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Abstract

Background and Objectives: There is a shortage of criteria referent standards for tests of logistic application meant

to estimate the cardiorespiratory fitness (CRF) of children and adolescents in the Republic of North Macedonia. The
goal of the research was twofold: (1) To identify the ability of CRF estimated by the 20-m shuttle-run test (20mSRT)
to discriminate between “healthy” and “unhealthy” phenotypes (by adiposity measures such as WC and WHR) in

children; (2) To determine the correlation between obesity and relatively maximum oxygen consumption (VO, peak)
tested on a relatively large respondents’ sample of Macedonian children. The research was conducted on a sample of
1,863 respondents, 957 (51.4%) of whom were boys, and 906 (48.6%) were girls at the age of 7 to 10 years. All of them
were from 19 primary schools in the central and eastern parts of the Republic of North Macedonia.

Materials and Methods: The waist circumference (WC) and waist-to-height ratio (WHtR) were used to identify body
adiposity markers. CRF was measured using the 20mSRT (VO, peak). Receiver operating characteristic curves and
logistic regression were applied in order to establish the discriminative power of CRF in anticipating the parameters

of body adiposity markers.

Results: With regard both to the boys and girls, VO, peak showed considerable predictive power of identifying the
body adiposity (area under the curve [AUC] > 0.66). In boys, when considering the full sample (7-10 years), the best
cut-point for VO, peak to detect body fat by WC were 48.8 to mL'kg™"-min~' and WHIR were 47.4 to mLkg"min~".
For girls, when considering the full sample (7-10 years), the best cut-point to detect body fat by WC were 47.4 to

mLkg"'min~' and WHtR were 47.1 to mL-kg™"min~".

Conclusions: According to these cut-points, adolescents with low CRF were more likely to be obese either by WC
or WHtR. The border values (cut-points) of CRF can be used as quantitative markers of children of healthier body

characteristics from the Republic of North Macedonia.
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Introduction

The lack of physical activity, and the low level of car-
diorespiratory fitness (CRF) are a huge threat for the public
health. Yet their prevailing number is rapidly increasing in
countries of development, as is generally the case with Mace-
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donian children and adolescents (Gontarev & Kalac, 2016;
Gontarev et al.,, 2016; Gontarev et al., 2018). Along with
that, those of the children suffering from obesity and fat are
very likely to remain overweight persons up to their mature
age, and there is a greater possibility for them to develop
some metabolic risks during their younger age (Sahoo et al.,
2015). Although the clinical manifestations of many chron-
ic disease are chiefly displayed in the mature age, it is well
known that the long asymptomatic phase of development
has its roots early in a personss life, often in their childhood
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(Balagopal et al., 2011), which indicates that the initiative of
chronic disease prevention should begin within the years of
that period of life.

The cardio-respiratory fitness is an equally powerful
predicator of a mortal risk, just as the traditional risk fac-
tors such as smoking, obesity, hypertension, dyslipidemia
and type 2 diabetes mellitus both with children, adolescents
and aged population (Kaminsky et al., 2019). A considerable
number of research works emphasize the relation between
the low level of cardio-respiratory fitness and adiposity with
a great risk of cardio-metabolic diseases among the young
(Mintjens et al., 2018). In response, the fitness and health
outcomes in youth assessment guidelines have called for a
better understanding of the close relation between the com-
ponents of fitness and body composition (Pillsbury, Oria
& Pate, 2013). In this sense, the mutual relation of the in-
creased adiposity with a lower level of cardio-respiratory
fitness is generally the strongest when adiposity is measured
by imagining techniques; it is somewhat weaker when it is
assessed by using WC and WHtR, and the weakest when
the body mass index (BMI) is used (Lee & Arslanian, 2007).

Despite that the physical fitness and body adiposity can
be correlated, they are not markers of different diseases’
risks. It is established in a certain number of studies, which
have been conducted on young population, that those of the
youngsters who have a low level of adiposity and low level of
cardio-respiratory fitness are subjected to a higher cardio-
vascular risk than those of the young persons who though
have greater adiposity but at the same time have an adequate
level of cardio-respiratory fitness, regardless their muscular
fitness and body composition (Grentved et al., 2015; Silva et
al., 2018). Recently, Silva et al. (2018) have established that
the results obtained from the 20-m shuttle run test, which
was applied to Canadian children at the age from 8 to 12
years, were correct so that the sample could be classified
according to the fat indicator in relation to the CRF level.
In the present study, when using sex-specific cut-points, it
was found that regardless of the 20mSRT indicator (laps,
VO,peak or speed), those children having less of the recom-
mended values face a greater possibility to become obese,
either by WC, BMI, or both, regardless the factors as the age,
the time spent on electronic devises, and the level of physical
activity. These results confirm the results obtained in other
research works which have established that the cardio-respi-
ratory fitness is independent of the factor of obesity risk and
increases the necessity of development of CRF health-related
standards in order to predict the cardio-metabolic health of
young people. According to that, the comparison of the dif-
ferences in the criteria referent standards of different pred-
icative equality that are used for assessing the aerobic capac-
ity will help to identify different phenotype risks (optimal
and poor health) from the CRF levels estimated by 20mSRT
performance and will be of significant public health value.
Apart from the fact that there are criterion-referenced cut-
points in many countries of high economic development,
there is only one study conducted in the R. N. Macedonia
(Pireva et al., 2018).

The instructions of estimating the fitness activity of the
young population suggest of better understanding of the
mutual correlation between the physical fitness and body
composition (Pillsbury, Oria & Pate, 2013). Therefore, the
defining of the criterion-referenced cut-points connected

with the body adiposity parameters in children and adoles-
cents can be useful in identifying the target population for
prevention of primary chronic diseases, as well as for creat-
ing national politics for promotion of health. The goals of
the present research were twofold: (1) To identify the ability
of CRF estimated by the 20mSRT to discriminate between
“healthy” and “unhealthy” phenotypes (by adiposity mea-
sures such as WC and WHR) in children; (2) to establish
the connection between the obesity and relative maximum
oxygen consumption (VO,peak) on a relatively big sample of
Macedonian children.

Materials and Methods

Participants

The research was conducted on a sample of 1863 children
from 19 primary schools in the central and eastern part of the
Republic of North Macedonia, of which 8 are located in rural
and 11 in urban areas. The sample was divided into two sub-
samples by gender: 957 respondents were boys and 906 re-
spondents were girls. The average age of the respondents was
8,98+2,37 years. The study included all students whose par-
ents agreed to participate in the study, who were psychophysi-
cally healthy, and who regularly attended physical and health
education classes. The respondents were treated in accordance
with the Helsinki Declaration of 1961 (revision of Edinburgh
2013). The protocols were approved by the Ethics Committee
at the University “St. Cyril and Methodius” in Skopje.

The measurements were carried out in March, April and
May 2019 in standard school conditions at regular physi-
cal and health education classes. The measurements were
performed by kinesiology and medicine experts, previously
trained in performing functional tests and taking anthropo-
metric measures.

Body Adiposity Parameters

The measurements of weight, height, and WC were car-
ried out at school applying standardized procedures; all the
instruments were verified before measuring each subject.
Weight was measured in underwear and without shoes with
an medical decimal weight scales, to the-nearest 0.1 kg, and
height was measured barefoot in the Frankfort horizontal
plane with a telescopic height measuring instrument (Mar-
tin’s anthropometry) to the nearest 0.1 cm. Body mass index
was calculated as bodyweight in kilograms divided by the
square of height in meters. Waist circumferences were mea-
sured twice using inextensible anthropometric tape with the
children standing erect and relaxed, with arms at the sides
and feet positioned close together. Waist circumference was
measured midway between the lowest border of the rib cage
and the upper border of the iliac crest, at the end of nor-
mal expiration (de Oliveira & Guedes, 2018) WC and height
were used to calculate WHtR, with obesity defined as >0.50
according to previous reports (Schwandt & Haas, 2016). The
75th percentile of WC according to age and gender were
determined based on data collected from the de Ferranti et
al. (de Ferranti et al., 2004). WC and WH{tR have been used
as proxies for central (visceral) adipose tissue which has re-
cently received attention as a marker of ‘early health risk’ in
many populations (Ashwell & Gibson, 2016).
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Cardiorespiratory Fitness (CRF)

The 20 meter shuttle run test (Leger et al., 1988) was
used to measure fitness. All testing was completed on a firm
and level surface (concrete play area at each school). For this
test, children were required to run back and forth between
two lines placed 20 meters apart. A sound signal was emitted
from a pre-recorded tape to dictate running speed. Frequen-
cy of the sound signals increased such that running speed
increased by 0.5 km/hour each minute from the starting
speed of 8.5 km/hour. The test ended when children could
no longer keep pace with the sound signal. The last stage
that children reached was used to predict maximal oxygen
uptake (VO,max) from the running speed corresponding to
that stage (VO,max = 31.025 + 3.238 X - 3.248 A + 0.1536,
where X = the final speed and A = age). This test showed
good to very good repeatability and validity (Ramirez-Vélez
etal., 2015).

Statistical Analysis

The basic statistical parameters (arithmetic mean, stan-
dard deviation, frequency) were calculated for all variables.
The normal distribution of all variables was controlled by
Kolmogorov-Smirnov method. None required transforma-
tion due to normally distributed. In order to establish the
gender differences, the following tests were applied: T-test,
Cohen d and 2 tests. Pearson’s correlations were calculated
in order to quantify the connection between CRF and the
body adiposity parameters. Diagnosis screening tests (Swets,
1973) (sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), positive likelihood
ratio (LR+), and negative likelihood ratio (LR-)) and ROC
(receiver operating characteristic) curve analysis have been
applied in the determination of cut-off values for analyzed
parameters. In addition, the present sample was classified

Table 1. Characteristics of the sample

according to the cut-points suggested in the present study
and logistic regression analysis with odds ratio (OR) and
95% confidence intervals (CI) was calculated. Univariate and
multivariate analysis adjusted for age were used separately
for boys and girls. All the analyses were performed using the
statistical programs MedCalc 16.8.4° (Ostend, Belgium) and
SPSS 24.0° software (SPSS, v. 24.0 for WINDOWS; SPSS Inc.,
Chicago, IL, USA), and values of p < 0.05 were considered
statistically significant.

Results

The research was conducted on a sample of 1863 respon-
dents, of whom 957 (51.4%) boys, and 906 (48.6%) girls, all
at the age of 7 to 10 years. The average age of the respondents
was 8.98 £ 2.37 years.

Table 1 represents the characteristics of the sample. The
inspection of Table 1, which represents the values of the
arithmetic means, standard deviation, and the level of statis-
tic significance, shows that there are statistically significant
differences between the male and female respondents with-
in the variables: BMI (kg/m?), Waist circumference (cm),
Waist-to-height ratio, 20-m shuttle run test (Laps), and 20-m
shuttle run test (VO, peak). The inspection of the obtained
results shows that the boys have a greater body mass index,
waist circumference, waist-to-height ratio and achieve better
results in the test of assessing the cardio-respiratory fitness,
as compared to the girls.

The distribution of the state of obesity, calculated by
the body mass index (BMI), WC >75th percentile for age
and sex, waist-to-height ratio > 0.50, BMI and waist cir-
cumference and BMI and waist-to-height ratio in children
regarding their gender, is presented in Table 1. The analysis
of Table 1 and inspection of x2 tests show that statistically
significant differences between the boys and girls exist in the
fat calculated by the waist-to-height ratio > 0.50 and BMI

S Full Sample Boys Girls p Value (Cohen d)
Mean SD Mean SD Mean SD for Sex
Age (years) 8.98 2.37 8.90 1.13 9.07 3.20 0.129 0.03
Height (cm) 134.92 9.21 134.89 9.05 134.95 9.37 0.898 0.01
Weight (kg) 34.55 10.44 34.71 10.95 34.39 9.88 0.507 0.03
BMI (kg/m?) 18.98 3.76 19.18 3.97 18.76 3.52 0.021 0.11
BMI z-score 0.01 0.99 0.01 0.99 0.01 0.99 1.000 0.00
Waist circumference (cm) 61.43 9.05 62.41 9.57 60.41 8.35 0.000 0.22
Waist-to-height ratio 0.45 0.07 0.46 0.07 0.44 0.06 0.000 0.31
Overweight/Obesity* 717 38.5% 362 37.8% 355 39.2% 0.290 (N.A)
Obesity (WC >75" percentile for age and sex)® 510 23.0% 258 23.3% 252 22.8% 0.414 (N.A)
Obesity (waist-to-height ratio > 0.50)° 411 18.4% 253 22.6% 158 14.2% 0.000 (N.A)
BMI and waist circumference 398 21.4% 203 21.2% 195 21.5% 0.457 (N.A)
BMI and waist-to-height ratio 334 17.9% 200 20.9% 134 14.8% 0.000 (N.A)
Stg 3.56 1.45 3.89 1.60 3.21 1.16 0.000 0.49
VO,max 48.19 3.45 49.04 3.73 47.29 2.86 0.000 0.53

* Obesity defined as Cole et al. (2000); ® >75™ percentile waist circumference definition established by De Ferranti et al. (2004); © obesity
defined as >0.50 according to Schwandt and Haas (2016). BMI: body mass index; WHIR, waist-to-height ratio. No applicable (N.A).
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Table 2. Diagnostic properties of VO, peak (20-m shuttle run test) according to the equation of Léger et al. to detect body fat by age and sex group.

Specificity (%) LR (+) R (-) PPV (%) NPV (%)
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Sensitivity (%)

Cut-Points,
mL-kg!-min~!

AUC (95% CI)

Age/Sex

Boys
Obesity by WC >75th percentile for age and sex

85.12 (77.5-90.9)
83.17 (74.4-89.9)
87.84 (82.8-91.8)

2.47 (2.1-2.9) 0.23 (0.1-0.3) 42.4 (36.1-48.9) 93.7 (90.2-96.2)

0.792 (0.754 to 0.825) <49.0 65.52 (60.7-70.1)
<47.0

7-8 years old

2.70 (2.2-3.2) 0.24 (0.2-0.4) 45.9 (38.5-53.4) 92.9 (88.9-95.8)

69.16 (63.8-74.2)
60.25 (56.6-63.8)

0.826 (0.787 to 0.861)

9-10 years old

0.20 (0.1-0.3) 40.3 (35.9-44.8) 94.2 (91.7-96.1)

2.21(2.0-2.4)

0.796 (0.769 to 0.821) <48.8

7-10 years old

Obesity by WHIR (0.50)

68.25 (63.7-72.6)

2.5 (2.1-3.0) 0.30 (0.2-0.5) 34.3 (27.9-41.1) 94.1 (90.9-96.4)

2.69 (2.2-3.3)

<48.6 79.35 (69.6-87.1)

0.796 (0.759 to 0.829)

7-8 years old

53.5 (46.0-60.9) 88.3(83.5-92.1)

0.31 (0.2-0.4)

71.04 (65.5-76.1)

77.95 (69.7-84.8)
73.06 (66.7-78.8)

<47.0
<47.4

0.786 (0.744 to 0.824)

9-10 years old

2.88 (2.5-3.3) 0.36 (0.3-0.5) 46.1 (40.8-51.5) 90.3 (87.7-92.6)

74.66 (71.4-77.8)

0.802 (0.775 to 0.827)

7-10 years old

Girls
Obesity by WC >75" percentile for age and sex

66.96 (57.4-75.6)
60.00 (49.7-69.7)

1.72 (1.4-2.1) 0.54 (0.4-0.7) 35.0 (28.7-41.8) 85.4 (80.5-89.5)

60.96 (55.7-66.1)

0.664 (0.619 to 0.706) <47.7

7-8 years old

2.29 (1.8-2.9) 0.54 (0.4-0.7) 40.8 (32.8-49.2) 86.0 (81.4-89.8)

73.8 (68.7-78.4)
50.73 (46.9-54.5)

<44.8
<47.4

0.716 (0.671 to 0.758)

7-10 years old  0.666 (0.634 to 0.697)

9-10 years old

0.48 (0.4-0.6) 32.1(28.0-36.4) 87.0 (83.3-90.2)

1.53 (1.4-1.7)

75.47 (69.1-81.1)

Obesity by WHtR (=0.50)

68.08 (63.3-72.6)

0.50 (0.4-0.7) 25.6 (19.2-32.8) 92.2 (88.6-95.0)

2.06 (1.6-2.6)

65.67 (53.1-76.8)

0.703 (0.659 to 0.744) <47.3

7-8 years old

68.08 (63.3-72.6) 2.06 (1.6-2.6) 0.50 (0.4-0.7) 25.6 (19.2-32.8) 92.2 (88.6-95.0)

0.687 (0.641 to 0.730) <457 65.67 (53.1-76.8)

9-10 years old

66.14 (63.7-68.5) 2.12 (1.9-2.3) 0.43 (0.4-0.5) 33.4(30.1-36.9) 90.8 (88.9-92.4)

<47.1 71.71 (66.7-76.3)

0.736 (0.715 to 0.756)

7-10 years old

AUC: area under the curve; 95% CI: 95% confidence interval; LR+: positive likelihood ratio; LR: negative likelihood ratio; PPV: positive predictive value; NPV: negative predictive value; WC, waist circumference;

WHIUtR: waist-to-height ratio.

and waist-to-height ratio. It is not established statistically
significant differences between the boys and girls in the rest
of the indexes of assessing the obesity. The percentage values
suggest that a greater percentage of the boys are classified in
the category of fat ones, calculated by waist-to-height ratio >
0.50 and BMI and waist-to-height ratio.

For boys and girls (Table 2, VO, peak showed signifi-
cant predictive capacity for obesity (area under the curve,
AUCs > 0.66). In boys, when considering the full sample (7-
10 years), the best cut-point for VO, peak estimated by the
equation of Léger et al. to detect body fat by WC were 48.8
to mL-kg™"-min~' and WHtR were 47.4 to mL-kg"-min~". For
girls, when considering the full sample (7-10 years), the best
cut-point to detect body fat by WC were 47.4 to mL-kg™"-min™"
and WHtR were 47.1 to mL-kg™"-min".

Across all age and sex groups, CRF was weak to moder-
ate negative correlated with WC and WHtR (Table 3).

Finally, according to cut-points suggested (Table 2), ad-
olescents with low CRF were more likely to be obese either
by WC or WHIR (Table 4).

Discussion

The basic results of the present study suggest that the
cardio-respiratory fitness (estimated by 20-m shuttle run
test) presented discriminatory ability in identifying a poor
health profile (estimated by body fat parameters) in both
girls and boys aged 7-10 years. Additionally, the suggested
cut-points for low CRF were associated with obesity in all
ages and sexes.

The study results are in accordance with the research
conducted on a sample of 8740 Canadian children at the
age of 8.0-12.9 years, and these results show the negative
connection between the 20-m shuttle run test and and
cardiometabolic risk (as assessed by adiposity measures),
and that CRF cut-points obtained by ROC analysis have
a good discriminative power of predicting the obesity
(Silva et al., 2018). In the present research, the offered
optimum CRF cut-points for children of 8 to 12 years
were 41 mL-kg™"-min™' for the boys and 39 mL-kg™"-min™'
for the girls. In another similar research which has been
conducted on a sample of 16.619 British children at the
age of 11-13.9 years from Liverpool (Boddy et al., 2012),
the offered values for identification of children exposed to
the risk of obesity were 41.9 mL-kg'-min! for girls, and
46.96 mL-kg™"-min™" for boys. In research conducted on a
sample of 72.505 adolescents from Chille and Columbia, at
the age of 13 and 15 years (Prieto-Benavides et al., 2019),
the offered values of children exposed to obesity risk were
43.77 mL-kg™'-min! for boys and 38.53 mL-kg'-min™' for
girls. In our research, regarding the whole sample of the
male respondents, the optimal cut-points for WC was 48.8
mL-kg™-min~ while for WHtR it was 47.4 mL-kg"-min™".
The whole sample of female respondents has the optimal
cut-points’ value for WC of 47.4 mL-kg™"-min~', while those
of WHtR were 47.1 mL-kg™"-min~".

Two studies of research (Lang et al., 2019; Ruiz et al.,
2016) regarding CRF cut-points to identify red flags for
healthy and unhealthy phenotypes in children and adoles-
cents, offer two temporary international referent criterion
standards of 42 mL-kg™"min"' u 35 mL-kg"-min™" for boys
and girls at the age of 8-18 years, respectively.
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Table 3. Pearson correlation coefficient of association between cardiorespiratory fitness and body fat parameters by sex

Boys Girls
Indicators
7-8 years old 9-10 years old 7-10 years old 7-8 years old 9-10 years old 7-10 years old
WC (cm) -0,376* -0,486% -0,462% -0,320% -0,438* -0,301%
WHItR -0,276* -0,359% -0,341* -0,227% -0,300% -0,248%
WC, waist circumference; WHIR, waist-to-height ratio. * p < 0.001 (r, Pearson correlation coefficient).
Table 4. Association between unhealthy level of cardiorespiratory fitness and obesity by sex
Boys Girls
Indicators Crude Analysis Adjusted Analysis Crude Analysis Adjusted Analysis
y ) Y ! ) Y
(OR (95% CI) (OR (95% CI) + (OR (95% CI) (OR (95% CI) +

Obesity by WC >75" percentile for age and sex

Low cardiorespiratory fitness

9,76 (6,68-14,26)* 9,77 (6,69-14,28)*

8,12 (5,54-11,92)* 8,53 (5,78-12,61)*
Obesity by WHtR (>0.50)

3,39 (2,47-4,67)*
4,12 (3,27-5,19)*

3,40 (2,46-4,69)*
4,95 (3,84-6,37)*

Sex-age-specific cut-points

Sex-specific cut-points

Low cardiorespiratory fitness
7,21 (5,03-10,32)*
8,35 (5,65-12,35)*

Sex-age-specific cut-points

Sex-specific cut-points

7,21 (5,02-10,35)*
7,89 (5,33-11,70)*

3,25 (2,23-4,74)*
4,98 (3,84-6,44)*

3,26 (2,23-4,76)*
5,21 (3,96-6,86)*

OR: odds ratio; 95% CI: 95% confidence interval; WC, waist circumference; WHtR, waist-to-height ratio. T Adjusted analyses for age;

* Logistic regression (p < 0.001).

The cut-points offered in our study are higher than those
offered by Lang et al. (2019) and Ruiz et al. (2016). The rea-
son for these differences might lie in the fact that our study
makes use only of indexes of assessing the excessive body
weight and obesity in order to define the poor health profile,
whereas whereas the Ruiz and Lang cut-points used dif-
ferent cardiometabolic factors of risk. In addition, most of
those studies have been conducted on a local sample of re-
spondents who might not have the necessary representativ-
ity with regard to the whole population level. Further, both
studies showed cut-points for CRF for many high-income
countries, and, so far, there are very few studies conducted
on a large sample of children and adolescents from the West
Balkan, and especially from the Republic of North Macedo-
nia (Pireva et al., 2018).

In general, these studies suggest the existence of signifi-
cant connection between CRF and the indexes of assessing
the obesity which is detectable as early as in the childhood
and adolescent period, and which can be used in creating
strategies and prevention measures for reducing the car-
diometabolic factors of risk. The harmful results that are
ascribed to the obesity can be reduced to a certain degree by
maintaining the suitable levels of CRF (Mintjens et al., 2018;
Lang et al., 2018a). In our research, we have also tested the
connection between CRF and indexes of assessing obesity as
well as the proposed cut-points of low CRF and obesity. The
connection between our cut-points for low CRF and obesity
give a clear insight of the connections between the unfavour-
able CRF and the lower health status, and emphasizes the
necessity of the public-health intervention for raising the
level of physical fitness of young population.

Such kind of interventions — for example in the school
environment - should include promotion of physical activity
in order to increase the CRF levels (Pozuelo-Carrascosa et

al., 2018), which were alluded to in the most recent guide-
lines for physical activity (Physical Activity Guidelines Advi-
sory Committee, 2018). Having in mind the results obtained
in our research and comparing them with 142 studies (Lang
et al., 2018b), which have examined the correlation between
20mSRT and different health indicators in children and ado-
lescents, it can be concluded that 20mSRT is positively con-
nected to the physical, physiologic and psycho-social and
cognitive health of young persons, and it can be used as a
holistic indicator of health which can help to identify the
young persons running the risk of developing poor health.

Our research has several limits which should be taken
into consideration when interpreting the results. In the first
place, the pattern of a vertical zonation of our study does
not allow us to explain the causality. Secondly, if the study
had covered some other cardiometabolic factors of risk (e.g.,
dyslipidemia, blood pressure and insulin resistance), some
additional information might have been obtained about the
prognosticated assessment values. And finally, VO,peak was
established by the formula of results obtained from 20mSRT,
but standard methods of testing by direct measuring of oxy-
gen consumption are required to be applied in order to con-
firm out cut-points.

The chief advantage of the present study is its potential
usefulness of the cut-points, which can be used in the train-
ing research by the teachers in the subject of Physical Educa-
tion as well as the health workers in the countries of the West
Balkan, and especially in the Republic of North Macedonia.
Since 20mSRT is a simple, practical and cheap method of
assessing CRE, it can be used in examining the connection
between the physical activity and health of children and
adolescents with regard to the population level (Lang et al.,
2018). Finally, the significance of the present study is the rel-
atively great sample of respondents, which makes it possible
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to have a sensible examination of different indicators of the
excessive weight and obesity on the level of a whole popula-
tion in order to have better profile of Macedonian children.

Conclusions

Though a transversal research was conducted, AUC
demonstrated moderate discriminative power, and our re-
sults confirm the ability and usefulness of CRF (assessed by
20mSRT) in detecting fat in children. Our findings also sug-
gest that the proposed cut-points for low CRF are associated
with obesity, in both genders. Therefore, teachers of Physical
Education and health workers can use locally the obtained
cut-points values for VO, as a cheap and practical method
which can help to identify children and adolescents under
the threat of poor health.
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NMOPOrOBI TOYKN KAPAIOPECNIPATOPHOI MIAFOTOBJIEHOCTI,
NOB’A3AHI 3 NAPAMETPAMW OXKUPIHHA TINIA Y MAKEAOHCbKUX QITEN

Aopynna Enesi'A®“PE, Bamon Kagpiy**®<PE, Ipeca Ene3i*ABCPE,
Teopriii [eopries***“P¥, Cepboxxa [onTapes* *Pk

"Yuisepcurer B [Ipnmruni

*YHiBepcuTeTchKuit KiiHiuHMiT neHTp KocoBa
’AMepuKaHcbKa mikapHs, [Ipumtiaa
*Kupnno-MedopiiBcbknit yHiBepcuTeT B CKOIT'€

ABTOpCBHKIMIT BKIIAL: A — FU3aiiH JOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xoruTis

Pedepar. Crarts: 7 c., 4 Tab1., 27 IKeperL.

ITpo6memarnka ta uwini. ¥ Pecniy6miui IliBHiuna Maxke-
JIOHiA He BMCTaYae KPUTEPIIB Ta CTAHAAPTIB [JIA TECTIB JIOTiC-
TUYHOTO 3aCTOCYBAHHA, IIPU3HAYEHNUX J/IA OL[iHKM Kappiopec-
nipatopuoi npugarHocti (KPII) y miteit Ta migmiTkis. Merta
TOCTiHKEHH S 6yna nBoskomw: 1) Busnauntn smaraicte KPII,
110 OILIiHIOETHCA 3a JOIOMOIOK0 TeCTY «20-MeTpOBMIT YOBHU-
KOBIII 6ir», pO3pisHATHU «3[OPOBi» Ta «HE3AOPOBi» PEHOTUIIN
(3a mokasumkamu oxupinss, Takumu Ak OT ta CT3) y gireit;
2) BusHaunTy B3a€MO3B’SI30K MK OKMPiHHAM Ta BiTHOCHO
MaKCMMA/IbHIM CHOXUBaHHAM KucHioo (VO,peak), mepesi-
PEHMM Ha BiIHOCHO BeNUKiil BUOIpLi MaKeJOHCHKUX [iTell.
HocnifKeHHs TpoBefeHo Ha Bm6ipui 3 1863 pecnioHpeHTiIB, 3
Axux 957 (51,4%) 6ynu xnormrauku ta 906 (48,6%) — miBuara Bi-
KoM Bif 7 o 10 pokis. Yci BoHu 6ynu yaHsaMu 19 o4aTKOBUX
IIKIT [eHTpPalIbHOI Ta cXifHoi yacTuH Pecniy6mixu ITiBHiYHA
MakepoHis.

Marepianu i metogu. Oxpyxuicts Tanii (OT) Ta cmis-
BifHOIEHHA Tanii Ta 3pocty (CT3) BUKOpUCTOBYBamucA Asa
BU3HAUYEHHA MapKepis oxmpinna rima. KPII Bumiprosanu 3a
JOIIOMOroI0 TecTy “20-meTpoBuit YoBHMKOBMI 6ir” (VO,peak).
Kpusi onepaniifHux XapakTepuCTUK IpuUiiMaya Ta JOTiCTUYHA

perpecist Oy 3aCTOCOBaHi /Isl BCTAHOB/IEHHSI PO3Pi3HA0Y0L
sparHocTi KPII y mpornosyBanHi mapameTpis MapKepiB 0Xu-
PpiHHA Tina.

PesynbraTu. SIK /151 XIOITYMKIB, Tak i A/t giBdyat, VO,peak
II0Ka3aB 3HAYHY IIPOTHOCTUYHY 3JATHICTb /11 BU3HAYEHHH
oxupinus (wioma nif xpusow [AUC] > 0,66). Y X/IOI4UKIB,
npu posrisifi noBHoI Bubipku (7-10 pokiB), Hailkpaia mo-
porosa touka ast VO, peak i BUSHaueHHs XUPOBOI Macu
Tina 3a gomomoror OT 6yma fo 48,8 mm-xr'x8™, a CT3 - 5o
47,4 mirkr-x™. ¥V giBuyar, npy posrraii mosHoi Bubipku (7-
10 pokiB), HaKpaljoo TOYKOIO Isi BU3HAYEHHS >XMPOBOI
macu Tina 3a gonomoro OT 6yma o 47,4 mr-xr'-xs™!, a CT3
- 10 47,1 m-krtxsL,

BucHOBKI. 3TriflHO 3 I[MMM ITOPOTOBMMM TOYKAMM, IifI-
itk 3 Huspkoto KPII wactinte manm oxupinus 3a OT abo
CT3. Ipannuni sHauenna (moporosi Toukn) KPIT moxyTh
6yTu BUKOPUCTaHI K KiMbKiCHI MapKepu [yis fiTeit 3 6imbiin
3OPOBMMU XapaKkTepucTuKamu Tina 3 Pecny6rmixn IliBHiuHa
MaxkenoHis.

Knrouosi cnoBa: emifemiosnorig, oxupinug, mMaca Tina,
OiTU, TiTITKA.
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