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In the context of the ongoing war in Ukraine, a comprehensive assessment of the medical and social situ-
ation remains a priority. Particular attention should be given to the functional state of the respiratory and 
cardiovascular systems in young people, as this age period is critical for the formation of the body’s adaptive 
reserves. Despite the availability of studies on morphofunctional characteristics, the relationship between 
somatotype and aerobic performance in adolescence remains insufficiently understood. The aim of this 
study was to determine somatotypological characteristics, functional parameters of the respiratory system, 
and levels of aerobic performance in boys and girls of different constitutional types. A total of 58 clinically 
healthy individuals (25 boys and 33 girls aged 19-20 years) were examined. Somatotyping was performed 
using the Heath-Carter method, with classification into five groups: balanced, ectomorphic, endomorphic, 
endomorphic–mesomorphic, and mesomorphic types. Functional status was assessed by spirography (vital 
capacity, forced expiratory volume in 1 s, inspiratory reserve volume) and bicycle ergometry (PWC test, 
VO₂max). It was found that the mean values of respiratory and cardiovascular parameters were within physi-
ological norms but showed a clear dependence on somatotype. Individuals with a mesomorphic somatotype 
demonstrated a more efficient breathing pattern (lower respiratory rate) and higher volumetric indicators. 
The ectomorphic somatotype was associated with lower blood pressure and higher relative aerobic capac-
ity. The lowest values of vital capacity, inspiratory reserve volume, Tiffeneau–Wohlwill index, and physical 
performance indicators were observed in individuals with an endomorphic somatotype. Pronounced sex 
differences were observed: boys in all groups exhibited higher respiratory muscle strength and greater lung 
volume characteristics compared with girls. Thus, it was found that the constitutional factor significantly 
modifies the body’s functional parameters. Individuals with an endomorphic somatotype appear to be at 
higher risk due to reduced respiratory reserve capacity and lower aerobic performance. These findings 
support the need for individualized health monitoring standards in young people, considering somatotype.
Key words: indicators of external respiration; somatotype; adolescence; spirometry; maximal oxygen 
consumption.

INTRODUCTION

A comprehensive assessment of the medical and 
social situation in Ukraine is a top priority in 
wartime conditions, due to the state of health 
of Ukrainians, which shows a worsening trend 
every day. Assessment of the cardiovascular and 
respiratory system can prevent complications 
and reduce mortality from these diseases. The 
study of external respiration functions is a 
significant component of the overall assessment 
of the health status of both adults and children.

Several works of domestic and foreign 
scientists are devoted to the study of the 
regularities in respiratory system formation 
and its functions [1-3]. However, there are still 
insufficiently studied features of the formation 
of functional relationships of the respiratory 
apparatus in young people due to the level of 
aerobic performance, which shows the ability 
to generate energy and is the main indicator 
of the functional state of the respiratory and 
cardiovascular systems [4, 5]. Morphological 
specificity of organs and tissues is the main 
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functional feature of the organization of these 
systems in humans.

Accordingly, it is advisable to assess the 
functional state of the respiratory system, 
considering somatotypological features, which 
makes it possible to predict the dependence 
of the development of respiratory diseases in 
young people with different somatotypes and 
determine risk groups for the development of 
pathologies [6].

The literature mainly deals with the morpho
functional features of children of different 
periods of childhood and adults, while the youth 
population, which is unstable in the processes 
of growth and development, remains poorly 
studied [7, 8].

Modern studies have confirmed the soma
totypological characteristics of external brea
thing indicators in healthy young people. 
During the study, the characteristics of repre
sentatives of different constitutional groups and 
correlational relationships between spirometric 
and anthropometric characteristics were re
vealed [4, 9]. In particular, it was found that 
functional indicators of external breathing and 
anthropometric indicators correlated the most 
in representatives of the thoracic and muscular 
somatotypes, while in representatives of the 
abdominal somatotype, there were no such 
correlations. This indicates that somatotype does 
not affect growth and development [10].

The lack of a clear understanding of the 
relationship between the components of the 
somatotype and the anthropometric charac
teristics of the morphofunctional indicators of 
the respiratory system indicates that research 
aimed at establishing various aspects of human 
anthropometry and viscerometry of internal 
organs in different age periods is relevant and 
practically significant.

Thus, our study aimed to determine the 
somatotypological characteristics and functional 
features of respiratory system states and aerobic 
productivity levels in boys and girls of different 
somatotypes.

METHODS

Somatotypological affiliation was determined 
using the Heath-Carter method. Spirography 
and aerobic performance indicators were used 
to assess the functional state of the respiratory 
system. 58 clinically healthy young men and girls 
aged 19-20 were selected for the study (25 boys 
and 33 girls). It was also divided into five so-
matotypological groups: balanced, ectomorphic, 
endomorphic, endomorphic-mesomorphic and 
mesomorphic. Group formation was carried out 
according to the principle of representativeness: 
each group included at least 5 people of the same 
calendar and biological age. Determination of the 
biological age of persons was carried out by the 
Voitenko method (questionnaire, anthropometry, 
Stange test, Genchi test, Ozeretsky test) [11].

Given that oxygen consumption rate is lim-
ited by pulmonary function, we used spirometry 
to assess the respiratory system’s functional 
status. Among the indexes we determinated RR 
(Respiratory Rate), VE (Minute Ventilation), 
VC (Vital Capacity), ERV (Expiratory Reserve 
Volume), t in (Time of Inspiration), t ex (Time 
of Exspiration), RV (Residual Volume) as well 
as VO2 (Oxygen Consumption), VO2

r (Relative  
VO2max), O2-pulse (Oxygen Pulse), MLV 
(Maximum Lung Ventilation), ABP/VBP (Ar-
terial/Venous Blood Pressure) and HR (Heart 
Rate). The main volume and velocity indica-
tors (LV (Lung Volume), FVC1 (Forced Vital 
Capacity in 1 sec), and IRV (Inspiratory Reserve 
Volume)) were evaluated. The level of aerobic 
productivity and physical capacity was deter-
mined using the cycle ergometric test PWC 
(according to Cartman) and the calculation of 
maximum oxygen consumption (VOmax), both 
absolute (min-1) and relative (ml∙min-1∙kg-1), 
which is the “golden standard” for assessing 
the aerobic capacity of the body. The study of 
external breathing indicators was conducted us-
ing the American Thoracic Society methodology.

The obtained data were processed using 
the application package “Statistica 6.0”. For a 
preliminary assessment of the normality of the 
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distribution of data sets, using the Shapiro-Wilk, 
Fisher criteria and the Kolmogorov-Smirnov 
agreement criterion, a calculation of variance 
was carried out, where a qualitative analysis 
showed that the array of analytical data fully 
reflects the general population of the sample, 
and the sample itself is correct. In order to 
assess the simultaneous influence of gender and 
somatotype factors on the research indicators 
of the criteria for assessing the state of the 
respiratory system, we used a two-factor variance 
analysis of the obtained values. Then, pairwise 
comparisons of the indexes of each somatotype 
group were performed using the Tukey post hoc 
test. At the same time, the hypothesis (H0) was 
tested regarding the presence or absence of the 
influence of factors on changes in the values of 
the characteristic, which served as an evaluation 
parameter. If the hypothesis was rejected, a 
quantitative assessment of the influence of the 
factor on the studied indicator was carried out, 
and confidence intervals were constructed to 
obtain the corresponding characteristics. The 
critical level of significance (P) when testing 
statistical hypotheses was taken as equal to 0.05.

RESULTS AND DISCUSSION

The analysis of the functional state of the 
cardiovascular and respiratory systems showed 
that the average values of functional and 
spirometric indicators of all examinees were 
within the physiological norm (Table 1).

At the same time, several statistically signifi-
cant differences determined by gender and con-
stitutional characteristics of the subjects were 
revealed. It was established that representatives 
of the endomorphic somatotype are character-
ized lower indicators of external respiration and 
aerobic productivity compared to other groups. 
It is known that individuals with a predominance 
of the fat component of the body have a smaller 
functional reserve of the respiratory system, 
which can increase their susceptibility to re-
spiratory diseases. It is known that individuals 
of the ectomorphic somatotype have a specific 

architecture of the chest, which contributes to 
a high VC relative to body weight, but their 
respiratory musculature is often inferior to that 
of mesomorphs. Instead, the endomorphic type 
often shows signs of isoventilatory adjustment 
of breathing at rest with lower inspiratory and 
expiratory reserve volumes, which limits their 
adaptation to intense physical exertion [5, 12]. 

In girls in our study, intergroup variability of 
speed indicators was revealed: representatives 
of the ectomorphic type had significantly lower 
values of forced expiratory volume per second 
(FEV1) than girls of the mesomorphic somato-
type. On the other hand, statistically significant 
differences in this indicator depending on the 
body type were not recorded in the young men.

The comparative analysis revealed pro-
nounced sexual dimorphism in most parameters, 
in particular, young men of mesomorphic, ec-
tomorphic and ecto-mesomorphic somatotypes 
showed significantly higher values of VC 
compared to girls of the respective groups. The 
rate of one-second forced exhalation was signifi-
cantly higher in young men of all somatotypes, 
which confirms the gender difference in the 
power of respiratory muscles. However, young 
men of mesomorphic and ectomorphic types 
had a larger volume of residual air compared 
to girls. In the group of ecto-mesomorphs, the 
gender difference according to this indicator 
was levelled. At the same time, no statistically 
significant differences were found between me-
somorph girls and boys. To assess the simulta-
neous influence of gender and somatotype on 
the respiratory system indicators, a two-way 
ANOVA was performed. The results, detailed 
in the tables, highlight that somatotype was a 
dominant factor (P < 0.05) for VC (F = 206.30), 
IRV (F = 201.88), ERV (F = 206.30), FVC1  
(F = 201.88), and VE (F = 206.30). Furthermore, 
the interaction effect (Somatotype × Gen-
der) was statistically significant (F = 264.41;  
P < 0.05), accounting for 13.66% to 24.35% of 
the variance in volumetric characteristics (IRV, 
ERV, VE). This confirms that sexual dimorphism 
in respiratory function is specifically manifested 
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depending on the individual’s constitutional type.
The analysis of spirometric indicators 

confirmed that the condition of the respiratory 
system of the examined persons as a whole cor-
responds to the physiological norm. However, 
a clear dependence of the dynamic parameters 
of breathing on the constitutional type has been 
established. In particular, representatives of the 
mesomorphic somatotype had the lowest respi-
ratory rate (RR), which indicates Isoventilatory 
adjustment. Instead, the endomorphic-mesomor-
phic group recorded the highest absolute oxygen 
consumption (VO2) and oxygen utilization coef-
ficient (O2-pulse). 

The lowest values of vital capacity lungs 
(VC), inspiratory reserve volume (IRV), FEV1 
and the Tiffno-Votchal index were found in 
representatives of the endomorphic somatotype. 
The obtained data correlate with the results of 
modern literary sources, which indicate a lower 
level of functional reserves of the respiratory 
system in persons with a predominance of the 
fat component of body weight [13].

In a comparative analysis of the cardiovas-
cular system, it was found that individuals with 
an ectomorphic somatotype probably have lower 
systolic and diastolic blood pressure indicators 
than representatives of other groups (Table 2). 
The latest studies indicate that, within one so-
matotype, girls have lower absolute values of 
cardiac output and minute ventilation. This is 
due to hormonal differences and morphologi-
cal variations, such as a smaller left ventricular 
volume and alveolar surface area in the lungs 
[3, 14]. It is known that ectomorphs are prone 
to parasympathetic dominance, manifested by 
lower blood pressure and bradycardia at rest. 
In contrast, endomorphs are at higher risk of 
early arterial hypertension, as confirmed by 
higher ABP indicators in the results of their own 
research.  Mesomorphs demonstrate adequacy 
rather than a mandatory resting advantage, but 
have a higher functional reserve (which is con-
firmed by higher VC and FVC1 scores) [16, 17].

Endomorphic somatotype individuals remain 
a risk group due to reduced reserve capabilities 
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[18]. In contrast, mesomorphs show an increase 
in LV that reflects robust respiratory muscula-
ture, a trend confirmed by the high significance 
of the somatotype factor (F = 206.30 for VC). 
Gender differences in the structure of forced 
expiratory volume were also revealed: at the 
level of VC, statistically significant differences 
were observed between boys and girls within 
identical somatotypes (Table 1).

Modern research suggests that the so-
matotype is a genetically determined marker 
that determines not only the constitution-
al features of the physique, but also the 
development of visceral systems. Also, studies 
indicate that belonging to the mesomorphic 
somatotype is closely correlated with high 
aerobic and anaerobic power. In individuals 
of the mesomorphic type, an optimal ratio of 
muscle mass and lung volume is observed, which 
provides high PWC170 and VO2max rates [2, 7]. 
An aerobic capacity study found that the level of 
maximal oxygen intake in all groups examined 
exceeded the “safe level of somatic health”. 
According to the G.L. Apanasenko criteria, for 
men, this threshold is 42 ml∙min-1∙kg-1 (Table 3).

The results confirm a direct relationship 
between anthropometric performance and 
physical performance. In particular, the highest 
relative MSC values (ml∙min-1∙kg-1) were 
recorded in individuals with asthenic body 
structure (ectomorphs). The lowest values were 
observed in the overweight group. The signifi-
cance of relative indexes PWC170 and VO2 max 
depends on the somatotype.

Despite the high general level of functioning 
of the respiratory system, the group of endo
morphs needs special attention. Taking into 
account the specifics of their working capacity 
(absolute indicator - 28.5%, relative - 13.8), this 
category of people has a higher risk of developing 
prepathological conditions of the cardiovascular 
and respiratory systems in the early stages. The 
identified somatotypological features dictate 
the need for an individual approach to health 
monitoring and the development of preventive 
measures. especially for representatives of the 
endomorphic constitutional type.
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CONCLUSIONS

1. The constitutional factor enhances the sexual 
dimorphism of most spirometric parameters. 
The mesomorphic type of body structure is 
associated with higher volumetric breathing 
rates and isoventilatory adjustment of function 
(lowest respiratory rate).

2. The ectomorphic somatotype is charac
terized by lower blood pressure and high relative 
aerobic power.

3. Individuals of the endomorphic somatotype 
remain in a risk group due to reduced reserve 
capabilities. In contrast, mesomorphs show an 
increase in LV that reflects robust respiratory 
musculature, a trend confirmed by the high 
significance of the somatotype factor.

4. Detected that in representatives of the 
endomorphic somatotype, some indicators of 
external respiration and the level of aerobic 
performance are lower. compared to repre
sentatives of other somatotypological groups.

5. It is shown that the greatest influence of 
the factor of somatotype is with a probability of 
95% for the indexes of vital capacity, exspiratory 
reserve volume, forced vital capacity in 1 s, 
minute ventilation, relative indexes of physical 
working capacity at 170 bpm and maximal 
oxygen consumption. At the same time, the level 
of influence of the gender factor on spirometry 
indicators was from 24.35% to 13.66%.

The study of correlations between anthropo-
somatotypological parameters and functional 
indicators will make it  possible to more 
accurately differentiate the boundaries of the 
physiological norm for adolescents of different 
constitutional groups.

The authors of this study confirm that the research 
and publication of the results were not associated 
with any conflicts regarding commercial or 
financial relations, relations with organizations 
and/or individuals who may have been related to 
the study, and interrelations of co-authors of the 
article.

Б.О. Лісова, О.О. Городецька, Ю.В. Кириченко 

СОМАТОТИПОЛОГІЧНІ ОСОБЛИВОСТІ 
ФУНКЦІОНАЛЬНОГО СТАНУ  
ДИХАЛЬНОЇ СИСТЕМИ ТА АЕРОБНОЇ 
ПРОДУКТИВНОСТІ МОЛОДІ

Вінницький національний медичний університет  
ім. М.І. Пирогова; e-mail: danotchka@gmail.com
Наразі особливої уваги потребує вивчення функціо
нального стану дихальної та серцево-судинної сис
тем молоді, оскільки цей віковий період є кри
тичним для формування адаптаційних резервів 
організму. Незважаючи на наявність досліджень 
морфофункціональних особливостей, зв’язок між 
соматотипом та показниками аеробної продуктивності 
у юнацькому віці залишається недостатньо з’ясо
ваним. Метою нашої роботи було визначення сома
тотипологічних характеристик, функціональних 
особливостей респіраторної системи та рівня аеробної 
продуктивності у 58 здорових юнаків і дівчат різних 
конституційних груп. Соматотипування проводили 
за методом Хіт-Картера з розподілом на п’ять груп: 
збалансований, ектоморфний, ендоморфний, ендо
морфно-мезоморфний та мезоморфний типи. Функ
ціональний стан оцінювали методами спірографії 
(життєва ємність легень – ЖЄЛ, об’єм форсованого  
видиху  за 1 с, форсована життєва ємність легень) 
та велоергометрії (працездатність, максимальне 
споживання кисню). Встановлено, що середні значення 
показників респіраторної та серцево-судинної систем 
обстежених знаходяться в межах фізіологічної норми, 
проте мають чітку соматотипологічну залежність. 
Представники мезоморфного типу демонструють най
вищу економізацію дихання (нижча частота дихання) 
та високі об’ємні показники. Ектоморфний соматотип 
асоціюється з вірогідно нижчим артеріальним тиском 
та високою відносною аеробною потужністю. Найменші 
значення ЖЄЛ, резервного об’єму вдиху та індексу 
Тіффно-Вотчала, а також фізичної працездатності 
зафіксовані у представників ендоморфного соматотипу. 
Виявлено виражений статевий диморфізм: у юнаків 
усіх груп переважали порівняно з дівчатами потужність 
дихальних м’язів та об’ємні характеристик легень. 
Таким чином, було встановлено, що конституційний 
чинник суттєво модифікує функціональні параметри 
організму. Особи з ендоморфним соматотипом ста
новлять групу ризику через знижені резервні мож
ливості респіраторної системи та нижчу аеробну 
продуктивність. Отримані результати обґрунтовують 
необхідність впровадження індивідуалізованих норма
тивів для моніторингу здоров’я молоді з урахуванням 
їхнього соматотипу.
Ключові слова: показники зовнішнього дихання; 
соматотип; юнацький вік; спірометрія; максимальне 
споживання кисню.
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