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ABSTRACT

Aim: The aim of this study was to determine and analyse the relations between anthropometric parameters,
red blood cells’ (RBC) variables and cardio-physiological parameters in healthy and physically active
children and adolescents.

Material and Methods: In this study 625 subjects, (410 males and 215 females; age span 8§ to 18 years)
underwent body composition analysis (Matiegka method), blood analysis and ergometry testing (Bruce
protocol).

Results: In both groups, body height and weight were positively correlated with RBC variables. In female
group almost all correlations between RBC variables and body components were insignificant. In boys all
absolute body mass components showed positive correlations with RBC variables with notice that body
fat mass had lowest correlation coefficient. Body fat percent (BF %) did not show any correlation with
RBC variables in both gender groups. In boys BF % had moderate negative correlation with aerobic per-
formance: exercise time (ET) and VO2max (rs = -0.41 and rs =-0.39). Lean body components showed
weak positive correlations with ET and VO2max. RBC count did not show significant correlation with
any cardio-physiological parameter in both groups. Haematocrit and haemoglobin showed weak positive
correlations with VO2 max and general endurance (exercise time). In girls all correlations between car-
dio-physiological and RBC variables were insignificant. The relationship between all body components
and all cardio-physiological variables in girls were statistically insignificant.

Conclusions: Our findings revealed that there are some expected positive correlations between lean body
mass components, aerobic performance and RBC variables in boys, while in girls such relations were not
noticed.
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INTRODUCTION

Medical screening of young athletes through  determine the implications of the applied training
the year is an appropriate and necessary approach to  loads on growth and maturation [1, 2]. Physical ac-
safeguard the athlete’s health and, simultaneously, tivity influences many organic systems in human
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body, as well as the functional and morphological
characteristics of these systems have certain effects
on the quality and the quantity of physical perfor-
mance. Satisfactory cardio-physiological, haemato-
logical and anthropometric properties have positive
effects on sports performance [3—5]. The growth of
the body, increasing and changing all body compo-
nents, has the biggest dynamics during the adolescent
period, and reaches its maximum by the end of ad-
olescent period, around 18 years. Blood parameters
reach adult values earlier, approximately around the
age of 15 [6].

There is some evidence that body size can be
associated with some haematological parameters in
adults and these relationships were slightly more
pronounced in men [7]. The body composition is
pointed as one of the factors which contribute to
gender relation variations in cardiac functions and
maximal oxygen consumption [8]. Investigations on
anthropometric factors and haematological parame-
ters showed that anaemia, as well as iron deficiency
are often associated with obesity [9, 10].

In this study we wanted to determine whether
the parameters that are known to be indicators of
good health and good physical fitness show mutual
association. The aim of this study was to determine
and analyse the relationships between anthropomet-
ric parameters, RBC variables and cardio-physio-
logical parameters in healthy and physically active
children and adolescents.

MATERIAL AND METHODS

In this study 625 subjects, (410 males and
215 females; age span 8 to 18 years), were includ-
ed. They attended regular health checks, which
comprised laboratory investigation of blood and
urine and exercise testing. The studied population
was divided by gender in two groups. All subjects
or their parents gave their written informed consent
to participate in the study. The study was conducted
at the Laboratory of sports medicine, at the Institute
of Physiology, Medical Faculty at Skopje, RN Mac-
edonia, between September 2016 and March 2017.

Anthropometric measurements

Body composition was assessed using the
classic anthropometric protocol by Matiegka. Parti-
cipants’ height was measured to the nearest 0.1 cm
with a fixed stadiometer (Holtain Ltd., Crymich,
U.K.), body weight to the nearest 0.1 kg using the

SECA beam balance (Seca, Hamburg, Germany).
Harpenden skinfold calliper (British indicators Ltd.,
Luton) was used to take skinfold thickness with 0.1
mm accuracy and the ankle diameter was measured
using a Vernier calliper. Elastic tape was used to take
circumferences with 0.01 accuracy. The final out-
comes of the Matiegka protocol are three body com-
ponents expressed as absolute and relative values:
body fat percentage (BF%), absolute body fat (BF in
kilograms), relative muscle mass (MM%), absolute
muscle mass (MM in kg), bone mass (BM in kg) and
relative bone mass (BM%). Lean body mass (LBM)
and body mass index (BMI) were also calculated.

Ergometric procedures

Participants underwent the standard treadmill
exercise testing according to the Bruce sub-maxi-
mal protocol along with the ACSM guidelines. The
duration time (ET = exercise time) is used to calcu-
late maximal oxygen consumption (VO2max).

Hematologic measurements

To determine the blood count and RBC var-
iables blood samples were collected from capillary
vessel using sterile plastic containers with anti-
coagulant (EDTA K3) incorporated in its walls.
Analysis was made by haematology analyser ABX
Micros 60-OT (ABX haematology, Montpelier,
France). The following haematological parame-
ters were analysed: RBC — Red blood cells’ count,
haematocrit (Hct); haemoglobin level (Hb); mean
corpuscular volume (MCV); mean corpuscular
haemoglobin (MCH) and mean corpuscular hae-
moglobin concentration (MCHC).

Ethics

Institutional ethical approval was received
from the Ethics Committee of the Medical Faculty,
Ss. Cyril and Methodius University - Skopje, the
Republic of North Macedonia. Informed consents
were obtained from the parents or the subjects.

Statistics

The data are presented as group means of in-
dividual fish values, accompanied with the respec-
tive standard deviation (SD). For statistical analy-
ses, software Statistica 7.0 for Windows was used.
After checking the normality and homogeneity of
variances with Shapiro-Wilk’s W test and Levene’s
test respectively, data were analysed by two-way
ANOVA/MANOVA. Whenever the ANOVA dis-
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closed significant results post-hoc Tukey test were
applied. Correlation analyses were used to find
specific linear associations. Spearman correlation
coefficient was used. Differences were considered
significant when p< 0.05.

RESULTS

The baseline characteristics of the anthro-
pometric, haematological and cardio-physiologic
parameters of the male and female subjects are
presented in Tables 1 and 2. All parameters were
tested for normality of distribution. The mean age
of studied groups was 13.34 +2.69 years for girls
and 12.97 +2.76 years for boys. The mean weight
and height of boys and girls was 54.97 + 19 kg and
162.36 + 17.3 cm vs 52.93 = 11.5 kg and 158.97
+ 10.5 cm, respectively. It should be noted that
the range of values for height and weight in both
groups, was very wide, because of the wide age
span of investigated sample (8 to 18 years).

Table 1. Basic anthropometric, hematologic and
cardio-physiologic parameters of the boys

male

Mean SD min max

age 12.97 2.76 8 18
Height 16236 | 173 | 1105 | 196
(s

eight 54.97 19 29 110.5
(ko)
MM?% 52.81 3.00 | 4085 | 61.81
MMkg 29.4 10.23 9.4 60.1
BM% 18.96 1277 | 1277 | 26.13
BMkg 10.24 2.9 1.75 | 23.45
BEY% 15.57 3.17 9.05 | 31.22
BFkg 8.8 4.01 256 | 31.22
BMI 20.30 344 | 1395 | 31.37
RBC
L0 5,08 0.44 3.87 6.32
Hb (g/dl) 13.91 1.3 10.7 17.9
Het 44.11 4.08 34.0 55.8
HRR
. 86.03 13.33 51 133
ET (min) 10.49 2.35 42 17.09
VO,
Pe 39.59 6.63 22 56

Values are mean (SD): MM —muscular mass; BM
— bone mass; BF — body fat; RBC- red blood cell
count, Hct,- packed cell volume, Hb - hemoglobin
concentration; HRR- heart rate at rest; ET- exercise
time; VO, -~ maximal oxygen consumption

Table 2. Basic anthropometric, hematologic and
cardio-physiologic parameters of the girls

girls mean SD Min Max
age 1334 269 8 18
Height (cm) 158.97 | 10.05 | 122,0 | 179.5
Weight (kg) 52.93 1.5 22,0 89
MM% 5334 | 3.06 | 3727 | 6249
MMkg 28.6 638 | 11.56 | 45.8
BM% 1698 | 181 | 12.83 | 21.61
BMkg 8.92 147 | 386 | 13.07
BE% 17.71 3.0 11.06 | 27.66
BFkg 9.71 3.53 276 | 22.88
BMI 2076 | 3.2 | 14.12 | 3248
RBC (10%/]) 4.79 0.4 387 | 629
Hb (g/dl) 12.9 1.04 9.5 15.3
Het 4117 | 326 | 3346 | 494
HRR (bpm™) | 9601 | 13.78 64 136
ET (min) 7.7 214 | 3.12 13.2
VO, (mlkg) | 2986 | 629 18 45

Values are mean (SD): MM —muscular mass; BM —
bone mass; BF —body fat; RBC- red blood cell count,
Hct,- haematocrit, Hb - hemoglobin concentration;
HRR- heart rate at rest; ET- exercise time; VO, —
maximal oxygen consumption.

The analysis showed that mean values of all
analysed parameters fell within normal range for
healthy children. Only 0.5 % from males (2 boys)
and from girls (1 girl) had haemoglobin concentra-
tion lower than 11g/dl, which is the threshold for
the diagnosis of anaemia. Regarding haematocrit
levels, none of the girls was under the reference
value of 35, while 6% of boys had Hct<35. None
of the subjects, of both genders, showed RBC
count lower than 3.8 x1012/1. All subjects had
well developed muscular mass, >45%. Empirical-
ly, normal range for body fat percent (BF %) by
Matiegka is between 12% and 20%. Only 0.5% of
boys (n=2) and girls (n=1) showed such low BF%
value. In girls 1% (n=2) and in boys 9% (n=40)
had BF % higher than 20%. Extremely high BF
% (>30%) was found in 0.5% of boys and none
in girls. BMI higher than 25 was found in one girl
(0.5%) and in 31 boys (7.4%). BMI higher than 30
was not found in the female group, while in boys
2.4% (n=9) showed such high BMI.

Results of Spearman correlation for rela-
tionship between anthropometric data and RBC
variables are shown in Table 3. RBC variables
were in positive moderate to strong associations
with age in boys, while girls showed weak neg-
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ative association between RBC count and age.
Height and weight showed positive correlation
with all RBC variables in both groups, in boys
with moderate and in girls with weak level of
intensity. In boys all absolute body components,
muscular, bone and fat, showed moderate to
strong positive correlations with RBC variables.
The strongest correlation was found between ab-
solute bone mass and RBC variables: with RBC
count (r =0.72); with Hb (r =0.57) and with Hct
=0.61). Absolute muscular mass, MM kg, showed
stronger correlation with Het (r =0.61), than with
Hb level (r =0.59) and RBC (r = 0.45). Body fat
mass (BF kg) showed also positive, but weaker
correlation: RBC, r = 0.38, for haemoglobin r =
0.45 and for haematocrit r = 0.48.

Table 3. Results of the Spearman correlation
coefficient (r) for a relationship between
anthropometric and RBC variables

Only body fat percent (BF %) in boys
showed statistically significant correlation with
all cardio-physiological parameters. Heart rate
at rest (HRR) showed weak positive correlation
with BF %, until exercise time (ET) and VO-
2max showed moderate negative correlation with
BF % ( r=-0.41 and r= -0.39). In girls all cor-
relations between these two groups of parameters
were insignificant.

Results of analysis of relationship between
haematological and cardio-physiological param-
eters are shown in table 5. Heart rate in girls
showed weak positive correlation with RBC,
haemoglobin level and haematocrit (r=0.20;
r=0.24; r=0.24) while in boys these correlations
were statistically insignificant. Haemoglobin and
haematocrit showed weak positive correlation
with exercise time and VO2max only in boys (r
=0.25and r=0.21).

RBC Hb Hct

gender Male female Male female Male female
age r=042% r=-0.16 *** r=0.60 * n.s =0.59 * n.s
Height (cm) =057% =027% =059 % =021% =057% =0.17%
Weight (kg) =0.62% =032% =0.68 % =032% r=0.68 % =022F%
MMkg r=045%* r=-0.20 ** r=0.59 * n.s. r=0.61 * n.s.
MM% r=0.19 * n.s. r=0.37% n.s =031T%* n.s
BMkg r=0.72 % r=-0.16 *** r=0.57* n.s r=0.61* n.s
BM% r=-027% n.s. r=-027% n.s. =-025% n.s.
BFkg r=0.38 ** =-0.14 *** r=045% n.s =048 * n.s
BF% n.s. n.s. n.s. n.s n.s. n.s
LBM r=0.46* r=-021** r=0.58 % n.s =0.61* n.s
BMI r=045% r=-0.14 *%* r=0.58 % n.s =0.61* n.s

*p<0.001; **p<0.01; *** p<0.05; n.s—non significant

Values are mean (SD): MM —muscular mass; BM —

bone mass; BF —body fat; RBC- red blood cell count, DISCUSSION

Het,- haematocrit, Hb - hemoglobin concentration;
HRR- heart rate at rest

In girls RBC count was in negative weak
correlation with all body components, lean body
mass and body mass index. Haemoglobin and hae-
matocrit showed weak or statistically insignificant
correlations with all anthropometric measure-
ments. Results of relationship between anthropo-
metric data and cardio-physiological parameters
are shown in table 4. In girls there were no asso-
ciations between age and cardio-physiological pa-
rameters. In boys HRR was negatively correlated
(r=-0.14) with age while ET and maximal oxygen
consumption were positively correlated with age
(r=0.35; r=0.40).

In this study, correlations between hae-
matological, anthropometric and cardio-physi-
ological parameters were investigated in healthy
preadolescent and adolescent boys and girls who
are involved in regular physical activity. Our
findings revealed that across the age span of 8 to
18 years, body height and weight were positively
correlated with RBC variables in male (moderate
to strong correlations) and female participants
(weak correlations). The relationship between
body components (absolute and relative compo-
nents) and red blood cells’ variables also showed
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Table 4. Results of the Spearman correlation

coefficient (r) for a relationship between anthropometric

and cardio-physiological parameters

HRR ET VO2max
gender Male female Male female Male female
age r=-0.13*%* [ ns. r=0.35* n.s. r=0.40 * n.s.
Height cm) | n.s n.s. r=0.22 * n.s r=0.21* n.s.
Weight kg) n.s. n.s. n.s. n.s. n.s. n.s.
MMkg n.s. n.s. r=0.12  *** n.s. r=0.13 *** n.s.
MM% n.s n.s n.s n.s. n.s. n.s
BMkg n.s. n.s. r=0.18 ** n.s. r=0.18 ** n.s.
BM% n.s. n.s. n.s. n.s. n.s. n.s.
BFkg n.s. n.s. n.s. n.s. n.s. n.s
BF% r=0.19 * n.s r=041%* n.s. =-039 * n.s.
LBM n.s. n.s. =0.16  ** n.s. =0.15 ** n.s.
BMI n.s n.s =0.16 ** n.s. =0.15 ** n.s.

Values are mean (SD): MM —muscular mass; BM — bone mass; BF — body fat; HRR- heart rate at rest; ET-
exercise time; VO, — maximal oxygen consumption.

*p<0.001; **p<0.01; *** p<0.05; n.s — non significant

Table 5. Results of the Spearman correlation coefficient (r)
for a relationship between cardio-physiological parameters and RBC variables

RBC Hb Hct
gender Male | female Male female Male female
HRR n.s r=0.20 ¥** n.s r=0.26 *** n.s r=0.20 **
ET n.s. n.s. r=0.25 n.s. r=0.17 * n.s.
vo, n.s. n.s. =021 % n.s. =021 * n.s.

*p<0.001; **p<0.01; *** p<0.05; n.s — not significant

Values are expressed as Spearman R value (p value), according to the Spearman Rank Order Correlations

Values are mean (SD): RBC- red blood cell count, Hct,- haematocrit, Hb - hemoglobin concentration; HRR-
heart rate at rest; ET- exercise time; VO, = — maximal oxygen consumption.

positive, weak to moderate intensity in boys.
All absolute body components were positively
associated to RBC variables. The body fat mass
showed weaker correlation than BMI, LBM (lean
body mass) and other lean components (muscular
and bone components). Body fat percent (BF %)
did not show any correlation with RBC variables
in both gender groups.

In girls only RBC showed very weak neg-
ative correlations with all absolute body com-
ponents. All other correlations between body
components and haemoglobin and haematocrit
were insignificant in girls. While RBC variables
showed significant positive correlation with age,
there were no such findings in girls, except very
weak negative correlation between RBC and age.

The relationship between all body compo-
nents and all cardio-physiological variables in

girls were statistically insignificant. Regarding
the correlations between cardio-physiological
parameters and age, boys showed very weak
associations with heart rate at rest which could
suggest that younger boys could have higher
HRR. In boys lean components (muscle mass,
bone mass, LBM) and BMI showed very weak
positive correlations (rs lower than 0.19) with
oxygen consumption and testing time. Body fat
percent and heart rate at rest (HRR) showed very
weak positive correlations (rs = 0.19) which
could suggest that boys with higher BF% could
have higher HR at rest. In boys BF% had mod-
erate negative correlation with ET and VO2max
(rs=-0.41 and rs =-0.39), which could indicated
that boys with higher BF% terminated aerometry
testing in shorter time and had lower oxygen
consumption.
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Red blood cells’ count, which is the most
prominent RBC variable did not show any cor-
relations with cardio-physiological parameters
in both groups. Haemoglobin and haematocrit
showed weak positive correlation with aerobic
performance variables, ET and VO2max, only
in boys.

Absence of significant correlations between
anthropometric and haematological variables with
cardio-physiological variables in girls should be
result of unsatisfactory ergometry outcomes.

One of the very few longitudinal studies
which examined longitudinal changes of RBC
variables related to body size, during aging,
showed that taller men had significantly higher red
blood cells’ count than shorter men in some age
categories (U45, U50). There was a moderate pos-
itive correlation between RBC and body weight
in men and weak positive correlation in women
[7]. Currently, there is certain inconsistency in
published reports regarding the relation between
BMI and haematological parameters. Most of the
reports show positive correlation between BMI
and some of the RBC variables. Other studies
show different results depending on the BMI clas-
sification of the subjects, and depending on the
fact if the high BMI is a result of well-developed
muscle mass or it is a result of high percentage of
body fat. Research on association between hae-
matological parameters and BMI in the general
population showed that haematological param-
eters when adjusted for sex, age and smoking
habits, were positively associated with BMI. In
the same study, when haematological parameters
were adjusted to metabolic profiles (NOMA) the
association between haematological parameters
and BMI became substantially weaker [11]. Re-
markable strong positive linear association was
found between Hb levels and body mass index
(BMI), waist and hip circumferences and body
fat, while negative association was found with
muscle mass in adult population [12]. Examina-
tion of anthropometric parameters and haemato-
logical parameters in 81 subjects, aged 18 to 22
years, showed that in males there was a positive
correlation between weight and haematocrit and
BMI and haemoglobin. In females height, weight,
body surface and BMI did not show significant
correlation with any of the blood parameters [6].
These results are in accordance with the results
from this study.

Reports from previous studies have revealed
that a low BMI is associated with iron deficiency

anaemia [13]. There were also the reports of no
association between the red blood cells’ counts,
haemoglobin concentration, haematocrit and BMI
[14, 15]. Overweight, high BMI or/and high body
fat is associated with low haemoglobin level in
adolescent girls, while in boys such association
was not found [16]. An inverse relationship be-
tween body mass index (BMI) and serum ferritin
was found [17]. In a study which was conducted
on female medical students in India, significant
negative correlation was found between Hb and
weight, height, body fat and BMI (18). Results of a
study which explored associations of haemoglobin
level and the amount of fat and muscle in older
adults (> 65 years) showed positive association
of Hb level and muscle area, muscle density and
muscle strength [19].

In this study, the investigated group con-
sisted of healthy and physically active young sub-
jects with predominantly optimal values of muscle
mass and BF%, and very low prevalence of high
BF%, which contributed to positive correlations
between all body components (including the BMI)
and RBC variables.

Maximal oxygen consumption (VO2max)
is a cardio-physiological parameter which is a
measure of aerobic capacity. The aerobic capacity
depends on cardiovascular, respiratory, and hae-
matological components in addition to oxidative
mechanisms of muscles being exercised [20]. It
has long been known that both body mass and lean
body mass are strongly correlated with maximal
oxygen uptake (VO2max) in man and animals
[21]. Body composition, especially body fat com-
ponent is one of the factors which contribute to
lower oxygen consumption in women [22].

In prepubertal children, results in the liter-
ature are much more controversial than in adults.
When body size is taken into account, few stud-
ies reported VO2max in boys and girls. Gender
difference in oxygen consumption was reported
as being lower in the female at older age, and
these results are mainly explained by difference
in body composition, especially in body fat mass
(and body fat percent) [8]. In prepubertal children
this gender difference in VO2max totally disap-
peared when normalized for LBM [23].

Maximal oxygen uptake can be limited by
oxygen transport, delivery and extraction, which
is the main function of haemoglobin i.e. red
blood cells [24]. Haemoglobin mass (Hbmass)
represents a major convective determinant of ox-
ygen (O2) supply to active muscle [25]. As such,
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Hbmass is often regarded as a key limiting factor
to maximum OZ2uptake (VO2max), which in turn
is a strong predictor of endurance performance
[26]. HBmass was largely correlated (r=0.62) and
moderate correlations were found between [Hb]
and MCHC with specific aerobic fitness perfor-
mance test in elite team players [27]. Athletes have
considerably larger blood volumes than untrained
individuals, and VO2 max is significantly related
to total Hb content and blood volume in endurance
athletes [28].

Mean values for VO2max in children, ado-
lescents and adults are consistently greater in males
than females, whether VO2max is expressed in
absolute terms or relative to lean body mass [8].
Gender difference in body composition was im-
plicated as a main factor for gender difference in
maximal oxygen consumption. Expressing VO-
2max relative to fat free mass or lean body mass
did not eliminate these differences, although they
were slightly reduced [29]. In an investigation of
the relationship between cardiorespiratory fitness
(CRF) and some anthropometric factors in children
and adolescent in Bosnia and Herzegovina, it was
found that CRF was associated with lower waist
circumferences (WC) and higher waist to height
ratio. Lower waist circumferences percentile was
a significant determinant of good cardiorespiratory
fitness in boys. Those with better CRF were more
likely to be male and older, had a higher level of
PA and lower central adiposity [30].

CONCLUSIONS

Our findings revealed that there are some
expected positive correlations between lean
body mass components, aerobic performance
and RBC variables in boys. Body fat percent
did not correlated to RBC variables, but was
negatively correlated to ergometry results and
VO2max. Our hypothesis that young athlete
with higher lean body mass (muscular and bone
mass) will have higher (better) RBC variables
values was partially proved with our findings. In
boys there were positive correlations between all
body components and RBC variables, including
the fat mass, with lowest level of correlation. In
girls such associations were not found. Regard-
ing the results of ergometry testing, higher body
fat percent was associated with lower aerobic
performance (exercise time and oxygen con-

sumption) in boys. High body fat mass and high
heart rate at rest are unwanted parameters for
athletes, and our findings showed positive cor-
relations between these parameters, which could
indicate that boys with higher body fat percent
have higher heart rate at rest and weaker aerobic
performance. Weak positive correlations were
found between haemoglobin and haematocrit
and aerobic performance only in boys. In girls all
correlations between body components and hae-
matological and cardio-physiologic parameters
were statistically non-significant, which could be
result of lower level of physical activity in girls.

REFERENCES

1. Fulgoni LF, Agarwal S, Kelogg MD, et al. (2019).
Establishing pediatric and adult RBC reference
intervals with NHANES data using Piecewise re-
gression. Am J of Clin Pathol 2019; 151: 128-142.

2. Horvath, A.R. From evidence to best practice
in laboratory medicine. (2013). Clin Bioch Rev
2013; 34: 47-60.

3. Varamenti E, Nikolovski Z, Elgingo MI, et al.
(2018). Training—induced variations in haemato-
logical and biochemical variables in adolescent
athletes of Arab origin throughout an entire ath-
letic season. J of Hum Kinetic 2018; 64: 123—135
doi: 10.1515/hukin—2017-0187.

4. Winsley R, Matos N. Overtraining and Elite
Young Athletes. (2011). Medic Sport Sci 2011;
56: 97-105.

5. Souglis A, Travlos A. The influence of competi-
tive activity on selected biochemical and haema-
tological parameters of amateur soccer athletes. J
of Phys Edu and Sport 2015; 15(1): 24-31.

6. Arifuddin MS. Hazari MAH. Does anthropomet-
ric measurements correlate with hematological
parameters after the adolescent growth period.
Physiol and Pharmacol, 2016; 20: 137-146.

7. Chmielewski P, Strzelec B, Chmielowiec J, et
al. (2017). Association between body size and
selected hematological parameters in men and
women aged 45 and above from a hospitalized
population of older adults: an insight from the
Polish Longitudinal Study of Aging (1960—
2000). Anthropol Rev, 2017; 80(2): 171-190.

8. Rowland T, Goff D, Martel L, et al. (2000). Influ-
ence of cardiac functional capacity on gender dif-
ferences in maximal oxygen uptake in children.
Chest 2000; 117: 629-635.

9. Jamshidi L, Karimi L, Seif A, et al. The relation-
ship between anthropometric factors and iron
deficiency anemia factors. Novelty in Biomed
2017; 2: 69-64.



54

Jasmina Pluncevic Gligoroska et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Pinhas—Hamiel RS, Newfield I, Koren A. et al.
Greater prevalence of iron deficiency in over-
weight and obese children and adolescents. Int J
Obes 2003; 27: 416-418.

Barazoni R, Cappelari GC, Semolic A, et al.
(2014) The association between hematological
parameters and insulin resistance is modified by
BMI — Results from the North—East [taly MoMa
population study. PloS ONE 2017—4; 9(7):
¢101590 doi: 10.1371/journal.pone.011590
Auvinen J, Tapio J, Karhunen V. et alt. (2018).
Lower hemoglobin levels associated with lower
body mass index and healthier metabolic profile.
Available at: http: //dx.doi.org/10.1101/472142.
https:  //www.biorxiv.org/content/biorxiv/ear-
ly/2018/11/19/472142.full.pdf

Akramipour R, Rezaei M, Rahimi Z. Preva-
lence of iron deficiency anaemia among ado-
lescent schoolgirls from Kermanshah, Western
Iran. Hematology 2008, 13(6): 352-355. DOI:
10.1179/102453308x343383

Ajayi Ol, Akinbo DB, Okafor AM. (2017). Cor-
relation between BMI and hematological indi-
ces in young Nigerians with different hemoglo-
bin genotypes. Am J of Biomed Sci 2017; 9(1):
38-46.

Akram G, Narjes N, Hassan—Ali, V. Association
of Body Mass Index with Haemoglobin Concen-
tration and Iron Parameters in Iranian Popula-
tion, Hematology 2014; 52(5): 312-313. http: /
dx.doi.org/10.1155/2014/525312

Bagni UV, Luiz RR, Veiga GV. (2013). Over-
weight is associated with low hemoglobin levels
in adolescent girls. Obes Res Clin Pract 2013; 7:
218-29

Eftekhari M, Mozaffari-Khosravi H, Shidfar F.
(2009). The relationship between BMI and iron
status in iron—deficient adolescent Iranian girls.
Pub Health and Nutr 2009; 12: 2377-81.
Acharya S, Patnaik M, Mishra SP, et al. Correla-
tion of hemoglobin versus body mass i ndex and
body fat in young adult female medical students.
Nat J of Physiol and Pharamacol 2018; 8(10):
1371-1373.

Cesari M, Penninx B, Lauretani F, et al. (2004).
Hemoglobin Levels and Skeletal Muscle: Re-
sults From the InNCHIANTI Study. J of Gerontol,
2009; 59(3): 249-254. https: //doi.org/10.1093/
gerona/59.3.M249

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Rodrigues AN, Perez AJ, Carletti L, et al. (2006).

Maximum oxygen uptake in adolescents as mea-
sured by cardiopulmonary testing: a classification
proposal. J of Ped (Rio J) 2006; 82(6): 426-30.
Kearns CF, McKeever JHA, Abe T, et al. Re-
lationship between body composition, blood
volume and maximal oxygen uptake. Eq Exerc
Physiol 2002; 34: 485-490.

Falz R, Schulze A, Fikenzer S, et al. Hematolog-
ical Parameters in Moderately Trained Students.
CSM 2010; 1, 4: 1-7.

Vinet A, Mandigout S, Nottin S, et al. Influence
of Body composition, hemoglobin concentration,
cardiac size and function of gender differences in
maximal oxygen uptake in prepubertal children.
CHEST 2003; 124: 1494-1499.

Tolle J, Waxman A, Systrom D. Impaired sys-
temic oxygen extraction at maximum exercise in
pulmonary hypertension. Med Sci Sport Exerc
2008; 40: 3-8.

Schmidt W, Prommer N. Impact of alterations in
total hemoglobin mass on VO2 max. Exerc Sport
Sci Rev 2010; 38(2): 68-75.

Levine BD. VO2max: what do we know, and
what do we still need to know? J of Physiol 2008;
586(1): 25-34.

Brocherie F, Millet GP, Hauser A, et al. Assocoa-
tion of hematological variables with team—sport
specicific fitness performance. PLOS ONE 2015;
10(12): e0144446. https: //doi.org/10.1371/jour-
nal.pone.0144446).

Henicke K, Wolfarth B, Winchenbach P, et al.
Blood volume and hemoglobin mass in elite
athletes of difference disciplines. Int J of Sports
Med 2001; 22(7): 504-512 DOI: 10.1055/s—
2001-17613

Saghiv MS, Sherve C, Sira DB, et al. Are there
Differences between Adolescent Males and Fe-
males for Maintaining the Metabolic Cost at
Maximal Oxygen Uptake? J Clin and Exper-
im Cardiol 2017; 8: 519. doi: 10.4172/2155-
9880.1000519

Pojskic H, Eslami B. Relationship Between Obe-
sity, Physical Activity, and Cardiorespiratory
Fitness Levels in Children and Adolescents in
Bosnia and Herzegovina: An Analysis of Gender
Differences. Front of Physiol 2018; 9: 1734. doi:
0.3389/fphys.2018.01734.


http://dx.doi.org/10.1101/472142
https://www.biorxiv.org/content/biorxiv/early/2018/11/19/472142.full.pdf
https://www.biorxiv.org/content/biorxiv/early/2018/11/19/472142.full.pdf
http://dx.doi.org/10.1155/2014/525312
http://dx.doi.org/10.1155/2014/525312
https://doi.org/10.1093/gerona/59.3.M249
https://doi.org/10.1093/gerona/59.3.M249
https://doi.org/10.1371/journal.pone.0144446
https://doi.org/10.1371/journal.pone.0144446

CORRELATIONS BETWEEN RED BLOOD CELLS’ VARIABLES, CARDIO-PYSIOLOGICAL AND ANTHROPOLOGICAL... 55

Pe3ume

KOPEJIALIMUA MEI'Y TAPAMETPUTE HA IIPBEHU KPBHU KJIETKH,
KAPIMOPU3NOJJOIIKA 1 AHTPOITOJIOIIKHU ITAPAMETPHU KAJ MJIAZIA CIIOPTUCTHU

Jacmuna InynueBuk Iimuropocka’, Canapa Jlejanosa’, Jagpanka [lnaBmui’, Camba MaHveBcka'

" MucrutyT 3a ¢pusmnonoruja, Meauuucku ¢axynretr, YKUM, Cronje, PC Makenonuja
2 Omrra 6onauna ,,8 Cenremspu®, Crorje, PC Makemonuja
3 CpIicky MHCTHTYT 3a CIIOPT U CIIOPTCKa Meauina, bearpan, P Cpbuja

Heu: [la ce yTBpAar u Aa ce aHaJIM3UpaaT NOCTOJHUTE peslallui Mel'y aHTPOTIOMETPUCKUTE Ka-
PaKTEPUCTHKH, XeMaTOJOIIKHUTE U KapANO()HU3NOIOIWKHUTE NapaMeTPpH Kaj 31paBu U GU3NUKHU aKTUBHU
Jena v ajgoieceHTH.

Marepujaa u Metoa: Bo 0Boj Tpyad ce uciaeayBaHu 625 UCTIUTAHUIN TTOACICHN BO ABE TPYITH
criopen oot (410 mamku u 215 sxkeHcku, Ha Bo3pacT ox 8 no 18 rogumam). Bo pamMkuTe Ha pemos-
HHTE TIPEeIHATIIPEBAPYBAYKN MEIUIIMHCKH TPETIIeId, HallpaBeHa € aHaIn3a Ha TeJIECHUOT COCTaB I10
Marnerka, eproMeTpucKy TecT crope bpycoB mpoTokos n aHanu3a Ha KpBHATaA CIIHKA.

Pe3yararu: /[BeTe rpynu nmoka)xkaa mo3UTHBHA KopeJannja Mer'y BUCHHaTa U TexuHaTa 1 RBC
(pBenu KJIeTKH) Bapujabnu. Bo rpymnara geBojunmba CUTE APYTH aHTPOTIOMETPHUCKHY TapamMeTpH (KOM-
MMOHCHTH Ha TEJICCHUOT COCTaB) HE TTOKa)kaa 3HauuTeHa moBp3anocT co RBC-Bapujadmure. Kaj MoM-
YUbaTa CUTE TEICCHU KOMIIOHEHTH MOKaXkaa IMo3uTHBHA Kopenanuja co RBC-Bapujabiu, HoO HHUBOTO Ha
Kopernanuja Oemre HajHUCKO Kaj MacHaTa KoMIoHeHTa. Kaj aBere rpymnu, mamkara u keHckara, BF %
(TIpOIIEHTOT Ha MacHO TKWBO) HE MOKaXka 3HAaUNTEeTHA Kopenanuja co Huty eqna RBC-apujabmna. Kaj
MomuumaTta BF % mokaxa cmaba HeraTuBHaA KopeJamija co aepoOHUTE CIIOCOOHOCTH, BpeMETPacHhe
Ha tectotT (ET) u kucnoponna norpomnryauka (VO2max) u Tue nu3necysaa rs = -0.41 u rs = -0.39.
Uucrara tenecna maca (LBM) nokaxa ciada mo3uTUBHA Kopenalyja co aepoOHUTE CIOCOOHOCTH
Kaj MoMuHumara. Kaj neBojunmara HeMalle 3HaYUTEITHH KOpeanui Mer'y TeIeCHUTE KOMITOHEHTH U
pe3ylTaTuTe Ha epProMeTPUCKOTO TECTHPAE.

3akayuok: Hammre pe3yiararu ykakyBaaT JeKa [OCTOjaT OYEKyBaHU KOpeslalluyd Mery mapa-
METpPHTE Ha TEJIeCHHOT cocTaB, RBC-Bapujabnure u epromMmeTprcKu Bapujadiau Kaj MalIKUTe UCITUTA-
HUIH, JI0/IeKa Kaj KCHCKUTE UCITUTAHUIU THE CE O MOociad MHTCH3UTET WIIM H30CTaHyBaar.

Kuyunu 300poBu: Mjaau CHOPTUCTH, TEIECEH COCTaB, IPBEHH KPBHU KIIETKH, EPrOMETpHja,
KHCJIOPOJIHA MOTPOIIYyBauKa



