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Abstract
Purpose: the identification of features of the maximum oxygen consumption of women in the first period of mature 

age and connection with body structure component. 
Material: 22-35 years old women (n=210) have participated in a research. 
Results: It was determined that women with endomorphic and mesomorphic somatotype prevail according to the 

absolute measure VO2 max. They have large body weight and higher percentage content of the muscular 
component. The women with low body weight and low values of fat component prevail according to a 
relative measure VO2 max. Large body weight in women of endomorphic, endomorphic and mesomorphic 
somatotype stipulates low values of a relative measure VO2 max. It is indicated by the high degree of the return 
correlation between a relative measure VO2 max and body weight.

Conclusions: The relative measure VO2 max is considered more informative as its dependence on body weight is leveled. 
The obtained data indicate the advantage according to a relative measure VO2 max of women with low body 
weight somatotype (ectomorphic and balanced). Such feature is explained by authentically low percentage 
content of the fat component in women.

Keywords: maximum oxygen consumption, the body structure, woman, body weight, somatotype.

Introduction1

The doctrine concerning the constitutional types is that 
each somatotype has peculiar characteristics of structure 
and function of internal organs. Therefore somatotype 
defines physical development and functionality of an 
organism [1]. The method of exercises execution in 
sport corrects and performs distribution of physical 
activities considering somatotype [2]. This feature is 
widely applied for the purpose of selection and sports 
orientation. The efficiency of somatotype application for 
sports selection of mountain climbers is confirmed by 
the research of Davide [3]. Helena [4] proves the need 
to consider somatotype and body component structure for 
sports orientation in sports dances, modern dances, and 
the ballet. The consideration of morphological features 
didn’t come into common use in practice of improving 
physical culture. Respectively there is a limited quantity 
of scientific works devoted to this subject.

The measure of the maximum oxygen consumption 
(VO2 max) characterizes the power of aerobic processes of 
person power supply. In the general energy potential of 
the person, aerobic energy supply considerably prevails 
anaerobic. Aerobic potentials of the person are an integrated 
indicator of a functional condition of many systems of 
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an organism [1]. Our previous research has found out 
features of display the maximum oxygen consumption in 
17-19 years old students with different somatotypes [5] 
and in men of the first period of mature age [6]. Also, we 
investigated the level of aerobic potentials in women of the 
first period of mature age, but differences of somatotypes 
weren’t investigated [7]. Yoo-rim et al [8] determined the 
features of the maximum oxygen consumption in students 
with different somatotypes. Studies of Goran et al [9] 
defined the reliable differences of VO2 max measure in the 
military seamen with different somatotypes. Chaouachi et 
al [10] prove a major role of dominating somatotype at 
the aerobic training. There are no scientific publications 
devoted to the special display of an absolute and relative 
measure of VO2 max in women with different somatotypes 
of the first period of mature age.

There are publications which proved the major 
influence of body weight component structure on the 
functionality of the person. Brezdeniuk [11] investigated 
features of display of aerobic and anaerobic opportunities 
of 17-21 years old students’ organism. The author 
determined that students with “low” and “normal” content 
of fat component have the “excellent” level of aerobic 
opportunities. Also, students with “high” and “very high” 
content of muscular component have the “excellent” level 
of aerobic opportunities. Sukanta [12] revealed that the 
body component structure correlates well with VO2 max. 
Venkata et al [13] define the powerful influence of body 
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component structure on the possibilities of runners to 
increase the VO2 max level. Goran et al [9] determined that 
higher values of percentage content of fat component have 
a negative effect on aerobic and anaerobic opportunities of 
the military seamen. The negative impact of endomorphy 
on aerobic opportunities is also determined in research of 
Alkandari and Barac [14]. Neha et al [15] have proved the 
connection between of growth, body weight and age with 
VO2 max in women of the second period of mature age.

There are data that point out the variability of the 
component body structure in the course of a person’s 
ontogenesis. G. Kaur et al. specify that with the increase 
of years the endomorphic and mesomorphic component 
in women decreases [16]. Salnykova S. proves that during 
ontogenesis from 30 to 40 years the content of the fat 
component in women increases, and muscular component 
decreases [7]. In view of contradictory information, it is 
important to investigate the component body structure of 
all age groups women. 

Lizana et al [17] proved the influence of the social 
and economic status on the component body structure of 
6-18 years old Chilean girls. We haven’t found research 
of component structure of body weight and its influence 
on aerobic opportunities of women of the first period of 
mature age. 

The research of the maximum oxygen consumption 
and component body structure in women of the first to 
the period of mature age will allow to define features 
of their display depending on a somatotype. Correlation 
connection between component body structure with VO2 

max will find the influence of each of the components on 
aerobic opportunities of women of the first period of 
mature age. There will be defined features of the influence 
of each body components on women with different 
somatotypes. It can be developed the improving training 
programs considering the morphological characteristics 
which will improve their efficiency on the basis of the 
obtained data. 

The purpose of the research objective consists in 
the identification of features of the maximum oxygen 
consumption in women with different somatotypes of the 
first period of mature age and a research of connection 
with body component structure.

Material and methods. 
Participants. 22-35 years old women (n=210) have 

participated in a research. All women were from the main 
medical group and didn’t go in for sports the last 5 years. 
All investigated persons have agreed to participate in an 
experiment. 

Design of the research. The maximum measure of 
oxygen consumption (VO2 max) was determined by the 
Karpman and Gudkov method [18]. Investigated person 
performed two loads on bicycle ergometer by 5 min. The 
frequency of pedaling was 60 rpm-1 with 3 min interval 
of rest. Power of the first load was 1 W on 1 kg of body 
weight. Power of the second load was 2 W on 1 kg of 
body weight. The heart rate was registered at the end of 
each load. The value of VO2 max was calculated. The value 

of VO2 max is calculated in ml∙min-1  
The component body structure was determined by 

the method of a bioelectric impedance with the help of 
OMRON BF-511. This device analyzes the passing of 
current through an organism. The device considers a 
low ability to carry electric current by fat tissue and 
high conductivity of the muscular tissue. The device’s 
indicators determined the percentage of fat tissue in 
an organism; the percentage of skeletal muscles in an 
organism and body weight. 

Somatotype was defined according to the Carter 
method [19]. This method is based on the complex 
assessment of relative obesity – endomorphy; relative 
development of skeletal and muscular system – 
mesomorphy; relative linearity (elongation) of a body 
– ectomorphy. The following anthropometrical research 
was performed for this purpose: growth, body weight, 
circumference sizes, cross diameters and thickness of skin 
and fat rolls were determined. The thickness of skin and 
fat rolls were measured by means of KETs-100 caliper: 
on the back surface of a shoulder; under a bladebone; on 
the side surface of a body. The circumferences sizes of an 
intense shoulder and shin were measured in places of the 
greatest development by a measuring tape. Cross diameter 
of the distal part of a shoulder and a distal part of a hip was 
measured by a caliper. The numerical expression of each 
component was received by mathematical calculation 
[19]. Belonging to a somatotype was defined according 
to the advantage of a component in 2,5 points. In the 
absence of such an advantage, the investigated person was 
determined as the balanced somatotype. All women were 
conditionally distributed on groups according to different 
somatotypes. 

It was compared the average group value of measures 
in women with different somatotypes. 

Statistical analysis. The analysis of the obtained data 
was carried out with the application of Excel 2010. The 
independent samples were compared for the analysis of 
the studied measures. Ranks of distribution displayed 
indicators features according to women’s somatotypes. 
Statistical processing was performed applying Student’s 
t-criterion. It was defined as an average mean (X ), 
Student’s t-criterion (t), standard error of the mean (±m), 
number of degrees of freedom (f), significance value (p). 
The difference was considered significant at p < 0,05.

The correlation analysis was performed to determine 
the interrelation between the studied measures. The 
correlation coefficient (r) was defined. The number 
of degrees of freedom (k) was calculated. The a is the 
tabular coefficient of correlation which corresponds 
to the certain level of significance was calculated by 
means of tabular data. The significance of correlation 
coefficient was checked in comparison the obtained data 
with tabular. The connection considered significant at p < 
0,05. The gradation proposed by Cheddok was applied for 
the determination of constraint force. According to this 
technique the constraint force was estimated as follows: 
0,1 ≤ r < 0,3 –weak; 00,3 ≤ r < 0,5 – moderate; 0,5 ≤ r < 
0,7 – average; 0,7 ≤ r < 0,9 – high; 0,9 ≤ r ≤ 0,99 – very 
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high [20].

Results
The research of the maximum oxygen consumption in 

women with different somatotype has allowed to find out 
the following features. The reliably higher values of an 
absolute measure of VO2 max have women with large body 
weight somatotypes (endomorphic and endomorphic and 
mesomorphic). Such tendency indicates the dependence 
of an absolute measure of VO2 max on the body weight 
(table 1, 2). 

The women with different somatotypes have other 
tendencies according to relative measure of VO2 max. 
The women with low body weight somatotype have 
authentically higher values of a relative measure of VO2 

max.

The women with endomorphic, endomorphic and 
mesomorphic somatotype have the highest percentage 
content of fat according to the results of bioelectric 
impedance. The highest percentage content of muscular 
component has women with ectomorphic somatotype. The 
reliably lowest percentage content muscular component 
has women with endomorphic somatotype (table 2). 

The performed correlation analysis between the 
maximum oxygen consumption and body component 
structure of women with different somatotypes has found 
the following tendencies. The women with endomorphic 
somatotype have direct moderate connection only 
between a relative measure of VO2 max and a muscular 
body component. The women of others somatotypes have 
no significant correlation connection (table 3, 4, 5, 6).

Table 1. Power measures of aerobic productivity and women body weight 

Measures

Average  mean, X  ± m

endomorphy 
somatotype
n = 49

ectomorphy 
somatotype n = 49

endomorphic and 
mesomorphic 
somatotype n = 58

balanced
somatotype n = 54

 X  m  X  m  X  m  X  m

VO2 max (ml·min-1)
2509,9
●●●

■
16,59 2487,0

●●● 34,69 2681,1 25,30 2445,2
●●● 27,19

VO2 max(ml·min-1·kg-1)
37,8 0,46

45,2
●●●
○○○

0,56 40,5
○○○ 0,47

44,1
●●●
○○○

0,63

Notes: The reliability of measures’ difference: ○  – relating to endomorphic somatotype; ■ – relating to balanced 
somatotype; ●  – relating to endomorphic and mesomorphic somatotype. The quantity of marks corresponds to: ■ – p 
< 0,05; ●●●, ○○○   – (р < 0,001)

Table 2. The body component structure and women body weight

Measures

Average  mean,  X   ± m

endomorphy 
somatotype
n = 49

endomorphy 
somatotype
n = 49

endomorphy 
somatotype
n = 49

endomorphy 
somatotype
n = 49

 X  m  X  m  X  m  X  m
Indicators of a bioelectric impedance

 Content of fat in an 
organism (%) 

34,4
***
●●●

0,13 23,4 0,21
32,1
***
■■■

0,20
28,7
***
○○○

0,26

The content of muscles in 
an organism (%) 

28,7 0,19 31,1
○○○ 0,17

30,3
○○○
**

0,18
29,9
○○○
***

0,15

Body weight (kg)
66,7
***
■■■

0,64 55,1 0,57
66,7
***
■■■

1,06 55,8 0,63

Notes: The reliability of indicators’ difference: ○  – relating to endomorphic somatotype; * – relating to ectomorphic 
somatotype; ■ – relating to balanced somatotype; ● – relating to endomorphic and mesomorphic somatotype. The 
quantity of marks corresponds to:  ** – (р < 0,01), ***, ●●●, ■■■, ○○○  – (р < 0,001).
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The correlation relations between an absolute 
measure of VO2 max and women body weight of all studied 
somatotypes are characterized as direct connection of the 
moderate force (tab. 3, 4, 5, 6). The women with different 
somatotypes have stronger correlation relations between a 
relative measure of VO2 max and body weight. The women 
with endomorphic somatotypes have the reverse high 
level connection (tab. 3). The women with ectomorphic 
somatotypes have the reverse connection of the moderate 

force between a relative measure of VO2 max and body 
weight (tab. 4). The women with endomorphic and 
mesomorphic somatotype have the reverse connection of 
the high force between a relative measure of VO2 max and 
body weight (tab. 5). 

The women with balanced somatotype have reverse 
connection of average force between a relative measure 
of VO2 max and body weight (tab. 6). 

Table 3. Interrelation of the maximum oxygen consumption of with body weight and body component structure of 
women (endomorphic somatotype)

Measures
Fat component Muscular component Body weight 

r а p r а p r а p
VO2 max 
(ml·min-1)

0,056
0,304 p>0,05

0,009
0,304 p>0,05

0,345
0,304 p<0,05

VO2 max(ml·min-

1·kg-1) -0,193 0,304 p>0,05 0,381 0,304 p<0,05 -0,814 0,490 p<0,001

Notes: r – correlation coefficient; а – tabular correlation coefficient; p – significance level.

Table 4. Interrelation of the maximum oxygen consumption with body weight and body component structure of 
women (ectomorphic somatotype)

 Measures
Fat component Muscular component Body weight 

r а p r а p r а p
VO2 max 
(ml·min-1)

0,053
0,304 p<0,05

0,055
0,304 p<0,05

0,381
0,304 p<0,05

VO2 max(ml·min-

1·kg-1)
0,106

0,304 p<0,05
-0,109

0,304 p<0,05
-0,471

0,393 p<0,01

Notes: r – correlation coefficient; а – tabular correlation coefficient; p – significance level.

Table 5. Interrelation of the maximum consumption of oxygen with body weight and body component structure of 
women (endomorphic and mesomorphic somatotype)

Measures
Fat component Muscular component Body weight

r а p r а p r а p
VO2 max 
(ml·min-1)

-0,144
0,304 p>0,05

0,154
0,304 p>0,05

0,351
0,304 p<0,05

VO2 max(ml·min-

1·kg-1)
-0,261

0,304 p>0,05
0,290

0,304 p>0,05
-0,792

0,490 p<0,001

Notes: r – correlation coefficient; а – tabular correlation coefficient; p – significance level.

Table 6. Interrelation of the maximum oxygen consumption with body weight and component body structure of 
women (balanced somatotype)

 Measures
Fat component Muscular component Body weight

r а p r а p r а p
VO2 max 
(ml·min-1)

-0,004
0,304 p>0,05

0,120
0,304 p>0,05

0,351
0,304 p<0,05

VO2 max(ml·min-

1·kg-1)
-0,239

0,304 p>0,05
-0,103

0,304 p>0,05
-0,663

0,490 p<0,001

Notes: r – correlation coefficient; а – tabular correlation coefficient; p – significance level.
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Discussion. 
It is known that the absolute measure of VO2 max 

to a certain extent depends on body weight. The data 
of table 2 indicate the absence of a difference between 
the body weight of women with endomorphic and 
mesomorphic somatotype and women with endomorphic 
somatotype. At the same time we define significantly 
higher values of an absolute measure of VO2 max in 
women with endomorphic and mesomorphic somatotype 
in relation to women with endomorphic somatotype. 
Such phenomenon can be explained to large percentage 
content of fat component in women with endomorphic 
somatotype. Besides the highest values of an absolute 
measure of VO2 max in women with endomorphic and 
mesomorphic somatotype are caused by large percentage 
content of muscular component. Data concerning 
negative impact of fat component to the level of VO2 max 
is confirmed by the research of Goran et al [9], Alkandari 
and Barac [14]. We have found significantly the highest 
values of absolute measure of VO2 max in women with 
endomorphic and mesomorphic somatotype in relation 
to women with ectomorphic and balanced somatotype. It 
can be explained by the significantly large body weight at 
women with endomorphic and mesomorphic somatotype. 
Existence of the highest values of percentage content 
of fat component in women with endomorphic and 
mesomorphic somatotype is compensated to considerable 
percentage content of muscular component (tab. 2). We 
have found authentically the highest absolute measure 
of VO2 max in women with endomorphic somatotype in 
relation to women with balanced somatotype. It can be 
explain by with the large body weight of women with 
endomorphic somatotype. The determined features of 
display of an absolute measure of VO2 max in 22-35 years 
old women with different somatotypes coincide with our 
previous research [5]. 

The relative measure of VO2 max is considered more 
informative as its dependence on body weight is leveled. 
The obtained data indicate advantage according to relative 
measure of VO2 max in women with low body weight 
somatotypes (ectomorphic and balanced). Such feature 
we explain by significantly low percentage content of 
fat component in women of ectomorphic and balanced 
somatotype (tab. 2). It is revealed the advantage of 
women with endomorphic and mesomorphic somatotype 
over women with endomorphic somatotype according 
to the relative measure of VO2 max. It provides large 
percentage content of muscular component in women with 
endomorphic and mesomorphic somatotype. The obtained 
data coincide with our previous research performed with 
17-19 years old girls [5].

We performed the correlation analysis of absolute 
and relative measures of VO2 max with component body 
structure of women with different somatotypes. The 
analysis revealed only direct moderate connection of 
relative measure of VO2 max with a muscular component 
in women with endomorphic somatotype (tab. 3). It 
isn’t revealed other research devoted to such correlation 
communications in 22-35 years women which have 

different somatotypes. Sukanta Saha determined 
correlation connection of VO2 max with all components of a 
body in students of colleges [12]. The negative correlation 
of VO2 max with a fat component was found also by Goran 
et al [9] in the military seamen. Authors indicate the need 
to consider the content of fat and muscular component 
in evaluation of body weight and VO2 max. We take into 
consideration the tendencies found out by other authors. 
But it is incorrectly to compare our and their obtained 
data: the contingent of investigated persons and methods 
of component body structure determination is rather 
differs. 

The analysis of dependence the body weight on 
absolute and relative measures of VO2 max has found 
out the presence of the correlation relations in women 
of all somatotypes. The  connection of an absolute 
measure of VO2 max with body weight in women of all 
studied somatotype is characterized as direct moderate. 
The correlation analysis of a relative measure of VO2 

max with body weight has found out reverse connection 
in women of all studied somatotypes. The high force of 
reverse connection of a relative measure of VO2 max with 
body weight is defined in women with endomorphic, 
endomorphic and mesomorphic somatotypes (tab. 3, 5). 
It should be noted that women of these somatotypes have 
significantly large body weight. The women with balanced 
somatotype have average reverse connection (tab. 6). 
The women with ectomorphic somatotype have reverse 
moderate connection (tab. 4). In the previous research 
we didn’t performed the correlation analysis between 
an measure of VO2 max and body weight of women with 
different somatotypes. But in the previous research we 
have found direct connection of moderate force between 
an absolute measure of VO2 max and body weight in 17-19 
years old girls (without considering somatotype) [5]. Also 
was found out the reverse connection of average force 
between a relative measure of VO2 max and body weight 
in 17-19 years girls (without considering somatotype) 
[5]. We haven’t found out in literature the available data 
concerning the correlation relations of VO2 max with the 
body weight of women with different somatotypes of the 
first period of mature age. 

Conclusions. 
It is determined the features of display the maximum 

oxygen consumption in 22-35 years old women with 
different somatotypes. The women with large body weight 
somatotype and higher percentage content of muscular 
component prevail according to the absolute measure of 
VO2 max. The women with low body weight somatotype 
and low values of fat component prevail according to the 
relative measure of VO2 max. 

Large body weight in women with endomorphic, 
endomorphic and mesomorphic somatotypes causes low 
values of a relative measure VO2 max. It is indicated by 
high degree of the reverse correlation between a relative 
measure of VO2 max and body weight in women of these 
somatotypes. 
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