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Abstract - Aim: To compare the effect that two programs of physical exercise have over the memory of elderly
people. Methods: This was an intervention study conducted with 79 seniors of both sexes. Individuals included
in the study were randomly assigned into two groups: aerobic exercise (39 individuals) and neuromotor exer-
cise (40 individuals). Interventions: The aerobic exercise program consisted of walking activities. The
neuromotor exercise program included activities for muscle strength, flexibility, balance, and agility. A total of
36 sessions were conducted with each one lasting approximately 50 minutes, 3 days a week for a period of 12
weeks, for both groups. Main outcomes and measures: The intensity of activity was controlled by the Borg
scale (12-16). We evaluated memory performance through a list of figures. Means of the tests for memory per-
formance were compared through Repeated Measures (p < 0.05). Results: After the intervention period, 44 in-
dividuals remained in the sample while 29 remained in the aerobic group and 15 in the neuromotor group. The
average age of respondents was 68.81 + 7.12 years. No significant differences were observed between groups
when analyzing the interaction, time, and group according to memory tests. Significant improvements were
identified after the intervention period in both groups for the variables nomination and incidental memory.
Conclusion: Aerobic and neuromotor exercise programs led to an increase in the memory performance of the
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elderly in the functions appointment (short-term memory) and incidental memory (long-term memory).
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Introduction

The reduction of organic resistance, restriction of motor skills,
increased physical limitations, and reduced cognitive functions
are events that worsen with the advance of age'”. Among the
changes that are inherent to aging, the reduction of cognitive
function appears as one of the impairments that most affect the
quality of life of older people’.

Cognitive functions, particularly memory, can retain and
store acquired information, enabling behavior change based on
lifelong experience. This human faculty, physiologically, can be
divided into two forms according to how information has been
stored temporarily (short-term memory) or longer (long-term
memory)".

Memory decline is one of the most affected cognitive func-
tions in the aging process’, implying difficulties in performing
daily activities, the ability to plan and perform tasks, as well as
communication skills>®. Given this situation, the literature has
proposed several therapies to delay changes related to the loss of
cognitive function in the elderly. Among these, physical exer-
cise is a low cost and effective non-pharmacological alternative
for memory prevention / rehabilitation, acting positively on ce-

. . . . 713
rebral angiogenesis, neurogenesis, and synaptogenesis’ .

In this sense, regular exercise improves the performance of
different cognitive tasks, such as processing speed, selective at-
tention, and short and long-term memory'*"”. Therefore, the
mechanisms that guide these positive adaptations in exercise-
induced memory are related to increased regional blood flow
and energy supply'®, increased neurotransmitter activity'®'’, ad-
aptations in brain structures, and synaptic plasticity'®.

The acute and chronic benefits of acrobic exercise in mem-
ory have been widely reported. These effects are acutely known
to be possibly due to increased cerebral blood flow and neuro-
transmitter activity'®. Chronically, it is speculated that aerobic
exercise may promote adaptations in brain structures and synap-
tic plasticity that would culminate in cognitive improve-
ments”’”’lg.

In addition to aerobic exercise, recent studies have shown
that a neuromotor exercise program (eg endurance training) is
inversely associated with long memory performance, although
acrobic exercise has greater effects on brain-derived neuro-
trophic growth factor (BDNF). It is extraordinarily speculated
that neuromotor exercise may have a greater effect on neural sur-
vival and neurogenesis compared to the aerobic exercise pro-
gram®®?!. Therefore, both the aerobic exercise program and the
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neuromotor can induce the increase of these proteins in the
brain, positively influencing the long-term related memory.

However, despite the growing number of studies that have
assessed the relationship between exercise and cognition®**>*,
scarce evidence is available on the relationship dose-response of
physical exercises, such as the neuromotor, and cognition and/or
memory function®* of healthy seniors. In this sense, the objec-
tive of the present study was to evaluate and compare the effect
that two programs of physical exercise have on the memory of
elderly people.

Methods

Trial design

This is an intervention study, part of a project entitled “Ef-
fectiveness of an intervention program over the cognitive perfor-
mance of elderly, which aims to evaluate the effectiveness of an
exercise program on the cognitive performance of the elderly.
The study was conducted in the city of Jequié¢ from March to
June 2015. This research followed the ethical principles stated in
the Declaration of Helsinki and Resolution n® 466/12 of the Na-
tional Health Council. The research protocols were reviewed
and approved by the Ethics Committee on Human Research of
the State University of Southwest Bahia (CAAE:
22969013.0.0000.0055).

Participants

Recruitment of participants was conducted through disclo-
sures in hospitals, Family Health Units (FHUs), groups, and ads
in media outlets such as radio and the internet. Interested indi-
viduals received guidelines to carry out registrations in the Pop-
ulation Health Research Center (NESP) situated at the State
University of Southwest Bahia (UESB).

The criteria for inclusion in the sample were individuals of
both sexes aged at 60 years or older, with a medical certificate
with permission to practice physical activity, who had not been
practicing physical exercise programs for at least three months,
and who reported not making use of medications that could in-
fluence cognitive performance.

The following exclusion criteria were considered: diag-
nosed with dementia or other cognitive changes that would com-
promise the accuracy of the information and attendance to the
intervention program below 75%.

After recruitment and prior assessment of the criteria for
inclusion, 79 individuals aged 60 years and over, of both sexes
remained in the sample. They were informed about the project
objectives and were later randomized in the following interven-
tion programs: Neuromotor exercise program X Aerobic exer-
cise program (Figure 1).

Data collection started after approval from the Ethics
Committee in Research of the UESB. The collection was di-
vided into two stages, the first one week before the beginning of
the intervention and the second shortly after the 12-week inter-
vention. The initial assessment was performed before the ran-
domization of participants. For the accomplishment of the
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Figure 1 - Fluxorama of the study.

collection, the participant was invited to attend UESB during the
days scheduled for data collection.

Participants were informed about the research, its impor-
tance, and its goals. After the participant’s consent, this was in-
terviewed individually through a questionnaire containing infor-
mation on sociodemographic characteristics, and self-reported
health status and tests for assessing memory.

Intervention

The intervention consisted of previously scheduled exer-
cise sessions for three non-consecutive days a week and per-
formed in groups with the help of a previously trained research
team. Thirty-six exercise sessions were performed for 3 months
(12 weeks).

Neuromotor exercise program: three weekly exercise ses-
sions lasting 50 minutes each one and at moderate intensity were
performed, keeping the level of 12 to 16 points on the Borg Scale
of Perceived Exertion, which is equivalent to a heart rate of
120-160 bpm™®. The division of time was distributed between 4
modes of exercises'®. Among these exercises were: Stretching
and warming up exercises (10 minutes): active stretching and
active-assisted muscle chains (30” per segment); active mobili-
zation of large and small joints/body regions; light calisthenic
exercises for warming up and activation of body muscles.
Strengthening exercises (20 minutes): light resistance exercises
with leggings, medicine ball, or elastic resistance (theraband or
thera tube), with each exercise carried out in 4 series of 8 repeti-
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tions. Exercises of balance and functional activities (10 min-
utes): functional gait training: circuit of obstacles (therabands,
Hula hoops, small boxes, cones and rods); Stationary march as-
sociated with elevation and dissociation of members; Throwing
and kicking the ball from one elderly person to the other, activi-
ties of standing up and sitting. Exercises of controlling breathing
and muscle relaxation (10 minutes): respiratory and postural ex-
ercises: proprioception of respiratory muscles, diaphragmatic
stimulation, prolonged inspiration, fractional breathing, mas-
sage in pairs, and dynamic of relaxation.

Aerobic exercise program: weekly sessions of 3 walks,
lasting 25 to 30 minutes each one, and with moderate intensity
were carried out. The intensity was monitored every 10 minutes
and was kept at the level from 12 to 16 points in the Borg Scale
of Perceived Exertion, which is equivalent to a heart rate of
120-160 bpm?.

Stretching of various body segments before and after exer-
cise (about 10 minutes) was realized. Furthermore, hydration
was encouraged during activity breaks (after initial stretching,
after walking and after the final stretching).

Memory

Memory was assessed using a set of tests proposed by*’
named list of figures. This is an instrument that aims to evaluate
the memory from six phases. In the first phase, the ability of per-
ception and nomination is assessed. The score should be 10
points, and if there is more than one mistake then agnosia disor-
der is suggested”’.

In the second phase, the incidental memory is assessed.
The individual that reaches at least 5 points at this phase is con-
sidered normal”’. In the third phase, the short-term memory is
assessed. It is expected that in this phase healthy individuals ob-
tain at least 7 points. Results below 5 indicate attention deficit*’.

The fourth phase assesses the learning memory. The score
for a normal individual is at least 7 points. Scores below that av-
erage have a relationship with the diagnosis of dementia or cog-
nitive disorder?’. In the fifth phase, it is possible to evaluate the
long-term memory. The score for healthy individuals is up to 6
points and lower scores indicate a probability of a diagnosis of
dementia or cognitive impairment’. The last phase evaluates the
recognition of figures. The score for healthy individuals is 9
points®’.

Intervening variables

Socio-demographic characteristics and personal informa-
tion: gender (male/female), age (years), marital status (mar-
ried/common-lawmarriage/single/separated/widower),
educational level (never went to school/reads and writes the
name/elementary school I/elementary school II/high school/su-
perior education), monthly income (in Brazilian reals), per-
ceived health status (excellent/very good/fair/poor/does not
know). Marital status was categorized in individuals with a part-
ner (married and common-law marriage) and without a partner
(single/divorced/separated/judiciously separated and widow-
ers).

Motriz, Rio Claro, v.25, Issue 4, 2019, e10190020

Sample

The following criteria were observed for calculation of
sample size: 95% confidence interval; Bilateral hypothesis test-
ing; Significance level of 0.05 (type I error). The power of a test
of 80% (type II error) for statistical analysis by ANOVA was
adopted.

Initially, we calculated the effect size (f) for the partial
variance analysis of all participants and the performance in the
test of figures (number of correct answers). Furthermore, two
degrees of freedom and a power of 80% were adopted. It was de-
termined that for moderate effect size (0.5) and at confirming a
minimal clinically significant difference, 15 participants in each
group were necessary.

Randomization

Randomization was performed in parallel in the proportion
of 1/1. Participants were allocated according to a list of random-
ization generated by the randomizer research program into two
groups: aerobic exercise and neuromuscular exercise.

Statistical analysis

For analysis and interpretation of data, a confidence inter-
val of 95% and a significance level of 5% (p < 0.05) were
adopted. In the case of quantitative variables, descriptive analy-
ses were carried out to characterize the sample and the values of
the memory tests. In the case of qualitative variables, frequency
distributions were applied. The comparison of the memory tests
average was done through ANOVAs for repeated measures,
which incorporates the dependence of observations. Data analy-
sis was performed using the Statistical Package for Social Sci-
ences (SPSS, version 22.0).

Results

We identified 80 individuals eligible for the study, 79 met
the inclusion criteria and were randomized in two groups: aero-
bic exercise (39 subjects) and neuromotor exercise (40 sub-
jects). Individuals who reported a lack of time or interest in
participating in the project and those who had attendance be-
low 75% of the total sessions were excluded from the analysis,
as described in Figure 1. Forty-four individuals remained at the
end of the study, 15 in the aerobic group and 29 in the
neuromotor group.

The sample loss may have influenced the results. How-
ever, it is observed in the literature that the sample losses of the
present study are close to those presented in other clinical trials
with the same characteristics®®.

The characteristics of the study participants about the state
of health and sociodemographic conditions by the group are
shown in Table 1. The age ranged from 60 to 75 years, the aver-
age was 606.6 £ 6.0 years for the aerobic exercise group and
69.7 £ 6.6 years for the neuromotor exercise group. Most partici-
pants in both groups are literate and live with companions. The
average monthly income of participants was 724.00 + 1448.00
Brazilian reals. As for the perception of health status, 59.1% of
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Table 1 - Characterization of participants per group. Jequié-BA, 2015.

Groups

Variable Neuromotor Aerobic Total

N % N % N %
Gender
Male 2 6.9 2 133 4 9.1
Female 27 93.1 13 86.7 40 90.9
Level of education
No education 3 10.3 1 6.7 4 9.1
Reads and writes their name 3 10.3 0 0.0 6.8
Elementary school I 11 37.9 8 533 19 432
Elementary school II 13.8 1 6.7 5 11.4
High school 20.7 2 133 8 18.2
Superior education 2 6.9 3 20.0 5 11.4
Marital situation
With companion 22 75.9 13 86.7 35 79.5
Without partner 7 24.1 2 13.3 9 20.5
Monthly Income
RS 724 — 1448 13 44.8 333 18 69.2
RS 1448-3380 2 6.9 4 26.7 23.1
>R$ 3680 6.9 60.0 7.7
Perception of the state of health
Positive 10 34.5 8 533 18 40.9
Negative 19 65.5 7 46.7 26 59.1

subjects reported to perceive their health as fair or poor (Ta-
ble 1).

Table 2 shows the values of test F, significance and effect
size to the results of the memory tests for the groups, time and in-
teraction. There were significant values for the time of interven-
tion in the variables nomination and incidental memory. A trend
was observed in the time for the variables perception and short-
term memory 1. No significant differences were found between

the groups, neither was significant the interaction between time
and time and group, in the memory tests evaluated. As for the ef-
fect size, values classified as small were observed, even consid-
ering the time, the group, and the interaction.

Mean values and standard deviation for the memory test
(List of figures) are shown in Table 3. Significant differences
were observed between the time of intervention for the vari-
able’s nomination and incidental memory for both groups ac-
cording to the SIDAK test.

Table 2 - Values of the effect size (d°) , F and P value for memory tests evaluated between the groups, time of intervention and interaction.

Group Time Time * Group

Memory test a F P & F P & F P
Perception 0.02 1.05 0.310 0.06 2.98 0.091 0.06 2.98 0.090
Nomination 0.01 0.56 0.459 0.14 6.56 0.014 0.07 3.17 0.083
Incidental memory 0.02 0.82 0.370 0.35 21.7 0.001 0.02 0.92 0.344
Short-term memory 1 0.01 0.40 0.530 0.07 333 0.075 0.01 0.49 0.489
Short-term memory 2 0.01 0.36 0.553 0.01 0.05 0.824 0.01 0.05 0.824
Long-term memory 0.01 0.19 0.663 0.01 0.25 0.620 0.02 0.67 0.418
Recognition 0.01 0.51 0.480 0.06 2.61 0.114 0.01 0.04 0.839
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Table 3 - Mean values and standard deviation for the scores of the mem-
ory test for the aerobic exercise group and neuromotor exercise group,
pre-and post-intervention, Jequié-BA, 2015.

Time
Variables Pre Mean + SD Post Mean + SD
Perception score
Walking 10.00 + 0.00** 10.00 % 0.00*
Neuromotor 9.69 +0.96™ 9.86 +0.74™
Nomination score
Walking 9.80 +0.56™ 9.87 £0.51""
Neuromotor 9.44 +1.086™ 9.83 +0.92*"

Incidental memory

Walking 6.93+1.71% 8.13 £2.53""
Neuromotor 5.97 +2.09* 8.00 + 1.49"°"
Short-term memory

1

Walking 833+ 1.34™ 9.13 + 1.12*
Neuromotor 8.03+1.91™ 8.68 £2.01"
Short-term memory

2

Walking 920+ 1.14* 9.27 +0.96™
Neuromotor 8.97 +1.59" 8.97 +1.72"
Long-term memory

Walking 8.87 +1.35™ 9.14 £ 1.027*
Neuromotor 8.79 +2.12 8.72 +£1.92"
Recognition

Walking 10.00 £ 0.00" 9.73 +0.79*
Neuromotor 9.86 +0.51" 9.66 + 0.85

Note. *Capital letters show no statistical difference (5%) between the
groups; same lowercase letters show no statistical difference (5%) be-
tween times, Sidak test.

Discussion

To our knowledge, this is the first study to compare the ef-
fects of aecrobic and neuromotor programs of exercise over mem-
ory function (using a list of figures as an evaluation tool) of the
elderly undiagnosed with cognitive impairment. The results of
this study indicate that physical exercise of any modality (aero-
bic or neuromotor), even being short-term (12 weeks) and with
moderate intensity can positively influence the performance of
the memory of the elderly, particularly the functions related to
the nomination and incidental memory. Contributions of physi-
cal exercise in memory have been documented in the literature
as an important strategy for healthy aging® .

Participation in physical exercise programs can increase
the performance of functions related to long-term memory(nom-
ination)**. This ability is essential for the development of oral
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and written language and its commitment is related to the diffi-
culty in recognizing objects**** compromising the quality of life
of elderly people.

The progress observed in nomination after exposure to ex-
ercise is due to neural stimulation in brain areas such as frontal
and temporal cortex’'”>. Best performances resulting from the
exercise in this type of memory have been identified as predic-
tors of preservation of the general cognitive ability>.

In a randomized clinical trial with the elderly who are at an
increased risk for Alzheimer’s, it was found that an aerobic exer-
cise program of short duration (12 weeks) and moderate inten-
sity increased the performance of nomination and working
memory (incidental memory)®. Other studies that have used
aerobic exercise programs to check the effect over the memory
of the elderly showed similar results to the present study’®*>*.

A study of 119 elderly with an average age of 74.4 years
found no effect of strength training (leg press, knee extension,
hip abduction, and rowing) of short duration (12 weeks) on inci-
dental memory when compared with control, who participated in
lectures on education and health®. It is noteworthy that the inci-
dental memory is part of a set of mental operations that are
essential for the processing of short-term memory®* and its de-
terioration can cause difficulties for the storage of information
and the ability to use them for understanding language, learning,
and reasoning”>*"**,

It is known that physical exercise is effective to reverse the
loss of volume of the prefrontal and parietal cortex in elderly
people, and may have a reflection over the improvement of this
function®*"*'**. Moreover, the mechanisms that contribute to
decreased cognitive function and psychiatric disorder may be
linked to the higher level of activity-induced BDNF, increasing
neurogenesis and synaptogenesis'>. In addition, the main physi-
ological hypotheses that may explain the acute effects of regular
exercise memory improvement are linked to increased regional
blood flow and energy expenditure, leading to higher energy de-
mand in areas of the cortex responsible for motor con-
trol>'*3"42 Therefore, it is possible to speculate that this flow
redistribution is related to better performance in cognitive tasks.

The literature has reported that improvement in physical
fitness standards is inversely associated with brain activation.
These changes in brain structures, neurogenesis, and greater
synaptic plasticity can be explained by hormonal mechanisms.
Hormones such as Insulin Growth Factor I (IGF-I) and Vascular
Endothelial Growth Factor (VEGF) are speculated to perform
neuronal growth and stimulation functions'>****. Therefore, un-
derstanding the effects of physical training on hormone produc-
tion is relevant in understanding the central nervous system
adaptation to training.

In fact, IGF-1 and VEGF may explain the benefits of
chronic exercise on memory performance. In addition, high se-
rum IGF-I concentrations are known to have low plasma con-
centrations of homocysteine, a sulfur amino acid derived from
methionine demethylation, and which at high levels may cause
brain damage and neuropsychiatric disorders™**,

The results of the present study should be analyzed with
caution and some limitations should be taken into consideration.
The evaluation was performed through only one instrument (List
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of figures). However, this instrument was previously vali-
dated™. Still, the short time of intervention may have been an-
other aspect that influenced the results, since a longer interven-
tion can influence more comprehensively the cognition of the
elderly*'. On the other hand, the literature suggests that benefits
can be observed in some cognitive functions in a period of three
months®*.

However, the present study used a control group with an
exercise program with effects established in the literature and
adopted precise criteria for the inclusion and selection of partici-
pants, ensuring the homogeneity of the study sample.

Conclusion

The results of the present study indicate that physical exer-
cise (aerobic and neuromotor) of short duration (12 weeks) has a
positive effect on the memory of elderly people, particularly for
the functions nomination and incidental memory. Thus, these
findings provide support for the preparation of health actions di-
rected at the elderly population, seeking to encourage increased
level of physical activity in this population.
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