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A B S T R A C T

This review aimed to systematically evaluate and meta-analyze the available data on the effects of Brain Gym
(BG) on cognitive function in older people. Six electronic databases were searched systematically using:
“Brain Gym” AND “elderly, “Brain Gym” AND “older people”. The PEDro and MINORS scales were used to
evaluate methodological quality. For the meta-analysis, inverse variance or generic inverse variance was
used and heterogeneity was assessed with the Chi2 test and I2 test. Ten research studies with a high to low
quality. Significant changes intra- and inter-group were observed for neurocognitive outcomes in the BG
groups. Findings from the metaanalysis indicated changes in the BG groups, on cognitive function by means
of the Mini�Mental State Examination, were not greater than those reported in the control/comparison
groups. BG will not lead to improvements in cognitive function in people with and without cognitive
impairment, supported by low to high evidence.
© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Preserving physical and cognitive function is the main focus of geri-
atric and gerontological research.1 Cognitive health is a major factor in
ensuring the quality of life of older people and preserving indepen-
dence. In an aging population with increasing incidence of dementia
and cognitive impairment, strategies are needed to slow age-related
decline in order to preserve cognitive function as long as possible.
Among said strategies, physical exercise plays a prominent role.2

Several scientific reviews have provided robust evidence suggest-
ing that various exercise training interventions, such as aerobic,
strength training, or multi-component activities, can lead to cognitive
improvements in older adults.3-5 However, there is limited knowl-
edge regarding the effectiveness of other exercise modalities that
have traditionally been assumed to have potential benefits on cogni-
tive function, such as Brain Gym (BG).

Brain Gym is an academic kinesiological program that was initially
developed for children with learning disabilities. It involves the
performance of specific movement patterns that incorporate the
head, eyes, and extremities, focusing on three dimensions: laterality,
attention, and centering.6 During a typical BG session, participants
engage in a wide variety of tasks that engage different aspects of cog-
nitive and physical functioning. These tasks include dynamic move-
ments involving coordination and balance such as crossing the
midline of the body by touching the opposite knee with the opposite
while walking (“Cross Crawl), and hand-eye coordination activities
such as visualizing a figure and tracing its shape with the finger
(“Lazy 8s”) or pressing the points located below the collarbone on
either side of the sternum with the thumbs (“Brain Buttons”). Addi-
tionally, BG incorporates activities aimed at promoting relaxation,
such as the "Energy Yawn." This involves taking a deep breath and
audibly exhaling to create a calming and grounding effect.

According to its founders, BG practice stimulates various brain
regions, with a particular emphasis on the corpus callosum, facilitat-
ing inter-hemisphere communication.7 Additionally, Brain Gym is
believed to enhance perception and reasoning abilities through neu-
ral remodeling.8 Building upon these principles, BG has been sug-
gested as a potentially beneficial physical therapy approach for
enhancing brain functioning among older individuals.9 Nevertheless,
before considering BG as a therapeutic approach for enhancing
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cognitive function in older people, quality and up-to-date informa-
tion regarding its potential benefits should be made available to
health and rehabilitation professionals working in the fields of psy-
chogeriatric and psychogerontology. This goal can be achieved by
conducting systematic reviews that synthesize and summarize the
scientific evidence on the subject. To the very best of the author’s
knowledge, no systematic review focused on the effects of BG in older
people has been published to date. In the light of this gap, the pur-
pose of this study is to conduct a systematic review and meta-analy-
sis in order to identify and critically analyze the best available
evidence concerning the effects of BG on cognitive function in older
people.

Methods

The present study employed a systematic review approach in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.10 Furthermore, the
study adhered to the PRISMA protocol checklist (Appendix 1) to
ensure comprehensive reporting.

Search strategy

A systematic search was conducted across six electronic data-
bases, namely MEDLINE/Web of Science, PubMed, PEDro, SPORTDis-
cus, Dialnet, and Scopus. The search encompassed the entire
publication history of these databases up until October 2022. The
search strategy involved the utilization of specific search terms, Bool-
ean operators, and combinations, including "Brain Gym" AND
"elderly" and "Brain Gym" AND "older people."

Eligibility criteria

Inclusion in this review was limited to intervention studies that
provided relevant information on the effects of Brain Gym (BG) spe-
cifically among older adults. To be eligible, studies had to meet cer-
tain criteria. Studies were excluded if: a) they lacked a control or
comparison group; b) BG was combined with other therapeutic
approaches; c) cognitive function was not included as an outcome
measure; d) the sample included individuals younger than 60 years
old; e) the full-text of the study was unavailable.

Study selection

Two authors independently evaluated the titles and abstracts of
the identified studies to determine their eligibility for inclusion. Fol-
lowing this initial screening, the selected studies underwent a thor-
ough review by both authors to assess their suitability based on the
predefined inclusion criteria. Any discrepancies that arose during this
process were resolved through mutual agreement. In cases where
the inclusion status of a study remained uncertain, a third author was
consulted for guidance, and a consensus was reached based on the
predetermined inclusion criteria. Additionally, the reference lists of
the selected articles, as well as the citing studies, were examined to
identify any potentially relevant articles that met the eligibility crite-
ria for inclusion in this review.

Data extraction

Data extraction encompassed the retrieval of various key ele-
ments from the original reports, including study type, participants’
characteristics, inclusion and exclusion criteria, interventions, neuro-
cognitive outcomes (tests), results (including clinically meaningful
changes), and completion rate. This process was performed by one
researcher, and subsequently, a second investigator cross-checked
the extracted data to ensure accuracy and consistency.

Quality appraisal

The methodological quality assessment of each randomized con-
trolled trial (RCT) was conducted using the Physiotherapy Evidence
Database (PEDro). In cases where a trial was not included in PEDro,
two authors independently evaluated its quality, adhering to the
PEDro evaluation guidelines. Any discrepancies that arose during this
process were resolved through consensus. The suggested cut-off
points for categorizing the studies based on their quality were as fol-
lows: excellent (9-10), good (6-8), fair (4-5), and poor (<3).11

For comparative studies, the methodological quality assessment
was performed using the Methodological Index for Non-Randomized
Studies (MINORS).12 The MINORS instrument comprises 12 items,
each representing a quality criterion for comparative studies. Each
item was scored as 0 (not reported), 1 (reported but inadequate), or 2
(reported and adequate). The maximum total score achievable for
comparative studies was 24 points. One author evaluated the meth-
odological quality of the comparative studies, which was then
reviewed by a second author. In the event of any discrepancies, the
input of a third author was sought to reach a consensus. To classify
the quality of comparative studies, a total MINORS score of 17 or
higher was considered indicative of high quality, while a total score
below 17 indicated low quality.12

Statistical analysis

The extracted data from the articles were organized and proc-
essed using an Excel spreadsheet. For the purpose of conducting the
meta-analysis, the RevMan v5.4.1 software was employed. Mean dif-
ferences for continuous data, along with their corresponding 95%
confidence intervals (CIs), were reported using the inverse variance
method. Heterogeneity among the included studies was assessed
using both the Chi2 test and the I2 test.

Results

Design and samples

Out of the initial set of 44 references, a total of 12 references were
selected for full-text reading from various databases and registers.
Additionally, an additional 4 references were identified through cita-
tion searching of the selected articles. Ultimately, a total of 10 investi-
gations were included in the study, with 9 identified through
databases and registries, and one through citation searching. The
flow diagram illustrating the search and selection process can be
seen in Fig. 1.

Among the 10 included studies, six were randomized controlled
trials,13-18 while four were comparative studies.19-22 A summary of
the characteristics of these 10 reviewed studies can be found in the
supplementary table.

The total sample size across all studies consisted of 440 partici-
pants, with the smallest and largest study samples including 2620

and 8521 participants, respectively. The sex of the participants was
reported in all studies except for three.13,15,20 Based on the available
data, it was found that more than half of the participants were
women (68%). The characteristics of the participants varied across
the samples, with a wide age range observed (mean § SD: 74.23 §
6.29 years, range: 60-95 years). However, Parellangi et al.22 did not
report the mean age § SD of the sample.

Regarding cognitive status, three studies focused on individuals
without cognitive complaints.13,20,21 Three investigations included
participants with mild cognitive impairment (MCI),14,19,22 with Cano-



Fig. 1. Flow diagram of the search and selection process for the inclusion of articles.
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Estrada et al.19 reporting 9 out of 15 participants in the intervention
group and 14 out of 15 older adults with MCI. Ay�an et al.16 included
participants with moderate cognitive impairment. One study
included a mixed sample of participants with and without cognitive
impairment,15 while two studies focused on individuals with
dementia.17,18 Notably, there was considerable heterogeneity in
terms of the measurement tools used to assess the impact of Brain
Gym (BG) on cognitive outcomes.
Quality appraisal

The methodological quality assessment of the six reviewed ran-
domized controlled trials (RCTs) resulted in a range of ratings from
"fair"13,17,18 to "good"14-16 according to Table 1. In the examined
studies13-18, all of them provided point estimates and variability
(item 10), but did not blind subjects (item 4) and therapists (item 5).
Four studies lacked intention-to-treat analysis (item 8),13,15,17,18

while three studies failed to blind assessors (item 6).13,17,18 Addition-
ally, three studies did not adequately conceal allocation (item
2),13,15,18 and two studies lacked baseline comparability (item
3).13,14,18 Yag€uez et al.18 employed random allocation (item 1),
whereas Morgenstern et al.18 did not conduct sufficient follow-up
(item 7) and failed to compare outcomes between groups (item 9).

Regarding the four comparative studies, three were classified as
having low methodological quality based on the MINORS scale,20-22

while the study conducted by Cano-Estrada et al.19 demonstrated
high methodological quality (Table 2). All of the studies analyzed19-22

included consecutive patients (item 2), conducted prospective data
collection (item 3), defined appropriate endpoints (item 4), and
Table 1
PEDro result of the methodological quality evaluation of the RCTs.

First author (year)

1 2 3 4 5

Ay�an et al. (2018) Yes Yes Yes No N
Cancela et al. (2020) Yes Yes No No N
Adriani et al. (2020) Yes No Yes No N
Morgenstern et al. (2017) Yes Yes Yes No N
Tootak et al. (2021) Yes No No No N
Yag€uez et al. (2010) No No Yes No N

Items: 1 = random allocation; 2 = concealed allocation; 3 = baseline comparability; 4 = blind s
to-treat analysis; 9 = between-group comparisons; 10 = point estimates and variability.
employed a follow-up period that aligned with the study’s objectives
(item 6). Additionally, these studies maintained contemporary com-
parison groups (item 10). However, none of them performed an unbi-
ased assessment of the study endpoint (item 5). With the exception
of Parellangi et al.,22 all studies experienced a follow-up loss of more
than 5% (item 7) but had an adequate control group (item 9). Only
Imran et al.20 prospectively calculated the sample size (item 8), while
Cano-Estrada et al.19 achieved baseline equivalence between groups
(item 11). Imran et al.20 failed to clearly state the aim of the study
(item 1), and Cancela et al.21 demonstrated very good adequacy in
their statistical analyses (item 12).
Intervention characteristics

The selected studies carried out different exercise interventions,
based on the BG performance. Five studies detailed the number of BG
movements performed in each session; 19 movements,16 15
movements,18,21 13 movements,19,22 and 6 movements14. Six studies
performed a structured intervention with a warm-up, the main part
of BG exercises and a time for cool-down.14-16,19-21 Two studies did a
standard intervention,13,17 performing always similar exercises in the
same order and sequence.

Four investigations compared the efficacy of BG against different
exercise modalities,14,16,21,22 proposed the performance of two BG
programs of different frequency and duration. The remainig investi-
gations compared BG against standard care,18 occupational therapy,17

or educational talks on cognitive impairment.19 In three studies, par-
ticipants in the non-BG group maintained their usual
activity.14,15,20,21
PEDro items Score

6 7 8 9 10

o Yes Yes Yes Yes Yes 8/10
o Yes Yes Yes Yes Yes 7/10
o Yes Yes No Yes Yes 6/10
o No No No No Yes 4/10
o No Yes No Yes Yes 4/10
o No Yes No Yes Yes 4/10

ubjects; 5 = blind therapists; 6 = blind assessors; 7 = adequate follow-up; 8 = intention-



Table 2
Methodological quality of the included non-randomized comparative studies.

First author (year) MINORS items Score

1 2 3 4 5 6 7 8 9 10 11 12

Cano-Estrada et al. (2022) 2 2 2 2 0 2 0 0 2 2 2 1 17/24
Imran et al. (2020) 1 2 2 2 0 2 0 2 2 2 0 1 16/24
Cancela et al. (2015) 2 2 2 2 0 2 0 0 2 2 0 2 16/24
Parellangi et al. (2018) 2 2 2 2 0 2 2 0 0 2 0 1 15/24

Items: 1 = a clearly stated aim; 2 = inclusion of consecutive patients; 3 = prospective collection of data; 4 = endpoints appropriate to the aim of the study; 5 = unbiased assessment of
the study endpoint; 6 = follow-up period appropriate to the aim of the study; 7 = loss to follow up less than 5%; 8 = prospective calculation of the study size; 9 = an adequate control
group; 10 = contemporary groups; 11 = baseline equivalence of groups; 12 = adequate statistical analyses. The items are scored 0 (not reported), 1 (reported but inadequate) or 2
(reported and adequate).
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The interventions lasted from 6 to 18 weeks, while BG sessions
were usually performed twice per week.13-16,19,20 Nevertheles, other
studies proposed one18 or three sessions22 per week. In the study by
Morgenstern et al.,17 daily sessions were conducted. The duration of
the sessions ranged between 1022 and 240 minutes,18 being the most
frequent session duration 60 minutes.14,15,20,21
Main outcomes

Global cognitive function
The impact of Brain Gym (BG) on global cognitive function was

analyzed in eight studies.14-16,18-22 Four of these studies utilized the
Mini-Mental State Examination (MMSE) as a measure of cognitive
functioning.14,15,19,22 Other tests were employed in the remaining
studies to assess cognitive function. Adriani et al.15 measured serum
Brain-Derived Neurotrophic Factor (BDNF) concentration, Ay�an et
al.16 used the Cognitive Mini-Test (MEC) and Phototest, Yag€uez et
al.18 employed the Cambridge Neuropsychological Test Automated
Battery, Imran et al.20 utilized the Montreal Cognitive Assessment for
Indonesian subjects (MoCA-INA), and Cancela et al.21 used the Sym-
bol Digit Modality Test (SDMT).

Significant statistical effects were observed in five of the
studies.15,16,19-22 Imran et al.20 found significant improvements in
cognitive function among participants in the Brain Gym (BG) group
compared to the control group in the post-test, specifically in healthy
subjects. Adriani et al.15 reported significant improvements in the BG
group compared to the control group in the post-test among individ-
uals with a mixed sample. Yag€uez et al.18 observed significant
improvements in sustained attention, visual memory, and working
memory among individuals with Alzheimer’s type dementia who
performed BG in the post-test. Cano-Estrada et al.19 demonstrated
significant improvements in the BG group compared to the effects of
educational talks (control group) among individuals with mild cogni-
tive impairment. Parellangi et al.22 found significant improvements
in both groups, with greater improvements observed in the light
intensity BG group compared to the medium intensity group among
individuals with mild cognitive impairment.

Three of the four studies that utilized the Mini-Mental State
Examination (MMSE) to evaluate the impact of Brain Gym (BG) on
cognitive function14,15,19 were included in the meta-analysis (Fig. 2).
The pooled analysis of the data revealed that the observed changes in
Fig. 2. Forest plot for the Brain Gy
the BG groups were not significantly different from those reported in
the control or comparison groups, with a mean difference of 0.67
points (95% CI -1.58, 2.92, p=0.56). Furthermore, when considering
only randomized controlled trials (RCTs), the effect size was even
smaller, with a mean difference of -0.28 points (95% CI -1.25, 0.68).

Executive function
Two studies assessed executive function using different tests: the

Wisconsin Card Sorting Test13 and the Trail Making Test (TMT).16

Tootak et al.13 reported statistically significant improvements in
executive function among participants who performed Brain Gym
(BG) compared to the control group, all of whom did not have cogni-
tive impairment. However, in the study by Ay�an et al.,16 no significant
effects on executive function were found in individuals with moder-
ate cognitive impairment.

Dementia severity
In the study conducted by Morgenstern et al.,17 which assessed

the impact of Brain Gym (BG) on dementia severity, no significant
changes were observed after the performance of BG.

Completion rate

The completion rates reported in the five studies that provided
information on this outcome varied from 80% to 100%.14-16,18,20

Discussion

The purpose of this review was to examine and critically review
the existing scientific evidence on the effects of BG on the cognitive
function in older people. The information provided here could be use-
ful for health professionals and researchers aiming to design rehabili-
tation programs that enhance the cognitive health of this population.
To ensure the credibility and reliability of the study’s findings, a rigor-
ous and thorough search strategy was employed, resulting in a sub-
stantial number of studies that investigated BG as an intervention.
However, some studies were initially excluded due to unreliable or
flawed data, while others were excluded because they lacked a com-
parison group. This careful selection process was necessary to main-
tain the integrity of the study. It is important to note that the
majority of the included studies exhibited low to fair methodological
m group vs. control on MMSE.
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quality, which may limit the generalizability of the findings. How-
ever, the assessment tools used in these studies have been validated
as sensitive measures for detecting changes in cognitive functioning
over time These tests have been validated and demonstrated sensi-
tivity in detecting changes in cognitive function over time and identi-
fying cognitive function decline.23-28 Therefore, specific findings
derived from the analysis of these studies merit further discussion as
they provide valuable insights.

For instance, BG was shown to be a viable therapy for people with
MCI or dementia, as the completion rate was high, according to the
studies that provided this information. However, the results regard-
ing the beneficial effects of BG were mixed, as approximately half of
the studies reported a lack of improvement in the cognitive function
of the participants. Moreover, out of the reviewed investigations only
one study demonstrated the presence of a clinically meaningful bene-
fit, which raises doubt about the overall impact of BG as a therapy in
producing effects that have clinical or practical importance.

These conflicting findings appear to be consistent with existing
research on the efficacy of exercise in people with dementia. On one
hand, previous studies in this population showed that high intensity
functional exercise or attention activities had no effects on global
cognition.29 On the other hand, a comprehensive analysis Demurtas
et al.,30 which synthesized evidence from multiple existing reviews
on the subject, determined that aerobic or muscular resistance exer-
cises were effective in improving global cognition, although no signif-
icant effect on attention or executive function was observed.

On the contrary, systematic reviews and meta-analyses have
reported the positive effects of various exercise types, including resis-
tance training and mind-body exercises, on the cognitive function of
individuals with MCI.30-32 In any case, it is important to acknowledge
that the beneficial effect of BG in this population is supported by evi-
dence of very low certainty. While two comparative studies reported
positive results, two RCTs indicated a lack of effectiveness. In light of
these findings, it appears that incorporating BG as a cognitive training
strategy and combining it with other exercise modalities may be
more effective, rather than using BG as a standalone therapy. This
approach could lead to improvements in the cognitive function of
people with MCI and dementia.33

Scientific evidence has shown that both aerobic and resistance
exercise can help preserve or improve cognitive function in healthy
older adults.5 However, based on our review, the effects of BG on cog-
nitive function are limited, with a greater impact on executive func-
tion. Furthermore, when the pooled data was analyzed, it was found
that the practice of BG did not result in significant changes in cogni-
tion. Additionally, the changes observed in the BG groups were not
significantly different from those reported in the control or compari-
son groups.

Aerobic exercise is often considered as an effective form of exer-
cise for improving cognitive function, primarly due to its effects on
cerebral blood flow and related markers (i.e. cerebral perfusion, cere-
brovascular tone).34 Resistance exercise, on the other hand, has been
suggested to enhance cognitive function by affecting basal concentra-
tions of neurotrophic factors (i.e. BDNF, IG-1) as well as on corticospi-
nal excitability.35 The effects of both exercise training modalities
have been associated with exercise intensity.35-36 While BG is consid-
ered a cognitively demand task that could increase the number of
dendritic branches and the level of synaptic plasticity,14 its practice
does not typically involve high physical exertion and is also per-
formed at a low intensity. As a result, it is unlikely that the aforemen-
tioned neurophysiological mechanisms are triggered by the practice
of BG.

This review provides useful information on the effectiveness of BG
as therapeutic approach for improving cognitive function. Neverthe-
less, there are some limitations that should be acknowledged. First,
although a meta-analysis could be performed, few studies with a
considerable heterogeneity were finally included. For instance, it
should be noted that some investigations included individuals with-
out cognitive impairment, while others focused specifically on indi-
viduals with cognitive impairment. Additionally, the duration of BG
interventions varied considerably across studies, ranging from a few
weeks to several months.

Second, we only found three studies comparing BG versus other
exercise interventions. Therefore, it was not possible to conduct a
detailed analysis to determine whether BG is superior to other train-
ing programs. Finally, there are limitations related to the fact that we
did not review the gray literature, and to the publication bias to the
publication bias, which may have conditioned the results showed
here.

Conclusion

The findings of this review suggest that there is no evidence to
support the idea that the practice BG enhances cognitive and execu-
tive function in individuals with and without cognitive impairment.
Moreover, the available information regarding whether BG provides
greater cognitive benefits compared to other exercise modalities is
derived from a limited number of studies with very low-to-moderate
certainty of evidence. It is recommended to conduct RCTs with larger
samples in order to obtain more solid conclusions in this regard.
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