Organization of circadian rhythms of sex hormone
secretion in female students with
vegetative-vascular dystonia of the hypertensive
type involved in fitball gymnastics
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Abstract
Objective of the study was to determine the effect of a course of additional fitball aerobics classes on the circadian rhythms
of sex hormones in female students with vegetative-vascular dystonia of the hypertensive type.
Methods and structure of the study. The scientific work was carried out on the basis of the North Caucasus Federal Uni-
versity. Sex hormones in saliva were analyzed using a highly sensitive competitive immunological method. Collections were
made at 8.00, 12.00, 16.00, and 20.00 at the beginning of the school year and at the end. Cosinor analysis was carried out us-
ing a computer and the Cosinor Ellips 2006 program installed on it. The study involved female students with hypertensive VSD
(n=58), female students with hypertensive vegetative-vascular dystonia, and female students with hypertensive vegetative-
vascular dystonia who practice fitball. -gymnastics (n=50), and practically healthy female students of the main group (n=50).
Results and conclusions. In female students with vegetative-vascular dystonia of the hypertensive type, engaged in fitball
gymnastics, positive changes were revealed in stabilizing the circadian rhythm of estradiol concentration, rhythmostasis of
testosterone concentration was still not detected.
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Introduction. Among students involved in physical
education in a special medical department, there are
still people diagnosed with vegetative-vascular dysto-
nia (VSD), approximately half of which are of the hy-
pertensive type.

In the modern scientific literature there is very lit-
tle information about the circadian organization of
rhythms in young people with vegetative-vascular
dystonia. With persistent changes in students with
VSD towards sympathicotonia, irreversible pathologi-
cal changes may occur, in the form of a syndrome of
vegetative-vascular-trophic disorders, which will lead
to arterial hypertension, which in turn can cause a
more unfavorable prognosis for the development of
the disease. At the same time, some researchers clas-
sify VSD as a disease associated with disruption of the
processes of regulation of the body’s natural biologi-
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cal rhythms [2, 5], among which the circadian rhythms
of the functioning of the body’s leading adaptive sys-
tems are the most significant [1, 3, 8, 9].

The fact that disturbances in the temporal coordi-
nation of body functions are among the first evidence
of the development of a pathological process makes
studies of changes in biorhythms important in assess-
ing the development of the pathological process, at
the initial stage, pre-pathological conditions, diagnos-
ing pre-diseases already present in the body in order
to organize preventive measures, and also predict-
ing pathological processes and disease outcome [1,
6, 7]. At the same time, in modern literature there is
insufficient information about the influence of sex
hormones as the leading link of the hypothalamic-pi-
tuitary-gonadal system (HPGS), which, in addition to
its main function - the regulation of reproductive pro-
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cesses - considers the importance of the HPGG in the
body's resistance to environmental factors, which is
certainly an important functional task (Milashechkina,
Dzhandarova, 2020 ChSM). Based on the character-
istics of the chronostructure of the secretion of sexual
hormones, it will be possible to predict some compli-
cations in certain pathological changes in the body,
which is completing its final formation.

Objective of the study was to determine the ef-
fect of a course of additional fitball aerobics classes
on the circadian rhythms of sex hormones in female
students with vegetative-vascular dystonia of the hy-
pertensive type.

Methods and structure of the study. The study
involved female students of the main department -
control group (n=50), students of a special medical
department with hypertensive vegetative-vascular
dystonia (n=58), students with hypertensive vegeta-
tive-vascular dystonia, engaged in fitball gymnastics
(n=50). The concentrations of estradiol and testoster-
one levels in human salivary plasma were determined
using a highly sensitive competitive immunological
method. Collections were made at 8.00, 12.00, 16.00,
and 20.00 at the beginning of the school year and
at the end. To analyze wave processes and process
chronobiological data, we used cosinor analysis, pro-
posed in 1965 by F. Halberg (Halberg F., 1965). Co-
sinor analysis was implemented using a computer and
the Cosinor Ellips 2006 program installed on it (Korya-
gina Yu.V., Nopin S.V., 2006) (Registration Certificate
No. 2006611345). The main parameters of the rhythm
were studied: mesor (the value of the average level
of the sinusoid), the amplitude of the sinusoid, acro-
phase (the time of the onset of the maximum func-
tion). The North Caucasus Federal University acted as
the base for the research.

Results of the study and discussion. Cosinor anal-
ysis of the secretion of the female sex hormone es-
tradiol at the beginning of the academic year showed
that students with vegetative-vascular dystonia of the
hypertensive type did not have a circadian rhythm
(Figure 1). In the students of the control group, the
average acrophase was recorded at 17,04 hours, the
mesor was 36,08 pmol/l, the average amplitude was
5,24. At the same time, in female students with vege-
tative-vascular dystonia of the hypertensive type, the
largest average amplitude of fluctuations in estra-
diol secretion was revealed and amounted to 15,19
pmol/l; an excess of estradiol levels in the even-
ing hours was recorded by 1,8 times (77,61 pmol/,

p<0,01), compared to the control group (42,58
pmol/l).

Cosinor analysis showed that circadian rhythms
of testosterone were not identified in female students
with vegetative-vascular dystonia of the hypertensive
type. The average acrophase of testosterone concen-
tration in girls of the control group in the daily rhythm
occurs at 9,01 hours, the average amplitude was 0,68
pmol/l, the mesor was 8,05 pmol/I (Figure 1).
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Figure 1. Cosinor analysis of the circadian rhythm
of sex hormone secretion in female students with veg-
etative-vascular dystonia of the hypertensive type

Note: 1 — control group; 3 — VSD of the hyperten-
sive type.

When repeating the cosinor analysis of estradiol se-
cretion, it was revealed that students with vegetative-
vascular dystonia of the hypertensive type did not have
a circadian rhythm (Figure 2). At the same time, in the
morning, the concentration of cortisol is still 1,2 times
higher than that of the control group, the maximum value
is recorded at 20 o'clock and amounted to 77,61 pmol/I
(p <0,01), exceeding the control group by 1,8 times.

In female students with a disorder of the autonomic
nervous system of the hypertensive type, afteracourse
of fitball gymnastics, the rhythm was determined with
an average acrophase of 12,26 hours, an amplitude of
2,16 and a mesor of 47,60 pmol/I. In female students
of the control group, the average acrophase of estra-
diol concentration occurs at 16,30 hours, the ampli-
tude is 4,42 and the mesor is 40,25 pmol/I.

Cosinor analysis of testosterone secretion showed
that in girls with vegetative-vascular dystonia of the
hypertensive type, as well as in the group doing fit-
ball gymnastics, the circadian rhythm is not defined
(Figure 2). At the same time, girls in the control group
observed a daily rhythmic organization of T secretion:
the average acrophase was 8,09 hours, the mesor was
8,35 pmol/I, the amplitude was 0,71 pmol/I.
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Figure 2. Cosinor analysis of the circadian rhythm
of sex hormone secretion in female students with veg-
etative-vascular dystonia of the hypertensive type,
engaged in fitball gymnastics

Note: 1 — control group; 2 — VSD of the hyperten-
sive type; 3 — VSD of the hypertensive type, fitball-
gymnastics

Conclusion. In female students with vegetative-
vascular dystonia of the hypertensive type, engaged
in fitball gymnastics, positive changes were revealed
in the stabilization of the circadian rhythm of estradiol
concentration; the rhythmostasis of testosterone con-
centration was still not detected, while a decrease in
fluctuations in its amplitude during the day was ob-
served.
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