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RESUMO

Pessoas com Sindrome de Down (SD) apresentam diferencas metabdlicas quando comparadas a populagdo em geral, 0 que
resulta em maior prevaléncia de sobrepeso e menores indices de aptidao aerébia. O objetivo deste estudo foi analisar a
associagdo da aptiddo aerébia com a composicéo corporal em individuos com SD. Foram avaliados 30 individuos com SD
da cidade de Londrina / Brasil com média de idade 18,00+3,66 anos. Foram investigadas as variaveis indice de massa
corporal, gordura corporal, e aptiddo aerdbia (VO?pico). Os homens foram mais altos que as mulheres, apresentaram maior
percentual de massa magra e maior VO?pico, enquanto as mulheres apresentaram maiores médias para gordura andrdide,
ginoide e total. A aptiddo aerdbia associou-se inversamente ao indice de massa corporal, massa magra e gordura corporal.
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ABSTRACT

People with Down Syndrome (DS) present metabolic differences when compared to the general population, which ends
up at a higher prevalence of overweight and lower rates of aerobic fitness. The aim of this study was analysing the
association of aerobic fitness and body composition in individuals with DS. Thirty individuals with DS from the city of
Londrina / Brazil with a mean age of 18.00+3.66 years were evaluated. The variables body mass index, body fat, and
aerobic fitness (VO?peak) were investigated. Men were taller than women, presented a higher percentage of lean body
mass and higher VO?peak, while women showed higher means for android, gynoid and total fat. Aerobic fitness was
positively associated with bone mineral density and inversely associated with nutritional status, lean body mass and body
fat.
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Introduction

Down syndrome (DS) is a chromosomal disorder caused by an exceeding 21
chromosome, which results in intellectual disabilities and physical anomaliest. This
condition directly influences the physical fitness levels of such population, including the
prevalence of obesity, low aerobic fitness and inappropriate strength levels?2, mainly due to
their low muscle tone, endocrine problems and lack of physical activity?+°.

People with DS have a reduced resting metabolic rate, which directly contributes to a
higher prevalence of obesity®>f. Mendonga, Pereira and Fernhall” point out that people with
DS tend to show a reduction in chronotropic activity, leading to a lower heart rate response
during extenuating exercise, one of the main causes of lower VO2 max in this population?.

Aerobic fitness is an important health marker both for the general population®2°, In
addition, research also indicates that aerobic fitness is a predictor of basic motor skills, which
play a key role in spelling, reading and math performance 1. Improved aerobic fitness in
people with DS, despite lower VO?peak values due to anatomical dysfunctions, ventilatory
capacity and metabolic dysfunction when compared to the population without DS?3, in
addition to the benefits applied to the general population, it has a positive impact on the
metabolic risk profile? and better hormonal response??.

In general population, studies indicate that lower body fat is associated with better
aerobic fitness rates'®. However, in people with DS, literature presents divergent results as
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for example presented in the cross-sectional study carried out by Beck et al.** no relationship
between aerobic fitness, body fat and body mass index (BMI) were noted. 1zquierdo-gomez
et al.’, when conducting a cross-sectional survey in Spain with 222 adolescents (111 with
DS), have noted an inverse association between BMI, body fat and aerobic fitness. Then in
follow-up study, in which the adolescents were followed for two years, authors noticed a
decrease in aerobic fitness in those individuals with high body fat and BMI (at the baseline)*®.
But, when analysing data at the end of two years, authors report having found no association
between aerobic fitness and body composition.

Review studies also show a contradiction between the relationship between aerobic
fitness and body composition. The review performed by Sutana et al'’, for example,
compared the effect of interval and high-intensity exercises on body composition and aerobic
fitness. Authors found that both methods were inefficient for the modulation of body
composition, however there was a significant improvement in aerobic fitness in both
interventions when compared to the control group. In another review that analyzed the effect
of different physical activity programs on body composition in people with DS, the authors
came to the conclusion that programs involving aerobic activities (jumping, cycling and
swimming) brought about a reduction in fat mass, but it is not yet clear the association
between the variables®. Thus, considering the literature gap on such topic, this research aims
to analyse the association of aerobic fitness with body composition variables in individuals
with DS.

Methods

Sample

This is a cross-sectional descriptive study, which included a non-probabilistic sample
of 30 individuals with DS, 17 boys and 13 girls aged 18 + 3.66 years-old, who attended
institutions specialized with the care of DS people based in the city of Londrina, south of
Brazil.

The exclusion criteria were: individuals with orthopaedic, cardiac or respiratory
impairments, atlantoaxial instability, people under the use of drugs that may influence their
heart rate and people who had severe or profound intellectual disabilities. The study was
approved by the Ethics Committee for Research with Human Beings of the State University
of Londrina, under the protocol 1.215.776 / 2015.

Procedures

For VO2peak determination, a maximal oxygen uptake test with a validated protocol
for DS people was used®®. The test was carried out on a treadmill, with a start speed of 4
km/h with 0% inclination for two minutes, with increases of 2.5% in the ergometer elevation
every two minutes, until reaching an elevation of 12.5 %. From this moment on, the speed
was increased by 1.6 km/h every minute until exhaustion. A portable ergo spirometer
(Cosmed k4b?, Italy) and a heart monitor (Polar model M400) were used to measure HR
throughout the test.

The BMI was calculated by the ratio between total body mass (kg), measured with a
digital scale of 100g precision, and the square of height (m?), measured in a wall stadiometer
with a precision scale of 0.1cm. A Lunar Prodigy Advance model was used for DEXA
evaluation. For body composition data, total body mass, body fat and lean mass were used.
For the fat distribution trend analysis, the percentages of android and gynoid fat were used;
the android/gynoid rate (A/G) was calculated by the ratio between the android fat mass (kg)
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and the gynoid fat mass (kg), while the Fat Mass Index (FMI) was calculated by the ratio of
the fat mass (kg) by the square of height (m?).

Skeletal maturation was determined through bone age, using the Greulich-Pyle*®
method. This method compares the radiograph of an individual's left hand and wrist with a
set of radiographs that characterize successive stages of maturational development at
different chronological ages for each sex. The participant was assigned a bone age equal to
that of the pattern to which he resembled. For this, a total of 28 ossification points were
examined during the comparison.

Statistical analysis

Normality of the data was tested using the Kolmogorov-Smirnov test, verifying the
asymmetry and kurtosis of the histogram and then descriptive analysis was used; inferential
analysis using Student's t test was used to verify differences between the sexes in the
independent variables.

To verify the association between aerobic fitness and the other variables, the
calculation of the adjusted linear regression was adopted, with the models being presented
with the regression coefficient and 95% of confidence interval. For the adjusted model, the
variables sex and age were included, as they directly influence the levels of aerobic fitness':.
Bone age was also included as a variable in the adjusted model, as studies also show that
people with DS prematurely mature skeletally*®,

Interactions between independent variables were tested, however, these were not
verified. For evaluating the final model, it was compared to the null model, with a difference
between them. multicollinearity was tested using the variance inflation factor (VIF), and the
residuals of the model in all variables showed normal distribution verified by means of
histogram and heteroscedasticity by means of scatterplot. With regards to the residual and
predicted values, there were no outliers. In the analysis, the Statistical Package for Social
Science® v.25 program was used, adopting a significance level of p <0.05.

Results

The descriptive data of the study participants are summarized in Table 1. Regarding
sexes, there was a significant difference in height, lean body mass and VO?peak, with men
data being higher than women. Women, on the other hand, showed higher percentages than
men for android, gynoid and total fat, along with BMI variables.
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Table 1: Mean, standard deviation and independent Student t test by sex of the continuum

variables
Variables Mean + SD Women Men p
(meanxSD) (mean+SD)

Age (years) 18,00+3,66 17,85+4,05 18,12+3,46 0,84
Bone age (years) 17,40+2,22 17,23+2,48 17,53+2,06 0,87
Height (cm) 149,13+10,74 143,09+9,34  153,11+10,23 0,01
Total body mass (kg) 59,95+13,49 55,13+14,43 63,64+11,85 0,08
BMI (kg/m?) 27,12+5,87 27,90+7,45 26,52+4,46 0,56
Total Fat (kg) 28,50+19,19 24,17+10,05 31,80£23,77 0,28
Lean body mass (kg) 36,45+8,88 28,76x4,17 42,33+6,71 <0,01
Android Fat (%) 39,92+11,78 45,95+8,53 35,31+£12,03 0,01
Gynoid Fat (%) 43,87£11,20 52,46%5,31 37,30+10,03 <0,01
Total fat (%) 36,25+11,43 44,01+7,33 30,03+10,49 <0,01
A/G rate 0,91+0,14 0,87+0,10 0,93+0,16 0,28
FMI (kg/m?) 9,66+4,73 12,22+5,14 8,21+4,03 0,02
VVO?2 peak 33,46+7,00 30,0145,75 36,26+6,18 0,01

Note: cm — centimetres / Kg — Kilograms / m — metres / BMI — Body mass index / SD — Standard deviation /
BMD — Bone mineral density / % - Percentage / A/G — Android/ Gynoid / FMI — Fat mass index

Source: Authors

Regarding the association between aerobic fitness and body composition, the crude

analysis of the variables total body mass, BMI, percentage of android, gynoid and total fat,
and FMI presented an inverse relationship. When the analysis was adjusted by sex,
chronological age and skeletal age, the relationships remained the same, and the variables
lean body mass and A/G rate showed an inverse relationship with aerobic fitness (Table 2).

Table 2: Crude and Adjusted linear regression analysis for aerobic fitness variables and body

composition

Variable Crude Analysis Adjusted Analysist
B (1C95%) p B (1C95%) p R*
Height (cm) 0,150 (-0,97-0,39) 0,22 0,028 (-0,24 - 0,30) 0,83 0,08
Total body mass (kg) -0,192 (-0,38 - -0,02) 0,04 -0,315 (-0,48 - -0,14) <0,01 0,43
BMI (kg/m?) -0,739  (-1,12--0,35) <0,00 -0,679 (-1,05--0,30) <0,01 042
Total fat (kg) 0,112 (-0,22 -0,24) 0,09 0,100 (-0,39 - 0,23) 0,14 0,15
Lean Mass (kg) 0,099 (-0,20 - 0,40) 0,66 -0,729 (-1,21- -0,23) <0,01 0,33
Android fat (%) -0,407  (-0,58--0,23) <0,01 -0,369 (-0,58--0,15) <0,01 0,39
Gynoid fat (%) -0,383  (-0,58--0,18) <0,01 -0,432 (-0,75 - -0,10) 0,01 040
Total Fat (%) -0,420 (-0,60--0,23) <0,01 -0,437 (-0,70--0,17)  <0,01 0,37
A/G rate -15,94 (-33,8-1,95) 0,07 -21,103 (-37,29--4,92) 0,00 0,29
FMI (kg/m?) -1,01 (-1,43--058) <0,01 -0,901 (-1,41--0,38) <0,01 0,40

Note: cm — centimetres / Kg — Kilograms / m — meters / BMI — Body mass index / SD — Standard deviation /
% - Percentage / A/G — Android/ Gynoid / FMI — Fat mass index; 1 - Analysis adjusted for the
variables: sex, age and chronological age / Adjusted R2/ VIF=1.93

Source: Authors

Discussion

The aim of this study was to analyse the association of aerobic fitness and body

composition variables in individuals with DS. With regards to the body composition, women
showed higher percentages of android, gynoid and total fat, while men showed better mean
values for aerobic fitness. Regarding the association of body composition variables, it was
noted that only the variables total body fat and height were not associated with aerobic
fitness, while the other variables showed an inverse relationship with VO2max.
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Several studies point out the differences in body composition between sexes. As
reviewed by Bredella?°, men tend to present more lean body mass while women have greater
body fat, especially in the hip and neck regions. Similar characteristics are also observed in
the population with DS, as described in a longitudinal study carried out in Spain?., in which
the authors compared people with and without DS during adolescence. It was observed that,
despite the body composition variables increase in people with DS, body fat increased
significantly only in women, highlighting that sex is a variable that also influences the body
composition in such population.

The result found in this study on the difference in body composition between men
and women with DS, which is already established in the literature, may be an indication that,
especially in this population, there is a need for greater interventions among the female group,
since despite physiologically women have more body fat than men?, there is a lower
participation in relation to physical exercise in activities of daily living?2.

With regards to the aerobic fitness, the results showed that the VO2max of men was
higher than of women, fact observed both in the general population® and in groups with DS?3,
Such result is expected due to the maturational development, even if delayed in people with
DS, as it promotes alterations between sexes, which directly influence aerobic fitness?*

The results found in this research indicate that the BMI and the body fat are inversely
associated with aerobic fitness. These findings contrast with the ones from the study carried
out by Beck et al.14, in which the researchers evaluated nine people with DS, having found
no association between anthropometric variables (BMI and body fat) and aerobic fitness. On
the other hand, research carried out by Ringenbach et al.?> with 30 individuals with DS
describes an inverse association between BMI and aerobic fitness, although the authors did
not find the same relationship when they associated the body fat (assessed by skinfolds) and
aerobic fitness.

In a larger study involving 111 adolescents with DS in Spain'®, an inverse correlation
between body fat and aerobic fitness is described. In a longitudinal two-years follow-up study
with the same sample?®, authors report that adolescents who had a high level of body fat
presented lower aerobic fitness (after a period of two years). However, such relationship was
not noticed when the change in body composition based on initial aerobic fitness was
compared, which denotes that, over time, body fat can influence aerobic fitness and not the
other way around. This light up the need to rethink interventions aimed at this population.

An inverse relationship between lean mass and VO?max was observed in this study,
just as in the research carried out by Beck et al.'4, fact which is not usually seen in the
population without DS. Such occurrence may be due the fact that oxygen consumption is
partially determined by the muscle's ability to perform oxidative phosphorylation, which
depends on mitochondrial capacity?®. Previous studies report that people with DS have
problems with the regulation of mitochondrial function?’, that is, this condition could explain
not only the relationship found with lean mass, but also a potential explanation for the fact
that individuals with SD present lower levels of VO2max4.

The main results of this study are consistent with most of the literature on the subject
related to obesity and aerobic fitness in people with DS, however few studies seek to
investigate the relationship between the variables. Beck et al. 2 suggest that the relationship
between anthropometry and cardiorespiratory fitness found in the general population is not
the same in adults with DS, since in this population there is autonomic dysfunction (including
lower heart rate), impaired blood pressure control, which would lead to insufficient oxygen
and nutrients to muscles.

As a limitation of the study, we can mention the fact of the cross-sectional design, not
allowing the establishment of causality on the results, which reinforces the need for more
research on the effect of aerobic fitness on body composition in individuals with DS. Another
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limiting point is the small number of participants, which makes it difficult to extrapolate the
results. Despite that, as a positive point of this study, the use of direct measures to access
aerobic fitness, along with the technique considered as “gold standard” for evaluating body
composition in people with DS must be highlighted.

Conclusion

Based on the results of this study, it is concluded that the BMI levels, body fat
(android, gynoid and total), A/G rates, IMG and lean body mass are negatively associated
with aerobic fitness in people with DS, regardless of sexes, chronological age and bone age.

References

1. American Psychological Association. Diagnostic and statistical manual of mental disorders: DSM-5.
American Psychiatric Association; 2013.

2. Paul Y, Ellapen TJ, Barnard M, Hammill HV, Swanepoel M. The health benefits of exercise therapy for
patients with Down syndrome: A systematic review. Afr J Disabil. 2019;23(8):576. DOI:
10.4102/ajod.v8i0.576.

3. Pitetti K, Baynard T, Agiovlasitis S. Children and adolescents with Down syndrome, physical fitness and
physical activity. J Sport Health Sci. 2013;2(1):47-57.D0OI:10.1016/j.jshs.2012.10.004

4. Kemper HC, Monyeki KD. The Amsterdam Growth and Health Longitudinal Study: how important is
physical activity in youth for later health? (ELS 33). Cardiovasc J Afr. 2019;30(3):138-141. DOI:
10.5830/CVJA-2018-057.

5. Palomba A, Perez D, Tafuri D. Review on the effects of physical activity on body composition and shape
in people with Down Syndrome. J Phys Educ Sport. 2020;20(4):2300-5. DOI:10.7752/jpes.2020.s4309

6. Roizen NJ, Patterson D. Down’s syndrome. The Lancet. 2003;361(9365):1281-9.DOI: 10.1016/S0140-
6736(03)12987-X

7. Mendonca GV, Pereira FD, Fernhall B. Reduced exercise capacity in persons with Down syndrome: cause,
effect, and management. Ther Clin Risk Manag. 2010;6:601-10. DOI: 10.2147/TCRM.S10235.

8. Oppewal A, Hilgenkamp TI, van Wijck R, Schoufour JD, Evenhuis HM. Physical fitness is predictive for a
decline in the ability to perform instrumental activities of daily living in older adults with intellectual
disabilities: Results of the HA-ID study. Res Dev Disabil. 2015;41-42:76-85. DOI:
10.1016/j.ridd.2015.05.002.

9. Al-Mallah MH, Juraschek SP, Whelton S, Dardari ZA, Ehrman JK, Michos ED, Blumenthal RS, Nasir K,
Qureshi WT, Brawner CA, Keteyian SJ, Blaha MJ. Sex Differences in Cardiorespiratory Fitness and All-
Cause Mortality: The Henry Ford Exerclse Testing (FIT) Project. Mayo Clin Proc. 2016;91(6):755-62.
DOI: 10.1016/j.mayocp.2016.04.002.

10. Mandsager K, Harb S, Cremer P, Phelan D, Nissen SE, Jaber W. Association of Cardiorespiratory Fitness
With Long-term Mortality Among Adults Undergoing Exercise Treadmill Testing. JAMA Netw Open.
2018;1(6):183605. DOI: 10.1001/jamanetworkopen.2018.3605.

11. de Bruijn AGM, Kostons DDNM, van der Fels IMJ, Visscher C, Oosterlaan J, Hartman E, et al.
Importance of aerobic fitness and fundamental motor skills for academic achievement. Psychol Sport
Exerc. 2019;43:200-9. DOI: 10.1016/j.psychsport.2019.02.011.

12. Kerstiens R, Green M. Exercise in Individuals with Down Syndrome: A Brief Review. Int J Exerc Sci
[Internet]. 2015[cited on 2022 Jun 13];8(2). Available from:
https://digitalcommons.wku.edu/ijes/vol8/iss2/10

13. Zeiher J, Ombrellaro KJ, Perumal N, Keil T, Mensink GBM, Finger JD. Correlates and Determinants of
Cardiorespiratory Fitness in Adults: a Systematic Review. Sports Med Open. 2019;5(1):39. DOI:
10.1186/s40798-019-0211-2.

14. Beck VDY, Baynard T, Lefferts EC, Hibner BA, Fernhall B, Hilgenkamp TIM. Anthropometry does not
fully explain low fitness among adults with Down syndrome. J Intellect Disabil Res JIDR.
2021;65(4):373-9. DOI: 10.1111/jir.12815

15. Izquierdo-Gomez R, Martinez-Gémez D, Fernhall B, Sanz A, Veiga OL, The role of fatness on physical
fitness in adolescents with and without Down syndrome: the UP&DOWN study . Int J Obes.
2016;40(1):22—7. DOI: 10.1038/ij0.2015.164.

16. Izquierdo-Gomez R, Esteban-Cornejo |, Cabanas-Sanchez V, Villagra A, Veiga OL, Martinez-Goémez D;
UP, DOWN study group. Bidirectional longitudinal associations of fatness with physical fitness in

J. Phys. Educ. v. 33, 3345, 2022.



Aerobic fitness, body composition and Down Syndrome Page 7 of 7

adolescents with Down syndrome. The UP&DOWN Longitudinal study. J Appl Res Intellect Disabil.
2021 Jan;34(1):90-98. DOI: 10.1111/jar.12788.

17. Sultana RN, Sabag A, Keating SE, Johnson NA. The Effect of Low-Volume High-Intensity Interval
Training on Body Composition and Cardiorespiratory Fitness: A Systematic Review and Meta-Analysis.
Sports Med. 2019;49(11):1687-1721. DOI: 10.1007/s40279-019-01167-w.

18. Pyle SlI, Greulich WW. Radiographic atlas of skeletal development of the hand and wrist. Stanford
University Press; 1959.

19. Modesto, E. L., Oliveira, L. dos S., Seron, B. B., Almeida, E. W. de, & Greguol, M. (2020). Influence of
skeletal maturation on physical fitness of young people with Down syndrome. Revista Brasileira De
Educacdo Fisica E Esporte, 34(3), 373-383. DOI: 10.11606/1807-5509202000030373.

20. Bredella MA. Sex Differences in Body Composition. Adv Exp Med Biol. 2017;1043:9-27. DOI:
10.1007/978-3-319-70178-3_2.

21. Suarez-Villadat B, Luna-Oliva L, Acebes C, Villagra A. The effect of swimming program on body
composition levels in adolescents with Down syndrome. Res Dev Disabil. 2020;102:103643. DOI:
10.1016/j.ridd.2020.103643.

22. Hardee JP, Fetters L. The effect of exercise intervention on daily life activities and social participation in
individuals with Down syndrome: A systematic review. Res Dev Disabil. 2017;62:81-103. DOI:
10.1016/j.ridd.2017.01.011.

23. Matute-Llorente A, Gonzalez-Agliero A, Gomez-Cabello A, Vicente-Rodriguez G, Casajus JA. Physical
activity and cardiorespiratory fitness in adolescents with Down syndrome. Nutr Hosp. 2013;28(4):1151-5.
DOI: 10.3305/nh.2013.28.4.6509.

24. Duarte E, Costa LT, Gorla JI. Sindrome de Down: crescimento, maturacao e atividade fisica. Sdo Paulo:
Phorte Editora LTDA,; 2017.

25. Ringenbach S, Holzapfel SD, Bosch PR, Hunt LM, Snow M. Physical activity and body composition
relate to cardiorespiratory fitness independently in young adults with Down syndrome. J Sports Sci.
2017;5:65-77. DOI: 10.17265/2332-7839/2017.02.001

26. Bassett DR Jr, Howley ET. Limiting factors for maximum oxygen uptake and determinants of endurance
performance. Med Sci Sports Exerc. 2000;32(1):70-84. DOI: 10.1097/00005768-200001000-00012.

27. Panagaki T, Randi EB, Augsburger F, Szabo C. Overproduction of H2S, generated by CBS, inhibits
mitochondrial Complex IV and suppresses oxidative phosphorylation in Down syndrome. Proc Natl Acad
Sci U S A. 2019;116(38):18769-18771. DOI: 10.1073/pnas.1911895116.

Acknowledgements: Graduate Program in Physical Education UEM/UEL.

ORCID:

Gabriel Renaldo de Sousa: https://orcid.org/0000-0003-3609-1621

Eloise Werle de Almeida: https://orcid.org/0000-0003-4226-7523

Fabio André Castilha: https://orcid.org/0000-0002-3589-8063

Marcia Greguol: http://orcid.org/0000-0002-3711-8120

Received on Aug 2, 2021.

Reviewed on Jun 01, 2022.
Accepted on Jun 11, 2022.

Correspondence address: Gabriel Renaldo de Sousa. Departamento de Educagdo Fisica, Centro de educagdo Fisica e
Esportes, Universidade Estadual de Londrina. Rodovia Celso Garcia Cid | Pr 445 Km 380
Campus Universitario, Londrina, Parand, Brazil. e-mail: gabrielrdesousa@gmail.com

J. Phys. Educ. v. 33, 3345, 2022.



