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Abstract
Down syndrome (DS) is a genetic disorder that comes with a range of health challenges, 
including reduced cardiorespiratory fitness. For individuals with DS, accurate body 
composition assessment is challenging due to their unique body shapes. However, it 
is a critical component in early obesity detection and for developing targeted lifestyle 
interventions. The study involved four male DS runners who underwent anthropometric 
measurements and bioelectrical impedance vector analysis (classic and specific 
approaches) before and after completing the 14-kilometer race. Various equations 
were employed to estimate body composition. Additionally, somatotype analysis was 
conducted and bioelectrical changes evoked by the race were compared. Considerable 
variability in the body composition and race performance of DS individuals was 
revealed. Different equations for estimating fat mass yielded varying results (from 
4.2 to 33.3%). Notably, the amount of fluids showed unique patterns among the 
participants. Participant 1 stood out with a remarkably high phase angle (9.8°), while 
the others had comparatively lower average values (4.5-6.3°). Bioelectrical impedance 
vector analysis indicated normal fluid loss during the race (T2 = 92.2; p < .0001). 
Intriguingly, Participant 1, who achieved the fastest race time, experienced the most 
significant fluid loss but displayed a greater intracellular water retention. This study 
underscores the importance of developing tailored body composition assessment 
methods for individuals with DS. Developing precise assessment tools will contribute 
to enhancing the well-being of this population as they pursue active lifestyles. These 
findings shed light on the intricate relationship between body composition, hydration, 
and performance in individuals with DS.

Keywords: bioelectrical impedance vector analysis, body composition, fat mass, 
intellectual disabilities, sport.
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Introduction
Down syndrome (DS) is the most prevalent genetic disorder 
leading to intellectual disability worldwide (Franceschi 
et al., 2019). DS is associated with a host of health 
challenges that profoundly impact the quality of life and 
cardiorespiratory fitness of affected individuals (Seron 
et al., 2014). These challenges stem from factors such as 
cardiovascular diseases, muscle hypotonia, susceptibility 
to overweight/obesity, low bone mass, elevated body mass 
index (BMI), among others (Franceschi et al., 2019; Glasson 
et al., 2002). The predisposition to obesity in individuals 
with DS is exacerbated by their generally sedentary 
lifestyle (Florentino Neto et al., 2010), primarily due to 
the physical and physiological complexities associated with 
this condition. Nevertheless, exercise therapy has shown 
promise in normalizing autonomic function and mitigating 
the development of comorbidities (Cilhoroz et al., 2022). 
The utilization of appropriate body composition analysis 
methods may serve as a valuable tool for early obesity 
detection, facilitating the development of targeted lifestyle 
interventions aimed at preventing chronic diseases.

Numerous techniques exist for assessing body 
composition, including dual-energy X-ray absorptiometry 
(DXA), bioimpedance analysis (BIA), and kinanthropometry, 
among others. However, body composition significantly 
varies between individuals with and without DS (González-
Agüero et al., 2017). This presents a challenge as many of 
the methods used to estimate fat mass percentage (%FM) 
are developed for the general population (Nickerson et al., 
2023). This incongruity highlights the need for analyses 
tailored to the unique body shapes and morphologies of 
individuals with DS, as proposed by Rossato et al. (2018), 
based on the sum of four skinfolds (triceps, subscapular, 
biceps, and suprailiac), age, BMI, and gender. More recently, 
Nickerson et al. (2023) introduced a new equation based 
on mid-axilla and suprailium skinfolds, derived from a 
sample of 20 participants of varying ages and genders. The 
adoption of these specialized assessment methods could 
enhance the accuracy of body composition measurements 
in individuals with DS.

Bioelectrical impedance vector analysis (BIVA) emerges 
as an alternative approach for assessing body composition. 
It employs qualitative analysis by plotting participants 
within reference population ellipses using raw bioelectrical 
parameters, specifically resistance (R) and reactance (Xc), 
along with their derived components, impedance/vector 
length (Z) and phase angle (PhA) (Piccoli et al., 1994). BIVA 
offers a solution to the potential inaccuracies of predictive 
equations in populations with distinct characteristics by 
comparing participants’ vector positions to tolerance 
ellipses representing reference population values, requiring 
minimal elaborations. Two BIVA approaches exist, each 

tailored to standardizing bioelectrical parameters: classic 
BIVA, adjusting for height (R/H, Xc/H, Z/H) to account for 
conductor length and assess body fluids, and specific BIVA, 
further adjusting for height and cross-sectional areas of the 
arms, trunk, and legs (Rsp, Xcsp, Zsp) to mitigate the impact 
of body volume and estimate %FM (Campa et al., 2022a). 
Consequently, Z/H inversely correlates with total body water 
(Piccoli et al., 1994), while Zsp positively correlates with 
%FM (Toselli et al., 2020).  PhA is considered an indicator 
of cellular health and cell membrane integrity, inversely 
linked to the extracellular/intracellular water (ECW/ICW) 
ratio, regardless of the BIVA approach (Marini et al., 2020). 
Notably, there exists a substantial lack of published research 
on BIVA in individuals with DS, with only a handful of 
conference posters available.

Hence, this preliminary study investigates the 
morphological characteristics of a sample of DS runners, 
employing anthropometric and BIVA (classic and specific). 
Furthermore, it aims to provide an initial comparison of 
bioelectrical values with the general population while also 
exploring potential bioelectrical changes induced by a 14-km 
race in individuals with intellectual disabilities.

Material and methods

Participants
This observational and descriptive study involved four male 
participants DS who were active runners. The participants 
took part in the “Volta a la Cerdanya Ultrafons®” 2013, a 
14-kilometer race with an elevation gain of 489 meters. 
Inclusion criteria for the study were as follows: (a) 
participants aged 18 years or older with DS, and (b) the 
absence of injuries or clinical conditions at the time of the 
study. The competition was mixed-gender for individuals with 
and without disabilities. However, among the participants 
with disabilities, only males participated.

The study was conducted in accordance with the 
Declaration of Helsinki. All runners voluntarily participated 
and provided written informed consent before their 
participation. The research received prior approval from the 
Ethics Committee of the Catalan Sports Council (Approval 
No: 0099 S/690/2013).

Procedures
Anthropometric and bioelectrical measurements were 
conducted the morning before the race (PRE), under 
fasting conditions, and after participants had defecated 
and urinated. After completing the race, taking a shower, 
and towel drying, the same bioelectrical measurements 
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were performed (POST). Throughout all measurements, 
participants were seated in a thermally neutral room and were 
not allowed to consume food or beverages. Immediately after 
completing the race, participants indicated their individual 
rate of perceived exertion (RPE) on a 10-point scale.

Anthropometry
Anthropometric measurements followed the standard criteria 
established by the International Society for the Advancement 
of Kinanthropometry (ISAK) (Stewart et al., 2011). The 
following measurements were recorded: body mass (BM), 
basic measurements (height, sitting height, and wingspan), 
nine skinfolds (triceps, subscapular, biceps, pectoral, iliac 
crest, supraspinal, abdominal, front thigh, and medial calf), 
seven girths (relaxed and flexed arm, waist, hip, mid-thigh, 
calf maximum, and ankle), and four breadths (humerus, 
wrist, femur, and ankle). Measurements were performed 
by an ISAK-accredited technician at Level 3 and recorded 
in millimeters on a modified ISAK proforma. Height was 
measured using a telescopic measuring rod (Seca 220®, 
Birmingham, UK; measuring range: 85-200 cm; accuracy: 
1 mm), and BM was measured using a calibrated scale (Seca 
710®, Birmingham, UK; capacity: 200 kg; accuracy: 50 g).

Skinfold thickness was measured on the right side of the 
body using a calibrated caliper (Holtain Limited, Sussex, UK; 
range: 0-80 mm, resolution: 0.20 mm, pressure: 10 g/mm2, 
accuracy: 99%). Girths were measured using a flexible 
anthropometric steel tape measure (Lufkin Executive®, 
Lufkin, TX, USA, accuracy: 1 mm). Breadths were obtained 
using a pachymeter (Holtain Limited, Sussex, UK; precision: 
1 mm). Each measurement was conducted twice, and if the 
differences between skinfold measurements exceeded 5% or 
exceeded 1% for other measurements, a third measurement 
was performed. The final value for data analysis was the mean 
of two measurements or the median of three measurements, 
as appropriate.

Body mass index (BMI) was calculated as BM/H2 (kg/m2) 
and categorized as underweight (< 18.5 kg/m2), normal 
(18.5-24.9 kg/m2), overweight (25-29.9 kg/m2), or obese 
(≥ 30 kg/m2). Body adiposity index (BAI), based on the 
relationship between hip circumference and height, and 
relative fat mass (RFM), based on the relationship between 
waist circumference and height, were also determined. BAI 
categories included healthy (8-21%), overweight (21-26%), 
and obese (> 26%), while RFM was classified as fitness 
(14-17%), normal (18-24%), and obese (> 25%). Waist-to-
hip ratio (WHtR) and waist-to-height ratio (WHR) cut-offs 
values of diagnostic overweight and obesity indices were 

placed at 0.56 and 0.87, respectively. Sum of six skinfolds 
(triceps, subscapular, supraspinal, abdominal, mid-thigh and 
calf maximum) and eight skinfolds (triceps, subscapular, 
biceps, iliac crest, supraspinal, abdominal, mid-thigh and 
calf maximum) were calculated, and equations by Durnin 
and Womersley (1974), Jackson and Pollock (1978), and 
Rossato et al. (2018) were applied to estimate %FM. The 
Siri equation (Siri, 1993) was applied to determine FM 
in the aforementioned equations in basis of body density. 

Selected anthropometric measures were used to determine 
the somatotype components and draw the somatochart 
following Carter and Heath (1990), which defines the shape 
and composition of the human body through three numbers 
represented by endomorphy, mesomorphy, and ectomorphy.

Bioelectrical impedance analysis
R and Xc were measured using a BIA 101 Anniversary 
Sport Edition analyzer (Akern Srl, Florence, Italy), which 
emitted a 400 μA alternating sinusoidal current at 50 kHz. 
Prior to measurements, the device was calibrated with a 
known impedance circuit provided by the manufacturer 
(R = 383 ± 10 Ω, Xc = 45 ± 5 Ω). Bioelectrical variables 
were obtained by trained examiners, following the 
standard foot-to-hand electrode placement for tetrapolar 
measurements described by Kyle et al. (2004). Z was 
calculated as √(R2 + Xc2), and PhA was determined as 
tan-1 (Xc/R · 180°/π). For classic-BIVA, R, Xc, and Z were 
adjusted by height (R/H, Xc/H, Z/H), while specific-BIVA 
included adjustments for height and cross-sectional areas of 
the arm, trunk, and leg (Rsp, Xcsp, Zsp). The BIA equation 
proposed by Kotler (1996) was used to estimate %FM.

Statistical analysis
Descriptive data are presented as mean ± standard deviation. 
Selected anthropometric measures were used to determine 
somatotype components following the methods of Carter and 
Heath (1990), and participants were plotted in point graphs 
for both classic and specific approaches, with reference to 
a sample of healthy Italo-Spanish young adults (Ibáñez et 
al., 2015). Changes in bioelectrical values between PRE 
and POST were computed as delta percent values (∆%). 
RXc paired graphs and paired one-sample Hotelling’s T2 
test were employed to assess differences between PRE 
and POST bioelectrical values. The significance level was 
set at p < .05. Data analysis was performed using SPSS 
(Chicago, IL, USA, ver. 21) and BIVA software (Piccoli 
& Pastori, 2002).

http://www.revista-apunts.com
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Results
The comprehensive anthropometric profile of the four 
individuals with DS participating in the study is presented 
in Table 1, both individually and collectively. The age 
range among the participants is notably diverse, ranging 
from the youngest at 19 years old (Participant 1) to the 
eldest at 42.9 years old (Participant 4). In other basic 
measurements, there are largely similar values with minor 

differences observed. However, Participant 1 stands out 
with a substantially lower sum of skinfolds in both the 
six and eight skinfold measurements. Notably, there are 
variations in the calculated %FM across different equations. 
The most prevalent somatotype components among the 
participants are mesomorphy (observed in all participants) 
and endomorphy (except for Participant 1), as illustrated 
in Figure 1.

Table 1 
Anthropometric profile of the 4 DS participants.

Participant 1 () 2 () 3 () 4 () Average ± SD ()

Age (years) 19.0 22.6 31.4 42.9 	 29.0	 ±	10.6

BM (kg) 62.4 73.6 70.7 65.0 	 67.9 	 ±	  5.1

Height (cm) 158.8 156.2 160.7 161.9 	 159.4 	 ± 	2.5

Sitting Height (cm) 91.4 88.5 89.6 92.3 	 90.5 	 ± 	1.7

Wingspan (cm) 156.7 151.0 156.8 156.2 	 155.2 	 ± 	2.8

Skinfolds (mm)

Triceps 5.0 15.0 13.0 13.4 	 11.6	 ±	 4.5

Subscapular 7.0 25.0 26.0 19.0 	 19.3	 ±	 8.7

Biceps 3.0 11.4 12.0 5.2 	 7.9	 ±	 4.5

Pectoral 4.0 19.4 19.0 8.4 	 12.7	 ±	 7.7

Iliac crest 8.0 25.2 28.0 24.0 	 21.3	 ±	 9.0

Supraspinal 5.0 16.4 13.0 9.6 	 11.0	 ±	 4.9

Abdominal 6.4 28.0 14.0 13.2 	 15.4	 ±	 9.1

Front thigh 8.0 26.4 27.0 23.0 	 21.1	 ±	 8.9

Medial calf 4.0 16.0 15.0 9.6 	 11.2	 ±	 5.5

Girths (cm)

Relaxed arm 25.5 33.2 31.7 29.5 	 30.0	 ±	 3.3

Flexed arm 28.0 33.9 32.3 31.2 	 31.4	 ±	 2.5

Waist 66.5 85.6 85.5 78.5 	 79.0	 ±	 9.0

Hip 92.5 102.9 95.9 93.5 	 96.2	 ±	 4.7

Mid-thigh 48.5 56.3 55.0 52.5 	 53.1	 ±	 3.4

Calf maximum 33.3 37.2 35.0 35.2 	 35.2	 ±	 1.6

Ankle 21.0 23.4 21.2 22.0 	 21.9	 ±	 1.1

Breadths (cm)

Humerus 6.5 6.4 6.0 6.6 	 6.4	 ±	 0.3

Wrist 5.4 5.0 5.1 5.5 	 5.3	 ±	 0.2

Femur 9.9 9.1 9.6 9.5 	 9.5	 ±	 0.3

Ankle 6.6 6.4 7.0 6.9 	 6.7	 ±	 0.3

Proportionality

BMI (kg/m2) 24.7 30.2 27.4 24.8 	 26.8	 ±	 2.6

SitH/H ratio 0.58 0.57 0.56 0.57 	 0.57	±	 0.01

BAI (%) 28.2 34.7 29.1 27.4 	 29.8	 ±	 3.3

RFM (%) 29.7 33.6 30.5 29.4 	 30.8	 ±	 2.0

WHtR 0.42 0.55 0.53 0.48 	 0.50	±	 0.06

WHR 0.72 0.83 0.89 0.84 	 0.82	±	 0.07

Body composition

Σ6 skinfolds (mm) 37.0 124.0 122.0 98.6 	 95.4	 ±	35.2

Σ8 skinfolds (mm) 46.4 163.4 148.0 117.0 	 118.7	 ±	51.9

%FM - Durnin and Womersley 10.4 27.7 28.1 24.4 	 22.6	 ±	 8.3

%FM - Jackson and Pollock 4.2 20.9 18.1 14.9 	 14.5	 ±	 7.3

%FM - Rossato 6.6 30.0 33.3 32.4 	 25.6	 ±	12.7

%FM - Kotler 5.3 10.2 8.0 6.4 	 7.5	 ±	 2.1

Somatotype 
component

Endomorphy 1.7 6.0 5.4 4.5 	 4.4	 ±	 1.9

Mesomorphy 5.4 5.7 4.5 4.9 	 5.1	 ±	 0.5

Ectomorphy 0.9 0.1 0.4 1.0 	 0.6	 ±	 0.4
BAI, body adiposity index; BM, body mass; BMI, body mass index; FM, fat mass; RFM, relative fat mass; SitH/H, sitting height/
standing height; SD, standard deviation; WHR, waist-to-height ratio; WHtR, waist-to-hip ratio; Σ6 skinfolds, sum of six skinfolds: 
triceps, subscapular, supraspinal, abdominal, thigh and calf; Σ8 skinfolds, sum of eight skinfolds: triceps, subscapular, biceps, iliac 
crest, supraspinal, abdominal, thigh and calf.
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The race results, along with the PRE and POST bioelectrical 
values, are summarized in Table 2. A substantial discrepancy 
is evident in the race time of Participant 1 (99.5 minutes) 
compared to the remaining participants (170.8-208.5 minutes). 
None of the participants fall within the 95% classic tolerance 
ellipse or the 75% specific tolerance ellipse concerning the 
reference Italo-Spanish population, as indicated in both the 
classic (Figure 2A) and specific (Figure 2B) approaches.

The high-intensity nature of the race (7.8 ± 0.5 out 
of 10-point RPE scale) is reflected in a decrease in body 
mass (BM) ranging from 1.0% to 1.7%, coupled with 
an upward trend in Z/H (2.1% to 3.3%) and PhA (3.6% 
to 6.3%) across all four participants. These changes are 
statistically significant, as demonstrated in Figure 2C 
(T2 = 92.2; p < .0001).

Figure 2 
Classic (A) and specific (B) point graphs plotting the 4 DS male participants in the reference population tolerance ellipse. White circle 
symbol represents the average value. (C) Classic BIVA paired graph of the changes produced by the 14-km race.
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Figure 1 
Somatotype of the 4 DS male participants. White circle symbol represents the average value.
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Table 2 
Race time, RPE and bioelectrical characteristics and changes produced by the 14-km race.

Participant Time 
(min) RPE

BM (kg) R/H (Ω/m)
Rsp 

(Ω·cm)

Xc/H (Ω/m)
Xcsp 

(Ω·cm)

Z/H (Ω/m)
Zsp 

(Ω·cm)

PhA (°)

PRE POST ∆% PRE POST ∆% PRE POST ∆% PRE POST ∆% PRE POST ∆%

1 99.5 7.0 62.4 61.8 -1.0 253.9 262.4 3.2 226.7 43.7 46.9 6.7 39.0 257.7 266.6 3.3 230.0 9.8 10.1 3.6

2 170.8 8.0 73.6 72.4 -1.7 259.7 265.1 2.0 347.9 28.0 29.9 6.4 37.5 261.2 266.7 2.1 349.9 6.1 6.4 4.5

3 208.5 8.0 70.7 69.6 -1.6 251.8 258.9 2.7 315.9 25.9 28.4 8.9 32.5 253.1 260.4 2.8 317.6 5.9 6.3 6.3

4 195.4 8.0 65.0 64.1 -1.4 267.1 273.2 2.2 302.5 28.3 30.4 7.1 32.0 268.6 274.9 2.3 304.2 6.0 6.4 4.9

Average 168.5 7.8 67.9 67.0 -1.4 258.1 264.9 2.5 298.3 31.5 33.9 7.3 35.3 260.2 267.1 2.6 300.4 7.0 7.3 4.8

SD 48.6 0.5 5.1 4.9 0.3 6.9 6.1 0.5 51.4 8.2 8.7 1.1 3.5 6.5 5.9 0.6 50.7 1.9 1.9 1.1

BM, body mass; PhA, phase angle; POST, assessment after the race; PRE, assessment before the race; R/H, height-adjusted resistance; Rsp, specific resistance; SD, standard deviation; Xc/H, height-
adjusted reactance; Xcsp, specific reactance; Z/H, height-adjusted impedance; Zsp, specific impedance; ∆%, delta percentage change
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Discussion
The present study provides a comprehensive exploration 
of morphological profiles and bioelectrical changes in 
individuals with DS who participated in a demanding 
14-km trail-race. Several critical insights and observations 
were derived from this research. First and foremost, it is 
imperative to acknowledge the significant variability in 
anthropometric and bioelectrical characteristics among the 
four participants with DS. Notably, Participant 1 exhibited 
unique attributes, including younger age, lower FM, and a 
higher PhA. Remarkably, Participant 1 also achieved the best 
race time by a considerable margin compared to the other 
participants. Secondly, the methods employed for estimating 
%FM demonstrated substantial disparities, underscoring 
the importance of using population-specific equations for 
individuals with DS. The bioelectrical values before the race 
fell outside the normal range when compared to individuals 
without disabilities, but all of them displayed a normal trend 
of fluid loss, as indicated by bioelectrical changes, which is 
a common response to endurance exercise. 

Before delving into the analysis, it is essential to consider 
the age variability among the four participants, which varies 
from 19 to 42.9 years. This variation is particularly relevant 
given that DS is associated with premature aging, alongside 
functional and cognitive deterioration (Bittles et al., 2007). 
Therefore, it is unsurprising that both anthropometric and 
bioelectrical measurements differed among participants, 
especially in Participant 1 since is notably younger than 
the others.

Anthropometric assessment
Our participants exhibited a BMI of 26.8 ± 2.6 kg/m2 (Table 
1), which closely aligns with the findings of a previous study 
involving male adolescents and young adults with DS (mean 
BMI: 26.1 ± 4.1 kg/m2) (Bandini et al., 2013). Interestingly, 
recent research has suggested an inverse relationship between 
BMI and cardiorespiratory fitness in adults with DS (Bittles 
et al., 2007). BMI is a simple measure of body composition 
that does not directly assess adiposity, but various equations 
based on it have been developed to estimate %FM. However, 
research by Esco et al. (2016) revealed that these equations are 
inadequate for individuals with DS, likely due to the distinct 
regional distribution of adipose tissue in this population 
(Fedewa et al., 2019). Consequently, specific equations tailored 
to individuals with DS are imperative for accurate assessments.

In our study, different equations yielded highly variable 
%FM results, with some equations producing unrealistic 
values. For instance, while BMI categorized Participants 1 and 
4 as normal weight and Participants 2 and 3 as overweight, 
both BAI and RFM categorized all participants as “obese”. 
On the one hand, a recent study indicated that BAI may not 
be an adequate parameter because it overestimates %FM 

due to the low height of participants with DS (Fedewa et al., 
2019; Rossato et al., 2017). On the other hand, RFM, although 
also height-based, appears to offer greater accuracy for both 
individuals with and without DS (Fedewa et al., 2019). 
Interestingly, Participant 1, who had the least subcutaneous 
tissue based on skinfold measurements, exhibited a higher 
BAI and RFM than Participant 4 and similar to Participant 
3. Conversely, waist-to-height ratio (WHtR) and waist-to-hip 
ratio (WHR) did not classify any participants as overweight 
or obese, except for RFM in the case of Participant 3. These 
discrepancies among different assessment methods highlight 
the challenges of accurately determining %FM and associated 
health risks in individuals with DS.

As mentioned, existing equations for estimating FM based 
on skinfold anthropometric data for general population, such 
as those of Durnin and Womersley and Jackson and Pollock, 
are not suitable for individuals with DS. In these equations 
there is a notable difference between the 4 participants, with 
Participant 1 standing out again, since it presents 10.4% 
according to Durmin and Womersley and 4.2% according to 
Jackson and Pollock, demonstrating that these values are not 
correct, especially in the second equation. González-Agüero 
et al. (2017) developed a prediction equation for individuals 
with DS, specifically targeting adolescents aged 12 to 18, 
so this equation may not be applicable to adults. Therefore, 
Rossato et al. (2018) created a new equation for adults aged 
18 to 47, so it fits our group. Nevertheless, this equation 
still resulted in significant variations among participants 
in our study, with Participant 1 showing markedly lower 
FM (6.6%) compared to the others (> 30%). Nickerson et 
al. (2023) in a recent study, and seeing the limitations of 
the current equations, proposed a new and more complete 
equation, which could not be replicated in this study because 
we lacked the anthropometric data required. Furthermore, a 
prediction equation based on bioelectrical values (Kotler et 
al., 1996) was used, and undoubtfully underestimated FM 
significantly (5.3-10.2%). This underestimation aligns with 
previous research findings (Esco et al., 2017), although a 
different device was used in our study.

Somatotype analysis (Figure 1) revealed that the 
mesomorphy component predominated in all participants, 
which is intriguing given that individuals with DS are 
typically characterized by lower muscle mass (Artioli et 
al., 2017). The endomorphic component was the second 
most prevalent, considerably higher than ectomorphy, 
which aligns more closely with expectations. The literature 
regarding the somatotype of participants with DS is almost 
null, with only one article by Bronks and Parker (1985) being 
identified. In such study, there was also a predominance of 
the endomorphic component, with 62% of the participants 
classified as mesomorphic-endomorphic. These results 
suggest an in-depth revision of this method for this specific 
population.
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Bioelectrical assessment
In the classic point graph (Figure 2A), Participant 1 was 
positioned in the upper left quadrant of the reference 
population, while Participants 2, 3, and 4 were situated 
in the lower right quadrant, however, none of them fell 
within the 95% tolerance ellipse. The interpretation of 
these results suggests that the runners’ total body water, 
indicated by Z/H, was generally within the normal range, 
but intriguingly the PhA values exhibited noteworthy 
alterations. A higher PhA, which indicates better cell 
function due to its inverse relationship with the ECW/ICW 
ratio, is important for health and sports performance, as 
discussed by Sardinha (2018). Considering the reference 
percentile bioelectrical values for athletes developed by 
Campa et al. (2022b), Participant 1 PhA value (9.8°) 
surpasses the 95th percentile of the endurance athletes, 
which stands at 9.1°, signifying an unusually high PhA. 
In contrast, the PhA values of the remaining participants 
fell considerably below the 5th percentile of the reference 
values (6.3°). While these results align when comparing 
individuals with DS among themselves, comparing 
Participant 1 to the general population appears less logical.

In the specific point graph (Figure 2B), all participants 
appeared in the lower half of the tolerance ellipse, 
indicating lower levels of FM, with none falling within 
the 75% tolerance ellipse. Interpreting specific BIVA 
results requires caution due to the unique body volume 
characteristics of individuals with DS, where the 
normalization of this approach may render the values 
less suitable. It is crucial to consider that these are 
active individuals who may possess lower FM than their 
sedentary counterparts, although not necessarily less FM 
than individuals without DS.

During the race, participants experienced a modest 
BM decrease by 1.4 ± 0.3% (Table 2), accompanied by an 
increase in Z/H and PhA by 2.7 ± 0.6% and 5.8 ± 1.4%, 
respectively. These alterations reflect a notable loss of body 
fluids, primarily in the extracellular water compartment, 
as illustrated in Figure 2C. These changes fall within 
the expected range for endurance races, consistent with 
findings from previous studies (Castizo-Olier et al., 
2018; Nescolarde et al., 2020). Notably, Participant 1, 
who achieved the fastest race time, exhibited the most 
significant increase in Z/H (3.3%) but the smallest rise in 
PhA (3.6%), suggesting a higher retention of intracellular 
water. This observation is noteworthy as intracellular water 
is recognized for its association with power and strength 
(Silva et al., 2014), potentially contributing to Participant 
1’s superior performance.

Further research and study limitations
Physical exercise is known to positively influence 
cardiometabolic risk profiles, muscle strength, and aerobic 
capacity in both the general population and those with 
Down syndrome (Paul et al., 2019). Therefore, it is essential 
to conduct appropriate assessments to improve physical 
fitness and overall health, particularly in individuals with 
disabilities, where the rates of overweight and obesity are 
notably higher than in the general population (Pitchford 
et al., 2018). Future research should include larger, more 
varied samples across genders and ages. Until then, our 
study’s results are preliminary, particularly for active adult 
males with DS.

Some limitations should be acknowledged. There is a 
lack of detailed data on participants’ physical condition and 
dietary habits before and during the study. The small sample 
size of four participants, while a logistical challenge, limits 
the generalizability of the findings. Furthermore, the absence 
of a gold standard for determining FM prevents a definitive 
determination of which body composition method most 
accurately reflects reality. Future research should aim to 
address these limitations and provide a more comprehensive 
understanding of body composition and health in individuals 
with DS.

Conclusions
This study provides valuable insights into the morphological 
profiles and bioelectrical changes of individuals with DS 
following a demanding 14-km race. The findings emphasize 
the necessity of employing population-specific equations 
for accurate assessments of FM in individuals with DS and 
the importance of standardized approaches for evaluating 
health risks. Classic BIVA indicated a normal pattern of 
water loss due to the physical demands of the race. 

As individuals with DS continue to engage in physical 
activities and sports, it is crucial to conduct appropriate 
assessments to enhance their physical fitness and overall 
health. Future research should expand on these findings and 
address the limitations identified in this study to provide a 
more comprehensive understanding of body composition 
and health in individuals with DS.
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