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Abstract. Aim. The aim of this study was to identify the effect of selenium on physical performance in
elite athletes during control and preparatory training mesocycles. Materials and methods. This research
involved 44 highly skilled male track and field athletes aged 19.9 + 0.21 years; 20 athletes were included in
the control group. Athletes in the experimental group (12 athletes) took the selenium-containing supplement
at a 50 pg selenium dose per day for 21 days of intensive training loads; the same number of athletes made
up the no-treatment group. The control group was examined once, while the experimental and no-treatment
groups were examined twice: at the beginning of the study and after 21 days of intensive training. Heart rate
was recorded, blood pressure was measured, and the heart rate variability parameters and overall physical
performance were determined by the PWC,4, test. Results. The results of the PWC, test increased 1.22
times (P < 0.05), the Mo index by 1.1 times (P < 0.05) and the ARR by 1.44 (P = 0.03) times. A 1.72-fold
decrease in the stress index (P = 0.01) was recorded. Conclusion. Taking a selenium-containing supplement
supported physical performance and heart rate regulation in elite athletes during control and preparatory
training mesocycles.
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2 Mockosckuli Hay4HO-pakmuyeckuli ueHmp MeduyUHCKol peabunumayuu, 80CCMaHO8UMEbHOU
u criopmuegHol meduyuHsi JenapmameHma 30pasooxpaHeHusi Mockebl, Mockea, Poccus
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Annomayusa. ean. Lensio 1aHHOTO MCCIe0BaHKs ObIUIO N3yYEHUE BIMSHUS CeleHa Ha PU3NYECKYIO
paboTOCHOCOOHOCTh MUTHBIX CIIOPTCMEHOB B T€YEHHE KOHTPOJBHBIX M MOJITOTOBHTEIBHBIX TPEHUPOBOY-
HBIX ME30IMKJIOB. MaTepuaasl U MeToabl. B mnccnenoBannu npuHsimm ydactue 44 mpodeccHoHamIbHBIX
nerkoatnera B Bozpacte 19,9 £ 0,21 roma. B konTponsHyto rpynmy Bonuu 20 uenoBek. CHOpTCMEHbI
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IKCIEPUMEHTAILHOMN Tpymibl (12 copTCMEHOB) MPUHUMAITH J00aBKY C COJEpKAHUEM celieHa B j103¢ 50 MKT
B CYTKH B TeueHME 21 IHS MHTEHCUBHBIX TPEHHUPOBOYHBIX HArPy30K, TAKOE € KOIUYECTBO CIIOPTCMEHOB
BOIIIIO B TPYIITY YYaCTHUKOB, HE MOJTy4YaBIIUX 100aBKy. ClIOpTCMEHOB KOHTPOJIEHOHM TPy 00CIen0BaIn
OJTHOKPATHO, @ CIIOPTCMEHOB 3KCIIEPUMEHTAIBHON TPYIIIBI U TPYMITEI O€3 100aBKH — JBaXK/BL: B HayaJle Hc-
cyieioBaHus U yepe3 21 jeHb MHTEHCUBHBIX TPEHHPOBOK. B Xoz1e nccnenoBaHus perucTpupoBalii 4YacToTy
CEpICYHBIX COKPAIICHUH, M3MEPSUIH apTepHalbHOE NABJICHHE, ONMpENeUId MapaMeTpsl BapHaOelbHOCTH
CEpIIEYHOr0 PUTMa W OIIEHWBAIN OOMIYI0 (PU3MYIECKyI0 paboTOCIIOCOOHOCTH ¢ momompio Tecta PWC170.
Pe3yasTatsl. [Tokazaremn Tecta PWC170 Beipocmu B 1,22 paza (P < 0,05), manexc Mo — B 1,1 paza (P < 0,05),
a ARR - B 1,44 (P = 0,03) pa3za. 3apeructpupoBaim CHIKeHHE MHIEKca cTpecca B 1,72 paza (P = 0,01).
3akmouenue. [Tpuem cenmeHcomeprkamield J00aBKH CIIOCOOCTBOBANI MOIACPIKaHUIO (DU3NUIECKOH padoTo-
CIOCOOHOCTH W PEryJIsILIUK CEePACYHOr0 PUTMA Y CIIOPTCMEHOB BBHICOKOW KBATM(HKAIMKM B TEYCHUE KOHT-

POJBHBIX U MOATOTOBUTEIbHBIX TDECHUPOBOYHBLIX ME3O0IUKIIOB.
Kniouesvie cnosa: cenex, puznueckas paboToCrnocoOHOCTh, CIIOPTCMEHBI
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Introduction. Increasing the intensity of
physical exercises in high-performance sports
often results in straining the adaptation processes
or failing in adaptation, as well as the emergence
of overtraining in athletes [2, 4]. Overtraining
results in a decrease in an athlete’s physical per-
formance and the effectiveness and quality of
their professional activity.

Due to the need for professional athletes to
avoid prohibited substances, the search for effec-
tive nondoping means to increase the functional
readiness of athletes is becoming increasingly
urgent [10, 12]. The reduction of muscle damage
in professional athletes requires expanding the
range of oral supplements that are not considered
doping [8, 14]. To date, research findings on the
benefits of selenium supplementation for profes-
sional athletes are insufficient [5, 17, 19, 20].

The aim of this research was to identify
the benefits of selenium on the athletes’ physical
performance and their parameters of cardiac
autonomic regulation.

Materials and methods. This study was per-
formed during the stages of the control and pre-
paratory mesocycles, distinguished by the maxi-
mum training intensity. All athletes were ran-
domly assigned to one of the experimental groups:
taking no supplements (no-treatment, n = 12) or
taking a selenium-containing supplement (50 pg
dose of selenium) per day during 21 days of
training (n = 12).

For the control group, 20 highly skilled ath-
letes of the same gender and age as in the expe-
rimental groups were selected by random sam-
pling. The age of the athletes in the experimental
groups was 19.9 + 0.22 years, and that of the ath-

letes in the control group was 19.5 = 0.21 years.
The results of the control group’s thorough me-
dical examination for sports admission were used
as reference indicators.

All athletes involved in the study had to fill
out a questionnaire [13]. The questions included
information about their health status, training
load performed, physical and psychological
states, working capacity during training, tole-
rance of sports loads, adherence to the diet and
daily regimen, as well as the use of food supple-
ments and any medications.

All examined participants were on a diet fol-
lowing the recommendations of V.A. Tutelyan
and coauthors [18].

As a source of selenium, the biologically ac-
tive supplement ‘“Selenium-active” (manufac-
tured by a plant with ecological equipment and
eco-nutrition Diode, Moscow, Russia, registra-
tion number No. 77.99.23.3.U.6028.11.04 dd.
18.11.2004 TU 9197-019-17664661-2004; series
010108, 010109) was used. This supplement con-
tains organic selenium, such as selenoxanthene.

The research involved athletes with titles of
“Master of sport”, “Candidate for the Master of
Sport”, or 1% rank athletes. All athletes provided
their informed consent to participate in the re-
search. This research was conducted in accor-
dance with the principles of the Helsinki Declara-
tion and was approved by the Research Ethics
Committee of the Moscow Research and Practical
Center for Medical Rehabilitation, Restorative
and Sports Medicine, Moscow Healthcare De-
partment, Russia (Protocol No. 1 dd. September
19, 2019).

The physiological measurements of athletes
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in the experimental groups were obtained on
the first day of the study and were repeated after
21 days; in the control group, the measurements
were obtained only once. Their heart rate and
blood pressure findings were determined using
standard techniques.

The overall physical performance was eva-
luated by the PWC, test following the V.L. Karp-
man et al. protocol [9]. The PWC,7, test was per-
formed with the Seca Cardiotest 100 (UK) ergo-
meter. The athletes consecutively performed two
loads of increasing power with a pedaling fre-
quency of 60-70 rpm. The duration of each of
the loads was five minutes, with a 3-minute rest
interval between loads. Before loading, at the end
of the first and second stages, heart rate mea-
surements were performed. The power of the first
stage was set based on the subject's body weight,
and that of the second stage was based on
the pulse and power achieved at the end of the
first stage. The absolute value of the PWC, test
was calculated using the V.L. Karpman formula:
PWCi7=WI1 + (W2 -W1) x (170 — f1)/(f2 — 1),
where PWC,5 is the absolute value of PWC,
expressed in kg/min; W1 is the power of stage I;
W2 is the power of stage II; f1 is the heart rate at
the end of stage [; and f2 is the heart rate at the end
of stage II. The relative value of the PWC,, test
was expressed in kgm/min/kg.

The heart rate variability data were studied
according to R. M. Baevsky et al. [3]. The stress
index was calculated based on the statistical cha-
racteristics of the heart rate. For this, an electro-
cardiogram was recorded for each athlete during
100 cardiac cycles in the supine position. Before
recording the electrocardiogram, the athlete rested
in the supine position for 10 minutes. Then,
the indicators were calculated: mode (Mo) was
the most frequently recorded value of the cardiac
intervals; mode amplitude (Amo) corresponded
to the number of cardiac intervals with mode
values, expressed in % with respect to the volume
of the entire sample; ARR was the variation range,
the difference between the smallest and largest
values of the cardiac intervals. Based on these
indicators, the stress index was determined by
the formula Amo/2 x ARR % Mo. The stress in-
dex characterized the activity of the central me-
chanisms of heart rate regulation and the degree
of centralization of HR control.

The statistical analysis of the obtained data
was performed with nonparametric methods
using the SPSS 13.0 package for Windows.

The nonparametric Mann—Whitney and Wil-
coxon U tests were used. The level of signify-
cance was considered sufficient for a P value less
than 0.05.

Results. The improvement of athletes’ func-
tional state was evaluated by questionnaire fin-
dings and physiological measurements after
the course of the selenium-containing supple-
ment. In particular, athletes noted decreased fa-
tigue during training, improved well-being, and
enhanced physical performance. In addition,
the athletes tolerated their training loads more
easily.

The results of the bicycle ergometer test con-
firmed that the overall physical performance of
the athletes was enhanced by 1.22 times after
the 21-day course of selenium supplement
(P <0.05; Fig. 1).

The analysis of heart rate variability data in-
dicated a decrease in the influence of the sympa-
thetic system on HRV regulation in athletes who
took the supplement. In particular, the mode and
variation range values increased by 1.1 (P < 0.05)
and 1.44 (P = 0.03) times, respectively.

A decrease in the stress index by 1.72 times
(P = 0.01) was also noted as evidence of heart
rate regulation recovery (Table 1). In the placebo
group, no statistically significant differences
were found when comparing baseline HRV and
physical performance values with those obtained
at the second examination (after 21 days).

The heart rate and blood pressure findings at
rest in both the experimental and no-treatment
groups did not deviate from the reference values
throughout the study. Statistically significant dif-
ferences between the abovementioned indicators
were not found among the groups of athletes.

Heart rate variability parameters are infor-
mative markers of an athlete’s current functional
state and can be used to judge the body's regula-
tory system strain and adaptation to training
loads, to recognize timely adaptation failure, and
to detect the onset of overtraining [1, 11, 16].
This is determined by the fact that the cardiovas-
cular system is regulated by the autonomic nerv-
ous system through the influence of its sympa-
thetic and parasympathetic subsystems. By ob-
serving changes in the heart rate structure, the
effectiveness of recovery in athletes can be
judged [6, 7].

The heart rate structure alterations recorded
in our research in track and field athletes taking
selenium reflect improvements in their functional
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Fig. 1. Results of the PWC7, test
The data are presented as the median and interquartile range, minimum and maximum
*— P <0.05 compared to the results obtained before the course of treatment
Table 1
Heart rate variability measurements
Reference Track and field athletes
Parameter value selenium (n = 12) no treatment (n = 12)
(n=20) before (I) after (II) before (III) after (IV)
Mo. ¢ 0,95 0,79 0,83 0,75 0,74
’ (0,90; 1,05) (0,76; 0,82)*** (0,79; 0,91)** » (0,70; 0,79)*** (0,65; 0,78)*** A A
Ano. % 28,5 42,1 31,6 46,2 44,7
> 70 (24,1;32,9) (36,7; 57,5)*** (27,7; 45,1) (40,7; 52,9)*** (42,5; 50,6)*** A
ARR 0,48 0,25 0,36 0,26 0,24
' © (0,37, 0,51) (0,23; 0,30)*** (0,26; 0,41)** ~ (0,22; 0,28)*** (0,22; 0,27)*** A
SI. units 30,9 105,5 61,2 115,6 115,4
’ (24,9;45,7) | (74,2; 142,4) *** | (55,7, 112,2) *** ~ | (98,5; 131,0) *** | (96,9; 150,4)*** A A

Note. The data is expressed as a median and interquartile range (25 and 75 percentiles); **—p < 0.01; *** —
p < 0.001 — compared to the reference value; » — p < 0.05 — compared to the values before taking selenium (I);
A p<0.05; A A —p<0.01 — compared to the values after taking selenium (II).

state, the reduction of the sympathetic nervous
system’s influence on regulatory processes, and
improvements in adaptive capabilities. Conse-
quently, an increase in general physical perfor-
mance is observed in these athletes. This must be
due to the fact that athletes need an increased
intake of selenium during exercise [15].

Conclusion. Selenium intake contributes to
the recovery of the balance between the sympa-
thetic and parasympathetic systems in HRV regu-
lation in athletes. The results of this study allow
us to propose a selenium-containing supplement
as a means of improving the physical perfor-
mance of athletes under intense physical exertion.
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