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Abstract

Background Physical exercise seems to improve
cognitive abilities at different physiological levels.
Numerous studies have examined the relationship
between physical fitness (PF), physical activity and
cognition among populations without intellectual
disabilities (ID), but very few have addressed this
question with respect to people with ID. This study
aimed to determine the correlation between
intelligence quotient (IQ) and factors related to PF in
healthy adults with ID.

Methods A multicentre cross-sectional study was
conducted in 91 individuals with ID. All participants
were assessed with the K-BIT tests and the following
test items from the SAMU DIS-FIT Battery: body
mass index, handgrip strength (HGS), leg strength,
dynamic balance and physical endurance.

Results  Significant differences between men and
women were tested by multiple regression. IQ was
found to be statistically related to HGS and leg
strength, with a medium effect size. Statistical
relationships were also found between sex and
physical endurance, with a medium effect size, and
HGS, with a large effect size.
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Seville, Spain. Tel: +34695110127 (e-mail: serviangs@gmail.com).

Conclusions The study results highlight relationships
between the variables of muscular strength and the
participants’ IQ. Further studies with experimental
designs are needed to enhance the understanding of
the relationships between PF and cognition in persons
with ID.

Keywords Body composition, Cognition,
Intellectual disability, Muscle strength, Physical
fitness

Introduction

Intelligence can be defined as a set of cognitive skills
with which a person is able to understand, confront
and resolve situations of greater or lesser complexity.
These skills include attentiveness, reasoning ability,
memory, planning and problem solving (Sharma
et al. 2019). Although it is not the only way to assess
cognitive ability, intelligence is generally measured in
terms of intellectual quotient (IQ), via instruments
that quantify levels of performance in cognitive tests.
Despite the controversy generated by the use of tests
of general intelligence (Kovacs and Conway 2019),
this evaluation is useful in many areas of research.
According to the American Association of
Intellectual and Developmental Disabilities
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(AAIDD), people with intellectual disability (ID)
typically present a cognitive deficit that limits their
abilities to fully interact with the context in which they
live (Heller ez al. 2004). As well as limitations in
adaptive skills, people with ID have a lower IQ than
those without ID. According to the Stanford-Binet
(sth Ed., SBj5) classification, an IQ of 9o—109
represents an average level of intelligence, while

1Q = 75 is indicative of ID, which is classed as mild
(IQ = 55-75), moderate (IQ = 40-54) and severe
IQ < 40) (Sattler 2008).

In addition to cognitive differences, people with ID
perform lower in tests of physical fitness (PF) than
people with no ID, regardless of age (Hilgenkamp
et al. 2012). The American College of Sports
Medicine (ACSM) defines PF as a set of abilities that
people have or can acquire that enables them to
perform everyday physical activities without undue
fatigue (Riebe ez al. 2018). Physical activity improves
PF through the application of cardiorespiratory,
muscular, bone, endocrine and psycho-neurological
organic functions, among others. However, the
components of PF most closely related to health
parameters are cardiorespiratory fitness, muscular
strength, flexibility and body composition (Ganley
et al. 2011). Although the extent to which cognitive
limitations affect PF is unknown, one factor that
could have a major impact is the fact that many people
with ID lead a sedentary lifestyle (Tyrer ez al. 2019).

In recent years, studies have examined the
relationships between PF, physical activity and
cognitive ability in different populations. Improved
cognitive performance, as a result of physical exercise,
appears at different physiological levels in what has
been termed the ‘neurotrophic hypothesis’. In
principle, physical exercise causes neurochemical
transformations in the body, which in turn provoke
molecular and cellular transformations (Level 1).
These processes involve structural and functional
changes in the brain (Level 2) that affect the execution
of different cognitive abilities (Level 3) (Audiffren and
André 2019; Herold er al. 2019). Numerous studies
have used brain imaging procedures to analyse the
relationships between PF, physical activity and the
anatomy and physiology of different brain structures
related to basic cognitive abilities. Some of these
papers have considered the relationships between
different programmes of physical activity and the
results obtained in tasks involving working memory

and brain activation, among healthy elderly people
(Chen et al. 2019). According to the results obtained
in these cognitive tests, the participants who practised
sports activities, whether open ones such as basketball
or tennis, or closed ones like swimming or jogging,
did better than those whose physical activity was
irregular and of low intensity. Similar research has
been conducted in people with different
neuropathologies such as multiple sclerosis (Motl

et al. 2015), Alzheimer’s disease (Pedroso ez al. 2018)
and Parkinson’s disease (Fiorelli ez al. 2019). In these
studies, the participants with greater aerobic capacity
presented relatively large brain structures related to
cognitive abilities (such as the hippocampus or the
thalamus) (Motl er al. 2015). Other studies have
focused on the relationship between PF and cognitive
ability via indirect tests. One systematic review sought
to determine the relationship between PF and
academic performance in young people (Santana

et al. 2017). This review found that positive
relationships in this respect mainly involved
cardiorespiratory fitness. Correlations have also been
found between aerobic aptitude and cognitive control
in pre-adolescents without ID, among whom those
who presented greater limitations in maintaining
physical effort also had difficulty in adjusting
cognitive control, in an increasingly demanding
sequence of cognitive tasks (Westfall ez al. 2017).

Many studies have used IQ as a cognitive variable
in relation to PF. One such study, conducted with a
population of adolescents, reported that a low IQ was
significantly associated with an increased probability
of developing obesity, in both male and female
participants (Goldberg ez al. 2014). Similar
associations between physical activity and IQ have
also been found in primary and secondary school
students (El-Kholy and Elsayed 2015; Makharia
et al. 2016). The relationship between IQ and PF
seems to remain consistent even after controlling for
demographic and socioeconomic factors
(O’Callaghan ez al. 2012).

Few studies have been carried out to investigate the
relationship between physical exercise and cognition
in people with ID, although some have considered the
effect on verbal fluency of a treadmill task performed
at different intensities by people with Down syndrome
(Chen et al. 2014; Chen and Ringenbach 2019). The
results obtained showed that moderate-intensity
exercise, but not high-intensity exercise, facilitates
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semantic processing. However, in these studies, the
sample was small, and so the results should be
considered with caution. Another study reported that
the adolescents with Down syndrome who scored best
in tests of fine manual dexterity also obtained better
results in tests of cognitive ability, such as cognitive
planning or working memory (Chen ez al. 2019).
Finally, improvements in reaction time and
decision-making processes have been observed in
adolescents with ID after moderate cycling exercise,
compared with a control group (Vogt er al. 2013).

In view of these considerations, and taking into
account the need for further research to clarify the
relationship between PF and cognition in people with
ID, the main aim of the present study is to identify the
relationships between muscular strength,
cardiorespiratory fitness, dynamic balance, body
composition and IQ in adults with ID.

Methods
Study participants

This multicentre cross-sectional study was conducted
jointly by the Department of Human Movement and
Sport Performance of the University of Seville and the
SAMU Foundation (the SAMU DIS-FIT Study)
(Cabeza-Ruiz 2020) from January to June 2018. The
study population was composed of healthy individuals
with ID who were recruited at 12 care centres placed
in the province of Seville. The study was based on a
correlational survey in which all measures were
compiled simultaneously, both the predictor variables
—1Q, sex and body composition — and all the physical
performance variables.

The study participants were a convenient sample of
91 individuals with ID, of whom 26 were female and
65 were male. Their mean age was 38.90 years
(SD = 9.72). All met the following inclusion criteria:
(1) they had been diagnosed by the competent
administration as presenting mild or moderate ID; (2)
they were resident in a care institution; (3) they
presented medical authorisation of aptitude for sports
activities in order to avoid risks to their health during
the physical tests; (4) when the study was performed,
they were not regularly participating in sports
activities or physical exercise programmes. The
participants whose ID was related to a chromosomal
syndrome, such as Down syndrome, were not

statistically analysed, due to their special anatomical
and physiological characteristics. The participants
and their legal guardians received verbal and written
information about the study aims and signed a
participation consent form. The study was approved
by the Ethical Committee of Biomedical Research of
Andalusia (Spain) and followed the Helsinki guide-
lines for ethical research behaviour.

Measures
Physical fitness

Physical fitness was assessed at the participants’ care
centres, so that they should be in familiar
surroundings. All evaluations were carried out in
groups of 8—10 people, in the same time slot and by
the same research team. All the researchers involved
were trained in the correct performance of the tests
and in dealing with the participants and the special
characteristics they presented. Caregivers of subjects
with disabilities were asked to be present so that the
participants were accompanied by a reference family
person during the evaluations. All physical tests were
carried out in the same evaluation session. The
duration of each session depended on the
circumstances that arose. Due to the attention and
memory characteristics of many people with ID, it
was not possible to give the information collectively
on how to carry out the tests; instead, each participant
was informed of the protocol, individually, to ensure
the feasibility of the tests.

Four variables of PF were selected as representative
indicators of physical health: strength,
cardiorespiratory capacity, body balance and body
composition. The PF evaluation tests performed were
those of the SAMU Disability Fitness Battery (SAMU
DIS-FIT), which are known to obtain good
psychometric results among people with ID, as
follows: body composition (body mass index, BMI),
handgrip strength, (HGS), 10-repetition sit-to-stand
test (leg strength, LS), get-up-and-go test (dynamic
balance, DB), and 6-min walk test (physical
endurance, PE). At all times, the implementation
protocol described in the SAMU-DISFIT Battery
(Alcantara-Cordero et al. 2020; Cabeza-Ruiz 2020)
was followed.

Regarding the order of application of the tests, the
authors recommend that the BMI evaluations should
be obtained first, and the PE evaluation conducted as
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the final element of the assessment. The order and
duration of each test, for each participant, was as
follows: 1st, BMI (5-8 min); 2nd, DB (2—3 min); 3rd,
HGS (3 min); 4th, LS (5—7 min); and 5th, PE

(10 min). No period of familiarisation was allowed
prior to the tests in order to prevent the influence of a
possible learning effect on the final results, but each
participant was allowed a practice run before each
test. Throughout the measurement process, the
participants received positive, individualised
feedback.

Intelligence quotient

All participants completed the Spanish version of the
Kaufman Brief Intelligence Test (K-BIT;

Kaufman 2000). The K-BIT is a standardised test
that measures the general intelligence of individuals
within a wide age range (4—90 years). It can be applied
simply and quickly (15-30 min, approximately),
making it an excellent tool for evaluating people with
ID. The K-BIT has been used to assess people with
ID, showing a good correlation with other intelligence
tests as the Prudhoe Cognitive Function Test (PCFT;
Tyrer et al. 2010) and the Revised Wechsler
Intelligence Scale for Children-Revised (WISC-R;
Webber and McGillivray 2011). The K-BIT is
composed of two subtests: (2) vocabulary, a measure
of verbal ability that requires oral responses; this
section valuates verbal skills, language development,
the formation of verbal concepts and information
flow; (2) matrices, which measures non-verbal skills
and the ability to solve new reasoning problems,
presented via both figurative and abstract visual
stimuli. The K-BIT provides a verbal intelligence
index, a non-verbal intelligence index and an overall
intelligence index or IQ that summarises the overall
test performance. None of these tests requires a motor
response. The K-BIT itself presents a simple means
of interpreting the scores obtained in each subtest. All
participants were evaluated by the psychological team
at their respective care centres 2 weeks before the PF
evaluations began.

Statistical analysis

Pearson’s correlation indexes among the dependent
variables (HGS, LS, DB and PE) were calculated.
The significant correlations among these variables
made it necessary to apply a Bonferroni adjustment in

the subsequent analysis of each dependent variable,
multiplying the observed probabilities by the number
of dependent variables analysed (adjusted P = P * 4).
Finally, multiple linear regression analysis of each
dependent variable was performed as a function of
1Q, adjusted for age, sex (dummy coding: o = female;
1 = male) and BMI. A level of statistical significance
of 0.05 was assumed for all the tests, and AR* was
taken as the effect size index, with standard reference
values of 0.01, 0.06 and 0.14 as small, medium and
large effect sizes, respectively, for a unique variable
(Cohen 1988). The assumptions of normality,
homoscedasticity and noncollinearity were checked,
and no relevant problems were detected (lowest
tolerance index = 0.97 and highest variance inflation
factor (VIF) = 1.03). All statistical analyses were
performed by SPSS, PASW Statistics 18. The post hoc
power was calculated by G*Power for the regression
analysis, N = 91, four predictors, o = 0.05, and the
medium effect size obtained was 1 — 3 = 0.96. The
statistical power was calculated a posteriori, given this
sample size, and was higher than the acceptable
minimum of 0.80 for the most complex analysis
technique used.

Results
Participant characteristics

Fig. 1 shows the flow chart for participants’
recruitment to the study. Of the 223 subjects initially
eligible, 74 were excluded because they did not meet
the inclusion criteria. A further 27 declined to
participate and 21 were not included for other reasons
(e.g. blindness). Of the remaining 101 people, seven
did not complete all the tests in the PF assessment
sessions and three were excluded from the data
analysis due to errors in measurement or in test
performance. Finally, thus, 91 participants were
included and their performance analysed in the study.
The drop-out rate was 9.9%.

Physical fitness and intelligence quotient

The descriptive analysis of all the predictor or
dependent variables included in the study is shown in
Table 1. As can be observed, significantly different
results were obtained by men and women for 1Q, PE
and HGS, but not for age, BMI, LS or DB.
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Assessed for eligibility (N = 223)
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Figure |. Flow chart of the sample recruitment process. [Colour figure can be viewed at wileyonlinelibrary.com]

Table | Descriptive statistics for sex and for quantitative variables
by sex

Variable Women (n =26) Men (n=65) All(n=91I)

Sex, % 28.6 714 100
Age,years  37.25(9.29) 3874 (9.76)  38.90 (9.72)
BMI, kgm>  30.05 (6.25) 28.76 (6.03) 2891 (6.40)
IQ 5408 (10.95)  56.05 (12.42) 55.47 (11.97)
PE, m 464.85 (74.66)  533.00 (81.32) 515.13 (81.29)
HGS, kg 22.26 (6.29) 3198 (9.80)  29.02 (9.62)
LS, s 18.63 (7.05) 1835 (5.62)  18.05 (5.91)
DB, s 458 (1.05) 417 (0.84) 429 (0.95)

Notes: All continuous data are presented as mean (SD).
Abbreviations: BMI, body mass index; DB, dynamic balance; HGS, handgrip
strength; 1Q, intelligence quotient; LS, leg strength; PE, physical endurance.

Significant differences between men and women were
tested by a multiple regression analysis.

As shown in Table 2, after controlling for all other
predictors, IQ was found to be statistically related to
HGS and LS, with a medium effect size. Figs 2 and 3

show the partial regression slopes for each of these
variables vs. IQ, revealing a positive relationship
between HGS and IQ, and a negative one between LS
(time elapsed) and I1Q. Statistical relationships were
also found between sex and PE, with a medium effect
size, and HGS, with a large effect size. Finally, in the
prediction of DB, BMI had a medium effect size but
did not reach statistical significance.

Discussion

The main finding of the present study is that IQ is
significantly related to the variables representing
muscle strength, in the lower and upper body, in
people with ID. Regarding the strength of the lower
body, the IQ is inversely associated with LS because
the sit-to-stand test is based on the time a person takes
to perform the exercise. Thus, the higher the IQ, the
faster the test execution. These results are in line with
those obtained in previous studies, according to
which cognitive performance benefits from training to
improve muscle strength in people with dementia and
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Table 2 Multiple linear regression analyses of each physical variable

as a function of IQ, adjusted by age, sex and BMI

Fitness variables B SE t(df=76) adj.P AR?
PE
IQ 0.10 0.74 0.96 1.000 <0.0l
Sex 0.35 1941 3.35%* 0.005 0.12
Age —0.09 093 085 1.000 <0.0l
BMI —0.16 147 —1.5I 0.539  0.02
HGS
IQ 0.35 0.08 3.72%* 0.001 0.12
Sex 043 205 4.53% <0.001 0.18
Age —0.04 0.10 —-042 1.000 <0.0l
BMI 0.04 0.16 0.36 1.000 <0.0l
LS
IQ —0.33 0.06 -—3.10%* 0.010 0.1l
Sex —0.01 143 —-0.05 1.000 <0.01
Age 0.08 0.07 0.77 1.000 <0.01
BMI —-0.04 0.1 035 1.000 <0.0l
DB
IQ —0.16 0.0l —1.46 0.591  0.02
Sex —0.18 021 —1.68 0.389  0.03
Age 0.1 0.0l 1.05 1.000 0.0l
BMI 0.26 0.02 244 0.068  0.07

"Adjusted P < 0.05.

“Adjusted P < 0.01.

Abbreviations: BMI, body mass index; DB, dynamic balance; HGS, handgrip
strength; 1Q, intelligence quotient; LS, leg strength; PE, physical endurance.
Notes: Significant relationships and medium or large effect size indexes are
highlighted in bold.
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Figure 2. Partial regression graph for maximum handgrip strength
vs. intelligence quotient (IQ).
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Figure 3. Partial regression graph for sit-to-stand vs. intelligence
quotient (IQ).

Alzheimer’s disease (Marston et al. 2019). Other
studies have found significant relationships between
lower limb muscle strength and positive results in
standard cognitive tests, although these analyses were
conducted of people without ID (Steves ez al. 2016).
Regarding upper body strength, IQ was positively
correlated with HGS (medium effect size). Previous
studies have reported finding similar relationships
between HGS and cognitive abilities in physically
healthy people with some degree of mental disorder
(Sternéng er al. 2016; Firth er al. 2018a, 2018b). The
present research is especially significant in view of the
very few similar studies conducted in people with ID.
Results show that IQ appears to be more closely
related to the variables of strength than to PE or DB.
Although various studies have investigated the
relationship between aerobic fitness and cognition,
focusing in particular on the effect of
cardiorespiratory fitness (CRF) on the anatomical
and/or functional state of the brain, in most cases the
participants’ muscular strength is not taken into
account (Dupuy er al. 2015; Oberlin ez al. 2016;
Hwang ez al. 2017; Opel er al. 2019; Park and
Etnier 2019). Previous analyses do not clarify whether
an increase in the participant’s cognitive capacity is
due to improved CREF or to the increased muscle
strength derived from cardiovascular training, since
both capacities interact and muscle strength is
necessary to carry out any physical task without undue
fatigue. In this respect, one study concluded that the
strength of the lower extremities impacts on the
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results obtained in ergometer tests of maximum
effort. In other words, the greater the muscle strength,
the better the CREF test results in people with ID
(Fernhall and Pitetti 2000). Further investigation is
needed of the relationships between muscular
strength, CRF and cognitive ability.

In addition to the above questions, the relationship
between CRF and cognition seems to depend on the
type of test selected to assess it and on the particular
skills involved, such as running, walking or rowing
(Kantomaa er al. 2013; Haapala ez al. 2015). The fact
that the present study detected no significant
relationships between IQ and PE may be because the
6-min walk test is less demanding at the cognitive
level than a laboratory ergometer test, in that walking
is a mechanised, familiar skill. However, the
circumstances are different with the SAMU-DISFIT
reference battery strength tests.

Statistical analyses detected no relationship
between DB and IQ, although previous studies have
observed relations between the performance of older
adults in coordination and cognitive functioning tests,
concluding that different types of training
(cardiovascular vs. motor fitness) produce
improvements in different areas of the brain and in
brain networks (Voelcker-Rehage ez al. 2011). A study
of primary school children, moreover, reported an
association between motor fitness and reading
comprehension (Uhrich and Swalm 2007). Although
the latter study found no relationship between the DB
results obtained and the participants’ IQ, this may
have been due to the type of test used. Get-up-and-go
is a simple test in which the subject is not required to
perform demanding skills and so differences obtained
in the results may not be detectable by measures of
statistical correlation. The use of physically more
complex and change-sensitive tests might produce
different outcomes.

Study limitations

On the one hand, the main limitation of the present
study concerns intelligence assessment. We used the
K-BIT instrument to assess the participants’ IQ.
However, many other instruments have been used in
the context of IQ and PF, such as the Peabody Verbal
1Q Test (O’Callaghan et al. 2012), or to relate IQ with
physical activity and body composition, such as the
Raven Test (El-Kholy and Elsayed 2015). In previous

research, K-BIT has been used to assess IQ in people
without ID (Hwang ez al. 2017; Westfall ez al. 2017)
and with ID (Tyrer er al. 2010). In future studies of
this type, it would be advisable to employ a commonly
agreed measurement instrument, in order to enable
direct comparisons between different studies.
Similarly, using a common battery of tests to assess
the PF of people with ID, as the SAMU-DISFIT
Battery, would greatly facilitate our understanding of
the links between PF and intelligence. On the other
hand, although using a convenience sample limits the
possibilities of statistical generalisation, the power
calculations and the joint use of the significance and
effect size indices attempt to guarantee the statistical
conclusion validity.

Perspective for future research

Although the evidence reported is a good starting
point, further study is needed to clarify three
fundamental questions regarding the relationship
between cognition and PF: (1) Does better PF result
in improved cognitive performance? (2) Which
elements of PF are more strongly associated with
cognition? (3) From the above, what consequences
would changes in PF have on the brain structures
related to cognitive abilities and capacities, especially
in people with ID? If these questions are satisfactorily
resolved, physical activity programmes can be
developed to improve the cognitive skills of people
with ID. Consequently, experimental, longitudinal
studies should be designed and implemented to
determine causal relationships between these
variables, and thus clarify the relationship between PF
and cognitive ability in people with ID. Ultimately,
therefore, we wish to answer the question: can
learning abilities of people with ID be improved by
physical conditioning?

Conclusions

This paper describes a study conducted to clarify the
relationship between PF and IQ in people with ID.
Among other findings, a significant association was
observed between 1Q and muscle strength, both in the
lower and in the upper body. However, no such
relationship was found with PE, DB or BMI. One of
the main strengths of this study is that it is one of very
few to examine the relationship between muscle
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strength, CRF, dynamic balance, body composition
and IQ in adults with ID.
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