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Abstract. We investigated relationships among body composition, blood rheology, and exercise performance in 14 rugbymen
(19-31 yr, weight 65.8-109.2 kg, height 1.7-1.96 m, body mass index 21.7-33.1 kg/m?) who underwent a standardized sub-
maximal exercise session on cycloergometer corresponding to 225 kJ over 30 min. The rheologic response to exercise was
measured with the MT90 viscometer and the Myrenne aggregometer. Dehydration, evaluated by precision weighing, resulted
in a loss of 360 to 973 g water, i.e., 1.69 to 4.32 g/kJ. This loss of water is not correlated to plasma volume contraction as
assessed by the equation of Greenleaf. Hemorheologic changes are observed, but they are correlated neither to water loss, nor
to plasma volume contraction. A 36% increase in blood viscosity (p < 0.01) is mainly explained by a red blood cell rigidifi-
cation (p < 0.02), although hematocrit and plasma viscosity also increase (p < 0.01). Isometric adductor strength (specific
ergometer) is correlated to erythrocyte flexibility (r = 0.680, p < 0.01). Red cell aggregability (Myrenne aggregometer) is
correlated to fat mass measured by bioelectrical impedance (r = 0.634, p < 0.02). Aerobic working capacity index Wiz is
negatively correlated to the increase in plasma viscosity during exercise (r = —0.546, p < 0.05), suggesting that this event is
less important in stronger individuals. This study shows that fat mass, even within a physiological range, is a determinant of
erythrocyte aggregability, suggesting that training-induced alterations in body composition play a role in the specific hemorhe-
ologic profile of athletes. In addition, both erythrocyte flexibility and the magnitude of fluid shifts during exercise appear to be
related to fitness in these sportsmen.
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1. Introduction

The relevance of hemorheological investigations to sports medicine is increasingly suggested by recent
literature. First, a correlation between blood fluidity and several indices of fitness has been reported
by several investigators [1-7]. It is mostly explained by body water and plasma volume changes after
training [8]. By contrast, the acute effect of exercise is rather a transient impairment in blood fluidity [9-
13]. Hyperviscosity resulting from an increase in plasma viscosity and hematocrit has been repeatedly
found [9-13], but changes in RBC rigidity are only found in several protocols [4-6,11]. Erythrocyte
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aggregability, which impairs erythrocyte distribution in muscle microcirculation [14] has been reported
to be related to the magnitude of blood lactate response [15,16] as well as the lactate thresholds during a
maximal exercise-test [17]. _

The training-induced decrease in blood viscosity that is chronically observed in trained sportsmen
has been mainly described as the result of an “autohemodilution” increasing plasma volume [8]. How-
ever, there is another aspect which has retained until now little attention: training-induced changes in
body composition, hormonal status and fuel metabolism are likely to induce further beneficial changes
in blood rheology and to explain some of the rheologic characteristics of athletes [18]. The interest of
investigating this point is that it could give some light on the mechanisms of exercise-induced improve-
ment in cardiovascular risk, blood rheology being a potential link between these two aspects. Therefore,
in this study, we aimed at determining whether body composition in athletes is related to hemorheologic
parameters, the latter being themselves determinants of exercise performance.

2. Subjects and methods

Subjects used in this study were 14 rugbymen submitted to a daily physical training program. They
were volunteers and gave their informed consent in accordance to the local ethical regulation. Their
mean age was 19-31 yr; their mean weight was 65.8-109.2 kg; their mean height was 1.7-1.96 m. Their
mean waist to hip ratio was 0.92 + 0.02. Measurements of isometric handgrip strength and isometric
strength of the tight adductors were performed with specific home-made ergometers (INSERM U103-
Biomécanique, Montpellier). These ergometers comprise a strength analyzer shaped in order to fit with
anatomic characteristics of the subjects, and an electronic analysis system with liquid crystal screen
display. Accuracy of the device is regularly reevaluated [19,20].

Subjects underwent a standardized submaximal exercise session on cycloergometer corresponding
to 225 kJ over 30 min. Pedal speed was kept constant at 60 rpm by the subjects. Physical working
capacity W7o was calculated, this being the work in watts that the subjects were able to perform at a
heart rate of 170 bmin~! [21]. Dehydration was evaluated by precision weighing (Sartorius model P
150-S-F2, France) and the water loss was expressed as a percentage of plasma volume (assumed to
represent 4.3% of body weight [22]). The total heat production during exercise was calculated from the
work output measured on cycloergometer and was corrected by cutaneous surface (S? (skin)) calculated
from height (H (cm)) and weight (W (kg)) with the formula of DuBois and DuBois [23]:

S2 = HO725 5 WO425 x 71.84 x 1074,

Body composition was assessed with a four terminal impedance plethismograph BIA 101/s from Akern
RJL Systems (Detroit, MI, USA). The four electrode method minimizes contact impedance and skin-
electrode interactions. Measurements were made in fasting subjects after 15 min resting in a supine
position. A current of 800 pA and 50 kHz is introduced into the subject and the measurement of the
voltage drop allows the determination of total body reactance and impedance. These values are used
with a software provided by the manufacturer for calculating body water, fat mass, fat-free mass, and
body cell mass [24].

2.1. Laboratory measurements

Blood samples for hemorheological measurements (7 ml) were drawn with potassium EDTA as the
anticoagulant in a vacuum tube (Vacutainer). Viscometric measurements were done at very high shear
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rate (1000 s~!) with a falling ball viscometer (MT 90 Medicatest, F-86280 Saint Benoit) [25,26]. Ac-
curacy of the measurements was regularly controlled with the Carrimed Rheometer ‘CS’ (purchased
from Rhéo, 91120 Palaiseau, France) [27]. The coefficient of variation of this method ranged between
0.6 and 0.8% [28]. With this device we measured apparent viscosity of whole blood at native hemat-
ocrit, plasma viscosity, and blood viscosity at corrected hematocrit (0.45) according to the equation of
Quemada [29]. Dintenfass” ‘Tk’ index of erythrocyte rigidity was calculated [30]. RBC aggregation was
assessed with the Myrenne aggregometer [31] which gives two indices of RBC aggregation: ‘M’ (aggre-
gation during stasis after shearing at 600 s~1) and ‘M1’ (facilitated aggregation at low shear rate after
shearing at 600 s~!). The hematocrit/viscosity (h/n) ratio, an index of oxygen supply to tissues, was
calculated according to Chien [32] and Stoltz [33], with hematocrit (as percentage) divided by viscosity
at high shear rate determined as described above.

The AFFIBIO-SEFAM aggregometer was used for a more precise assessment of RBC aggregation.
This device is based upon the experiments of Mills [34,35] on cell disaggregation behavior in shear
flow. This device measures the changes in backscattered light which are observed when sheared RBC
suspensions are abruptly brought to a full stop. The decrease in the optical signal reflects the formation
of RBC aggregates [36-38]. Some parameters are derived from the curve of light intensity as a function
of time. The aggregation time is the reciprocal of the initial slope (calculated between 0.5 and 2 s after
the shear has stopped). The aggregation index at 10 s is a measurement of the extent of erythrocyte
aggregation and is the relative surface area above the curve calculated over the first 10 s. This device
measures also disaggregation thresholds, by submitting blood to a succession of shear rates from 600
to 7 s~ 1. The total disaggregation threshold is the shear rate below which the backscattered light intensity
starts to decrease, indicating that the shear stress applied to aggregates is no longer sufficient for allowing
complete dispersion of RBC aggregates. The partial disaggregation shear rate is defined as the shear rate
corresponding to the intersection point of the two asymptotes drawn from the extremes (maximum and
minimum shear rate).

Changes in plasma volume

A formula for calculating plasma volume changes (% APV) during exercise from hematocrit changes
has been published by investigators of the NASA-Ames Research Center [41] who demonstrated its
validity in moderate as well as maximal exercise. We applied this formula to our data. The equation is:

% APV = 100/(100 — Ho) x 100[(Ho — H)/Ho],
where Ho is resting hematocrit and H hematocrit during exercise.
2.2. Statistics

Results are presented as mean =+ SE of the mean. A value of p < 0.05 was considered as significant.
Comparisons were made with Mann, Whitney and Wilcoxon nonparametric tests [42]. Correlations were
tested by least square fitting for linear, exponential, logarithmic and power relationships.

3. Results
Body composition as assessed by bioelectrical impedance measurements showed a fat free mass of 70

+ 3.1 kg (i.e., 81.7 & 1.04% of body weight) and a fat mass of 26.65 + 11.7 kg, i.e., 18.3 & 1.04%.
Body water averaged 49.7 & 1.8 kg, i.e., 58.3 & 1.2% of body weight.
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Fig. 1. Correlation between water loss (expressed as a percentage of plasma volume) and heat production corrected by cutaneous
surface (r = 0.539, p < 0.05).

3.1. Responses to exercise

Hemorheologic changes are shown in Table 1. There is a 36% increase in blood viscosity (p < 0.01)
and an increase in the red cell rigidity index ‘Tk’ (p < 0.02). Red cell aggregation measured with
the Myrenne aggregometer does not change while an increase in aggregation is evidenced with the
SEFAM aggregometer (lower aggregation time p < 0.01). Hematocrit and plasma viscosity also in-
crease (p < 0.01). A stepwise regression analysis selects the increase in Tk as the main determinant of
this change in blood viscosity, since it explains 34% of the variance of this parameter in this situation.
By contrast, changes in hematocrit and plasma viscosity are not significantly correlated to the increase
in blood viscosity at high shear rate, suggesting that they do not explain most of this phenomenon in this
experimental situation.

3.2. Dehydration

Dehydration, evaluated by precision weighing, resulted in a loss of 360 to 973 g water, i.e., 1.69 to
4.32 g/kJ. This loss of water is not correlated to plasma volume contraction as assessed by the equation
of Greenleaf (r = 0.001 ns). Water loss (expressed as a percentage of theoretical plasma volume) is
correlated to heat production corrected by cutaneous surface (Fig. 1). Rheologic changes are correlated
neither to water loss, nor to plasma volume contraction. For instance, r values for the increase in blood
viscosity vs water loss is as low as 0.02 and r values for the increase in plasma viscosity vs water
loss is 0.06. Thus, theologic changes seem to be poorly related to dehydratation in these experimental
conditions. ‘

3.3. Measurements of fitness

As shown on Fig. 2, the aerobic working capacity index W7o is negatively correlated to the increase in
plasma viscosity during exercise (r = —0.546, p < 0.05), suggesting that this event is less important in
stronger individuals. A totally different fitness parameter is presented in Fig. 3 which shows that isometric
adductor strength (specific ergometer) is negatively correlated to erythrocyte rigidity. This correlation
fits better with an exponential curve (r = —0.680, p < 0.01) than with a linear one (r = —0.649,
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Table 1

Modifications (mean + SEM) of rheologic parameters during max-
imal exercise in study subjects

Before exercise After exercise
Blood viscosity 2.9+ 0.07 3.66 + 0.17***
Corrected viscosity 745 3.08 £ 0.09 3.44 £+ 0.09™*
Plasma viscosity 1.34 £ 0.01 1.45 £ 0.01***
“Tk” (RBC rigidity) 0.62 + 0.01 0.65 + 0.02***
h/n ratio 0.1540.004  0.13 £ 0.004™***
Hematocrit (%) 42.64 +0.94 46.5 + 1.09***
RBC aggregation ‘M’ 43+045 4.55+0.37

RBC aggregation ‘M1’ 8.08 £ 0.6 8.12 £ 0.65
Aggregation time (TA) 277+ 0.28 1.85 £ 0.14***
Aggregation time (Tf) 39+£29 28.6 + 2.7

p < 0.05; ***p < 0.01; ****p < 0.0001.
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Fig. 2. Negative correlation between aerobic working capacity index W79 and the increase in plasma viscosity (r = —0.546,
p < 0.05).

p < 0.02). As shown in Fig. 4, red cell aggregability (Myrenne aggregometer) appears to be unrelated to
performance but is correlated to the body mass index (r = 0.565, p < 0.05) and even better to fat mass
(r = 0.634, p < 0.02).

4. Discussion

This study shows that fat mass is correlated to erythrocyte aggregability (Fig. 4), and that the magni-
tude of the exercise-induced rise in plasma viscosity is related to aerobic working capacity (Fig. 2). In
addition, red blood cell deformability is correlated with isometric strength.

Most of the literature on blood rheology and exercise focuses on endurance athletes [18]. To our
knowledge, this is the first report of hemorheology in rugby players. Rugby players belong to several
athletic types, ranging from the highly strength-trained to the endurance-trained, so that they could be
expected to represent a heterogeneous sample, mostly concerning their body composition [43]. There-
fore, these sportsmen were potentially an interesting population for investigating relationships between
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Fig. 3. Exponential negative correlation between isometric adductor strength and erythrocyte rigidity (r = —0.680, p < 0.01).
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Fig. 4. Correlation between red cell aggregability (Myrenne aggregometer Ml index) and fat mass (r = 0.634, p < 0.02).

training-induced alterations in body composition and hemorheological parameters over a wide physio-
logical range of values.

Our data on body composition are obtained with bioelectrical impedance analysis, which is an indirect,
widely used and validated, method for evaluating fat mass and body fluids from measurements of body’s
electric properties [24]. This technique is reproducible and accurate when conditions of validity are
carefully respected (e.g., rest, fast, absence of ionic disturbances, use of specific equations valid for the
population investigated). In the case of sportsmen, the technique can be precise and sensitive if these
conditions are well respected [43-45].

An important finding of this study, obtained with this method, is that body fat mass is correlated to
erythrocyte aggregability. In obese people, increased red cell aggregability proportional to excessive fat
deposits is a classical finding [46,47]. However, bioelectrical impedance analysis of these sportsmen does
not support the diagnosis of obesity, although they have a high body mass index. As previously reported,
the large body mass index of rugbymen is explained in our sample by an increase in fat-free mass [43]
while the percentage of fat remains within a normal range. Thus, the correlation in Fig. 4 shows that fat
mass is a determinant of erythrocyte aggregability even within a physiological range, i.e., the lower is
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fat mass, the lower is erythrocyte aggregability. The mechanism as well as the physiological meaning
of this relationship remain to be investigated. A physiological link between the adipose tissue and red
cell aggregability could be hypothesized on the basis of recent reports indicating that the fat cell is
able to release substances involved in fibrinogen turnover, such as plasminogen activator inhibitor 1 [48].
Therefore, the correlation between red cell aggregation and adipose mass may not be restricted to obesity,
but rather reflect a physiological regulation. Since erythrocyte aggregability impairs oxygen supply by
muscle microcirculation [14] and is associated with a higher lactate accumulation into blood during
exercise [15-18], this relationship may have some influence on fuel processing at the muscular level.
However, blood lactate was not measured in this study, and further investigation is needed for clarifying
this point.

Another aspect of body composition in sportsmen that is likely to influence blood rheology is the
exercise-induced alteration in body water volumes. We expressed the water loss proportional to body
weight, assuming that plasma volume represents 4.3% of this weight, a classical statement in physio-
logical textbooks [22]. However, given the different training backgrounds of our subjects, this should
be considered as a theoretical evaluation, in order to assess the magnitude of the body water loss as a
fraction of the plasma volume and thus to compare it with the rheologic changes. In fact, no signifi-
cant relationship between body water and blood rheology is evidenced, either at rest or after exercise.
While water supply has been demonstrated to reduce exercise-induced hyperviscosity [13], neither water
loss measured by precision weighing nor hemoconcentration evaluated by the formula of Greenleaf are
correlated in this study to rheological changes.

All the classical components of the exercise-induced rise in blood viscosity are observed in this exper-
iment, as shown on Table 1. However, results concerning erythrocyte aggregability require some com-
ments. In most studies, this parameter is unchanged during exercise when investigators measure it with
the Myrenne aggregometer [4,18]. By contrast, we recently observed in footballers that the SEFAM ery-
throaggregometer, which is a less widely used, but much more sophisticated and reliable device [36-38],
detects a significant increase in red cell aggregability during a 25 min submaximal exercise-test [49].
Similar results have been reported by Hardeman with the LORCA [50]. The reason for the discrepancy
among various methods in this situation is unclear, since the Myrenne aggregometer is generally sensitive
to all clinical situations characterized by increased red cell aggregability [36-38]. Exercise-induced al-
terations in disaggregability and aggregability of erythrocytes seem to be related to fibrinogen levels [49]
but their mechanism remains to be further clarified.

Finally, we find two relationships between markers of fitness and blood rheology that have not yet
been, as far as we know, reported elsewhere. As shown in Fig. 2 there is a negative correlation between
aerobic working capacity index W7o and the increase in plasma viscosity during exercise. Wi7g is a
classical index of an individual’s response to a submaximal work load. Actually, the relationship between
the work load and the corresponding steady state of heart rate is more generally expressed as a VO3 max,
according to Astrand’s equations and nomograms [51], but one could argue that it is more satisfactory to
express such results as watts for a heart rate than as a rate of oxygen consumption, given that oxygen was
not measured. W7o and indirect VO, max have the same meaning and are generally well correlated [15].
Obviously, 170 b/min may represent a different percentage of maximal heart rate if subjects have not the
same age: however, sportsmen studied in our paper had quite the same age so that their W7o could safely
be compared.

This finding may suggest that the fitter is the subject, the more moderate is hemoconcentration dur-
ing exercise. Thus, plasma volume can be better preserved, with presumably beneficial consequences on
cardiac output and working capacity [52]. On the other hand, as shown on Fig. 3, the viscometric index
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of red cell rigidity “Tk’ is negatively correlated with isometric adductor strength. Although various mea-
surements of fitness have been reported to be related to blood fluidity (including VO3 max [17], W17 [S]
and exercise duration until exhaustion [3]) we are not aware of studies reporting a relationship between
isometric strength and a rheological parameter. Moreover, erythrocyte deformability has not been until
now described as a major rheologic marker of fitness, contrasting with a large body of evidence showing
that plasma viscosity is a good statistical determinant of aerobic capacity [18]. Thus, whether erythrocyte
deformability is a marker of fitness for some sports in which strength is more important than aerobic ca-
pacity remains to be studied. Presumably, metabolic alterations associated with training-induced changes
in body composition may explain why some sportsmen have a lower erythrocyte rigidity [18]. However,
trace element deficiencies such as zinc depletion are associated with both a lower strength [19] and a
higher red cell rigidity [53] that may explain some of our findings in this study. Since zinc was not
measured in this work, this hypothesis remains speculative.

In conclusion, this study shows that red cell aggregation is correlated to fat mass even in sportsmen
in whom this fat mass is low, suggesting that this aspect of body composition may explain some of
the specific rheologic improvements that have been described in athletes. We think that this finding
supports our previous assumption of a ‘triphasic effect’ of exercise on blood rheology [18], i.e., training-
related alterations in body composition have specific long-term metabolic effects that further influence
the rheologic properties of blood. In addition, aerobic capacity is associated with a lower rise in blood
viscosity during exercise, and red cell flexibility is correlated to strength, further supporting the concept
of a role of blood fluidity in exercise performance.

References

[1] L. Dintenfass and B. Lake, Exercise fitness, cardiac work and blood viscosity factors in patients and normals, Eur. Surg.
Res. 8 (1976), 174-184.
[2] E. Ernst, A. Matrai, E. Aschenbrenner, V. Will and Ch. Schmidlechner, Relationship between fitness and blood fluidity,
Clin. Hemorheol. 5 (1985), 507-510.
[3] E. Emnst and A. Matrai, Regular physical exercise increases blood fluidity, Rev. Port. Hemorreol. 1 (1987), 33-40.
[4] J.F. Brun, C. Lagoueyte, M. Rauturier, C. Fedou and A. Orsetti, Hématocrite, viscosité plasmatique, et activité musculaire
chez ’enfant, Science & Sports 4 (1989), 53-63.
[5] L.E. Brun, M. Sekkat, C. Lagoueyte, C. Fedou and A. Orsetti, Relationships between fitness and blood viscosity in un-
trained normal short children, Clin. Hemorheol. 9 (1989), 953-963.
[6] J.E. Brun, C. Fons, E. Raynaud, C. Fedou and A. Orsetti, Influence of circulating lactate on blood rheology during exercise
in professional football players, Rev. Port. Hemorreol. 5 (1991), 219-229.
[7] S.E.Charm, H. Paz, and G.S. Kurland, Reduced plasma viscosity among joggers compared with non-joggers, Biorheology
15 (1979), 185-191.
[8] E. Emst, L. Daburger and T. Saradeth, The kinetics of blood rheology during and after prolonged standardized exercise,
Clin. Hemorheol. 11 (1991), 429-439.
[9] E. Ernst, Changes in blood rheology produced by exercise, J. Am. Med. Ass. 253 (1985), 2962-2963.
[10] S. Signorelli, D. Tornetta, M. Ferrara, S. Interlandi, S. LoDuca, S. Monaco, E. Cottini and G.M. Andreozzi, Modificazioni
emoreologiche nello sforzo, La Ricerca Clin. Lab. 15(Suppl. 1) (1985), 163-167.
[11] J.F. Brun, C. Fons, L. Supparo, C. Mallard and A. Orsetti, Could exercise-induced increase in blood viscosity at high shear
rate be entirely explained by hematocrit and plasma viscosity changes?, Clin. Hemorheol. 13 (1993), 187-199.
[12] 1.F. Brun, J.P. Micallef and A. Orsetti, Hemorheologic effects of light prolonged exercise, Clin. Hemorheol. 14 (1994),
807-818.
[13] H. Vandewalle, C. Lacombe, J.C. Lelievre and C. Poirot, Blood viscosity after a 1-hr submaximal exercise with and without
drinking, Int. J. Sports Med. 9 (1988), 104-107.
[14] E. Vicaut, X. Hou, L. Decuypere, A. Taccoen and A. Duvelleroy, Red blood cell aggregation and microcirculation in rat
cremaster muscle, Int. J. Microcirc. 14 (1994), 14-21.
[15] J.E. Brun, L. Supparo, C. Fons, A. El Bouhmadi and A. Orsetti, Low values of blood viscosity and erythrocyte aggregation
are associated with lower increases in blood lactate during submaximal exercise, Clin. Hemorheol. 14 (1994), 105-116.



D. Bouix et al. / Body composition, rheology and exercise 253

[16] J.F. Brun, J.F. Monnier, A. Charpiat and A. Orsetti, Longitudinal study of relationships between red cell aggregation at
rest and lactate response to exercise after training in young gymnasts, Clin. Hemorheol. 15 (1995), 147-156.

[17] J.F. Brun, 1. Supparo, D. Rama, C. Benezis and A. Orsetti, Maximal oxygen uptake and lactate thresholds during exercise
are related to blood viscosity and erythrocyte aggregation in professional football players, Clin. Hemorheol. 15 (1995),
201-212.

[18] J.F. Brun, S. Khaled, E. Raynaud, D. Bouix, J.P. Micallef and A. Orsetti, Triphasic effects of exercise on blood rheology
which relevance to physiology and pathophysiology?, Clin. Hemorheol. Microcirc. 18 (1998) (in press).

[19] J.F. Brun, C. Dieu-Cambrézy, A. Charpiat, C. Fons, C. Fédou, J.P. Micallef, M. Fussellier, L. Bardet and A. Orsetti, Serum
zinc in highly trained adolescent gymnasts, Biol. Trace Element Res. 47 (1995), 273-278.

[20] J.E. Brun, C. Blachon, J.P. Micallef, C. Fédou, A. Charpiat, O. Bouix and A. Orsetti, Protéines porteuses des so-
matomédines et force isométrique de préhension dans un groupe de gymnastes adolescents soumis a un entrainement
intensif, Science & Sports 11 (1996), 157-165.

[21] H. Wahlund, Determination of physical working capacity, Acta Med. Scand. 215 (1948), 1-78.

[22] S. Wright, Applied Physiology, C.A. Keele and E. Neil, eds, 12th edn, Oxford University Press, London, 1971.

[23] M. Dauzat, J. Mercier and J.M. Bourgeois, Physiologie Générale: Bioenergétique, Nutrition, Nerf, Muscle, Sauramps
Médical, 1992.

[24] H.C. Lukaski, P.E. Johnson, W.W. Bolonchuch and Lykken, Assessment of fat free mass using bioelectrical impedance
measurements of the human body, Am. J. Clin. Nutr. 41 (1985), 810-817.

[25] J. Doffin, R. Perrault and G. Garnaud, Blood viscosity measurements in both extensional and shear flow by a falling ball
viscometer, Biorheology (Suppl. 1) (1984), 89-93.

[26] M.F. Aillaud, C. Poisson, M. Buonocore, M. Billerey, P. Lefevre and I. Juhan-Vague, Etude du viscosimetre médical a
chute de bille, Le Pharmacien Biologiste 159 (1985), 291-294.

[27] J. Bouton and M. Ansermin, Rheometre Carrimed CS. Appareil a contrainte imposée pour mesure de fluides viscoélas-
tiques et de fluides 2 seuil. Techniques en Biorheologie, J.F. Stoltz, M. Donner and E. Puchelle, eds, Séminaire INSERM
143 (1986), 121-124.

[28] C. Fons, J.F. Brun, L. Supparo, C. Mallard, C. Bardet and A. Orsetti, Evaluation of blood viscosity at high shear rate with
a falling ball viscometer, Clin. Hemorheol. 13 (1993), 651-659.

[29] D. Quemada, Rheology of concentrated disperse systems. A model of non Newtonian shear viscosity in steady flows,
Rheol. Acta 17 (1978), 632-642.

[30] L. Dintenfass, Blood Viscosity, Hyperviscosity and Hyperviscosaemia, MTP Press, Melbourne, 1985, 482 pp.

[31] H. Schmid-Schénbein, E. Volger and H.J. Klose, Microrheology and light transmission of blood. III: The velocity of red
cell aggregate formation, Pfliigers Arch. 254 (1975), 299-317.

[32] S. Chien and L.A. Sung, Physicochemical basis and clinical implications of red cell Newtonian shear viscosity in steady
flows, Rheol. Acta 17 (1978), 632-642.

[33] I.E Stoltz, M. Donner and S. Muller, Introduction de la notion de profil hémorhéologique: “Hémorhéologie et Facteurs
de Risque”, in: 7e Réunion Conjointe de la Société Hémorhéologie de I’Ouest et de la Societé de Biorhéologie de Langue
Frangaise, ] M. Bidet, D. Boudart, M. Delamaire and F. Durand, eds, 18th May 1990, Rennes (France), pp. 12-25.

[34] P. Mills, D. Quemada and J. Dufaux, Etude de la cinetique d’agregation érythrocytaire dans un écoulement Couette, Rev.
Phys. Appl. 15 (1980), 1357-1366.

[35] P. Snabre, M. Bitbol and P. Mills, Cell disaggregation behavior in shear flow, Biophys. J. 51 (1987), 795-807.

[36] B. Pignon, S. Muller, D. Jolly, M. Siadat, E. Petitfrere, B. Vessel, M. Donner, G. Potron and J.F. Stoltz, Validation d’une
méthode d’approche de I’agrégation érythrocytaire par rétrodiffusion laser, in: Hémorhéologie et Agrégation Erythrocy-
taire, 1.F. Stoltz, ed., Vol. 2, Applications Cliniques, Editions Médicales Intemationales, Paris, 1988, pp. 65-74.

[37] M. Donner, M. Siadat and J.E. Stoltz, Erythrocyte aggregation: approach by light scattering determination, Biorheology
25 (1988), 367-375.

[38] A. Chabanel and M. Samama, Evaluation of a method to assess red blood cell aggregation, Biorheology 26 (1989), 785—
797.

[39] J.E. Greenleaf, V.A. Convertino and G.R. Mangseth, Plasma volume during stress in man: osmolality and red cell volume,
J. Appl. Physiol. 47 (1979), 1031-1038.

[40] W. Van Beaumont, J.E. Greenleaf and L. Juhos, Disproportional changes in hematocrit, plasma volume and proteins during
exercise and bed rest, J. Appl. Physiol. 33 (1972), 55-61.

[41] V.A. Convertino, L.C. Keil, E.M. Bernauer and J.E. Greenleaf, Plasma volume, osmolality, vasopressin, and renin activity
during graded exercise in man, J. Appl. Physiol. 50 (1981), 123-128.

[42] D. Schwarz, Méthodes Statistiques a I'Usage des Médecins et des Biologistes, Flammarion, Paris, 1981.

[43] E. Varlet-Marie, J.F. Monnier, J.-F. Brun, C. Blachon and A. Orsetti, Relations entre la composition corporelle mesurée
par impédancemétrie et la performance motrice sur ergocycle, Science & Sports 12 (1997), 204-206.

[44] ].F. Monnier, E. Raynaud, J.F. Brun and A. Orsetti, Evaluation de la répétabilit¢ moyenne d’une technique d’im-
pédancemétrie appliquée  la détermination de la composition corporelle, Science & Sports 12 (1997), 208-209.



254 D. Bouix et al. / Body composition, rheology and exercise

[45] 1.F. Monnier, E. Raynaud, J.E. Brun and A. Orsetti, Influence de la prise alimentaire et de 1’exercice physique sur une
technique d’impédancemétrie appliquée 2 la détermination de la composition corporelle, Science & Sports 12 (1997),
207-209.

[46] C. Le Dévéhat, T. Khodabandehlou and M. Dougny, Etudes des parametres hémorhéologiques dans 1’obesité isolée,
Diabetes Metab. 18 (1992), 43-47.

[47] J.E Brun, C. Fons, L. Supparo, C. Mallard and A. Orsetti, Relationships between metabolic and hemorheologic modifica-
tions associated with overweight, Clin. Hemorheol. 13 (1993), 201-213.

[48] M.C. Alessi, F. Peiretti, P. Morange, M. Henry, G. Nalbone and I. Juhan-Vague, Production of plasminogen activator
inhibitor and by human adipose tissue. Possible link between visceral fat accumulation and vascular disease, Diabetes 46
(1997), 860-867.

[49] J.F. Brun, J.F. Monnier, E. Raynaud, J.P. Micallef and A. Orsetti, Erythrocyte disaggregability is reduced during submax-
imal exercise, Haemostasis 26 (1996), S3 (abstract 603).

[50] M. Hardeman, H.PF. Peters and P.T. Goedhart, Low hematocrit and plasma fibrinogen in trained athletes increase
hemorheological tolerance for physical stress, Biorheology 32 (1995), 401 (abstract).

[51] P.O. Astrand and K. Rodahl, Textbook of Work Physiology. Physiological Bases of Exercise, McGraw-Hill, New York,
19717.

[52] V.A. Convertino, Blood volume: its adaptation to endurance training, Med. Sci. Sports Exerc. 23 (1991), 1338-1348.

[53] S. Khaled, I.F. Brun, J.F. Monnier and A. Orsetti, Serum zinc and blood rheology in sportsmen (football players), Clin.
Hemorheol. 17 (1997), 47-58.



	

