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Abstract

Objectives: The purpose of this study was to evaluate the feasibility and potential effect of a physical exercise package on the motor
proficiency of children and adolescents with Down syndrome.

Methods: In thisresearch, an experimental design was conducted in two special schools to evaluate the effectiveness of this package
and identify its strengths and weaknesses. Forty students with Down syndrome were selected and randomly divided into interven-
tion and control groups. A total of 36 (22 male and 14 female) students out of 50 at two special schools for children with special
needs between October 2020 and March 2021 were recruited for the study. Participants were aged 12.888 + 2.375 (12.954 + 2.609 for
boys and 12.785 + 2.044 for girls) years. The 18 students in the intervention group participated in the exercise sessions, 2 or 3 sessions
per week for 12 weeks. Pre- and post-tests were performed on both groups. The Physical Exercise Package included the principles
of exercise, the preferred exercise methods, and the details of exercise planning for Down syndrome individuals (FITT-VP) based on
the etiology of Down syndrome and the characteristics of people with this syndrome. Motor proficiency was measured using the
Bruininks Oseretsky Test of Motor Proficiency (BOT-2).

Results: The results of the study showed that the designed exercise package was adhered to with all the participants attending 93.2%
of the sessions, and participants significantly improved their total motor proficiency score, manual dexterity, upper-limb coordi-
nation, strength, balance, upper-limb coordination, running speed and agility and fine motor Integration (P < 0.05). However, the
exercises did not significantly change the bilateral coordination and fine motor precision (P> 0.05).

Conclusions: the current study result shows that developing and implementing the individualized exercise package and observ-
ing the principles set out in the program could have significant positive impacts on the motor proficiency of students with Down
syndrome.
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1. Background point that it is now only a few years shorter than the life
expectancy of the general population (7, 8).

Down syndrome (DS) is a common neurodevelopmen-

tal disorder that causes significant delays in various as-
pects of development, intellectual disability, and numer-
ous health and mental problems. The prevalence of this
disorder has been reported to range from one in 650 births
to one in 1200 births (1-5). Down syndrome has received
more attention from researchers than any other chromo-
somal disorder. Indeed, Down syndrome has long been
among the most popular behavioral and educational re-
search subjects. Thanks to advances in this field, some in-
dividuals with Down syndrome attend university classes
(6). Over the past 30 years, the life expectancy of Down syn-
drome individuals has also increased significantly, to the

One of the essential prerequisites for designing an ex-
ercise for people with a disorder is to perfectly understand
the problems and limitations that result from that disor-
der. In the case of Down syndrome, such an understand-
ing can be gained from the countless studies conducted on
this subject. Research has shown that people with Down
syndrome are highly more likely to suffer from poor phys-
ical fitness (9), foot structure and ankle problems (10-12),
balance problems (12-16), atlantoaxial instability, ligamen-
tous laxity and joint instability (17-20), poor bone mineral
density (21, 22), low muscle strength and hypotonia (23-
26), shortness of arms and legs (27), overweight, obesity,
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and body composition problems (28-30), low reaction time
(31), neurological or psychological issues and nerve growth
problems (32-34), anomalous dominance (35, 36), informa-
tion processing problems, poor cognition and memory (6,
37, 38), Alzheimer’s disease (39), and cardiovascular prob-
lems (40, 41).

Another common characteristic of these individuals
is inactivity. Various studies have shown that Down syn-
drome individuals have lower levels of physical activity
than people without Down syndrome and even people
with other disabilities (42-44). This inactivity can lead to
health issues, debilitated motor development, and less so-
cial engagement.

Down syndrome affects fine and gross motor skills (45-
48). According to Beqaj et al., children with intellectual dis-
abilities, especially those with Down syndrome, have sig-
nificantly delayed motor development compared to other
children. It has been reported that children with intellec-
tual disabilities have even poorer motor development than
children with other disabilities (49). This problem is no-
ticeably worse in children with Down syndrome because
of their differently structured central nervous system (due
to chromosomal abnormalities) and their unique learning
style (50). By disrupting cognitive processes and impairing
all aspects of growth, Down syndrome also delays the onset
of motor skill development. Another difference between
individuals with and without Down syndrome is in the pat-
tern of motor activities. Motor disorders that tend to af-
fect motor development of children with Down syndrome
adversely include decreased muscle tone in the posture-
supporting muscles (a neuromuscular symptom), inade-
quate posture control and response, inadequate muscle
contractions around the joints, impaired depth percep-
tion, and hyperactivity of the joints (50). All these prob-
lems result in poor motor development and inactivity and
weakness in performing sports skills and even daily activ-
ities, which can significantly reduce the overall quality of
life of these individuals.

It has been shown that early interventions can be very
effective in enhancing the motor development of Down
syndrome individuals. In other words, Down syndrome in-
dividuals who receive early interventions tend to score bet-
ter on their performance tests than their peers (51). Tom-
porowski et al. showed that exercise could improve the
physical, emotional, and social development of children
with Down syndrome and boost their physical and mental
performance (52).

Despite outstanding advances in medical science and
the development of numerous interventions for children
with Down syndrome, these individuals still suffer from
significant developmental delays compared to their peers
(53). In a review paper by Gonzalez-Aguero et al., where

they examined the literature on health-related physical fit-
ness of children with Down syndrome, it was concluded
that the exercise programs tested by many studies have
not been as effective as expected in improving the physi-
cal fitness of these individuals. Therefore more research is
needed to clarify the issue (54).

While there is no doubt about the effectiveness of exer-
cise in improving the motor skills and health of children
with Down syndrome (55-60), there is still no complete ex-
ercise package designed to meet the specific needs of these
individuals, and teachers and caregivers tend to get con-
fused as to which exercises are more suitable for these chil-
dren (61). International studies have shown that while the
number of disabled students who attend a special school
or regular education is on the rise, many physical educa-
tion (PE) teachers in these schools are still ill-prepared to
work with these students. Amajor problem for these teach-
ers in working with children with disabilities is the lack of
adequate educational resources. To resolve this issue, it is
critical to develop multidimensional yet sufficiently sim-
ple instructions for public use as a guideline for planning
exercises for people with different disorders.

Physical education specialists are duty-bound to de-
velop specialized exercises for special needs individuals
based on the etiology and characteristics of each disorder
in order to equip sports coaches and physical education
teachers with the knowledge that they need to provide pro-
fessional training and exercise services to these individ-
uals. In pursuit of this goal, after reviewing the numer-
ous studies conducted on people with Down syndrome, re-
search team in the Sport Sciences Research Institute (SSRI)
designed an individualized exercise package specifically
for students with syndrome down.

2. Objectives

This study aimed to evaluate the effect of physical exer-
cise packages for students with Down syndrome on the mo-
tor proficiency of these students. Upon the verification of
the effectiveness of the program and its benefits for Down
syndrome individuals, it can serve as a guideline for re-
searchers, PE teachers, sports coaches, parents, and care-
givers to help them plan exercises for people with Down
syndrome through a specific methodology based on the
principles of exercise science.

3. Methods

This randomized controlled trial study was conducted
in two phases: 1- developing the exercise package; 2- mea-
suring the effectiveness of the package and making the
necessary modifications.
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3.1. Population, Sample, and Sampling Method

In this research, an experimental design was con-
ducted in two special schools (one all-boys school and one
all-girls school) to investigate its effectiveness, discover its
strengths and weaknesses. Special schools are those that
provide an education for children with a special educa-
tional need or disability.

After obtaining written consent (from students’ par-
ents), the students who met the inclusion criteria (having
Down syndrome, IQ between 55-75, being able to move and
follow instructions, having no disability other than Down
syndrome, having no severe physical disability, and be-
ing willing to participate in an exercise program) were in-
cluded in the sample. The subjects, were randomly divided
into two groups, intervention and control. Also those stu-
dents who were not able to complete the exercise program
or attend the post-test session were excluded, reducing the
sample size to 36. Overall, the students of the two groups
had a mean age of 12.888 + 2.375 (12.954 £ 2.609 for boys
and 12.785 + 2.044 for girls). In the intervention group, the
students had a mean age of 12.555 + 2.770 (12.250 * 2.800
for boys and 13.167 + 2.857 for girls). students in the control
group had a mean age of 13.222 + 1.927 (13.800 + 2.201 for
boys and 12.500 + 1.309 for girls). The youngest participat-
ing student was 9, and the oldest was 17.

3.2. Measurement Tools

Motor skill development was measured by the Bru-
ininks Oseretsky Test of Motor Proficiency (BOTMP) (BOT-
2). This test consists of eight subscales that measure gross
and fine motor development. BOTMP is a set of norm-
referenced tests. BOT-2 has been used in many studies
to assess the psychomotor abilities of healthy children
aged 4.5 to 14 years. Bruininks created this test in 1978
by modifying the Oseretsky motor proficiency test. Bru-
ininks standardized the test on a sample of 756 children
selected based on age, gender, race, population size, and
geographic area according to a census conducted in 1970.
In a 2009 study by Wuang and Su, they confirmed the reli-
ability and responsiveness of the Bruininks-Oseretsky test
of Motor Proficiency-Second Edition (BOT-2) for children
with intellectual disabilities (ID) (62). Weight and height
were measured with standard instruments (digital scales
and tape measure).

3.3. Intervention

The students in the control group continued their rou-
tine educational program, which of course included rou-
tine daily physical activities of special schools (equal to
the experimental group). The students in the intervention
group attended 1-hour exercise sessions, 2-3 sessions per
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week for 12 weeks in addition to their routine physical ac-
tivities. The exercise program was planned based on the
developed training-exercise package for rehabilitation of
students with Down syndrome (SSRI package). Unfortu-
nately, because of the frequent closure of schools in the au-
tumn and winter of 2019, over the three-month scheduled
semester, students were able to attend only 21 exercise ses-
sions (in addition to 7 sessions dedicated to pre- and post-
testing.

3.4. SSRI Exercise Package for Students with Down Syndrome

Sport Sciences Research Institute exercise package for
students with Down syndrome was designed in a research
project by Kashi and Sarlak in 2020 (63). The details of the
exercise program (frequency, intensity, type, time, volume
and progression) were planned based on the findings of
previous studies. According to American College of Sports
Medicine (ACSM), all exercise programs should consist of a
series of basic elements, including aerobic, strength, bal-
ance, and flexibility exercises (64); the exercise program
was designed on this basis. The exercise package was de-
veloped in three parts. The first part was dedicated to the
principles of exercise for students with Down syndrome.
These principles are the basic exercise guidelines for Down
syndrome individuals and the essential psychosocial, emo-
tional, and motor knowledge that teachers need to work
with these individuals. The second part was devoted to the
preferred exercise methods for Down syndrome individu-
als, and the third part was dedicated to the details of pre-
scribing exercise programs for these individuals. More de-
tailed information in this regard is provided in the first
part of results.

3.4.1. Principles of Exercise for Down Syndrome Individuals

According to the SSRI exercise package, PE teachers and
coaches that are working with Down syndrome students
are recommended to learn these principles and try to fol-
low them when planning exercises or recommending ex-
ercise programs for these individuals:

1- Providing specialized sports exercises on top of the
games played in PE classes with due attention to the prin-
ciples and fundamentals of sports exercise

2- Following the principles of adaptive physical educa-
tion with a supportive and group-oriented approach.

3- Teaching fundamental motor skills (FMS) and
strengthening them in all exercise sessions.

4- Using visual instructions in exercises and evalua-
tions.

5- Facilitating the attendance of Down syndrome stu-
dents in PE classes.

6- Expanding inclusive education in the educational
programs for Down syndrome students.
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7- Developing educational and exercise programs for
Down syndrome students based on the etiology of this syn-
drome and with attention to the syndrome’s specific im-
pacts in each person.

8- Teaching parents to give extra-school exercises.

9- Teaching school teachers how to work with Down
syndrome students.

10- Integrating groups of students with different dis-
abilities in PE classes and not separating them from public
programs.

11- Creating motivation for participation in PE classes
based on each student’s interests.

12- Promoting participation in Special Olympics pro-
grams as an extracurricular special sport activity for Down
syndrome individuals.

These principles are basic guidelines to help teachers,
even those with unrelated education, to understand the
essentials of working with Down syndrome students and
take positive steps in boosting physical activity and the re-
habilitation of these students.

3.4.2 Preferred Exercises for Down Syndrome Individuals

The exercise mentioned in Table 1, are recommended
for students with Down syndrome acording to the SSRI
package. The training instructor or teacher needs to plan
the exercise sessions, of course with adherence to the prin-
ciples of exercise for Down syndrome students, in a way
that all ten categories get covered over the course of each
planning window. Naturally, it is impossible to include
all of the ten categories in each session. Thus, for exam-
ple, if the students are scheduled to attend 24 sessions per
semester, these 24 sessions must be planned with atten-
tion to the capacity of students, school facilities, and the
cooperation of colleagues, parents, and students in such
a way as to have a diverse combination of these exercises
throughout the semester and achieve the maximum possi-
ble improvement in motor development at the end of the
semester. The plans can also be adjusted to overcome un-
foreseen disruptions, for example, by shifting to remotely
supervised home exercises during the pandemic.

3.4.3. Details of the Implementation of the Exercise Program for
Down Syndrome Individuals

The developed exercise package should be at least 12
weeks long to have significant effects. It is recommended
to continue the exercises as long as possible and incor-
porate them into the daily routine to have lasting effects.
This package proposed that having 2 - 3 sessions a week,
each lasting 45 to 60 minutes, would be a good choice for
students with Down syndrome. Also, it is recommended
to start the developed exercise program at low intensity,

gradually raise the intensity of exercises to a moderate
level, and introduce a few high-intensity exercises once stu-
dents show improved cardiovascular performance. How-
ever, considering the limitations of the cardiovascular and
metabolic systems in Down syndrome individuals, high-
intensity exercises must be used with extreme caution.

3.5. Data Analysis Methods

The descriptive statistical analysis was conducted by
the use of mean, standard deviation, and frequency dis-
tribution tables and graphs. For the inferential statistical
analysis, the analysis of covariance (ANCOVA) was used to
test the hypotheses on the presence of significant relation-
ships between research variables.

4. Results

The Down syndrome students that participated in this
research were in the age range of 9-17 years and had a mean
age of 12.888 £+ 2.375 (12.954 + 2.609 for boys and 12.785 +
2.044 for girls) years.

Based on sample size calculation using GPower, 36 par-
ticipants were included in this study to give 1- beta = 0.95,
alpha =0.05 and effect size |p| = 0.50 and allocated into ei-
ther the intervention or the control group.

4.1. Adherence to Exercise Intervention

All the participants completed the exercise sessions
with no more than three sessions absent. On average, par-
ticipants attended 93.2% of the sessions, and 100% com-
pleted the pre and post-assessments.

4.2. Effects of the Exercise Program on Body Composition and
Body Mass Index

The mean weight of the control group changed from
41.44 t 15.617 in the pre-test stage to 41.111 £ 15.593 in the
post-test stage. In the intervention group, the mean weight
changed from 37.228 + 15.664 in the pre-test stage to 37.111
* 14.556 in the post-test stage. The mean body mass index
(BMI)in the control group changed from 22.4837+ 4.705 to
22217+ 4.733,and in the intervention group changed from
20.565 + 4.541t0 20.573 £ 4.044. For both weight and BMI,
the results of ANCOVA showed no significant difference be-
tween the post-test weight or BMI of the two groups after
controlling for their pre-test values (P > 0.05), meaning
that the exercises had no significant effect on the weight
or BMI of the students.

Iran ] Pediatr. 2023;33(1):e120408.



KashiAetal.

Table 1. Recommended Exercise Methods for Students with Down Syndrome

Recommended Exercise Methods

Details

Perception-action exercises

Receiving, throwing and hitting exercises, folk dances and rhythmic movements, exercises that improve

reaction time and cognitive processing

Exercising on sloping surfaces, using machines such as treadmill and stationary bicycle, swimming,

Using BOSU ball and its exercises, rotational strengthening and stabilizing exercises, exercising on moving,

After school exercises
massage, and horseback riding
Balance exercises
fixed and unstable surfaces
Virtual games Using Xbox Kinect and Nintendo Wii games

Muscle endurance exercises
Whole-body vibration machines

Aerobic exercises

Increasing the level of physical activity, repetitive contractions, and Swedish exercises
Whole-body vibration at low to high frequencies

Cardiovascular endurance improvement through aerobic exercises, running, cycling, etc., increasing heart

rate in stationary exercises throughout the session

Exercise with wheeled equipment

Cycling, skating, using power pump or any kind of wheeled equipment that involve maintaining balance

and controlling muscle contraction

Strength exercise and its complementary exercises

Strength-balance exercises, strength-aerobic exercises, strength-agility exercises, exercises that strengthen

core stability muscles, strength and depth perception development exercises, plyometric exercises,
community-based strength exercises, exercising with weight, and two-person exercises

Yoga and gymnastics exercises

Special yoga cards, stories, games for Down syndrome individuals, special gymnastic moves for Down

syndrome individuals (avoid those moves that put pressure on the neck and atlantoaxial joint)

4.3. Effects of the Exercise Program on Motor Proficiency

The results of this study showed that (Table 2) the ex-
ercises significantly improved the total motor proficiency
score (F=28.766, P = 0.000, Eta = 0.750). The exercise pro-
gram had a significant impact on different dimensions of
motor proficiency, including manual dexterity (F=28.118, P
=0.000, Eta = 0.466), upper-limb coordination (F = 6.009,
P = 0.020, Eta = 0.154), strength (F=11.128, P = 0.002, Eta =
0.252), balance (F=9.369, P=0.004, Eta = 0.221), upper-limb
coordination (F =15.905, P = 0.000, Eta = 0.325), running
speed and agility (F = 6.251, P = 0.018, Eta = 0.159) and fine
motor Integration (F=6.009, P = 0.020, Eta = 0.154). How-
ever, the exercises did not significantly change the bilateral
coordination (F=1.878, P=0.180) and fine motor precision
(F=1.617,P=0.212) score of the students (P> 0.05).

After identifying the weaknesses of this exercise pack-
age (i.e. the areas where improvements were insignifi-
cant), necessary modifications were made based on previ-
ous reports and findings and the principles of exercise sci-
ence to finalize the proposed exercise guidelines for stu-
dents with Down syndrome (Figure 1).

5. Discussion

This study aimed to evaluate the feasibility and poten-
tial effect of a physical exercise package on the motor pro-
ficiency of children and adolescents with Down syndrome.
The results of numerous studies on individuals with Down
syndrome have shown that participation in exercise pro-
grams, can have significant positive effects on their onset
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and rate of motor skill development. Additionally, exercise
programs can have profound impacts on these individuals
and, most notably, on their growth (65), immune and hor-
monal system function (66, 67), cognitive function, neu-
rological and psychological function(27, 68), physiologi-
cal response to physical activity (5, 69), executive function
(70), cardiovascular fitness (71, 72), aerobic capacity (73, 74)
and body composition (30, 75), which certainly lead to im-
proved health and quality of life.

Regarding the effect of physical activity on Down syn-
drome individuals, there is a consensus that exercise has
remarkable benefits for these people in terms of cardio-
vascular, neurological, and muscular responses (59). The
enhanced capability to use motor skills in adaptive activi-
ties makes Down syndrome individuals more independent
in their personal and work life (5). Exercise programs de-
veloped for these individuals has to start with simple ex-
ercises to understand and fulfil theperson’s need to de-
velop a physical capacity or capability. Wang and Ju. (76)
and Wang and Chang (77) showed that although physical
activities such as the long jump have many benefits for
Down syndrome individuals, it is not worthwhile or par-
ticularly effective to continue this type of exercise, which
strengthens a particular part of the body, for a long time.
Therefore, researchers have strongly recommended using
exercises that improve various body parts and various di-
mensions of physical health. A good example of an en-
joyable program that meets this requirement is the one
proposed by Lin and Wuang, which uses a combination
of walking/jogging and virtual reality exercises (with Wii
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Table 2. The Effect of the Exercise Program on Motor Proficiency of Students with Down Syndrome

Variables and Test Sum of Squares df Mean Square f P Value Partial Eta Squared Observed Power
Mean total BOTMP score

Pre test 1916.233 1 1916.233 127.887 0.000 0.792 1

Variable 437.865 1 437.865 28.766 0.000 0.466 0.999
Running speed and agility

Pre test 111.304 1 111.304 90.504 0.000 0.773 1

Variable 7.688 1 7.688 6.251 0.018 0.159 0.680
Balance

Pre test 131.948 1 131.948 127.662 0.000 0.795 1

Variable 9.683 1 9.683 9.369 0.004 0.221 0.884
Bilateral coordination

Pre test 41.818 1 41.818 106.939 0.000 0.764 1

Variable 0.734 1 0.734 1.878 0.180 0.054 0.265
Strength

Pre test 128.384 1 128.384 69.196 0.000 0.675 1

Variable 20.647 1 20.647 11128 0.002 0.252 0.899
Fine motor precision

Pre test 105.422 1 105.422 201.092 0.000 0.859 1

Variable 0.848 1 0.848 1.617 0.212 0.049 0.235
Upper-limb coordination

Pre test 195.502 1 195.502 371.057 0.000 0.918 1

Variable 3.166 1 3.166 6.009 0.020 0.154 0.663
Manual dexterity

Pre test 108.672 1 108.672 214.529 0.000 0.867 1

Variable 14.598 1 14.598 28.118 0.000 0.466 0.999

Abbreviation: BOTMP, Bruininks Oseretsky Test of Motor Proficiency.

game console) (78). Shields et al. have introduced two dif-
ferent exercise interventions for Down syndrome individ-
uals. One of these interventions is a group-based train-
ing which involves two or three Down syndrome individ-
uals exercising with a trainer. The other program involves
Down syndrome individuals exercising in groups while
receiving guidance from mentors. This form of training
can improve social interaction and physiological adapta-
tion capabilities and prevent many of the problems asso-
ciated with specific exercise programs (79, 80). Therefore,
researchers also tried to put together different types of ex-
ercises that could benefit Down syndrome individuals in-
stead of strengthening a specific dimension in order to
reach an exercise program capable of improving the over-
all health of participants and alleviating the common limi-
tations resulting from the syndrome; an exercise program
that can be continued for a long period of time and lead to

lasting improvement in various indicators of health.

It is clear that despite extensive studies in the field
of sports science on people with Down syndrome, teach-
ers and coaches still face substantial ambiguities when
planning exercises for these individuals. While the Special
Olympics Organization has made some recommendations
on how these people should exercise, many ordinary Down
syndrome individuals, especially students, need regular,
easy-to-use, and diverse exercises to help them get fit and
develop their motor skills rather than engage in sports ac-
tivities. Experts in the field of sports science are obligated
to develop such exercises to improve the physical health
of these individuals so that they can enjoy a long life and
play an active role in society. However, a major problem
in this area is the poor readiness of PE teachers in many
parts of the world to implement the developed exercise
programs such that there would be an effective improve-
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Participants were
randomly assigned to
50 participants invited 36 part1c1papts were the control and
recruited . .
intervention groups of
18
o . All the participants
participants attended All the participants
) (100%) completed the
the 12 weeks exercise attended 93.2% of the
. pre and post-test
(2-3 sessions per week) sessions. .
sessions.

Figure 1. Study recruitment flow diagram

ment in the physical abilities of their Down syndrome stu-
dents. Unfortunately, many PE teachers lack the necessary
knowledge to plan exercises for students with Down syn-
drome and desperately need training and clear practical
instructions to carry out this task. In this study, researchers
tried to develop such instructions in the form of a special
exercise package for Down syndrome students in order to
take a step toward better physical rehabilitation of these
individuals in special and public schools. After an exten-
sive study of research conducted on this subject in differ-
ent countries, the SSRC exercise package was developed
based on the latest scientific findings (63). In order to make
sure of its applicability, the program had to be tested in
this research by several special PE teachers to identify its
strengths and shortcomings. By implementing the pack-
age in two special schools, researchers ensured that the
provided instructions were easy to understand and apply.

After completing the program, the participating stu-
dents showed an increase in total motor proficiency scores,
with significant improvement in various subscales of mo-
tor proficiency, including manual dexterity, upper-limb co-
ordination, strength, balance, upper-limb coordination,
running speed and agility and fine motor Integration (P <
0.05). Although this exercise package is being tested for
the first time, this result is consistent with other studies
findings (52-55, 58). This is a critical outcome as it indicates
the positive impact of the exercise package for individuals
with down syndrome.

Current study result demonstrated that the exercises
did not significantly change the students’ weight, BMI, bi-
lateral coordination, and fine motor integration score (P >
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0.05). Considering the short time intervention, this result
was expected. This finding shows that longer-term inter-
vention could be more beneficial for individuals with syn-
drome down.

The study strength includes the novel individualized
exercise program for students with syndrome down, con-
sidering ACSM guidelines and these individuals’ capabili-
ties and interests. However, there were a few limitations
in the program. For example, it was challenging to change
body composition by holding two or three one-hour exer-
cise sessions over a few months, mainly because the pro-
gram was focused on improving motor function and neu-
romuscular coordination in the initial months. However,
if continued for a more extended period of time, the pro-
gram can be expected to have more significant impacts
on body structure and composition. Undoubtedly, short-
term exercise programs will never be able to guarantee
lasting health benefits, which is why teachers should en-
courage students to incorporate physical activity and ex-
ercise into their daily routines so that they can reap the
benefits throughout their life. Further longitudinal stud-
ies with larger sample sizes are required to help in a bet-
ter understanding of the individualized exercise program
for students with syndrome down. Also, this study sug-
gests that controlling other factors such as eating behavior,
alongside the individualized exercise package, might have
abetterimpact and benefits for individuals with syndrome
down.

5.1. Conclusions
Our review of studies on Down syndrome individuals
showed that they tend to suffer from problems in body
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composition, fitness, motor skills, and some physical abil-
ities, all of which negatively impact their health and qual-
ity of life. These problems can substantially limit a Down
syndrome individual’s opportunities for social interaction
and engagement because they tend to get involved in jobs
and tasks that mainly require physical health (this is be-
cause, unfortunately, they are mostly unable to do complex
tasks that depend on intellectual abilities). This highlights
the importance of improving the physical health of Down
syndrome individuals and explains why this is among the
core duties of experts in rehabilitation and sports sciences.
By providing specific exercise guidelines for students with
Down syndrome, researchers hope to help PE teachers,
sports coaches, and parents of these students to success-
fully implement a multidimensional exercise program for
these individuals so that they can gain the physical ca-
pabilities that they will need to have effective social en-
gagements and move towards a more independent life of
higher quality.

Footnotes

Authors’ Contribution: Concept: Ali Kashi; design: Ali
Kashi and Zahra Sarlak; data collection or processing: Ali
Kashi; analysis or interpretation: Ali Kashi, Helen Dawes
and Maedeh Mansiubi; Critical revision of the manuscript
for important intellectual content: Helen Dawes, Ali Kashi
and Maedeh Mansiubi; literature search: Zahra Sarlak;
writing: Ali Kashi, Maedeh Mansoubi.

Conflict of Interests: The authors declare that they have
no competing interest. This study was fully funded by
the Sport Sciences Research Institute of Iran (SSRI). In this
study, no personal expenses have been incurred, no consul-
tation fee has been paid, no personal expenses have been
incurred for each individual, and no author in the journal
has a formal contribution.

Data Reproducibility: The data presented in this study
are openly available in one of the repositories or will be
available on request from the corresponding author by
this journal representative at any time during submission
or after publication. Otherwise, all consequences of possi-
ble withdrawal or future retraction will be with the corre-
sponding author.

Ethical Approval: The research proposal was submitted
in advance to the National Committee for Ethics in Biomed-
ical Research at the Ministry of Health and Medical Educa-
tion of Iran and SSRIand received permission with the code
IR.SSRC.REC.1398.030.

Funding/Support: This study was fully funded
by the Sport Sciences Research Institute of Iran
(https:/[research.ssrc.ac.irf).

Informed Consent: Written consent was obtained from
students’ parents.

References

1. Startin CM, D’Souza H, Ball G, Hamburg S, Hithersay R, Hughes
KMO, et al. Health comorbidities and cognitive abilities across
the lifespan in Down syndrome. | Neurodev Disord. 2020;12(1):4.
[PubMed ID: 31973697]. [PubMed Central ID: PMC6979347].
https://doi.org[10.1186/s11689-019-9306-9.

2. Bittles AH, Bower C, Hussain R, Glasson EJ. The four ages of Down
syndrome. Eur | Public Health. 2007;17(2):221-5. [PubMed ID: 16857692].
https://doi.org/10.1093/eurpub/ckli03.

3. Surmeli T, Ertem A. EEG Neurofeedback Treatment of Patients
with Down Syndrome. Journal of Neurotherapy. 2007;11(1):63-8.
https://doi.org[10.1300/]184v11n01_07.

4. Wu ], Morris JK. The population prevalence of Down’s syndrome
in England and Wales in 2011. Eur | Hum Genet. 2013;21(9):1016-
9. [PubMed ID: 23321618]. [PubMed Central ID: PMC3746270].
https://doi.org[10.1038/ejhg.2012.294.

5. Mendonca GV, Pereira FD, Fernhall B. Effects of combined aerobic and
resistance exercise training in adults with and without Down syn-
drome. Arch Phys Med Rehabil. 2011;92(1):37-45. [PubMed ID: 21187203].
https://doi.org[10.1016[j.apmr.2010.09.015.

6. Fidler D], Nadel L. Education and children with Down syn-
drome: neuroscience, development, and intervention. Ment Re-
tard Dev Disabil Res Rev. 2007;13(3):262-71. [PubMed ID: 17910079].
https://doi.org[10.1002/mrdd.20166.

7. Torr |, Strydom A, Patti P, Jokinen N. Aging in Down Syndrome:
Morbidity and Mortality. | POLICY PRACT INTEL. 2010;7(1):70-81.
https://doi.org/10.1111/j.1741-1130.2010.00249.X.

8. Head E, Silverman W, Patterson D, Lott IT. Aging and
down syndrome. Curr Gerontol Geriatr Res. 2012;2012:412536.
[PubMed ID: 22844278]. [PubMed Central ID: PMC3400297].
https://doi.org/10.1155/2012/412536.

9. Izquierdo-Gomez R, Martinez-Gomez D, Tejero-Gonzalez CM,
Cabanas-Sanchez V, Ruiz Ruiz ], Veiga O L. Are poor physical
fitness and obesity two features of the adolescent with Down
syndrome? Nutr Hosp. 2013;28(4):1348-51. [PubMed ID: 23889665].
https://doi.org/10.3305/nh.2013.28.4.6566.

10. Pau M, Galli M, Crivellini M, Albertini G. Foot-ground inter-
action during upright standing in children with Down syn-
drome. Res Dev Disabil. 2012;33(6):1881-7. [PubMed ID: 22717405].
https://doi.org/10.1016/j.ridd.2012.05.018.

11. Puszczalowska-Lizis E, Nowak K, Omorczyk ], Ambrozy T, Bujas P,
Nosiadek L. Foot Structure in Boys with Down Syndrome. Biomed Res
Int. 2017;2017:7047468. [PubMed ID: 28904967]. [PubMed Central ID:
PMC5585551]. https://doi.org/10.1155/2017/7047468.

12. Wu J, Ajisafe T. Kinetic patterns of treadmill walking in preadoles-
cents with and without Down syndrome. Gait Posture. 2014;39(1):241-
6.[PubMed ID:23953274]. https://doi.org/10.1016/j.gaitpost.2013.07.113.

13. Shumway-Cook A, Woollacott MH. Dynamics of postural control in
the child with Down syndrome. Phys Ther.1985;65(9):1315-22. [PubMed
ID: 3162178]. https://doi.org/10.1093/ptj/65.9.1315.

14. Villamonte R, Vehrs PR, Feland ]B, Johnson AW, Seeley MK, Eggett
D. Reliability of 16 balance tests in individuals with Down syn-
drome. Percept Mot Skills. 2010;111(2):530-42. [PubMed ID: 21162454].
https://doi.org/10.2466/03.10.15.25.Pms.111.5.530-542.

15. Vuillerme N, Marin L, Debi B. Assessment of Static Postural Control in
Teenagers with Down Syndrome. ADAPT PHYS ACT Q. 2001;18(4):417-33.
https://doi.org[10.1123/apaq.18.4.417.

16. Carvalho RL, Almeida GL. Assessment of postural adjustments in
persons with intellectual disability during balance on the see-
saw. ] Intellect Disabil Res. 2009;53(4):389-95. [PubMed ID: 19143905].
https://doi.org/10.1111/j.1365-2788.2008.01147.X.

Iran ] Pediatr. 2023;33(1):e120408.


https://ethics.research.ac.ir/ProposalCertificateEn.php?id=69661
https://research.ssrc.ac.ir/
http://www.ncbi.nlm.nih.gov/pubmed/31973697
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6979347
https://doi.org/10.1186/s11689-019-9306-9
http://www.ncbi.nlm.nih.gov/pubmed/16857692
https://doi.org/10.1093/eurpub/ckl103
https://doi.org/10.1300/J184v11n01_07
http://www.ncbi.nlm.nih.gov/pubmed/23321618
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3746270
https://doi.org/10.1038/ejhg.2012.294
http://www.ncbi.nlm.nih.gov/pubmed/21187203
https://doi.org/10.1016/j.apmr.2010.09.015
http://www.ncbi.nlm.nih.gov/pubmed/17910079
https://doi.org/10.1002/mrdd.20166
https://doi.org/10.1111/j.1741-1130.2010.00249.x
http://www.ncbi.nlm.nih.gov/pubmed/22844278
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3400297
https://doi.org/10.1155/2012/412536
http://www.ncbi.nlm.nih.gov/pubmed/23889665
https://doi.org/10.3305/nh.2013.28.4.6566
http://www.ncbi.nlm.nih.gov/pubmed/22717405
https://doi.org/10.1016/j.ridd.2012.05.018
http://www.ncbi.nlm.nih.gov/pubmed/28904967
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5585551
https://doi.org/10.1155/2017/7047468
http://www.ncbi.nlm.nih.gov/pubmed/23953274
https://doi.org/10.1016/j.gaitpost.2013.07.113
http://www.ncbi.nlm.nih.gov/pubmed/3162178
https://doi.org/10.1093/ptj/65.9.1315
http://www.ncbi.nlm.nih.gov/pubmed/21162454
https://doi.org/10.2466/03.10.15.25.Pms.111.5.530-542
https://doi.org/10.1123/apaq.18.4.417
http://www.ncbi.nlm.nih.gov/pubmed/19143905
https://doi.org/10.1111/j.1365-2788.2008.01147.x

KashiAetal.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Block ME. Motor Development in Children with Down Syndrome:
A Review of the Literature. Adapt Phys Act Q. 1991;8(3):179-209.
https://doi.org[10.1123/apaq.8.3.179.

Tredwell SJ, Newman DE, Lockitch G. Instability of the upper cervical
spine in Down syndrome. ] Pediatr Orthop.1990;10(5):602-6. [PubMed
ID: 2144298]. https://doi.org[10.1097/01241398-199009000-00006.
Galli M, Rigoldi C, Brunner R, Virji-Babul N, Giorgio A. Joint stiff-
ness and gait pattern evaluation in children with Down syn-
drome. Gait Posture. 2008;28(3):502-6. [PubMed ID: 18455922].
https://doi.org[10.1016/j.gaitpost.2008.03.001.

Ali FE, Al-Bustan MA, Al-Busairi WA, Al-Mulla FA, Esbaita EY. Cer-
vical spine abnormalities associated with Down syndrome. Int Or-
thop. 2006;30(4):284-9. [PubMed ID: 16525818]. [PubMed Central ID:
PMC2532127]. https://doi.org/10.1007/s00264-005-0070-y.

Carfi A, Liperoti R, Fusco D, Giovannini S, Brandi V, Vetrano DL,
et al. Bone mineral density in adults with Down syndrome.

Osteoporos Int. 2017;28(10):2929-34. [PubMed ID: 28685282].
https://doi.org/10.1007/s00198-017-4133-X.

Angelopoulou N, Souftas V, Sakadamis A, Mandroukas
K. Bone mineral density in adults with Down’s syn-

drome. Eur Radiol. 1999;9(4):648-51. [PubMed ID: 10354878].
https://doi.org/10.1007/s003300050726.

Silva N, Silva S, Gomes Filho A, Fernandes Filho ]. Compara-
tive study of the manual handgrip force in individuals with
Down syndrome. Fitness & Performance Journal. 2009;8(5):383-8.
https:|/doi.org[10.3900/fpj.8.5.383.e.

Bodensteiner |B, Smith SD, Schaefer GB. Hypotonia, congenital hear-
ing loss, and hypoactive labyrinths. | Child Neurol. 2003;18(3):171-3.
[PubMed ID: 12731641]. https:[/doi.org/10.1177/08830738030180030701.
Horvat M, Croce R. Physical Rehabilitation of Individuals with Men-
tal Retardation: Physical Fitness and Information Processing. Crit-
ical Reviews in Physical and Rehabilitation Medicine. 1995;7(3):233-52.
https://doi.org/10.1615/CritRevPhysRehabilMed.v7.i3.20.

Mercer VS, Lewis CL. Hip Abductor and Knee Extensor Muscle
Strength of Children with and without Down Syndrome. Pedi-
atric Physical Therapy. 2001;13(1):18-26. [PubMed ID: 17053646].
https://doi.org[10.1097/00001577-200104000-00004.

Winders P.The Goal and Opportunity of Physical Therapy for Children
with Down Syndrome. In: Cohen WI, Nadel L, Madnick ME, editors.
Down Syndrome: Visions for the 21st Century. 6. Wiley-Liss, Inc; 2002. p.
203-14. https://doi.org/10.1002/0471227579.ch14.

Cronk CE, Chumlea WC, Roche AF. Assessment of overweight chil-
dren with trisomy 21. Am | Ment Defic. 1985;89(4):433-6. [PubMed ID:
3156498].

Harris N, Rosenberg A, Jangda S, O'Brien K, Gallagher ML. Prevalence
of obesity in International Special Olympic athletes as determined
by body mass index. | Am Diet Assoc. 2003;103(2):235-7. [PubMed ID:
12589332]. https://doi.org[10.1053/jada.2003.50025.

Murray J, Ryan-Krause P. Obesity in children with Down syndrome:
background and recommendations for management. Pediatr Nurs.
2010;36(6):314-9. [PubMed ID: 21291048].

Nettelbeck T. Factors affecting reaction time: Mental retardation,
brain damage, and other psychopathologies. In: Welford AT, ed-
itor. Reaction times. London: Academic Press; 1980. p. 355-401.
https://doi.org/10.2466/pms.1991.73.3f.1195.

Hardman ML, Egan MW, Drew C]. Human Exceptionality: School, Com-
munity, and Family. 12th ed. Cengage Learning; 2017.

Chapman RS, Hesketh L]. Behavioral phenotype of individ-
uals with Down syndrome. Ment Retard Dev Disabil Res Rev.
2000;6(2):84-95.[PubMed ID:10899801]. https://doi.org/10.1002/1098-
2779(2000)6:2<84::AID-MRDD2>3.0.CO;2-P.

Golomb J, Kluger A, de Leon M]J, Ferris SH, Mittelman M, Cohen ],
et al. Hippocampal formation size predicts declining memory per-
formance in normal aging. Neurology. 1996;47(3):810-3. [PubMed ID:

8797485). https:/[doi.org[10.1212/wnl.47.3.810.
Giencke S, Lewandowski L. Anomalous dominance in Down syn-

Iran ] Pediatr. 2023;33(1):e120408.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

drome young adults. Cortex. 1989;25(1):93-102. [PubMed ID: 2523281].
https://doi.org/10.1016/s0010-9452(89)80009-7.

Elliott D, Weeks DJ, Chua R. Anomalous cerebral lateralization and
Down syndrome. Brain Cogn. 1994;26(2):191-5. [PubMed ID: 7857609].
https://doi.org[10.1006/brcg.1994.1050.

Vicari S. Implicit versus explicit memory function in children with
Down and Williams syndrome. Downs Syndr Res Pract. 2001;7(1):35-40.
[PubMed ID: 11706810]. https:[/doi.org[10.3104/reports.112.

Grieco |, Pulsifer M, Seligsohn K, Skotko B, Schwartz A. Down syn-
drome: Cognitive and behavioral functioning across the lifespan.
Am ]| Med Genet C Semin Med Genet. 2015;169(2):135-49. [PubMed ID:
25989505]. https:|/doi.org[10.1002/ajmg.c.31439.

Nieuwenhuis-Mark ~ RE.  Diagnosing  Alzheimer’s demen-
tia in Down syndrome: problems and possible solutions.
Res Dev Disabil. 2009;30(5):827-38. [PubMed ID: 19269132].
https://doi.org/10.1016/j.ridd.2009.01.010.

Vis JC, Duffels MG, Winter MM, Weijerman ME, Cobben |JM, Huis-
man SA, et al. Down syndrome: a cardiovascular perspective.
J Intellect Disabil Res. 2009;53(5):419-25. [PubMed ID: 19228275].
https://doi.org/10.1111/j.1365-2788.2009.01158 X.

Versacci P, Di Carlo D, Digilio MC, Marino B. Cardiovascular disease
in Down syndrome. Curr Opin Pediatr. 2018;30(5):616-22. [PubMed ID:
30015688]. https://doi.org/10.1097/MOP.0000000000000661.

Pitetti K, Baynard T, Agiovlasitis S. Children and adolescents with
Down syndrome, physical fitness and physical activity. | SPORT HEALTH
SCI. 2013;2(1):47-57. https:[/doi.org/10.1016/j.jshs.2012.10.004.

Whitt-Glover MC, O'Neill KL, Stettler N. Physical activity
patterns in children with and without Down syndrome.
Pediatr  Rehabil. 2006;9(2):158-64. [PubMed ID: 16449075].

https://doi.org[10.1080/13638490500353202.

Esposito PE, MacDonald M, Hornyak JE, Ulrich DA. Physi-
cal activity patterns of youth with Down syndrome. Intel-
lect Dev Disabil. 2012;50(2):109-19. [PubMed ID: 22642965].
https://doi.org/10.1352/1934-9556-50.2.109.

Sugimoto D, Bowen SL, Meehan WP, Stracciolini A. Effects
of Neuromuscular Training on Children and Young Adults
with Down Syndrome: Systematic Review and Meta-Analysis.
Res Dev Disabil. 2016;55:197-206. [PubMed ID: 27123540].
https://doi.org[10.1016/j.ridd.2016.04.003.

Connolly BH, Michael BT. Performance of retarded children, with
and without Down syndrome, on the Bruininks Oseretsky Test of
Motor Proficiency. Phys Ther. 1986;66(3):344-8. [PubMed ID: 2937069].
https://doi.org/10.1093/ptj/66.3.344.

Aslan S. An Evaluation of Fine and Gross Motor Skills in Adolescents
with Down Syndromes. International Journal of Science Culture and
Sport. 2016;4(17):172. https:|/doi.org[10.14486/Int]SCS546.

Jobling A. Motor Development in School-Aged Children With
Down Syndrome: a longitudinal perspective. International Jour-
nal of Disability, Development and Education. 1998;45(3):283-93.
https://doi.org/10.1080/1034912980450304.

Beqaj S, Jusaj N, Zivkovic V. Attainment of gross motor milestones
in children with Down syndrome in Kosovo - developmental per-
spective. Med Glas (Zenica). 2017;14(2):189-98. [PubMed ID: 28786971].
https://doi.org/10.17392/917-17.

Wishart ]JG. Taking the Initiative in Learning: A Developmen-
tal Investigation of Infants with Down Syndrome. International
Journal of Disability, Development and Education. 1991;38(1):27-44.
https://doi.org[10.1080/0156655910380104.

Lauteslager PE. Children with Down’s syndrome: Motor development
and intervention: Heeren Loo Zorggroep. Amersfoort, The Netherlands:
Heeren Loo Zorggroep; 2004. 350 p.

Tomporowski PD, Lambourne K, Okumura MS. Physical activ-
ity interventions and children’s mental function: an intro-
duction and overview. Prev Med. 2011;52 Suppl 1(Suppl 1):S3-
9. [PubMed ID: 21420981]. [PubMed Central ID: PMC3160636].


https://doi.org/10.1123/apaq.8.3.179
http://www.ncbi.nlm.nih.gov/pubmed/2144298
https://doi.org/10.1097/01241398-199009000-00006
http://www.ncbi.nlm.nih.gov/pubmed/18455922
https://doi.org/10.1016/j.gaitpost.2008.03.001
http://www.ncbi.nlm.nih.gov/pubmed/16525818
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2532127
https://doi.org/10.1007/s00264-005-0070-y
http://www.ncbi.nlm.nih.gov/pubmed/28685282
https://doi.org/10.1007/s00198-017-4133-x
http://www.ncbi.nlm.nih.gov/pubmed/10354878
https://doi.org/10.1007/s003300050726
https://doi.org/10.3900/fpj.8.5.383.e
http://www.ncbi.nlm.nih.gov/pubmed/12731641
https://doi.org/10.1177/08830738030180030701
https://doi.org/10.1615/CritRevPhysRehabilMed.v7.i3.20
http://www.ncbi.nlm.nih.gov/pubmed/17053646
https://doi.org/10.1097/00001577-200104000-00004
https://doi.org/10.1002/0471227579.ch14
http://www.ncbi.nlm.nih.gov/pubmed/3156498
http://www.ncbi.nlm.nih.gov/pubmed/12589332
https://doi.org/10.1053/jada.2003.50025
http://www.ncbi.nlm.nih.gov/pubmed/21291048
https://doi.org/10.2466/pms.1991.73.3f.1195
http://www.ncbi.nlm.nih.gov/pubmed/10899801
https://doi.org/10.1002/1098-2779(2000)6:2<84::AID-MRDD2>3.0.CO;2-P
https://doi.org/10.1002/1098-2779(2000)6:2<84::AID-MRDD2>3.0.CO;2-P
http://www.ncbi.nlm.nih.gov/pubmed/8797485
https://doi.org/10.1212/wnl.47.3.810
http://www.ncbi.nlm.nih.gov/pubmed/2523281
https://doi.org/10.1016/s0010-9452(89)80009-7
http://www.ncbi.nlm.nih.gov/pubmed/7857609
https://doi.org/10.1006/brcg.1994.1050
http://www.ncbi.nlm.nih.gov/pubmed/11706810
https://doi.org/10.3104/reports.112
http://www.ncbi.nlm.nih.gov/pubmed/25989505
https://doi.org/10.1002/ajmg.c.31439
http://www.ncbi.nlm.nih.gov/pubmed/19269132
https://doi.org/10.1016/j.ridd.2009.01.010
http://www.ncbi.nlm.nih.gov/pubmed/19228275
https://doi.org/10.1111/j.1365-2788.2009.01158.x
http://www.ncbi.nlm.nih.gov/pubmed/30015688
https://doi.org/10.1097/MOP.0000000000000661
https://doi.org/10.1016/j.jshs.2012.10.004
http://www.ncbi.nlm.nih.gov/pubmed/16449075
https://doi.org/10.1080/13638490500353202
http://www.ncbi.nlm.nih.gov/pubmed/22642965
https://doi.org/10.1352/1934-9556-50.2.109
http://www.ncbi.nlm.nih.gov/pubmed/27123540
https://doi.org/10.1016/j.ridd.2016.04.003
http://www.ncbi.nlm.nih.gov/pubmed/2937069
https://doi.org/10.1093/ptj/66.3.344
https://doi.org/10.14486/IntJSCS546
https://doi.org/10.1080/1034912980450304
http://www.ncbi.nlm.nih.gov/pubmed/28786971
https://doi.org/10.17392/917-17
https://doi.org/10.1080/0156655910380104
http://www.ncbi.nlm.nih.gov/pubmed/21420981
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3160636

KashiAetal.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

10

https://doi.org[10.1016/j.ypmed.2011.01.028.

Clark LM. Movement Patterns and Quality of Life for Individuals with
Down Syndrome: An Overview of Dance as Physical Therapy. Logos: A
journal of Undergraduate Research. 2011;4:37-48.

Gonzalez-Aguero A, Vicente-Rodriguez G, Gomez-Cabello A, Ara
I, Moreno LA, Casajus JA. A combined training intervention
programme increases lean mass in youths with Down syn-
drome. Res Dev Disabil. 2011;32(6):2383-8. [PubMed ID: 21820861].
https://doi.org[10.1016/j.ridd.2011.07.024.

Sayers Menear K. Parents’ perceptions of health and physi-
cal activity needs of children with Down syndrome. Downs
Syndr Res Pract. 2007;12(1):60-8. [PubMed ID: 17692190].
https://doi.org[10.3104/reports.1996.

Heller T, Hsieh K, Rimmer JH. Attitudinal and psychosocial outcomes
of a fitness and health education program on adults with down syn-
drome. Am | Ment Retard. 2004;109(2):175-85. [PubMed ID: 15000672].
https://doi.org/10.1352/0895-8017(2004)109<175:AAPOOA>2.0.CO;2.
Dodd K], Shields N. A systematic review of the outcomes of car-
diovascular exercise programs for people with Down syndrome.
Arch Phys Med Rehabil. 2005;86(10):2051-8. [PubMed ID: 16213253].
https://doi.org[10.1016/j.apmr.2005.06.003.

Li C, Chen S, Meng How Y, Zhang AL. Benefits of physical ex-
ercise intervention on fitness of individuals with Down syn-
drome: a systematic review of randomized-controlled tri-
als. Int ] Rehabil Res. 2013;36(3):187-95. [PubMed ID: 23778328].
https://doi.org[10.1097/MRR.0b013€3283634e9c.

Paul Y, Ellapen T], Barnard M, Hammill HV, Swanepoel M.
The health benefits of exercise therapy for patients with
Down syndrome: A systematic review. Afr | Disabil. 2019;8:576.
[PubMed ID: 31745461]. [PubMed Central ID: PMC6852506].
https://doi.org/10.4102/ajod.v8i0.576.

Ulrich DA, Burghardt AR, Lloyd M, Tiernan C, Hornyak JE. Physical
activity benefits of learning to ride a two-wheel bicycle for children
with Down syndrome: a randomized trial. Phys Ther. 2011;91(10):1463-
77.[PubMed ID: 21852519]. https:|/doi.org[10.2522/ptj.20110061.
Kudlacek M, Jesina O, Stérbova D. The Nature of Work and Roles of
Public School Adapted Physical Educators in the United States.
European Journal of Adapted Physical Activity. 2008;1(2):45-55.
https://doi.org/10.5507/euj.2008.008.

Wuang YP, Su CY. Reliability and responsiveness of the Bruininks-
Oseretsky Test of Motor Proficiency-Second Edition in children with
intellectual disability. Res Dev Disabil. 2009;30(5):847-55. [PubMed ID:
19181480]. https://doi.org/10.1016/j.ridd.2008.12.002.

Kashi A, Sarlak Z. Edition of "SSRI exercise package for students with
Down syndrome" Iran. Sport Science Research Institiude. 2020.
American College of Sports Medicine. ACSM’s guidelines for exercise
testing and prescription. Philadelphia: Lea and Febiger; 2006.

Carmen TO, Larisa P, Consuela TA. Using kinesiotherapy programs
in children with down syndrome. Science, Movement and Health.
2018;18:414-21.

Chaushu S, Yefenof E, Becker A, Shapira ], Chaushu G. Severe impair-
ment of secretory Ig production in parotid saliva of Down Syndrome
individuals. | Dent Res. 2002;81(5):308-12. [PubMed ID: 12097442].
https://doi.org/10.1177/154405910208100504.

Fornieles G, Rosety MA, Elosegui S, Rosety JM, Alvero-Cruz JR, Gar-

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

80.

cia N, et al. Salivary testosterone and immunoglobulin A were in-
creased by resistance training in adults with Down syndrome. Braz
J Med Biol Res. 2014;47(4):345-8. [PubMed ID: 24714816 ). [PubMed Cen-
tral ID: PMC4075300]. https://doi.org/10.1590/1414-431x20143468.

Dik M, Deeg DJ, Visser M, Jonker C. Early life physical activity and cog-
nition at old age. J Clin Exp Neuropsychol. 2003;25(5):643-53. [PubMed
ID:12815502]. https://doi.org/10.1076/jcen.25.5.643.14583.

Tsimaras VK, Fotiadou EG. Effect of Training on the Muscle Strength
and Dynamic Balance Ability of Adults With Down Syndrome.
The Journal of Strength and Conditioning Research. 2004;18(2).
https://doi.org/10.1519/r-12832.1.

Chen CC, Ringenbach SD. Dose-response relationship between inten-
sity of exercise and cognitive performance in individuals with Down
syndrome: a preliminary study. ] Intellect Disabil Res. 2016;60(6):606-
14. [PubMed ID: 26923820]. https://doi.org/10.1111/jir.12258.

Terblanche E, Boer PH. The functional fitness capacity of adults
with Down syndrome in South Africa. J Intellect Disabil Res.
2013;57(9):826-36. [PubMed ID: 22775247]. https://doi.org/10.1111/j.1365-
2788.2012.01594.x.

Baynard T, Pitetti KH, Guerra M, Fernhall B. Heart rate variabil-
ity at rest and during exercise in persons with Down syndrome.
Arch Phys Med Rehabil. 2004;85(8):1285-90. [PubMed ID: 15295754].
https://doi.org[10.1016[j.apmr.2003.11.023.

Kafeel M, Asif M, Chughtai MRB, Rajput HI, Kubra KT, Khalfee SAH.
Effectiveness of Aerobic Training Program on Cardiorespiratory En-
durance among Individuals with Down Syndrome. International Jour-
nal of Scientific & Engineering Research. 2017;8(8).

Millar A, Fernhall BO, Burkett LN. Effects of aerobic training in ado-
lescents with Down syndrome. Med. Sci. Sports Exercise. 1993;25(2).
https://doi.org/10.1249/00005768-199302000-00018.

Gallagher D, Heymsfield SB,Heo M, Jebb SA, Murgatroyd PR, Sakamoto
Y. Healthy percentage body fat ranges: an approach for developing
guidelines based on body mass index. Am J Clin Nutr. 2000;72(3):694-
701. [PubMed ID:10966886]. https://doi.org/10.1093/ajcn[72.3.694.
Wang WY, Ju YH. Promoting balance and jumping skills in children
with Down syndrome. Percept Mot Skills. 2002;94(2):443-8. [PubMed
ID:12027336]. https://doi.org/10.2466/pms.2002.94.2.443.

Wang WY, Chang J]. Effects of jumping skill training on walking bal-
ance for children with mental retardation and Down’s syndrome.
Kaohsiung ] Med Sci.1997;13(8):487-95.

Lin HC, Wuang YP. Strength and agility training in adoles-
cents with Down syndrome: a randomized controlled trial.
Res Dev Disabil. 2012;33(6):2236-44. [PubMed ID: 22820064].
https://doi.org/10.1016/j.ridd.2012.06.017.

Shields N, Taylor NF, Dodd K]. Effects of a community-based progres-
sive resistance training program on muscle performance and physi-
cal function in adults with Down syndrome: a randomized controlled
trial. Arch Phys Med Rehabil. 2008;89(7):1215-20. [PubMed ID: 18586124].
https://doi.org/10.1016/j.apmr.2007.11.056.

Shields N, Taylor NF, Fernhall B. A study protocol of a randomised
controlled trial to investigate if a community based strength train-
ing programme improves work task performance in young adults
with Down syndrome. BMC Pediatr.2010;10:17.[PubMed ID: 20334692].
[PubMed Central ID: PMC2858133]. https://doi.org[10.1186/1471-2431-10-
17.

Iran ] Pediatr. 2023;33(1):e120408.


https://doi.org/10.1016/j.ypmed.2011.01.028
http://www.ncbi.nlm.nih.gov/pubmed/21820861
https://doi.org/10.1016/j.ridd.2011.07.024
http://www.ncbi.nlm.nih.gov/pubmed/17692190
https://doi.org/10.3104/reports.1996
http://www.ncbi.nlm.nih.gov/pubmed/15000672
https://doi.org/10.1352/0895-8017(2004)109<175:AAPOOA>2.0.CO;2
http://www.ncbi.nlm.nih.gov/pubmed/16213253
https://doi.org/10.1016/j.apmr.2005.06.003
http://www.ncbi.nlm.nih.gov/pubmed/23778328
https://doi.org/10.1097/MRR.0b013e3283634e9c
http://www.ncbi.nlm.nih.gov/pubmed/31745461
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6852506
https://doi.org/10.4102/ajod.v8i0.576
http://www.ncbi.nlm.nih.gov/pubmed/21852519
https://doi.org/10.2522/ptj.20110061
https://doi.org/10.5507/euj.2008.008
http://www.ncbi.nlm.nih.gov/pubmed/19181480
https://doi.org/10.1016/j.ridd.2008.12.002
http://www.ncbi.nlm.nih.gov/pubmed/12097442
https://doi.org/10.1177/154405910208100504
http://www.ncbi.nlm.nih.gov/pubmed/24714816
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4075300
https://doi.org/10.1590/1414-431x20143468
http://www.ncbi.nlm.nih.gov/pubmed/12815502
https://doi.org/10.1076/jcen.25.5.643.14583
https://doi.org/10.1519/r-12832.1
http://www.ncbi.nlm.nih.gov/pubmed/26923820
https://doi.org/10.1111/jir.12258
http://www.ncbi.nlm.nih.gov/pubmed/22775247
https://doi.org/10.1111/j.1365-2788.2012.01594.x
https://doi.org/10.1111/j.1365-2788.2012.01594.x
http://www.ncbi.nlm.nih.gov/pubmed/15295754
https://doi.org/10.1016/j.apmr.2003.11.023
https://doi.org/10.1249/00005768-199302000-00018
http://www.ncbi.nlm.nih.gov/pubmed/10966886
https://doi.org/10.1093/ajcn/72.3.694
http://www.ncbi.nlm.nih.gov/pubmed/12027336
https://doi.org/10.2466/pms.2002.94.2.443
http://www.ncbi.nlm.nih.gov/pubmed/22820064
https://doi.org/10.1016/j.ridd.2012.06.017
http://www.ncbi.nlm.nih.gov/pubmed/18586124
https://doi.org/10.1016/j.apmr.2007.11.056
http://www.ncbi.nlm.nih.gov/pubmed/20334692
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2858133
https://doi.org/10.1186/1471-2431-10-17
https://doi.org/10.1186/1471-2431-10-17

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Population, Sample, and Sampling Method
	3.2. Measurement Tools
	3.3. Intervention
	3.4. SSRI Exercise Package for Students with Down Syndrome
	3.4.1. Principles of Exercise for Down Syndrome Individuals

	3.4.2 Preferred Exercises for Down Syndrome Individuals
	Table 1
	3.4.3. Details of the Implementation of the Exercise Program for Down Syndrome Individuals

	3.5. Data Analysis Methods

	4. Results
	4.1. Adherence to Exercise Intervention
	4.2. Effects of the Exercise Program on Body Composition and Body Mass Index
	4.3. Effects of the Exercise Program on Motor Proficiency
	Table 2
	Figure 1


	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

