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The relationship between physical development and cardiorespiratory fitness in girls of Kazakhstan aged
10-13 years

Abstract. The aim of this study is to identify the relationship between indicators of physical development and cardiorespiratory
fitness in female children of Kazakhstan aged 10-13 years (n=236). Physical development of children was assessed using
indicators of height, weight, waist circumference, body fat percentage, as well as such infegral indicators as body mass
index and waist-to-height ratio. Cardiorespiratory fitness was assessed by the results of the “progressive 20 m shuttle
run” test. The results of the study showed that there is a negative weak and moderate range correlation between the
indicators characterizing the body mass index, waist circumference, waist-to-height ratio, body fat percentage and
cardiorespiratory readiness of Kazakhstani children. The relationship between body fat percentage indicators and other
indicators of physical development was also revealed. This fact suggests that in the absence of the possibility of using
caliperometry, it is possible to use indicators of the ratio of body mass index, waist circumference, waist-to-height to
determine the prevalence of overweight and obesity in the population of children.

Key words: children, physical development, anthropometric data, body mass index, cardiorespiratory fitness.

Annken Anbek, Otapanbl CBeTAaHA, COAMEBA ATYAb, TYHFBILUMYPOTOBA ASAQ, AHARYLLMLLIMH Nocnd

10-13 XaC ApPAAb¥bIHAGFbI KO3OKCTAH Kbi3 GAAAACPABIH A€HEe ACMYbl MEH KOPAMOPECNUPATOPADIK,
ACGMNBIHADbIFbI APACBIHACFbI GANAAHBICHI

AHRAQTNA. 3epTreyaiH MOKCOThl — Ka3akCTaHHbIH, 10-13 >KAOC QpPOAbFBIHAGKBI Kbl3 BAAQACPbIHBIH, (N=236) AeHE ACMy
KepCceTKiLLUTERI MEH KAPANOPRECTIMPATOPRABIK AQMBIHABIK AP ACBIHACH bl OANAQHBLICHIH QHBIKTAY . BAAGACPD AEHE AOMYbI GO,
COAMAK, BEA LLeHBEePI, AEHE MAMbIHBIH, MAMBI3AbIK KOPCETKILLTEPI, COHAAM-AK 6ON-COAMAK MHAEKCI MEH BEAAIH, BOMMEH
QAPACIHACFbI APAKATLIHACHI CUSIKTBI MHTEMNPAAABI KOPCETKILLTEP Al TAAAQY QPKbIABI OOFAACHABI. KOpAMOPECTNPATOPABIK,
ACSIPABIK «20 M MPOMPECCUBTI KAMTOAQNM XKYTiPY» ChIHOFbIHBIH, HOTVIKEASPI BOMBIHLLA BOFOACHABI. 3epTTey HeTVKEASpI
Ka3akCTaHAbIK BAAAAQPABIH, BOM-COAMAK MHAEKCI, BeA LWeHBepi, 6eA MeH BOMAbIH, APAKATLIHACHI, AEHE MAMbIHbIH,
MAMbI3bl XKOHE KAPAMOPECTIMPATOPABIK, AQMBIHABKBIH CUMATTANTBIH KOPCETKILUTED QPACBIHAOQ SACI3 XeHe opTalld
AEHLLENAETI Tepic KoppeAsums 6ap ekeHAIrH kepceTt. COHAON-OK, AEHE MAWbIHbIH, MAMbI3ABIK, KOPCEeTKILLTEPI MEH
AEHE AQMYbIHBIH, 6ACKA KOPCETKILLTEPI APACBIHACFBI OANAOQHBIC AHBIKTAAABI. BYA GOKT KOAMNEPOMETPUSIHBI KOAACQHY
MYMKIHAIM BOAMOFOH Ke3AE BANOACR MOMYASILMSICBIHAQ QPThIK, CAAMAK, MEH CEMI3AIKTIH, TOPAAYbIH OHBIKTAY VLLIH AEHEe
COAMOFbIHbIH, UHAEKCIHIH, BeA WeHBepiHiH, 6eAMeH 60N AHACBIHAOFLI APAKATEIHACHIHBIH, KOPCETKILLTEPIH KOAAQHYFO
BOAATbIHABFbBIH KOPCETEA|.

TyriH cesaep: 6AAQACP, AEHE AGMYbI, QHTPOMOMETPUSIABIK, ASPEKTED, BOM-CAAMAK MHAEKCI, KAPAMOPECTMPATOPABIK,
ACSIPAbIK,

Annken Andek, Otapansl CBeTAaHA, CaaneBa ANryAb, TYHFBILLMYPATOBA ASIMAQ, AHARYLWMLWKH Vlocnd

CBS13b MEXAY PU3NYECKUM PA3BUTUEM U KAPAMOPECTIUPATOPHOM NOATOTOBKON AeBOYeK KasaxcTtaHa B
Bo3spacTte 10-13 Aet

AHHOTOUMS. LIeAbio AQHHOTO MCCASAOBOHUS SIBASIETCS BbIIBAGHME CBSI3V MEXKAY MOKA3ATEASIMU GUBNYECKOTO PO3BUTUS W
KAPAMOPECTIMPOTOPHON NOATOTOBKOM AeBOYek KasaxcTaHa B Bo3pacte 10-13 Aet (n=236). Pusmnyeckoe passmine
AeTel OLEHVBAAOCH C NCMOAB3OBOHMEM MOKA3ATEAEN POCTA, BECA, OKPYXKHOCTV TOAUM, MPOLEHTHOIO COASPKAHWS
XKMPA B OPraHM3ME, A TAKXKE TAKNX MHTEMPOABHbBIX MOKA3ATEAEN, KAK MHAEKC MACCHI TEAQ U OTHOLLEHME TOANM K POCTY.
KaparopeCcnmparopHasl MOATOTOBKA OLIEHMBAACCH MO PE3YALTATAM TECTA «MPOMPECCHBHLIM YEAHOUYHBIN Ber Ha 20
M», Pe3yAbTATbl ICCAEAOBAHMST MOKA3AAM HOAMYNE OTPULIATEABHOM KOPPEASILIN CAOBOTO 1 YMEPEHHOTO ANANA30HA
MEXAY MOKAZATEASIMU, XAPOAKTEPUIYIOLLMM MHASKC MOCCHI TEAQ, OKPYXKHOCTb TOAUM, COOTHOLLEHWS TOAUM K POCTY,
MPOLEHTHOTO COAEPXKAHMST XKMPA B OPrOHM3ME U KOPAMOPECTMPOTOPHOM MOATOTOBKOM KO3AXCTOHCKMX AETEN.
Taike BbIAQ BbISIBAEHO B3AVMOCBSI3b MEXAY MOKOA3ATEASIMU MPOLEHTHOTO COASPIKAHMS SKMPA B OPTaHU3ME U APYTMMU
MOKA3ATEAIMU DUBNYECKOTO PA3BUTUSI. DTOT GAKT FOBOPUT O TOM, YTO MPU OTCYTCTBUM BO3MOXHOCTU MPVIMEHEHMS
KOAUMEPOMETPUM MOXHO UCTIOAB30BATL MOKO3ATEAM COOTHOLLEHUST MHAEKCO MACCHI TeAQ, OKPYXKHOCTU TOAWUM,
OTHOLLIEHWS1 TAAUM K POCTY AASI BBISIBAHWSI PACAPOCTPAHEHHOCTU M3BBITOYHOW MACCHI TEAQ U OXXMPEHMISI B ASTCKOW
MOMYASILIN.

KAtoueBble cAOBa: A€TU, DUNHECKOE POA3BUTUE, OHTPONMOMETPNHECKME AQHHBIE, MHAEKC MACCHI TEAQ, KOPANOPECTNPATOP-
HQ$1 MOATOTOBKQ.
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Introduction. Monitoring is an integral part of
the process of physical education of children and
adolescents, which allows you to obtain reliable
and valid information about the level of physical
condition, assess and predict health status, and
evaluate the effectiveness of the training program.

In the practice of monitoring the physical health
of children and adolescents, tests are used that
evaluate the five most informative indicators related
to the health of children and adolescents: body
composition, strength, flexibility, muscle endurance,
and cardiorespiratory fitness [1, 2].

The inclusion of the above indicators in the
structure of fitness tests is not accidental, there is
a significant correlation between physical fitness
indicators and somatometric indicators [3]. On the
otherhand, astheresults of studies prove the existence
of a link between physical development indicators
such as BMI, fat percentage and the risk of chronic
non-communicable diseases such as type 2 diabetes,
cardiovascular and metabolic pathologies, cancer
in adults [4-6]. Timely detection and correction of
increased fat deposition, reduced physical fitness in
children and adolescents can help reduce the risk of
chronic non-communicable diseases and impaired
health in the future. The progressive 20-meter
shuttle run has the greatest value in assessing the
health of children and adolescents, the reliability
and informativeness of which has been proven by
many researchers [7-12].

According to a number of authors, all
components of fitness tests, such as body
composition, BMI, cardio-respiratory fitness,
muscle strength, speed, agility, flexibility and
coordination abilities are directly related to physical
fitness and can used to monitor the health of children
and adolescents [13, 14] as they have a statistically
significant correlation with the main biomarkers of
health are easy to use and do not require expensive
equipment. However, it has the greatest diagnostic
significance in assessing the health of children and
adolescents has cardiorespiratory fitnes [15].

B.O. Toyo et al. (2020) [16] devoted their
research to studying the relationship between
indicators of physical development of children and
adolescents and the results of physical fitness tests.
Thus, the authors revealed a high correlation between
BMI, body fat percentage, and other indicators of
physical development of children and adolescents
and the results of progressive 20 m shuttle running.

Other authors have found a high positive
correlation between the growth and weight of
adolescents and the results in the long jump and arm
muscle strength [17, 18], between BMI and the ratio

of muscle mass to fat mass with the results in squats
for 30 seconds, 4x10 m shuttle run [19], between
BMI and results in squats for 1 min and push-
ups [20], between BMI and tests characterizing
anaerobic-alactate and lactate performance [21]. The
severity of these relationships depends on the age,
gender, and regional characteristics of the subjects.

The analysis showed that most of the studies
are related to testing of children from the European
and American continents. To date, there is a
lack of research aimed at studying the physical
development and physical fitness of children in
Central Asia, including in Kazakhstan. The available
publications are devoted to the study of a narrow
range of problems related to the level of motor
activity, assessing the health of schoolchildren from
the point of view of studying their psycho-physical
condition.So, S.I. Rogova et al. (2019) analyzing the
results of the survey, they conclude that school-age
children have low motor activity, and the prevalence
of hypokinesia among girls is higher than among
boys [22]. R.Z. Boranbayeva et al. agree with
these conclusions. (2020), they believe that the
majority of children do not complete their daily
physical activity during their studies. During the
school holidays, children become more active, this
applies more to boys than girls, and about a third of
children’s physical activity remains unchanged [23].

The results of the study indicate insufficient
coverage of the problems of physical development
and physical fitness of children in Kazakhstan.

In this regard, the purpose of this study is
to identify the relationship between indicators
of physical development and cardiorespiratory
endurance in children and adolescents aged 10-13
years in Kazakhstan.

To achieve the research goal, we need to answer
3 key research questions:

1. Do the physical development parameters of
girls in Kazakhstan aged 10-13 years correspond to
the global average;

2. Is there a connection between indicators of
physical development;

3. Is there a relationship between the indicators
of physical development and -cardiorespiratory
training in girls aged 10-13 years in Kazakhstan.

Material and methods.

1. Procedure.

The study protocols were approved by the Ethics
Commission of the Kazakh Academy of Sports and
Tourism (Protocol Ne 1 dated November 25, 2022).
Informed consent to participate in the study was
received from the school principal, school teachers,
children and their parents.
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A preliminary research program has been
developed with a detailed description of the
measurement procedure and common measurement
errors. The briefing was conducted by 6 researchers
who, in collaboration with physical education
teachers, conducted research during physical
education lessons. Each researcher monitored the
measurement of one indicator. All the researchers
had knowledge about the age characteristics of
the studied population (physiological features and
physical fitness characteristics of children).

At the initial stage, a review of the literature
on the problem of research was conducted. The
criteria for selecting sources were: research on
the scientific justification of fitness tests related to
health; conducted from 2005 to 2025; devoted to the
study of physical development and physical fitness
of school—age children; the language of publication
is English, Kazakh, Russian.

The literature was searched from 2023 to 2025 in
databases such as Scopus, Web of Science, PubMed,
MedLine, and Reschgate using the following
keywords: children, physical development, physical
fitness, health-related fitness tests, fitness testing,
and a secular trend in physical fitness. The analysis
included scientific articles, systematic reviews, the
results of scientific projects devoted to the scientific
justification of fitness tests related to health, as
well as fundamental works describing the research
methods used in this work.

After a preliminary analysis of literary sources
and a study of the practice of foreign countries
where monitoring systems for the physical health
of children and adolescents are successfully
implemented, tools have been identified that show
high validity and are reliable tools for assessing
physical development and the level of endurance
development. In the course of the study, we measured
the following indicators characterizing the physical
development of children and adolescents: height
(cm), weight (kg), waist circumference (cm), body
fat percentage at two points on the body (in the
triceps and subcapular area) [24]. In the course of
the study, we calculated the body mass index (kg/
m?2) and the waist-to-height ratio [25].

As a tool for assessing cardiorespiratory fitness,
we used the «20 m progressive shuttle run» test, the
reliability and effectiveness of which have been proven
by the research of O. Lee, J-W. Chung (2019) [26].

2. Participants.

The study involved female children (n=236)
studying in secondary education institutions in four
regions of Kazakhstan (Aktobe and Aktobe region,
Pavlodar and Pavlodar region, Taraz and Zhambyl

region, Almaty and Zhetysu region). The study
participants were selected by independent random
selection.

According to age, the study participants were
divided into 4 age categories: 10 years old (n=57),
11 years old (n=64), 12 years old (n=56) and 13
years old (n=59). All participants are healthy, they
are engaged in the main medical group, and they
have no contraindications to physical exercise.

3. Measurements

Anthropometric measurements.

Anthropometric measurements were performed
in the medical office of the school, in the presence
of a medical worker. Body height and body mass
were measured using a BSM370 Automatic BMI
Measuring Stadiometer with the function of
measuring length, body mass and BMI [27].

Waist circumference (WC) was measured using
a centimeter tape at the narrowest part of the torso,
the soft area between the upper thighs and the base of
the rib cage. The measurement was performed three
times and the average of the three measurements
was recorded.

The thickness of the skin folds was measured
in accordance with the ISAK standardized protocol
[28]. It is based on the two-component model of
Slaughter et al. (1988) [29].

The calculation of the percentage of
subcutaneous fat was carried out according to the
formula:

%W (ScF)=1.33 x (T+SS) - 0.013 x (T+SS)2+ 0.8

When the sum of skin-fat folds is more than 35
cm, the calculation was carried out according to the
formula:

%W =%: =0.546 x (T+SS) + 9.7,

where T and SS are the thickness of the skin—fat
fold in the triceps and subcapular area in mm.

When interpreting the results, we were guided
by the boundaries used in pediatric practice and
sports medicine, where a fat percentage of <15%
indicated an insufficient body weight, 15-25% was
normal, 26-30% was an increased fat content, >30%
was excessive fat deposition, and the risk of obesity.

Progressive shuttle run for 20 m. The testing
was conducted to identify the cardiorespiratory
fitness of children and adolescents during a physical
education lesson. Beep Shuttle Advanced Rev:3
software was used for the test.

At a distance of 20 m, two lines were marked,
which were fixed with restrictive cones. The data
of the subjects (last name, first name, date of birth,
height, weight) were entered into the research
protocol in the program. After a light warm-up for
the main muscle groups and an explanation of the
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testing procedure, the subjects began the race. At the
same time, 2-3 subjects took part in the race. The
test results were interpreted automatically in the
program after the end of the test. Such indicators
as the number of stages, the number of shuttles,
the distance traveled, the total operating time and
the values of maximum oxygen consumption (VO2
max) were recorded. VO2 max indicators were
compared with the centile tables developed by S.
Kolimechkov, L. Petrov, A. Alexandrova (2019)
[10, p. 12] to assess the cardiorespiratory endurance
of European children and adolescents.

4. Statistical analysis.

Statistical analysis was carried out in the IBM
SPSS STATISTICS software package (version 27),
suitable for research in the field of humanities.

The statistical processing was preceded by
an initial check of the quality and structure of the
data. To identify the central trend of the sample, the
spread of data and the most common values of the
indicator, we calculated the arithmetic mean and
standard deviation (SD), Median (Me).

In indicators with a pronounced range of values,
we calculated percentiles to assess the distribution of
data and conduct individual and group interpretation.

After a preliminary check for missing values
and the presence/absence of duplicates that impede
interpretation, a procedure was carried out to
check the degree and direction of the monotonic
relationship between the studied variables using
Spearman’s paired rank correlation coefficient.

The relationship between the indicators was
considered significant at p<0.05. When interpreting
the results of the statistical analysis, the direction
of the relationship (positive or negative) and the
strength of the correlation were taken into account: at
p<0.3, the relationship is weak; 0.3-0.6 — moderate;
0.6-0.9 — strong; above 0.9 — very strong.

Results.  Table 1 shows the somatometric
measurements of girls aged 10-13 years. A tendency
towards an increase in physical development indicators
with an increase in the age of the subjects was revealed.
The exception is the values of the waist-to-height ratio,
for which no significant dynamics have been identified.

Table 1 - Somatometric measurements and the results of the «Progressive shuttle running for 20m» test in Kazakhstani

girls aged 10-13 years

Age, Mean+SD
Parameters

10, (n=57) 11, (n=64) 12, (n=56) 13, (n=59)
Age, years 10.50+0.2828 11.52+0.26 12.49+0.32 13.483+0.31
Height. cm 142.65+8.27 151.13+£7.87 154.57£7.21 159.81£5.79
Weight. kg 36.67£9.04 42.17+8.67 43.05+£7.91 50.22+11.11
BMLI. kg/m? 17.84+3.08 18.33+£2.87 17.97+2.83 19.55+3.54
WC. cm 60.81+£7.29 63.58+8.22 62.05+6.61 65.17+8.55
W/H. cm/cm 0.42+0.05 0.42+0.05 0.40+0.04 0.41+0.05
ScF 19.13+7.27 20.55+6.37 18.64+6.05 21.22+6.73
Number of stages 3.19+0.85 3.20£1.13 3.29+0.99 3.25£1.06
Number of shuttles 12.82+7.48 13.28+8.22 16.3049.13 13.18+10.78
Distance covered. m 414.04+141.17 422.81+183.37 449.29+162.84 422.73+184.81
Total working hours. s 148.56.£51.39 155.45+69.51 159.35+59.59 155.70+£65.76
VO’ max 44.38+1.99 42.17+4.71 41.4342.43 39.35+£2.72

Analysis of the Spearman test results revealed
a negative correlation between such indicators of
physical development as BMI, waist circumference,
waist-to-height ratio and fat percentage and the
results of the “20m progressive shuttle run” test in

girls aged 10-13 years. The results of the analysis
are presented in Tables 2, 3, 4 and 5.

In the group of 10-year-old girls, a moderate
negative correlation was found between BMI,
waist circumference, waist-to-height ratio and
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body fat percentage with the results of 20m  VO2 max (Table 2). The correlation coefficient
progressive shuttle running, namely the number  between these indicators is in the range of 0.227-
of levels, distance covered, total work time and  0.487.

Table 2 — The values of the correlation coefficient between the indicators of physical development and cardiorespiratory
endurance of 10-year-old girls according to Spearman’s paired rank correlation criterion

Number
B(.)dy Bqdy BMI wWC WH ScF Number of povered T.otal
height weight of levels distance. m time
shuttles
Height 1.000
weight 0.730* * | 1.000
BMI 0.289* 0.836%* 1.000
wC 0.294* 0.635%* 0.673** | 1.000
W/H -0.146 0.300* 0.525** 1 0.856** | 1.000
ScF 0.164 0.526%* 0.599** | 0.746** | 0.667** | 1.000
Number | 654 | .0.200 -0.312% | -0.441%* | -0.487** | -0.330* | 1.000
of levels
Number
of -0.036 -0.046 -0.173 0.076 0.157 -0.236 -0.281 1.000
shuttles
Distance 0.554%%*
covered. | -0.001 -0.254 -0.330% | -0.417%* | -0.437** | -0.306* | 0.931%* 1.000
m
;l;g;zl 0.013 -0.242 -0.324* | -0.416%* | -0.444** | -0.227* | 0.900** | 0.552%* | 0.970%** 1.000
vo,, . -0.037 -0.265* -0.311% | -0.426%* | -0.437** | -0.353** | 0.886** | (0.514** 0.926%* 0.859%**

In the group of 11-year-old girls, a mild to  height ratio, body fat percentage) and the results of
moderate relationship was found between indicators ~ 20m progressive shuttle running (number of levels,
characterizing physical development (BMI, waist-to-  distance covered, total running time) (Table 3).

Table 3 — The values of the correlation coefficient between the indicators of physical development and cardiorespiratory
endurance of girls aged 11 according to Spearman’s paired rank correlation criterion

height weight BMI wC W/H ScF Number | Number of | Covered Total
of stages | shuttles | distance. time
m

Height 1.000

Weight [0.712* * | 1.000

BMI 0.346** 0.879** [1.000

WwC 0.358** 0.673** 10.659** |1.000

W/H -0.087 0.345*%* [0.521** [0.861** 1.000

ScF 0.171 0.571** [0.598** [0.643** [0.600** |1.000

Number |0.020 -0.078 -0.292* -0.144 -0.259* 1-0.179 1.000

of stages

Number |-0.055 -0.135 -0.194 -0.013 -0.031 -0.09 -0.347** {1.000

of

shuttles
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Distance |0.020 -0.103 -0.349** |-0.230 -0.282* [-0.227 -0.960** [ 0.590%* 1.000

covered.

m

Total 0.089 -0.091 -0.347** |-0.240 -0.320*  [-0.306* [0.945%* |(0.588%%* 0.998** 1.000
time

vo, . |-0.001 -0.137 -0.189 -0.228 -0.250*% [-0.257* |0.886** | 0.587** 0.926%* [ 0.969**

A weak relationship was found between
VO2 max and waist-to-height ratio and body fat
percentage. In the group of 12-year-old girls, BMI

was associated with the results of 20m progressive

shuttle running (number of levels, distance covered,
and VO2 max) (Table 4).

Table 4 — The values of the correlation coefficient between the indicators of physical development and cardiorespiratory
endurance of girls aged 12 according to Spearman’s paired rank correlation criterion

Body height Body BMI wC W/H ScF | Number | Number | Covered | Total time
weight of stages of distance.
shuttles m
Height 1.000
Weight 0.580%* * 1.000
BMI 0.072 0.806** 1.000
wC 0.262 0.683** 0.659** |1.000
W/H 0.221 0.386** 0.659** |0.848** [1.000
ScF 0.125 0.509%%* 0.598** [0.643** |0.582** |1.000
Number of |-0.040 -0.277* -0.292* [-0.228 -0.259 -0.208 |[1.000
stages
Number of |-0.409%* 0.106 -0.173 0.002 0.166 0.065 [-0.095 1.000
shuttles
Distance 0.059 0.257 -0.349** |-0.230 -0.218 -0.227 [0.946** [0.205 1.000
covered. m
Total time |0.053 -0.259 -0.347** |-0.240 -0.239 -0.194 [0.945** 10.203 1.000
0.998**
vo, . -0.008 -0.306* -0.357** [-0.270* |-0.229 -0.228 [0.919** |0.202 0.972%* 1 0.969**

For other indicators of physical development,
there was no reliable relationship with the results
of the cardiorespiratory fitness test. In the group of
13-year-old girls, a weak negative relationship was
found with BMI and the number of levels, distance
traveled, total work time, and VO2 max (Table 5).

Discussion. The results of the study are
important for a better understanding of the
characteristics of health-related components, such
as physical development and cardiorespiratory
endurance, as well as the associations between
these indicators in different age groups of girls in

various socio-cultural contexts. In addition, today
it is known that the 20m progressive shuttle run
is one of the most sensitive tools for detecting
cardiorespiratory endurance related to health, which
is used in many fitness tests in Europe and the USA.
Research evaluating the prospects for its use may
help teachers consider using the new test to measure
students’ cardiorespiratory endurance. Adapting this
test to the climatic and geographical conditions of
different regions of the country will provide up-to-
date information on physical fitness and health of
children in all schools of Kazakhstan.
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Table 5 — The values of the correlation coefficient between the indicators of physical development and cardiorespiratory
endurance of girls aged 13 according to Spearman’s paired rank correlation criterion

Body Body BMI wC W/H ScF Number | Number of | Covered Total
height weight of stages | shuttles distance. time
m
Height 1.000
Weight -0.225 1.000
BMI -0.311* [ 0.911** |1.000
wC -0.100 0.789** 10.820** |1.000
W/H -0.136 0.678** 0.802** |0.958** | 1.000
ScF -0.329% 1 0.758** | 0.746** | 0.688** |0.638**- | 1.000
1.000
Number of |0.079 -0.333** 1.0.293* |-0.242 |-0.193 -0.256 1.000
stages
Number of |0.078 0.090 0.078 0.020 0.123 0.100 0.079 1.000
shuttles
Distance 0.103 -0.316%  [-0.295% |-0.221 |-0.164 -0.197 0.960%* [-0.336** 1.000
covered. m
Total time |0.102 -0.320%  [-0.297* |-0.216 |-0.158 -0.195 0.958%* |-0.341** 0.997** |1.000
vo, . -0.134 -0.258* [-0.143 |[-0.192 |-0.112 -0.149 0.937** 10.304* 0.966** |0.965%*

When studying the relationship of various
components of PF (physical fitness) with health, the
strongest and most stable associations were found
between health and cardiorespiratory fitness and
muscle strength [30, 31]. Thus, they are considered
key components of physical fitness related to health.
A study by S. Mintjens et al. (2018) [32] suggests
that BMI (body mass index) is an independent
predictor of cardiovascular disease in children
and mediates the relationship between overall
cardiorespiratory fitness and cardiovascular disease.
Therefore, the analysis of the relationship between
physical development and cardiorespiratory fitness
in children is relevant.

Since the PF assessment reflects the influence
of genetic and environmental factors on the health-
related components of PF and, consequently, on
health indicators [33], monitoring and analysis of
various PF indicators in local, regional, national
and global populations is relevant. The results of
this study may be relevant, since PF indicators can
be used to determine appropriate strategies and
measures to improve the health of schoolchildren not
only in educational institutions, but also in planning
public health strategies and policies. In addition,
they can help to better understand how physical

development indicators in early adolescence relate
to cardiorespiratory fitness.

An analysis of the individual growth indicators
of girls aged 10-13 years and their comparison
with the World Health Organization (WHO) centile
tables showed a tendency towards outstripping the
physical development of children in Kazakhstan,
compared with the global average. In all the age
categories under consideration, the median height
values exceeded the 50th percentile of WHO by
4-7cm and corresponded to the level of the 75th-
90th percentile and above (Table 1).

Thus, an analysis of the height distribution
of 10-year-old girls showed a bias towards higher
values compared to WHO standards. The average
height in the sample was 142.65+£8.27 (122-163, the
median is 143cm), which corresponds to the 85-90
percentile for girls of this age.

This trend is particularly noticeable in the
11-13-year-old age group. So, in the group of girls aged
11, the average height values were 151.13+£7.87cm
(131-166), the median values (Median 153-154cm)
significantly exceed the median values according
to the WHO centile tables and correspond to the
90th percentile. Values corresponding to the 25th
percentile were found only in two cases.
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In the group of 12-year-old subjects, the
majority of girls demonstrated normal or advanced
growth (75-85 percentile), and 16% of girls had a
height exceeding 161 cm and corresponded to the
97th percentile. The values corresponding to the 3rd
percentile were detected only 1 time.

In the group of 13-year-old girls, the average
height values (159.81+5.79), as well as the median
height (160-161cm), exceed the corresponding
indicators according to WHO normative tables and
correspond to the 75-85th percentile. The height
values of 17% of girls correspond to the 97th
percentile. Only 3 girls’ height values were rated as
“low” and corresponded to the 10th percentile.

An analysis of the body weight of girls aged 10-
13 years revealed a persistent excess in comparison
with WHO standards.

Thus, the average weight of 10-year-old girls
was 36.67+9.04kg (23-60kg), and the median values
(35 kg) exceeded the WHO values by 3kg. The
most significant deviation from the values of WHO
standards was observed in the group of 11-year-
old girls (~6 kg). A high concentration of weight
values in the range of 40-55kg was revealed, which
corresponds to the 75-90 percentile according to
WHO tables. No underweight girls were identified.

Thus, the data obtained demonstrate a tendency
towards higher height and weight in girls aged 10-
13 years compared with international standards
and require further analysis taking into account
environmental factors, genetics and lifestyle.

In the studies of M.U.Mushtagq et al. (2012) [34],
on the contrary, the average values of height and
weight coincided with WHO standards, however,
the prevalence of body mass deficiency, as well as
overweight and obesity in Pakistani children was
lower than in the standards proposed by WHO.

An analysis of the frequency distribution and a
comparison of BMI indicators with WHO normative
tables also showed that in the majority of girls aged
10-13, the values of this indicator correspond to
normal values.

Thus, in the group of 10-year-old girls, BMI
values in the range of 25-75 percentiles occur in
75.4%, 5.3% have low values of this indicator in the
range of 3-5 percentile, and 5.3% showed signs of
overweight (85-90 percentile), obesity was detected
in 14% of girls.

That is, the distribution of BMI among 10-
year—old girls in the study sample has a two—way
deviation from the norm: on the one hand, there
is a body weight deficit in some children, on the
other hand, there is a tendency towards increased
BMI and obesity. This highlights the need for an

individual assessment of the nutritional status and
possible intervention to prevent weight disorders in
both directions.

In the group of 1l-year-olds, the majority of
girls have normal BMI values, however, the median
BMI values slightly exceed the WHO normative
values, which indicates a general shift towards
increased body weight. High BMI values (percentile
90 and above) were found in 12.5% of girls, and
in 4.7% of girls, on the contrary. there are signs of
body weight deficiency.

That is, the BMI distribution among 11-year-old
girls in the study sample has a two-way deviation
from the norm: on the one hand, there is a body
weight deficit in some children. On the other hand,
there is a tendency towards an increased BMI and
obesity. This highlights the need for an individual
assessment of the nutritional status and possible
intervention to prevent weight disorders.

In the group of 12-year-olds, 71.4% of girls had
normal BMI values, 23.2% had higher than normal
values, and 5.3% showed signs of body weight
deficiency.

In the group of 13-year-olds, the BMI values
of the majority of girls (65.9%) are in the range of
10-75 percentiles, 27.6% have signs of overweight,
and 6.4% of girls are in the range of 3-5 percentiles,
indicating a body weight deficit.

Similar results have been described N.T.
Dzhainakbaev et al. (2021), in studies which
revealed that 28 school-age children have deviations
in BMI [35].

The results of our research are consistent with a
study by M. Yackobovitch-Gavan et al. (2025) [36],
who analyzed the weight-height ratio of 1.5 million
Israeli children. The researchers concluded that
Israeli children have significantly higher BMI values
than the data provided by WHO. These differences
are especially pronounced in the group of girls.

The authors conclude that WHO standards
are most sensitive for BMI assessment only in the
group of children under 5 years of age. In the older
age group, in order to more adequately classify
overweight or obesity, or, conversely, to identify
underweight in the child population, it is necessary
to take a more careful approach to the choice of
assessment criteria. The effectiveness of early
detection of childhood obesity and intervention by
policy makers depends on this.

All this indicates the presence of regional,
socio-cultural, and medical characteristics of a
regional or ethnic population. On the other hand, this
fact highlights the relevance of developing regional
standards for the assessment of anthropometric
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indicators. because WHO international standards
do not always reflect the real picture of the physical
status of specific groups.

An analysis of the reliability of the BMI
difference in the study group showed statistically
significant dynamics observed only when comparing
BMI values in 12 and 13-year-old girls.

Similar data were revealed as a result
of longitudinal studies of the dynamics of
anthropometric indicators of children in the USA,
Great Britain, Japan and Singapore aged 8-18 years
[37]. Studies have shown that the greatest increase
in BMI values was observed in the age period of
12-13 years.

Such changes are probably related to hormonal
changes during puberty.

Correlation analysis also revealed. that the
percentage of body fat correlates with BMI and
waist circumference. the ratio of waist to height.
This indicates that in this age-sex group, indicators
can be used to determine the degree of obesity
in children and adolescents if it is not possible to
determine the percentage of fat.

A.O. Agbaje (2024) believes that the waist-to-
height ratio is a more preferable indicator than BMI
for predicting body fat percentage in both children
and adults [25, p. 1378].

According to the VO2 max indicators, a
tendency to a steady decrease was revealed with
increasing age of the subjects. A comparison of
the data we obtained with the normative tables of
VO2 max proposed by S. Kolimechkov, L. Petrov,
A. Alexandrova (2019) [10, p. 12] for European
children and adolescents showed a leftward shift of
Me, as well as the maximum and minimum values
of this indicator in Kazakhstani girls, compared with
the authors’ research data.

So, in the age group of 10 years, the VO2 max
values in 56.2% of the surveyed corresponded to the
27-75 percentile, and 42.1% have - 20 percentiles
(15.8% — 20 percentile; 22.8% — 10 percentile;
3.5% - 3 percentile). Only 1.7% of 10-year-old
girls had high VO2 max values corresponding to 80
percentiles.

In a group of 11-year-old girls. More than half
of the subjects (62.5%) had VO2 max values not
exceeding the 20th percentile (18.7% - the 20th
percentile; 34.4% - the 10th percentile; 7.8% - the
3rd percentile and 1.6% - the 1st percentile), and
only 37.5% of the subjects in this age group had
MOC values in the 25-75 percentiles.

In the group of 12-year-olds, half of the subjects
(50.0%) had VO2 max values corresponding to the
25-75 percentile, while the rest of the girls had

VO2 max values not exceeding the 20th percentile
(14.3% - 20th percentile; 26.8% - 10th percentile;
8.9% - 3rd percentile). There were no subjects with
high VO2 max values in this age group.

In the group of 13-year-old subjects, the VO2
max values of the majority of girls (74.6%) did not
exceed the 20th percentile (17.0% - 20th percentile;
39% - 10th percentile; 18.6% - 3rd percentile),
values in the range of 25-75 percentiles were found
only in 23.7% and only one of the examined girls
had VO2 max values that exceeded normal values
and corresponded to the 80th percentile.

An analysis of the results of Spearman’s paired
rank correlation between indicators characterizing
physical development and cardiorespiratory
endurance of girls aged 10-13 showed the presence
of a negative correlation between these indicators.
However, the degree of correlation was different in
each age group.

The most significant correlations were found in
the group of 10-year-old subjects. In this group, a
moderate negative correlation was found between
BMI, waist circumference, waist-to-height ratio on
the one hand and the number of levels, values of
total distance covered, total running time and VO2
max (Table 2).

In the group of 11-year-old participants (Table
3), a weak negative correlation was found between
waist-to-height ratio and number of levels and
distance traveled (rs ranging from 0.259-0.282;
P<0.05). The analysis showed a weak negative
correlation between waist-to-height ratio and body
fat percentage on the one hand and VO2 max
indicators on the other (rs 0.250-0.257; P<0.05), as
well as a negative correlation of moderate strength
between the above-mentioned physical development
indicators and total work time (rs 0.306-0.320;
P<0.05).

In the group of 12-year-olds (Table 4), a
statistically significant relationship was found
only between BMI indicators, on the one hand,
and the number of levels (rs .292; P<0.05) of
the 20m progressive shuttle test. In addition, a
moderate relationship was found between BMI and
distance traveled, total operating time and VO2
max indicators (rs 0.347-0.357; P<0.01). Waist
circumference indicators also correlated with VO2
max values (rs 0.270; P<0.05).

In the group of 13-year-old female children, a
weak negative relationship was found between BMI
indicators (Table 5) on the one hand. and the number
of levels covered by the distance and the total
operating time (rs 0.293-0.297; P<0.05). Between
the number of levels covered by the distance. the
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total working time, VO2 max values and weight
indicators of the subjects showed a dependence from
mild to moderate (rs 0.258-0.333; P<0.05-0.01).

Despite the fact that the results of the study
provide valuable information about health indicators
in the population of Kazakhstani girls aged 10-13
years and are important for predicting the directions
of health promotion, it has a number of limitations.
Firstly, the study was designed for a specific gender
and age group, so it should be expanded. Secondly,
despite the fact that the testing was conducted by
trained instructors, in individual schools where
testing was conducted. there could be different
conditions (for example, climate, testing surfaces).
Thirdly, the percentile values were calculated using
a cross-sectional approach, that is, when comparing
girls of different age groups. More accurate data
could be obtained by tracking changes in physical
fitness indicators over the long term.

Conclusion. An analysis of the results of the
study showed that the anthropometric indicators of
girls in Kazakhstan aged 10-13 years significantly
differ from the global average standards proposed
by WHO. The median height, weight, and BMI
shifted towards higher values in the analyzed
age group. The trend of increasing overweight
and obesity with age, especially significant at
age 12-13 years is concerning. However, further
research involving a wider age group of children
and adolescents is needed to form a clear position
on the organization of preventive measures. It is
also necessary to organize anthropometric studies
taking into account environmental factors, genetics
and lifestyle of children and adolescents, as well as
the development of regional standards for physical
development.

There is also a high correlation between the
values of body fat percentage on the one hand and
BMI, waist circumference and waist-to-height ratio
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