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ABSTRACT

Physical exertion and sport cause changes of different nature and degree
(positive or negative, strong, weak, moderate) in blood and blood cells’ bio-
mechanical and fluid properties. The aim of this minireview was to attempt to
summarize the main red blood cell deformability alterations during and after
physical activity classified as follows: erythrocyte geometric shape; erythro-
cyte membrane rheological properties; biochemical and structural properties
of erythrocyte membrane lipids and proteins; hemoglobin concentration, cal-
cium ion concentration, intracellular diffusion and osmosis; nitric oxide and
erythrocyte nitric oxide synthase; erythrocyte ATP synthase; erythrocyte age
and degree of erythrocyte cell maturation; body and erythrocyte temperature.
It is essential to study and evaluate the individual hemorheological response
profile of erythrocyte deformability during physical activity because it is strong-
ly personal. This is one of the major erythrocyte properties determining oxy-
gen supply to working muscles. The multiple hemorheological changes during
physical activity and their interconnectedness and strong personality make their
differentiation very difficult. It is reasonable to weigh their effects (with specific
quantitative measurements) to simplify the analysis and increase the likelihood
of obtaining valid conclusions. But there will always be the probabilistic nature
of these conclusions, determined by the complex and strictly individual picture
of the hemorheological effects of physical exercises and activities.

Keywords: red blood deformability, erythrocyte morphological properties,
blood flow, physical activity

the circulatory vascular bed by red blood cells

One of the main functions of the cardio-
vascular system during exercise is to ensure
a full supply of everything necessary for the
intensively working muscles. A primary func-
tion of red blood cells is to transport oxygen
(O,) from the lung to the tissues and deliver
metabolically produced carbon dioxide (CO,)
to the lung for exhalation. Hemoglobin in
erythrocytes also contributes to the stable,
functional capacity of the blood. The release
of ATP (adenosine triphosphate) and nitric
oxide (NO) from the red blood cells leads to
vasodilatation (expansion of blood vessels)
and, from there — to maximum, respectively,
sufficient blood flow to the working muscles,
organs, and tissues. The optimal erythrocyte
functions for the human body are provided in

with optimal micromechanical properties,
namely rheological, morphological, m echan-
ical, and biochemical (Ivanov, 2022; Mair-
baurl, 2013).

The fact that blood viscosity is one of the
main factors determining the behavior of blood
flow in the macrocirculatory channel (arteries
and veins) is also known. On the other hand,
the micromechanical properties of blood cells
(erythrocytes, leukocytes, platelets) determine
the behavior of blood during its flow through
the microcirculatory system (arterioles, cap-
illaries, venules). In microcirculation, indi-
vidual blood cells often pass through blood
vessels with a smaller diameter than that of
erythrocytes and leukocytes. In this aspect,
in the microcirculatory bed, it is important
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to determine what mechanical deformability
the erythrocytes possess (Smith et al., 1999).
It is accepted that erythrocytes mainly deter-
mine the blood flow behavior because they are
the most numerous in a unit volume of blood.
Their number depends on the sex and age of
the individual, as well as other factors.

The movement of red blood cells in the
microcirculatory bed determines the resistance
to blood flow and the distribution of all types
of blood cells in the microvascular network.
Erythrocyte deformability is a major hemorhe-
ological factor requiring careful and in-depth
study (Fedosov et al., 2014).

The purpose of this minireview was to
summarize the main red blood cell deform-
ability alterations during and after physical
activity classified as follows: erythrocyte geo-
metric shape; erythrocyte membrane rheo-
logical properties; biochemical and structural
properties of erythrocyte membrane lipids and
proteins; hemoglobin concentration; calcium
ion concentration; intracellular diffusion and
osmosis; nitric oxide and erythrocyte nitric
oxide synthase; erythrocyte ATP synthase;
erythrocyte age and degree of erythrocyte cell
maturation; body and erythrocyte temperature.

TOPICS AND RESULTS

Morphological red blood cell character-
istics

The number of erythrocytes in the human
body is between 4.7 - 6.1x10'%/L, and their
number depends on the sex, age, weight, health
status, fitness status of the individual, as well as
other external factors. Their shape is a bicon-
cave disk with dimensions: diameter of about 8
um, thickness on the periphery of about 2.5 um,
and in the middle of about 1.5 pum (Figure 1).

The average total surface of all erythrocytes
of an average individual (3000-3200 m?) is about
1500-2000 times larger than his body surface.
Erythrocytes are enveloped by a lipoprotein cell

membrane made up of four molecular layers. The
erythrocyte membrane is permeable to important
compounds, such as CO,, HCO?*, some molecules
and ions, such as O,, CI', and impermeable to some
cations. The primary function of erythrocytes is re-
lated to the transport of oxygen (O,) and carbon di-
oxide (CO,) from the lung to the cells and tissues and
vice versa. In addition to gases, erythrocytes also
transport water from the tissues to the lung alveoli.
Their main cellular content is hemoglobin (Hb). Hb
is composed of a protein part — globin- representing
96% of the molecule. The remaining 4% is a ,,heme*
prosthetic group.

Hemoglobin changes its shape depending
on the number of oxygen molecules bound to it.
The change in shape also results in a change in
oxygen affinity. As the number of oxygen mol-
ecules bound to hemoglobin increases, hemo-
globin‘s affinity for oxygen increases. When
not bound to oxygen, hemoglobin is assumed
to be in a tensed state (T-state) with a low af-
finity for oxygen. At the point where oxygen
initially binds, hemoglobin changes shape to a
relaxed state (R-state), which has a higher affin-
ity for oxygen. During regular physical activity,
the process of binding oxygen molecules from
hemoglobin is of great importance.

According to their biochemical composi-
tion, biological properties, and cellular func-
tions, red blood cells are essential for the prop-
er and efficient functioning of the body.

Red blood cell deformability

Erythrocyte deformability is the ability of
red blood cells to reversibly change their shape
during flow in response to external forces. The
deformability of red blood cells allows them
to pass through narrow lumen microvessels
while transporting O, and CO, to tissues and
cells in the body.

Erythrocytes can deform from a normal
doubly concave disc to an elongated shape
due to changes in blood flow conditions and
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other factors in the microcirculatory bed. The
deformability of red blood cells is mainly de-
termined by the viscosity of the cytoplasm,
the properties of the cytoskeleton, and of the
erythrocyte cell membrane. The intracellular
viscosity of erythrocytes depends primarily
on two factors - Hb concentration and water
content, due to the effects of these substances
on cellular osmolarity balancing. The shape
and elasticity of the erythrocyte membrane are
influenced by membrane protein complexes
(Jordan et al., 1998; Kuhn et al., 2017).

Normal erythrocytes in healthy individu-
als deform primarily in four possible modes
of cell deformation (Kuhn et al., 2017).

A. Elongation of the discoid shape under
shear stress along the longitudinal axis.

B. Rotation of the erythrocyte cell mem-
brane is its movement around the cell contents
without significant changes in the erythrocyte
shape. It has been shown that this movement
forces the erythrocyte to orient itself in the
center of the vascular lumen — along the axis
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of the vessel, which improves blood flow.

C. Rocking is membrane erythrocyte rota-
tion combined with oscillations relative to the
major axis of the ellipsoidal erythrocyte shape.

D. Rollover - facilitated by turbulent blood
flow at high strain rates, seen primarily in
larger blood vessels.

Regular physical exertion of different du-
ration, frequency, and intensity is an important
factor in modeling blood status as a fluid and
affecting all its elements. When subjected to
external stresses, human erythrocytes have the
unique ability to undergo large deformations,
allowing them to pass through capillaries and
venules that are narrower than their resting
cell diameter. Erythrocytes are one of the most
deformable cells, and their deformation can
take place in natural blood flow. The cellular
phenomenon may occur without changes in
the erythrocyte membrane but may also in-
volve changes in erythrocyte shape and/or an
increase in the area of their cell membranes
(Kim et al., 2015) (Figure 1).

-9%0N
Surface area - 135 pm’

Figure 1. 4. ACM Bruker image of an erythrocyte from a healthy donor (Alexandrova-Uata-

nabe, 2021); B. Averaged morphological parameters of human erythrocyte (Kim et al., 2015);

C. Schematic representation of the membrane structure of a human erythrocyte (Marinov, 2001)
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The deformability of red blood cells plays
a vital role in the performance of their prima-
ry function — transporting gases (O, and CO,)
through blood circulation to tissues and cells
in the body. A slight decrease in red blood cell
deformability causes a significant increase in
microvascular flow resistance and increases
blood viscosity, as shown in Figure 2.

Red blood cell deformability alterations
during and after physical activity

Healthy red blood cells are easily deformed
in response to shear stress in the vascular lu-
men - during normal blood circulation. This
means that healthy erythrocytes possess the
quality of “excellent deformability,” which
facilitates their efficient passage through the
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microvessels (McMahon, 2019).

In the literature, there is a lot of evidence
for RBC deformability alterations during and
after physical activities and regular exercises
with different frequencies, intensities, and du-
rations (Barodka et al., 2014; Bor-Kucukatay et
al., 2003; Bouix et al., 1998; Brzeszczynska et
al., 2008; Green et al., 2004; Kuhn et al., 2017;
Mairbaurl, 2013; McMahon, 2019; Jordan et al.,
1998; Romagnoli etal., 2014; Tsuda et al., 2003;
Berzosaetal., 2011; Nikolaidis et al., 2003; Heo
et al., 2015; Connes et al., 2004a; Connes, et
al., 2004b; Connes, et al., 2004c; Yalcin, et al.,
2003; Hardeman et al., 1995; Dimmeler, Zeiher,
et al., 2003; Grau et al, 2013; Mohanty et al.,
2014; Connes et al., 2013; Tripette et al., 2011;
Gleeson, 1998; Tomschi, 2018).

Hardened
erythrocytes
in plasma

Viscosity, oy s
mPa.s Normal B
erythrocytes
in plasma
1
1 10 100 1000

Shear rates , 1/s

Figure 2. Comparison of blood viscosity in the presence of normal and ,, hardened* (with re-
duced deformability) red blood cells suspended in blood plasma at different rates of deformation

Geometric shape of erythrocytes

The shape of the human erythrocyte, adou-
bly concave disk at rest (Figure 1) (without
the influence of external mechanical factors),
is characterized by a specific but precise cell
area/volume (S/V) ratio, which allows signif-
icant reversible elastic transformation at any
arbitrary shape and ensures the achievement
of substantial erythrocyte deformations (Mo-
handas et al., 1980; Safeukui et al., 2012).

Intense physical exertion changes the con-

ditions of blood flow and thus affects the S/V
ratio. Smith et al., 1999 reported the presence
of increased erythrocyte deformability in elite
cyclists (Australian national racers, n=9). Two
weeks prior to blood sampling, athletes un-
derwent training (25-29 hours/week covering
510-631 miles/week). This team of authors
found a statistically significant increase in the
hematological parameter MCV (mean cell vol-
ume, fl) of the studied group - compared to a
control group without exercise (Smith et al.,
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1999). An increase in this indicator indicates a
change in the area/volume ratio of the individ-
ual erythrocyte, which is directly related to the
deformability of red blood cells.

Another collective (Romagnolietal.,2014)
reported similar results of increased MCV pa-
rameter and erythrocyte deformability in a
group of ten athletes aged 12—16 years.

Rheological properties of the erythrocyte
membrane

Tsuda et al. (2003) reported that aerobic
exercise (exercise within the aerobic threshold
level performed twice weekly for 6 months)
increased erythrocyte membrane deformabil-
ity and improved membrane viscosity in hy-
pertensive patients. The authors explain the
improvement of erythrocyte rheological prop-
erties in hypertension with the beneficial ef-
fects of physical exercise.

Liu et al. (2018) presented that in male
24-hr ultra-marathoners, there are changes in
the RBC membrane viscoelastic properties, a
decisive factor of RBC deformability (Liu, et
al., 2018). These authors obtained that hapto-
globin, RBC count, hemoglobin, hematocrit,
mean cell hemoglobin, plasma free hemo-
globin, and unsaturated iron-binding capac-
ity values of the recruited runners showed a
statistically significant drop in the post-race
values. The same study on RBC viscoelastic
properties showed that 7 runners had increased
viscosity (or less fluidity) after the run, while
the 8 runners showed the opposite trend.

Biochemical and structural properties of
erythrocyte membrane lipids and proteins

Author collective Jordan et al. (1998)
demonstrated (through SEM examination) a
disturbed structure of erythrocyte membranes
after marathon running. They also found a loss
of membrane material after the race compared
to erythrocyte membranes before the race. Cell
membrane areas of erythrocytes were increased

by 30% (p <.01). Hemolysis was demonstrat-
ed with a 57% decrease in plasma haptoglobin
values (p < .001). These data show the struc-
tural changes in the red blood cell membrane
skeletons after the marathon race.

Brzeszczynska et al. (2008) reported that
oxidative stress (the accumulation of free rad-
icals that can damage various cells) that devel-
oped during an exercise session in untrained
subjects (22 + 2 years; 187 £ 7.84 cm; 87 +
15, 6 kg; average BMI 25 + 4.5 kg.m—2) eating
a balanced diet causes erythrocyte changes in
the form of:

- protein aggregation;

- changed organization of erythrocyte mem-
branes, lipid rigidification due to lipid pe-
roxidation.

Nemkov et al. (2021) described the meta-
bolic and rheological differences in red blood
cells sampled from well-trained males before
and after a controlled, high-intensity 30 min
cycling test. The authors obtained that RBC
demonstrated decreased deformability and in-
creased generation of some microparticles af-
ter the test (Nemkov et al., 2021).

Hemoglobin (Hb) concentration

In the literature, there is a lot of evidence
for the Hb concentration influence on RBC
deformability (Liu et al., 2018; Freitag et al.,
2020; Grau et al., 2019).

The levels of the hematological and he-
matometric parameter MCHC (mean cell he-
moglobin concentration) reflect the average
concentration of hemoglobin in the erythro-
cyte. With increased MCHC, decreased de-
formability of red blood cells is observed. The
reasons for the increase in this parameter can
be determined by both sports and pathologi-
cal processes (Clark et al., 1978). In addition,
reduced deformability of erythrocytes is ob-
served with their ,,aging®, which is also asso-
ciated with an increased hemoglobin concen-
tration in the erythrocyte cytoplasm.
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A study by Radomski et al. (1980) on hema-
tological changes in soldiers (marched 35 km/
day for 6 days, at 35% of own VO, ) showed
a decrease in erythrocyte count (RBC) and de-
creased hematocrit values (Hct). After the 6th
training day, the authors reported a decrease
in hemoglobin (Hb), mean corpuscular hemo-
globin (MCH), mean corpuscular hemoglobin
concentration (MCHC), and mean erythrocyte
volume (MCV).

Calcium ion concentration (Ca**)

The deformability of red blood cells and
the elasticity of their membranes are highly
dependent on the cellular concentration of cal-
cium ions (Ca?") (Huisjes et al., 2018; Mytckan
et al., 2018). An increase in the intracellular
concentration of Ca** leads to a decrease in the
deformability of red blood cells (Chien, 1987).

There are also conflicting results in the lit-
erature, ranging from higher to lower levels of
erythrocyte Ca?* concentration, including the
lack of change when comparing active athletes
to non-athletes (Romero & Romero, 1997).

Nikolaidis et al. (2003) reported the results
of interesting observations on the dependence
of erythrocyte deformability on calcium ion
concentration in erythrocytes of adolescents
compared to erythrocytes of adult individu-
als. This author‘s team reported significantly
higher calcium concentrations in adolescents
than adults. Regarding the influence of phys-
ical activity, however, all athletes included in
the study (579 athletes were compared with
241 physically inactive participants) showed
significantly higher concentrations of calcium
in erythrocytes compared to the corresponding
group of non-athletes.

Intracellular diffusion and osmosis (os-
motic concentration)

Osmosis is the process of water movement
and its entry into cells through a semi-perme-

able cell membrane. In this process, water mol-
ecules move from the less concentrated to the
more concentrated intracellular environment.
Therefore, osmosis serves to balance both
sides of the semipermeable cell membrane by
causing the solute-rich environment to be di-
luted by the solvent, which is water.

French authors (Connes et al., 2004b) in-
vestigated the influence of lactate anion on
the rheological properties of blood and blood
cells. They observed a decrease in erythrocyte
deformability when the lactate concentration
was artificially (addition of lactate anion in
blood samples) or naturally increased (for ex-
ample, during exercise). A reduction in eryth-
rocyte deformability during exercise has been
described in individuals with low physical fit-
ness (Yalcin et al., 2003; Bouix et al., 1998).
The author collectives Lipovac et al. (1985)
and Reinhart et al. (2000) explained that in vi-
tro addition of lactate or in vivo accumulation
of lactate in the blood results in an increase in
extra-erythrocyte osmolality.

Existing differences in data regarding the
effect of lactate on erythrocyte deformability
require further future research and analysis.

Nitric oxide and erythrocyte nitric oxide
synthase

Nitric oxide (NO) is synthesized natural-
ly and/or after drug stimulation in endothelial
cells from a precursor - the amino acid L-argi-
nine, with the participation of the enzyme endo-
thelial nitric oxide synthase (eNOS) (Palmer et
al., 1988). A major physiological stimulus for
natural endothelial NO synthesis is increased
blood flow through the vessel lumen (Pohl et
al., 1986; Rubanyi et al., 1986). Released NO
induces vasodilation, which normalizes shear
stress (Dimmeler & Zeiher, 2003). At the same
time, NO can contribute to the development of
hyperemia during physical exertion and sports
exercises, which are always associated with
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increased blood pressure and increased heart
rate. Repeated but moderate exposure to in-
creased shear stress resulting from moderate
exercise training can improve NO bioavail-
ability in the body (Green et al., 2004).

The results of a study by Bor-Kucukatay et
al. (2003) also demonstrate the regulatory role
of NO, which can significantly influence and
maintain normal red blood cell deformability —
important for controlling and regulating blood
flow in the body.

Erythrocyte ATP (adenosine triphosphate)
The maintenance of the geometric shape
and deformability of red blood cells depends

on the generation of erythrocyte ATP. A sig-
nificantly reduced ATP concentration is known
to contribute to a reduction in erythrocyte de-
formability.

McMahon (2019) explains that upon defor-
mation, erythrocytes release ATP and a vasodil-
atory S-nitrosothiol (SNO) group — pre-formed
on the hemoglobin (Hb) molecule by NO (Fig-
ure 3). The process co-occurs with the release of
oxygen into the cells, allowing red blood cells
to preferentially target where nutrient needs are
most significant. The separated molecules ATP
and SNO regulate the microvascular tone in the
microcirculation and prevent some processes
of intercellular adhesion (Figure 3).

Endothelial cells

Erythrocyte

blood flow

Figure 3. Expression of vasoactive and anti-adhesive mediators during red blood cell deformation

in flow (McMahon, 2019)

The described physiological/pathophysio-
logical phenomenon enables the adaptive and
unhindered flow of erythrocytes downstream,
optimizing O, delivery and carbon dioxide
release (McMahon, 2019). The responsible
mediator channel (transporter) for releasing
ATP is pannexin 1 (Px1), and for SNO — LAT1
(L-amino acid transport system).

ATP is a macroergic chemical compound
that contains energy-rich bonds. This makes it
useful for the body of athletes and for all peo-
ple. In other words, ATP is a compound that
cells need to carry out their functions, ranging

from DNA synthesis to sending chemical, in-
tercellular signals and nerve impulses. ATP is
constantly consumed and regenerated through
metabolic pathways in the body, ensuring that
the body functions and lives.

From the above, it is clear that, like other
cells, red blood cells depend on ATP for ener-
gy. Erythrocytes can export ATP in response to
hypoxia or after mechanical stress (McMahon,
2019). This means that during intense physi-
cal exertion, in which the microcirculation is
increased, there will be an increased synthe-
sis and release of ATP from erythrocytes. It is
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assumed that the intensity of this process is
strictly individual.

Erythrocyte age and degree of erythrocyte
cell maturation and differentiation

It has been proven that the increased av-
erage age of erythrocytes is a biological fac-
tor for their reduced deformability. “Younger”
erythrocytes are characterized by improved
deformability and tissue oxygen delivery
during exercise (Kim & Shin, 2015). Mohanty
et al. (2014) demonstrated that oxidative stress
plays an essential role in damaging the eryth-
rocyte membrane and disrupting its natural
deformability.

Recent studies have shown a linear rela-
tionship between red blood cell deformabili-
ty and oxidative stress measured by the level
of degraded blood products (Barodka et al.,
2014).

The fact that the so-called endurance train-
ing can lead to the condition ,,sports anemia“.
Although under normal conditions, red blood
cells have a lifespan of 120 days, the rate of
cellular aging can be increased as a result of
intense and prolonged exercise (Smith, 1995).
However, the deficiency of erythrocytes is a
rare phenomenon in athletes, and the so-called
sports anemia is also due to other factors.

Body and erythrocyte temperature

During intense physical exertion, the heat
released from the body can exceed 1000 W
(Gleeson, 1998). Some of the released heat
is stored, increasing the body temperature in
depth by several degrees. An increase in body
temperature is sensed by central and skin ther-
moreceptors, and this sensory information is
processed by the hypothalamus to trigger ap-
propriate effector responses.

Training and physical exercise improve
body heat tolerance by increasing the sweat/
temperature relationship sensitivity, lowering

the basal temperature threshold for sweating,
and increasing total blood volume (Gleeson,
1998).

Lowering the temperature from 37 °C to 4
°C causes a significant increase in the ,,shear*
modulus of the erythrocyte membrane and
changes its viscosity (Kim et al., 2015). These
changes in the properties of the erythrocyte
membrane lead to a significant decrease in the
deformability of red blood cells with a reduc-
tion in temperature.

Human body hemorheological adaptation
to physical activity

Human body hemorheological adaptation
to physical activity is a strongly individual
process, which is defined by biological and
hemorheological factors, determining RBC
deformability and whole hemorheological sta-
tus before applied physical activity (Ivanov,
2022; Kim et al., 2015)

Physical exertion can change in different
directions (positive, negative, neutral) the de-
scribed factors for different individuals. Si-
multaneously, the main hemorheological alter-
ations during and after physical activity with
different frequencies, intensities, and durations
are (Ivanov, 2022):

- changes in erythrocyte deformability and
aggregation;

- change in the concentration of basic plas-
ma components —fibrinogen, albumins,
globulins, testosterone, etc.;

- changes in blood flow (through vasodilata-
tion and change in overall blood viscosity);

- changes in blood volume;

- changes in the endothelial cells of the vas-
cular walls;

- changes in blood pressure;

- changes as a result of tissue hypoxia;

- interacting, different in nature hemorheo-
logical changes.
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CONCLUSIONS

The human body’s physiological response
to moderate and/or intense physical activity
depends on the type, duration, intensity, and
cyclicity of the physical exercises, as well as
on the individual hemorheological, morpho-
logical, and fitness status of the individual.

Sports and physical exertion cause chang-
es of different nature and degree (positive or
negative, strong, weak, moderate) in the bio-
mechanical and fluid properties of blood and
blood cells (Ivanov, 2022).

Physical activity is a proven factor affect-
ing erythrocyte deformability in several direc-
tions:

- erythrocyte geometric shape;

- rheological properties of the erythrocyte
membrane;

- biochemical and structural properties of
erythrocyte membrane lipids and proteins;

- hemoglobin (Hb) concentration;

- calcium ion concentration (Ca*");

- intracellular diffusion and osmosis (osmot-
ic concentration);

- nitric oxide and erythrocyte nitric oxide
synthase;

- erythrocyte ATP synthase;

- erythrocyte age and degree of erythrocyte
cell maturation and differentiation;

- body and erythrocyte temperature.

In the modern scientific literature, there are
data on the proven influence of regular physi-
cal exercises on basic hematological, hemato-
metric, and hemorheological indices (parame-
ters) of erythrocytes, on whole blood viscosity
(WBV) and blood plasma (PV), on basic bio-
chemical plasma components, on blood pres-
sure, on morphological and functional chang-
es of endothelial cells in vascular walls, etc.
(Sirufo et al., 2020; Filar-Mierzwa et al., 2019;
Stupin et al., 2019; Hértel et al., 2019; Nemeth,
2022; Mugandani, 2019; Kachaunov, 2018;
You, 2022; Ivanov, 2022; Liu et al., 2018;

Nemkov et al., 2021; Liu et al., 2018; Freitag
et al., 2020; Grau et al., 2019; Huisjes et al.,
2018; Mytckan et al., 2018).

Extensive future research is needed to elu-
cidate the individual cellular, tissue, and mo-
lecular mechanism of hemorheological chang-
es in blood, blood cells, and blood plasma in
the individual. It is essential to study and eval-
uate the individual hemorheological response
profile of erythrocyte deformability during
physical activity, as this is a major erythrocyte
property determining oxygen supply to work-
ing muscles.

The multiple hemorheological changes
during physical activity and their intercon-
nectedness and strong personality make their
differentiation very difficult. It is reasonable to
weigh their effects (with specific quantitative
measurements) to simplify the analysis and
increase the likelihood of obtaining valid con-
clusions. But there will always be the probabi-
listic nature of these conclusions, determined
by the complex and strictly individual charac-
ter of the hemorheological effects of physical
exercises and activities.
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