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Abstract: Background: Bioelectrical impedance vector analysis (BIVA) is abody composition assessment
method based on the interpretation of the raw bioimpedance parameters. While it was initially proposed
in clinical settings, its use in the sports field has grown considerably. The aim of this study was: (i) to
explore the role of somatotype on BIVA patterns and (ii) to propose a new target zone to improve
BIVA analysis in ball games athletes. Methods: One hundred and sixty-four male volleyball, soccer,
and rugby players (age 26.2 + 4.4 yrs; body mass index (BMI) 25.4 + 2.4 kg/m?) were included in this
study. Somatotype and BIVA were measured from anthropometric and bioelectrical data, respectively.
Results: Forty-six athletes were classified with an endomorphic mesomorphic somatotype, 26 showed
a balanced mesomorphy, 55 were ectomorphic mesomorph, 10 resulted as mesomorph ectomorphs,
13 with a mesomorphic ectomorph somatotype, and in 14 athletes a balanced ectomorphy was
assessed. The results of the Hotelling’s T2 test showed significant differences in BIVA patterns
for the endomorphic mesomorph group (p < 0.001) in comparison with all the other groups,
while mesomorphic balanced athletes presented a more inclined vector compared to the athletes
with a balanced ectomorphy (p < 0.003). In addition, the endomorphic mesomorph group showed
a greater BMI (p < 0.001) with respect to the athletes grouped in the other somatotype categories.
Discriminant analysis revealed two significant functions (p < 0.001). The first discriminant function
primarily represented differences based on the bioelectrical standardized resistance parameter (R/H)
measure, while the second function reflected differences based on the bioelectrical standardized
reactance parameter (Xc/H). Conclusions: Athletes presenting a higher endomorphic component
have a lower vector, whereas those with a larger mesomorphic component display higher vector
inclinations on the R-Xc graph. We propose a new target zone to improve the interpretation of BIVA
analysis in athletes engaged in team sports.
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1. Introduction

The assessment of body composition is essential for monitoring health status and the effects of
exercise and nutritional regimen in athletes, as well as in the general population.

Morphologic features observed at the whole-body level of body composition analysis are relevant
for sports performance [1,2]. In particular, useful information regarding body shape, proportionality,
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and composition can be obtained by assessing athletes” somatotype [3]. The anthropometric-based
method proposed by Heath and Carter [4] is the most widely used for somatotyping individuals.
The calculation is based on rating three numbers: the first number indicates the endomorphy, the second
number the mesomorphy, and the third the ectomorphy component. The three calculated components
are applied to a spherical triangle (a somatochart) on which the peaks reflect the predominance of one
of the three components and the balance between the other two. In this regard, it should be considered
that many athletes are not categorized as an exact stereotypical structure but have a preponderance
that determines their position in the Heath-Carter proposed somatochart [3].

Nutrition and exercise have been demonstrated to influence somatotype [4]. Thus, anthropometry
and body composition features play a crucial role in determining potential success in a particular
sport [1,2,5]. Athletes vary in morphology and physical features according to the player’s position
in the team. Mesomorphic component is linked to individual sports that require muscle strength
such as ball games and martial arts [6,7], while ectomorphy is predominant in runners, especially those
involved in long distance [8]. Finally, athletes such as sumo wrestlers require a high amount of body
fat, which determines a higher endomorphic component [9].

One of the most used methods to measure body composition in sports is the bioelectrical impedance
analysis (BIA) [10]. The obtained raw impedance parameters allow two types of evaluations to be
performed. The first is based on a quantitative assessment of body composition, where raw BIA
measures (resistance (R) and reactance (Xc)) are inserted into prediction equations to then estimate the
body composition variables, including fat mass (FM), fat free mass (FFM), total body water (TBW),
and intracellular (ICW) and extracellular water (ECW). The second approach to BIA parameters
is represented by a qualitative analysis where the raw impedance measurements are considered
simultaneously through the bioimpedance vector analysis (BIVA). In BIVA, R and Xc are standardized
for the height of the subject and plotted inside a graph as a point. The vector position can be compared
with the percentiles of the reference population, or it is possible to study its displacements by collecting
multiple measurements during a period of time (e.g., during a season, after exercise or an intervention
program) [11-14]. Vector elongations or shortenings over time represent decreases or increases in TBW,
while lateral displacements reflect changes in inclination, increases or decreases in the ICW/ECW ratio,
and are therefore measured in the soft tissues [15,16].

BIVA was first proposed by Piccoli and colleagues in 1994 [17] and has become widely used in
clinical settings. Based on the limited data collected, specific target zones were initially identified
on the reference tolerance ellipses of the normal population [18-22]. In these ellipses, the athletes
were positioned in the upper left side, while the obese population were placed in the lower left
portion. Additionally, the right side of the vector analysis represented anorexics and cachexic who
were positioned at the top and bottom, respectively. Although these target areas are still reported in
recent clinical studies [23,24], latest evidence shows that heavier athletes can be placed in a portion of
BIVA typically occupied by obese subjects [25-28]. Additionally, athletes show different BIVA patters
than the normal population as well as among themselves in relation to the type of sport practiced.
In particular, cyclists show a less inclined vector when compared to soccer players, indicating less
muscle mass, while volleyball players show a shorter and inclined vector compared to these two
groups due to a heavier body weight [26].

On this basis, body composition variables at the whole-body level (morphologic characteristics)
could contribute to influencing the vector position on the R-Xc graph. A complete understanding of all
contributing factors that change vector position would enable researchers and sports and nutrition
professionals to correctly interpret BIVA, allowing for a more sustainable approach in assessing body
composition. As mentioned above, this is due to the restrictive nature of the actual proposed target
zone for athletes. In fact, those with a higher body weight appeared in the zone where obese subjects
were categorized [23,24,26]. Therefore, a new target zone can help sports-related professionals and
researchers when interpreting athletes’ measurements in BIVA.
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Kim et al. in 2010 [29] conducted a pilot study on 21 subjects including fashion models and
dancers, demonstrating how BIVA patterns are influenced by somatotype. However, no study, so far,
has investigated the influence of the somatotype on the bioimpedance vector in athletes varying in
morphologic and physical features. Our hypothesis is that BIVA patterns are influenced by somatotype
regardless of body composition characteristics at the molecular level in athletes. Therefore, the aim of
this study was to explore the role of somatotype on BIVA patterns and to propose a new target zone in
order to improve BIVA analysis in male ball game athletes.

2. Materials and Methods

2.1. Subjects

This was a cross-sectional observational study on 164 athletes (88 volleyball, 41 soccer, and 35 rugby
players) belonging to 7 professional Italian teams participating in Series A2, Series B, and Series A
divisions in volleyball, soccer, and rugby, respectively (age 26.2 + 4.4 yrs; body mass index (BMI)
25.4 + 2.4 kg/m?). The following inclusion criteria were used: (1) a minimum of 10 h to a maximum of
13 h of training per week; (2) tested negative for performance-enhancing drugs; and (3) not taking any
medications. All participants gave informed consent after receiving a detailed description of the study
procedures. Athletes were tested in the morning (9.00 AM) during the off-season period at the facilities
of each team. The project was conducted according to the Declaration of Helsinki and was authorized
by the Bioethics Committee of the University of Bologna.

2.2. Procedures

The subjects came to the sport center refraining from vigorous exercise at least 15 h prior,
no caffeine and alcohol intake during the preceding 24 h, and consuming a normal evening meal
the night before. All athletes were tested to ensure a well-hydrated state using the urine specific
gravity test (refractometer Urisys 1100; Roche Diagnostics), from a fasting baseline urine sample,
according to Armstrong et al. [30]. A urine specific gravity value <1.022 for the first urine was used to
categorize euhydration.

The anthropometric traits were body mass, height, humerus and femur breadths, upper arm
(relaxed and contracted), calf, and thigh girths. All anthropometric measurements were taken
according to standard methods [31]. Height was recorded to the nearest 0.1 cm using a stadiometer
(Raven Equipment Ltd., Great Donmow, UK) and body mass was measured to the nearest 0.1 kg
using a high-precision mechanical scale (Seca, Basel, Switzerland). BMI was calculated as the ratio of
body weight to height squared (kg/m?). Girths were taken to the nearest 0.1 cm using a tape measure
(GMP, Ziirich, Switzerland). Breadths were measured to the nearest 0.1 cm using a sliding caliper
(GMP, Ziirich, Switzerland). Skinfold thicknesses at 8 sites (biceps, triceps, subscapular, supraspinal,
suprailiac, lateral calf, medial calf, and thigh) were measured to the nearest 0.1 mm using a Lange
skinfold caliper (Beta technology Inc., Cambridge, Maryland). The muscle area of the thigh (TTM),
calf (CMA) and upper arm (UMA), as well as the fat area of the thigh, calf, and upper arm (UFA) were
calculated according to Frisancho [32].

The impedance measurements were performed by a phase-sensitive single-frequency
bioimpedance analyzer (BIA 101 Anniversary, Akern, Florence, Italy), which applies an alternating
current of 400 microamperes at 50 kHz. The subjects were in the supine position with a leg opening
of 45° compared to the median line of the body and the upper limbs positioned 30° away from the
trunk. After cleansing the skin with alcohol, two Ag/AgCl low-impedance electrodes (Biatrodes,
Akern Srl, Florence, Italy) were placed on the back of the right hand and two electrodes on the
corresponding foot, with a distance of 5 cm between each other. Vector length (Z) was calculated as
(adjusted R? + adjusted Xc?)? and phase angle (PhA) as the arctangent of Xc/R x 180/. BIVA was
carried out using the classic methods, e.g., normalizing Z, R, and Xc for height in meters [33].
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The BIA parameters obtained for each subject were used to calculate the FM, FFM, TBW, ICW,
and ECW values using the software Bodygram®. Somatotype components were calculated, and athletes
grouped according to the Heath-Carter method [34].

2.3. Statistical Analysis

The mean standard deviation was calculated for each variable. To verify the normality of the
data, the Shapiro-Wilk test was applied. Univariate analysis of variance for multiple comparisons was
performed. When a significant F ratio was obtained, the Bonferroni post hoc test was used to assess
the differences among the groups (p < 0.003). The two-sample Hotelling’s T? test was used to compare
the mean impedance vectors of the different somatotype categories. Discriminant function analysis
(stepwise criteria) was then applied to R/H, Xc/H, Z/H, and PhA to classify athletes into the different
somatotype categories according to bioelectric features. Data was analyzed with IBM SPSS Statistics
(version 24.0; IBM, Chicago, IL).

3. Results

The descriptive statistics of anthropometric, body composition, bioelectrical, and somatotype
components are presented in Table 1.

Table 1. Anthropometric, body composition, bioelectric, and somatotype data of the athletes.

. Soccer Volleyball Rugb
Variable (n =41) (n =y88) (n =g35y)
Age (years) 263 +32 26.5+£5.6 259+43
Height (m) 180.6 £ 7.0 194.1 £ 10.1 1842 + 8.4
Weight (kg) 74.7 + 8.8 89.5+10.4 100.7 + 15.7
BMI (kg/m?) 228 +1.7 23.8+19 29.6 + 3.5

FM (%) 11.8 £2.6 135+ 2.1 155 +4.3
M (kg) 89+26 122 +2.8 16.1 £ 6.3
FFM (kg) 65.7 £ 7.0 773 £ 8.6 84.6 + 10.6
TBW (1) 54.1+3.4 59.8 + 4.0 64.2 + 6.1
ECW (1) 121+ 1.1 141+13 153 +2.1
ICW (1) 42.0+23 45.7 +2.7 489 +4.1
UMA (cm?) 59.1 +10.3 70.8 +14.7 83.7 £ 14.1
UFA (cm?) 8.6 +24 99+33 129 + 3.7
CMA (cm?) 104.7 £ 16.7 104.9 + 14.9 122.1 +40.1
CFA (cm?) 9.8+23 12.1+4.3 14.7 +5.5
TMA (cm?) 200.2 +29.2 222.8 +375 260.1 +57.1
TFA (cm?) 22.7 +8.2 289 +134 323 +11.0
R/H (Ohm/m) 255.6 +21.3 236.4 +234 213.6 +21.8
Xc¢/H (Ohm/m) 353+ 3.8 31.8+39 302+4.2
Z/H (Ohm/m) 258.1 +21.5 238.5 +24.7 215.7 +22.1
PhA (°) 79+05 7.7 +0.6 8.0+0.8
Endomorphy 1.6+0.3 20+0.7 21107
Mesomorphy 47+09 40+13 6.0+1.1
Ectomorphy 29+0.8 32+11 09+03

Note: Data are presented as mean + SD, BMI = body mass index, FM = fat mass, FFM = fat free mass, TBW = total
body water, ECW = extracellular water, ICW = intracellular water, UMA = upper arm muscle area, UFA = upper arm
fat area, CMA = calf muscle area, CFA = calf fat area, TMA = thigh muscle area, TFA = thigh fat area, R/H = resistance
standardized for height, Xc/H = reactance standardized for height, Z/H = vector length standardized for height,
PhA = phase angle.

Six types of somatotypes have been recognized based on the athlete’s position on the somatochart
(Figure 1):

1.  Endomorphic mesomorph: mesomorphy was dominant and endomorphy was greater than
ectomorphy (more than 0.5 units).
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2. Balanced mesomorph: mesomorphy was dominant, and endomorphy and ectomorphy were
similar (no difference or <0.5 units).

3.  Ectomorphic mesomorph: mesomorphy was dominant and ectomorphy was greater than
endomorphy (more than 0.5 units).

4. Mesomorph ectomorph: endomorphy and ectomorphy were similar (no difference or <0.5 units).

5. Mesomorphic ectomorph: ectomorphy was dominant and mesomorphy was greater than
endomorphy (more than 0.5 units).

6. Balanced ectomorphy: ectomorphy was dominant, and endomorphy and ectomorphy were
similar (no difference or <0.5 units).

®  Volleyball players Balanced
Rugby players
O  Soccer players 7n Mesomorph
A a (BM)
Endomorphic Ectomorphic
Mesomorph ® A—
(EnM) (EcM)

Mesomorph Mesomorph
Endomorph Ectomorph
(M-En) (M-Ec)

Mesomorphic Mesomorphic
Endomorph Ectomorph
(MEn) (MEc)
Balanced Balanced
Endomorph Ectomorph
(BEn) (BEc)

Ectomorphic Endomorphic
Endomorph Endomorph Ectomorph
(EcEn) Ectomorph (EnEc)
(En-Ec)

Figure 1. Representation of the athletes’ somatotype.

Endomorphic mesomorph athletes included 33 rugby, 10 volleyball, and 3 soccer players; balanced
mesomorph athletes included 19 volleyball and 7 soccer players; ectomorphic mesomorph athletes
included 22 volleyball, 31 soccer, and 2 rugby players; mesomorph ectomorph athletes included 10
volleyball players; mesomorphic ectomorph athletes included 13 volleyball players; and balanced
ectomorph athletes included 14 volleyball players. Overall, rugby players showed on average an
endomorphic mesomorph somatotype, while soccer and volleyball player presented an ectomorphic
mesomorph profile.

Table 2 provides the comparison of anthropometric, body composition, bioelectrical,
and somatotype features. Endomorphic mesomorph athletes showed a higher BMI than all the other
groups (p < 0.003), and additionally presented greater endomorphy, mesomorphy, and ectomorphy
components compared with the athletes of different somatotype.
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Table 2. Anthropometric, body composition, and bioelectrical data of the athletes separated by somatotype.

Endomorphic Balanced Ectomorphic Mesomorph ~ Mesomorphic Balanced ANOVA
Variable Mesomorph Mesomorph Mesomorph Ectomorph Ectomorph Ectomorph
(n = 46) (n = 26) (n = 55) (n =10) (n=13) (n=14) P

Height (m) 183.6 + 8.7 456 186.7 +12.35 186.7 £ 9.4 45 1999 +341%  201.1+5312%  1959+941 127 <0.01
Weight (kg) 96.6 +15.6 % 85.0 + 14.2 81.2+13.11 922+ 6.4 909 +58 88.1+10.6 73 <0.01
BMI (kg/m?)  28.6 + 3.7 23456 242+181 231+1.71 23+11 224 +1.1! 229 + 1.6! 328  <0.01
M (%) 15.1+3.93 132+ 1.8 11.8+221 142 +24 142 +1.9 139 +26 7.1 <0.01
FM (kg) 15+592 11.3+29 9.7+291 131+3 129+18 124432 9.1 <001
FFM (kg) 81.5+10.8°3 73.6 £ 11.6 714 +1081 79 + 4.4 78 +55 75.7 + 8.5 54 <001
TBW (1) 625+63 58.1+54 56.6 + 51 60.8 +2.4 603 +22 59.3 + 4 73 <001
ECW (1) 147 £193 133+ 1.8 128+16! 14.2 + 0.81 14.1 +0.74 137+ 13 73 <001
ICW (1) 478 +4.0° 44.8+36 438+331 46.6 +1.6 462+15 45.6+27 73 <001
UMA (cm?) 80.0 +14.43 682+ 125 66.0 +14.7 1 67.1+84 70.9 +12.8 64.1+105 65  <0.01
UFA (cm?) 12.5+3.53° 11.1+£31% 81+2312 10.1 +4.4 86+241 10.8 +3.3 1.1 <0.01

CMA (cm?) 117.7 £ 36.1 103.3 £ 13.6 108.8 + 17.4 101.0 £ 16.0 99.5 + 13.6 99.9 + 125 26 002
CFA (cm?) 14.1+£5.73 125+ 3.9 10.1+291 11.6 + 3.6 11.6 +37 12.9 +3.9 47  <0.01
TMA (cm?) 255.9 + 61.4 36 220.65 + 25.1 212.8+33.71 2123 +16.7 210.0 + 26.8 2033 +32.21 73 <001
TFA (cm?) 349+16.0° 31.1+127 227+871 29.8 +10.2 23.4+10.9 26.5+9.2 49  <0.01
R/H (Ohm/m) 220.0 +23.13 240.4 +26.9 2427 +27.11 2393 + 155 245.0 +21.4 246.7 +25.0 56 <001

Xc/H (Ohm/m) 31.3+44 32.8+43 33.1+47 31.6+23 32.3+29 31.7+37 11 039
Z/H (Ohm/m) 2223 +23.33 2427 +27.1 2451 2741 2415+ 15.6 247.2 +21.6 248.8 + 253 55 <001
PhA (°) 8.1+0.74° 7.7 0.65 7.7 £0.58 7.5+0.43 7.5 + 0.40 73+0391 48 <001
Endomorphy 2.8 +0.5923%56 234050135 1.5 +0.28 126 1.8+0.641 14+041126  21+044135 438 <001
Mesomorphy 5.9 + 1.1 23456 45+ 11156 4.6 +0.82 150 3.6+0431 314039123 224054123 477  <0.01
Ectomorphy 09 +0323%56 23 +051134%6 37140571256 36402712  44+0671%%  42+05612% 1320 <0.01

Note: Data are presented as mean + SD, BMI = body mass index, FM = fat mass, FFM = fat free mass, TBW = total
body water, ECW = extracellular water, ICW = intracellular water, UMA = upper arm muscle area, UFA = upper arm
fat area, CMA = calf muscle area, CFA = calf fat area, TMA = thigh muscle area, TFA = thigh fat area, R/H = resistance
standardized for height, Xc/H = reactance standardized for height, Z/H = vector length standardized for height,

PhA = phase angle.

G W=

Differences (p < 0.003) compared with the Endomorphic Mesomorph group;
Differences (p < 0.003) compared with the Balanced Mesomorph group;
Differences (p < 0.003) compared with the Ectomorphic Mesomorph group;
Differences (p < 0.003) compared with the Mesomorph Ectomorph group;
Differences (p < 0.003) compared with the Mesomorphic Ectomorph group;
Differences (p < 0.003) compared with the Balanced Ectomorph group.

Figure 2 shows the vector displacement of the six somatotype groups on the R-Xc graph.
Endomorphic mesomorph athletes showed a shorter vector in comparison with the other groups
(p < 0.001), while athletes with a balanced mesomorphy presented a more inclined vector compared to
athletes with a balanced ectomorphy (p < 0.001) (Figure 3). No statistically significant differences were
found between the other groups. Figure 3 shows the results of the Hotelling’s T? test; separate 95%
confidence ellipses indicated a significant vector difference.

—95% tolerance
- I — 50 - -TBW, -Body weight
T - 50% wolerance
® Endomorphic Mesomorph o
A Balanced Mesomorph -
40 1 O Ectomorphic Mesomorph 40 4 “‘
O Mesomorph Ectomorph \
= % Mesomorphic Ectomorph g b
E © Balanced Ectomorph ® b E + Soft tissue
= 30 1 Ve = 301 -PhA
© Al o ,
= o"é, E - Soft tissue
3 d 3
< 20 A . » 20 4 A
10 4 10 +TBW, +Body weight
0 . r . r 0 T T T T
0 100 200 300 400 0 100 200 300 400
R/H, Ohm/m R/H, Ohm/m

Figure 2. Scatter plots of the individual (on the left side) and mean (on the right side) impedance vectors,

divided by somatotype categories and plotted on the tolerance ellipses of the general population [18].
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Figure 3. Mean impedance vectors with the 95% confidence ellipses for somatotype groups that showed
significant differences (p < 0.003). The Hotelling’s T? test results are included.

Discriminant analysis revealed two significant functions (p < 0.001) (Table 3). The first discriminant

function primarily represented differences based on the R/H. The second discriminant function
represented differences based on the Xc/H proportion. All of the variance explained by the model is
due to the first two discriminant functions. Based on values of Wilk’s lambda, the first discriminant
function accounted for 93.1% (eigenvalue = 0.326) of the total variance, while the second discriminant
function explained 6.9% (eigenvalue = 0.024) of the remaining variance. Figure 4 represents group

centroid distances between somatotype categories for both discriminant functions.

Table 3. Results of stepwise discriminant analyses.

Step Entred Wilks” Lambda F P
1 R/H (Ohm/m) 0.849 5.63 <0.001
2 Xc/H (Ohm/m) 0.736 5.19 <0.001

Note: R/H = resistance standardized for height, Xc/H = reactance standardized for height.
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Figure 4. Canonical discriminant functions. EnM = Endomorphic Mesomorph, BM = Balanced
Mesomorph, EcM = Ectomorphic Mesomorph, M-Ec = Mesomorph Ectomorph, MEc = Mesomorphic
Ectomorph, BEc = Balanced Ectomorph.

4. Discussion

This study showed the role of somatotype on BIVA patterns in athletes. In particular, when the
endomorphic component was higher, the vector resulted in a lower position on the R-Xc graph, while a
larger mesomorphic component resulted in a higher vector inclination and, thus, an increased PhA.
We also proposed a new target zone that improves BIVA analysis in this particular sample of male
athletes. This new target zone extends the area where athletes can be positioned, showing how the
three somatotype components (I = endomorphy, II = mesomorphy, and III = ectomorphy) contribute
to the vector placements (Figure 5).

The athletes tested in this study were involved in one of three typical team sports where optimal
body composition features are necessary [1,2]. However, some of these athletes had a greater BMI
and an FM% slightly higher than average compared to their teammates. These resulted in an athlete
with a somatotype where the mesomorphic component was predominant, but the endomorphic value
was greater than the ectomorphic measurement. In fact, 94% of the rugby players evaluated showed
an endomorphic mesomorph somatotype. This can be an advantage for rugby players, especially
those who play the position of pylon, where a greater weight is favorable for their performance [35,36].
This group of athletes presented a greater BMI but also tended to have a greater FM distribution in
the arm, thigh, and calf segments. This trend reflected a significantly shorter vector in comparison to
the other groups. The analysis of the average impedance vectors also showed a significant difference
between the groups with balanced mesomorphy and ectomorphy. In particular, subjects with a
greater mesomorphic component showed a vector significantly more inclined and a greater PhA when
compared to athletes with a balanced ectomorphic somatotype. Although not statistically significant,
athletes with a balanced mesomorphy showed a tendency for a greater TMA, CMA, and UMA as an
expected result of a higher skeletal muscle component. Vector length has recently been associated with
the amount of intra- and extracellular fluids obtained through dilution techniques as the reference
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method, while the inclination that determines the PhA is directly associated with the ICW/ECW
ratio [15,16].

50 1 50 -
Y
>
| g S
40 - ¥ r‘ 40 .\Q’) )
E g £ i
E 3] ;J i 30 4 N if.K
o ) <
= 1 Ne) 1 oY
20 A O Oéj 20 4
0&
P !
10 4 10 4
0 . . v v 0 y . . .
0 100 200 300 400 0 100 200 300 400
R/H, Ohm/m R/H, Ohm/m

Figure 5. (Left side) The target zone on the R-Xc graph proposed earlier for the general population [18-22].
(Right side) The new target zone proposed for athletes.

The R/H variable stands for the first discriminant function that primarily represents differences
between athletes of different somatotypes. The main difference in BIVA patterns among the athletes
examined in this study was linked to the different morphology of the athletes categorized with an
endomorphic mesomorph somatotype. This was reflected in a lower and more inclined vector in the
R-Xc graph observed in these athletes compared to the other somatotype classes. This is in accordance
with previous studies that the major differences among high-level and elite athletes can be found
considering R/H and X/C simultaneously in BIVA [26,27,37], which is due to the inverse association of
R with TBW, while Xc is directly proportionate to the cellular density [17]. Therefore, while ICW/ECW
ratio can be similar among athletes, the absolute values of ICW and ECW can differ, reflecting
the different body structures. In this regard, BIVA has a higher efficiency when evaluating body
composition than only the interpretation on PhA [26]. This is due to BIVA taking into consideration the
vector inclination, which reflects PhA and, therefore, ICW/ECW ratio, in addition to the vector length,
which represents TBW [15]. In this study, the endomorphic mesomorph athletes showed that both
values for R/H and Xc/H tended to be lower. These values, when analyzed simultaneously through
the Hotelling’s T? test, resulted in a significantly shorter and inclined vector in the R/Xc graph in
comparison to the other athletes.

The athletes involved in this study showed a somatotype in line with earlier studies conducted
in volleyball, rugby, and soccer players [2,38,39]. In particular, rugby players were found to have
an endomorphic mesomorph somatotype, while soccer players and volleyball players presented an
ectomorphic mesomorph somatotype. Some athletes showed different morphological characteristics
compared to those of their group average, but this is due to the different requirements of the positions
played, as already recognized [39,40]. In line with reports by previous studies [26,27] athletes were
positioned outside the 50th percentile of the tolerance ellipses, indicating greater ICW/ECW ratio
and soft tissues compared to the general population. On the other hand, for the same type of sport,
differences in the inclination angle between the impedance vector and the standardized resistance were
found according to competitive levels, with greater PhA observed in top-level athletes [26,27,41].

Considering that, in our study, athletes underwent a single measurement, the vector position in
the R-Xc graph reflects body composition features. On the contrary, studies in which more than one
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BIVA test has been collected have shown that the vector may undergo temporary changes. Exercise that
causes fluid loss, for example, generates a vector lengthening in the short term [42,43]. On the other
hand, Pollastri et al. [44] demonstrated that during a cycling tour, vector shortening is accompanied by
an increase in body weight. This condition could have identified water retention and edema, a scenario
that also occurs following muscle injuries. In this regard, Nescolarde and colleagues [45] conducted
an observational prospective study with professional soccer players that presented muscle injuries.
The authors monitored bioimpedance parameters using a localized approach and observed decreases
in R as a result of edema in the injured limb, and decreases in PhA as a consequence of increases in the
ECWY/ICW ratio [45]. Therefore, if the somatotype does not change over time, the vector position can
be influenced by the loss or gain of body fluids that can occur in athletes as a result of a variety of
different conditions.

BIVA patterns can also change during the competitive season, which highlights this approach as a
useful tool in providing information on training adaptations occurring throughout the season [46].
Shortening and lengthening in the vector inclination are instead obtained with the increase of somatic
maturation, reflecting changes in body composition that occur alongside growth [47]. Otherwise,
in response to following an exercise program, there is a lengthening and a shift to the left of the vector
due to a reduction in extracellular fluids and an increase in ICW/ECW ratio. Finally, an anomalous
case of vector alteration can be represented by measurements taken immediately after exercise, where
a high body temperature can lead to flaws in BIA [48].

Some limitations in this study should be considered. First, our results are applicable to
single-frequency BIA equipment. In fact, different results in measuring raw BIA parameters are
obtained using devices that work on single- or multi-frequency [49]. In addition, our results are
only generalized for male athletes involved in team sports. Further studies should be conducted in
other sports, with a different body composition profile, and also in the female athletic population.
Lastly, BIVA should not be considered as an alternative tool for measuring the somatotype, but as an
additional approach to evaluating athletes considering that morphology, together with other body
composition parameters, influences the vector position in the R-Xc graph.

5. Conclusions

This study demonstrates how the different components of the somatotype are associated with the
BIVA patterns. A greater endomorphic component is associated with a shorter vector, while a larger
mesomorphic component is associated with an increase in the vector inclination in the R-Xc graph.
The vector position is therefore determined by the body composition characteristics at the molecular
and whole-body levels. A new target zone should be considered to improve the interpretation of BIVA
analysis in a male athletic population involved in team sports.
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