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Abstract:

Introduction: Down syndrome is a prevalent chromosomal disorder associated with high health risks. Children
and teens with Down syndrome are prone to overweight and obesity. Physical exercise is a crucial factor in
preventing and treating obesity in this population. This review aimed to study the impact of exercise intensity,
physical fitness, and exercise-based programs on the treatment of obesity in children and adolescents with Down
syndrome. Material and methods: A systematic review was done by using MEDLINE/PubMed, WOS (Web of
Science), Scopus, and SportDiscus databases, following the PRISMA declaration. The selection criteria for this
analysis were: publications between January 2020 and December 2021; children and adolescents (6 to 18 years
old) with Down Syndrome with overweight and obesity; Clinical trials of intervention through physical exercise
paying attention to changes in selected clinical trials focused on an exclusive intervention based on physical
exercise. A total of 331 studies were found that meet the selection criteria of publication between January 2020
and December 2021, focused on children and youth with Down syndrome with overweight and obesity,
evaluating the intervention through physical exercise and its changes in body composition and published in
Spanish, Portuguese, or English. The methodological quality of the studies was evaluated using the PEDro scale.
Results: Despite the limited number of clinical trials, we conclude that the impact of 12- to 16-week training in
children with Down syndrome decreases the percentage of fat mass, so this type of training could have an
important impact on the comorbidities associated with obesity and the quality of life of this population.
Conclusions: Some considerations are proposed to contribute to the improvement of the health of individuals
with Down syndrome and knowledge in this field.

Key Words: intellectual disability; body composition; Body Mass Index; Waist circumference; physical
fitness.

Introduction

Down syndrome (DS) is the most common chromosomal disorder: It is due to a complete trisomy
Hsa2l or a partial trisomy including the critical region 21q22.3. DS is the leading cause of intellectual disability
worldwide. The estimated prevalence of Down syndrome is 1 in 1,000 (de Graaf et al., 2011; 2021). Over the
last century, the life expectancy of people with DS has increased significantly (de Graaf et al., 2011). However,
it has been found that the average length of life of these people is 55 years, approximately, 11 years less than
other people with other intellectual disabilities and 15 years less than the general population (Heller et al. 2008).

DS is also associated with higher rates of congenital heart disease, hearing and vision impairment,
thyroid disease, gastrointestinal disorders, cognitive impairment, obstructive sleep apnea and muscular
hypotonia, in addition to the high morbidity associated with DS (Alexander et al., 2016; Bull, 2011; Roizen et
al., 2014). Additionally, people with DS have a physically inactive lifestyle and poor nutritional choices that lead
them to develop physiological conditions such as: cardiovascular diseases, pulmonary hypoplasia, muscle
hypotonia, osteoporosis, arthritis, osteoarthritis, diabetes mellitus, and obesity (Heller et al. 2008). In general, it
is established that obesity is intrinsically related to adverse health risk factors (e.g., sleep apnea and subclinical
hypothyroidism) (Reinehr, 2010), which have a high prevalence in adolescents with Down syndrome. In
concrete, pediatric associations and governments have highlighted obesity as a risk factor associated with people
with DS (Bull, 2011; Rasmussen et al., 2008).

In 2012, compared to their peers without DS, Dutch children with DS were more overweight (12.12%
in boys, and 17.1% in girls) and obese (2..8% in boys and 2.9% in girls) (Van Gameren-Oosterom et al., 2012).
Obesity is one of the most serious and prevalent non-communicable diseases today (Sudrez-Carmona et al.,
2017). It is a chronic disease of multifactorial origin, with a high global prevalence that is associated with
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potentially serious complications and requires a multidisciplinary approach due to its high clinical impact and
health cost (World Health Organization, 2017). In it, a series of cellular processes occur that generate metabolic
changes, producing a vicious cycle of visceral fat gain induced by genetic and environmental factors (Schwartz
etal., 2017).

In the center of the paradigm, several systematic reviews have studied obesity in children and
adolescents with physical disabilities, coordination disorders, and intellectual disabilities (Hassan et al., 2019;
Hendrix et al., 2017; Maiano et al., 2014). Similar research has recently emerged on children and adolescents
with DS. These studies emphasize the need for health promotion initiatives to address the problems of
overweight and obesity, thyroid problems, and body composition in this population (e.g., Bertapelli et al., 2016;
Ortiz-Ortiz et al., 2019; Suarez-Villadat et al., 2019). One explanation for the development of obesity and
overweight in this population seems to lie in different pathophysiological conditions, such as systemic
inflammation, metabolic diseases and hypotonia. In this sense, the different interventions carried out with this
population are mostly based on interventions grounded mainly on diet and physical exercise (Martinez-Espinosa
et al., 2020), especially when trying to modify body composition in people with DS.

Physical activity and physical exercise (PE) are a key factor in the prevention and/or treatment of
obesity in children and adolescents. In comparison, daily physical activity can be any type of movement that
increases heart rate and helps maintain an active lifestyle, but it does not necessarily have the same medical and
physical benefits as planned and regulated exercise, such as PE. It is important to note that regularly planned and
regulated PE has a more specific focus on medical and physical goals, while daily physical activity can be more
general and not necessarily aimed toward those goals. The literature has discovered that the practice of PE
significantly improves many markers related to comorbidities, such as improved glucose metabolism,
dyslipidemia, and hypertension. It also reduces risk factors for cardiovascular disease, such as systemic
inflammation, oxidative stress, and diabetes. Additionally, PE reduces total and visceral fat, even without
significant weight loss (Colquit et al., 2016; Garcia-Hermoso et al., 2015a; 2017; Mead et al., 2017). Despite the
growth of scientific evidence on PE and childhood obesity in recent years, few existing studies have focused on
obese children or adolescents with DS. According to Mendonca et al. (2010), not many prospective studies have
examined the effects of structured physical training in this population. Nor have we found reviews that
specifically address PE interventions and their consequences on body composition in children and adolescents
with DS. In fact, there are a few studies which, and without underestimating the importance of a healthy diet,
observed a superior effect of PE interventions over dietary interventions. One of the most current and relevant is
t that by Martinez-Espinosa et al. (2020), who found greater changes in body composition in children and
adolescents with DS who followed a planned PE plan (considering intensity, duration, number of repetitions,
days per week and with programming). These results contrast with those found in the healthy population. They
indicate that exercise intervention in overweight and obese adolescents improves body composition, particularly
in reducing body fat (Stoner et al., 2016).

On the other hand, there is no direct link between DS and the ability to participate in physical activity
or PE. However, people with DS may have specific challenges that affect their ability to participate in physical
activity, such as underlying health problems (Sobey et al., 2015), motor difficulties (Jung et al.2017), and
behavioral problems (Dykens et al., 2015). In particular, and directly relating exercise capacity and the
syndrome, Mendonca et al., 2010 showed that people with DS have a reduced exercise capacity, specifically due
to the interaction between low maximal oxygen uptake (VO2 max) and poor exercise economy. The authors
propose that chromosomal characteristics of the disease are the main cause of low peak VO2. Consequently,
proper clinical management of reduced exercise capacity in individuals with DS is crucial to ensure their long-
term health and productivity. Secondarily, but with an indirect effect on cardiovascular health, recent studies
(Alesi et al., 2022) show that there are improvements on global motor coordination (e.g., global motor and global
development, global motor coordination and adaptive behavior development area...) when PE programs are
programmed for it. This fact can contribute toward a higher quantity and quality of PE practice with children and
adolescents with DS and can be sustained for longer.

The aim of this study was to investigate the effect of physical activity programs in children and
adolescents with DS on the improvement of body composition in relation to overweight and obesity. It is
important to review the existing knowledge base and present the state of the science regarding overweight and
obesity in children and adolescents with DS, to guide future research, and to try to create initiatives to reduce
overweight and obesity in this very vulnerable population. Based on the results obtained, some guidelines are
proposed to contribute to the improvement of knowledge of PE interventions for people with DS.

Material & methods
Search Strategy

The PRISMA guidelines for systematic reviews and meta-analyses were followed for this study (Moher
et al., 2009), which includes a 27-item checklist and a four-phase flowchart (Page et al., 2021), as recommended
by the Cochrane Collaboration (Higgins et al., 2005). Specifically, for this systematic review, we searched for
studies in the following databases: MEDLINE, Web of Science (WOS), Scopus, and SPORTDiscus, which were
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conducted for the last twenty years, from 2001 to November 31, 2021. The data was extracted on December 6,
2021.

In the search of the databases indicated above, the population was children and adolescents with DS, the
intervention was on obesity and the variables were those related to PE. The Medical Subject Headings (MeSH)
descriptors used to determine the population was DS, Down’s syndrome, Downs syndrome, trisomy 21, or
chromosome 21. In addition, age was used to delimit age: child, children/s, childhood, boys, girl, adolescent/s
and youth/s. The terms of the intervention were physical activity (PA), training, sport, exercise, or physical
fitness; and lastly, the terms related.

Inclusion Criteria

The inclusion criteria were publication between January 2020 and December 2021, focused on children and
adolescent (6 to 18 years) with DS with overweight and obesity, evaluating the intervention through physical
exercise and its changes in body composition and published in Spanish, Portuguese or English.

Data Extraction

The article selection process followed the PRISMA methodology used for systematic reviews and meta-
analyses (Tricco et al., 2018). The analysis of data extraction was performed with “Paperpile”, a reference
management software, where duplicate articles were eliminated once the search was performed in the five
databases. Two review authors (D.M-R. and V.A-R.) screened articles in a blinded, standardized manner, with
disagreements in judgement resolved by consensus or a third reviewer (E.J.F-O). When the full texts were not
available, the lead author was contacted and asked to provide the full text to assess eligibility. If no response was
received, these studies were excluded, as their eligibility could not be fully assessed. If a study was mentioned
several times, only the most recent publication was included in the analysis. Then, a first screening was
performed based on the title and abstracts to eliminate irrelevant studies. After identifying potential articles for
inclusion in the review, the full texts were read to select those that met all the inclusion criteria and therefore
became part of the systematic review (Figure 1). The study authors participated in all the described steps of
article selection.

Methodological Quality Assessment

To assess the quality of the methodology used by the studies that were finally included in the systematic
review, we used the PEDro scale, developed by the Centre for Evidence-Based Physiotherapy, which helps users
to quickly identify whether the methodological quality is excellent (9-10), good (6-8), fair (4-5) or poor (<4).
This score is based on expert consensus and is intended to eliminate the risk of bias.

Results
Study Flow

331 studies were found after searching the different databases: MEDLINE (n = 104), WOS (n = 201),
Scopus (n = 13) and SportDiscus (n = 13). After eliminating 62 duplicate studies, 269 were reviewed, including
their title and abstract, and 197 studies that did not meet all the inclusion criteria were eliminated. After this first
screening, 20 full studies were evaluated as potential studies to be included in the qualitative analysis. Finally,
three studies were included in this analysis, since 2 studies did not meet the age criterion, 8 did not relate
exercise to obesity, and the rest were either not training-based interventions or did not compare DS obesity with
other groups of the same age (Figure 1).

g ) - .
'.E Recgrfsgdmllflefi;;l(‘;m ) Records removed before screening:
g atabases (_n » Duplicate records removed (n=62)
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- !
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—

Figure. 1 Flowchart of the systematic review selection process Aren’t based on exercise:-
Methodological Quality
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According to the PEDro scale, the methodology of those studies with a score of 9-10 is considered
"excellent," those with a score of 6-8 are considered "good" and those studies with a score of 4-5 are considered
"fair". In the present review, all the studies (Ordonez et al., 2006; Seron et al., 2014; Ortiz-Ortiz et al., 2019) had
a good methodology (Table 1).

Table 1. Quality of intervention studies assessed on the Physical Therapy Evidence Database (PEDro) scale.

PEDRro scale [32] [33] [21]
1. Selection criteria No No NO
2. Random assignment Yes No Yes
3. Hidden assignment No Yes No
4. Comparative groups at the beginning No Yes Yes
5. Subjects blinded No No No
6. Blinded administrators No No No
7. Blinded evaluators No No No
8. Adequate follow-up Yes Yes Yes
9. Analysis of all subjects (intention to treat) Yes Yes Yes
10. Comparison between groups No Yes Yes
11. Measures of variability Yes Yes Yes
Total 4 6 6

Excellent (9-11); good (6-8); average (4-5); poor quality (<4)

Characteristics of the Studies

The characteristics of the three studies included in the present systematic review are summarized in
Table 2. These studies had samples of between 17 and 41 people, wherein the participants were subjected to a PE
intervention of 12 to 16 weeks of duration. In all the studies, the body mass of children and adolescents with DS
was analyzed. The results found in these 3 studies are presented below in chronological order of publication.

In the study by Ordonez et al. (2006), 22 adolescents with DS were subjected to PE for 12 weeks,
consisting of three one-hour sessions per week both on land and in water. In Durnin and Womersley (1974)
anthropometric measurements were used to calculate the percentage of fat mass, and a paired t-test was
performed to evaluate differences in anthropometric characteristics between before and after the PE intervention.
It was observed that 31.8% of the individuals studied were overweight and 27.3% were obese before starting.
Mean fat mass percentage was significantly reduced at the end of the study (p = 0.021). Hence, we can conclude
that adolescents with DS can reduce their fat mass percentage significantly with 12 weeks of PE.

In 2014, Seron et al. conducted a study on 41 adolescents with DS to assess the impact of aerobic and
resistance exercises on their body composition. The participants were divided into three groups: Control (10
individuals, 6 female), Aerobic Training (16 individuals, 5 female), and Resistance Training (15 individuals, 5
female). The exercises consisted of 3 weekly sessions of aerobic training at 50-70% of heart rate reserve and 2
weekly sessions of resistance training with 12 maximum repetitions. The evaluation of fat percentage was
performed by plethysmography. Waist circumference (WC), body weight, and height were also measured in the
study. The paired t-test was used to compare these variables before and after the exercise program. The results
showed no significant change in fat mass percentage for both groups, but a significant increase in the Control
Group (31.3£7.2 to 34.0+£7.9). However, both body mass index (BMI) and WC significantly decreased for the
Aerobic Training Group (BMI from 27.0+4.4 to 26.5+4.2, WC from 87.3£11.1 to 86.2+9.7), while the
Resistance Training Group and Control Group saw no changes in these variables. The conclusion was that BMI
and WC were significantly reduced only in the Aerobic Training Group, while an increase in fat percentage was
seen in those who did not participate in the intervention.

In the last study by Ortiz-Ortiz et al. (2019), 13 children with DS participated in an Experimental
Group and underwent a physical conditioning program for 16 weeks, 5 times per week, in 55-minute sessions.
There was a Control Group of 9 children, who continued with their usual activities offered by the institution,
including Spanish language, natural sciences, personal independence and health protection skills, mathematics,
and art (e.g., painting, coloring storybooks). The results obtained indicated that there were significant reductions
in BMI from before to after the intervention in both the Experimental Group (22.2 + 2.5 vs. 20.7 £ 2.5 kg/m 2; P
<0.0001), and the Control Group (23.3 = 4.9 vs. 21.9 + 4.6 kg/m2; P < 0.001). There were significant pre-and
post-intervention reductions in medial calf skinfold (14.9 £ 5.5 vs. 14.6 £ 3.2 mm; P = 0.008). Thus, they
concluded that physical training improves the body composition of children with DS, leading to an improvement
in their quality of life.

Table 2. Summary table of the studies comprising the systematic review.
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Sample Volume Exercises Parameters Results

Ordonez  n=22 (100% 12 weeks: 3 sessions  The intensity ~ Durnin- The percentage of fat
et al., male) 30 min (first two level was  Womersley anthropometric mass was significantly
2006 Age: 16.2 +/- weeks), 45 min prescribed and measurements. reduced, from 31.8 +/-
1.0 years old. (next two weeks) monitored based Weight (Kg) 3.7% to 26 +/- 2.3%,
and 60 min) the on heart rate, in Fat mass (%) at the end of the study

remaining eight both water and (p =0.021).
weeks) on land Weight (kg): From
78+/-4.8 to 75.1+/-4.2.
Seron et 15.5 +/-2.7 12 weeks: aerobic, 3  Aerobic: Plethysmography with Bod The percentage of fat
al., 2014  years old times per week, and intensity of 50- Pod equipment. mass did not change
resisted, 2 times per 70%  of the Fatmass (%) significantly for both
week reserve heart rate. BMI groups but increased
Resisted: wC in the CG (31.3£7.2
intensity of 12 versus 34.0£7.9). BMI
repetitions and wC were
maximum significantly reduced
for the ATG (BMI:
27.0+4.4 and
26.5+4.2; WC:
87.3£11.1 and

86.2+9.7), while the
RTG and CG showed
no differences in these

variables

Ortiz- n=22 (from8 EG: 16 weeks: 5 Progressive Medial calf skinfolds and BMI ~ There were significant
Ortiz et to 16 years  sessions aweek of resistance was calculated from height reductions in BMI
al,,2019  old). EG, 55 minutes exercises aimed and weight from pre- to post-
n=13, and CG, CG: continued with at increasing intervention in both

n=9. their usual activities  strength, muscle the EG (22.2 £2.5 vs.

offered by  the tone, and weight 20.7 + 2.5 kg/m2;P <

institution control 0.0001), and the CG

(233 +£49vs. 219 £
4.6 kg/m2; P <0.001).
Significant  pre-and
postoperative
reductions in medial
calf skinfold in the EG
(149 £ 5.5 vs. 14.6 £
3.2 mm; P =0.008).

Notes. EG: Experimental Group; CG: Control Group; BMI: Body Mass Index; WC: Waist Circumference

Dicussion

The aim of this study was to investigate the effect of physical activity programs in children and
adolescents with DS on the improvement of body composition in relation to overweight and obesity. Based on
the available evidence, we can conclude that a 12- to 16-week exercise program has a positive impact on the
body composition of children with DS, as it reduces their fat mass percentage. This type of intervention has the
potential to improve their overall health and enhance their quality of life by mitigating the obesity-related
comorbidities that they face.

As has been suggested for young people without disabilities, a lack of physical activity may contribute
to overweight and obesity in young people with DS (Mead et al., 2017). Children and adolescents with DS are
often more sedentary (Izquierdo-Gomez el al., 2015), do not meet the recommended amount of daily aerobic
activity (Pitteti et al., 2013), and have lower levels of PE than young people without DS (Izquierdo-Gomez et al.,
2013). In addition, PE levels may decrease with age in young people with DS (Pitteti et al., 2013). More
specifically, they indicate that children with DS tend to have lower levels of physical activity than their peers
without DS. Furthermore, they do not meet the PE guidelines for different age groups. The overall result may
lead to an increased risk of numerous secondary health conditions related to the decline of developed PE (Fox et
al., 2019).

All of these aspects may contribute to the high rates of obesity in children and young people with DS,
particularly as they grow into adulthood (Betarpelli et al, 2016). However, few studies have examined the direct
relationship between PE and overweight/obesity in children and adolescents with DS and almost all the authors
agree on the need for research with larger samples, better methodological designs, and greater accuracy in the
estimation of the effect of PE on adiposity (e.g., Segura-Jiménez et al., 2016; Shields et al., 2017). In addition to
encouraging PE in children and adolescents with DS, adequate levels of PE and the removal of barriers to
participation in PE also need to be increased (Fox et al., 2019).

Although the literature on the benefits of PE in children, adolescents, and adults with DS is growing
(Dodd et al., 2005; Li et al., 2013; Segura-Jiménez et al., 2016; Shields et al., 2017), interventions directly
related to children or adolescents with DS and obesity are limited (Betarpelli et al., 2016). Specifically, the
interventions in children and adolescents with DS, in which exercise is used as an independent variable, find the
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maintenance of PE levels (Hassan et al., 2019) and decreased BMI (Suarez-Villadat et al., 2019). As with the rest
of the interventions with PE, this can be done alone or combined with other types of interventions such as
nutritional and/or behavioral. If we look at the existing literature on interventions based exclusively on PE, we
find studies in which the percentage of fat mass and weight are reduced (Maiano et al., 2014; Ordonez et al.,
2006; Seron et al., 2014), there is a significant increase in muscle mass (Gonzalez-Agiiero et al, 2011a; 2011b),
and improvement in other parameters directly related to metabolic health (Seron et al., 2015; Segura-Jimenez et
al., 2016), as well as other interventions where there are no significant changes in direct or indirect parameters
(Gonzalez-Agiiero et al., 2011a; 2011b; 2013), although they did offer encouraging data. It should be borne in
mind that there is a great deal of disparity and heterogeneity in the types of interventions used in all the studies
found. Hence, much more data is needed, with a better methodology and a larger sample to conclude this matter.

If we focus on PE interventions combined with others, the results are somewhat more encouraging,
although as mentioned above, there are many differences in the interventions proposed by the studies. Thus, we
find studies that are done in the family environment (Brown et al., 2015; Curtin et al., 2013) or the clinical
environment (Mosso et al., 2011). A review (Gonzalez-Agiiero et al., 2010) found that these types of combined
interventions result in changes in weight, body fat, and fat mass, although they concluded that changes in a
healthy lifestyle and secondary health conditions represent an under-researched area in these populations.

The diversity of the studies found makes it difficult to effectively compare results among them due to
various methodological differences or the type of sample, among other matters. Besides, the small sample size in
the studies encountered makes the interpretation of the results more complicated. The literature reviewed
classified overweight and obesity with BMI threshold values established for children and adolescents in the
general population. The suitability of using BMI cut-off points from the general population for young people
with Down syndrome is uncertain due to their distinct body proportions and potential measurement errors in
using only BMI values (Suarez-Carmona, & Sanchez-Oliver, 2018). As cited in the articles reviewed, different
types of instruments are used to measure key anthropometric parameters. Most of the instruments used to
measure body fat and fat-free mass show a high level of accuracy in the reviewed studies. However, no clear
protocols used to perform the measurements are referenced, which is an important limitation of these reported
studies. In addition to these instruments, the use of accelerometers is also suggested as a precision method to
assess physical activity. Because of this, there are a great number of studies that have used different
approximations regarding design and interventions, which limit the generalization of findings (Betarpelli et al.,
2016).

Future research could aim to determine the potential benefits of exercise (e.g., type, frequency,
intensity, goals) for children and adolescents with DS, helping them to achieve healthier body composition,
cardiorespiratory fitness and physical fitness and, in turn, improve the quality of life of this population. Issues to
be considered in the design of new studies involving DS and obesity or overweight include cardiorespiratory
fitness. This is a feasible method in DS subjects without congenital heart disease. This method is also useful for
measuring the level of fitness for safe physical activity.

Conclusions

Overall, children and young people with DS appear to have higher levels of overweight and obesity
compared to the general youth population, which in turn appears to increase their health risk. These body
composition characteristics result from the interaction of a variety of factors and therefore require
interdisciplinary work. That is, studies and approaches which include multifactorial and interdisciplinary
interventions are needed to understand how to optimize the quality of life in this population. However, this work
has shown that interventions based on physical activity alone, both strength and cardiovascular endurance, can
be successful in improving body composition in children and adolescents with DS. A 12-16 week physical
exercise program for children and adolescents with DS reduces fat mass percentage and improves parameters
such as weight, BMI, and WC. It is important for caregivers, trainers, and those living with children or
adolescents with Down syndrome to prioritize their health by promoting physical exercise. Moreover, it should
not be forgotten that children and adolescents with DS possess a set of health, anatomical, physiological,
cognitive, and psychosocial attributes that predispose them to physical limitations (Pitetti, 2013), making
possible interventions even more difficult to implement. For all these reasons, a personalized and tailored
approach may be needed to support these individuals to participate in physical activity and improve their health
and well-being.

Conflicts of interest The author(s) declared no have conflict of interest concerning this work, authorship,
and/or publication of this paper.
Acknowledgement

This program has been supported by Health Promotion of Special Olympics Spain from the agreement
signed between the University of Seville and this institution, whom we thank for their involvement and interest
in the program.
References:

324

JPES ®  www.efsupit.ro



DANIEL MEDINA-REBOLLO, JESUS FERNANDEZ—GAVIRA, VIRGINIA ALCARAZ-RODRIGUEZ,
EDUARDO JOSE FERNANDEZ-OZCORTA

Alesi, M., Giustino, V., Gentile, A., Gomez-Lopez, M., & Battaglia, G. (2022). Motor Coordination and Global
Development in Subjects with Down Syndrome: The Influence of Physical Activity. Journal of clinical
medicine, 11(17), 5031. https://https://doi.org/10.3390/jcm11175031

Alexander, M., Petri, H., Ding, Y., Wandel, C., Khwaja, O., & Foskett, N. (2016). Morbidity and medication in a
large population of individuals with Down syndrome compared to the general population. Developmental
Medicine & Child Neurology, 58(3), 246-254. https://https://doi.org/10.1111/dmen.12868

Bertapelli, F., Pitetti, K., Agiovlasitis, S., & Guerra-Junior, G. (2016). Overweight and obesity in children and
adolescents with Down syndrome—prevalence, determinants, consequences, and interventions: A literature
review. Research in Developmental Disabilities, 57, 181-192. https://doi.org/10.1016/j.ridd.2016.06.018

Brown, C. L., Irby, M. B., Houle, T. T., & Skelton, J. A. (2015). Family-based obesity treatment in children with
disabilities. Academic Pediatrics, 15(2), 197-203. https://https://doi.org/10.1016/j.acap.2014.11.004

Bull, M. J. (2011). Committee on Genetics. Health supervision for children with Down syndrome. Pediatrics,
128(6), 1212. https://https://doi.org/10.1542/peds.2011-1605

Curtin, C., Bandini, L. G., Must, A., Gleason, J., Lividini, K., Phillips, S., & Fleming, R. K. (2013). Parent
Support Improves Weight Loss in Adolescents and Young Adults with Down Syndrome. The Journal of
Pediatrics, 163(5), 1402—-1408. https://doi.org/ https://https://doi.org/10.1016/j.jpeds.2013.06.081

de Graaf, G., Buckley, F. & Skotko, B.G. (2021). Estimation of the number of people with Down syndrome in
Europe. Eur J Hum Genet, 29, 402—410. https://https://doi.org/10.1038/s41431-020-00748-y

de Graaf, G., Vis, J. C., Haveman, M., van Hove, G., de Graaf, E. A. B., Tijssen, J. G. P., & Mulder, B. J. M.
(2011). Assessment of Prevalence of Persons with Down syndrome: A Theory-based Demographic
Model. Journal — of  Applied  Research  in  Intellectual  Disabilities,  24(3), 247-262.
https://https://doi.org/10.1111/j.1468-3148.2010.00593.x

Dodd, K. J., & Shields, N. (2005). A Systematic Review of the Outcomes of Cardiovascular Exercise Programs
for People with Down Syndrome. Archives of Physical Medicine and Rehabilitation, 86(10), 2051-2058.
https://https://doi.org/10.1016/j.apmr.2005.06.003

Durnin, J.V., & Womersley, J. V. G. A. (1974). Body fat assessed from total body density and its estimation
from skinfold thickness: measurements on 481 men and women aged from 16 to 72 years. The British
Jjournal of nutrition, 32(1), 77-97. https://doi.org/10.1079/bjn19740060

Dykens, E. M., Shah, B., Davis, B., Baker, C., Fife, T., & Fitzpatrick, J. (2015). Psychiatric disorders in
adolescents and young adults with Down syndrome and other intellectual disabilities. Journal of
neurodevelopmental disorders, 7(1), 9. https://https://doi.org/10.1186/s11689-015-9101-1

Fox, B., Moffett, G. E., Kinnison, C., Brooks, G., & Case, L. E. (2019). Physical activity levels of children with
Down syndrome. Pediatric Physical Therapy, 31(1), 33-41.
https://https://doi.org/10.1097/PEP.0000000000000556

Garcia-Hermoso, A., Ceballos-Ceballos, R. J. M., Poblete-Aro, C. E.., Hackney, A. C., Mota, J., & Ramirez-
Vélez, R. (2017). Exercise, adipokines and pediatric obesity: a meta-analysis of randomized controlled
trials. International Journal of Obesity, 41(4), 475—482. https://doi.org/10.1038/ij0.2016.230

Garcia-Hermoso, A., Sanchez-Lopez, M., & Martinez-Vizcaino, V. (2015). Effects of Aerobic Plus Resistance
Exercise on Body Composition Related Variables in Pediatric Obesity: A Systematic Review and Meta-
Analysis of Randomized Controlled Trials. Pediatric — Exercise  Science, 27(4), 431-440.
https://https://doi.org/10.1123/pes.2014-0132

Gonzalez-Agiiero, A., Ara, 1., Moreno, L. A., Vicente-Rodriguez, G., Casajus, J. A (2011a). Fat and lean masses
in youths with Down syndrome: Gender differences. Research in Developmental Disabilities. 32(5), 1685—
1693. https://https://doi.org/10.1016/j.ridd.2011.02.023

Gonzalez-Agiiero, A., Matute-Llorente, A., Gomez-Cabello, A., Casajis, J. A., & Vicente-Rodriguez, G.
(2013). Effects of whole body vibration training on body composition in adolescents with Down
syndrome. Research in Developmental Disabilities, 34(5), 1426—
1433. https://https://doi.org/10.12965/jer.150254

Gonzalez-Agiiero, A., Vicente-Rodriguez, G., Gomez-Cabello, A., Ara, 1., Moreno, L. A., & Casajus, J. A.
(2011b). A combined training intervention programme increases lean mass in youths with Down
syndrome. Research in Developmental Disabilities, 32(6), 2383-2388.
https://https://doi.org/10.1016/j.ridd.2011.07.024

Gonzalez-Agiiero, A., Vicente-Rodriguez, G., Moreno, L. A., Guerra-Balic, M., Ara, 1., & Casajus, J. A.
(2010). Health-related physical fitness in children and adolescents with Down syndrome and response to
training. Scandinavian ~ Journal — of  Medicine &  Science in  Sports, 20(5), 716-724.
https://https://doi.org/10.1111/j.1600-0838.2010.01120.x

Hassan, N. M., Landorf, K. B., Shields, N., & Munteanu, S. E. (2019). Effectiveness of interventions to increase
physical activity in individuals with intellectual disabilities: A systematic review of randomised controlled
trials: Interventions to increase physical activity in people with intellectual disabilities. Journal of
Intellectual Disability Research, 63(2), 168-191. https://https://doi.org/10.1111/jir.12562

325

JPES ®  www.efsupit.ro



DANIEL MEDINA-REBOLLO, JESUS FERNANDEZ—GAVIRA, VIRGINIA ALCARAZ-RODRIGUEZ,
EDUARDO JOSE FERNANDEZ-OZCORTA

Hendrix, C. G., Prins, M. R., & Dekkers, H. (2014). Developmental coordination disorder and overweight and
obesity in children: a systematic review. Obesity Reviews, 15(5), 408-423.
https://doi.org/10.1111/0br.12137

Higgins, J. P., & Green, S. (2005). Cochrane  handbook  for  systematic  reviews  of
interventions. John Wiley & Sons: Oxford (U.K).

Izquierdo-Gomez, R., Martinez-Goémez, D., Tejero-Gonzalez, C. M., Cabanas-Sanchez, V., Ruiz Ruiz,
J., & Veiga, O. L. (2013). Are poor physical fitness and obesity two features of the adolescent with Down
syndrome? Nutricion Hospitalaria, 28(4), 1348-51.

Izquierdo-Gomez, R., Veiga, O.L., Villagra, A., & Diaz-Cueto, M. (2015). Correlates of sedentary behaviour in
youths with Down syndrome: the UP&DOWN study. Journal of Sports Sciences, 33(14), 1504-1514.
https://https://doi.org/10.1080/02640414.2014.994660.

Jung, H. K., Chung, E., & Lee, B. H. (2017). A comparison of the balance and gait function between children
with Down syndrome and typically developing children. Journal of physical therapy science, 29(1), 123—
127. https://https://doi.org/10.1589/jpts.29.123

Maiano, C., Normand, C. L., Aimé, A., & Bégarie, J. (2014). Lifestyle interventions targeting changes in body
weight and composition among youth with an intellectual disability: A systematic review. Research in
Developmental Disabilities, 35(8), 1914—1926. https://https://doi.org/10.1016/j.ridd.2014.04.014

Martinez-Espinosa, R. M., Molina Vila, M. D., & Reig Garcia-Galbis, M. (2020). Evidences from Clinical Trials
in Down Syndrome: Diet, Exercise and Body Composition. International journal of environmental
research and public health, 17(12), 4294. https://https://doi.org/10.3390/ijerph 17124294

Mead, E., Brown, T., Rees, K., Azevedo, L. B., Whittaker, V., Jones, D., Olajide, J., Mainardi, G.
M., Corpeleijn, E., O’Malley, C., Beardsmore, E., Al-Khudairy, L., Baur, L., Metzendorf, M.-I., Demaio,
A., & Ells, L. J. (2017). Diet, physical activity and behavioral interventions for the treatment of overweight
or obese children from the age of 6 to 11 years. Cochrane Database of Systematic Reviews,
6. https://https://doi.org/10.1002/14651858.CD012651

Mendonca, G. V., Pereira, F. D., & Fernhall, B. O. (2010). Reduced exercise capacity in persons with Down
syndrome: cause, effect, and management. Therapeutics and clinical risk management, 6, 601-610.
https://https://doi.org/10.2147/TCRM.S10235

Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G. (2009). The Prisma Group, & Group P. Preferred reporting
items for systematic reviews and meta-analyses: The PRISMA statement. PloSMedicine,
6(7). https://https://doi.org/10.1371/journal.pmed.1000097

Mosso C., C., Pettinelli R., P., Santander V., P., Valdés G., M., Celis B., M., Espejo S., F., & Septlveda V., F.
(2011). Evaluacion de una intervencion en actividad fisica en niflos con sindrome de Down. Revista
Chilena de Pediatria, 82(4), 311-318. https://https://doi.org/10.4067/S0370-41062011000400005.

Ordonez, F. J., Rosety, M., & Rosety-Rodriguez, M. (2006). Influence of 12-week exercise training on fat mass
percentage in adolescents with Down syndrome. Medical Science Monitor: International Medical Journal
of Experimental and Clinical Research, 12(10), CR416-419.

Ortiz-Ortiz, M., Terrazas-Ordorica, K. 1., Cano Rodriguez, L. E., Gomez-Miranda, L. M., Ozols-Rosales, A., &
Moncada-Jiménez, J. (2019). Effect of an intensive physical conditioning program on body composition
and isometric strength in children with Down syndrome. Journal of Physical Education and Sport, 19(129),
897-902. https://https://doi.org/10.7752/jpes.2019.s3129

Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, 1., Hoffmann, T.C., & Mulrow, C.D. (2021). The PRISMA
2020 statement: an updated guideline for reporting systematic reviews. British medical journal,
372(71). https://https://doi.org/10.1136/bmj.n71

Pitetti, K., Baynard, T., & Agiovlasitis, S. (2013). Children and adolescents with Down syndrome, physical
fitness and  physical activity. Journal of Sport and Health Science, 2(1), 47-57.
https://doi.org/10.1016/j.jshs.2012.10.004

Rasmussen, S. A., Whitehead, N., Collier, S. A., & Frias, J. L. (2008). Setting a public health research agenda
for Down syndrome: Summary of a meeting sponsored by the centers for disease control and prevention
and the national Down syndrome society. American Journal of Medical Genetics Part A, 146(23), 2998-
3010. https://https://doi.org/10.1002/ajmg.a.32581

Reinehr T. (2010). Obesity and thyroid function. Molecular and cellular endocrinology, 316(2), 165-171.
https://https://doi.org/10.1016/j.mce.2009.06.005

Roizen, N. J., Magyar, C. 1., Kuschner, E. S., Sulkes, S. B., Druschel, C., van Wijngaarden, E., & Hyman, S. L.
(2014). A community cross-sectional survey of medical problems in 440 children with Down syndrome in
New York State. The Journal of Pediatrics, 164(4), 871-5.
https://https://doi.org/10.1016/j.jpeds.2013.11.032

Schwartz, M. W., Seeley, R. J., Zeltser, L. M., Drewnowski, A., Ravussin, E., Redman, L. M., & Leibel, R. L.
(2017). Obesity pathogenesis: an endocrine society scientific statement. Endocrine reviews, 38(4), 267-296.
https://https://doi.org/10.1210/er.2017-00111

326

JPES ®  www.efsupit.ro



DANIEL MEDINA-REBOLLO, JESUS FERNANDEZ—GAVIRA, VIRGINIA ALCARAZ-RODRIGUEZ,
EDUARDO JOSE FERNANDEZ-OZCORTA

Segura-Jiménez, V., Parrilla-Moreno, F., Fernandez-Santos, J. R., Esteban-Cornejo, 1., Gomez-Martinez,
S., Martinez-Gomez, D., Marcos, A., & Castro-Pifiero, J. (2016). Physical fitness as a mediator between
objectively measured physical activity and clustered metabolic syndrome in children and adolescents: The
UP&DOWN  study. Nutrition, Metabolism and Cardiovascular Diseases, 26(11), 1011-1019. doi:
10.1016/j.numecd.2016.07.001

Seron, B. B., Silva, R. A. C., & Greguol, M. (2014). Effects of two programs of exercise on body composition of
adolescents with Down syndrome. Revista Paulista de Pediatria, 32(1), 92-8.

Seron, B. B., Goessler, K. F., Modesto, E. L., Almeida, E. W., & Greguol, M. (2015). Blood Pressure and
Hemodynamic  Adaptations after a  Training Program in  Young Individuals  with
Down Syndrome. Arquivos Brasileiros de Cardiologia, 104(6), 487-91.
https://doi.org/10.5935/abc.20150033

Shields, N., Hussey, J., Murphy, J., Gormley, J., & Hoey, H. (2017). An exploratory study of the association
between physical activity, cardiovascular fitness, and body size in children with Down
syndrome. Developmental Neurorehabilitation, 20(2), 92-98.
https://doi.org/10.3109/17518423.2015.1077901

Sobey, C. G., Judkins, C. P., Sundararajan, V., Phan, T. G., Drummond, G. R., & Srikanth, V. K. (2015). Risk of
Major Cardiovascular Events in People with Down Syndrome. PloS one, 10(9), e0137093.
https://https://doi.org/10.1371/journal.pone.0137093

Stoner, L., Rowlands, D., Morrison, A., Credeur, D., Hamlin, M., Gaffney, K., Lambrick, D., & Matheson, A.
(2016). Efficacy of Exercise Intervention for Weight Loss in Overweight and Obese Adolescents: Meta-
Analysis and Implications. Sports medicine (Auckland, N.Z.), 46(11), 1737-1751.
https://https://doi.org/10.1007/s40279-016-0537-6

Suarez-Carmona, W., & Sanchez-Oliver, A. J. (2018). Indice de masa corporal: ventajas y desventajas de su uso
en la obesidad. Relacion con la fuerza y la actividad fisica. Nutricion Clinica en Medicina, 12(3-2018), 128-
139.

Suarez-Carmona, W., Sanchez-Oliver, A. J., & Gonzalez-Jurado, J. A. (2017). Fisiopatologia de la obesidad:
Perspectiva actual. Revista chilena de nutricion, 44(3), 226-233 https://doi.org/10.4067/s0717-
75182017000300226

Suarez-Villadat, B., Veiga, O. L., Villagra, A., Izquierdo-Gomez, R., Marcos, A., Castro-Pifiero, J., Bandrés,
F., Martinez-Gomez, D., Ruiz, J. R., Carbonell-Baeza, A., Gomez-Martinez, S., Santiago, C., Gomez-
Martinez, S., Nova, E., Diaz, E. L., Zapatera, B., Veses, A. M., Mujico, J. R., & Gomez-Gallego,
F. (2019). Changes in body composition and physical fitness in adolescents with Down syndrome:
The up&down longitudinal study. Childhood Obesity, 15(6), 397-405. doi: 10.1089/chi.2018.0198

Tricco, A.C., Lillie, E., Zarin, W., O’Brien, K.K., Colquhoun, H., Levac, D., Moher, D., Peters, M.D.J., Horsley,
T., & Weeks, L. (2018). PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and
Explanation. Annals of Internal Medicine, 169, 467-473. https://doi.org/10.7326/M18-0850

Van Gameren-Oosterom, H.B., Van Dommelen, P, Schonbeck, Y., Oudesluys-Murphy, A.M, van Wouwe J.P, &
Buitendijk S.E. (2012). Prevalence of overweight in Dutch children with Down syndrome. Pediatrics,
130(6), 1520-6. https://doi.org/10.1542/peds.2012-0886

World Health Organization. (2017). Obesity and overweight.
http://www.who.int/mediacentre/factsheets/fs311/en/ (accessed on 28 July 2022).

327

JPES ®  www.efsupit.ro



