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ABSTRACT

18 healthy untrained children (13 boys, 5 girls) performed a 15 min submaximal
incremental exercise on cycloergometer rising heart rate (HR) up to a final step (Smin)
at 90% of theorctical maximal heant rate. Whole blood viscosity (at high shear rate),
plasma viscosity and hematocrit increased after exercise (p<0.01). The index of fitness
W 170 was negutively correlated with blood viscosity at rest (r = 0.752, p < 0.001).
Plasma viscosity and hematocrit were also correlated with W170 while relative blood
viscosity at corrected hematocrit 45% did not show such a cormrelation. 'l'hcrefqre (a)
exercising children undergo the same hemorheologic modification as adults;(b) W170,a
very classical index of fitness, is stongly related to blood fluidity; (c) the viscosity of
blood at very high shear rate (i.c.reflecting the newtonian behavior of blood) is correlated
with fitness; (c) the factors of blood viscosity involved in this relationship appear to be
plasma viscosity and hematocrit rather than red cell flexibility.

INTRODUCTION

Recently, two important circulatory parameters have been shown to be related to fitness: arterial
clasdeity (1) and blood fluidity (1-5). Since modifications of blood rheology experimentally
.=fluence blood supply to various dssues (6), it is atmactive to hypothesize that the relationships
oetween blood viscosity and the functon of exercising muscles are of physiological relevance (2).
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A longitudinal study showing that improvement of fimess during a training programme is associated
with a parallel decrease in blood viscosity supports to some extent this concept(7). However, this
aspect of exercise physiology remains incompletely clarified. For example, very litdle has been
reported, to our knowledge, concerning the relationships between blood fluidity and exercise in
children . In a previous paper, we demonstrated that a submaximal bout of exercise significantly
increases both plasma viscosity and hematocrit in children, in a very similar fashion as formerly
reponted in adults (8). The relationship between blood rheology and fitness, which has been described
in adults, remains to be studied in children. Among the measurements of fitness, W170 (9), which
is widely used for a direct assessment of children’s ability to exercise (10) has not been usec, to our
knowledge, in hemorheological studies. Other indexes which do not give exactly the same informa-
tion have been used (5). Therefore, in this paper, we aimed at studying the relationships between
resting blood viscosity and this index of fitness in healthy untrained children.

MATERIALS AND METHODS

The subjects used in this study were 18 children (13 boys, Sgirls) undergoing an exercise-test for the
exploration of growth disorders.

Children who exhibited endocrinologic abnormalities during this exploration were excluded from
the study. Thus, the subjects included in this protocol can be considered as "normal short” ones. None
took part in any organized physical training program. Group characteristics are presented in table 1.
Each subject underwent a complete medical history, physical examination and laboratory tests.
The apparatus used for the tests comprised a bicycle ergometer (Bodyguard). An ECG apparatus was
used to register heart rate (Cardio-Aid) with the impulses coming from three electrodes taped to the
subject’s chest. On the experimental day, each subject ate a standardized breakfast more than two
hours before the exercise protocol. Indwelling catheters were placed in the antecubital vein 45 min
prior the onset of exercise. Blood was sampled at -15, 0, 15 and 25 minutes with respect to the
beginning of exercise (0 minute). At ime 0 they started cycling. The work load increased up 1o a final
step at 90% of theoretical maximal heart rate, which was maintained 5 minutes . Exercise stopped
at time 15, just after the blood samples were drawn. Explicit standardized instructions were given
before each test. Pedal speed was kept constant at 60 rpm by the subjects with an rpm-meter.

V.Vl70 was also calculated, this being the work in watts that the subjects can perform at heart rate of
170 b.min! (9,10).We expressed it in watts per kg of body weight(1).

TABLE ]

Group characteristics of the 18 normal short children
of the study. Value : mean = SEM.

Age (y1) Height (m) Weight (kg) Pubertal Height standard
stage deviation score
Boys 13.7 1.43 37.06 1.7 - 205
05 %002 +132 012 +052 |
Girls 11.2 1.36 313 1.40 - 140
+0.6 +0.04 +33 +022 +0.18
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Blood samples (7 mil)were obtained by a large bore needle (Luer adaptor Venoject, set into the
catheter) to avoid shear damage to erythrocytes. A vacuum tube was used for blood withdrawal, with
tripotassium EDTA as the anticoagulant. No tourniquet was used for sample drawing in order to
minimize venous stasis. Viscometric measurements were performed at high shear rate (2000 s')with
a falling ball viscometer (MT90, Medica-test, 37 rue de I'Ermitage F-86280 Saint Benoit). The
coefficient of variation of this method ranges berween 0.6 and 0.8 % (10 repetitive measurement of
the same sample). We measured with this device apparent viscosity of whole blood at native
hematocrit, plasma viscosity, and blood viscosity at corrected hematocrit (45%). Two indices of
erythrocyte flexibility were calculated from viscometric measurements : Tk' according to Dintenfass
(25) and relatdve viscosity of whole blood at corrected hematocrit 45%. i.e. corrected blood viscosity
at hematocrit 45% divided by plasma viscosity. Corrected blood viscosity at 45% was calculated with
Quemada’s equation (26).

Hematocrit was measured by microcentrifugation.

Correlations were tested by linear regressions analysis and stepwise muldple regression analysis.
Whether one correlation was actually explained by other correlations among the studied parameters
was tested by partial regression analysis(11). Comparisons were made using the nonparametric tests
of Mann-Whitney and Wilcoxon. A difference of p < 0.05 was accepted as significant. Results are
presented as mean = the SE of the mean.

RESULTS
As shown on table 2, in response to the submaximal bout of exercise, all subjects demonstrated an
increase in blood viscosity, hematocrit and plasma viscosity which was significant (p<0.01). Blood
v‘isoosity increased in 17 subjects, hematocrit in 15 and plasma viscosity in 16 .
W170 ranged between 0.85 and 2.88 wattkg. It was lower in girls (1.51 £ 0.153) than in boys (2.06
£ 0.12) with a significance level of p < 0.05. The correlations of W170 with the other parameters

TABLE 2
Hemorheological parameters
during the exercise-test in the 18 children

Time -15 0 15 25

Hematocrit 39.89 40.78 41.16 *** 39.56
(%) +1.36 * 110 +1.02 +0.89

Whole blood

viscosity at 2.07 2.10 227 == 2.086
y=2000s" +0.06 + 006 =008 006

(mPa.s) |
Plasma viscosity s 116 ! 1.20 =+ 117

(mPa.s) +0.02 * 002 ! +0.02 +0.02 |
Corrected blood | i
viscosity at 2.23 2.30 ! 232 wes 2.28 .
45 % hematocrit + 005 * 003 ! *0.05 *0.05

(mPa.s) : |
Relative blood 1.99 196 | 197 i 195 |
viscosity at +0.06 + 002 i 2005 i =004 :
45 % hematocrit ! | f

Comparison with baschine vidue (Wilcoxon test) : * p= 005 *** p <001
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measured during the test are shown on table 3.0nly three parameters are correlated with it : resting
apparent blood viscosity b (r = -0.752 p < 0.001), resting hematocrit h (r = -0.643 p < 0.01) and
plasma-viscosity npl (r = -0.543 p < 0.02). A stepwise regression analysis gives the following
equation :

W170 = 7.02 - 0.036 nb - 3.53 npl —= 0.065 h

This equation statistically "explains” 66.66% of the variance of the parameter “W170" with a r value
of 0.816 (p<0.001). The order of choice of the determinants is : 1)blood viscosity ; 2) plasma
viscosity; 3) hematocrit. Actually, hematocrit, though it exhibits a higher r coefficient of correlation
with W170 than plasma viscosity, is of less importance in the equation since it is also correlated with
blood viscosity (x=0 857 p<0.001). A partial regression analysis shows that the correlation between
hematocrit and W170 is suppressed (r=0.0043 n.s.) if the variable "blood viscosity” is kept constant,
whereas the correlation between W170 and blood viscosity remains significant (r=0.509 p<0.05)
when the influence of the variable "hematocrit” is suppressed. This means that most of the variance
of W170 "explained” by hematocrit is included in the variance "explained”by blood viscosity. The
equation for hemorheological determinants of fitness when hematocrit is eliminated becomes :

W170 = 0.053 - 1.26 nb -1.82 npl
This equation "explains” 61.83% of the variance of W170 (r=0.786 p<0.001).

The same correlation matrix than in table 3 has been calculated separately for boys and girls. The
factors carrelated with W170 are shown on table 4. In both sexes, resting blood viscosity is correlated
with W170. However, the two other determinants give different results according to the sex. In boys,
resting plasma viscosity is correlated with W170 whereas resting hematocrit is not. In girls,
hematocrit is correlated with W170, but plasma viscosity is not correlated with this parameter. The
correlations of W170 with its three determinants (on the whole group and separately for each sex)
are shown on fig. 1 and 3.

We calculated ‘Tk' coefficient of Dintenfass together with relative blood viscosity at carrected
hematocrit. These two indices were strongly correlated to each other in the whole group (r=0.995
p<0.001), in girls (r=0.996 p<0.01) and in boys (r=0.995 p<0.001), In contrast, they were not
significantly modified during exercise and were not correlated with W170.

TABLE 4
Correlation coefficients among W 170 and hemorheogical parameters
in children broken down in two subgroups according to sex.
relative
resting blood | resting plasma resting corrected
viscosity viscosity hematocrit viscosity
(ht=45%)
Whole group
of children - 0.752 s> - 0.543 = - 0.643 #*+ -0.03
(n=18)
Boys (n = 13) - 0622+ -0.574* - 0.404 -0.09
Girls (n = 5) - 0.990 **+ 0.002 - 0.995 sx*= - 0.284
*p<005 **p<002 ***p<001 ****p<0.00
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FIG.1 - Correlation berween apparent blood viscosity at very high shear rate
and W 170 (index of fitness). A = whole group (r = - 0.752) ; B = girls (r = - 0.990) ;
C = boys (r = -0.622). (+)boys (o) girls.

DISCUSSION

Physiological investigations in children are limited by ethical problems, since it does not seem
acceptable to perform experiments without medical réasons in such subjects. Accordingly, the
endocrinological exploration of growth disorders, which in some protocols includes an exercise test,
provides a unique opportunity to study the modification of blood parameters during a standardized
muscular activity. When the children with endocrine abnormalities (as assessed by this exploration)
are excluded from the study, a population of "normal short” children is selected and the parameters
measured during the exercise-test can be used for physiological studies (12).

In this sample of children, we confirm our previous finding (8) that both plasma viscosity and
hematocrit are increased in children during exercise. This fact has already been demonstrated by
many investigators in adults (2,4,12-20). The rise in blood viscosity during exercise has been
reported to result from increases in both plasma viscosity and hematocrit (2,4,12-20) whereas red cell
deformability remains unchanged. In our preceding work (8)-we also found in children that
erythrocyte filterability, when measured on resuspended red cells at 8% hematocrit, remains
unchanged during exercise. Therefore, the two mechanisms explaining an increase is blood viscosity
during exercise are believed to be the changes in hematocrit and plasma viscosity. Table 2 shows that
relative blood viscosity for a corrected hematocrit of 45% is unchanged during the test. Similar
results are found with Tk’ coefficient of Dintenfass.

Since both parameters are very highly correlated, we do not give the results obtained with the latter.
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FIG. 2 - Correlation benveen W 170 and plasma viscosity.
A = whole group (r = 0543) ; B : boys (r = 0574).
Not significanz in girls. (») boys (o) girls.

which are quite the same. Therefore, when blood viscosity is corrected for hematocrit and plasma
viscosity, it does no longer show modifications during exercise. This is in agreement with the reports
concerning adult subjects, which show that erythrocyte rigidity remains unchanged during either
sumaximal or maximal exercise tests. However, it can be seen on table 3 that the increase in blood
viscosity fails to be correlated with the variations in plasma viscosity and hematocrit and is only
correlated with resting blood viscosity (r = 0.565 p<0.02). Since some modifications of leukocyte
functions during exercise have been reported (21,22), it can be hypothesized that they could play an
additional role in blood rheological changes induced by muscular activity. This point remains 1o be
clarified.

The main subject of this paper, nevertheless, is the correlation between blood fluidity and fitness. The
assessment of fitness by W170 is easy to perform and is generally considered as accurate (1,9,10).

However, most of the previous studies concerning the relationship between fimess and blood
rheology did not employ this well-standardized index, and gave assessments of fitness based on
other measurements (e.g. the time of exhaustion, 3) which do not exactly provide the same informa-
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FIG. 3 - Correlation between resting hematocrit and W 170.
A = whole group (r = 0.643) ; B : girls (r = - 0.990).
Not significant in boys. (+) boys (o) girls.

tion. The choice of viscometry at very high shear rate (22,23) requires some comments. We chose
the MT90 viscometer in order to avoid the influence of red cell aggregation on whole blood viscosity
and of flow instability on plasma viscosity (24,25). The influence of aggregatdon was minimized by
the high shear rate. The flow instability which occurs in rotational viscometers is not likely to occur
in a falling ball device. Moreover the coefficient of variation for plasma viscosity is very low.
Therefore, we believe that our measurements reflect the newtonian behavior of blood, and give a
precise evaluation of plasma viscosity.

It should be noticed that the values of whole blood viscosity measured at such shear rates are lower
than the values usually measured between 100 and 200 s'. This point has been already discussed by
the first users of this falling ball viscometer (22,23) and some theoretical explanatons have been
given (23). However, since shear rates ranging between 500 and 5000 s have been supposed to exist
in arteries, we think that this unusual measurement gives results which are physiologically relevant.
Blood supply to exercising muscle could be supposed to occur at such shear rates.

Table 2 shows that three hemorheological determinants of fimess are found with this technique :
apparent blood viscosity, plasma viscosity and hematocrit. However, the lauer parameter is
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climinated by the partal regression analysis, since most of the variance it “explains”is also
“explained” by whole blood viscosity. An equation “explaining”6()% of the variance of fitness index
by blood viscosity and plasma viscosity can be calculated.

Some differences, as shown on 1able 3, are found between girls and boys. In both sexes, a highly
significant negative correlation berween fitness index W170 and resting blood viscosity is found. but
the factor of blood viscosity which correlates with W170 is plasma viscosity in boys and hematocrit
in girls. However, the number of girls is reduced, and these results should be interpreted whit caution,
since no theoretical explanation for such a finding can be given.

We calculated Tk' coefficient of Dintenfass together with relative blood viscosity at corrected
hematocrit. Both indices are believed 1o be independent from hematocrit and plasma viscosity, so that
they measure erythrocyte rigidity in macrorheological conditions.

These two indices were strongly correlated to each other, so that we give only the results obtained
with the latter. These indices were not correlated with W170. Therefore, two determinants of blood
viscosity at high shear rate (hematocrit and plasma viscosity) are related to fitness, but when blood
viscosity is corrected for the influence of these two factors, it is no longer correlated with fimess. Red
cell flexibility, which is the main determinant of such corrected values of viscosity, seems therefore
10 be unrelated to W170 in this sample of subjects. However, Yokose (27) recently reported a lower
red cell rigidity (as assessed by filtration) in trained sportsmen. In our study, the range of values of
red cell rigidity indices is narrow, and our results do not rule out a possible influence of erythrocyte
rtheology on fitness : for example, rigidification of red cells in pathologic states may be associated
with higher viscosity and therefore reduced blood supply to exercising muscles. In contrast, special
training ( and nutritional) conditions in athletes may improve blood fluidity and be associated with
higher fitness. This point remains to be clarified.

In conclusion, this study confirms our previous report that blood rheology is impaired during exercise
in children, as already described in adults, and gives also evidence for a highly significant
relationship between fitness and blood fluidity. Therefore, in children as well as in adults, there is
increasing evidence that blood fluidity is 2 determinant of an individual's ability to perform an
exercise. It can be suggested that blood viscosity is a critical factor in the regulaton of oxygen and
nutrient supply to the exercising muscle. However, a direct experimental demonstration of this lanter
assumption remains to be given. Since the previous reports on this subject studied either adult beings,
other indexes of fitness, or blood rheology at lower shear rates, we believe that this study raises some
original points. In summary, we show : (a) that exercising children undergo the same modification
as adults ; (b) that W170, a very classical index of fitness, is strongly related to blood fluidity; (c) that
the viscosity of blood at very high shear rate (i.c.reflecting the newtonian behavior of blood) is
correlated with this fitness index.
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