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Abstract The aim of this study is to comprehensively assess the morphofunctional characteristics and level of adaptation
to physical activity in student-athletes involved in football, wrestling, and track and field in the Republic of Karakalpakstan.
The study included morphofunctional examinations of 87 student-athletes aged 18-20 years, participating in various sports.
The study results confirmed that the athletes” body composition corresponds to the morphofunctional requirements of their
specific sport. Wrestlers are characterized by a pronounced mesomorphic type with a well-developed musculoskeletal system,
while football players have a balanced mesomorphic profile. Track and field athletes are distinguished by minimal body fat
and relatively pronounced ectomorphic features. A series of functional tests revealed a better respiratory system in track and
field athletes. Lower scores on the Robinson index, Ruffier test, and adaptive potential in track and field athletes indicate an
economical cardiac function. Determining the adaptive potential at a satisfactory level in 100% of track and field athletes

confirms the optimal state of their autonomic balance.
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1. Introduction

In modern sports physiology, the study of athletes’
morphofunctional characteristics, as well as their adaptation
to physical exertion, is of significant scientific and practical
importance. Athletes involved in various sports, in particular,
exhibit specific development of their body’s morphofunctional
capabilities. This is an important factor in improving athletic
performance, optimizing training, and maintaining athletes’
health. From this perspective, studying the mechanisms of
adaptation in athletes involved in sports such as foothall,
wrestling, and track and field is a pressing issue.

In recent years, scientific research has extensively examined
the relationship between somatotypological characteristics
and athletes’ functional performance. It has been established
that body structure, as well as the functional capabilities of
the cardiovascular and respiratory systems, develop differently
depending on the sport. At the same time, indicators such as
the Shtange and Genchi tests, the Ruffier test, the Robinson
index, and adaptive potential are used as important diagnostic
criteria for assessing athletes’ adaptation to physical activity
[1]. However, in the context of Karakalpakstan, research
aimed at comprehensively studying these indicators among
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student-athletes has been insufficiently covered [2]. The
environmental and climatic conditions of the Republic
of Karakalpakstan (aridity, air pollution, contamination
of soil, water, and food products with heavy metals and
organochlorine pesticides, and salinization processes) have a
specific impact on the development of young organisms
and their adaptation to physical activity [2,3]. Therefore,
studying the morphofunctional characteristics of students
involved in sports in this region has not only theoretical but
also important practical significance.

The aim of this study is a comprehensive assessment of
the morphofunctional characteristics and level of adaptation
to physical activity in student-athletes involved in football,
wrestling and athletics in the Republic of Karakalpakstan.

2. Materials and Methods

2.1. Participants and Study Design

The study was conducted in the spring and summer of
2025 among students of Karakalpak State University,
enrolled in the Faculty of Physical Education and regularly
participating in sports (football, wrestling, track and field)
for at least three years, with at least a second-class athletic
qualification. A total of 87 student-athletes aged 18-20
participated in the study. The athletes were assessed for
performance indicators aimed at developing endurance,
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speed, flexibility, and strength. The study utilized cyclic
(track and field) and acyclic (football, wrestling) sports. The
group of student-athletes regularly participated in the selected
sports (33 football players, 25 wrestlers, and 29 track and
field athletes). These sports are among the most popular
among students.

Before the study, a warm-up was performed, including a
15-meter sprint, arm and leg exercises, abdominal exercises,
squats, and muscle and joint activation exercises [4]. The
study was conducted in two stages. The first stage examined
the somatotypological characteristics of the student-athletes.
The second stage involved measuring physiological parameters
and conducting functional tests. All measurements were
taken during the spring and summer, at a comfortable
temperature, in the morning, in an isolated room with
adequate lighting.

2.2. Anthropometric Methods (Body Measurement)

At baseline, all participants underwent anthropometric
measurements using standard methods [5,6].

Body length was measured to the nearest 5 mm using a
SECA 217 medical stadiometer (Germany). Body weight
was determined using a SECA 803 electronic medical scale
(Germany) with an accuracy of 50 to 150 g, depending on
weight. Chest, upper arm, and lower leg circumference were
measured using an inextensible tape measure (accuracy of
0.01 cm) and an electronic tape measure (Measure King,
VAHIGCY, China). Bone mass (size) indicators, such as
elbow and knee joint width, were measured to the nearest
1 mm using a sliding caliper (Argentum LLC, Russia). To
assess the development of the fat component, the thickness
of the skin-fat fold (SFT) was determined in the suprailiac
and subscapular, triceps, and calf areas using a caliper (Slim
Guide Caliper, China) with an accuracy of 0.5 mm,
providing equal pressure (10 g/mm?) on both sides of the fold.
Wrist muscle strength was determined using a hand-held
dynamometer (MEGEON-34090, Russia, 2017) with an
accuracy of 0.5 kg. Back muscle strength was assessed using
an electronic back dynamometer (DES-300, Russia),
designed to measure trunk extensor strength.

2.3. Somatotyping

The somatotype was assessed using the Heath-Carter
method as a three-component profile, with the average
values of all components (endomorphy, mesomorphy, and
ectomorphy) determined based on the relationship between
distance, height, and body mass [7]. To calculate the ecto-,
meso-, and endomorphic components, parameters such as
body weight, body length, knee and elbow joint diameters,
upper arm and calf circumference, and SFT values in the
triceps, subscapular, and suprailiac area were used [7].

Based on these measurements, the severity of ecto-, meso-,
and endomorphy was assessed.

Endomorphy = —0,7182 + 0,1451 * X — 0,00068 *
X? + 0,0000014 = X3
X=
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(triceps skinfold, mm + subscapular skinfold, mm +
170,18
' )

standing height, cm
Mesomorphy = (0,858 * elbow breadth,cm + 0,601 *
knee breadth,cm + 0,188

(upper arm circumference,cm —

suprailiac skinfold, mm) * (
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triceps skinfold, Cm)
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0,161 * (calf circumference,cm —
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Ectomorphy was determined using the Height-Weight

Ratio (HWR) index.
_ standing height, m

HWR = ot weignt, =9

If HWR > 40,75, then Ectomorphy =0,732 * HWR —
28,58

If HWR from 38,25 to 40,75 then Ectomorphy
=0,463 * HWR — 17,63

If HWR <38,25 then Ectomorphy = 0,5

Values of 0.5-2.5 correspond to a very low level; 3-4 to an
average level; and 5.5-7 to a high level of ecto-, meso-, and
endomorphism. Thus, the subjects were divided into three
groups.

2.4. Measuring Physiological Parameters and
Conducting Functional Tests

In the second stage of the study, a series of tests were
conducted to assess the athletes’ cardiorespiratory system
functions.

Respiratory System Function Assessment.

Vital capacity (VC) was measured using an Electronic
Vital Capacity Tester FCS-10000 (Grows Instrument, China,
2018) [6].

Dynamic spirometry allows for assessing changes in VC
during physical activity and, based on these changes,
determining the functional state of the respiratory system [8].
After determining VC at rest, the subject was asked to
perform a standard physical activity (20 squats in 30
seconds). VC was then measured again. The dynamic
spirometry value was calculated as the difference between
VC at rest and after physical activity. The results were
assessed as follows:

If the VC does not change, it is considered “satisfactory”;

if it decreases by more than 200 ml, it is considered
“unsatisfactory”;

if it increases by more than 200 ml, it is considered “good”
[8].

The Shtange test is a physiological test designed to assess
the state of the respiratory and cardiovascular systems by
measuring the duration of breath-holding after a deep
inhalation. This indicator reflects the body’s resistance to
hypoxia (oxygen starvation) and the level of the body’s
adaptive capacity [9]. On average, untrained individuals hold
their breath after a deep inhalation for 40-55 seconds, while
trained athletes achieve this value for 60-90 seconds or more.

The Genchi test is a diagnostic test used to assess the
functional state of the respiratory and cardiovascular systems,
based on breath-holding after a full exhalation. It allows one
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to determine the body’s adaptation to hypoxia [9]. Average
values are 25-30 seconds for untrained individuals and 40-60
seconds or more for trained athletes.

Cardiovascular Function Assessment.

Systolic blood pressure (SBP), diastolic blood pressure
(DBP), and heart rate (HR) were measured in study
participants using an OMRON 711 (HEM-8712-CM2)
electronic tonometer (China, 2017) (OMRON 711 HEM-
8712-CM2) using the Korotkoff brachial method [6].

The Robinson Index characterizes cardiac systolic function.
Furthermore, this indicator reflects myocardial oxygen
demand and, along with adaptive potential, is an informative
indicator of the functional state of the cardiovascular system
and the body’s adaptation mechanisms.

The Robinson Index is calculated using the following
formula:

Robinson index = (HR x SBP)/100

Here, HR — heart rate (beats/min); SBP — systolic blood
pressure (mmHg).

The higher this indicator during physical activity, the
greater the functional capacity of the heart muscle. It is used
to assess the level of metabolic and energy processes occurring
in the body. The results of the index are interpreted as
follows: 69 or fewer units — excellent; 70-84 — good; 85-94 —
satisfactory; 95-110 — poor; 111 and above — very poor [10].

The Ruffier functional test is used to assess the adaptation
of the human cardiovascular system to physical activity,
as well as a simple and indirect method for determining
physical performance. It is based on a quantitative assessment
of the heart rate response to a load of 30 squats in 45 seconds
and the rate of its recovery [9].

The Ruffier index is calculated using the formula:
((P1+4 P2+ P3)—200)/10

Here: P1 is the heart rate (HR) measured at rest for 15
seconds; P2 is the HR measured during the first 15 seconds
after performing 30 squats; P3 is the HR measured in the
last 15 seconds of the first minute of the recovery period;
200 is three times the average HR in adults; 10 is a coefficient
used for ease of comparison.

The resulting index is assessed on the following scale:
over 15 — unsatisfactory result, poor cardiac performance,
possible severe heart failure; 10-15 — poor result, reduced or
moderate cardiac performance, presence of heart failure;
6-9 — satisfactory result, average performance, no failure;
3-5 (normal) — good result, good performance; 0-3 (normal)
— excellent result, very high cardiac function [9].

The functional change index (adaptation potential)
reflects the adaptive capacity of the circulatory system. The
functional state of the circulatory system is calculated using
the following formula:

FChl = 0.011 X HR + 0.014 x SBP + 0.008 x DBP

+0.014 x A+ 0.009 x BW — 0.009
X BL —0.27

Here: HR — heart rate at rest (beats/min), SBP — systolic
arterial pressure (mmHg), DBP — diastolic arterial pressure
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(mmHg), A — age (years), BW — body weight (kg), BL —
body length (cm).

Adaptation potential scores: 0-2.6 — circulatory system
functions satisfactorily; 2.6-3.1 — functional strain is observed;
3.1-3.5 — functional status is unsatisfactory; 3.5 and above —
circulatory system dysfunction is present [11].

2.5. Statistical Analysis Methods

The mathematical and statistical processing of the study
results was performed using modern biostatistical methods.
Given the distribution of the obtained data, nonparametric
tests were used to identify differences between groups.
Statistical hypotheses regarding differences in trends in key
indicators in three independent groups were tested using
the Kruskal-Wallis test for quantitative variables. In cases
where the Kruskal-Wallis test revealed statistically significant
differences, a post-hoc analysis was performed to refine
paired comparisons between groups. The Mann-Whitney U
test was used. To reduce the likelihood of type | errors in
multiple comparisons, the Bonferroni correction was applied.
Statistical significance was considered at p<0.05.

Data processing was performed using Microsoft Office
2010 Excel functions. In addition, Past (version 2.17, Oslo,
Norway, 2012) and OriginPro (v.8.5 SR1, Northampton,
Massachusetts, USA) were used to improve the accuracy
of statistical calculations. All other anthropometric and
physiometric parameter results are presented as the mean (|0
and 95% confidence intervals with lower (LL) and upper
(UL) limits (Jg LL-UL, 95% ClI).

3. Results

The table below presents a comparative analysis of the
body composition of football players, wrestlers, and track
and field athletes. The analysis revealed no statistically
significant differences between the groups in anthropometric
parameters such as body length, calf circumference, suprailiac
and subscapular SFT, and left arm muscle strength (p>0.05).
However, wrestlers were found to have statistically
significantly higher body weight, large joint width (bone
density), chest circumference, and upper arm circumference
than track and field athletes (p<0.05) (Table 1).

Football players had significantly higher SFT in the
lateral abdominal area than track and field athletes (p<0.05).
It was also found that the football players had statistically
significantly lower chest and shoulder circumference, arm
muscle strength (right arm) and back muscle strength than
wrestlers (p<0.05).

Paired intergroup comparisons of body composition
parameters revealed that the ectomorphic type was statistically
significantly lower in football players and wrestlers than in
track and field athletes (p<0.05). The mesomorphic type was
also statistically significantly higher in football players and
wrestlers than in track and field athletes (p<0.05). Intergroup
comparisons of endomorphic somatotype revealed no statistically
significant differences (p>0.05) (Table 1).
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Figure 1. Comparative analysis of the results of the Shtange and Genchi tests in athletes involved in various sports
Table 1. Comparison of morphological indicators and somatotypological features in individual groups of athletes
Athletes . P values for pairwise
Football players | Freestyle wrestlers | Track and field athletes P value* comparisons**
(n=33) (n=25) (n=29)
Parameter FP-FW | FP-TFA | FW-TFA
174,56 173,36 174,20
Body length, cm (173,19:175,93) | (170,59; 176,13) (172,02; 176,38) 0.7332 ! 1 !
65,56 68,39 64,30
B ight, k ' ' ' 4187 181 1 481
ody weight, kg (63,80; 69,31) (63,60; 73,18) (62,21; 68,40) 004187 | 0.1818 0,04818
. 8,18 8,41 7,88
Knee width, cm (7,99: 8.37) (8.19: 8,64) (7,65: 8.11) 0,0144 0,395 0,4103 0,01158
6,90 7,04 6,74
Elb idth, ' ' ' 0,01209 0,3223 0,3059 0,01342
ow width, em (6,79; 7,00) (6,98; 7,21) (6,61; 6,87)
Chest circumference, 88,27 91,40 88,11
cm (86,51; 90,03) (88,76; 94,03) (86,18; 89,82) 0009186 | 003049 | 09203 )\ 001378
6,43 6,02 8,25
hest i ' ' ' 7 72 1 174
Chest excursion, cm (5.81: 7,00) (5.79: 7.45) (7.62: 9.87) 0,00896 0,07285 0,5163 0,01746
Upper-Arm 29,54 31,58 29,65
. 212 2 1 484!
circumference, cm (28,80; 30,29) (30,28; 32,88) (28,60; 30,71) 0,006212 | 0,005526 0,04845
Calf circumference 34,57 35,36 34,41
' 0,5658 1 1 1
cm (33,77, 35,38) (34,21; 36,51) (33,36; 35,46)
0,35 0,36 0,34
Tri kinfol ' ' ' 2154 1 4 2854
riceps skinfold, cm (0,33: 0.37) (033: 0,39) (0,30: 0,38) 0,215 0,5435 0,285
Suprailiac 0,41 0,41 0,35
- 0,006268 1 0,01754 | 0,01938
skinfold, cm (0,38; 0,44) (0,38; 0,44) (0,31, 0,38)
Subscapular 0,46 0,46 0,43
skinfold, cm (0,42; 0,49) (0,42: 0,50) (0.40; 0,46) 0,3675 1 0,8862 0,5128
. 0,40 0,40 0,36
Calf skinfold, cm (0,36: 0.43) (038: 0.43) (0.33: 0.38) 0,04913 1 0,333 0,02995
Handgrip strength 43,00 47,34 42,38
. 0,01307 0,03267 1 0,02678
(right hand), kg (41,09; 44,91) (44,50; 50,18) (40,40; 44,36)
Handgrip strength 42,66 44,74 42,38
7 7 1 732
(left hand), kg (40,05; 45,27) (41,58; 47,90) (40,26; 44,50) 03799 07538 0673
Back muscle 111,33 125,64 112,65
strength, kg (104,48;118,18) | (118,75;132,53) (106,55; 118,76) 001512 | 0.02999 ! 0,03825
2,84 2,56 3,60
E h | ' ' ' 11 1 2 1
ctomorphy, value (2.18: 3,66) (2.02: 3,34) (2.84: 4.21) 0,0118 0,0208 0,01366
4,17 4,42 2,84
Mesomorphy, value (3.74: 4,89) (3.63: 5,41) (2.19: 3,34) 0,02113 1 0,0418 0,0218
1,34 2,04 1,16
El h | ' ' ' 144 27 1 1157
ndomorphy, value (0,94; 1,99) (L81; 2,65) (0,80; 1,84) 01446 | 0276 0:115

Note. FP — Football players; FW — Freestyle wrestlers; TFA — Track and field athletes. * - calculated using the Kruskal-Wallis criterion;
** - calculated using the Mann-Whitney criterion.
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Table 2. Comparison of physiological parameters and functional characteristics in groups of athletes
Athletes Football players Freestyle wrestlers | Track and field athletes P value* P V:(I)Lrﬁ;;?igg:;:c?ise

Parameter (n=33) (n=25) (n=29) FP-FW | FP-TFA | FW-TFA
Shtange test, sec (45‘:2;'1522‘70) (41;;%%‘33) (51;:;'5;250) 0,04257 | 0,7932 0,4367 0,03695
Genchi test, sec (26’72;'8352’90) (24'3257;’(;;73) (30’53;';;74) 0,007022 | 0,6159 0,2942 0,002691
i | orinsn | ostimsn | omeaan | 00 | o | 1| oo
e | o | sy | o | o | osss | 1| o
Eﬁst;zlr(;,brlr?;?-!g (116,112’326,65) (122,1125?’;3:?1,61) (117,5?’2:8,23) 0312 04926 ! 06619
5?:;3:: ﬂ%ogg (65,87;;’272,67) (69,27:;’(;‘:3,82) (68,77;;’17%,42) 06349 ! ! !
Heart rate*, beats/min (81;56;'22‘97) (83,:;;‘222,31) (76,:2;’18;38) 0,1024 1 0,7315 0,0719
Heart rate?, beats/min @ 09,1713?’12;6,7 3 a1 2;8:'; 4.60) @ 0211(:)3,811; 4.14) 0,04332 1 0,1963 0,03289
Heart rate®, beats/min @ 6;);(:; 20) o1, 0251750 29) ( 81§f79215 3 0,03834 1 0,4094 0,02563
Robinson’s Index (96,;-50;41&22,49) (104,;]1;?‘Z]A.f9,25) (92,92??(?4,20) 0,03428 0,3832 1 0,01838
Ruffier’s Test @, 036151 27) @, 911012115 2) @, 377';5; 63) 0,01908 1 0,1352 0,01563
Adaptive potential ( 2’12';2; 38) @ 227’;3;5 0) ( 2’121';13 29) 0,02877 | 0,1237 1 0,03073

Note. FP — Football players; FW — Freestyle wrestlers; TFA — Track and field athletes. HR* — this is the HR measured over a 1-minute period (at rest);

HR? — this is the HR measured immediately after performing 30 squats; HR® — this is the HR after the first minute of the recovery period.
* - calculated using the Kruskal-Wallis criterion; ** - calculated using the Mann-Whitney criterion.
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Figure 2. The state of the cardiovascular system in athletes involved in various sports (Robinson index, %)

The results for physiological parameters and functional
tests in the study groups are presented in Table 2. According
to these results, intergroup comparisons of systolic and
diastolic blood pressure, as well as resting heart rate, revealed

no statistically significant differences across all athlete types

(p>0.05). In paired comparisons of “football-wrestling” and
“football-athletics” for all studied physiological parameters
and functional tests, no statistically significant differences
were found (p>0.05).
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Figure 3.

According to the results of the respiratory system
functional assessment, vital capacity, dynamic spirometry,
and Shtange and Genchi test results were statistically
significantly higher in track and field athletes than in
wrestlers (p<0.05) (Figure 1). In wrestlers, heart rate values
were statistically significantly higher after physical exercise
and immediately after the first minute of the recovery period
compared to track and field athletes (p<0.05). Paired
comparisons showed that track and field athletes had
statistically significantly lower Robinson Index, Ruffier test,
and adaptive potential (functional change index) values than
wrestlers (p<0.05).

When evaluating dynamic spirometry results by category,
it was found that track and field athletes ranked higher in the
“good” category, with 31.03% of the results being “good”,
compared to other groups (wrestlers — 28%, football players
— 24.2%). Track and field athletes also dominated the
“satisfactory” category, accounting for 27.59% (wrestlers —
20%, football players — 21.2%). Furthermore, 41.38% of
track and field athletes were classified as “unsatisfactory”. In
the subsequent breakdown, the percentages were: football
players — 54.5%, wrestlers — 52%.

The Robinson Index results are presented in Figure 2.
According to them, 3.45% of track and field athletes and
3.04% of football players were classified as “excellent”.
10.34% of track and field athletes were classified as “good”.
24.24% of football players were classified as “satisfactory”.
51.72% of track and field athletes were classified as “poor”,
and 33.33% of football players were classified as “very
poor”.

The results of the Ruffier test are presented in Figure 3.
According to the data obtained, 6.9% of track and field
athletes and 6.07% of football players were classified as
“excellent”, while 24.24% of football players were classified
as “good”. Of these, 51.72% of track and field athletes had
a “satisfactory” level. 54.54% of football players and 48% of
wrestlers were classified as “poor”. Furthermore, 3.03% of
football players were classified as “unsatisfactory”.

According to the functional change index, the highest
scores were observed in track and field athletes (100%

Stress in the CS M satisfactory adaptation

Results of the index of functional changes in the study groups (in percent)

satisfactory adaptation) (Figure 3). Circulatory system strain
was detected in 28% of wrestlers and 6.06% of football
players. Circulatory system dysfunction was also found in
3.04% of football players.

4. Discussion

The results of the study revealed certain differences
in morphofunctional parameters between football players,
wrestlers, and track and field athletes aged 18-20 years.
These findings are consistent with those presented in the
current scientific literature on sports morphology and
somatotypology [12,13].

Our study revealed no statistically significant differences
between the groups in body length, calf circumference,
thickness of the skin-fat folds on the back of the arm and
under the scapula, or left arm muscle strength (p>0.05).
According to scientific literature, between the ages of 17-20,
body length and overall dimensions are primarily determined
by genetic factors and may not show significant differences
regardless of sport [14]. Furthermore, the calf muscles are
intensively loaded in both football players and track and field
athletes, whereas in wrestlers, their development is associated
with general static-dynamic loading. This is explained by the
combined effects of the training process. Several studies
have noted differences in arm circumference, as well as in
muscle circumference of the arms and thighs, and the reasons
for these differences may be related to the nature of the
training process and nutritional strategies [15].

Moreover, our study found that wrestlers had significantly
higher body mass, large joint width (elbow and knee width —
bone mass), chest circumference, and upper arm circumference
compared to track and field athletes (p<0.05). These results
are consistent with studies by several authors indicating the
predominance of the mesomorphic somatotype in strength
and speed-strength sports [16]. It is known that wrestlers
experience high-intensity static physical exercise aimed at
developing strength, which contributes to an increase in
muscle mass [17]. Furthermore, they exhibit better bone
width and chest volume. Increased back muscle strength also
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enables wrestlers to perform intense contact movements
when engaging an opponent.

In football players, the SFT value in the lateral abdominal
area was statistically significantly higher than in track and
field athletes (p<0.05). This finding is explained by the
fact that football is a sport with a mixed energy supply. In
football, anaerobic and aerobic exercise alternate, which
plays a key role in maintaining high intensity throughout the
game [18,19]. An analysis of scientific publications covering
the past 30 years shows that endurance athletes exhibit a
predominance of the ectomorphic-mesomorphic component,
low body fat, and well-developed speed qualities [20].
Therefore, track and field athletes, especially long-distance
runners, have minimal SFT values [21]. A decrease in fat
mass while simultaneously increasing muscle mass indicates
the effectiveness of a physical training program [22].
Controlling subcutaneous fat is important, as one kilogram
of adipose tissue contains approximately 1.5 km of blood
vessels, which significantly increases the load on the
cardiovascular system [22].

Furthermore, football players had statistically significantly
lower chest circumference, shoulder circumference, right
arm strength, and back strength compared to wrestlers
(p<0.05). These results may be related to the functional
characteristics of different sports. For example, wrestlers are
adapted to developing maximum strength, while football
players prioritize speed, endurance, and coordination [14].
Therefore, a higher mesomorphic component in wrestlers is a
natural phenomenon [16]. According to the somatotypological
model of Carter and Heath (1990), athletes in strength sports
have a predominantly meso-endomorphic type, while endurance
athletes have a more pronounced ectomorphic component
[7].

Overall, the obtained results confirm that athletes’ body
types are shaped in accordance with the morphofunctional
requirements of their sport. Wrestlers are characterized by a
strength-oriented physique with a predominantly developed
musculoskeletal system and an endo-mesomorphic body
type (2.7-6.5-1.0), while football players have a more
balanced mesomorphic profile (2.5-5.2-2.7) [13]. Track and
field athletes, who specialize in short-distance events and
especially endurance disciplines, are distinguished by a
minimal fat component and a relatively ecto-mesomorphic
body type (2.5-5.5-2.9) [13].

No statistically significant differences were found
between groups for the endomorphic component (p>0.05),
indicating that the fat component is, to a certain extent,
under control in all sports studied. In modern sports training,
excess fat mass has a negative impact on functional
indicators, including metabolic disorders, increased incidence
of hypertension, and non-alcoholic fatty liver disease.
Therefore, athletes typically maintain a moderate or low
endomorphic component [23]. These results provide scientific
substantiation for the need to consider somatotypological
characteristics during athletic selection, initial selection,
and individualization of the training process [13,16]. This
approach is essential for optimally realizing athletes’
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morphofunctional potential and achieving high athletic
results.

No statistically significant differences were found in
systolic and diastolic blood pressure or resting heart rate
(p>0.05) between the study groups, indicating a sufficient
level of overall cardiovascular adaptation in athletes. This
is explained by the stabilization of autonomic regulation,
increased parasympathetic influence, and the transition of
the myocardium to a more economical mode of functioning
as a result of regular training [24,25]. According to the
literature, blood pressure and resting heart rate in highly
qualified athletes are typically within physiological norms
and close to each other, as prolonged training loads contribute
to an increase in stroke volume and the development of
bradycardia [26].

The absence of differences in paired comparisons between
“football and wrestling” and “football and track and field” in
terms of key physiological parameters and functional tests
(p>0.05) indicates that football as a sport has a mixed
(aerobic-anaerobic) nature, combining elements of strength
and endurance [18,19]. Therefore, the functional indicators
of the cardiovascular and respiratory systems in football
players are developed at a level close to those of both
wrestlers and track and field athletes.

When assessing the functional state of the respiratory
system, it was found that VC, dynamic spirometry, and the
Shtange and Genchi tests were statistically significantly
higher in track and field athletes compared to wrestlers
(p<0.05), which is directly related to the predominance of
endurance loads [27]. As noted by Celik et al., combining
specific inspiratory muscle training with aerobic exercise
increases respiratory efficiency, strengthens the respiratory
muscles, and improves both endurance and anaerobic
performance [28]. High results in the Shtange and Genchi
tests reflect more efficient oxygen utilization by tissues and
increased resistance to CO, accumulation [29].

In wrestlers, heart rate after exercise and in the first minute
of recovery was statistically significantly higher than in track
and field athletes (p<0.05), which is explained by the
predominance of short-term, high-intensity strength loads
[26]. Under these conditions, activation of the sympathoadrenal
system is more pronounced, leading to an increase in
heart rate. This phenomenon is also associated with the
predominance of anaerobic energy supply in strength sports,
as confirmed by several studies [30,31].

Track and field athletes have lower values for the
Robinson Index, Ruffier’s test, and adaptation potential
compared to wrestlers (p<0.05), indicating an economical
cardiac function. The Robinson Index reflects myocardial
oxygen demand [10]. Its low values indicate efficient and
economical cardiovascular function [10]. Ruffier’s test
results also demonstrate rapid adaptation to exercise and
accelerated recovery in endurance athletes [9]. The complete
(100%) compliance of track and field athletes with the
satisfactory level of adaptation potential (according to
Baevsky) confirms the optimal state of their autonomic
balance [11].
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Although dynamic spirometry results showed that track
and field athletes predominated in the “good” and
“satisfactory” categories, the proportion of athletes (41.38%)
classified as “unsatisfactory” requires special attention. This
condition may be related to individual fitness levels, training
volume, environmental factors, or the functional reserves of
the respiratory system [1]. In Karakalpakstan, the dry and hot
climate, as well as the presence of dust aerosols, can further
increase the strain on the respiratory system [1].

The presence of “poor” and “very poor” scores on the
Robinson Index and Ruffier test in some football players and
wrestlers indicates a strained adaptation process to physical
exertion [10]. This points to the need for individualized
training loads, enhanced recovery measures, and regular
functional monitoring in these athletes.

Overall, the obtained results confirm that the specificity
of the sport is the leading factor in the development of
functional indicators. Endurance athletes (track and field
athletes) predominantly utilize economical and stable
cardiovascular and respiratory systems, while wrestlers
exhibit adaptation to high-intensity loads and pronounced
short-term autonomic responses [8,30]. Football players
occupy an intermediate position, demonstrating adaptation to
mixed energy supply mechanisms [19]. The obtained data
have important scientific and practical significance for the
selection of athletes, scientifically based planning of training
loads and improvement of the system of maintaining the
health of athletes in the conditions of Karakalpakstan.

5. Conclusions

This study comprehensively examined the morphological
and functional characteristics of student-athletes living in
Karakalpakstan, as well as their adaptive responses to
physical activity. Based on the data obtained, the following
conclusions were drawn:

— The study results confirm that the athletes’ body
composition is shaped in accordance with the
morphofunctional requirements of their sport. Wrestlers
are characterized by strength training and a well-developed
musculoskeletal system with a predominantly
mesomorphic type, while football players have a
balanced mesomorphic profile. Track and field athletes,
especially in endurance sports, are distinguished by
minimal body fat and relatively pronounced ectomorphic
characteristics.

— When assessing the functional state of the respiratory
system, it was found that VC, dynamic spirometry, and
the Shtange and Genchi tests were higher in track and
field athletes compared to wrestlers (p<0.05), which
may be related to the prevalence of endurance training.
Long-term aerobic exercise improves respiratory
efficiency, strengthens the respiratory muscles, and
increases resistance to hypoxia.

— Lower values of the Robinson index, Ruffier test, and
adaptive potential in track and field athletes compared

Morphofunctional Characteristics of Athletes and Adaptation to Physical Activity

to wrestlers (p<0.05) indicate an economical cardiac
function. Adaptive potential (Baevsky’s test) was
satisfactory in 100% of track and field athletes,
confirming an optimal state of autonomic balance.
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