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Simple Summary: Bioelectrical and body composition proprieties are linked to health status and
physical performance. The bioelectrical impedance vector analysis (BIVA) is a valid approach for
qualitatively and timely assessing body components in sports practice. However, it is still unclear, if
bioimpedance vector patterns can provide relevant information regarding the aerobic power. For the
first time, this study shows that BIVA is useful in discriminating professional futsal players according
to their VOypp,x. In addition, fat mass and bioelectrical phase angle were identified as valid predictors
for aerobic power.

Abstract: Aims: The present study aimed to assess the ability of bioelectrical impedance vector
analysis (BIVA) in discriminating fitness levels in futsal players, exploring the association of body
composition and bioelectrical parameters with aerobic power. Methods: Forty-eight professional
futsal players (age 23.8 & 5.3 years) were involved in a cross-sectional study during their pre-season
phase. Fat mass (FM) and muscle mass were determined by dual-energy X-ray absorptiometry.
VOymax Was obtained by indirect calorimetry through a graded exercise test performed on a treadmill.
Bioelectrical resistance (R), reactance (Xc), and phase angle (PhA) were directly measured using a
foot-to-hand bioimpedance technology at a 50 kHz frequency. Bioelectric R and Xc were standardized
for the participants” height and used to plot the bioimpedance vector in the R-Xc graph according
to the BIVA approach. Results: The participants divided into groups of VO« limited by tertiles
showed significant differences in mean vector position in the R-Xc graph (p < 0.001), where a higher
VOomax resulted in a longer vector and upper positioning. FM, muscle mass, and PhA differed
(p < 0.01) among the athletes grouped by tertiles of VO, 5, Where athletes with a greater aerobic
power showed a lower percentage of FM and a higher percentage of muscle mass and PhA. FM
and PhA were associated with VOpy,x (FM: r = —0.658, p < 0.001; PhA: r = 0.493, p < 0.001). These
relationships remained significant after adjusting for age and body mass (FM: £ = —0.335, p = 0.046;
PhA: 8 =0.351, p = 0.003). Conclusions: Bioelectrical impedance vectors positioned on the lower pole
of the R-Xc graph identified futsal players with a lower VO;pax, while longer vectors corresponded
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to a greater aerobic power. Additionally, PhA, that describes the vector direction, was positively
associated with VOypax, while a higher FM negatively affected VO, .« in the futsal players. BIVA and
PhA evaluation may represent a valid support for screening the aerobic fitness level in professional
futsal players, when more sophisticated assessment methods are not available.

Keywords: athletes; BIA; BIVA; fat mass; phase angle; performance; sports practice; VOomax

1. Introduction

Futsal is a 5-a-side indoor adaptation of soccer that is officially recognized by the
soccer’s international governing body (FIFA). Despite increasing in popularity around
the world, with over 12 million athletes participating in over 100 nations, the body of
literature related to futsal is still scarce. The futsal game is played between two teams,
each with five players: one goalkeeper and four outfielders, usually known as defenders,
right or left-wingers, and pivots. Competitive matches include periods of intermittent and
high-intensity activity that require significant physical, technical, and tactical effort [1,2].
The highest metabolic contribution is provided by the aerobic pathway as recently reported
in professional futsal players during a simulated futsal game [3]. The maximal oxygen
uptake (VOpmax) is among the most important determinants for endurance performance,
as well as mortality in the general population [4,5]. In this regard, VO;max is considered
the gold standard for assessing aerobic fitness. However, it is possible to observe a lack
of scientific data related to aerobic capacity of futsal players. The VOypy,x mirrors the
maximum amount of oxygen an individual can use to support the oxidative production of
energy [6]. The most common and reliable method to assess VOsmax is the cardiopulmonary
exercise test, recognized a valuable measure not only to assess the functional status and
oxygen availability during exercise training but also to discriminate cardiorespiratory,
pulmonary and musculoskeletal function at the same average oxygen consumption [7].
For the first time, Alvarez et al. [8] showed that high values of VOyy,x Were essential
for futsal athletes at the professional level, suggesting the relevance of aerobic power
in futsal [8]. Subsequently, other authors confirmed that VO,p,x may be assumed as a
discriminative physiological parameter in futsal played at recreational or professional
levels [9-11]. Nevertheless, differences in this regard may be a result of genetic factors [4],
players role [8], training load [11] or body composition [12]. In general, increased body
fat is associated with decreased value of VOy,ax, while FFM is positively correlated with
VOomax [13,14]. Futsal players usually display a low percentage of fat (~15%) with a higher
lean mass in high-level players [12]. Taken together, these data might suggest a close
relationship between body composition and aerobic power in this sportive population.

Body composition parameters can be accurately determined using laboratory tech-
niques and procedures [15]. To date, the state-of-art method for determining body fat is
identified in a specific formula proposed by Wang et al. [15], which requires the assessment
of bone mineral content by dual-energy X-ray absorptiometry (DXA), total body water
(TBW) by deuterium dilution, and body volume by air displacement plethysmography. In
addition to bone mineral content, for which it is considered the gold standard, DXA allows
for accurate estimations of lean soft and muscle tissues [16]. However, these procedures are
difficult to use in the practical context due to their high cost and the need for specialized
personnel [17]. The bioelectrical impedance analysis (BIA) has been suggested as an accu-
rate method for assessing body composition in athletes, provided that specific procedures
are used [17]. In particular, single frequency BIA provides body composition estimations
with a good agreement respect to the aforementioned reference methods [17,18]. However,
the most innovative use of BIA consists in the evaluation of the raw bioelectrical parameters
through the vector analysis (BIVA) [18,19]. Indeed, the bioimpedance can be considered
as the bivariate result of the bioelectrical resistance (R) and reactance (Xc) and graphically
represented as a vector into a graph [18,20]. Particularly, the direction of the vector is
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determinate by the phase angle (PhA), which can be directly calculated as the arctangent
of Xc and R [18]. In BIVA, the vector length is representative of the TBW, where a higher
fluid content corresponds to long vectors. Additionally, PhA is positively associated with
the intracellular-to-extracellular water (ICW /ECW) ratio [21] and can be evaluated when
more sophisticate methods for determining body fluids are not available. The evaluation
of BIVA patterns represents a qualitative examination of body composition and avoids
the use of prediction equations. Recent literature reviews have shown how BIVA is able
to discriminate different body morphologies and identify adaptations related to sports
performance in athletes [18,19,22].

To the best of our knowledge, the ability of BIVA and the role of the bioelectrical
properties in discriminating aerobic power in futsal players is still unexplored. The use
of BIVA could serve as a practical tool suited for nutritionists and futsal coaches and
team staff in obtaining information on VOj,,«. Therefore, the present study aimed to
investigate the ability of BIVA in defining aerobic power in futsal players, clarifying the role
of body composition in the VO, prediction. Our hypothesis was that BIVA would be
informative for aerobic performance and that body composition would be highly correlated
with VOoax-

2. Materials and Methods
2.1. Study Design and Participants

In line with previous studies to evaluate the ability of BIVA in discriminating physical
characteristics, by grouping the participants into tertiles of VOpmax, a cross sectional study
design is presented. DXA was used as a support to obtain additionally information related
to body composition. The sample size was assessed a priori using GPower (version 3.1,
Dusseldorf, Germany). It was calculated considering a large effect size (appropriate for
calculating effect size within a multiple regression model with continuous independent
and dependent variables), with a 5% type I error, 85% power, and an « level = 0.05, which
resulted in the appropriate sample size for conducting this study. The final sample was
comprised of both elite and sub elite players (age 23.8 & 5.3 years). The elite players (n = 16)
participated in the Major Portuguese National Futsal League “LIGA PLACARD” and had
a sport-specific training frequency of 5 sessions per week and a game frequency of 1 per
week. The sub elite players (n = 32) participated in either the second (n = 16) or third (n = 16)
Portuguese National Futsal League and they endured 3 training sessions of ~1.5 h per week
plus a weekend game. This investigation was approved by the Faculty of Human Kinetics
Institutional Review Board (approval number 37/2021) and conformed to all standards of
human research set out in the declaration of Helsinki. After a detailed explanation of the
procedures, the participants signed an informed consent.

2.2. Procedures

All evaluations of the participants were performed early in the morning (7.00 a.m.)
after a 12-h fast and without consumption of alcohol, caffeine/stimulant beverages and at
least 12 h from the last exercise session. Body composition assessments were performed at
fast, while the cardiopulmonary exercise test (CPET) to access VOomax was made in a fed
state, with a meal replacement bar (nutritional composition: 231 kcal, 14 g of fat, 12 g of
carbohydrate and 13 g of protein) being provided prior to testing.

All measurements were performed in the pre-season period following the timeline
depicted in Figure 1.

The participants had their weight and height measured wearing minimal clothes
and without shoes to the nearest 0.1 kg and 0.1 cm, respectively with a scale and a sta-
diometer (Seca, Hamburg, Germany). Body composition was determined through two
methodologies:

(a) Whole-body DXA scan (Horizon Wi, Waltham, MA, USA) according to the procedures
recommended by the manufacturer. The DXA measurements included whole-body
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estimations of absolute and percentage of fat mass (FM, kg and %) and lean soft tissue,
from which muscle mass was calculated using the Kim’s formula [16].

(b) Whole-body BIA using a single frequency of 50 kHz device (BIA 101 BIVA®PRO,
Akern Systems, Firenze, Italy). After cleaning the skin with isotropy alcohol, four
low intrinsic impedance adhesive electrodes (Biatrodes Akern Srl, Firenze, Italy) were
placed on the hands back and other four electrodes on the neck of the corresponding
feet, according to the guidelines for athletes [18]. From the raw data R and Xc, PhA
was calculated as the arctangent of Xc/R x 180/7. BIVA was applied standardizing R
and Xc for the subjects’ stature in meters.

After body composition assessments, a maximal incremental test with expired gas
analysis (Quark, Cosmed, Italy) was performed on a motor-driven treadmill. After 3 min of
warm-up at 5 km-h~!, participants began the test at 6 km-h~! and 2% grade. Each minute
the speed increased 1 km-h~! until volitional exhaustion, so that fatigue would be induced
within 8-12 min [23]. The highest 30 s average of VO, values reached during the exercise
phase of the incremental test were considered to be the VOypqx. At the end of the test, all
subjects met at least two of the following criteria: respiratory quotient greater than 1.10;
heart rate equal to or greater than 95% of predicted maximal HR; and increments in VO,
below 2 mL-kg~!-min~! despite an increase in speed [24].

,‘L

0 — =
7.00 am 7.10 am 7.30 am 8.00 am
Anthropometry Bioelectrical Dual-energy X-ray Cardiopulmonary
impedance analysis absorptiometry exercise test
Height Resistance Fat mass VO,
Body mass Reactance Muscle mass
Phase angle

Figure 1. Timeline of stations performed by the futsal players involved in the study.

2.3. Statistical Analysis

Data were analyzed with IBM SPSS Statistics, version 24.0 (IBM Corp., Armonk, NY,
USA). Descriptive statistics (mean + standard deviation) were calculated for all mea-
surements. To verify the normality of the data, the Shapiro-Wilk test was applied. The
participants were divided into groups limited by tertiles of VOynay [first tertile (T1), sec-
ond tertile (T2) and third tertile (T3)] and a one-way ANOVA was performed to evaluate
differences in body composition. When a significant F ratio was obtained, the Bonferroni
post hoc test was used to assess the differences between the three groups, setting the signif-
icance at p < 0.016. The unpaired-sample Hotelling’s T? test was used to compare the mean
impedance vectors among the participants grouped into tertiles. Mahalanobis distance (D?),
which represents a multivariate measure of effect and a multivariate measure of distance,
was calculated to determine the magnitude of changes in the mean group vectors. D?> was
interpreted according to the following Stevens’s [25] guidelines: 0.25-0.49: small; 0.5-0.99;
>1: large. Bivariate correlations were performed in preliminary analysis and multiple
regression analysis was used to determine if body components were significant predictors
of VOomay after correcting for age and body mass.
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3. Results

No difference for age among the three groups was found (F = 0.41, p = 0.661). Table 1
shows the descriptive characteristics for the athletes divided according to tertiles of VOopmax.
The athletes with lower VOspax (T1) showed higher body mass and absolute (kg) and
relative (%) FM than the other groups. Additionally, athletes included into the T1 reported
lower percentage of muscle mass, Xc/H, and PhA than the T3 group.

Table 1. Body composition characteristics (mean =+ standard deviation) for the athletes grouped by
tertiles of VOypax and results of the analysis of variance (ANOVA) are shown.

Tl,n=16 T2,n=16 T3, n=16
Variable (VOpmax = 42.9 + 3.7 (VOpmax = 50.1 £ 1.7 (VOpmax = 58.2 + 3.9 ANOVA
mL/kg/min) mL/kg/min) mL/kg/min)

Body mass (kg) 81.0 £ 0.6 23 715+7513 66.2 + 5.4 12 F=155,p < 0.001

BMI (kg/m?) 2434313 233415 220+161 F=4.64,p=0015
DXA

Muscle mass (kg) 333+ 3.6 312+42 31.8+42 F=11,p=0349

Muscle mass (%) 416 +6.83 438 +£ 39 483+751 F=47,p=0014

Fat mass (kg) 179 + 6.0 23 128 +3.013 98+2112 F=16.1,p <0.001

Fat mass (%) 22145523 18243313 152 +2512 F=11.8,p <0.001
BIA

R/H (ohm/m) 2793 +27.3 2829 £ 185 2934 +22.3 F=16,p=0212

Xc/H (ohm/m) 3374303 355+ 3.0 384+ 331 F=9.3,p<0.001

Phase angle (degree) 6.9 +043 72404 75+£051 F=7.7,p=0.001

Note: BMI = body mass index, DXA = dual-energy X-ray absorptiometry, BIA = bioelectrical impedance analysis,
R/H = resistance standardized for height, Xc/H = reactance standardized for height. ! = different (p < 0.016) from
T1; 2 = different from T2; ? = different from T3.

Figure 2 shows the relative amount of FM and muscle mass according with the three—
compartments tissue model.

e

1% tertile 2" tertile 3" tertile
(VOiax = 42.9 £ 3.7 mi/kg/min) (VOimax = 50.1 £ 1.7 mi/kg/min) (VOsmax = 58.2 + 3.9ml/kg/min) @

. Muscle mass
I:I Residual mass
D Fat mass

100
90
80
70
60
50
40
30
20
10

0

Body mass (%)

Figure 2. Body composition assessed with DXA according to the three-compartments tissue model in
the futsal players grouped by tertiles of VOppyax.

Figure 3 shows the BIVA patterns for the three groups. The athletes with higher
VOsmax showed a mean vector displaced in the higher part of the graph, out of the 50th
percentile of the tolerance ellipses of the general population [23]. The T2 and T3 groups
fell into the 50th percentile of the R-Xc graph. Significant bivariate differences in R/H and
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VO;max (ml/kg/min)

Xc/H among groups were found, as shown in Figure 1. Figure 1 the mean vectors with
their 95% confidence ellipses are compared with the target zone proposed for the athletic
population. The T1 and T3 groups showed different vector directions, as highlighted by
the difference in PhA among these two groups.

Lowe, By
45 - 45
—  1*tertile (T1) —  1tertile
2™tertile (T2) 2" tertile
== 39tertile(T3) == 3tertile
Tivs. T2 » ’
T=83 | High VOsmu 1 28
F=40 ,' il T e 40 !
P=0.02 i1 N
D*=1.02 '
; Target zone for "p
Tivs. T3 athletes ! Il
T=402 '
E F=194 E Y%, ' ,’
£ P <001 £ 9/% Y
£ D*=224 = % 2
O35 O35 %,
T T2vs. T3 T
3 T=108 o .
X F=52 X
=0.01
?=1.16
Low VO:ma group
30 4
/ /
! "\ PhA=75°
i/ PhA\‘i 7.2 (*’.r‘%
//\e e i “a,
25 VAR L L. . 25
100 200 300 400 100 200 300 400
R/H, Ohm/m R/H, Ohm/m

Figure 3. On the left, mean impedance vectors with their 95% confidence ellipses for VOpp,y tertiles
and Hotelling’s T2 test results; vector direction defined by phase angle (PhA) is also shown. On
the right side, the target zone for athletes [26] is reported and the tolerance ellipses for the general
population [27] depicted in the background.

VOsmax Was negatively correlated with FM (r = —0.658, p < 0.001), while positively
associated with PhA (r = 0.493, p < 0.001), as showed in Figure 4. No association between
muscle mass and VOymax was found (r = —0.082, p = 0.581) (Figure 4).

b) C]

80
r=-0.658,p<0.001 5 r=0.082,p=0581 5

70 70

r=0.493, p <0.001

65
60
55
50
as
40

35
30 30

Fat mass (kg)

20 25 30 20 25 30 35 40 as 6 65 7 75 8 85 9

Muscle mass (kg) Phase angle (degree)

Figure 4. Correlation between fat mass (panel (a)) and muscle mass (panel (b)) phase angle (panel
(c)) with VOyppax in the futsal players.

The results of the multivariate regression analysis showed that FM% and PhA re-
mained significant predictor even when adjusted for age and body mass, as reported in
Table 2.
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Table 2. Adjusted models using fat and muscle mass, and phase angle as independent variables for
determining VO;pax.

Model R? Std. Error B 95% CI p-Value
Fat mass
Model ? 0.453 0.23 —0.335 —0.94, —0.02 0.046
Muscle mass
Model ? 0.410 0.15 0.120 —0.21, 0.64 0.371
Phase angle
Model ? 0.511 1.64 0.351 1.95, 8.54 0.003

Abbreviations: R, coefficient of determination; 8, Unstandardized coefficients beta; CI, confidence interval; Std.
Error, standard error; VOsmay, maximum rate of oxygen consumption. ?, adjusted for age and body mass.

4. Discussion

The present study aimed to assess the ability of BIVA in discriminating the variability
in VOpmax and the role of body composition in determining VO;p, in elite and sub-elite
futsal players. When the futsal players were grouped in tertiles for VO,pax, they showed
specific positions on the R-Xc graph, suggesting different body composition features.
Particularly, the participants with a greater aerobic power presented a higher percentage of
muscle mass and a lower percentage of FM. Bioelectrical PhA and FM were identified as
valid predictors of VOy .y, regardless of body mass and age. To date, this is the first study
to investigate these relations in futsal players, suggesting that BIVA can be used as a tool to
evaluate aerobic power.

BIVA showed that the participants with a lower VOypax (T1 group) presented a shorter
mean vector than the futsal players with a higher VOyn,x (T3 group). The vector length is
inversely related with TBW that is determined by the amount of intra and extra cellular
fluids [21]. The shorter vector of the T1 group may be due to a higher TBW with a lower
ICW/ECW ratio. Indeed, PhA, calculated as the arctangent between Xc and R, is directly
related to the ICW/ECW ratio [20]. In the participants with similar R/H, the low PhA
was also due to a lower Xc/H, which is known to be negatively associated with ECW [28]
and representative of the integrity of cell membranes and tissue interfaces [29]. In healthy
athletes not affected by acute or chronic fatigue, a high PhA could be the consequence of a
high percentage of muscle mass and a low percentage of FM [30], as it turned out in the
present study. In fact, a high level of FM may lead to a fluid retention into the extracellular
spaces and in some cases was stated that generate inflammation [31,32]. Conversely,
a high level of muscle mass encompasses a fluid balance in favor of the intracellular
compartment [30]. A shorter and rightward vector may then represent a situation of higher
FM% and lower PhA, both values that negatively affect aerobic power.

The results of the present study identified FM and PhA as valid predictors of VOmax,
even when adjusted for body mass and age. Previous studies are in line with these results
reporting the negative effect of FM on aerobic power [14,33,34]. However, while it was
suggested that FFM is positively associated with and enhanced aerobic power [14], in
the present study the muscle mass, one of the major components of the FFM, did not
result among the VOynax predictors. It could be speculated that over a certain threshold,
increases in muscle mass do not lead to VOy,« gains, as already suggested by a previous
study on combat athletes [35]. Several studies investigated the role of body composition in
determining aerobic fitness [13,14,34]. However, all of them considered only FM and FFM.
The quantification of FFM preclude the evaluations of several body components and their
distribution among the body. For example, different distributions of ICW and ECW can
result in a similar TBW. In this regard, the body fluid distribution reflected by PhA was
identified as a VOppax determinant in the present study. Therefore, evaluating FFM without
considering its sub-components may result in a poor assessment of body composition. The
negative influence of FM on flexibility and mobility has already been reported in previous
findings [33,36]. Additionally, PhA associations with anaerobic performance, such as
sprints, and aerobic outcomes like running time in endurance competitions have been
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described in the literature [37,38]. Therefore, practitioners should consider reducing FM
and increasing PhA in order to achieve a greater aerobic power. Both these adaptations can
be achieved through nutritional and training interventions [22,31]. In contrast, muscle mass
does not seem to influence fitness levels in futsal players. However, body composition
may play only a moderate part in the prediction of aerobic power. Therefore, physiological
characteristics such as ventilatory functions as well as biomechanical and technical features
involved in the running economy should also be considered across the competitive season
in futsal players [11].

Previous research studies showed that a leftward vector displacement was associated
with an improvement in aerobic and anaerobic performance [39,40]. In particular, vector
shifting from the right to the left side and from the bottom to the upper part of the R-Xc
graph occurred after a training macrocycle in swimmers [40]. This also results in a FM
reduction and in an aerobic performance improvement [28]. Therefore, monitoring vector
displacements may provide important insights related to changes in body composition
and fitness levels. In this regard, reference zones among the R-Xc graph were proposed for
the athletic population, considering the first phase of the season when a high fitness level
should be achieved after the preparatory phase [26]. However, these target zones have
been identified in athletes involved in several different sports and may not be used to just
characterize futsal players. Also, reference percentiles for athletes have been proposed [41],
identifying an average value of 7.7 degree around the 50th percentile. In this study, to
achieve these BIA-related standards, the athletes included in the T1 group should reduce
FM and ECW in order to move the vector to the left side of the R-Xc graph. On the contrary,
T3 athletes should increase PhA to induce a shortening and a leftward displacement of
the vector. The futsal players with a higher VOyy,4 of our study presented lower values
than previous data reported in literature on elite futsal players [8]. This may be due to
the different competitive phases evaluated in these studies. In fact, the participants of the
present study were assessed during the preparatory phase where physical adaptations are
not achieved yet. Further studies should assess if vector displacements to defined target
zone and PhA increases would results in a VOpx improvement.

The strength of the present study resides in the reference procedures used for deter-
mining VOymax, body composition, and bioelectrical parameters. In fact, breath-by-breath
devices, DXA, and BIA are among the most accurate methods to quantify VOypax and
fat, estimate muscle mass, and detect bioelectrical phase angle, respectively. Although
more body composition parameters such as TBW, ECW, and ICW would have been esti-
mated with BIA, we preferred to avoid the use of BIA-based predictive equations since
no specific formulas for futsal players are available in literature to date [18], therefore this
non-specificity would have resulted in estimation errors. In this regard, the lack of dilution
techniques as reference procedures for determining body fluids should be recognized as
a limitation. Additionally, DXA cannot be assumed as the state-of-the-art method for
evaluating FM, but it is employed in conjunction with air plethysmography and dilution
techniques in the four-compartment molecular model, which is currently considered the
gold standard procedure [18,42]. In the same way, magnetic resonance would be used for
quantifying muscle mass instead of DXA. Furthermore, the results of this study cannot
be generalized, but could be applicable to assessments performed with foot-to-hand tech-
nology at a single frequency of 50 kHz, since differences in the analysis were highlighted
between bioelectrical parameters measured using different type of devices [43,44].

5. Conclusions

Body fat and bioelectrical phase angle can be considered as valid predictors of VOypax
in professional futsal players. In contrast, muscle mass is not associated with aerobic power.
Bioelectrical impedance vectors positioned on the lower pole of the R-Xc graph were found
in futsal players with a lower VOjpax. Using BIVA, the length of the vector reflects the
body fluid content, while phase angle is informative of their distributions among the intra
and extra cellular spaces. Inferior aerobic power was found in athletes with higher TBW,
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lower phase angle and higher body fat, regardless of their muscle mass. BIVA seems to be a
feasible field method for assessing body composition while avoiding the use of prediction
equations.
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