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can be used to predict at what amounts of oxygen consumed the examined person achieves maximal
(average) frequency of HR within the range for his age group (6). VO,max indirectly measured by step
test is one of the best criteria to evaluate physical efficiency. VO,max can be measured on the basis
of Astrand-Ryhming nomogram as well (7). To asscss maximal consumption of oxygen by Astrand-
Rhyming the effort should be programmed in such a way that pulse rate ranges 120-170 beats/min, best
130-170 beats/min in the steady state. Then it is possible to precisely read oxygen top level from the
nomogram established by Astrand and Ryhming. The studies found that in people of average physical
efficiency (untrained) and at various age the differences between direct VO, max at effort measured
by cycloergometer and its evaluation based upon Astrand-Ryhming nomogram do not exceed 10%.
Moreover they found the results obtained by calculating VO,max upon nomogram, cycloergometer and
step test do not differ significantly and restorable (2). Indirect methods, although convenient and easy to
use are erroneous. But they are very useful to evaluate oxygen efficiency when performed in the same
laboratory conditions by the same persons (8). VO,max is expressed either as an absolute rate in liters
of oxygen per minute (I/min) or as a relative rate in milliliters of oxygen per kilogram of bodyweight per
minute (ml/kg/min), the latter expression is ofien used to compare the performance of endurance sports
athletes. Table 2 illustrates the classification of physical efficiency according to VO,max value (9).

Table 2. Classification of physical efficiency according to VO,max value according to Magiera (5).

VO, . (ml/minkg) Physical efficiency

80-60 Excellent

59-40 Very good

39-30 good

29-21 weak

20-16 very weak

15-11 moderate circulatory insufficiency
10-6 acute circulatory insufficiency

Since the objective of this investigation is to define the correlation between oxygen efficiency and
blood parameters we will consider the role of red blood cell parameters in the transport of oxygen to
the tissues. In extra-foetal life red blood cells i.e. erythrocytes are produced by bone marrow. They
enter the circulation where they live for ca. 120 days; the time of their half-degradation determined by
erythrocyte chromium isotope staining is 28 days. Their main function is to transport oxygen from the
lungs to the tissues. The following parameters of erythrocytes are determined: the number of red blood
cells in 1 1 blood ~ RBC, haecmatocrit — HCT, haemoglobin content — HGB, mean corpuscular volume
— MCYV, mean corpuscular hacmogiobin — MCH, mean corpuscular haemoglobin concentration —
MCHC and mean red corpuscie diameter — MC, red cell distribution width - RDW (10).

Blood accounts for 6-8% body mass which equals about S | and its volume depends on body mass
and is lower in females than males. Blood is composed of plasma which is about 55% of all blood
volume, the other 45% are solid corpuscles called blood cells: red blood cells, white blood cells and
blood platelets; red blood cells comprise ca. 99%.

The purpose of this study was to assess VO,max and refer its values to red cells parameters.












84 J. Czajkowska-Kozik, H. Cichoz-l.ach

remains constant, HGB concentration may vary substantially, e.g. 11.5 g/dl and 15.0 g/dl; in people
whose HGB concentration remains constant, e.g. 14.0 g/100ml, maximal oxygen consumption can
range 1.8 — 5.2 I/min (2).

In our study low MCHC range was related to the fact that the examined were young 18 year
old girls the results were alarmingly low. MCHC is one of three Wintrob’s erythrocyte parameters.
Physiologically the valucs are age and gender dependent and the values lower than 31g/dl can occur
in certain types of anaemia. Normal range for MCHC is 32-36g/dl.

Red cell distribution width — RDW defines relative homogeneity of the red corpuscles. The normal
range is 11.5-14.5%, The values over 15% can suggest heterogeneity (anisocytosis) of red blood
cells. Generally altered values of RWD are interpreted upon MCV to differentiate anaemia. RWD
lower than 14.5% and MCYV less than 94 fl produce anaemia due to iron and folic acid deficiency,
vitamin B, deficiency, haemolytic and immunizing anacmia and cold aglutinines occur too. In the
presented study group there were 71.87% such results.

Haematocrit represents erythrocyte mass volume/total blood volume ratio and is determined by
centrifuging in calibrated test tube or capillary dish under specified conditions (speed and time).
Lowered HTC occurs in anacmias and its higher values in erythemias. In our study group nearly
half of the examined girls had HTC below the norm, which is alarming though. Mean HGB was
12.86 g/dl and nearly 10% of the examined girls had HGB lower than normal. Haematological data
suggested that the girls examined did not have normal blood cell count results (23). Considerably
reduced oxygen consumption and physical efficiency are often observed in anacmias characterized
by decreased RBC, HGB concentration and total erythrocyte volume in the circulating blood lower
than the norm. Typical manifestations include pallor, dyspnoea, tachycardia, drowsiness and lowered
tolerance to physical effort. The most common among women is iron deficiency anacmia. Clinically
there are also anaemias due to folic acid and vitamin B , deficiency, haemolytic, plastic anacmias and
anaemias in the course of chronic diseases. Heamatological assessment of basic parameters can help
predict the type of anacmia an examined person has (24). To precisely diagnose the type of anaemia
the person has other additional investigations are necessary.

In Poland physical condition of youth has been investigated systematically by Przeweda, the
research began as early as in 1932 by Mydlarski (25). Accelerated somatic development of Polish
youth goes together with earlier sexual maturity; also secular trends of tall body height prove good
health of the population (26, 27, 28, 29, 30). However it is also true that Polish population is among
least physically active, which does not allow to presume advantageous trends (31, 32). Circulatory and
respiratory efficiency examined in students of Katowice universities, using Cooper’s test, indicates
unfavourable phenomenon of decrease of physical efficiency among young girls (12). These findings
confirm the results of our study. Unsatisfactory results of our investigation could have been caused
by ill-balanced diet and lack of directed physical activity detected in the group of examined girls.

The results of the presented study let us conclude that the state of physical efficiency of the
examined girls did not fit the norms of physical efficiency for their age and erythrocyte parameters
obtained during the investigations went beyond the norm. The results confirmed very weak oxygen
efficiency among girls. Unsatisfactory results of our investigation could have been caused by ill-
balanced diet and lack of directed physical activity detected in the group of examined girls.
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ABSTRACT

OsJecTIVE: The purpose of the study was to assess maximal oxygen consumption (VO,max)
and refer its values to blood test parameters.

MATERIAL/METHODS: In 64 health 18-year old girls their physical efficiency and blood cell count
were evaluated. VO,max which is one of the best criteria to evaluate physical efficiency was indirectly
measured by step test. The values of VO,max calculated from the frequency of heart rate and power at cftort
were related to blood test results. In order to find the correlation between maximal oxygen consumption and
blood test results Person correlation coefficient and lincar determination index were used.

REesuLTs: We observed very weak oxygen efficiency among the examined girls. Red cell
distribution width over the norm was noted in 21.87% of cases and under the norm in 9.37%. There
were 71.87% results of red cell distribution width less than 14.5% and mean corpuscular volume
lower than 94 fl. 45.31% of girls had hacmatocrit value below the norm. Mean hacmoglobin level
was 12.86 g/dl and in 9.37% of girls this parameter was lower than normal. Mean corpuscular
hacmoglobin concentration ranged below the norm in 34.37% of cases. In studied group no significant
correlations between VO,max and erythrocyte parameters were found.

Concrusion: The state of physical efficiency of the examined girls did not fit the norms of
physical efficiency for their age and erythrocyte parameters obtained during the investigations went
beyond the norm. The results confirm very weak oxygen efficiency among studied girls.

Key words: physical fitness, oxygen efficiency, maximal oxygen consumption, anaemia, iron
deficiency, blood cell count






