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Abstract: Background: Many research studies have investigated motor impairments and delayed
development in children with Down Syndrome (DS). However, very few studies detected these
features in adults with DS. Hence, this study aimed to investigate the relationship between motor
coordination and global development in subjects with DS, including adults. Furthermore, the second
aim was to detect any differences in motor coordination and global development as a function of
the practice of physical activity (PA) in this population. Methods: Twenty-five participants with DS
(10 f, 15 m), with a chronological mean age of 27.24 years and development mean age of cognitive
area of 4.93 years, were enrolled and divided into a physically active group (PA-G; n = 15) and a
physically inactive group (PI-G; n = 10). All participants performed the Movement Assessment
Battery for Children (M-ABC) to assess fine and gross motor skills, while the Developmental Profile
3 (DP-3) checklist was administered to the parents in order to screen strengths and weaknesses of
five developmental areas of their relatives with DS. Results: Our results showed positive correlations
between the following variables: global motor coordination and global development, global motor
coordination and adaptive behavior development area, aiming and catching skills and global devel-
opment, aiming and catching skills and adaptive behavior development area. As for the practice of
PA, PA-G showed higher scores than PI-G in all the tasks of both the M-ABC and the DP-3, though
significant differences were found only for the global motor coordination, for the aiming and catching
skills, as well as for the physical development area. Conclusions: The findings of this study reinforce
the need to implement and encourage the practice of PA in order to promote well-being and social
inclusion in subjects with DS.

Keywords: motor skills; motor coordination; motor development; global development; physical
activity; Down Syndrome

1. Introduction

Research has amply demonstrated a close relationship between Intellectual Quotient
(IQ) and motor proficiency, showing that people with mild or moderate Intellectual Dis-
ability (ID) exhibit delays in motor development with significant impairment of daily
functioning [1–4]. Indeed, motor skills are functions necessary for Activities of Daily Living
(ADL) and adaptive functioning because they allow us to manipulate objects and to move
around in the environment [5].

Following the International Classification of Functioning, Disability, and Health (ICF),
which postulates a close relationship between body, person, and society as components
of personal functioning, both in health and disability conditions, a growing emphasis has
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been addressed on Physical Activity (PA) for increasing the well-being and social inclusion
of the population with ID [6].

1.1. Motor Development and Down Syndrome

The link between ID and impaired motor skills has been largely investigated in
children and adolescents with Down Syndrome (DS) [7–9]. However, very few studies
have detected both gross and fine motor competence in adults with DS [10–12].

Large-scale research conducted by Smits-Engelsman and Hill (2012) involving 460 chil-
dren with ID (chronological mean age of 8.9 years and IQ ranging from 50 to 145) showed
that children with lower IQ were more likely to show associated lower motor perfor-
mances [3]. Moreover, the 19% of motor impairments resulted in being explained by the
general ID level, and a decrement of 10 percentile points in motor performances was
hypothesized for each IQ standard deviation drop.

Overall, following the “delay hypothesis”, infants and children with DS achieve motor
development milestones and motor patterns later than Typically Developing (TD) peers,
and this gap increases with age and level of difficulty of motor tasks [13–16]. For example,
Palisano et al. (2001) developed motor growth of gross motor skills such as rolling to
prone, sitting on a carpet without support, crawling on hands and knees, standing alone,
walking, running, climbing steps, and jumping forward [16]. However, the acquisition of
Fundamental Motor Skills (FMS) such as standing alone and walking is mastered between
the ages of 18 months and 3 years; running, walking up/downstairs, and jumping between
the ages of 3 and 6 years; sitting without support after 14 months; walking unaided after
24–74 months; crawling after 12–18 months. Furthermore, Winders et al. (2018) developed
developmental motor schedules based on comparisons among groups of children with DS
to identify the reaching of appropriate, advanced, or delayed ages [17]. These schedules
included forty-four gross motor skills such as rolling from prone to supine, hand to foot
playing, moving from quadruped to sitting laterally, climbing on a sofa, walking with a
push toy or without support, and jumping on the floor, riding a tricycle, walking downstairs
alternating. These comparisons highlighted a wide variability in the range of achievement
age: the mean age was 9.3 months for the rolling from supine to prone, 15 months as
concern sitting, 26.8 months as concern pulling to stand from sitting position, 31.3 months
as concern stepping 10 ft with 2-hand support, 35.3 months as concern taking 2 independent
steps, 40 months as concern walking 15 ft.

Similarly, as concerns the fine motor development in DS, it demonstrated the same
trajectory as TD peers, but at delayed ages. Fine motor skills were more impaired than gross
motor skills and were characterized by lower developmental increases [13]. For example,
children with DS between the ages of 8 and 10 performed worse in motor tasks such as Fine
Motor Precision (FMP), Fine Motor Integration (FMI), Manual Dexterity (MD), and Upper
Limb Coordination (ULC) [18]. Frank and Esbensen (2015) performed a cross-sectional
retrospective chart review on 274 children with DS between the ages of 4 months and
18 years and outlined 3 age groups related to the mastery of fine motor skills such as
handwriting, using scissors, and self-feeding/clothing management skills: (1) the “early
achievement” if 10–30% of the children with DS mastered the above-mentioned skills;
(2) the “representative achievement” if 75–95% of children with DS mastered the skills;
(3) the “outliers” if none of the children with DS mastered the skills [14]. Children with
DS achieved fine motor skills at delayed ages and with higher variability than their TD
peers. For example, they achieved the milestone of raking grasp between 5 and 12 months,
string beads between 43 and 144 months, holding a crayon and scribbling between 9 and
36 months, cutting a curved line between 79 and 216 months, holding a bottle independently
between 37 and 96 months.

Nevertheless, motor impairments in the DS population refer to restrictions in domains
such as motor planning and control, locomotion and object control skill, manual dexterity,
fine motor skills, and writing skills [19–22]. In both children and adults with DS, impaired
movement fluency and axial control, hypotonia, and disorders in coordination and body
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balance, that negatively affect gross motor skills, can be attributed to the decreased size
of the corpus callosum and cerebellum, reduced superior temporal gyrus and reduced
volume of the brainstem [7,10,23–31]. Moreover, in the DS population, physical features
such as small hands, short fingers, laxity of ligaments, and lower thumbs can adversely
affect fine motor skills such as manipulating small objects and using pencils [11,18,32].

Notwithstanding ample research on motor development in children and adolescents
with DS has been produced, studies on motor proficiency in adults with DS are lacking.
Nevertheless, it is plausible that adults with DS show impaired motor skills coherently with
the decline in their IQ, increasing the difficulty in autonomous skills [33,34]. Consequently,
motor impairments negatively affect ADL and adaptive functioning, contributing to a
decrease in autonomy, independence, and participation in social activities [35,36]. Further-
more, in adults with DS, an ineffectively developed motor control system does not allow
appropriate gross motor skills responses to postural tasks, which is frequently associated
with static and dynamic instability accompanied by negative consequences on adaptive
functioning [7,10,31]. In a similar way, although there is little research on the topic, the
results agree on the lower performance of fine motor skills in adults with DS, negatively im-
pacting ADL [11,32,37]. However, as stated by Vianello (2006), it is fundamental to compare
the performances of subjects with DS with those obtained by people of “equivalent age”
because this is the real competence mastered in each competence domain and it provides
a cleaner index that increases or decreases proportionally in relation to mental age and
contextual adaptation [38].

1.2. Benefits of Physical Activity

The impaired motor proficiency is associated with an inactive lifestyle which, in turn,
contributes to increased health-related complications in DS people [39]. PA is recognized
as a key factor in maintaining and improving health during one’s lifespan [40]. Several
PA benefits were found in motor proficiency, physical fitness, cognitive function, social
domain, and psychological well-being in subjects with DS of all ages [41,42]. The other
benefits concern the increase in independence and social inclusion, the improvement of
self-esteem, self-competence, self-determination, and self-efficacy [43–46].

Recently, increasing research has demonstrated the relationship between regular PA
and brain development, particularly in the prefrontal cortical area, because sport and
PA influence the production of neurotrophins, synaptogenesis, and angiogenesis which,
consequently, can increase cognitive performances in terms of information processing
speed, working memory, and behavioral control strategies [47]. Moreover, as concerns the
motivational and emotional domain, motor exercise programs would increase pride and
enjoyment, social support, self-confidence, self-esteem, and self-determination [13].

However, most people with DS do not meet the World Health Organization (WHO)
recommendations for the practice of PA, which consist of at least 60 min/day of moderate-to-
vigorous intensity PA for children and adolescents aged 5–17 years (mostly aerobic), and at
least 150 min/week of moderate-intensity aerobic PA, or at least 75 min/week of vigorous-
intensity aerobic PA for adults aged 18–64 years [48]. Consequently, a sedentary lifestyle
increases the likelihood of gaining weight and the risk of developing obesity, underactive
thyroid gland, lower basal metabolic rate, type II diabetes, and heart diseases [49–51].

1.3. Aim of the Study

In light of these theoretical premises, this study aims to analyze the relationship
between motor coordination and global development in subjects with DS, as well as to
investigate motor coordination and global development as a function of PA. As concern
this second aim, the following specific hypotheses were tested: (H1) motor coordination
such as manual dexterity, aiming and catching, and static and dynamic balance were
better performed in physically active subjects with DS than in physically inactive subjects
with DS; (H2) global development such as physical, adaptive behavior, social-emotional,
cognitive, and communication area were better mastered in physically active subjects with
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DS than physically inactive subjects with DS; (H3) we expect a correlation between motor
coordination and global development in subjects with DS and, moreover, greater motor
competence in physically active subjects than in physically inactive ones.

The study’s novelty relates to the inclusion of the adult population with DS for the
evaluation of these characteristics.

2. Materials and Methods
2.1. Study Procedure
2.1.1. Participants Recruitment

Participants with DS were recruited through a national public hospital in Palermo
city (Sicily, Italy) and two not-for-profit associations that provide support and community
resources to people with DS and their families. Medical doctors and educational practi-
tioners from the abovementioned institutions contacted and met with the parents of the
subjects with DS to announce the research project and explain the goals and procedures of
the study. Subsequently, study researchers asked parents to allow their relatives with DS to
take part in the study on a scheduled day. A number of 25 subjects showed up on the day
scheduled for the screening and all of them were eligible for the study.

2.1.2. Participants Characteristics

Twenty-five subjects with DS (10 females and 15 males; chronological mean age of
27.24 years; age range: from 17.11 to 46.40 years) and development mean age of cognitive
area of 4.93 participated in the study.

Of these, 15 subjects were attributed to the physically active group (PA-G), given by
≥3 consecutive years of PA practice and according to the WHO recommendations for the
practice of PA, while 10 subjects were attributed to the physically inactive group (PI-G),
given by ≥3 consecutive years of an inactive lifestyle [48].

The inclusion criteria were as follows: the presence of trisomy 21; the moderate level of
ID previously certified by the national public health; the absence of any perceptive disease;
the absence of organic impairment; the absence of impairments in independence in stance
and ambulation. Participants with DS were excluded from the study if they had mosaicism
or trisomy with translocation and a severe level of ID. All participants belonged to medium
socioeconomic backgrounds.

2.1.3. Participants Allocation

Following this recruitment phase, all participants were administered a questionnaire
on personal data, health status, and PA practice. In particular, in the questionnaire, ad-
ministered by the same researcher, the participants had to indicate the number of days
per week and the number of minutes per day of any type of PA practiced. Subsequently,
the same researcher expert in PA and sport, based on the answers obtained, was able to
identify whether each participant had reached the minimum levels of PA recommended
by the WHO (at least 60 min/day of moderate-to-vigorous intensity PA for participants
aged 5–17 years, and at least 150 min/week of moderate-intensity aerobic PA, or at least
75 min/week of vigorous-intensity aerobic PA for participants aged >18 years) in order to al-
locate the participant in the PA-G [48]. The information on the practice of PA of participants
concerned both organized and non-organized PA as long as practiced regularly during the
week. Among these activities, sport (both individual and team), exercise (training with an
instructor/trainer), and physical activity (leisure physical activity) were included, since
regardless of the type of activity, the classification criterion for categorizing the two groups
was the achievement of the PA levels recommended by the WHO [48].

2.1.4. Motor Coordination Test Selection

Subsequently, the same researcher with expertise in this research field administered a
standardized evaluation to measure participants’ motor coordination, while the parents
were given a questionnaire to assess the developmental delays of their relatives with DS.
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Regarding the measurement of motor skills, although there is a wide availability
of assessments in children, there is a lack of tests in adults. Furthermore, to the best of
our knowledge, there are no standardized tests to measure motor coordination in ID. A
suggestion is to compare the performances of adults with DS and people with “equivalent
age” or “test age” because this would be a cleaner index of the real competencies mastered
by each person, increasing or decreasing proportionally in relation to mental age and
contextual adaptation [38].

Based on these premises, typical population norm-referenced tests are used for the
atypical population, without making any attempt to adapt to the condition of ID. For these
reasons, we selected a standardized motor coordination evaluation for children because the
participants recruited for the study had a development age of cognitive area of 4.93 and on
physical area of 4.24. In fact, as reported in the literature, people with moderate ID function
at a mental age of about 6–8 years as adults, and they are characterized by difficulties and
limitations in basic daily living and in several skills [52]. Moreover, considering the atypical
population of the study, we used the raw scores obtained by the participants and not the
standardized ones for the typical population.

The study respects the statements of the Declaration of Helsinki for the participation of
persons in research, and the Institutional Review Committee of the University of Palermo
approved the study (Ref Num 56/2021). Parents provided written informed consent for
participation in the study.

2.1.5. Motor Coordination Evaluation

Motor coordination was measured through the Movement Assessment Battery for
Children (M-ABC) 2nd edition [53]. This standardized test battery allows to identify and
guide treatment of motor impairment in children and adolescents of age ranging from 3
to 16 years. It is composed of 8 fine and gross motor skills subtests clustered into 3 areas:
(1) manual dexterity; (2) aiming and catching; (3) static and dynamic balance. Tasks
corresponding to the age band 11.0–16.11 were employed. Manual dexterity included
performing tasks such as turning pegs, building triangles with nuts and bolts, and drawing
trails, aiming and catching included tasks such as catching with one hand and throwing
at a wall target. Static and dynamic balance took into account tasks such as two-board
balance, walking toe-to-heel backwards and zigzag hopping.

The score was binary 0 or 1. The raw scores, such as completion time in secs, number
of errors/correct, catches/correct, throws/steps/jumps/hops (maximum total score: 48),
were computed by adding the scores items pertaining to each category with high scores
indicating poor performance. A global motor coordination raw score was obtained by
adding scores for each category. We used the raw scores without normalizing them by age
because, according to the literature, we considered the mental age and not the chronological
age for comparisons. It is appropriate to compare the performances of people with DS and
people of “equivalent age” [38].

After giving the assignment, which was based on the Examiner’s Manual guidelines,
the experimenter showed the exercise to ensure correct understanding by the participants.
Verbal reinforcement was given after each task was performed.

All participants attended tasks without any resistance and showed full cooperation.
The assessment was individual, took place in a quiet room, and lasted about

25–30 min.
As concern the psychometric properties, the internal consistency was Cronbach’s

α = 0.83 for the total scale, α = 0.59 for the manual dexterity subscale, α = 0.79 for the
aiming for and catching subscale, and α = 0.91 for the balance domain subscale.

2.1.6. Global Development Evaluation

Global development was measured through the Italian version [54] of the Develop-
mental Profile 3 (DP-3) [55]. It is a parent checklist to screen developmental strengths and
weaknesses from birth to 12 years, which includes the following 5 areas: (1) physical area
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(35 items, e.g., “Does he usually go up and down stairs with only one foot on each step?”);
(2) area of adaptive behavior (37 items, e.g., “Does he usually wash his face and hands and
dry them unaided?”); (3) social-emotional area (36 items, e.g., “Does he show to understand
the moods of others by saying things like “he’s very angry”, “he’s angry”, “he’s afraid”, or
“throwing a tantrum?”); (4) cognitive area (38 items, e.g., “On request, is he able to remove
13 objects from a group of 20?”); (5) communication area (34 items, e.g., “Does he talk to
peers for at least 1 hour most days?”).

Each scale has start points corresponding to the chronological age. Parents were asked
to indicate if their relatives with DS mastered (score = 1) or not (score = 0) skills related
to the abovementioned areas. The raw scores were computed by adding the scores items
pertaining to each area. A global development raw score was obtained by adding scores
for each area.

The assessment took place in a quiet room.
The Italian translation used proves to have a reliability (α = 0.68) equal to that of the

original version in English (α = 0.68).

2.2. Statistical Analysis

A priori sample size power analysis was calculated using G*Power software 3.1.9.2
(Heinrich Heine University, Düsseldorf, Germany).

The distribution of normality was checked through the Shapiro-Wilk test.
Since data were not normally distributed, a non-parametric analysis was performed.

Firstly, a descriptive statistic of all the variables was carried out.
A Spearman’s Rank-Order correlation coefficient was calculated to measure any relation-

ship between motor coordination skills and global development areas in the entire sample.
A Mann–Whitney U test was computed in order to assess any differences in motor

coordination and global development between the two groups (i.e., physically active and
physically inactive participants).

Scatterplots and boxplots were used to represent the significant correlations and
differences found, respectively.

The software Statistica 12 (StatSoft®, TIBCO® Software Inc, Palo Alto, CA, USA) was
used to perform all the statistical analyses with the significance set at p < 0.05.

Moreover, a post-hoc sample size power analysis was computed using G*Power
software 3.1.9.2 (Heinrich Heine University, Düsseldorf, Germany).

3. Results

The a priori sample size power analysis (1-tail, d = 0.5, α = 0.05) revealed that the total
sample size required to obtain a power of 0.80 should be 102 participants (i.e., 51 per group).

Descriptive statistics of the entire sample for both the M-ABC and the DP-3 variables
are reported in Table 1.

Table 1. Descriptive statistics of the entire sample.

Variable Min 25th p Median Mean SD 75th p Max

M-ABC
Manual dexterity 3.0 3.0 3.0 3.72 2.39 3.0 14.0

Aiming and catching 2.0 6.0 9.0 9.16 3.85 12.0 16.0
Static and dynamic balance 5.0 5.50 8.0 9.17 5.06 10.0 26.0
Global motor coordination 14.0 15.50 21.0 22.25 8.21 25.0 41.0

DP-3
Physical area 0.11 2.36 4.11 4.24 2.21 7.0 7.70

Adaptive behavior area 1.80 4.50 6.50 6.66 2.76 8.65 12.60
Social-emotional area 1.80 3.05 4.10 5.14 2.84 7.16 10.80

Cognitive area 1.40 4.0 4.80 4.93 1.68 5.86 8.20
Communication area 1.10 2.80 4.10 4.49 2.47 5.31 10.20
Global development 25.0 25.0 25.0 38.40 21.46 51.0 101.0

Legend. M-ABC, Movement Assessment Battery for Children; DP-3, Developmental Profile 3; Min, Minimum;
25th p, 25th Percentile; SD, Standard Deviation; 75th p, 75th Percentile; Max, Maximum.
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Table 2 shows means and SD of the raw scores of all the variables considered for the
PA-G and the PI-G.

Table 2. Descriptive statistics of the PA-G and the PI-G.

Variable PA-G
Means ± SD

PI-G
Means ± SD

M-ABC
Manual dexterity 3.73 ± 2.84 3.70 ± 1.64

Aiming and catching 10.53 ± 4.09 7.10 ± 2.38
Static and dynamic balance 10.57 ± 6.07 7.20 ± 2.20
Global motor coordination 25.50 ± 8.57 17.70 ± 5.17

DP-3
Physical area 5.00 ± 2.05 3.18 ± 2.07

Adaptive behavior area 7.21 ± 2.73 5.88 ± 2.74
Social-emotional area 5.93 ± 3.21 4.02 ± 1.86

Cognitive area 5.02 ± 1.65 4.81 ± 1.81
Communication area 4.77 ± 2.50 4.10 ± 2.50
Global development 42.07 ± 23.81 32.90 ± 17.03

Legend. M-ABC, Movement Assessment Battery for Children; DP-3, Developmental Profile 3; PA-G, Physically
Active Group; PI-G, Physically Inactive Group; SD, Standard Deviation.

The Spearman’s correlation coefficient among the M-ABC and the DP-3 variables
showed positive correlations between: the global motor coordination and the global de-
velopment (ρ = 0.56, p = 0.002) (Figure 1), the global motor coordination and the adaptive
behavior development area (ρ = 0.43, p = 0.021) (Figure 2), the aiming and catching skills
and the global development (ρ = 0.50, p = 0.006) (Figure 3), the aiming and catching skills
and the adaptive behavior development area (ρ = 0.41, p = 0.023) (Figure 4). In Table 3, the
results of correlation analyses are displayed.
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Table 3. Correlation analysis among the M-ABC and the DP-3 variables through Spearman’s correla-
tion coefficient.

M-ABC

Manual Dexterity Aiming and
Catching

Static and Dynamic
Balance

Global Motor
Coordination

DP-3

Physical area ρ = 0.23, p = 0.138 ρ = 0.32, p = 0.06 ρ = 0.10, p = 0.320 ρ = 0.31, p = 0.078
Adaptive behavior area ρ = 0.20, p = 0.176 ρ = 0.41, p = 0.023 ρ = 0.24, p = 0.135 ρ = 0.43, p = 0.021
Social-emotional area ρ = 0.15, p = 0.243 ρ = 0.34, p = 0.05 ρ = 0.06, p = 0.391 ρ = 0.24, p = 0.131

Cognitive area ρ = 0.17, p = 0.213 ρ = 0.10, p = 0.327 ρ = 0.04, p = 0.422 ρ = 0.09, p = 0.340
Communication area ρ = 0.23, p = 0.136 ρ = 0.34, p = 0.05 ρ = −0.02, p = 0.467 ρ = 0.25, p = 0.122
Global development ρ = 0.34, p = 0.05 ρ = 0.50, p = 0.006 ρ = 0.29, p = 0.081 ρ = 0.56, p = 0.002

Legend. M-ABC, Movement Assessment Battery for Children; DP-3, Developmental Profile 3.

As presented in Tables 2 and 4, PA-G showed higher values for all subtests of both
the M-ABC and the DP-3 compared to PI-G, although, through the Mann–Whitney U test,
significant differences were found only for the global raw score of the M-ABC (Z = 2.504,
p = 0.012) (Figure 5), and for the aiming and catching skills (Z = 2.248, p = 0.025) (Figure 6),
as well as for the physical development area of the DP-3 (Z = 1.980, p = 0.048) (Figure 7).

Table 4. Comparisons between the PA-G and the PI-G through Mann–Whitney U Test.

Variable Rank Sum
PA-G

Rank Sum
PI-G Z p

M-ABC
Manual dexterity 186.0 139.0 −0.835 0.404

Aiming and catching 235.0 90.0 2.248 0.025
Static and dynamic balance 197.50 102.50 1.304 0.192
Global motor coordination 218.0 82.0 2.504 0.012

DP-3
Physical area 209.0 91.0 1.980 0.048

Adaptive behavior area 196.0 104.0 1.204 0.223
Social-emotional area 199.50 100.50 1.409 0.159

Cognitive area 175.50 124.50 0.000 0.775
Communication area 187.0 113.0 0.676 0.527
Global development 222.0 103.0 1.618 0.106

Legend. M-ABC, Movement Assessment Battery for Children; DP-3, Developmental Profile 3; PA-G, Physically
Active Group; PI-G, Physically Inactive Group.
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The post-hoc sample size power analysis (1-tail, d = 0.5, α = 0.05) revealed a power of 0.33.

4. Discussion

The first aim of this study was to investigate the relationship between coordinative
proficiency and global development in subjects with DS including adults.

On the whole, significant positive correlations were found between global motor
coordination and global development, and moreover between global motor coordination
and the adaptive behavior development area. Similarly, we found significant positive
correlations between the aiming and catching skills and global development, and moreover
between the aiming and catching skills and the adaptive behavior development area. These
results are well documented in the literature showing how motor skills and postural
patterns are related to adaptive functioning, independence, and participation in social
activities [35,36]. Indeed, fine motor skills are a key factor in carrying out ADL and allow us
to successfully engage in daily self-care activities [56–58]. However, we found a moderate
magnitude of the correlation between the adaptive behavior development area and the
global motor coordination, and the aiming and catching skills, probably because in adults
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with ID, the IQ decline corresponds to the increase in difficulty in autonomous skills and
the weakening of daily functioning [1–4,33,34].

The second aim of the current study was to investigate motor coordination skills and
global development as a function of PA by the hypothesis that physically active subjects
with DS would show higher levels of performance than physically inactive subjects with DS.

Regarding motor coordination, subjects with DS who regularly practice PA performed
higher scores than physically inactive subjects with DS in all the tasks. However, significant
differences were found only in the global motor coordination and in the aiming and
catching skills. These results are coherent with physically active DS participants’ higher
motor competencies that were reported by their parents compared to physically inactive
participants. Thus, better motor competencies were demonstrated by adults with DS
practicing PA with both the measures. These measures involve two approaches, such as
long-term information on fine and gross motor proficiency in an ecological context, derived
from a performance test as the M-ABC, and a more exhaustive assessment, derived from a
parent’s checklist as the DP-3.

Similarly, participants with DS belonging to the PA-G reported higher levels of global
development and higher scores for each area. Indeed, higher motor performances in
physically active subjects are documented in the literature showing that PA practice is a
key factor to improve health, cognitive function, and performances of daily living activities
in adults with DS [42,59]. Moreover, the processing of information and actions-based
representation in PA is able to stimulate the emergence of higher-order representation and
knowledge acquisition [60]. Scifo et al. (2019) in their review detailed the beneficial effects
of PA in the physical and mental domains [40]. The first ones concern motor proficiency,
physical fitness, bone metabolism, cardiovascular and respiratory muscle functions, obesity
control, and prevention of coronary heart diseases. Furthermore, it is well known that
PA improves postural control reducing the risk of falls [61,62]. The health benefits of
PA are widely recognized and, a growing body of evidence reported that the practice of
PA during the midlife period is fundamental for healthy aging [63,64]. The second one
concerns the increase in independence and social inclusion, the improvement of self-esteem,
self-competence, self-determination, and self-efficacy.

Research has shown that the regular practice of PA affects the production of neu-
rotrophins, synaptogenesis, and angiogenesis which, as a consequence, is likely to increase
cognitive abilities such as information processing speed, working memory, and behavioral
control strategies [47]. In particular, better performance in the aiming and catching sub-
test of the PA-G is an interesting example of PA benefits. Aiming and catching skills are
complex goal-directed tasks with a high motor and cognitive load because they involve
motor skills such as speed, hand/arm/leg coordination, and explosive strength, as well as
cognitive abilities such as visual search, visual discrimination, and focal attention, shifting
of the attentive focus, working memory, and decision making [65]. For these reasons, the
lower motor skills performance of the PI-G could be due to the lack of PA practice in these
participants. Indeed, as is widely recognized, although the WHO recommends at least
150 min/week of moderate-intensity aerobic PA, or at least 75 min/week of vigorous-
intensity aerobic PA for adults aged 18–64 years, most adults with DS do not meet these
recommendations [48]. Hence, in subjects with DS, the health-related PA benefits are
limited by the low rate of PA practice. However, in agreement with several studies in
the literature [48,49], we did not show significant differences between PA-G and PI-G in
specific tasks of motor coordination (manual dexterity and static and dynamic balance)
and global development (adaptive behavior area, social-emotional area, cognitive area,
and communication area) because in subjects with DS the health-related PA benefits in the
above-mentioned areas could be due to the specificity and quality of the PA performed.
The analysis of the determinants of PA in subjects with DS is still ongoing. Following the
approach of the ICF [49], the effectiveness of PA could be affected by a person’s functional
profile, health status, involvement in life activities, and contextual factor (within the person
or in the environment).
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For these reasons, it is realistic to assume that health complications may present
barriers to the practice of PA in subjects with DS and that, when clinical features are
efficiently overcome, PA can be facilitated.

Moreover, a further explanation could be linked to the inclusion in the PA-G of those
children with DS who had achieved the minimum levels of PA recommended by the WHO.
This allowed us to include subjects participating in a wide range of PA, exercise, or sport
(from leisure PA to individual/team sport). The subjects of the PA-G had, therefore, not
carried out specific training protocols for the improvement of manual dexterity, body
balance, adaptive behavior area, social-emotional area, cognitive area, and communication
area. Nevertheless, we detected that the practice of the minimum levels of PA recommended
by the WHO overall induced higher scores in motor coordination and global development
in physically active subjects with DS than in physically inactive ones.

Strength and Limitations of the Study

To the best of our knowledge, only sparse studies have previously investigated the
motor competence in adults with DS in association with global development in cognitive
and adaptive areas and this represents the major strength of the study. However, the most
important limitation of the current study lies in methodological concerns as the relatively
small sample size and the measures carried out. In effect, although the sample represents
one of the main limitations of the study, it is known that the recruitment of large numbers
of participants in clinical populations (and in particular those who practice PA) is one of
the greatest difficulties that is experienced. Furthermore, the pandemic situation did not
allow us to extend the sample size. Regarding methodological concerns, although there is
a lack of motor coordination tests for adults with DS it should be noted that: (1) we used
a standardized motor coordination assessment for children because the participants had
a moderate level of ID (and people with moderate ID function at a mental age of about
6–8 years as adults); (2) we used the raw scores obtained by the participants and not the
standardized ones for the typical population. Finally, another limitation of the study that
should be mentioned is the moderate magnitude of the correlations we found. This finding
could be primarily explained by the small sample size we recruited.

5. Conclusions

To sum up, the findings of this study reinforce the need to implement and encourage
the practice of PA in order to promote well-being and social inclusion not only, as it
is already known, in children and adolescents but also in adults with DS. Moreover,
researchers and practitioners are encouraged to implement PA to enhance motor and
cognitive skills in DS adults, as well as their sense of social inclusion and ADL, and
belonging, self-determination, and self-esteem [66–70]. All of these factors are expected to
have a positive effect on adaptive functioning and ADL which, in turn, improve autonomy
and independence [13]. The context of the present research and the related results are
of practical use for medical doctors, psychologists, special educators, and kinesiologists.
Moreover, these findings add new knowledge for health psychoprophylaxis for adults
with DS.

Author Contributions: Conceptualization, M.A. and G.B.; methodology, M.A. and A.G.; validation,
G.B. and M.G.-L.; formal analysis, V.G. and M.A.; investigation, V.G. and A.G.; data curation, V.G.
and M.A.; writing—original draft preparation, M.A. and V.G.; writing—review and editing, G.B. and
M.G.-L.; visualization, M.A., M.G.-L. and G.B.; supervision, M.A. and G.B.; funding acquisition, M.A.
All authors have read and agreed to the published version of the manuscript.

Funding: The research was supported by the Erasmus+ Sport Programme (2017–2019) Enriched Sport
Activity Program (ESA Program), Call: EAC/A04/2015, Agreement Number: 2016-3723/001-001,
Round 2 Erasmus+ Sport Project 579661-EPP-1-2016-2-IT-SPO-SCP.



J. Clin. Med. 2022, 11, 5031 13 of 15

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Committee of the University of
Palermo (Ref Num 56/2021).

Informed Consent Statement: Informed consent was obtained from all parents of the participants
involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors would like to thank all subjects involved in the study and their
parents. The authors also would like to thank Maria Piccione and the national public hospital
(Azienda Ospedali Riuniti Villa Sofia-Cervello, Palermo, Italy) and Giampiero Gliubizzi and the
local not-for-profit associations (A.S.D. Sport21 Sicilia, Palermo, Italy; Associazione Famiglie Persone
Down, Palermo, Italy).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Kim, H.I.; Kim, S.W.; Kim, J.; Jeon, H.R.; Jung, D.W. Motor and Cognitive Developmental Profiles in Children With Down

Syndrome. Ann. Rehabil. Med. 2017, 41, 97–103. [CrossRef] [PubMed]
2. Simons, J.; Daly, D.; Theodorou, F.; Caron, C.; Simons, J.; Andoniadou, E. Validity and reliability of the TGMD-2 in 7-10-year-old

Flemish children with intellectual disability. Adapt. Phys. Act. Q. 2008, 25, 71–82. [CrossRef] [PubMed]
3. Smits-Engelsman, B.; Hill, E.L. The relationship between motor coordination and intelligence across the IQ range. Pediatrics 2012,

130, e950–e956. [CrossRef] [PubMed]
4. Wuang, Y.P.; Wang, C.C.; Huang, M.H.; Su, C.Y. Profiles and cognitive predictors of motor functions among early school-age

children with mild intellectual disabilities. J. Intellect. Disabil. Res. 2008, 52, 1048–1060. [CrossRef] [PubMed]
5. Battaglia, G.; Giustino, V.; Tabacchi, G.; Lanza, M.; Schena, F.; Biino, V.; Giuriato, M.; Gallotta, M.C.; Guidetti, L.; Baldari, C.; et al.

Interrelationship Between Age, Gender, and Weight Status on Motor Coordination in Italian Children and Early Adolescents
Aged 6–13 Years Old. Front. Pediatr. 2021, 9, 738294. [CrossRef]

6. World Health Organization. International Classification of Functioning, Disability and Health: ICF; World Health Organization:
Geneva, Switzerland, 2001.

7. Jankowicz-Szymanska, A.; Mikolajczyk, E.; Wojtanowski, W. The effect of physical training on static balance in young people
with intellectual disability. Res. Dev. Disabil. 2012, 33, 675–681. [CrossRef]

8. Holzapfel, S.D.; Ringenbach, S.D.; Mulvey, G.M.; Sandoval-Menendez, A.M.; Cook, M.R.; Ganger, R.O.; Bennett, K. Improvements
in manual dexterity relate to improvements in cognitive planning after assisted cycling therapy (ACT) in adolescents with down
syndrome. Res. Dev. Disabil. 2015, 45–46, 261–270. [CrossRef]

9. Sollerhed, A.C.; Hedov, G. Active Parents-Active Children-A Study among Families with Children and Adolescents with Down
Syndrome. Int. J. Environ. Res. Public Health 2021, 18, 660. [CrossRef]

10. Dipasquale, S.; Canter, B.; Roberts, M. Integrative Dance for Adults with Down Syndrome: Effects on Postural Stability. Int. J.
Exerc. Sci. 2020, 13, 1317–1325.

11. Chen, C.C.; Ringenbach, S.D.; Albert, A.R. Assisted cycling exercise improves fine manual dexterity in persons with Down’s
syndrome. J. Appl. Res. Intellect. Disabil. 2014, 27, 264–272. [CrossRef]

12. Terblanche, E.; Boer, P.H. The functional fitness capacity of adults with Down syndrome in South Africa. J. Intellect. Disabil. Res.
2013, 57, 826–836. [CrossRef] [PubMed]

13. Alesi, M.; Battaglia, G. Chapter Six—Motor development and Down syndrome. In International Review of Research in Developmental
Disabilities; Lanfranchi, S., Ed.; Academic Press: Cambridge, MA, USA, 2019; Volume 56, pp. 169–211.

14. Frank, K.; Esbensen, A.J. Fine motor and self-care milestones for individuals with Down syndrome using a Retrospective Chart
Review. J. Intellect. Disabil. Res. 2015, 59, 719–729. [CrossRef] [PubMed]

15. Pereira, K.; Basso, R.P.; Lindquist, A.R.; da Silva, L.G.; Tudella, E. Infants with Down syndrome: Percentage and age for acquisition
of gross motor skills. Res. Dev. Disabil. 2013, 34, 894–901. [CrossRef]

16. Palisano, R.J.; Walter, S.D.; Russell, D.J.; Rosenbaum, P.L.; Gemus, M.; Galuppi, B.E.; Cunningham, L. Gross motor function of
children with down syndrome: Creation of motor growth curves. Arch. Phys. Med. Rehabil. 2001, 82, 494–500. [CrossRef]

17. Winders, P.; Wolter-Warmerdam, K.; Hickey, F. A schedule of gross motor development for children with Down syndrome.
J. Intellect. Disabil. Res. 2019, 63, 346–356. [CrossRef] [PubMed]

18. Abd, G.; El, M. Fine motor skill proficiency in children with and without down syndrome. J. Phys. Ther. Health Promot. 2016, 4,
43–50. [CrossRef]

19. Alesi, M.; Battaglia, G.; Pepi, A.; Bianco, A.; Palma, A. Gross motor proficiency and intellectual functioning: A comparison among
children with Down syndrome, children with borderline intellectual functioning, and typically developing children. Medicine
2018, 97, e12737. [CrossRef] [PubMed]

http://doi.org/10.5535/arm.2017.41.1.97
http://www.ncbi.nlm.nih.gov/pubmed/28289641
http://doi.org/10.1123/apaq.25.1.71
http://www.ncbi.nlm.nih.gov/pubmed/18209245
http://doi.org/10.1542/peds.2011-3712
http://www.ncbi.nlm.nih.gov/pubmed/22987872
http://doi.org/10.1111/j.1365-2788.2008.01096.x
http://www.ncbi.nlm.nih.gov/pubmed/18557969
http://doi.org/10.3389/fped.2021.738294
http://doi.org/10.1016/j.ridd.2011.11.015
http://doi.org/10.1016/j.ridd.2015.08.003
http://doi.org/10.3390/ijerph18020660
http://doi.org/10.1111/jar.12061
http://doi.org/10.1111/j.1365-2788.2012.01594.x
http://www.ncbi.nlm.nih.gov/pubmed/22775247
http://doi.org/10.1111/jir.12176
http://www.ncbi.nlm.nih.gov/pubmed/25533735
http://doi.org/10.1016/j.ridd.2012.11.021
http://doi.org/10.1053/apmr.2001.21956
http://doi.org/10.1111/jir.12580
http://www.ncbi.nlm.nih.gov/pubmed/30575169
http://doi.org/10.18005/PTHP0401007
http://doi.org/10.1097/MD.0000000000012737
http://www.ncbi.nlm.nih.gov/pubmed/30313077


J. Clin. Med. 2022, 11, 5031 14 of 15

20. Lawrence, G.P.; Reilly, N.E.; Mottram, T.M.; Khan, M.A.; Elliott, D. Sequential aiming movements and the one-target advantage in
individuals with Down syndrome. Res. Dev. Disabil. 2013, 34, 3858–3866. [CrossRef]

21. Vuijk, P.J.; Hartman, E.; Scherder, E.; Visscher, C. Motor performance of children with mild intellectual disability and borderline
intellectual functioning. J. Intellect. Disabil. Res. 2010, 54, 955–965. [CrossRef]

22. Westendorp, M.; Hartman, E.; Houwen, S.; Smith, J.; Visscher, C. The relationship between gross motor skills and academic
achievement in children with learning disabilities. Res. Dev. Disabil. 2011, 32, 2773–2779. [CrossRef]

23. Galli, M.; Rigoldi, C.; Mainardi, L.; Tenore, N.; Onorati, P.; Albertini, G. Postural control in patients with Down syndrome. Disabil.
Rehabil. 2008, 30, 1274–1278. [CrossRef] [PubMed]

24. Malak, R.; Kostiukow, A.; Krawczyk-Wasielewska, A.; Mojs, E.; Samborski, W. Delays in Motor Development in Children with
Down Syndrome. Med. Sci. Monit. 2015, 21, 1904–1910. [CrossRef] [PubMed]

25. Pinter, J.D.; Eliez, S.; Schmitt, J.E.; Capone, G.T.; Reiss, A.L. Neuroanatomy of Down’s syndrome: A high-resolution MRI study.
Am. J. Psychiatry 2001, 158, 1659–1665. [CrossRef] [PubMed]

26. Rondal, J.A.; Perera, J. Down Syndrome: Neurobehavioural Specificity; John Wiley: Chichester, UK, 2006.
27. Saavedra, S.; Joshi, A.; Woollacott, M.; van Donkelaar, P. Eye hand coordination in children with cerebral palsy. Exp. Brain Res.

2009, 192, 155–165. [CrossRef] [PubMed]
28. Sveljo, O.; Culic, M.; Koprivsek, K.; Lucic, M. The functional neuroimaging evidence of cerebellar involvement in the simple

cognitive task. Brain Imaging Behav. 2014, 8, 480–486. [CrossRef]
29. Teipel, S.J.; Alexander, G.E.; Schapiro, M.B.; Moller, H.J.; Rapoport, S.I.; Hampel, H. Age-related cortical grey matter reductions in

non-demented Down’s syndrome adults determined by MRI with voxel-based morphometry. Brain 2004, 127, 811–824. [CrossRef]
30. Maiano, C.; Hue, O.; Tracey, D.; Lepage, G.; Morin, A.J.S.; Moullec, G. Static postural control among school-aged youth with

Down syndrome: A systematic review. Gait Posture 2018, 62, 426–433. [CrossRef]
31. Giustino, V.; Messina, G.; Alesi, M.; La Mantia, L.; Palma, A.; Battaglia, G. Study of postural control and body balance in subjects

with Down syndrome. Hum. Mov. 2021, 22, 66–71. [CrossRef]
32. Rigoldi, C.; Galli, M.; Celletti, C.; Blow, D.; Camerota, F.; Albertini, G. Does neuromuscular taping influence hand kinesiology? A

pilot study on Down’s Syndrome. Clin. Ter. 2015, 166, e188–e194. [CrossRef]
33. Aoki, S.; Yamauchi, Y.; Hashimoto, K. Developmental trend of children with Down’s syndrome—How do sex and neonatal

conditions influence their developmental patterns? Brain Dev. 2018, 40, 181–187. [CrossRef]
34. Patterson, T.; Rapsey, C.M.; Glue, P. Systematic review of cognitive development across childhood in Down syndrome: Implica-

tions for treatment interventions. J. Intellect. Disabil. Res. 2013, 57, 306–318. [CrossRef] [PubMed]
35. Biec, E.; Zima, J.; Wojtowicz, D.; Wojciechowska-Maszkowska, B.; Krecisz, K.; Kuczynski, M. Postural stability in young adults

with Down syndrome in challenging conditions. PLoS ONE 2014, 9, e94247. [CrossRef]
36. Frey, G.C.; Chow, B. Relationship between BMI, physical fitness, and motor skills in youth with mild intellectual disabilities. Int.

J. Obes. 2006, 30, 861–867. [CrossRef] [PubMed]
37. Covarrubias, M.; Gatti, E.; Bordegoni, M.; Cugini, U.; Mansutti, A. Improving manual skills in persons with disabilities (PWD)

through a multimodal assistance system. Disabil. Rehabil. Assist. Technol. 2014, 9, 335–343. [CrossRef]
38. Vianello, R. Sindrome di Down. Sviluppo Psicologico e Integrazione Dalla Nascita All’età Adulta; Edizioni Junior: Bergamo, Italy, 2006.
39. Gonzalez-Aguero, A.; Vicente-Rodriguez, G.; Moreno, L.A.; Guerra-Balic, M.; Ara, I.; Casajus, J.A. Health-related physical fitness

in children and adolescents with Down syndrome and response to training. Scand. J. Med. Sci. Sports 2010, 20, 716–724. [CrossRef]
[PubMed]

40. Scifo, L.; Chicau Borrego, C.; Monteiro, D.; Matosic, D.; Feka, K.; Bianco, A.; Alesi, M. Sport Intervention Programs (SIPs) to
Improve Health and Social Inclusion in People with Intellectual Disabilities: A Systematic Review. J. Funct. Morphol. Kinesiol.
2019, 4, 57. [CrossRef] [PubMed]

41. Alsakhawi, R.S.; Elshafey, M.A. Effect of Core Stability Exercises and Treadmill Training on Balance in Children with Down
Syndrome: Randomized Controlled Trial. Adv. Ther. 2019, 36, 2364–2373. [CrossRef] [PubMed]

42. Ptomey, L.T.; Szabo, A.N.; Willis, E.A.; Gorczyca, A.M.; Greene, J.L.; Danon, J.C.; Donnelly, J.E. Changes in cognitive function
after a 12-week exercise intervention in adults with Down syndrome. Disabil. Health J. 2018, 11, 486–490. [CrossRef]

43. Fairclough, S.J.; McGrane, B.; Sanders, G.; Taylor, S.; Owen, M.; Curry, W. A non-equivalent group pilot trial of a school-based
physical activity and fitness intervention for 10–11 year old english children: Born to move. BMC Public Health 2016, 16, 861.
[CrossRef]

44. Mastebroek, M.; Naaldenberg, J.; Lagro-Janssen, A.L.; van Schrojenstein Lantman de Valk, H. Health information exchange in
general practice care for people with intellectual disabilities—A qualitative review of the literature. Res. Dev. Disabil. 2014, 35,
1978–1987. [CrossRef]

45. McGarty, A.M.; Downs, S.J.; Melville, C.A.; Harris, L. A systematic review and meta-analysis of interventions to increase physical
activity in children and adolescents with intellectual disabilities. J. Intellect. Disabil. Res. 2018, 62, 312–329. [CrossRef] [PubMed]

46. Ogg-Groenendaal, M.; Hermans, H.; Claessens, B. A systematic review on the effect of exercise interventions on challenging
behavior for people with intellectual disabilities. Res. Dev. Disabil. 2014, 35, 1507–1517. [CrossRef] [PubMed]

47. Alesi, M.; Battaglia, G.; Roccella, M.; Testa, D.; Palma, A.; Pepi, A. Improvement of gross motor and cognitive abilities by an
exercise training program: Three case reports. Neuropsychiatr. Dis. Treat. 2014, 10, 479–485. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ridd.2013.08.006
http://doi.org/10.1111/j.1365-2788.2010.01318.x
http://doi.org/10.1016/j.ridd.2011.05.032
http://doi.org/10.1080/09638280701610353
http://www.ncbi.nlm.nih.gov/pubmed/17943512
http://doi.org/10.12659/MSM.893377
http://www.ncbi.nlm.nih.gov/pubmed/26132100
http://doi.org/10.1176/appi.ajp.158.10.1659
http://www.ncbi.nlm.nih.gov/pubmed/11578999
http://doi.org/10.1007/s00221-008-1549-8
http://www.ncbi.nlm.nih.gov/pubmed/18830589
http://doi.org/10.1007/s11682-014-9290-3
http://doi.org/10.1093/brain/awh101
http://doi.org/10.1016/j.gaitpost.2018.03.027
http://doi.org/10.5114/hm.2021.98466
http://doi.org/10.7417/T.2015.1870
http://doi.org/10.1016/j.braindev.2017.10.001
http://doi.org/10.1111/j.1365-2788.2012.01536.x
http://www.ncbi.nlm.nih.gov/pubmed/23506141
http://doi.org/10.1371/journal.pone.0094247
http://doi.org/10.1038/sj.ijo.0803196
http://www.ncbi.nlm.nih.gov/pubmed/16404408
http://doi.org/10.3109/17483107.2013.799238
http://doi.org/10.1111/j.1600-0838.2010.01120.x
http://www.ncbi.nlm.nih.gov/pubmed/20456681
http://doi.org/10.3390/jfmk4030057
http://www.ncbi.nlm.nih.gov/pubmed/33467372
http://doi.org/10.1007/s12325-019-01024-2
http://www.ncbi.nlm.nih.gov/pubmed/31301057
http://doi.org/10.1016/j.dhjo.2018.02.003
http://doi.org/10.1186/s12889-016-3550-7
http://doi.org/10.1016/j.ridd.2014.04.029
http://doi.org/10.1111/jir.12467
http://www.ncbi.nlm.nih.gov/pubmed/29277930
http://doi.org/10.1016/j.ridd.2014.04.003
http://www.ncbi.nlm.nih.gov/pubmed/24763376
http://doi.org/10.2147/NDT.S58455
http://www.ncbi.nlm.nih.gov/pubmed/24672238


J. Clin. Med. 2022, 11, 5031 15 of 15

48. Bull, F.C.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, J.P.; Chastin, S.; Chou, R.; et al.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 2020, 54, 1451–1462.
[CrossRef]

49. Grondhuis, S.N.; Aman, M.G. Overweight and obesity in youth with developmental disabilities: A call to action. J. Intellect.
Disabil. Res. 2014, 58, 787–799. [CrossRef]

50. Ara, I.; Moreno, L.A.; Leiva, M.T.; Gutin, B.; Casajús, J.A. Adiposity, physical activity, and physical fitness among children from
Aragon, Spain. Obesity 2007, 15, 1918–1924. [CrossRef]

51. Zemel, B.S.; Pipan, M.; Stallings, V.A.; Hall, W.; Schadt, K.; Freedman, D.S.; Thorpe, P. Growth Charts for Children With Down
Syndrome in the United States. Pediatrics 2015, 136, e1204–e1211. [CrossRef]

52. Patel, D.R.; Cabral, M.D.; Ho, A.; Merrick, J. A clinical primer on intellectual disability. Transl. Pediatr. 2020, 9, S23–S35. [CrossRef]
53. Henderson, S.E.; Sugden, D.A.; Barnett, A. Movement Assessment Battery for Children—Second Edition (Movement ABC-2); The

Psychological Corporation: London, UK, 2007.
54. Alpern, G.D.; Lanfranchi, S.; Vianello, R. DP-3—Developmental Profile-3; Hogrefe Editore: Firenze, Italia, 2015.
55. Alpern, G.D. Developmental Profile 3: DP-3; Western Psychological Services (WPS): Torrance, CA, USA, 2007.
56. Daunhauer, L.A.; Fidler, D.J. The down syndrome behavioral phenotype: Implications for practice and research in occupational

therapy. Occup. Ther. Health Care 2011, 25, 7–25. [CrossRef]
57. Holzapfel, G.A.; Niestrawska, J.A.; Ogden, R.W.; Reinisch, A.J.; Schriefl, A.J. Modelling non-symmetric collagen fibre dispersion

in arterial walls. J. R. Soc. Interface 2015, 12, 20150188. [CrossRef]
58. Memisevic, H.; Macak, A. Fine motor skills in children with Down syndrome. Spec. Edukac. Rehabil. 2014, 13, 365–377. [CrossRef]
59. Cowley, P.M.; Ploutz-Snyder, L.L.; Baynard, T.; Heffernan, K.; Jae, S.Y.; Hsu, S.; Lee, M.; Pitetti, K.H.; Reiman, M.P.; Fernhall, B.

Physical fitness predicts functional tasks in individuals with Down syndrome. Med. Sci. Sports Exerc. 2010, 42, 388–393. [CrossRef]
[PubMed]

60. Boncoddo, R.; Dixon, J.A.; Kelley, E. The emergence of a novel representation from action: Evidence from preschoolers. Dev. Sci.
2010, 13, 370–377. [CrossRef] [PubMed]

61. Battaglia, G.; Giustino, V.; Messina, G.; Faraone, M.; Brusa, J.; Bordonali, A.; Barbagallo, M.; Palma, A.; Dominguez, L.J. Walking
in Natural Environments as Geriatrician’s Recommendation for Fall Prevention: Preliminary Outcomes from the “Passiata Day”
Model. Sustainability 2020, 12, 2684. [CrossRef]

62. Buchner, D.M.; Rillamas-Sun, E.; Di, C.; LaMonte, M.J.; Marshall, S.W.; Hunt, J.; Zhang, Y.; Rosenberg, D.E.; Lee, I.M.; Evenson,
K.R.; et al. Accelerometer-Measured Moderate to Vigorous Physical Activity and Incidence Rates of Falls in Older Women. J. Am.
Geriatr. Soc. 2017, 65, 2480–2487. [CrossRef]

63. Warburton, D.E.R.; Bredin, S.S.D. Health benefits of physical activity: A systematic review of current systematic reviews. Curr.
Opin. Cardiol. 2017, 32, 541–556. [CrossRef]

64. Shin, C.N.; Lee, Y.S.; Belyea, M. Physical activity, benefits, and barriers across the aging continuum. Appl. Nurs. Res. 2018, 44,
107–112. [CrossRef]

65. Missiuna, C.; Cairney, J.; Pollock, N.; Campbell, W.; Russell, D.J.; Macdonald, K.; Schmidt, L.; Heath, N.; Veldhuizen, S.; Cousins,
M. Psychological distress in children with developmental coordination disorder and attention-deficit hyperactivity disorder. Res.
Dev. Disabil. 2014, 35, 1198–1207. [CrossRef]

66. Andriolo, R.B.; El Dib, R.P.; Ramos, L.; Atallah, A.N.; da Silva, E.M. Aerobic exercise training programmes for improving physical
and psychosocial health in adults with Down syndrome. Cochrane Database Syst. Rev. 2010, 5, CD005176. [CrossRef]

67. Carter, K.; Sunderman, S.; Wooten Burnett, S. The Effect of Vestibular Stimulation Exercises on Balance, Coordination, and Agility
in Children with Down Syndrome. Am. J. Psychiatry Neurosci. 2018, 6, 28–32. [CrossRef]

68. Fragala-Pinkham, M.; O’Neil, M.E.; Haley, S.M. Summative evaluation of a pilot aquatic exercise program for children with
disabilities. Disabil. Health J. 2010, 3, 162–170. [CrossRef] [PubMed]

69. Heller, T.; Hsieh, K.; Rimmer, J.H. Attitudinal and psychosocial outcomes of a fitness and health education program on adults
with down syndrome. Am. J. Ment. Retard. 2004, 109, 175–185. [CrossRef]

70. Jobling, A.; Virji-Babul, N.; Nichols, D. Children with Down Syndrome. J. Phys. Educ. Recreat. Danc. 2006, 77, 34–54. [CrossRef]

http://doi.org/10.1136/bjsports-2020-102955
http://doi.org/10.1111/jir.12090
http://doi.org/10.1038/oby.2007.228
http://doi.org/10.1542/peds.2015-1652
http://doi.org/10.21037/tp.2020.02.02
http://doi.org/10.3109/07380577.2010.535601
http://doi.org/10.1098/rsif.2015.0188
http://doi.org/10.5937/specedreh13-7465
http://doi.org/10.1249/MSS.0b013e3181b07e7a
http://www.ncbi.nlm.nih.gov/pubmed/19927019
http://doi.org/10.1111/j.1467-7687.2009.00905.x
http://www.ncbi.nlm.nih.gov/pubmed/20136934
http://doi.org/10.3390/su12072684
http://doi.org/10.1111/jgs.14960
http://doi.org/10.1097/HCO.0000000000000437
http://doi.org/10.1016/j.apnr.2018.10.003
http://doi.org/10.1016/j.ridd.2014.01.007
http://doi.org/10.1002/14651858.CD005176.pub4
http://doi.org/10.11648/j.ajpn.20180602.11
http://doi.org/10.1016/j.dhjo.2009.11.002
http://www.ncbi.nlm.nih.gov/pubmed/21122781
http://doi.org/10.1352/0895-8017(2004)109&lt;175:AAPOOA&gt;2.0.CO;2
http://doi.org/10.1080/07303084.2006.10597892

	Introduction 
	Motor Development and Down Syndrome 
	Benefits of Physical Activity 
	Aim of the Study 

	Materials and Methods 
	Study Procedure 
	Participants Recruitment 
	Participants Characteristics 
	Participants Allocation 
	Motor Coordination Test Selection 
	Motor Coordination Evaluation 
	Global Development Evaluation 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

