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Abstract

The aim of this study is to investigate whether multi-frequency bioimpedance analysis, which is non-invasive, quick and mobile,
may be able to optimize training, nutrition and hydration for 9 elite skiers in view to Winter Olympic Games 2010. The principal
results of this study is that BIA method may be used in sportive routine on elite skiers in order to estimate Fat Mass, Muscle
Mass, Hydration state, Fatigue state and their variations. BIA showed a real interest, for technical and medical staff, because it
permitted to optimize and orientate physical training, nutrition and hydration.

© 2009 Published by Elsevier Ltd.

"Keywords: Bioimpedance analysis ; Body composition ; Fat Mass ; Hydration ; Performance"

Nomenclature

BIA Bioimpedance Analysis MAI Metabolic Activity Indicator

H Height R Resistances

W Weight X Reactances

BMI Body Mass Index Re Resistance of extracellular compartment
FM Fat Mass Rinf Resistance of total body compartment
FFM Fat-Free Mass TBW  Total Body Water

MMus  Muscle Mass TBW/W Body Hydration rate

BCM Body Cell Mass
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1. Introduction

Body composition analysis by bioimpedance (BIA) is a convenient tool as it is non-invasive, quick and mobile.
Thus, it can be repeated frequently and used in medical and sportive routine.

French elite skiers have a specific preparation to develop their physical qualities in order to be successful for the
season. During this preparation, they need to control how body composition is modified by training. They need also
a method able to control hydration rates and optimize nutrition. BIA permits to monitor these parameters to be
useful in physical training.

Tissular distribution is used to estimate, in particular Weight/Power ratio, in particular. It may be modified with a
decrease of Fat Mass (FM), an increase of Muscle Mass (MMus), which may be modified by training or over-
reaching [1].

Hydration rate (TBW/W) may be modified by lifestyle or the lack of hydration around exercise, during training
session or recovery period. This rate is often used in training because it is considered like a limiting factor of
performance [2].

Metabolic Activity Indicator (MAI) can show cellular exchange capacity of subject [3].

The aim of this study is to observe relationship between BIA indicators and medical data collected during
medical monitoring of a group of French elite skiers. This study wants to investigate whether using BIA indicators
in physical preparation may be able to complete medical data and to adjust training load and nutrition with the aim
of 2010 Winter Olympic Games.

2. Methods

2.1. Population.

Our sample is composed by 9 French elite skiers, specialized in alpine skiing slalom. They are all skiing in FIS
World CUP 2009 & 2010 and five of them were selected for Vancouver Winter Olympic Games 2010. Their
physical characteristics are given in the Table 1.

Table 1: Principal physical characteristics of our 9 French elite skiers.

Skiers data Mean + SD
Age (years) 27.7 + 24
Weight (kg) 79 + 5.6
Height (cm) 178.2 + 6.8
Body Mass Index (kg.m™?) 24.9 * 13

2.2. Experimental method.

We wanted to observe correlation between data collected by medical staff and data collected by BIA. Our
monitoring began in June, 2008 and ended in September, 2009, so 8 medical and BIA measurements were made.

The first five measurements were made between June, 2008 and November, 2008, during the 2008 pre-season
physical training period (PTP n°1).

The last 3 measurements were made between June, 2009 and September, 2009 during the 2009 pre-season
physical training period (PTP n°2).
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2.3. BIA Measurement conditions.

The body composition analyzer permits to have a wrist-ankle left and right measurement. All the measures were
made in the morning, before breakfast. During the measure, they were laying down. The measure was repeated three
times, after 10 minutes in rest. Height (H), weight (W), age and sex are entered manually in the software.

2.4. Material.

The body composition analyzer used for this study is a Z-Métrix®
(BioparHom © Company, France), showed in figure 1. It is a multi-frequency
impedancemeter validated by a clinical study (n°2008-A01373-52). The 4 - .
current injected has a low intensity (774A). It permits to collect resistances 3 =
(R) and reactances (X) on all frequencies from 1 kHz to 1000 kHz.

Using a new model derived from Cole-Cole model [4;5], resistances of
extracellular compartment (Re) and total body compartment (Rinf) are

extrapolated. With Z-Métrix® undisclosed equations, hydric, tissular and
metabolic indicators can be calculated on right body and left body. Fig.1: Z-Métrix® (BioparHom ® France)

&

2.5. Collected data.

The body composition analyzer Z-Métrix® permitted to collect three kinds of data: tissular distribution data,
fluids data and metabolic data. Regarding tissular distribution data, Z-Métrix® calculated in independent way Fat
Mass (FMg,) and Muscle Mass (MMus) [6]. Concerning fluids data, Z-Métrix® calculated in independent way total
body water (TBW) and body hydration rate (TBW/W). As regards metabolic data, Z-Métrix® calculated Metabolic
Activity Indicator (MALI).

The medical data were collected by the federal physician. Height (H), weight (W), four skinfold, urinary strips (in
the morning, before breakfast), biological assessment, data concerning sleep, nutrition, hydration, training data
(volume and intensity) and clinical examination were realized. These data permitted to calculate Fat Mass
(FMgkinfora) With Durnin & Womersley 4 skinfold method [7]. Hydration state assessment (Hydedicar) Was made
thanks to urinary strips, which gave urine pH and urine density; and with blood analysis, which gave urea, creatinine
and creatinine clearance. Fatigue state (Fatigue) was estimated thanks to biological assessment such as cortisol,
testosterone, testosterone/cortisol ratio, CPK and transaminase blood concentrations.

3. Results & Discussion.

3.1. Is there a difference between Fat Mass measured by bioimpedance and by skin-fold method?

During this monitoring, Fat-Mass rates were
estimated by skinfold method (FMgintorr) and BIA | 135
method (FMg;a) on every 8 monitoring sessions. :
Figure 2 shows the evolutions of FMg 4 and FMginford ; S~ §
during the two PTP (Physical Training Period). R <1 p?

FMginow  and  FMga are respectively about o I :
11.142.2% and 12.1+1,3% during this monitoring. The a0
average gap between these two methods during the  *° '
monitoring is about 0.7%. ﬂ

Our hypothesis is that skinfold method estimates L
total body FM measuring under-skin Fat Mass,

——— FMSkinfold
== = = FMBIA

FMgiinfora VS FMg

10,5 T
n"1 n°2 n°3 n"4 n°s n°6 7 n°g

contrary to BIA which expresses directly total body
FM ﬂg& FMiskinfold & FMpya Variations.
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Table 2 shows mean and standard deviation (Sd) of FMgja and FMginroe. WWe can also see there are mainly the
same variations of FM, expressed by BIA or skinfold method.

We are thinking that BIA method might be used in routine in order to estimate FM, and to estimate FM
variations.

Table 2: Comparison of Fat Mass obtained by BIA and skinfold method during this monitoring.

Monitoring session FMacntos (%) _ FMan (%) —
Mean =+ Sd Variations | Mean % Sd Variations
N°1  (June, 2008) 1.1 £ 22 128 + 12
N°2  (July, 2008) 111 £ 33 122 £ 25 N
N°3  (August, 2008) 111 £ 26 = 133 £ 13 2
N°4 (October, 2008) 1 £ 22 N 127 + 16 N
N°5 (November, 2008) 10.8 * 1.4 N 123 0.9 St
N°6 (June, 2009) 107 £ 19 N 114 £ 12 N
N°7  (August, 2009) 105 + 21 N 111+ 12 N
N°8 (September,2009) 122 & 22 2 112 + =+08 A
3.2. Does BIA can estimate muscle mass? MMus (%W) ——haMus (6w)
44,0
In addition to Fat-Mass, BIA method can express a |, .
Muscle Mass rate [6]. PIP 1 )
On figure 3, we can observe variations during the two |+ I
PTP. Between BIA n°l and n°2, their training were
turning into muscle mass development and we can [
observe an increase of about 0.6% (about 500g). 20 ’
41,5 : : : :
n°1 n°2 n°3 n°4 n°s n°6 n°7 n°g

Fig.3: Muscle Mass variations.

Then, between BIA n°2 and n°3, they were in rest and we can observe a MMus lose. Their training load
increases, until BIA n°5 and the first competition, and we can observe a strong increase of about 1% (about 800g) of
Muscle Mass.

The same variations of MMus are observed between BIA n°6 and n°8 and between BIA n°1 and n°3.

42,0

41,0

40,0

39,0

MMus variations - Left body vs right body

n“1 n°2

Fig.4: MMus variations on left and right body sides.

n3

n°4

B MM {right body)
B MM (left body)

n°s

Moreover, BIA can express Muscle mass variations on
left body side and on right body side. Figure 4 shows these
variations.

We can see there were an unbalance between left side and
right side on BIA n°1 for MMus. The right side has 3% more
than the left side: 41.8% vs 44.8% for the entire group.

After getting this result, the technical staff turns physical
training in order to equilibrate left and right sides. On BIA
n°5, we can observe a perfect balance with 43.3% on each
side for entire group.

More than observe some variations, BIA can orientate
physical training, in particular to obtain the balance between
the two body sides.
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3.3. Is there a difference between hydration rate measured by bioimpedance and estimated by medical method?

BIA can measure with a hard reliability an
hydration rate [8] while medical method estimates it
using urine pH and density, and creatinine, creatinine
clearance and urea blood concentration collected in the
morning, before breakfast, so maybe dehydrated by
sleeping.

During this monitoring, after a complex analysis,
medical data give a binary diagnosis: “hydrated* or
“dehydrated“. On table 3, we can observe medical
diagnosis concerning the hydration state (Hydmegicar) Of
this group during the study and hydration rate
measured by BIA (TBW/W). The medical diagnosis
gives the same result during all the study period: the
entire group is dehydrated.

Table 3: Average Hydration state.

TBW/W (%)
Skiers data Hydnedica e

Mean + SD
N°1 (June,2008) Dehydrated 561 £ 24
N°2 (July,2008) Dehydrated 568 = 32
N°3 (August,2008) Dehydrated 559 + 2.8
N°4 (October,2008) Dehydrated 562 = 2.1
Ne°5 (November,2008 Dehydrated 571 = 3.6
N°6 (June,2009) Dehydrated 577 =+ 23
N°7 (August,2009) Dehydrated 58 = 09
N°8 (September,2009 Dehydrated 578 + 21

TBW/W (%)

——TBW/W (%)
59

58 : ; ]

\ [ oPPn2

57

Fig.4: Hydration rate variations.

We can see on figure 4 the evolution of the average

TBW/W for this group, knowing healthy rate is about
60%.

Medical and technical staffs attempt to correct the

dehydration of the skiers during all the monitoring,
optimizing diary hydration, hydration around training
sessions and using personal exercise drink for each skier.
We can see there were an increase, between BIA n°3 and
BIA n°8, of about 2%, approaching 58.5% as shown in
table 3. Here, BIA permits them to quantify the progress
of hydration rate on each skier.

Therefore, BIA method and medical method gave approximately the same information concerning the hydration
state of the group. But BIA permits to have a quantitative idea of the amplitude of dehydration. This information
was essential in order to correct their hydration around exercise (training or competition), and medical and technical
staff can quantify the progress of hydration rate for the entire group.

3.4. Is there a difference between fatigue approached by bioimpedance and by medical method?

MAI (AU) e MAI{AU)

------ Standard value

8,0

PTP n°1 ‘ i ptPn2

78

- :
5 i p?
76 +— : e
i j !
1

74— "

72 +— 0

7,0

n’l n°2 n°3 n’4 n°5 n°6 n°7 n°g

Fig.5 : Metabolic Activity Indicator variations.

Table 4 : Average fatigue state.

Skiers data els\fiir(xl:t:?oln —MezAI (:U)SD
N°1 (June,2008) Not tired 77 £ 0:8
N°2 (July.2008) Not tired 7.6 + 0.5
N°3 (August,2008) Not tired 7.4 + 0.6
N°4 (October,2008) Not tired 72 + 0.5
N°5 (November.2008 Not tired 7.5 + 0.9
N°6 (June.2009) Not tired 7.8 + 04
N°7 (August.2009) Not tired 747 + 04
N°8 (September.2009 Not tired 7.6 + 04
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During this monitoring, fatigue was estimated by medical staff using cortisol, testosterone, testosterone/cortisol
ratio, CPK and transaminase blood concentrations. After a complex analysis of these parameters, this method
permitted to have a binary diagnosis: “Tired” or “Not tired*. BIA method used Metabolic Activity Indicator (MAI),
which traduces cellular exchange capacity. MAI healthy subject value is about 7.5+0,2AU, for 20-29year old men
(standard value). MAI may express the fatigue state of skiers, using the hypothesis of implication of MALI in fatigue
[3]. The diagnosis of fatigue state given by medical staff for the entire group is noted in table 4 and the variations of
MAI are drawn in figure 5, where the standard value is drawn. We can observe that the binary result for fatigue state
is the same on each measurement: “Not tired“. MAI also permitted to observe variations in order to orientate
training. Between BIA n°1 and BIA n°4, there was a constant decrease of MAL. It can be explained by the high
intensity and high volume of a training session. After BIA n°4, one month before the first competition, they began a
tapering period (decrease of training volume in order to maintain physical qualities and optimize fatigue state) [9].
During this period, there was an increase of MAI. It can be explained by the positive effect of tapering period
realized between BIA n°4 and n°5. Therefore, BIA permits to have an idea of the fatigue state variations. This
information was essential in order to adapt training load or more, the real effect of their tapering periods.

Conclusion

This study investigated whether using Bioimpedance Analysis (BIA) indicators in physical preparation may be
able to complete medical data and to adjust training load and nutrition with the aim of 2010 Winter Olympic Games.

Concerning tissular distribution, in particular Fat Mass (FM), we compared BIA method and skinfold method [7].
Our results showed that BIA method might be used in routine in order to estimate FM, and its variations. In addition
to FM, BIA method is able to estimate Muscle Mass (MMus), its variations and its distribution in each body side.
Consequently, BIA can orientate physical training, in particular to obtain a tissular balance between each body sides.

Concerning fluids, BIA method and medical method gave approximately the same information concerning the
hydration state of the group. But BIA permits to have a quantitative idea of the amplitude of dehydration. This
information was essential in order to correct their hydration around exercise (training or competition). More,
medical and technical staff can quantify the progress of hydration rate for the entire group.

Besides tissular distribution and hydration state, our results showed that BIA method might be used in order to
estimate fatigue state with quantitative data, which allowed the technical staff to adapt training load, and observe the
positive effect of tapering period.

To conclude, this study let us think that BIA method, using a multi-frequency impedancemeter, and independent
equations, may be used in sportive and medical routine on elite skiers. BIA permitted to estimate Fat Mass, Muscle
Mass, Hydration state, fatigue state and their variations during a preparation of a major objective, such as Winter
Olympic Games 2010.
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