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Abstract

Objective: To investigate the effect of inspiratory muscle training (IMT) on physical fitness in children with Down syndrome (DS).

Design: Randomized control trial.
Setting: The study was conducted in a private physical therapy center.

Participants: Forty boys and girls with DS aged between 7 and 10 years were enrolled in this study (N=40). They were randomly and equally
divided into 2 groups (A and B).

Interventions: All participants received 30 minutes of aerobic exercise training 3 times per week for 12 weeks, whereas group B received an addi-
tional 30 minutes of IMT before each aerobic exercise session.

Main Outcomes Measures: Maximal inspiratory pressure (MIP); maximal expiratory pressure (MEP); submaximal aerobic endurance; muscular
strength; endurance.

Results: Among the group undergoing IMT, there were significant improvements in MIP, MEP, and submaximal aerobic endurance using the six-
minute walk test (6MWT); strength and endurance using the curl-up, dumbbell press, trunk lift, standing long jump, seated push-up, pull-up, and
flexed-arm hang; and back saver sit and reach tests (P > 0.05).

Conclusions: Inspiratory muscle training and aerobic exercise training demonstrated more significant improvements in physical fitness than in

those children who received only aerobic exercise training.
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Down syndrome (DS) is one of the most common chromosomal
causes of developmental disability in humans, with an estimated
incidence of 1 in 800 live births' and a marked increase in preva-
lence with advanced maternal age.”” Deficits associated with DS
include muscle hypotonicity, congenital disabilities, joint hyper-
mobility, intellectual disability, visual and auditory problems,
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obesity, heart defects, facial features, and respiratory system and
cardiovascular abnormalities.”

In most cases, respiratory abnormalities are responsible for
morbidity and hospitalization in children with DS.” The factors
contributing to respiratory abnormalities and complications in
children with DS include hypotonia, limited lung surface area,
lower airway volume, and significant airway compression, which
limit physical fitness.°

Physical fitness is a set of elements related to physical activity.”®
There are 3 main types of physical fitness’: physiological fitness,
such as metabolic, morphologic, bone integrity; health-related fit-
ness, such as flexibility, body composition, cardiovascular fitness,
and muscular strength and endurance; and skill-related fitness, such
as agility, speed, balance, reaction time, coordination, and power.
Patients with DS have low physical fitness, including aerobic fitness
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and balance, compared with those without DS.*'* The low physical
fitness of individuals with DS limits their participation in physical
and social activities and their ability to work and perform daily living
activities, resulting in poorer health-related quality of life than that in
individuals without DS.*'*'°

Several studies on individuals with various medical conditions
have suggested that increasing the level of physical fitness by
improving the respiratory function increases social participation
and the level of motivation to be physically active.'” Furthermore,
numerous studies have indicated positive effects of physical activ-
ity on individuals with DS; for instance, individuals with DS who
participated in the Special Olympics were physically active and
had a higher aerobic capacity, muscular strength, and power than
sedentary individuals with DS.'® Other studies have also shown
that physical activity or exercise training programs targeting indi-
viduals with DS improve strength and balance,'*' cardiovascular
fitness and endurance,” and peak aerobic capacity.'® Physical
activity or exercise training programs have also been used to
improve respiratory function in children with DS.**"* Inspiratory
muscle training (IMT), which is a particular type of respiratory
muscle training, has been widely used in patients with stroke,”’*
spinal cord injury,”’ chronic obstructive pulmonary disease,”™"'
Parkinson disease,”> and multiple sclerosis.”> IMT aims to
improve exercise capacity, inspiratory muscle strength and endur-
ance, and dyspnea.”’* Studies have reported improvements in
quality of life, activities of daily living, cardiorespiratory fitness,
and walking ability in patients receiving IMT.?"-#-¢

Few researchers have studied the effects of respiratory muscle
training on physical fitness, particularly among children with DS.
Therefore, there is a need to investigate the effect of IMT on phys-
ical fitness in children with DS.

The objectives of the current study were to evaluate the effect
of aerobic exercise on physical fitness and that of IMT on respira-
tory muscle strength in children with DS. Furthermore, this study
aimed to compare the effectiveness of the combination of aerobic
exercise and IMT with aerobic exercise in improving the physical
fitness of children with DS.

Methods

Study design

A randomized controlled trial was conducted to determine whether
a combination of IMT and aerobic exercise improves physical fit-
ness in children with DS.

Participants

In this study, 40 boys and girls with DS, aged between 7 and
10 years (mean, 7.8%1.5 years) were recruited from a private

List of abbreviations:

BMI body mass index
BPFT Brockport Physical Fitness Test
DS Down syndrome
IMT inspiratory muscle training
MEP maximal expiratory pressure
MIP maximal inspiratory pressure
6MWT 6-minute walk test

physical therapy center in Egypt. The inclusion criteria were as
follows: (1) children with a body mass index (BMI [calculated as
weight in kilograms divided by height in meters squared]) in the
5th percentile to <85th percentile and (2) children with the ability
to understand and follow verbal commands and instructions used
during training and tests. Children (1) with neurologic, visual, or
auditory defects, (2) with asthma or any chronic chest diseases,
(3) with significant tightness or deformities in the lower limbs (all
the participating children underwent a quick flexibility assessment
of the musculoskeletal system in the lower limbs), (4) with obe-
sity, or (5) who performed regular physical activity were excluded.
Because of the lack of previous studies on the effect of IMT on
physical fitness in children with DS and the consequent inability
to calculate the effect size, a pilot study was conducted on a sam-
ple of 10 patients. The statistical analysis test (2 x 2 mixedOdesign
multivariate analysis of variance) conducted on this sample size
revealed a Pillai value of 0.42, which was used to detect the effect
size using the G*power program (G*power 3.0.10). Power analy-
sis revealed that 33 patients were sufficient to produce a power
level of 95%, with a detected effect size of 0.72. With the attrition
of patients during the 3-month study period, we examined all the
available patients during the entire study period.

This study was approved by the ethics committee (No: P.T.
REC/012/001922) and was conducted in accordance with the Dec-
laration of Helsinki guidelines. The authors provided a detailed
consent form describing the procedures and purpose of the study
to the parents and legal guardians of potential participants. In the
beginning, the authors conducted the study with the parents of
children to explain the purpose, potential benefits, and procedure
of the study with written informed consent and described the
methods, procedures, and aim of the study in detail before partici-
pation. Instruments were administered to children after rapport
building, and the parents of participants were guaranteed the confi-
dentiality of their children’s information (fig 1).

Measurements

Body mass index

To determine BMI, the weight (kg) and height (m) of each partici-
pant were measured using an electronic weight and height scale,
respectively; children with a BMI<25 were included. An accurate
electronic platform scale with a capacity of 150 kg and sensitivity
of 100 was used to measure weight.* A stadiometer fixed to the
wall with a millimeter scale was used for height measurements.”
The participants stood up with an erect posture, feet together, and
heels touching the wall. The apex of the ear and outer corner of
the eye remained parallel to the ground, forming an angle of 90° to
the bar of the stadiometer. The horizontal bar of the stadiometer
was lowered and laid on the head, allowing reading in
centimeters.”’

Six-minute walk test

The 6-minute walk test (G(MWT) assesses aerobic capacity.”® The
6MWT showed good test-retest reliability and increased the walk-
ing distance after 2 practice walks in children with DS.*’

Gio Digital Pressure Gauge

The Gio Digital Pressure Gauge® was used to detect the intensity
of IMT and to reflect the improvement in respiratory muscle
strength after the training program.’”*' Respiratory muscle
strength was assessed by determining maximal inspiratory
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Children assessed for eligibility (n= 40)

» Excluded, (n=0)

Randomized (n= 40,)

}

Allocation (n=40)

l

l

Group A; Aerobic exercise (n=20)

v

Group B; Aerobic exercise and
Inspiratory Muscle Training (n=20)

Week 0

Measured maximal inspiratory pressure (MIP), maximal
expiratory pressure (MEP), aerobic capacity and endurance,
abdominal strength and endurance (n= 40)

Week 12

Analysis,(n=40)

Measured maximal inspiratory pressure (MIP), maximal
expiratory pressure (MEP), aerobic capacity and endurance,
abdominal strength and endurance

Fig1 Consolidated Standards of Reporting Trials flow diagram.

pressure (MIP) and maximal expiratory pressure (MEP). A mouth-
piece was attached to the Gio Digital Pressure Gauge for measure-
ment, and participants were asked to exhale into the mouthpiece.

Pulse oximeter
During the evaluation, pulse rate and oxygen saturation were mea-
sured using a pulse oximeter.**

Brockport Physical Fitness Test

The Brockport Physical Fitness Test (BPFT) measures physical
fitness and has provided significant results in the health-related
assessment of aerobic functioning in children with disabilities.
This test is sufficiently valid and reliable for use with young peo-
ple with selected disabilities. The BPFT includes 4-7 test items:
aerobic functioning, body composition, and at least 2 test items
for musculoskeletal functioning. In this study, musculoskeletal
function test items were selected. BPFT includes children from
the general population with health-related needs, intellectual dis-
abilities, and mild limitations in physical fitness.*>**

Procedure

We collected the name and sex of all participants and imported the
data into an electronic program (SPSS), which randomly and

www.archives-pmr.org

equally divided participants into 2 groups: group A and group B.
This study was conducted from October 2020 to December 2020.

First, all children were assessed before (week 0) and after
(week 12) the intervention by blinded independent assessor-
blinded participant allocation. For the assessment, we calculated
the BMI using the following formula and excluded children with
obesity: BMI=weight (kg)/height (m?).

Second, the 6BMWT was performed on a long, flat, straight, and
enclosed corridor with a hard surface. If the weather was excellent,
the test was performed outdoors. All the children in this study
were assessed outdoors. The walking course for the test was 30
meters in length. The length of the corridor was marked at 3-m
intervals. Turnaround points were marked with cones. Children
were asked to rest by sitting in a chair located near the starting
position for at least 10 minutes before the test started. Children
walked as far as possible for 6 minutes. They walked back and for-
ward along the corridor. It was acceptable to slow down, stop, rest
for a while, and then resume walking as soon as possible.

Third, MIP was measured using the Gio Digital Pressure
Gauge, and 50% of MIP was set as the initial resistance for assess-
ing respiratory muscle strength. It was used to measure the maxi-
mum static pressure (cmH,O) generated during exhalation.
Participants were asked to inhale and exhale 3 times and the high-
est value of static pressure was recorded.
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Fourth, the maximum heart rate was calculated using the fol-
lowing equation: Age-predicted maximum heart rate=220—age.
We then calculated the training heart rate using the Karvonen for-
mula: Age-predicted maximum heart rate—resting heart rate=heart
rate reserve; training heart rate or aerobic training intensity=50%-
70% heart rate reserve+resting heart rate.

Fifth, musculoskeletal functioning was assessed using the
BPFT. The following test items were selected for the assessment:
(1) The curl-up test assessed abdominal endurance by recording
the number of completed curl-ups performed in the prescriptive
time. (2) The dumbbell press measured the strength and endurance
of the upper limbs: children were asked to lift a 1-kg dumbbell by
their dominant hand as many times as possible until feeling tired;
the assessor recorded the total number of dumbbell lifts within 30
seconds. (3) Trunk lift to test back muscle strength: children were
asked to lift their upper body by using the back muscles and to
hold this position for 1 second; the assessor recorded the best score
after 3 trials of lifting. (4) Standing long jump to assess the explo-
sive strength of the lower limbs: children were asked to jump up
from a standing position with 2 feet as far as possible, and the
assessor recorded the best score after 3 trials of jumping. The dis-
tance jumped (cm) was measured. (5) Pull-up: children were asked
to pull up their body while grasping an overhead bar and raise their
chin above the bar followed by their back to extend their arms
completely. (6) Seated push-up: children were asked to push their
body up and out of a chair using the upper extremities and holds
this position for as long as possible, and the assessor recorded the
time of pushing up. (7) Flexed-arm hang: children were asked to
hang on a bar with their chin above it, and the assessor recorded
the duration of how long the child could hang. (8) Back saver sit
and reach individually measured the flexibility of the right and left
legs. Children performed this by bending 1 leg.

All participants received 30 minutes of aerobic exercise train-
ing 3 times per week for 3 months. In contrast, group B received
an additional 30 minutes of IMT, followed by a 30-minute rest
period before each aerobic exercise session.

Researchers met the children several times to familiarize them
and discussed each procedure at the beginning. Researchers fol-
lowed all the following steps for each child during the therapeutic
session and ensured the presence of people whom the children
trusted, such as mothers, during the therapeutic sessions.

Aerobic exercise

Both the groups complied with the same parameters of aerobic
exercise.”>* Exercise was performed for 30 min/session
3 times/wk for 12 weeks. The exercise sessions included the fol-
lowing phases: (1) Warm-up phase (5 minutes): flexibility and
range of motion exercises, such as half knee bending, arm circles,
running in place, and toe raises. The child began with a warm-up
to increase the heart rate and muscle temperature and improve
blood flow. (2) Activity phase (20 minutes): moderate-intensity
treadmill walking® at 50%-70% of age predicted maximum heart
rate.*® (3) Cooldown phase (5 minutes): Slow flexibility exercises
to decrease heart rate and metabolism of the child to near normal.

Inspiratory muscle training
IMT has been widely applied to improve the inspiratory muscle
strength, endurance, exercise capacity, and dyspnea. Such treat-
ment could improve patients’ activities of daily living, quality of
life, walking ability, and cardiorespiratory fitness.”®

In group B, participating children were treated with IMT using
the threshold IMT," 3 times per week for 12 weeks. ™"

Table 1 Comparison between both groups in mean age, z score,
weight and height, and resting heart rate

Group A, Group B, P
Item Mean £ SD Mean £ SD Value
Age (y) 7.761.5 7.86:1.9 .53
z score of BMI 0.87 0.82 .23
Resting heart rate 70+11 68+12 .34

Threshold IMT is a spring-loaded valve that can adjust inspiratory
resistance. This training lasted for 30 minutes. During the first 10
minutes of practice, threshold IMT was used in 5 series of 60 sec-
onds each, separated by rest periods of 60 seconds, to develop
muscle strength. During the final 20 minutes, the equipment was
used uninterruptedly to develop endurance. Before the beginning
of each session, the pressure threshold load throughout the prac-
tice was 50% of MIP calculated during the evaluation of
children.*”*

Data analysis

Statistical analysis was conducted using SPSS version 23.% The
variable of interest was the group-by-time interaction at a priori o«
level of 0.05 and 95% CI. Intension-to-treat analysis was per-
formed for statistical analysis.

Demographic characteristics

There was no significant difference between the groups in terms of
mean age, z score of weight and height, and resting heart rate
(P>.05), as illustrated in table 1. There was also no significant dif-
ference in the sex ratio between the groups (x*=0.14, P>.05).

Results

Data were normally distributed for the 6MWT, curl-up, dumbbell
press, trunk lift, standing long jump, seated push-up, pull-up,
flexed-arm hang, and back saver sit and reach tests, as assessed by
the Shapiro-Wilk test (P>.05). There were no univariate or multi-
variate outliers, as evaluated by the box plot and Mahalanobis dis-
tance (P>.05), respectively. There were linear relationships, as
assessed by the scatterplot, and no multicollinearity. Homogeneity
of variances (P>.05) and covariances (P>.05) were assessed by
the Levene's test of homogeneity of variances and Box's M test,
respectively.

Two-way multivariate analysis of variance for outcome mea-
surement indicated a statistically significant effect of group
(F=4.825, P=.001, partial 7°=0.682), time (F=253.412, P=.001,
partial 7°=0.991), and group-by-time interaction (F=31.46,
P=.001, partial #°=0.933). Post hoc within-group analysis revealed
a statistically significant difference (P<.05) for all measured varia-
bles (MEP, MIP, and the results of the 6MWT, curl-up, dumbbell
press, trunk lift, standing long jump, seated push-up, pull-up,
flexed-arm hang, and back saver sit and reach tests) in the 2
groups. After the intervention, group B showed significant
improvement in MEP, MIP, and the results of the 6 MWT, curl-up,
dumbbell press, trunk lift, standing long jump, seated push-up,
pull-up, flexed-arm hang, and back saver sit and reach tests com-
pared with group A (P<.05), as shown in tables 2-4. Within- and

www.archives-pmr.org


http://www.archives-pmr.org

Physical fitness in Down syndrome

2283

Table 2 Descriptive and inferential statistics of the dependent variables in the experimental and control groups pre and post the 3-month

study period

Variable Time Group A (n =20) Group B (n = 20) P Value*

6MWT (m) Pretreatment 237.6+29.34 235.9+22.43 .838"°
Post treatment 253.8+18.48 267.3 £19.24 .029°
P value' .002° .0001°

MEP (cmH,0) Pretreatment 80.143.24 80.4%3.10 767"
Post treatment 90.95+3.79 104.8+8.15 .0001°
P value' .0001° .0001°

MIP (cmH,0) Pretreatment 86.451+5.54 86.945.90 .805"°
Post treatment 96.95+6.46 109.55+8.02 .0001°
P value' .0001° .0001°

Curl-up test (times) Pretreatment 5.6+1.6 5.8+£1.57 .693"°
Post treatment 8.05+1.66 10.25 +2.22 .001°
P value' .0001° .0001°

Dumbbell press (times) Pretreatment 5.9£1.77 5.75+2.33 82"
Post treatment 8.65+1.72 10.7542.80 .007°
P value' .0001° .0001°

Trunk left (times) Pretreatment 5.15+1.56 5.25+1.55 .84
Post treatment 7.7£1.75 9.9+£3.56 .003°
P value' .0001° .0001°

Stand jump (cm) Pretreatment 9.7+3.24 9.9+3.56 854\
Post treatment 12.543.31 14.95 £3.21 .023°
P value' .0001° .0001°

Seated push-up (times) Pretreatment 8.6+1.95 8.354+2.23 708"
Post treatment 11.5542.39 14.85+2.71 .0001°
P value' 0.0001° 0.0001°

Pull-up (times) Pretreatment 4.4+1.63 4.25+1.58 a7
Post treatment 6.95+1.70 9.15%2.15 .001°
P value' .0001° .0001°

Flexed arm hanging (s) Pretreatment 4.1+1.33 3.94+1.11 61"
Post treatment 6.3£1.65 9.1 £+1.25 .0001°
P value' 0.0001° 0.0001°

Back saver right (cm) Pretreatment 10£2.95 9.75+2.88 788"
Post treatment 13.05£2.48 16.15£2.08 .0001°
P value' .0001° .0001°

Back saver left (cm) Pretreatment 9.8+2.74 9.7£2.59 .906"°
Post treatment 12.9+2.26 16.05£2.56 .0001°
P value' .0001° .0001°

Abbreviations: NS, P>.05=nonsignificant; S, P<.05=significant.
* Intergroup comparison.
 Intragroup comparison of the results pre- and posttreatment.

between-groups differences were present at 95% CI for the effects
of interventions for all dependent variables.

Discussion

Children with DS often have low peak aerobic capacity, heart rate,
and muscle strength, which are primary factors contributing to
lower physical fitness than their peers without DS.?® According to
previous studies, children with DS respond to aerobic endurance
training, and this has improved work capacity.”’ Therefore, this
study aimed to investigate the effects of aerobic exercise programs
and IMT on physical fitness in children with DS.

Both groups were homogeneous in their demographic charac-
teristics and baseline data prior to intervention; there was no sig-
nificant difference between both groups in MEP, MIP, and the
results of the 6GMWT, curl-up, dumbbell press, trunk lift, standing
long jump, seated push-up, pull-up, flexed-arm hang, and back
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saver sit and reach tests. After intervention there was significant
improvements for all measured variables (MEP, MIP, and the
results of the 6GMWT, curl-up, dumbbell press, trunk lift, standing
long jump, seated push-up, pull-up, flexed-arm hang, and back
saver sit and reach tests) in the 2 groups in favor of group B.

Posttreatment improvement of 6MWT, MEP, MIP, curl-up,
dumbbell press, trunk left, standing jump, seated push-up, pull-up,
flexed arm hang, and back saver tests in a group of children who
received aerobic exercise could be attributed to improvement of
ventilatory functions and general circulation, in addition to the
reduction of workload on the heart through strengthening of the
respiratory muscles. The capacity to use oxygen in several ways
would increase while promoting improved respiratory fitness in
relation to physical fitness.”

The results of the aerobic exercise group were improved by
enhancing the muscle tone throughout the body, reducing resis-
tance to airflow in the long run, enhancing fast airflow in and out
of the lungs through increasing pumping efficiency and strength of
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Table 3 Between-group differences and their associated 95% CIs for outcome measures
95% (I for Difference
Measure Time Group Mean Difference (Group A—Group B)  Lower Bound  Upper Bound
6MWT (m) Pretreatment GroupA  GroupB  1.700 —15.020 18.420
Post treatment Group A Group B —13.500* —25.580 —1.420
MEP (cmH,0) Pretreatment GroupA  GroupB  —.300 —2.331 1.731
Post treatment Group A Group B —13.850* —17.920 —9.780
MIP (cmH,0) Pretreatment GroupA  Group B —0.450 —4.117 3.217
Post treatment Group A Group B —12.600* —17.265 —7.935
Curl-up (times) Pretreatment GroupA  Group B —.200 —1.218 0.818
Post treatment Group A Group B —2.200* —3.458 —0.942
Dumbbell press (times) Pretreatment GroupA  Group B 0.150 —1.178 1.478
Post treatment ~ GroupA  Group B —2.100* —3.592 —0.608
Trunk left (times) Pretreatment GroupA  GroupB  —0.100 —1.098 0.898
Post treatment Group A Group B —2.200* —3.586 —.814
Standing jump (times) Pretreatment GroupA  Group B —0.200 —2.383 1.983
Post treatment Group A Group B —2.450* —4.542 —0.358
Seated push-up (times) Pretreatment GroupA  Group B 0.250 —1.093 1.593
Post treatment Group A Group B —3.300* —4.940 —1.660
Pull-up (times) Pretreatment Group A Group B 0.150 —0.881 1.181
Post treatment Group A Group B —2.200* —3.444 —0.956
Flexed arm hanging (s) Pretreatment GroupA  Group B 0.200 —0.588 0.988
Post treatment Group A Group B —2.800* —3.740 —1.860
Back saver right (cm) Pretreatment GroupA  Group B 0.250 —1.619 2.119
Post treatment Group A Group B —3.100* —4.567 —1.633
Back saver left (cm) Pretreatment GroupA  GroupB  0.100 —1.611 1.811
Post treatment Group A Group B —3.150* —4.700 —1.600

* 95% (I for Difference

the heart, allowing more blood flow through the body, leading to
an improved oxygen transportation from the lungs to the heart rap-
idly and to all parts of the body, including the respiratory sys-
tem.”” This explains the effect of anaerobic exercise in children
with DS.”"

Aerobic capacity is a factor related to functional ability. It is
also low in individuals with DS, leading to a loss of primary func-
tion because of poor physical fitness.”®>’ Aerobic exercise posi-
tively affects pulmonary function and cardiopulmonary fitness,
particularly in children with DS.?*-2!:60-61

A study by El Kafy and Helal suggested the combination of
IMT and aerobic exercise as the treatment to improve cardiopul-
monary function and fitness in children with DS.?* In group B,
MEP, MIP, and the results of the 6MWT, curl-up, dumbbell press,
trunk lift, standing long jump, seated push-up, pull-up, flexed-arm
hang, and back saver sit and reach tests were significantly
improved compared with those in group A. These outcomes may
be explained by an increased maximal power output and maximal
oxygen intake in group B. Improvement in pulmonary function
may have a mechanical basis for the improvement in MEP and
MIP, and the results of the 6MWT are observed mainly because of
an increase in thoracic cage dimensions, that is, vertical, lateral,
and anteroposterior diameters of the chest.°” The improvement in
MEP and MIP and the results of the 6MWT mainly indicate
increased mechanical efficiency of the respiratory muscle for gen-
erating power and deep inspiration. This might have improved
pulmonary function, exercise capacity, endurance, and physical
fitness in group B.

Our results revealed that exercise tolerance among children
with DS improved significantly after the IMT and aerobic exercise
programs, which is in agreement with Strasseles et al.”’ They

showed that lower limb exercise training and respiratory muscle
training improved the quality of life. Other studies have also indi-
cated a relationship between IMT and improved inspiratory mus-
cle strength in different patient populations.®* ¢’

Posttreatment improvements in the results of the curl-up,
dumbbell press, trunk lift, standing long jump, seated push-up,
pull-up, flexed-arm hang, and back saver sit and reach tests in
group B may be explained by the improvement in trunk control.
Inspiratory muscles, particularly the diaphragm, which cause the
adjustment of intra-abdominal pressure, play a significant acces-
sory role in postural control, specifically, core stability.® Other
studies have also reported diaphragmatic contraction for the stabil-
ity of the trunk earlier than trunk extension, rapid arm movements,
and flexion of all extremities.”””> We hypothesize that the
improvement of balance control during dynamic situations and
physical fitness resulted from inspiratory muscle strength, leading
to aggravation of core stabilization after IMT. These improve-
ments may be linked to an increased trunk control, exercise capac-
ity, and participation after IMT, and some factors directly
communicate and significantly affect the quality of life. The pro-
gressive incapacity of exercise may allow a child to share a longer
playing time with peers. In this way, it could increase socialization
and improve quality of life.

Study limitations

This study had several limitations. First, it had a small sample size
because of excluding children who engaged in regular physical
activity. Additionally, enrollment of children only aged 7-10 years
might limit the generalizability of the results. Second, the assessor
was not blinded to the children’s allocation to the groups, and they
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Table 4 Within-group differences and their associated 95% CIs for outcome measures

95% CI for Difference*

Variables Groups Time Mean Difference (I-J) Lower Bound Upper Bound
6MWT (m) Group A Pretreatment Post treatment —16.200* —26.035 —6.365
Group B Pretreatment Post treatment —31.400* —41.235 —21.565
MEP (cmH,0) Group A Pretreatment Post treatment —10.850* —13.772 —7.928
Group B Pretreatment Post treatment —24.400* —27.322 —21.478
MIP (cmH,0) Group A Pretreatment Post treatment —10.500* —12.985 —8.015
Group B Pretreatment Post treatment —22.650* —25.135 —20.165
Curl-up (times) Group A Pretreatment Post treatment —2.450* —3.018 —1.882
Group B Pretreatment Post treatment —4.450% —5.018 —3.882
Dumbbell press (times) Group A Pretreatment Post treatment —2.750* —3.236 —2.264
Group B Pretreatment Post treatment —5.000* —5.486 —4.514
Trunk left (times) Group A Pretreatment Post treatment —2.550* —3.196 —1.904
Group B Pretreatment Post treatment —4.650* —5.296 —4.004
Standing jump (times) Group A Pretreatment Post treatment —2.800* —3.723 —1.877
Group B Pretreatment Post treatment —5.050* —5.973 —4.127
Seated push-up (times) Group A Pretreatment Post treatment —2.950* —3.831 —2.069
Group B Pretreatment Post treatment —6.500* —7.381 —5.619
Pull-up (times) Group A Pretreatment Post treatment —2.550* —3.063 —2.037
Group B Pretreatment Post treatment —4.900* —5.413 —4.387
Flexed arm hanging (s) Group A Pretreatment Post treatment —2.200* —2.678 —1.722
Group B Pretreatment Post treatment —5.200* —5.678 —4.722
Back saver right (cm) Group A Pretreatment Post treatment —3.050* —4.040 —2.060
Group B Pretreatment Post treatment —6.400* —7.390 —5.410
Back saver left (cm) Group A Pretreatment Post treatment —3.100* —4.000 —2.200
Group B Pretreatment Post treatment —6.350* —7.250 —5.450

* 95% (I for Difference

participated in the intervention. Third, this study only included
outcome measures related to the body structure, function, and
activity capacity of the International Classification of Functioning,
Disability, and Health. Fourth, the effect of the interventions was
measured immediately after 3 months of intervention. Therefore,
the outcomes of this study do not indicate the sustainability of the
improvements observed after treatment.

Recommendations

Based on the results of this study, we recommend that researchers
should investigate the effect of IMT on the quality of life in future
studies. In addition, it could measure the effect of IMT on long-
term goals in children with DS.

Conclusions

Aerobic exercise and IMT significantly improved physical fitness
in children with DS. However, the combination of aerobic exercise
and IMT demonstrated even more significant improvement in
physical fitness in children with DS than aerobic exercise alone.
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