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What do we know about the subject matter of this study?

Several studies have suggested that muscle strength and body
adiposity levels may influence the quality of life, autonomy, and
functional independence of young people with and without disabi-
lities, especially those with Down syndrome.

Abstract

Objective: to verify the relationship between abdominal muscle endurance and the level of body fat,
measured through the waist-to-height ratio, in young people with Down syndrome (DS). Patients
and Method: A comparative descriptive study was carried out in 115 young people with DS (n = 65

What does this study contribute to what is already known?

Young people with Down syndrome, who present satisfactory levels
of abdominal muscle endurance, presented decreased body mass
index values and waist-to-height ratio, highlighting the usefulness
of these variables for the evaluation of physical condition in this
population.
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men and n = 50 women) aged between 10 and 18 years, from the Maule Region. Age, weight, height,
and waist circumference were evaluated. Body mass index (BMI) and waist-to-height ratio (WHtR)
were calculated. The abdominal muscle endurance test (AME) was evaluated in 60 seconds and clas-
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sified into two categories (low AME and acceptable AME). Results: Subjects of both sexes classified
with adequate levels of AME showed lower WHtR and BMI values (p < 0.05), while those classified
with low levels of AME showed higher values of WHtR and BMI (p < 0.05). The correlations between
adiposity and AME were negative and ranged in both sexes from r = 0.20 to 0.25, p < 0.05. Conclu-
sion: The study showed that young people of both sexes with DS classified with adequate levels of
AME, presented decreased values of WHtR.
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Introduction

Worldwide, Down syndrome (DS) is one of the
most prevalent intellectual disability'. Due to improve-
ments in medical treatment and access to health servi-
ces, the life expectancy of children with this syndrome
has increased?®. It is widely known that people with DS
are at high risk for cardiovascular disease, Alzheimer’s
disease, and childhood leukemia®. In addition, they are
more likely to have a sedentary lifestyle, obstructive
sleep apnea, dyslipidemia, hyperinsulinemia, gait diffi-
culties, low levels of physical fitness, overweight, and
obesity™*.

Health-related physical fitness, regardless of the
type of population (with or without intellectual di-
sability), according to Heyward’, includes body com-
position, aerobic capacity, muscle strength, and flexi-
bility. Muscle strength is one of the components that
has been most studied in children and adolescents
without disabilities'*'?. However, in young people
with intellectual disabilities, and mainly with DS,
studies have suggested that muscle strength greatly
impacts quality of life"*"*, autonomy, and functional
independence®.

In this context, preserving muscle strength at a sa-
tisfactory level, regardless of the type (e.g., maximal
isometric strength, muscular endurance, and explosive
strength)'® is necessary for the development of daily
activities in young people with DS. Several studies in
children without an intellectual disability have shown
that muscle strength is inversely and independently
associated with insulin resistance, metabolic risk, in-
flammatory proteins, and body adiposity during chil-
dhood and adolescence'®!"'¢!7. Likely, increased body
adiposity in these individuals is negatively related to
abdominal muscle endurance, which dynamic endu-
rance tests can assess (e.g., performing sit-ups for one
minute)'s,

The objective of this study was to verify the rela-
tionship between abdominal muscle endurance and
body adiposity, measured by the waist-to-height ratio
in young people with DS. This information can be used
to develop intervention programs in young people
with low levels of muscular endurance and at risk of
developing overweight and obesity.
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Patients and Method

Descriptive and comparative cross-sectional study.
We studied 115 young people with DS (n = 65 males
and n = 50 females), aged between 10 and 18 years. All
attend three special education schools in the commune
of Talca, Chile. The sample was selected by quota sam-
pling (non-probability sampling).

The IQ degree of the students was classified as
mild and/or moderate according to the WAIS-IV sca-
le for young people > 17 years of age and the WISC-
V scale was used for participants aged 16 years to 11
months'?’. We obtained this information from the ad-
ministration of each school where the students atten-
ded. The guardians of the participants were informed
about the study design and the variables to be collec-
ted. They all voluntarily signed the informed consent
form. This study was conducted following the Helsinki
declaration for human subjects and was approved by
the ethics committee of the University of Santo Tomads
(Code no. ID-116).

Procedures

All assessments were conducted in three consecu-
tive weeks in August 2019 during physical education
classes at school.

The evaluations of the anthropometric variables
weight, height, and waist circumference (WC) were
performed with students wearing shorts, t-shirts,
and barefooted. The standardized protocol propo-
sed by the International Society for the Advancement
of Kinathropometry?' was used. Body mass (kg) was
measured using a digital scale (Tanita, model SC 240-
MA; accuracy 100 grams); height (cm) was measu-
red using a portable stadiometer (Seca, model 213;
accuracy 1mm); and WC was measured using a tape
measure (Seca; accuracy 1mm). Body mass index
[BMI = Weight(kg)/Height (m?)] and waist-to-height
ratio [WHtR = W/H)] were calculated. Nutritional
status was calculated using the Z-score for BMI (Z-
BMI) according to the reference of the World Health
Organization (WHO), considering values of Z-score
< 1.00 as normal weight, Z-score 1.00 < to < 1.99 as
overweight, and Z-score > 2.00 as obese.

The abdominal muscle endurance (AME) test was
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used for the assessment of muscle strength, which
consisted of performing the highest number of repe-
titions for 60 seconds. For this, a 10-minute warm-up
was performed with alternating joint mobility exerci-
ses and static and dynamic flexibility. As a protocol,
participants were instructed to lie on their back with
their knees bent and feet flat on the floor. The test was
performed on a mat with a partner holding the feet.
To record the time, a Casio® stopwatch (accuracy
1/100sec)® was used. The assessments were carried
out by 3 evaluators, all with extensive experience in
the process of measuring and evaluating health-related
physical fitness.

The cut-off points for AME were considered accor-
ding to the reference guide of Physical Fitness Testing®*
for students in California (United States). The cut-off
points were determined by age and sex for AME as fo-
llow: In boys: < 12 sit-ups at age 10 years, < 15 at age
11 years, < 18 at age 12 to 18 years; In girls, < 12 sit-
ups at age 10 years, < 15 at age 11 years, < 18 at age 12
years, < 21 at age 13 years, and < 24 sit-ups at age 14
to 18 years.

Statistics

The Graphpad Prism® 8 software was used for
statistical analysis. The normality of the data was eva-
luated using the Shapiro-Wilk test and the homoge-
neity of variances using Levene’s test. The mean and
standard deviation (SD) were calculated for all results.
For comparisons between the means of both sexes,
the Student’s t-test for independent samples was used.
AME was classified into two groups (low and accepta-
ble) and compared by t-test for related samples. Com-
parisons between categories according to Z-BMI were
compared by one-way analysis of variance (ANOVA)
and Tukey’s test of specificity. Relationships between
variables were performed using Pearson’s correlation
coefficient. The prevalence of nutritional status was
compared using the chi-square (X?) test. A p < 0.05
was considered for the significance level.

Results

Table 1 describes the anthropometric variables,
adiposity indexes, and AME. There were no signifi-
cant differences in age, WC, and BMI between both
sexes. Boys presented higher weight, height, Z-BMI,
and AME than girls (p < 0.05), however, girls presen-
ted higher WHtR than boys (p < 0.05). There were no
significant differences between the prevalence of nu-
tritional status (normal weight, overweight, obesity)
between both sexes (X? = 0.6000, p = 0.7408).

Figure 1 shows the comparisons between WHtR
and BMI by AME categories. In both sexes, significant
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differences were observed between the two AME cate-
gories (p < 0.05), both for WHtR and BMI. The WHtR
in boys was considered low AME 0.54 * 0.06 and ac-
ceptable AME 0.51 + 0.03 and in girls was low AME
0.56 £ 0.04 and acceptable AME 0.53 £ 0.04. Regarding
BM]J, in boys was low AME 25.3 * 4.6kg/m? and accep-
table AME 21.3 + 2.8kg/m?, while in girls was low AME
25.4 £ 3.5kg/m? and acceptable AME 23.6 + 5.2kg/m?.

Figure 2 presented comparisons of AME by nutri-
tional category according to Z-BMI (normal weight,
overweight, and obese). There were no significant di-
fferences between the normal weight and overweight
categories in both sexes (p > 0.05), however, these two
categories, both in boys and girls, differed from those
classified as obese (p < 0.05). In boys, the mean values
of AME in the normal weight category was 15.7 £ 7.5
sit-ups, overweight 16 £ 6.4, and obesity 10.6 £ 4.2;
and in girls, in the category normal weight, overweight,
and obesity it was 14.2 + 5.1 sit-ups, 14.5 £ 6.5, and
9.0 + 5.1, respectively.

Figure 3 presented the relationships between the
WHIR with the AME test in both sexes. In boys and
girls, the correlations were negative and low but signifi-
cant (boys: r = -0.20, p < 0.05, girls: r="-0.25, p < 0.05).

Discussion

This study showed that there were significant di-
fferences in body adiposity measured by WHtR when
they were classified according to AME and there was a
negative relationship between WHtR and AME in both
sexes.

Young people of both sexes classified with better
AME presented lower values of WHtR compared with
their peers with low AME. In addition, young people
classified with obesity according to Z-BMI presented
a lower performance in AME. These findings confirm
that physical fitness and especially muscular enduran-
ce are relevant and associated with a decrease in the
accumulation of abdominal adiposity in young people
with DS.

These findings are consistent with other studies
carried out in children and adolescents with intellec-
tual disabilities, where they have reported that low le-
vels of physical fitness are negatively related to general
health®?8. Other studies have also indicated that de-
creased muscle strength has relevant implications in
daily life and is essential to perform daily activities®,
so apparently, the combination of low levels of physical
activity and a high level of sedentary lifestyle could have
a greater impact® on muscle strength performance.

It is important to assess muscle fitness in young
people with DS, especially AME, as low muscle stren-
gth and endurance levels could limit functional inde-
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Table 1. Anthropometric characteristics and Abdominal Muscle
Resistance (AMR) of young people with Down Syndrome.

Variables Male (n = 65) Female (n = 50)
mean SD mean SD
Age (years) 14.0 2.6 14.5 2.5
Weight (kg) 53.8* 12.7 499 12.8
Height (cm) 148.4* 9.3 143.5 9.8
BMI (kg/m?) 24.2 4.6 24.0 4.9
z-BMI 1.29* 1.0 1.07 1.26
WC (cm) 78.6 9.3 79.4 9.1
WHI (u.a) 0.53* 0.06 0.56 0.08
AMR (rep) 14.9* 7.0 12.6 6.5
Low AMR 11.9 4.3 10.1 3.7
Acceptable AMR 233 6.4 22.9 4.8
Nutritional Status (z-IMC) n % n %
Normal 26 40 20 40
Overweight 27 42 19 38
Obesity 12 18 11 22

note: SD: standard deviation, BMI: Body Mass Index, WC: Waist
Circumference, WHI: waist-height index, AMR: Abdominal Muscular
Resistance, *:Significant difference between the groups, X2 = 0.6000,
p = 0.7408.
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pendence in adulthood®. In addition, the assessment
and monitoring of strength levels during the growth
stage should be prioritized. Early detection of low mus-
cle strength levels in DS populations may help to de-
tect insufficiencies in the maintenance of stability, and
consequently in postural balance®.

Following the results obtained in this study, it is
highlighted that there is a need for further analysis and
understanding of the importance of muscle strength in
DS populations, as future studies could help to identify
and select muscle strength tests that best fit and adapt
in children, youth, and adults. However, assessing
muscle fitness accurately in children with obesity may
be particularly challenging®.

These results coincide with other studies in that
we should aim to develop intervention programs
that promote health by increasing physical activity in
adolescents with DS, since this can improve general
physical fitness levels in young people with obesity in
school education?®?**, focusing on the development of
muscle-strengthening exercises which are associated
with the improvement of muscular fitness for the per-
formance of repetitive and daily movements®. These
exercises could play a relevant role in improving the
muscular fitness levels of young people with DS. These
activities could be applied by designing guidelines or
recommendations from an early age, since they could
have a long-term influence and be implemented in the
family, in structured therapies, intervention programs,
and physical education classes™.

[ Males Il Females

40 - p<0.05

p<0.05

BMI (kg/m?)

Low AMR Acceptable AMR

WHI

[~ Males Il Females
p<0.05

0.75 -

0.50 -

0.25 -

0.00-

Low AMR Acceptable AMR

Figure 1. Comparison of the mean values of Body Mass Index (BMI) and the waist-height index (WHI) according to the categories of the Abdominal
Muscle Resistance (AMR) in young people with Down syndrome. Note: BMI: Body Mass Index, WHI: waist-height index, AMR: Abdominal Muscular
Resistance, p: Significant difference between the groups (low vs acceptable AMR).
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30+

Normal  Overweight  Obesity
Nutritional Status (z-IMC)

30+ Females

Normal  Overweight  Obesity
Nutritional Status (z-IMC)

Figure 2. Comparison of the mean values of Abdominal Muscle Resistance (AMR) according to nutritional status (z-BMI) and sex in young people
with Down syndrome. Note: AMR: Abdominal Muscular Resistance, p: Significant difference between the groups according to nutritional status

for male and female.

3

AMR (rep)
i

r= - 0.200; p<0.,05

r= - 0.25; p<0.05

8

AMR (rep)

Figure 3. Relationship between waist-height index (WHI) and abdominal muscle resistance (AMR) in young people with Down syndrome.

The study presents some weaknesses that should
be recognized. Physical activity levels and type of diet
could not be evaluated, given that the research used a
cross-sectional study design, in which causal relation-
ships cannot be established, so the results should be
cautiously analyzed. Without limiting the foregoing,
the study provides a baseline for future comparisons
and, at the same time, is one of the first investigations
carried out in the Maule region, which provides rele-
vant information that can be used for developing local
public policies.

As a practical application of the study, identifying
differences in body adiposity and strength level bet-

ween individuals with DS of different ages and sexes
contributes to a more efficient and less subjective in-
tervention both in nutritional aspects and in the re-
commendation of physical activity, since they present
specific characteristics that require a more individuali-
zed intervention.

Conclusion
This study demonstrated that young men and wo-
men with DS classified with moderate and high levels

of abdominal muscle endurance presented lower body
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adiposity (WHtR) values. These findings suggest that
physical activity programs developed for youth with
DS should consider physical exercise for muscular en-
durance and strength, as the study presented evidence
of lower levels of body adiposity in youth with DS with
adequate AME levels in both sexes, as well as the need
for further research that can confirm these results.
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