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THE CORRELATION BETWEEN BODY COMPOSITION AND AEROBIC
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IN 16-18-YEAR-OLD SWIMMERS

KOPEJIALIA MI'K CKJIAIOM TIJIA TA AEPOBHOIO BUTPUBAJIICTIO
AK IPEJUKTOP CIIOPTUBHUX PE3VYJIBTATIB VY 16-18-PIYHUX IIJIABLIIB

Skalski D. W."%, Tsyhanovska N.*, Kreft P.!*

IJedrzej Sniadecki Academy of Physical Education and Sport in Gdansk, Poland
’National University of Water and Environmental Engineering, Rivne, Ukraine
‘Ivan Bobersky Lviv State University of Physical Culture, Ukraine
‘Kharkiv State Academy of Culture, Ukraine
'ORCID: 0000-0003-3280-3724
’ORCID: 0000-0001-8168-4245
JORCID: 0000-0002-6474-0601

DOI https://doi.org/10.32782/2522-1795.2024.18.21

Abstracts

In the presented article, the components of body composition and working capacity factors were
analyzed. The obtained data were correlated with the volume of training and athletic performance. The
research was conducted on eight swimmers from the MUKS Astoria club in Bydgoszcz. In relation to the
discussed issues, four hypotheses were put forward. The first two suggest that due to the applied training
volume, differences in the components of body composition and aerobic capacity will be noticeable. The
next hypothesis concerns the influence of the components of body composition on performance. The fourth
includes the statement that the applied training volume, performance, and the components of body compo-
sition will affect the athletic outcome.

The research showed minor changes in the components of body composition due to the training volume
used. The performance was improved, both of the oxygen threshold, power, and AT threshold. Performance
did not correlate with the training volume. It is possible to assume that the decisive factor in improving per-
formance is the qualitative component of training loads, i.e., intensity. A statistically significant correlation
between performance and the components of body composition was noted. Swimmers with less fat (FAT)
and more water and muscle mass (SMM) had better performance. In the group under research, the FAT and
SMM values were in line with the reference values.

Correlating performance and the components of body composition with athletic results, depending on the
distance and swimming style, a statistically significant correlation was observed. In the backstroke style, it
was shown that Vo2 max and power do not play such a crucial role since it is a technical style. Moreover,
backstroke athletes characterized by lower SMM, water content and higher FAT achieved better sports results.
In the classical style, swimmers with a higher oxygen threshold and maximum power, as well as higher water
and SMM content and less FAT, achieved better athletic performance. In butterfly, great power indicated a
better athletic result. Both styles require high physical fitness and significant energy expenditure. For the
100-meter distance, a higher FAT content allowed swimmers to float higher in the water and achieve a better
athletic outcome. A similar correlation was found when analyzing the 50-meter distance, confirming that for
sprinters, higher FAT and lower SMM contribute to improved sports performance.

Key words: composition, performance, swimmers, correlation, distance, results.

Y mpeicTaBlIeHIN CTATTI IPOAHali30BaHO CKIaAHNUKK Oy10BH Tina Ta (pakropy npauesiarHocti. Otpu-
MaHi JIaH1 KOpeJIoBaIu 3 00CArOM TPEeHYBaHb 1 CHIOPTUBHUMU pe3ynbraramMu. J{ociiPKeHHs TPOBOUIOCS
Ha BocbMHU IaBIpIX Ki1yOy MUKS Astoria B buarori. CTocoBHO 00roBoprOBaHUX MUTaHb 0yJ10 BUCYHYTO
4oTHpH rinore3u. [lepiui ABI NPUITYCKAIOTB, 1O 3aBISKH 3aCTOCOBAHOMY TPEHYBaIbHOMY 00Csry OyayTh
TOMITHI BIAMIHHOCTI B KOMIIOHEHTaX Oy[0BH Tia Ta aepobHuX MokimBocTsX. HacrynHa rinoresa cro-
CY€ThCS BIUIMBY KOMITOHEHTIB OyZOBHU Tijla Ha Mpane3faTHicTb. YeTBepTa BKIIOYAE TBEPKEHHS PO Te,
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1110 3aCTOCOBYBaHMI 00CAT TpeHYBaHHs, MPOAYKTUBHICTh 1 KOMIOHEHTH Oy/lOBH Tijla BINIMBAaTUMYTh Ha
CIIOPTUBHUI PE3YIbTaT.

JlocIti/pKeHHS 10Ka3a/10 He3HaYH 3MIHH B KOMIIOHEHTaX Oy/I0BH Tija 4epe3 BUKOPUCTOBYBaHHii 00CT
TpeHyBaHb. [[OKpaleHO NPOAYKTUBHICTE KHCHEBOTO MOPOTY, MOTYXHOCTI Ta nopory AT. Pesynerarus-
HICTb HE KOpEIoBasa 3 00CAroM TpeHyBaHb. MoXHa BBaXATH, 1O BUPILIAIBHAM YHHHUKOM ITI/IBUIICHHS
TPALIE3JATHOCTI € SKICHUA CKIIa/IHUK TPEHYBAJIbHAX HABAHTaXCHb, TOOTO IHTCHCHBHICTB. byna Bij3Haye-
Ha CTaTHCTUYHO 3HAYYI[A KOPEISLish MIXK POAYKTUBHICTIO Ta KOMIIOHCHTaMH CKiay Tia. [lnaBui 3 MeH-
MO0 KUTBKICTIO KHUPY (FAT) 1 Ginb1u0r0 KiBbKICTHO BOXH Ta M 130801 Mack (SMM) manu kpaiui pe3yssra-
TH. Y jociiuKyBaHii rpyni nokasauku FAT 1 SMM Binnosizamu peepeHTHIM 3HAYCHHSM.

CriBBIHOCSYH TPALE3ATHICT | KOMIIOHEHTH Oyl0BH TiNa 31 CHOPTHBHUMH PE3YIBTATaMH, 3AJIEKHO
BII IMCTAHLI| Ta CTHIIIO ILIABAHHS, CIOCTEPIraBCs CTATUCTHYHO 3HATY LK KOpeJ'I}ILIlI/IHI/II/I 3B’S130K. Y CTH-
Ji TIJIaBaHHs Ha CMUHI Oy10 MOKa3aHo, 1110 Vo2 max i cuiia He BIJIrpatoTh Takoi BUPILIAIbHOI oI, OCKLIb-
KN Le TEXHIYHUi CTHIIb. Biiblie TOro, CiopTCMeHH, SIKI IU1aBajl Ha CIHMHI, XapaKTePH3YIOThCS HIKIHMMHU
SMM, BMicTOM BOAHM Ta BHIIUM FAT JIOCAIIIM KPAIIUX CIOPTHBHUX PE3YNBTariB. Y KIAaCHIHOMY CTH-
JIi IU1aBIi 3 BUIUM KHCHEBHUM [IOPOTOM i MaKCHMAIIBHOKO TOTYXKHICTIO, & TAKOXK BHUIIMM BMICTOM BOJH
1 SMM i menmmm FAT Jocsimin Kpaiyx CIOPTHBHUX PE3YNbTaris. Y 6aTep(1)J1;11 BEJIMKA CHUJIa BKa3yBaJla
Ha Kpalyii CopTiBHMii pesyisrar. OOuBa CTHII BUMAraloTh BUCOKOT (PI3HYHOT MIATOTOBKHU Ta 3HAYHKX
eHeprernyHux BuTpar. Ha 100-merposiit aucranuii Buimii BmicT FAT 1038018 MU1aBLsIM [1aBaTH BHLLE
y BOJI Ta iocsAraTu KpaLUX CIIOPTHBHKX pesynbraris. [loxiua Kopenﬂum Oyita BHSIBIICHA I1IJL Yac aHAIII3y
50-MeTpoBOi AUCTAHLIT, MIATBEPKYHO4H, 1O /s cipuHTepis Buumid FAT 1 Hikunit SMM crpusitors

TMOKPAIICHHIO CIIOPTUBHUX pe3YJ'ILTaT1B

Kniouogi cnosa: cxnan, BUCTYT, TJIaBIl, CITIBBITHOLICHHS, IUCTAHIIIS, PE3YIbTATH.

Introduction. Constant shifting of record
boundaries, as well as intensified athletic com-
petition, require ongoing scientific research and
refinement of the training process [16; 20].

Nowadays, due to technological advance-
ments and the continuous growth of knowledge
in various sports fields [1; 8; 22], it is possible to
consciously guide an athlete [3; 10; 13] to reach
their maximum potential [20; 27]. This consti-
tutes the essence and primary goal of their sports
career [2; 7].

In the presented research, components of body
composition and aerobic endurance of swimmers
were analyzed under the influence of the applied
training volume [4; 8], as well as their correla-
tion with sports results [3; 17; 28].

The research was carried out on a group of
eight swimmers from the MUKS Astoria Byd-
goszcz club.

Research Object. The research object of
this study is the analysis of the components of
body composition and aerobic endurance, as
well as their influence on the athletic results of
swimmers aged 16—18 from the MUKS Astoria
Bydgoszcz club [5; 11]. The research project’s
issues arise from the interest in the physiology of
athletes and the body’s properties that influence
sports results, which is the culmination of the
athletes’ diligent work [18; 25]. The particular
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interest lies in endurance research and analysis
of the components of body composition, which
were used in the work [14; 19; 24]. The chosen
topic is important due to the increasing athletic
level [10; 20; 21]. Therefore, there is a need to
expand knowledge in the field of human physiol-
ogy. By studying the human body and simultane-
ously analyzing sports results, many conclusions
can be drawn about the future direction of the
training process [6; 12; 15].

Research Methodology. Information aimed
at deepening knowledge related to the analy-
sis of the components of body composition and
swimmers’ endurance, as well as the dependence
of these properties on athletic performance,
was presented in the form of an analysis of the
research results [23; 26].

Before the start of the research, a conversation
was held with the coach regarding the course and
timing of the planned studies. After obtaining the
coach’s consent, swimmers were invited to par-
ticipate in the research, and they were informed
that all collected data would be used exclu-
sively for research purposes. The study involved
8 swimmer athletes from the MUKS Astoria
sports club in Bydgoszcz. Both the female and
male groups consisted of four individuals each.
Trainings took place from Monday to Friday
twice a day and on Saturdays in the morning.
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The group included athletes who were trained by
three different coaches, designated by the letters:
A, B, C. The characteristics of the swimmers are
presented in the table 1.

The group consisted of athletes aged between
16 and 19. The youngest among the athletes
was a l6-year-old boy. The oldest athlete was
a 20-year-old girl. Starting the study, the girls’
weight ranged from 62.1 to 67.7 kg, while the
boys weighed between 70.5 and 77.5 kg. The
swimmer with the lowest weight weighed 62.1
kg, while the heaviest swimmer weighed 77.5
kg. The average height of the female athletes
was 169 cm, and for the male athletes, it was 186
cm. The two tallest female athletes were 170 cm
tall, while the shortest was 167 cm. In the group
of boys, two were the tallest — 189 cm, whereas
the shortest was 180 cm. The training experience
of 7 athletes ranged from 9 to 13 years. One of
the swimmers has been training for only one
year and a half. The swimmers specialize in var-
ious swimming styles and at different distances.

Research Procedure. The scope of the
research included analysis of the components of
body composition, aerobic endurance, and per-
formance times in various swimming styles over
different distances [3; 9].

Attendance at training sessions and the num-
ber of kilometers of swum were also taken into
account. The components of body composition
were measured by means of bioelectrical imped-
ance with the Biospace in Body 720 — Body
Composition Analyzer. The Bioelectrical Imped-
ance Analysis (BIA) measures fat tissue based on
body density. To assess aerobic endurance (Vo2
max), the Meta Max 3B respiratory gas analyzer

from Cortex was used. The test was conducted
on a cycle ergometer and measured how much
oxygen the body consumes during increasing-in-
tensity exercise. For this purpose, measurements
were made with an open gas cycle since the sub-
jects breathed atmospheric air. The test began by
recording data at rest for 2 minutes, after which
the participant did a warm-up with an initial load
for 5 minutes. Then the intensity increased every
minute, adding a load of 0.5 kg each time. The
test ended at the moment of refusal when the ath-
lete could not continue performing the task.

Research. The research began on Septem-
ber 22, 2022, and continued until November 16,
2022. Athletes underwent two identical tests on
the first and last days. Between the tests, they
trained according to their training plan. Both
the training sessions and the research were con-
ducted at the Astoria swimming pool in Bydgo-
SZCZ.

Research Results. The second research
demonstrated a 1% decrease in the average
content of intracellular water (Table 2).

In Research II, in the area of average
extracellular water content, there was a 1%
decrease (Table 3).

In the second research, an increase of 6% in
the average adipose tissue mass was calculated
(Table 4).

In the second research, there was a 1%
decrease in the area of average skeletal muscle
mass (Table 5).

Significant statistical changes in the value
of Vo2max [ml/kg/min] have been observed
between the conducted investigations. The graph
indicates an increase in the level of oxygen con-

Table 1
General characteristics of the research group
Ne | Participants (initials) | Gender Age Body Height | Body Weight Training Coach
|years] [em] kgl Tenure [years]

1 J.Ch. K 18 170 65.5 13 A

2 K.K. M 18 180 74.9 12 A

3 D.K. M 17 189 77.5 9 A

4 N.G. K 18 169 65 10 A

5 B.Ch. M 16 189 70.5 9 A

6 M.S. K 17 170 62.1 11 B

7 T.M. M 17 187 75.3 1,5 B

8 K.L. K 20 167 67.7 13 C
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Table 2
Changes in intracellular water content (ICW)
) Descriptive statistics
Research period Average Min Max SD
Research | 27.1 22.4 33.9 4.3
Research I1 26.9 22.0 31.7 4.0
N=8, no statistically significant differences
Table 3
Changes in the content of extracellular water (ECW)
. Descriptive statistics
Research period Average Min Max SD
Research [ 16.3 13.3 21.0 2.8
Research 11 16.2 13.4 19.6 2.5
N=8, no statistically significant differences
Table 4
Changes in the content of adipose tissue mass
. Descriptive statistics
Research period Average Min Max SD
Research [ 10.7 3.1 16.0 4.9
Research 11 11.3 6.0 16.3 3.8
N=8, no statistically significant differences
Table 5
Changes in the content of skeletal muscle mass (SMM)
. Descriptive statistics
Research period Average Min Max SD
Research I 33.4 27.2 42.3 5.6
Research I1 33.1 26.7 39.3 5.2
N=8, no statistically significant differences
B Max; badanie I;
42,3 B Max; Badanie Il;

in; badanie |

39,3
B Average ; badanie I; B Average ; Badanie
33,4 1I; 33,1
Min; Badani
I D; badanie I; 5,6

Fig. 1. Changes in the content of muscle tissue mass
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Figure 2. Changes in Vo2max [ml/kg/min]

(* statistically significant differences)

sumption. In both the female and male groups,
a statistically significant increase in the value of
Vo2max [ml/kg/min] was observed. The increase
was independent of gender.

Correlation of body composition compo-
nents with performance. In both researches,
the intracellular and extracellular water content
significantly correlates with physical endurance.
Adequate hydration is associated with physical
endurance. The first research showed a
statistically significant relationship between
body composition and sports performance in
a 100-meter distance. The more fatty-tissue

athletes had and the lower the water content in
the body and muscle mass was, the better sports
performance they achieved in competitions. The
second research had a reverse correlation for
the 50-meter distance. The less water content
and muscle mass athletes had, the better sports
performance they achieved. For the remaining
distances, the results were not statistically
significant.

Conclusions. Analyzing the results regarding
the influence of the volume of training on changes
in swimmers’ aerobic endurance, it is possible to
note an improvement in endurance, including

Table 6
Correlation of water content with performance — Research I
. Correlation p< 0,5
Variables 1 AT power [w] 1 VO2 max 1 power max Power w/kg
ICWI 0.54* 0.91%* 0.94* 0.72%
ECWI 0.51* 0.94* 0.93* 0.72*
N=8, * statistically significant differences
Table 7
Correlation of water content with performance — Research 2
Variables Correlation p <0,5
2 AT power [w] 2 VO2 max 2 power max II power w/kg
ICW1I 0.56* 0.79* 0.84* 0.42
ECWII 0.56* 0.82* 0.88* 0.49

N=8, * statistically significant differences
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aerobic capacity, strength, and anaerobic
threshold. Theincrease was independent of gender
and statistically significant. Thus, endurance has
improved. Furthermore, the increase in strength
may indicate an enhancement in muscular
strength and could impact swimming speed.
Nevertheless, available literature clarifies that
achieving high sports performance in swimming
is closely related to the proportions of exercises in
different intensity ranges. Appropriately selected
training loads, encompassing both volume and
intensity, significantly affect sports performance.

When analyzing the relationship between
the components of body composition and
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