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Abstract  The preservation of cognition function in the aging process is fundamental for the autonomy of the elderly. 
Thus, the aim of this study was to verify if physical activ ity improves cognition function in  elderly  and if the dominant 
intelligence and scholarity grade could influence this process. Sixteen elderly women sedentary (65.3 ± 3 years) participated 
of a physical activity program lasted three month. Aerobics exercises, stretching, strength activities and recreational were 
undertaken three times a week in alternate days. The results showed that Physical activity increased in ± 12.9% (α = 0.01) the 
cognition function (CAMCOG-R). Such development was not related with dominant intelligence neither with scholarity 
grade (α = 0.05). Therefore, we conclude that physical activity improves cognition function in elderly, without neither 
dominant intelligence nor scholarity grade influences.  
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1. Introduction 
The worldwide increase in  life expectancy has aroused 

considerable interest in the impact of physical activity (PA) 
on both quality of life and the aging process. There is no 
doubt that PA promotes beneficial effects on physical 
aspects, such as muscle strength/balance[1], and that these 
changes can improve quality of life, contributing positively 
to healthy and successful aging in later life[2],[3],[4].  

In addition to improved physical capacity, regular PA can 
improve and preserve cognitive function and autonomy 
among elderly people[2]. Human autonomy is managed by 
the central nervous system, and preservation of cognitive 
function helps individuals maintain  a good quality of life as 
they age. However, since the publicat ion of the theory of 
multip le intelligences, the use of the term ‘cognitive 
function’ in  the singular form makes us feel at least 
uncomfortable. It is known that there are various types of 
intelligences (musical, spatial, logical-mathemat ical, 
linguistic, bodily-kinesthetic, interpersonal, existential and 
naturalistic), all o f which are expressed by different 
dominances that vary from individual to indiv idual[5]. 
Regular PA in elderly  adults contributes positively to 
cognitive functions[6], including the ‘intelligences’. 
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Moreover, there seems to be a beneficial effect leading to 
an increase in neuronal connections (neuronal plasticity), 
which can optimize the process of maintaining cognitive 
functions. Thus, one might assume that PA, in theory, 
should contribute to the improvement of different 
intelligences by potentiating neuronal networks.  

Although the relationship between PA and cognition 
function is well documented[2],[6], the same is not true for 
the hypothesis that different types of ‘intelligences’, 
according to individual dominance, would contribute 
differently to the impact of PA on cognition function, in 
order to further increase the ‘cognitive reserve’ in later 
life[7]. Once that cognition evaluating tests depends, in part, 
on the scholarity and dominant intelligence, would be 
reasonable to speculate that higher cognition function scores 
would be obtained by people with better level education[8]. 
Additionally, to our knowledge, no study has investigated 
whether the level of education and/or a particular type of 
dominant intelligence would determine significant 
differences in cognitive performance in the elderly 
population. Thus, the objective of this study was to 
investigate whether regular PA can improve cognition 
function in prev iously sedentary elderly women and 
whether dominant intelligence and level of education may 
influence this process. 

2. Materials and Methods 
This study was approved by local Ethics Committee and 
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was performed  in accordance with the provisions of the 
Declaration of Helsinki. All volunteers were in formed of the 
procedures, objectives and potential risks, and written 
informed consent was obtained.  

Sample and subject selection 
The subjects were recru ited (from April to October 2009) 

by advertising for volunteers at local community (São João 
del Rei, MG, Brazil). To participate the volunteers should 
attend the following inclusion/exclusion criteria: having a 
sedentary lifestyle (PA carried out no more than once a 
week), having no contraindications according to the Physical 
Activity Readiness Questionnaire (PAR-Q)[9], being 
physically independent – level III[10], being aged 60 to 70 
years, having no acute or chronic diseases that could prevent 
PA, being authorized to perform PA (after medical 
examination by a qualified physician), being diagnosed as 
not having dementia[11], and having attended at least three 
years of elementary school, thus being able to read and 
interpret simple sentences (items of the cognitive test). Of 25 
candidates, 20 met the eligibility criteria and were selected to 
participate, but only 16 completed the study (65.3 ± 3 years; 
70.1 ± 11.2 kg of body mass and 1.59 ± 10.9 m of height).  

Tests for cognitive function and status  
The Mini-Mental State Exam was used to assess cognitive 

status[11]. The Brazilian version of the Cambridge 
Cognitive Examination-Revised (CAMCOG-R) was used to 
asses cognitive functions[12]. In brief, CAMCOG-R is a 
neuropsychological test battery to assess multip le cognitive 
functions consisting of 69 items, divided into nine sections 
and spend about twenty minutes to be completed.   

Physical fitness tests  
The following tests were performed: stationary walking, 

30-second chair stand, hip flexibility, and static 
balance[13],[14]. At the end of the study period (three 
months), the same (cognitive and motor) tests were 
performed under the same conditions.   

Multiple intelligence test  
This test is based on the model of mult iple intelligences 

proposed by Howard Gardner[5]  to identify each 
individual’s dominant intelligence, aiming to detect the 
strengths and potential of the individual’s particular 

intelligence type. For th is purpose, the answers for each of 
the 70 questions are scored from 1 to 4, where the highest 
score indicates the type of intelligence related to the 
question.  

Physical activity program 
The PA program was designed to stimulate several 

physical and mental abilities. The elderly participated in a 
PA program consisting of 60-minute exercise classes, 3 
times a week (on  alternate days), as fo llows: aerobic 
activities – 20 to 30 minutes at 60 to 80% of maximum heart 
rate (HRmax);  muscle strength activities – 8 exercises for 
large muscle groups, 2 to 3 sets of 8 to 12 repetitions, with a 
90-seconds rest between sets; flexibility – stretching before 
and after exercise classes; and balance, coordination, 
spatiotemporal activity, and rhythm – various recreat ional 
and pedagogical activities.  

Level of education vs. performance on the CAMCOG-R 
To assess the impact of the variab le ‘level of education’, 

the sample was divided according to the median years of 
schooling in order to obtain a subgroup with ≤ 5 years and 
one subgroup with > 5 years of schooling, thereby allowing 
us to perform paired comparisons.  

Dominant intelligence vs. performance on the 
CAMCOG-R 

To investigate whether PA would  have a d ifferent impact 
on cognition function according to each individual’s 
dominant intelligence, two groups of 5 subjects each were 
formed for musical and interpersonal intelligences, whereas 
the remaining intelligence types were represented by at least 
two individuals.  

Statistical analysis 
The Kruskal-Wallis test was used for statistical analysis 

because it is suitable for small samples with asymmetrical 
distribution. A one-tailed t  test for dependent samples was 
used to analyze the impact of the PA program on cognition 
function, since the sample was monitored over three months 
and then retested. An unpaired t test was used for the 
comparison of two means of two paired samples. The level 
of significance was set at 1% (α = 0.01) with a crit ical t of 
3.499 (calculated for 8 subjects per subgroup). The level of 
significance was set at 1% with a crit ical t of 2.60. 

 
Figure 1.  Effect of physical activity program on CANCOG-R test in older women. Values are mean ± standard deviation.* P < 0.01 vs. before physical 
activity to the same group (N = 16) 
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Figure 2.  Effect of scholarity on CANCOG-R test in older women. Values are mean ± standard deviation; N = 08 for each group 

 
Figure 3.  Effect of dominant intelligence on CANCOG-R test in older women. Values are mean ± standard deviation; N= 05 musical intelligence; 05 
interpersonal intelligence and 06 others intelligences 

3. Results 
Of 20 elderly women init ially enro lled  in  the program, 

only 16 completed all three research phases (baseline 
assessment, PA program, and reassessment) and were 
therefore analyzed for this report.  

Motor performance (stationary walking, 30-second chair 
stand, flexibility, and static balance) improved significantly 
(p < 0.05) compared  to baseline performance on motor tests 
(Table 1). The same was observed in the CAMCOG-R, with 
an approximately 13% improvement (Figure 1).  

Regarding the level of education and performance on the 
CAMCOG-R, there was no difference between higher and 
lower education (Figure 2). Likewise, no difference was 
detected between dominant intelligence groups in the 
CAMCOG-R (Figure 3). 

4. Discussion 
The main finding of this study is that the PA program was 

able to improve cognition function (CAMCOG-R), without 
interference from dominant intelligence or level of education. 
Such an improvement in cognition has been found in the 

literature and is likely to be a result, among other factors, of 
greater functional connectivity between brain regions and 
increased efficiency of neural networks[6],[15],[16]. It  is 
therefore reasonable to recommend PA programs, like the 
one described here, to maximize physical and mental 
performance as well as autonomy among elderly women. 

Table 1.  Motor performance was improved after physical activity program 
in elderly women 

Tests Pre (N = 16) Post (N = 16) 
Stationary walking (rep) 53.2 ± 4.3 66.4 ± 3.1* 

30-second chair stand (rep) 15.7 ± 1.9 18.9 ± 1.1* 
Hip flexibility (cm) -0.8 ± 1.1 3.6 ± 0.9* 

Static balance (score 0 to 18) 12.3 ± 2.5 16.8 ± 1.2* 
*P   < 0.05 vs. Pre; Pre = before physical activity program and Post = post 
physical activity program; rep = repetitions; cm = centimeters 

Ep idemio logical studies indicate that PA levels decrease 
with increasing age, and sedentary lifestyle becomes a risk 
factor for morbid ity and mortality during the aging process, 
including all functional aspects of daily life, such as physical 
and psychological autonomy[17]. In the present study, 
cognition was chosen as a variable to be investigated in 
relation to PA. 

The improvement in cognition found in this study after a 
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3-month PA program corroborates data from previous 
reports[18], in which physically active indiv iduals have 
shown better cognitive performance than sedentary people, 
but only after a 6-month intervention program. The init ial 
relatively poor physical condition of our participants may 
have contributed to a faster response to exercise, as it is well 
known in the literature that low-fit people improve their 
physical abilit ies more quickly (and in greater magnitude) 
than physically fit indiv iduals[9]. 

Regarding a possible influence of an indiv idual’s 
dominant intelligence on the impact of PA on cognition, our 
data showed no correlation between dominant intelligence 
and level of cognition. None of the mult iple intelligence 
types were significantly represented here, which justified the 
use of a nonparametric test for statistical analysis. Further 
investigation is warranted to clarify whether a larger sample 
with groups matched for multiple intelligences would yield 
different results. 

A possible relationship between level o f education and 
cognitive performance was also investigated in this study, 
but no significant differences were found between groups 
with lower (≤ 5 years) and higher (> 5 years) education. A 
possible explanation lies in the fact that several cognitive 
functions are trainable, regardless of educational experience. 
For example, in some situations, attention and memory were 
essential for the performance on the test, which did not 
necessarily result from the number of years of schooling 
completed by the individual. In contrast to our results, a 
study reported that cognitive screening tests may be 
influenced by the level of education, which would create a 
false impression of cognitive decline in people with lower 
education, whereas individuals with high levels of education 
could be false negatives[8]. 

It might also be relevant to explain how individuals with 
different dominant intelligences showed significantly similar 
results in the CAMCOG-R. One way to understand this 
phenomenon is to note that all sections of the test include 
several intelligence parameters, but individuals can process 
informat ion based on their dominant intelligence as a 
‘window’ from which various stimuli are managed and 
informat ion is apprehended. The connection of this 
intelligence to the other intelligences may be exp lained by 
the mechanism of neuronal plasticity, which is likely to work 
similarly to a system of communicating vessels (Figure 4). 

 
Figure 4.  Analogy to the system of communicating vessels 

In this system (Figure 4), PA is regarded as the liquid and 
different intelligences as the differently shaped containers. 
The dominant intelligence should represent the container 
with the most favorable entry point for the liquid, that is, 
informat ion; the communicating vessels would be neuronal 
plasticity, and cognition, tending towards homogeneity, 
would be the liquid level. Th is way  of interpreting the system 
structure[PA↔Cognit ion↔Neuronal p lasticity↔Multip le 
intelligences] is supported by studies that investigated the 
positive impact of PA on neuronal p lasticity and found a 
direct influence of PA on neuroadaptations[19]. The 
pedagogical implication of this system is to optimize the 
process of development of psychomotor skills by finding the 
best ‘entry point’ of each individual for information 
processing.  

The magnitude of PA effects was observed not only on 
cognitive functions, but also on other fields of life. An 
improvement in quality of life could be detected through 
reports such as dose reduction in chronic drug treatment, 
improved sleep quality, and better performance in activities 
of daily living, among others (data not shown). The 
limitat ions of this study were the lack of the control group 
and only women participation, making it difficult to interpret 
results. Thus, we suggest others studies including male in the 
sample to test these parameters.  

5. Conclusions  
Our findings indicate that regular physical activity is able 

to improve cognit ion in  previously sedentary elderly  women, 
and such improvement may occur even without the influence 
of dominant intelligence or level of education. The 
mechanis ms underlying these changes need to be further 
elucidated. However, the theory of mult iple intelligences, 
together with neuronal plasticity, seems to provide a model 
that may explain the homogeneous trend of the results for our 
group, despite individual d ifferences. 
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