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ABSTRACT

Cognitive function of older adults is influenced by several factors such as age, sex, education, and physical activity
so that it can impact the decrease in progressive cognitive function. It is necessary to implement cognitive training
in old people’s care to prevent or delay the onset of age-related cognitive decline. Brain gym is a series of simple
motion exercises and is an alternative therapy that stimulates the brain. This study aims to evaluate the effect of
brain gym as a cognitive training intervention on global cognitive functioning of institutionalized older popula-
tion. The study is a non-randomized quasi-experimental one using pre-and post-test control group design. The
participants of the study were 65 years old or older who had been part of gerontological centers from a local com-
munity. They were divided into two groups: control and intervention, each one with 15 people. Mini-Mental State
Examination was applied to the sample before and after the cognitive training. The brain gym training consists of
bi-weekly group meeting for 12 weeks, lasting 50 min each. The treated group had a significantly better global
cognitive function. Recalling (memory), orientation and language skills were the domains with the most signifi-
cant changes (p < 0.05). On the other hand, no significant changes were found in the participants of control
groups during post test. Our results suggest that cognitive training based in brain gym improves global cognitive
function of institutionalized older people lease type your abstract here. Abstract of a research paper is typically
200 to 400 words in length, and 150 to 300 words for a review paper. Abstract shall be running continuously
(not structured) and shall not include reference citations. Abbreviations that appear only once in the abstract
should be defined in full. If abbreviations appear more than once, the full definitions should be provided first
before they can be used elsewhere.
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1 Introduction

Cognitive skills play a crucial role in our daily functioning. Unfortunately, cognitive impairment is one
of the most common complaints of aging, and the prevalence increases with age [1,2].

There are different tests to evaluate cognitive impairment, one of the most used at the international level
is Mini Mental State Examination (MMSE). It is a simple test that evaluates different cognitive functions, and
it can be tested in a little time, around 10 min. This test has been translated to different languages and it has
good psychometry properties. Although among its limitations it does not allow to distinguish between the
different types of dementia and mild cognitive impairment [3].

There are several risk factors that appear to have an impact on cognitive decline. Age, race and ethnicity,
gender, and genetics are non-modifiable risk factors, while the modifiable risk factors are diabetes, head
injuries, lifestyle, and education [4].

It is suggested that cognitive training is considered a useful non-pharmacological intervention activity
for older people. The areas of cognition that are often examined include memory, language, visuospatial
ability, speed of information processing, attention, and executive functioning [5–7]. Evidence suggests
that cognitive training improves cognitive test performance in otherwise healthy older adults for the
domain they are trained in [8–10].

Brain gym is a collection of simple movements aimed at connecting or uniting the mind and body. It was
developed by Paul and Gail Dennisson in 1970 to improve various outcomes, including attention, memory,
and academic skills [11]. Brain gym is a Kinesiology education program that has been promoted and applied
in over 87 countries [12]. Kinesiology is defined as the study of the body’s movements and the relationship
between the brain and body’s posture and brain functioning. All the movements taught in brain gym can
increase the learning process and integrate all areas related to the learning process [13]. The brain gym
materials have been translated into over 40 languages [12].

Brain gym interventions have been applied to children to increase their academic performance [14,15].
However, it is also suggested that brain gym can be considered a useful physical therapy strategy for older
adults since it can have a positive impact on brain functioning. A quasi-experimental study involving a group
of healthy older adults shows they improved their cognitive performance through specific patterns of
movements and brain exercises, very similar to the ones described in the Brain Gym Manual [16]. A
small randomized controlled trial showed that brain gym intervention can enhance cognitive performance,
specifically attention and memory, in older adults with dementia [17]. A similar result was found by
Mendrofan et al. [18] in a quasi-experimental study using pre-and post-test design. In addition, a study on
68 older adults who had undergone brain gym for eight weeks found an increase in the quality of sleep
and reduced anxiety [19]. However, it is considered that there is still little evidence to support the claims
made about the benefits of brain gym on older adults with dementia.

It is important to mention that most of the studies about cognitive impairment have been in community-
dwelling older adults and with interventions based on traditional exercise. This research was carried out with
older adults who have attended the gerontological center, but they are part of a semi-rural population; so, they
have low economic resources and low academic level. Scientific evidence is scarce about the cognitive
impairment in this kind of population. Additionally, few studies have evaluated the benefit of new
cognitive training.

In the present work, cognitive training based on brain gym was implemented on healthy institutionalized
older people to evaluate the maintenance or improvement of global cognitive function.
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2 Material and Methods

2.1 Design and Participants
This is a quasi-experimental, no randomized study with a pre-and post-test design to evaluate an intervention

based on brain gym in institutionalized older adults through measuring the cognitive performance. It was no
financed study, and it was done over four months due to the permission given at the institutions.

The participants were institutionalized older adults (≥65 years of age). The number of samples in the
study was 30 older adults who attend gerontological centers from a local community and were willing to
participate in the study. The sampling was no randomization, which was based on inclusion and
exclusion criteria. In addition, for instructions of the institutions, the older adults were assigned by the
chief of the gerontological center, into each group study, intervention group (n = 15), and a control group
(n = 15). All the participants read and signed an informed consent about the aim of this research.

2.2 Selection Criteria
The inclusion criteria were as follow: i) aged 65 years old or above, ii) attended a gerontological center

between 6 month and 3 years, iii) absence of a clinical diagnosis of dementia, and iv) independent
ambulation. For the present study, people who presented any comorbidities or any acute illness were
excluded, as well, older adults who have taken part in any other physical exercise or memory training
program in the last 6 months and older people with severe visual impairment or hearing loss. In addition,
people who did not finish the intervention program were eliminated from the study.

2.3 Data Collection
Mini-Mental State Examination (MMSE) was applied to all participants to determine their global

cognitive function [20]. The MMSE instrument consisted of five domains, namely orientation, registration,
attention, and counting, recalling, and language skills, described in 11 question items. The interpretation in
the results of the MMSE is that if the MMSE value is in the range 24–30, then it is included in the
category of normal cognitive function, while if it is less than or equal to 23, then it indicates reduced
cognitive functioning.

2.4 Intervention
The intervention consisted of two sessions per week for 12 weeks and each session lasted for about

50 min. The participants were informed about the aspect that would be taken into account to include
them in the program, with the purpose of motivating them and getting a good adherence level in the
study. The program involved 10 min of warm-up exercises, 30 min of general excursive, focusing on fine
motor involvement, balance, and hand-eye coordination, and, finally, five minutes of general stretching
exercises for cooling-off activities [21]. All the exercises were explained and demonstrated to the
intervention group. The first session included a presentation of cognitive function in old age. The
movements used in each session are presented in Table 1. Notably, the control group only received
educational talks on cognitive impairment.

Both groups were retested within two weeks following the completion of the cognitive training.

2.5 Statistical Analysis
Data analyses were carried out with SPSS version 21. Pre-test and post-test comparisons were examined

using a non-parametric test for dependent samples (Wilcoxon test), while Chi-square analyses were used to
compare groups at the baseline of demographic variables. The comparison between the control group and
intervention group as well as numeric variables (age and MMSE scores) were performed using the t-test
for independent samples. Finally, multiple regression was performed to analyze the contribution of age
and education on the cognitive function of older people. The level of significance was set at α < 0.05.
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2.6 Ethical Considerations
The research protocol followed the guidelines provided by the Helsinky Statement about biomedical

research for humans [22] at the international level and General Law of Health at the national level [23].
The study was approved by the local ethics committee, and written informed consent was provided by all
participants.

3 Results

The overall sample had a mean age of 70.73 ± 6.08 years. Both groups had more females (90%) and
most of them were housewives (63.33%). The sample was predominantly married (60%) and had low-
level education. The length of stay was reported in months, and there was 1.4 months of difference
between average length of stay of control and intervention group. Into the gerontological centers were not
older adults diagnosed with dementia, but there were 9 older adults with mild cognitive impairment in the
intervention group and 14 older adults with mild cognitive impairment in the control group.

There were no statistical differences between the treatment and control groups with respect to gender,
length of stay, marital status, and occupation (p > 0.05); however, there was a significant number of
people in the control group who had received no education (p < 0.01). In addition, there were significant
differences in the age of the participants between the intervention and control groups (p < 0.01).

Table 2 shows the sample’s characteristics by group. The mean MMSE score at the baseline was without
the normal range (<24) in both groups. The mean MMSE score was within a normal range (≥24) only in the
training group after intervention by brain gym.

Table 1: Exercises of the intervention by brain gym

Exercises

Time: 50 min

Warm-up
-Walking in different directions
-Walking with long deliberate steps
-Walking with small deliberate steps

General exercise
-Belly breathing
-Lazy eight
-Elephant
-The owl
-Arm activation
-Foot Flex
-Calf-pump
-The grounder
-Gravity glider
-Brain buttons
-Earth buttons
-Balance buttons
-Cross-lateral walking in place

Cooling off activities
-General Stretching exercises
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A model was performed using multiple regression analysis to predict to what extent age and education
can affect the amount of change in the MMSE score (Table 3). The education model was y = 15.740 +
2.899x, this model explains around 17% of the total amount of change in the MMSE score. On the other
hand, no statistical significance was found in the interaction between age and the amount of change in the
MMSE score. Therefore, there is a possibility of residual confounding, which means, the intervention
group tended to be more educated, and it could be a confounding factor on the increase in MMSE score.

The orientation, attention, and counting, recalling (memory) and language skills were the domains that
were found among most participants with the lowest mean MMSE score. No significant differences were

Table 2: Demographic data and MMSE score before and after brain gym intervention

Variable Trained group (n = 15) Control group (n = 15) t/x2

Mean/n SD/% Mean/n SD/%

Age 73.73 6.35 67.73 4.13 −3.067*

Length of stay 15.66 9.00 14.20 9.15 0.442

Gender 0.370

Male 2 13.3 1 6.7

Female 13 86.7 14 93.3

Marital status 0.556

Married 8 53.3 11 73.3

Widowed 7 46.7 4 26.7

Education 10.80**

Without education 5 33.3 13 86.7

Primary education 10 66.7 2 13.3

Occupation 0.886

Merchant 3 20 5 33.3

Laborer 3 20 2 13.3

Housewife 9 60 8 53.3

MMSE
baseline

22.7 3.88 21.2 1.84 −1.313

MMSE
after brain gym

25.3 3.04 21.06 1.67 −4.766**

Notes: *p < 0.05; **p < 0.001.

Table 3: Multiple regression analysis values to predict the contribution of age and education in cognitive
function

Variable Correlation P value of
correlation

R2 Non-standardized
regression coefficient

Constant P value of regression
coefficient

Education 0.420 0.012 0.177 2.899 15.74 0.023

Age 0.316 0.047 0.117 0.590
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detected between the control and intervention groups in the levels of cognition skills evaluated. All the
intervention group participants attended all the sessions of brain gym.

Table 4 shows the groups’ means and standard deviation of the dependent variables at pre-test and post-
test as well as the statistical value. After completing the training, there were significant changes
in orientation, recalling (memory) and language skills among the participants of the intervention group
(p < 0.05). There was a better score in attention skills, but it was of no statistical significance (p > 0.05).
In addition, no significant changes were found in the participants of control groups in post-test (p > 0.05).

4 Discussion

Different studies investigate the effect of cognitive training in preventing cognitive impairment [24]
where structured activities were deployed to stimulate brain functioning. Physical exercises have been
regarded as useful in improving cognitive functioning in older people, including those with cognitive
impairment. The same is associated with aerobic exercises regarding modest improvements in attention,
memory, speed processing, and executive function among older people. It is shown that brain gym has
had the same results as traditional exercises [21,25]. In the present study, improvement in language,
orientation, and memory (delayed recalling) was observed with brain gym intervention. Nevertheless,
there are some limitations in this research as such the small and no randomized sample into the
intervention and control group. Also, the intervention does not have a following in the time to estimate
the duration of cognitive improvement.

Table 4: Change in cognitive domains between intervention group and control group

Treatment Pre-test (SD) Post-test (SD) Statistical†

Orientations 1

Training 4.47 (1.06) 4.87 (0.52) Z = −2.121*

Control 4.33 (0.72) 4.40 (0.74) Z = −1.00

Orientations 2

Training 3.73 (1.16) 4.47 (0.74) Z = −2.37*

Control 3.53 (1.13) 3.60 (0.83) Z = −0.577

Registration

Training 2.93 (0.26) 2.93 (0.26) Z = 0.00

Control 2.80 (0.77) 2.80 (0.77) Z = 0.00

Attention and counting

Training 1.67 (1.59) 2.00 (1.41) Z = −1.311

Control 1.13 (0.99) 1.13 (0.74) Z = 0.00

Recall (memory)

Training 2.07 (0.96) 2.53 (0.64) Z = −2.333*

Control 2.47 (0.64) 2.20 (0.56) Z = −2.00

Lenguaje skills

Training 7.87 (0.99) 8.47 (0.74) Z = −2.310*

Control 7.20 (1.32) 6.93 (1.33) Z = −1.069
Note: †Wilcoxon; *p < 0.05; **p < 0.005.
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In older people with normal cognition functioning, training improves cognitive performance in the
domain of training, but evidence regarding prevention or delay of cognitive decline or dementia seems to
be insufficient [9]. However, it has concluded that brain gym improves cognitive functioning in older
adults with dementia [18]. Another study found significant differences in attention and memory in
Alzheimer’s patients after applying brain gym [17].

Cognitive training appears to improve global cognitive function in the shorter term for people with mild
cognitive impairment. Brain gym is a series of simple movements using the whole brain which are fun to do
and improve learning skills. It also facilitates the flow of blood and oxygen into the brain [26]. The brain gym
movement reactivates the neural pathways between the body and the brain, stimulating brain function to be
more effective in the elderly [25].

In this study, the older people who presented normal cognition and attended cognitive training presented a
major score in MMSE test. This is consistent with other studies, implying that brain gym has positive
significant effects on cognitive functioning represented by the elderly by an increase of the MMSE score [27].

In this study, participants who had the lowest academic levels presented lower scores in the MMSE test.
According to the results, which suggest that education is robustly associated with the level of cognitive
functioning but not with the rate of cognitive impairment [28], having a higher level of education
accompanied by being from higher social strata is assumed to reduce cognitive function decline [29].
However, there is evidence that age and education affect the MMSE score. People with higher education
have a major score, while aged people with low education get a lower score [30]. Since in the present
study the educational background of the intervention group was major than the control group, it cannot
be denied that improvement of cognitive function may be an effect other than intervention, which is
another study limitation.

Considering that there is no perfect test for cognitive impairment since all of them are affected by age
and education, a test that applies at the community level is required. For future research, it suggests using
more than one test to evaluate cognitive functions.

On the other hand, the results of the study first show that all participants present low MMSE scores;
therefore, it is important to design and implement interventions for the delay and improve cognitive
decline in older people. Exercises under brain gym stimulate the brain by releasing stress, increasing
learning concentration, clearing the mind, and improving memory, so it is important to continue
researching it [31].

Due to demographic changes, the elderly population is growing at a frantic pace. In most developed
countries, the number of older people will outnumber the 15 years old or younger [32]. This shift in
population will consequently result in many social and economic problems. Therefore, it is important to
develop appropriate measures and strategies to prolong the active age of older individuals and improve
their global cognitive function and quality of life.

The present study could be the base of future research on institutionalized older adults and a semi-rural
or rural population about cognitive performance. In addition, this research is an approach to test an
intervention to maintenance or improvement a cognitive function with new strategies as such as brain gym.
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