each
included study.

For all outcomes, present, for each study: (a)
summary statistics for each group (where
appropriate) and (b) an effect estimate and its
precision (e.g. confidence/credible interval),
ideally using structured tables or plots.

For each synthesis, briefly summarise the
characteristics and risk of bias among
contributing studies.

Present results of all statistical syntheses
conducted. If meta-analysis was done, present
for each the summary estimate and its
precision (e.g. confidence/credible interval) and
measures of statistical heterogeneity. If
comparing groups, describe the direction of
the effect.

Present results of all investigations of possible
causes of heterogeneity among study results.

Present results of all sensitivity analyses
conducted to assess the robustness of the
synthesized results.

n/a

n/a

Page 7

Page 7

n/a

n/a

n/a

n/a

Pages 7-8,
Figure 1

n/a

Page 8, Tables 1-4

Pages 8-9, Appendix C

Pages 9-10, Tables 5-6

n/a

n/a

n/a

n/a

(Continued)
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Appendix A. Continued.

PRISMA full-text checklist

Location where item is
Section and topic Item # Checklist item reported

Reporting biases 21 Present assessments of risk of bias due to missing n/a
results (arising from reporting biases) for each
synthesis assessed.

Certainty of evidence 22 Present assessments of certainty (or confidence) n/a
in the body of evidence for each outcome
assessed.
Discussion
Discussion 23a  Provide a general interpretation of the results in Pages 10-14
the context of other evidence.
23b  Discuss any limitations of the evidence included Pages 10-14
in the review.
23c  Discuss any limitations of the review processes Pages 14-15
used.
23d  Discuss implications of the results for practice, Page 15

policy, and future research.
Other information
Registration and 24a  Provide registration information for the review, Page 4
protocol including register name and registration
number, or state that the review was not
registered.
24b  Indicate where the review protocol can be Page 4
accessed, or state that a protocol was not
prepared.
24c  Describe and explain any amendments to n/a
information provided at registration or in the
protocol.
Support 25 Describe sources of financial or non-financial Page 15
support for the review, and the role of the
funders or sponsors in the review.

Competing interests 26 Declare any competing interests of review Page 15
authors.
Availability of data, code 27  Report which of the following are publicly n/a
and other materials available and where they can be found:

template data collection forms; data extracted
from included studies; data used for all
analyses; analytic code; any other materials
used in the review.

Appendix B. search strategy.

MEDLINE database
Concept Search terms

Concept 1: physical activity ("Motor Activity"[Mesh:NoExp] OR "Exercise"[Mesh] OR "Sports"[Mesh] OR
"Physical Exertion"[Mesh] OR “Motor Activit*"[tiab] OR “Physical Activit*"[tiab]
OR “Locomotor Activit*”[tiab] OR “Physical Exercis*"[tiab] OR “Isometric
Exercis*”[tiab] OR “Aerobic Exercis*”[tiab] OR training[tiab] OR stretching[tiab]
OR “Physical Condition*”[tiab] OR “Physical fitness”[tiab] OR “Physical
endurance”[tiab] OR “movement therap*“[tiab] OR running[tiab] OR
joggingl[tiab] OR walk*[tiab] OR bicycle[tiab] OR cycle[tiab] OR bicycling[tiab]
OR cycling[tiab] OR “home training”[tiab])

Concept 2: (daily[tiab] OR everyday[tiab] OR “day-to-day”[tiab] OR “day to day”[tiab] OR

acute “within subjects”[tiab] OR acute[tiab] OR immediate[tiab] OR “within-day”[tiab]
OR “within day”[tiab] OR periodic[tiab])

Concept 3: cognition ("Cognition"[Mesh:NoExp] OR "Memory"[Mesh] OR "Verbal Learning"[Mesh] OR

"Executive Function"[Mesh] OR "Attention"[Mesh] OR "Problem Solving"[Mesh]
OR "Learning"[Mesh:NoExp] OR "Neuropsychological Tests"[Mesh] OR "social
cognition"[MeSH] OR “cognitive function*”[tiab] OR memory[tiab] OR
memories[tiab] OR learning[tiab] OR learn[tiab] OR “executive function*"[tiab]
OR attention[tiab] OR “problem solving”[tiab] OR neuropsycholog*[tiab] OR
“social cognition”[tiab] OR “visual perception”[tiab] OR “spatial cognition”[tiab])

(Continued)
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Appendix B. Continued.

MEDLINE database

Concept

Search terms

Concept 4:
adults aged 50 and older

Concept 5: healthy

Combination of concepts

("Aged"[Mesh] OR aged|tiab] OR elder*[tiab] OR eldest[tiab] OR “old age”[tiab]
OR “oldest old”[tiab] OR senior[tiab] OR seniors[tiab] OR senium[tiab] OR “very
old"[tiab] OR sexagenarian*[tiab] OR septuagenarian*[tiab] OR
octogenarian*[tiab] OR octogenarian*[tiab] OR nonagenarian*[tiab] OR
centenarian*[tiab] OR supercentenarian*[tiab] OR “older people”[tiab] OR
“older subject”[tiab] OR “older subjects”[tiab] OR “older age”[tiab] OR “older
adult”[tiab] OR “older adults”[tiab] OR “older man”[tiab] OR “older men”[tiab]
OR “older male”[tiab] OR “older woman”[tiab] OR “older women"[tiab] OR
“older female”[tiab] OR “older population”[tiab] OR “older person”[tiab] OR
geriatric[tiab])

(“Healthy Aging”[MeSH] OR “Healthy Volunteers”"[MeSH] OR “Healthy Aging”[tiab]
OR “Healthy Volunteers”[tiab] OR Healthy[tiab] OR unimpaired[tiab] OR
non-disabled[tiab] OR non-handicapped[tiab] OR non-demented[tiab] OR “not
impaired”[tiab] OR “not disabled”[tiab] OR “not demented”[tiab] OR
“community dwelling”[tiab] OR “living alone”[tiab])

#1 AND #2 AND #3 AND #4 AND #5

—_

Embase database

Concept

Search terms

Concept 1: physical activity

Concept 2: acute

Concept 3: cognition

(‘motor activity'/exp OR ‘exercise’/exp OR ‘sport’/exp OR ‘physical activity’/mj OR
‘training’/exp OR ‘stretching’/exp OR ‘endurance’/exp OR ‘movement therapy’/
exp OR ‘running’/exp OR ‘jogging’/exp OR ‘walking’/mj OR ‘cycling’/exp OR
‘swimming'/exp OR ‘motor activit*ti,ab,kw OR ‘locomotor activit*ti,ab,kw OR
exercise:ti,ab,kw OR ‘physical exercis*":ti,abkw OR ‘isometric exercis*"ti,ab,kw
OR sports:ti,ab,kw OR ‘physical exertion”ti,ab,kw OR ‘physical activit*"ti,abkw
OR ‘physical fitness"ti,ab,kw OR training:ti,abkw OR stretching:ti,ab,kw OR
‘physical endurance’ti,ab,kw OR ‘aerobic exercis*":ti,ab,kw OR ‘physical
condition*"ti,ab,kw OR ‘movement therap*'ti,abkw OR running:ti,abkw OR
jogging:ti,abkw OR walk*:ti,ab,kw OR bicycle:ti,ab,kw OR cycle:ti,ab,kw OR
bicycling:ti,ab,kw OR cycling:ti,ab,kw OR ‘home training"ti,ab,kw)

(daily OR everyday OR ‘day-to-day’ OR ‘day to day’ OR ‘within subjects’ OR acute
OR immediate OR ‘within-day’ OR ‘within day’ OR periodic)

(‘social cognition’ OR cognition OR attention OR ‘cognitive flexibility’ OR
‘executive function* OR learning OR memory OR ‘mental performance’ OR
thinking OR ‘problem solving’ OR ‘neuropsychological test’ OR ‘cognitive
function®* OR memories OR learn OR executive OR neuropsycholog* OR ‘visual
perception’ OR ‘spatial cognition’)

Concept 4: adults aged 50 and (‘aged’/mj OR ‘very elderly’/exp OR aged:ti,ab,kw OR ‘very elderly"ti,ab,kw OR

older

Concept 5: healthy

Combination of concepts

elder*:ti,ab,kw OR eldest:ti,ab,kw OR ‘old age”ti,ab,kw OR ‘oldest old"ti,abkw
OR senior:ti,ab,kw OR seniors:ti,abkw OR senium:ti,ab,kw OR ‘very old"ti,abkw
OR sexagenarian*:ti,abkw OR septuagenarian®:ti,ab,kw OR
octogenarian*:ti,ab,kw OR octogenarian*:ti,ab,kw OR nonagenarian*:ti,ab,kw
OR centenarian*:ti,ab,kw OR supercentenarian*:ti,ab,kw OR ‘older
people”ti,abkw OR ‘older subject’ti,abkw OR ‘older subjects"ti,ab,kw OR ‘older
age”:ti,ab,kw OR ‘older adult:ti,ab,kw OR ‘older adults"ti,ab,kw OR ‘older
man'’:ti,ab,kw OR ‘older men’:ti,ab,kw OR ‘older male’:ti,ab,kw OR ‘older
woman':ti,ab,kw OR ‘older women’:ti,ab,kw OR ‘older female':ti,ab,kw OR ‘older
population”ti,ab,kw OR ‘older person’ti,ab,kw OR geriatric:ti,ab,kw)

(‘healthy aging’/exp OR ‘normal human’/exp OR ‘healthy aging”ti,abkw OR
‘normal human'ti,ab,kw OR ‘Healthy Volunteers"ti,abkw OR Healthy:ti,abkw
OR unimpaired:ti,ab,kw OR ‘non-disabled"ti,ab,kw OR
‘non-handicapped’ti,ab,kw OR ‘non-demented’ti,ab,kw OR ‘not
disabled":ti,ab,kw OR ‘not demented’ti,abkw OR ‘not impaired'ti,ab,kw OR
‘not handicappedti,abkw OR ‘community dwelling"ti,ab,kw OR ‘living
alone’:ti,ab,kw)

#1 AND #2 NEAR/2 #3 AND #4 AND #5

Note: concepts 2 and 3 do not contain field codes, since they are not allowed when using the NEAR operator.
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Appendix B. Continued.

Cochrane CENTRAL database
Concept Search terms

Concept 1: physical activity ([Imh A"Motor Activity"] OR [mh Exercise] OR [mh Sports] OR
[mh "Physical Exertion"] OR "motor activit*":ti,ab,kw OR
"locomotor activit*":ti,ab,kw OR exercise:ti,abkw OR "physical
exercis*":ti,ab,kw OR "isometric exercis*":ti,ab,kw OR
sports:ti,ab,kw OR "physical exertion":ti,ab,kw OR "physical
activit*":ti,ab,kw OR "physical fitness":ti,ab,kw OR
training:ti,ab,kw OR stretching:ti,ab,kw OR "physical
endurance":ti,ab,kw OR "aerobic exercis*":ti,ab,kw OR
"physical condition*":ti,ab,kw OR "movement therap*":ti,ab,kw
OR running:ti,abkw OR jogging:ti,ab,kw OR walk*:ti,abkw OR
bicycle:ti,ab,kw OR cycle:ti,ab,kw OR bicycling:ti,ab,kw OR
cycling:ti,abkw OR "home training":ti,ab,kw)

Concept 2: acute (daily:ti,ab,kw OR everyday:ti,ab,kw OR “day-to-day”:ti,ab,kw OR
“day to day”:ti,ab,kw OR “within subjects”:ti,abkw OR
acute:ti,abkw OR immediate:ti,ab,kw OR “within-day”:ti,ab,kw
OR “within day”:ti,ab,kw OR periodic:ti,ab,kw)

Concept 3: cognition ([mh A"Cognition"] OR [mh “Memory”] OR [mh "Verbal
Learning"] OR [mh "Executive Function"] OR [mh “Attention”]
OR [mh "Problem Solving"] OR [mh A”"Learning”] OR [mh
"Neuropsychological Tests"] OR [mh "social cognition"] OR
cognition:ti,ab,kw OR attention:ti,ab,kw OR “cognitive
flexibility”:ti,ab,kw OR “executive function*":ti,ab,kw OR
learning:ti,ab,kw OR memory:ti,abkw OR “mental
performance”:ti,ab,kw OR thinking:ti,ab,kw OR “problem
solving”:ti,ab,kw OR “neuropsychological test”:ti,ab,kw OR
“cognitive function*":ti,ab,kw OR memories:ti,ab,kw OR
learn:ti,ab,kw OR executive:ti,ab,kw OR
neuropsycholog*:ti,ab,kw OR “visual perception”:ti,ab,kw OR
“spatial cognition”:ti,ab,kw OR “social cognition”:ti,ab,kw)

Concept 4: adults aged 50 and older ([mh “Aged”] OR aged:ti,ab,kw OR “very elderly”:ti,ab,kw OR
elder*:ti,ab,kw OR eldest:ti,abkw OR “old age”:ti,abkw OR
“oldest old":ti,ab,kw OR senior:ti,ab,kw OR seniors:ti,ab,kw OR
senium:ti,ab,kw OR “very old":ti,ab,kw OR
sexagenarian®:tiab,kw OR septuagenarian*:ti,ab,kw OR
octogenarian*:ti,ab,kw OR octogenarian*:ti,ab,kw OR
nonagenarian®:ti,ab,kw OR centenarian*:ti,ab,kw OR
supercentenarian*:ti,ab,kw OR “older people”:ti,abkw OR
“older subject”:ti,ab,kw OR “older subjects”:ti,ab,kw OR “older
age”:ti,ab,kw OR “older adult”:ti,abkw OR “older
adults”:ti,ab,kw OR “older man”:ti,ab,kw OR “older
men”:ti,ab,kw OR “older male”:ti,ab,kw OR “older
woman”:ti,ab,kw OR “older women”:ti,ab,kw OR “older
female”:ti,ab,kw OR “older population”:ti,abkw OR “older
person”:ti,ab,kw OR geriatric:ti,ab,kw)

Concept 5: healthy (Imh "Healthy Aging”] OR [mh “Healthy Volunteers”] OR “healthy
aging":ti,abkw OR “normal human”:ti,ab,kw OR “Healthy
Volunteers”:ti,ab,kw OR Healthy:ti,ab,kw OR
unimpaired:ti,ab,kw OR “non-disabled”:ti,ab,kw OR
“non-handicapped”:ti,ab,kw OR “non-demented”:ti,ab,kw OR
“not disabled”:ti,ab,kw OR “not demented”:ti,ab,kw OR “not
impaired”:ti,ab,kw OR “not handicapped”:ti,ab,kw OR
“community dwelling”:ti,abkw OR “living alone”:ti,ab,kw)

Combination of concepts #1 AND #2 AND #3 AND #4 AND #5




36 (&) F.DEBLOCKETAL.

Appendix C. risk of bias assessment with component scores and total ratings.
Data Withdrawals

Selection collection and Global

Study bias? Designb  Confounders¢  Blindingd methodse  drop-outsf  rating
Abe et al. (2018) W N n/a M W S W
Barella et al. (2010) w S S M w S w
Callow et al. (2023) Not reported M n/a M W S M
Chang et al. (2014a) Not reported M S S w w w
Chang et al. (2012a) Not reported M n/a M S W M
Chang et al. (2014b)  Not reported M n/a M w w w
Chen et al. (2018) W M n/a S W W W
Chu et al. (2015) Not reported M S S w w w
Cordova et al. (2009) W S S M M W W
Emery et al. (2001) Not reported S S M S S S
Faulkner et al. (2017) W S S M W W W
Hatta et al. (2013) Not reported M n/a M S w M
Hogan et al. (2013) W S S M W S W
Hsieh et al. (2016) w M n/a M W S w
Hsieh et al. (2016) W M n/a M W W W
Hyodo et al. (2012) Not reported M n/a M w w W
Hyodo et al. (2021) W M n/a M W S W
Ji et al. (2019) W M n/a M W W W
Johnson et al. (2016) W S S M W W W
Kamijo et al. (2009) Not reported M S M w S M
Kimura and Hozumi Not reported S S M w S M

(2012)
Lebeau et al. (2022)g M M S M M S S
Luo et al. (2023) w M n/a M S S M
Martelli et al. (2021) Not reported S S M S W M
McSween et al. (2021) W S S S w S w
Naderi et al. (2019) W S S M W W W
Netz et al. (2009) w M W M W w w
Nielson et al. (2014) W M S M S S M
Nouchi et al. (2020) w S S M M S M
O'Brien et al. (2017) W M S M M W W
Olivo et al. (2021) W S S S w S W
Peiffer et al. (2015) Not reported M n/a M M S S
Pellegrini-Laplagne Not reported S n/a M w S M

et al. (2022)
Phillips et al. (2016) Not reported M n/a M M S S
Schramke and Bauer W S S M S w w

(1997)
Sturnieks et al. (2018) W N n/a M S S M
Tsai et al. (2021) w S n/a M W w w
Tsai and Pan (2023) W N n/a M W W W
Tsujii et al. (2013) Not reported M n/a M w w w
Wang et al. (2015) W S S M S S M
Won et al. (2019a) w M n/a M W S w
Won et al. (2019b) W M n/a M W S W

3Based on the selection method and percentage of individuals that agreed to participate.

bBased on the strength of the design type. ‘Based on differences between groups and number of confounders
controlled for.

dBased on the blinding of outcome assessors and participants.

Based on validity and reliability of used methods.

fBased on reporting of withdrawals and drop-outs.

9Study consisted of 2 designs: RCT and one group pretest-posttest design. Only the latter design was included in
this review and scored for the risk of bias assessment.

Abbreviations: S=strong, M=moderate, W =weak.
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Condition, score, outcome

Definition

Stroop test

a Interference score

b Color condition

C Interference condition
d Inhibition condition

e Congruent condition
f Word condition

g Color condition

h Neutral condition

i Incongruent condition

j Interference condition

k Naming condition

| Executive condition

m Color condition

n Word interference
condition

[¢} Inhibition condition

p Stroop condition

q Reverse Stroop condition

r Naming condition

s Inhibition condition

t Inhibition score

u Switching/flexibility

condition

v Switching/flexibility score

Trail Making test

w Total score

Eriksen Flanker Test

X Congruent condition

y Incongruent condition

RT or accuracy score calculated by subtracting the RT or accuracy
score of neutral trials from RT or accuracy score of incongruent
trials.

Condition in which participants must indicate the color of a string
of four colored circles.

Condition in which color names are printed in an ink color that does
not match the color name. Participants must indicate the color.

Same condition as the interference condition, but the color of the
word for each trial is the same as the color name on the
previous trial.

Condition in which color names are printed in the same ink color as
the color name. Participants must indicate the color.

Condition in which the color names are printed in black ink.
Participants must indicate the color.

Condition in which participants must indicate the color of a colored
rectangle.

Condition in which words unrelated to the colors are printed in
colored ink. Participants must indicate the color.

Condition in which color names are printed in an ink color that does
not match the color name. Participants must indicate the color.
Condition in which color names are printed in an ink color that does
or does not match the color name. Participants must indicate the

color.

Condition in which participants must indicate the color of a string
of three colored x's.

Condition in which color names are printed in a color that does or
does not match the color name. Participants must indicate the
color of the ink when no rectangle is around the color word or
read the color name when a rectangle is around the word.

Condition in which participants must indicate the color of a string
of colored x's.

Condition in which color names are printed in an ink color that does
not match the color name. Participants must indicate the color.

Same condition as the interference condition, but the color of the
word for each trial is the same as the color name on the
previous trial.

Condition in which color names are printed in an ink color that does
not match the color name. Participants must indicate the color.
Condition in which color names are printed in a color that does not

match the color name. Participants must indicate the color name.

Condition in which the color names are printed in the same ink
color as the word. Participants must indicate the color.

Condition in which color names are printed in an ink color that does
not match the color name. Participants must indicate the color.

Inhibition block’s score minus naming blocks’ score.

Condition in which color names are printed in a color. Participants
must indicate the color of the ink when the usual fixation cross
precedes the stimulus or read the color name when a square
replaces the fixation cross.

Switching block’s score minus inhibition blocks’ score.

Score calculated as the difference between TMT-A and TMT-B.

Condition in which a row of five arrows all point in the same
direction as the middle arrow (arrow of reference). Participants
must indicate in which direction the middle arrow is pointing.

Condition in which a row of five arrows can point in the same or
opposite direction as the middle arrow (arrow of reference).
Participants must indicate in which direction the middle arrow is
pointing.

(Continued)
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Appendix D. Continued.

Condition, score, outcome Definition
z Interference RT Score calculated as ([incongruent RT — congruent RT)/congruent RT]
*100.
aa Incongruent condition Condition in which a row of five arrows point in the opposite

direction as the middle arrow (arrow of reference). Participants
must indicate in which direction the middle arrow is pointing.

n-back test

bb Performance score Score calculated as the sum of correct hits and correct rejections,
divided by the total number of stimuli.

Wisconsin Card Sorting Test

cc Perseverative errors (of Error made when a participant keeps on sorting the response cards
Nelson) using a previous matching rule after the matching rule has been
changed.
dd Perseverative responses Preservative error of Nelson that is correct because the response

card matches the stimulus card in multiple dimensions. This leads
to an ambiguous answer, as the test administrator cannot
determine which dimension the participant uses to sort the card.
A preservative response is therefore defined as an ambiguous
response that follows and is followed by an unambiguous
perseverative error, and matches the perseverated-to principle.

ee Non-perseverative errors Random errors.

Digit Span Test

ff

Forward digit span Test version in which the participants must repeat the numbers in
the same order as previously presented.
gg Digit span score Score determined as the last block where the participant correctly
repeated at least one of the two strings of numbers.
hh Digit span product score Score calculated as the number of correct strings reported.

Mnemonic Similarity Task

ii Object recognition memory Score calculated as difference between correctly recognized images
in the retrieval phase as the same image as in the encoding
phase and wrongly identified new images in the retrieval phase
as images that were shown in the encoding phase.

ji Mnemonic discrimination Score calculated as the difference between correctly recognized
images as ‘similar’ in the retrieval phase (similar image to an
image that was shown in the encoding phase) and wrongly
identified new images in the retrieval phase as images that were
similar to what was shown in the encoding phase.

Tower of London Test

kk Total move score Score calculated as the sum of differences between the number of
actual ball moves and the minimum number of moves for each
problem.

Il Total correct score Score calculated as the number of problems solved where the
criteria of the minimum number of moves were reached.

mm Rule violation score Score calculated as a combined score of two types of rule violations:

(1) placing or trying to place more balls on a peg than it can
physically support and (2) removing two balls from the peg at
the same time.

nn Time violation score This score was given when a problem was not finished in under one
minute.

00 Total initial time Score calculated as the time between the presentation of the goal
configuration by the examiner and the participant lifting the first
ball of a post.

pp Total execution time Score calculated as the time between the first ball being lifted and
the successful completion of a given problem.

qq Total planning-solving time Score calculated as the sum of the total initial time and the total

execution time.
Task Switching Paradigm

rr Homogeneous condition Testing condition in which the participant must follow one rule at a
time.

ss Global switching This effect was calculated by using the performance of the
homogeneous and heterogeneous conditions.

tt Heterogeneous condition Testing condition in which the participant must switch between two

different rules.

(Continued)
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Appendix D. Continued.

Condition, score, outcome Definition

uu Local switching This effect was calculated by using the performance of the
non-switch and switch trials within the heterogeneous condition.
Go/no-go Sustained Attention to Response Test

w Go trials Trial in which a participant must make a response when presented
with a certain stimulus.

ww Rate of commission errors  Score calculated as the percentage of no-go symbols (no response
required) responded to.

XX Rate of omission errors Score calculated as the percentage of go symbols not responded to.

Task-switching Reaction Time Test

yy Switch cost Score calculated as the difference between the RTs under the two
conditions.

More-odd

7z Switch cost The difference between the average RTs of the switch trials in the

shifting block and the average RTs of the non-switch trials in the
control blocks.

d2

aaa Working speed Score calculated as the overall number of marked letters.

bbb Attention span Score calculated as the number of accurate answers minus confusion
errors.

Saccadic Paradigm

ccc Prosaccade task Task during which the participant must move their eyes to the
location of a stimulus.

ddd Antisaccade task Task during which the participant must move their eyes to a

location opposite of a stimulus.

Abbreviations: RT=reaction time.
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