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CMNOPTMBHAs MeaMLIMHA

KAMHUMKQ CNOPTUBHOW MEeAULLUHBI GAY>XKHUKU) —
70-A€THUIK ONbIT B MEAULLUHCKOM o6ecnevyeHum
npodeCcCUOHAABHOIO CMOPTA BbICLUUX AOCTUXXEHMU

-

KAMHUKA (AYXXHUKM) BEAET HAOYHHO-NMPAKTUYECKYIO AEAT
Hawu cneunaAmcTbl NPUHUMAIOT YHACTUE B KPYNHEMH
peHUuMsAX, OOMEeHUBAIOTCS OMNbITOM C BEAYLLUMMU
yHuBepcutetamu. Ha 6ase KAMHMKU PYyHKLLMOHMU
KAMHHM4Yeckoe otaeAeHue Kacdeapbl CNOPTUBHOM

U MEAULMHCKOMN peabuantaumumn Ce4eHOBCKOro YHuBe

OCHOBHbIE HANpPAaBA€HUA AeATeAbHOCTMU.
yrAysAeHHble MeAULMHCKHME OO6CAeAOBAHMS, CbYHKLI.MOHCIAbHGiI
ANATHOCTUKA, KOPAUOAOTHNUA, BOCCTAHOBUTEAbHOE A€e4YEeHUe.

(KAMHWMKA CrnopTMBHOM MeAMLLMHbBI)
VA. AY>KHUKK, 24, CTp. |
00 5 |www.csmed.ru
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ABSTRACT

The shift from BRICS to BRICS+ signifies a major step forward in global cooperation among emerging economies, with an emphasis on inclusivity,
shared development, and collaboration among developing nations. As the bloc expands to include countries such as Egypt, Ethiopia, Iran, Saudi Arabia,
the UAE, and Indonesia, opportunities for joint health promotion efforts have also increased. Within this broader context, the BRICS Council of Exercise
and Sport Science (BRICSCESS) has evolved into BRICSCESS+, a global platform focused on advancing health through physical activity, sport, and
leisure. This article explores the growth, aims, and impact of BRICSCESS+, particularly its role in combating physical inactivity and non-communicable
diseases in the Global South. Established in 2014 and formally launched in 2015, BRICSCESS has fostered international cooperation through biennial
congresses, research partnerships, and community-driven initiatives. Its transformation into BRICSCESS+ mirrors the inclusive vision of the expanded
BRICS+ alliance. Drawing on comparative research—including a doctoral study on Physical Education across the original BRICS countries—the article
investigates how cultural, systemic, and policy environments influence health promotion strategies. Case studies from new BRICS+ members, such as
Ethiopia’s grassroots programs, Iran’s school-based initiatives, and Saudi Arabia’s national fitness campaigns, further illustrate this integration. The article
also highlights the successful BRICSCESS congresses held in Brazil (2017), South Africa (2019), and India (2024), and looks ahead to the 2026 event
in Moscow. It concludes that BRICSCESS+ serves as a vital, evidence-informed platform for advancing sustainable, holistic health development across
emerging nations.

Keywords: BRICS+, BRICSCESS, health promotion, physical activity, leisure, global health, developing countries
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Yny4uweHue 340poBbs NOCpeacTBOM (hn3n4ecKom akTMBHOCTU U Aocyra
B ctpaHax BPUKC lMntoc: otyeTt accoumaumm BPUKCECC lMnioc

Puxapoo Puuuu Yeunva®*, [Ixc. Xanc oe Puooep?, FO.11I. Iywuna’

" ®akysibmem ucKyccms, Hayk U 2yMaHumapHsix Hayk YHusepcumema Can-llayny, CaH lNaynay, bpa3zuaua
2 @akynbmem Hayk o dsuxkeHuu Yesoseka Cesepo-3anadHo2o yHugsepcumema, lomyedcmpym, KOxxHas Agppuka

*Kacpedpa ynpasneHus cecmpuHckol desamesbHocmbo, MeduyuHckul uHcmumym,
®rAOY BO «Poccutickuli yHugepcumem 0py*6bl Hapodos umeHu lMampuca Jlymymbsi», Mocksa, Poccus

AHHOTAITUS

ITepexon ot popmara BPVIKC x dpopmary BPVIKC+ 3HaMeHyeT co607i Ba>KHBII IAT BIIepes] B I06aTbHOM COTPYAHIYECTBE MKy Pa3BUBAIOIM-
MICS SKOHOMUKAMM C aKIIEHTOM Ha MHTErPalliio, COBMECTHOE Pa3BUTHUE U B3aMMOJIENICTBME MEX/Ty Pa3BMBaloOIMucs cTpaHamu. ITo Mepe pacimpe-
HMA 6710Ka 3a CYeT BK/TIOYEHNs TaKuX CTpaH, Kak Erumnet, Dduomnms, Vpan, Caygockas Apasns, OAD u VIHAOHe3Ns, TaKKe BO3POC/IN BO3MOXKHOCTH
1A COBMECTHBIX YCU/IMIA TI0 YKpPeIUIeHUIO 30poBbs. B aToM 6onee mmpokom konTekcte Coser BPVIKC mo ¢mamyeckoit KynbType M CIOPTUBHON
Hayke (BPMIKCECC) tpauncdopmuposaics B BPUKCECC+ — rno6anbryio mr1atdopMy, OpMeHTHPOBAHHYIO Ha YKpPeIIeH e 30POBbs II0CPECTBOM
usuuecKoit aKTMBHOCTH, CIIOPTA U OTAbIXA. B JaHHOIT cTaThe paccMaTpuBaioTcs passutue, uemu 1 BauaHre BPYIKCECC+, B 4acTHOCTH €ro ponib
B 60opbbe ¢ H13MIecKoll HeaKTMBHOCTBIO M HeMHPEKIMOHHbIMM 3ab01eBanAMM Ha rmobanbHoM FOre. Cosanubi B 2014 ropy 1 opuumanbHO 3amy-
menHblit B 2015 rony, BPYMMKCECC copericTByeT MeXXyHapOJHOMY COTPYIHUYECTBY IIOCPENCTBOM IIPOBEIeHNA Pa3 B [Ba Iofja KOHI'PeCCOB, MCCIeo-
BaTe/MbCKMX ITAPTHEPCTB ¥ MHNUIMATHB, MHULMMPOBAHHbIX coobiectBamu. Ero npeo6pasosanie 8 BPIKCECC+ oTpakaeT MHTerpaTMBHOE BIJEHIE
pacmmpenHoro anbsaHca BPYIKC+. Onmmpasch Ha cpaBHUTebHbIE MCCTIE0OBAHMA, BKTI0UAsA JOKTOPCKYIO IUCCEPTAIMIO IO PU3MIECKOMY BOCIIUTAHMIO
B crpaHax-ocHoBarenax BPVIKC, craTbs paccMaTpyuBaeT BIUAHNE KY/IbTYPHBIX, CUCTEMHBIX ¥ HOMUTHNYECKUX HaKTOPOB Ha CTPATEruy YKpeIyIeHns
310poBbst. [IpuMeps 3 mpakTiky HOBbIX YieHoB BPVIKC+, Takye Kak IIporpaMmbl pa3BUTHA Ha MecTax B Duonuy, MKoIbHbIe MHUIMATUBLI B Vpa-
He U HallMOHa/IbHbIe KaMIIaHuu 1o ¢puTHecy B CayoBCKOI ApaByy, JONOTHUTENBHO WITIOCTPUPYIOT STy MHTErpanuio. B cTaTbe TakXke OCBEIAITCA
ycnemnble koHrpecchl BRICSCESS, nposenennsie B bpaswmu (2017), I0xuoit Adpuxe (2019) u VMnpum (2024), n aHanusupyeTcs mpefcTosiiee
meponpusaTue 2026 roga B Mockse. B cratbe cienan BbiBof 0 ToM, uT0 BRICSCESS+ cimy>xut Ba)kHOI T1aTopMOii, OCHOBAHHON Ha (HaKTUIECKMX
JaHHBIX, 1714 IIPOABMYKEHNUS YCTONYMBOTO M KOMIJIEKCHOTO Pa3BUTHUA 3APABOOXPAHEHNA B Pa3BUBAIOIMUXCA CTPaHaX.

Kmrouebie cnosa: BPVIKC+, BRICSCESS, ykpenenne 350poBbs, Gu3ndecKas akKTMBHOCTD, IOCYT, NI06a/IbHOE 3[[paBOOXpaHEHNe, Pa3BIBAIOLIN-
€cs CTpaHbl

KoHdnuKT nHTEpECOB: aBTOPHI 3asIB/ISIOT 06 OTCYTCTBUYU KOHQIMKTA MHTEPECOB.

BrarogapHocTH. ABTOPBI BBIP)XAIOT ITYOOKYIO IIPM3HATEIbHOCTD IPOHNULIATEIbHBIM JIMACPaM, Ubs IIPEAHHOCTbD Ay U JalbHOBULHOCTD ChIrpa-
JIN PelLIAoNIyI0 Pob B KOHIenTyamusanyu u cosgarnu Cosera BPYIKC no ¢usnueckoit kynsrype u copry (BPYMKCECC). Ocob6ast 6marogapHocTh
BBIpa)kaeTcs JoKTopy MuH-Kait UnHy, KOTOpBI B KaueCTBe BpPeMEHHOTO IIPe3UAeHTa PYKOBOLII Pa3paboTKOIl OCHOBOIIO/IATAOIIEll CTPYKTYPhI Op-
ranmsanyu. Ero mMuepcTBO yBeHYa/oCh 3HAMEHATE/IbHBIM yYPENUTEeNbHbIM cOOpaHyeM Ha 7-11 A3uaTcko-TuxookeaHCKO KOH(pepeHIny 110 HayKe
o dusmdeckoit Kynprype u ciopre B VIHnu, rie o 6611 n36paH nepssiM npesugeatoM BPYKCECC. Mbl Takke BHICOKO LIeHUM 3HAYNTENbHBII M-
TepCKMit BKIafl COydpenuTeneit, Buile-mpe3naeHToB foktopa I'ynpurana Kxanusl u goxktopa Enenst Victuarnnoii-Enmnceepoir. VIx coBmMecTHbIe yeumms,
HapsAAy C YCUIMAMU aBTOPOB, ChIrpay Kmodesyio ponb B npespaiiennyt BPVIKCECC B fHaMIYHYI0 M BIUATEIbHYIO IIATGOPMY /1A IPOABIDKEHIS
370pOBbA, GU3MIECKON aKTMBHOCTHU U HAYYHOTO cOTpyAHIdecTBa B crpaHax BPVIKC u 3a ux npepenamm.

Insa uutupoBanua: Pyyaun Yeunba P, e Pungep 1.X., Iymuna 10.111. ViyuieHne 350poBbs IOCPeACTBOM GM3UYECKOI T aKTUBHOCTY U JOCYTa
B crpanax BPVIKC Ilmoc: oruer accormauny BPVIKCECC Ilmoc. CnopmusHas meduyuna: nayka u npaxmuka. 2025;15(2):5-11. https://doi.
org/10.47529/2223-2524.2025.2.7

Ilocrynuna B pegakmuio: 07.08.2025
ITpunaTa K myommkanun: 12.10.2025
Online first: 07.11.2025
Ony6mmkoBaHa: 14.11.2025

* ABTOp, OTBETCTBEHHBDII 3a IIEPENNCKY:

1. Introduction
The evolution from BRICS to BRICS+ marks a sig-

partnerships with other like-minded developing countries
across Africa, Latin America, Asia, and the Middle East

nificant shift in global geopolitics and economic collabora-
tion. Originally formed by Brazil, Russia, India, China, and
South Africa, the BRICS bloc emerged as a powerful voice
for emerging economies, promoting multipolarity and chal-
lenging Western-dominated institutions. Over time, the alli-
ance recognized the need for greater inclusivity and broader
representation of the Global South. This led to the expan-
sion into BRICS+, an initiative aimed at building stronger

(BRICS, 2023).

Saran [1] and Stuenkel [2] note that the BRICS+ frame-
work promotes broader economic collaboration, knowledge
sharing, and policy alignment, thereby strengthening the
bloc’s collective influence on the global stage. Reflecting
this shift, the BRICS group officially expanded on January 1,
2024, during the 15th BRICS Summit in Johannesburg, South
Africa, with the inclusion of five new member states—Egypt,



Ethiopia, Iran, Saudi Arabia, and the United Arab Emirates
[3]. This marked a pivotal moment in the transition from
BRICS to BRICS+, a term that denotes the original five
founding members plus any subsequent additions. Indonesia
further joined the alliance in January 2025, increasing the to-
tal membership to eleven.

In recent years, the global health landscape has experi-
enced a growing shift toward preventive strategies that em-
phasize wellness and quality of life. Among these strategies,
physical activity and leisure have emerged as essential pil-
lars in promoting health and preventing non-communicable
diseases [4]. Within the context of emerging economies, the
BRICS Plus nations face unique health challenges and oppor-
tunities related to population growth, urbanization, socio-
economic disparities, and changing lifestyles.

The BRICS Council of Exercise and Sport Science
(BRICSCESS) was established to address these challenges by
fostering international collaboration in the fields of exercise
science, physical education, health promotion, and wellness
[5]. The inclusion of BRICS+ countries into the framework
of BRICSCESS represents a unique chance to broaden the
impact of physical activity and leisure-based strategies, par-
ticularly in regions that face accelerated urbanization, demo-
graphic shifts, and systemic health disparities.

This article explores the role of the BRICSCESS+ orga-
nization, in advancing health promotion through physical
activity and leisure across BRICS+ countries.

2. From BRICSCESS to BRICSCESS plus

BRICSCESS was first envisioned during the 18th
International Scientific Congress held in Kazakhstan in 2014,
under the collaborative international leadership of Dr. Ming-
Kai Chin (Hong Kong, China), Dr. J. Hans de Ridder (South
Africa), and Dr. Ricardo Ricci Uvinha (Brazil). The idea
gained momentum during the 4th International Conference
of Physical Education and Sports Science in Indonesia in
2015, where these founding leaders were joined by Dr.
Gulshan Khanna (India) and Dr. Elena Istiagina-Eliseeva
(Russia). Together, they began drafting the BRICSCESS con-
stitution and bylaws, forming a scientific board, and plan-
ning for biennial conferences [5].

Dr. Ming-Kai Chin, serving as interim President, led ef-
forts to establish the organizational framework and to pre-
pare for the founding meeting, which took place later that
year at the 7th Asia Pacific Conference on Exercise and
Sports Science in India. At this historic meeting, Dr. Ming-
Kai Chin was elected the first BRICSCESS President, with Dr.
J. Hans de Ridder appointed as Vice President and Secretary-
General/Treasurer. The other three Vice Presidents were
Dr. Gulshan Khanna from India, Dr. Ricardo Uvinha from
Brazil, and Dr. Elena Istiagina-Eliseeva from Russia. The as-
sociation’s headquarters was officially established at North-
West University in Potchefstroom, South Africa, where the
BRICSCESS constitution was finalized and adopted [5].

Shortly after the official expansion of the BRICS group
to include five new member countries on January 1, 2024,

the BRICSCESS Board, during its meeting on February 28 in
New Delhi NCR, India, resolved to officially adopt the name
BRICSCESS+ and welcomed the new BRICS+ nations into
the organization. The first BRICS+ member elected to the
BRICSCESS Board of Directors is Dr. Dessalegn Wase Mola
from Ethiopia. Dr. Mola serves as an Assistant Professor and
Senior Lecturer in the Department of Sport Science at Ambo
University in Ethiopia.

Founded on principles of inclusivity, innovation, and
global partnership, BRICSCESS+ serves as a platform for
scholars, practitioners, and policymakers to share knowl-
edge, build networks, and implement culturally relevant in-
terventions aimed at improving the health and wellbeing of
diverse populations [6]. Through international conferences,
academic exchanges, community engagement projects, and
interdisciplinary research, the association supports sustain-
able development goals related to health, education, and so-
cial equity.

3. Physical activity and leisure in the original BRICS

countries

In a PhD study conducted in South Africa by Dr. Vasti
Oelofse, the state and status of Physical Education in the
BRICS countries (Brazil, Russia, India, China, and South
Africa) were investigated, recognising its pivotal role in the
development of psychomotor, social, emotional, and cogni-
tive skills, as well as its importance in combatting lifestyle-
related diseases such as obesity. Despite its potential, Physical
Education often faced neglect and marginalization within
school curricula. This research addressed the dearth of com-
parative literature on Physical Education across BRICS na-
tions, aiming to shed light on the subject’s implementation
and its impact on learners’ health.

Grounded in Bronfenbrenner’s Ecological Systems
Theory, the study explored how various ecological systems
influenced learner engagement in Physical Education. It also
provided a detailed overview of the education systems in
Brazil, Russia, India, China, and South Africa, highlighting
key features relevant to Physical Education. These included
governance structures in these countries, ranging from cen-
tralized to mixed models, each carrying diverse implications
for curriculum implementation.

The research contributed to a deeper understanding of
the dynamics shaping Physical Education in the BRICS na-
tions and offered recommendations for enhancing its effec-
tiveness in promoting learners’ health and well-being. In ad-
dition to bridging the knowledge gap in comparative studies,
the study’s findings informed both policy and practice, pro-
viding guidance for the improvement of Physical Education
across diverse educational and cultural contexts.

Based on the findings from Dr. Oelofse’s doctoral study
[7], it is evident that, in terms of key factors such as time allo-
cation, subject recognition, teacher training, and assessment
focus within curriculum frameworks, Physical Education
is more firmly established in Russia, India, and China than
in Brazil and South Africa. These countries, through their

(0)
P
T
A
H
U
3
A
it
U
b

SN E P> HZ

> 3 " O Hd 0




©» H B O K «»n

H 2 ~ 0 = O = L

M
A
N
A
G
E
M
E
N
T

national school curricula—situated within the exosystem of
Bronfenbrenner’s Ecological Systems Theory [8] — allocate
more instructional time, place greater emphasis on teacher
preparation, and provide more comprehensive assessment
guidelines for Physical Education.

However, the implementation of Physical Education cur-
ricula and related policies across all BRICS nations continues
to face significant challenges. These include disparities in ac-
cess to resources, variations in infrastructure, and shortages
of well-qualified Physical Education teachers, which differ
across regions. Despite these obstacles, various education re-
form efforts have emerged, signaling a shift towards improv-
ing Physical Education. Notable examples include Brazil's
introduction of a new common curriculum, Russia’s cur-
riculum enhancements and the revitalisation of the national
“Ready for Labor and Defense” (GTO) programme, India’s
launch of the “Fit India” initiative, and China’s focused efforts
to promote Physical Education and health through expanded
physical activity opportunities. These reform initiatives have
already led to positive outcomes, including improved levels
of physical fitness among students, greater awareness of the
benefits of regular physical activity, and better classroom dy-
namics. Collectively, these developments support the holistic
well-being of learners and enhance their motivation, under-
scoring the potential of Physical Education as a key contribu-
tor to health promotion in the BRICS context [7].

4. Physical Activity and Leisure in BRICS Plus

Countries

The global COVID-19 pandemic significantly under-
scored the importance of health and well-being, not only as
an individual concern but also as a global development prior-
ity. This emphasis aligns closely with Goal #3 of the United
Nations Sustainable Development Goals (UNSDG 17), which
advocates for ensuring healthy lives and promoting well-be-
ing for all at all ages [9]. As nations began re-evaluating their
public health systems in the aftermath of the pandemic, the
role of physical activity (PA) and leisure-based movement
emerged as a critical strategy for fostering long-term health
resilience, particularly in BRICS Plus countries, where rapid
urbanization and lifestyle transitions have led to rising rates
of non-communicable diseases (NCDs) [10].

Children and youth, often referred to as the architects
of the future, became a central focus of these initiatives. It
is now widely acknowledged that early investment in physi-
cal activity and structured leisure opportunities can reduce
the risk of obesity, mental health disorders, and sedentary-
related illnesses in adulthood. In this context, several BRICS
Plus nations have taken proactive steps toward integrating
physical activity into national health and education policies.
For example, Ethiopia has emerged as a noteworthy case in
Africa. Through the incorporation of community-based ex-
ercise programs within its primary health care framework,
the country has aimed to reduce the burden of NCDs such as
hypertension, diabetes, and cardiovascular disease [11-13].
These community-led interventions leverage local health
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workers and volunteers to deliver fitness education, group
walks, and culturally relevant movement routines that reso-
nate with rural and urban populations alike.

Similarly, Iran has made substantial strides in promot-
ing adolescent health through school-based physical activ-
ity interventions. Recent programs have integrated physical
education into academic curricula while also offering extra-
curricular sports and wellness activities. These interventions
have been linked to improved mental well-being, reduced
anxiety and depression symptoms, and better academic per-
formance among students [14, 15]. The focus in Iran under-
scores a broader Middle Eastern trend toward youth-focused
health promotion.

In the Gulf region, both Saudi Arabia and the United
Arab Emirates (UAE) have launched comprehensive national
fitness and wellness agendas. As part of Saudi Vision 2030,
the kingdom has prioritized increasing the percentage of
citizens engaging in regular physical activity through public
campaigns, urban planning reforms, and the development of
sports infrastructure [16, 17]. Similarly, the UAE has intro-
duced health reforms encouraging active lifestyles, including
the “Dubai Fitness Challenge,” which invites residents to en-
gage in 30 minutes of physical activity daily for 30 consecu-
tive days.

These few examples illustrate how BRICS Plus countries
are beginning to recognize the long-term value of preventive
health through physical activity and leisure. By leveraging
diverse strategies — ranging from grassroots community en-
gagement to high-level national policy — the region is build-
ing a more resilient health culture. These efforts not only
contribute to individual well-being but also address broader
socioeconomic challenges, such as healthcare costs, produc-
tivity, and social cohesion. Promoting structured and un-
structured forms of physical activity remains an essential pil-
lar for sustainable development in the post-pandemic world.

5. BRICSCESS plus conferences

An excellent way to promote Health through Physical
Activity and Leisure in BRICS Plus Nations is by hosting bi-
ennial congresses where not only BRICS Plus countries come
together, but also colleagues from various other international
countries.

The inaugural BRICSCESS Conference took place in
Santos, Brazil, from 29 November to 2 December 2017.
Organized by the Federal University of Sio Paulo (UNIFESP)
and the University of Sdo Paulo (USP), it was supported by
CAPES and CNPq. The event, promoted by BRICSCESS,
focused on the theme: “Sports Mega Events and Health
Promotion: Policies and Legacies in Exercise and Sports
Science” The scientific program emphasized interdisciplin-
ary approaches to health, wellness, physical activity, and the
impact of major sporting events on active living. Over two
and a half days, the conference welcomed around 200 partici-
pants from 31 countries. It featured four keynote addresses,
18 invited speakers, six workshops, and 15 Future Leaders/
Volunteers (FLVs). A total of 41 oral presentations and 44



posters were showcased. This landmark event united global
practitioners, educators, and researchers from the BRICS na-
tions and beyond, all dedicated to advancing the field of ex-
ercise and sports science [5, 18].

The 2nd BRICSCESS Conference and the inaugural
World Congress of Future Leader/Volunteer (WCFLV 2019)
took place in Cape Town, South Africa, from 10-13 October
2019. Hosted by North-West University, it marked the first
time Africa welcomed this prestigious event, making South
Africa the second BRICS nation to do so. For the first time,
BRICSCESS partnered with the South African Sports Medicine
Association (SASMA) to present a joint congress under the
theme: “Holistic Health, Sports Science and Sustainability:
The Way Forward” The conference featured 26 keynote and
invited speakers from 23 countries, many of whom are lead-
ing global experts in sports medicine and science. The event
was officially opened by the Honourable Anroux Marais,
Minister of Cultural Affairs and Sport in the Western Cape.
A highlight was the special two-hour session on 12 October,
sponsored by the Department of Sport and Recreation in the
Western Cape, featuring Dr Lyndon Bouah, Chief Director
of Sport and Recreation at DCAS, and Professor Ian Culpan
from New Zealand. Spanning three and a half days, the confer-
ence offered dynamic group sessions, insightful presentations,
and vibrant exchanges in both formal and informal settings.
International delegates praised the events quality and impact,
describing it as unforgettable. The conference not only fostered
global collaboration but also left a lasting impression on at-
tendees and contributed meaningfully to the development of
sport and health in Africa [18, 19].

The 3rd BRICSCESS Conference 2024 was held from
26-29 February at the Manav Rachna International Institute
of Research and Studies in Faridabad, New Delhi NCR,
India. With the theme “Advances in Holistic Health and
Sport for Children and Youth: Innovation, Integration, and
Sustainability through Science,” India became the third
BRICS nation to host this prestigious event. The inaugu-
ral conference was held in Santos, Brazil in 2017, led by
Professors Ricardo Uvinha and Nara Oliveira, followed by
Cape Town, South Africa in 2019, under Professors Hans de
Ridder and Maya van Gent. Chaired by Professor Gulshan
Khanna, the 2024 edition upheld the tradition of excellence,
emphasizing interdisciplinary collaboration to promote ho-
listic health through scientific innovation. The program fea-
tured five keynote speakers, 17 invited speakers, and three
workshop presenters, alongside nine Future Leaders (FLVs).
Participants represented 20 countries and regions, including
Brazil, Canada, China, India, Israel, Korea, Malaysia, New
Zealand, Russia, South Africa, Spain, Turkey, and the USA.
BRICSCESS 2024 proved to be an inspiring and memorable
experience for all attendees, fostering global dialogue and ad-
vancing the field of sport and health science [18, 19].

The 4th BRICSCESS 2026 Conference is scheduled to take
place from 26-29 October 2026 at the Peoples’ Friendship
University of Russia (RUDN) in Moscow, RUSSIA. The
congress will be held under the theme “Empowering

Future Generations through Holistic, Science-Based
Health Solutions” and will be led by Prof. Yulia Guschina
of Russia, who serves as Chair of the Local Organizing
Committee (LOC). Prof. Gushchina is the Deputy Director
for International Affairs at the Institute of Medicine, RUDN
University. Preparations for the event are well underway be-
hind the scenes, and the congress is expected to be a major
success, continuing the strong legacy of the previous three
BRICSCESS conferences.

6. Future Research Directions

Future research within the BRICSCESS+ framework
should focus on comparative studies that examine how
cultural, policy, and systemic factors shape health promo-
tion strategies across diverse BRICS+ nations. As the al-
liance expands to include countries like Egypt, Ethiopia,
Iran, and Saudi Arabia, there is a growing need to explore
localized approaches to combating physical inactivity and
non-communicable diseases. Investigating grassroots initia-
tives, school-based programs, and national fitness campaigns
can reveal scalable models for holistic health development.
Longitudinal studies assessing the impact of physical activ-
ity and sport on youth well-being, especially in underserved
communities, will be crucial. Additionally, interdisciplin-
ary research integrating sport science, education, and public
health can inform inclusive policies that support sustain-
able wellness. Future congresses, such as the 2026 event in
Moscow, should serve as platforms to present findings, foster
collaboration, and refine global strategies. BRICSCESS+ of-
fers a unique opportunity to build a robust evidence base for
health promotion across emerging economies.

7. Conclusion

The transition from BRICS to BRICS+ reflects a growing
recognition of the need for inclusive global collaboration,
particularly in addressing shared health challenges among
emerging economies. Within this evolving framework,
BRICSCESS+ has emerged as a vital platform for promot-
ing physical activity, sport, and leisure as strategic tools for
health promotion and disease prevention. Its evolution from
a visionary idea into a thriving international organization
underscores the power of academic partnerships, cross-cul-
tural dialogue, and evidence-based practice.

From the early foundational work of its leaders in Brazil,
South Africa, Russia, India, and China, to its expansion to in-
clude new voices from countries such as Ethiopia, Iran, Saudi
Arabia, and the UAE, BRICSCESS+ has shown that coopera-
tive health strategies can be both contextually grounded and
globally impactful. As demonstrated by initiatives in coun-
tries like Ethiopia and Iran, national and community-based
interventions are increasingly integrating physical activity
into broader health and education policies, contributing to
long-term societal resilience.

Moreover, the success of past BRICSCESS conferences in
Brazil, South Africa, and India has highlighted the value of
convening global experts, youth leaders, and policymakers to
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share innovations and build sustainable health networks. The
upcoming 4th BRICSCESS+ Conference in Moscow prom-
ises to build on this momentum, fostering holistic, science-
based solutions to empower future generations.

In a world where non-communicable diseases, mental
health challenges, and lifestyle-related illnesses are on the
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KuHeTuka cepaeyHoro TponoHuHa | B poToBOM XUAKOCTU nocre 3aberos
Ha AUCcTaHUuK 5 1 21 Km

A.H. Osuunnuxos

®rA0OY BO «HayuoHanbHbill uccnedosamenbckuli Huxxeaopodckuli eocydapcmseHHbIl yHuUsepcumem
um. H.U. Jlobayesckozo~», HuxHuli Hoszopod, Poccus

PE3IOME

Ilens MccnegOBaHMA: CPAaBHUTD U3MEHEHNs KOHIIEHTpauun cepaedHoro Tpononnta I (¢TH-I) B C/I0He Y CHOPTCMEHOB IIOCTIe 3a6eroB Ha AVC-
TaHIMM 5 1 21 KM.

Marepuaibl 1 MeTOfbI. B nccefoBaHny MpuHIM ydacTue 32 CIIOPTCMEHa MY>KCKOTO 11071, KOTOpbIe ObUIN pasfieieHbl Ha ABe rpymmsl. [pymma 1
(n = 16) mpeopmoneBana ANCTAHIMIO 5 KM, rpymia 2 (n = 16) — 21 km. CmroHa cob6upanach METOOM HECTUMYINPOBAHHOTO CIUIEBBIBAHNA 1O HaYajIa 3a-
6era (T1), mocrne 3a6era (T2), yepes 4 yaca (T3) u 24 yaca (T4) nocne ero okonyanust. Konuenrpauus cTH-1 B C/II0HE OIIpenensiach ¢ UCIONb30BaHNEM
ana/m3aropa Getein. ITosydeHHbIe aHHbIE TIPEICTABIEHBI B BIJe Me/[VIaHBI 1 MeXKBapTuabHOro pasmaxa (Me [IQR]).

PesynbraTel. YpoBeHb cTH-I B C/TI0He 3HAYNTENIBHO YBEIMYMICS KaK IMOC/e 3abera Ha UCTAHLIMIO 5 KM, TaK U IOC/Ie IPEOfoIeHNs AUCTAHIUN
21 km. ITpu atom 6oree BHICOKIMe TMKOBbIe 3HaueHs1 CTH-I Habmofamcy moce sabera Ha gucranmio 5 kM. Tak, ypoBenb cTH-I B coHe 6but cTaTn-
CTUYecKy 3HauyMo Bbimre B T2 (rpymma 1: 0,38 [0,34-0,41] ur/m; rpymma 2: 0,33 [0,29-0,35] ur/mn) mo cpaBrenuio ¢ T1 (rpymma 1: 0,14 [0,13-0,16]
Hr/mg; rpynma 2: 0,15 [0,13-0,17] ur/mi), gocturas Makcumyma B T3 (rpymma 1: 0,59 [0,54-0,64] ur/mim; rpymma 2: 0,40 [0,38-0,44] Hr/Mn) 1 Bo3Bpa-
Iasch K UICXOMHOMY ypoBHI0 K T4 (rpymma 1: 0,17 [0,13-0,20] ur/mi; rpynma 2: 0,13 [0,11-0,17] Hr/m).

3axmroyeHne: 3aber Ha JMCTAHIMIO 5 KM BbI3bIBaM 60jlee BEIpasKeHHOE MOBbILIeHIe YPOBHs CTH-I B C/TI0HE y CIIOPTCMEHOB 110 CPaBHEHUIO C 3a-
6eroM Ha YICTAHIMIO 21 KM, YTO yKa3bIBaeT Ha JOMMHMPYIOLIYIO POIIb MHTEHCHBHOCTYU a9pOOHOIT HArPy3Ky B BbICBOOOXKAeHMM cTH-I.

Kntouesvie cnosa: NHTEHCUBHOCTD (GM3UYECKOI HATPY3KH, CEPAeYHbIII TPOIIOHNH I, C/II0HA, IOBPEX/ieHMe MIOKap/a, HeMHBA3MBHAsL JMarHOCT -
Ka; CHOPTI/IBHaH Kapumonorma

B)IaI‘OI[apHOCTI/[: aBTOP BbIpaykaeT 6IIaI‘OHapHOCTb CIIOPTCMEHAM 1 X TpE€HEPaM 3a COTPYAHNYECTBO U IIPUBEP>)KEHHOCTD JaHHOMY MCC/IEJOBAaHUIO.
KOH(l)II]/IKT MHTEPECOB: aBTOP 3aABIAET 06 OTCYTCTBUMN KOH(bIIMKTa VHTEPECOB.

s purnposanmsa: OBunuHykoB A.H. KuneTnka ceppedroro TpomnosnHa I B poTOBOIT XXMAKOCTH MOCTIe 3a0eroB Ha JUCTAaHIUM 5 11 21 KM.
Cnopmuenas meduyuna: Hayxa u npaxmuxa. 2025;15(2):12-19. https://doi.org/10.47529/2223-2524.2025.2.5
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The kinetics of cardiac troponin | in saliva following 5-km and 21-km
running trials

Aleksandr N. Ovchinnikov

National Research Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia

ABSTRACT

Objective: to compare changes in salivary concentrations of cardiac troponin I (¢Tnl) in athletes after 5-km and 21-km running trials.

Materials and methods: 32 male athletes were recruited and assigned to two groups. Participants of group 1 (n = 16) completed a 5-km running
trial, while participants of group 2 (n = 16) completed a 21-km running trial. Unstimulated saliva was collected using the spitting method at pre-exercise
(T1), post-exercise (T2), 4 hours post-exercise (T3), and 24 hours post-exercise (T4). Salivary concentrations of cTnl were measured using a Getein
analyser. Data are expressed as median and interquartile range (Me [IQR]).

Results: Salivary levels of ¢Tnl increased significantly in both running trials, with higher peak values occurring after the 5-km running trial com-
pared with those of the 21-km running trial. ¢Tnl levels in saliva rose at T2 (group 1: 0.38 [0.34-0.41] ng/mL; group 2: 0.33 [0.29-0.35] ng/mL)
compared to T1 (group 1: 0.14 [0.13-0.16] ng/mL; group 2: 0.15 [0.13-0.17] ng/mL), peaked at T3 (group 1: 0.59 [0.54-0.64] ng/mL; group 2: 0.40
[0.38-0.44] ng/mL), and returned to baseline by T4 (group 1: 0.17 [0.13-0.20] ng/mL; group 2: 0.13 [0.11-0.17] ng/mL).

Conclusion: A 5-km running trial induced a greater increase in salivary levels of cTnI in athletes compared to a 21-km running trial, indicating a
dominant role of exercise intensity in cTnl release.

Keywords: exercise intensity; cardiac troponin I; saliva; myocardial injury; non-invasive diagnostics; sports cardiology
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1. BBenenue U CBIBOPOTKE KPOBU KaK y 3[0POBBIX HOOPOBO/IBIIEB, TaK

Ceppeunblit TpontonyH I (cTH-I) sBnsercs BbicokocIe- U Y TALMEHTOB C OCTPBIM nHpapKTOM MMOKapma [6, 7, 11,
IUGUIHBIM MapKepoM HOBPeXJeHMS KapAUOMUOLUTOB, 14, 24].
II09TOMY OIIpefie/ieHNe eTO KOHIIEHTPALUy B KPOBM CITYXKUT BricokoMHTeHCHBHBIE (pusMUecKite HArPy3KLt, 0CO6EHHO
30/I0TBIM CTAHJAPTOM Ta60PATOPHOI JUATHOCTUKU OCTPO- IIPOJJO/DKUTEIBHOTO XapaKTepa, MOIYT BBISBIBATb IIOBBI-
ro KOPOHApPHOTO CYHpOMa B KJIMTHIYECKO pakTuke [15]. meHue ypoBH:A ¢TH-I y 3OPOBBIX /NI, YTO, KaK IIPAaBUIIO,
TpapumonHo koHueHTpauus cTH-I usmepsieTcst B KpoBy, oTpaxaer obparnmoe (HUIMOIOTUIECKOE CTPECCOBOE BO3-
OJJHAKO B3ATHE KPOBM ABJAETCA MHBA3UBHON IPOLENY- melicTBMe Ha MMOKapp [25]. HecMoTps Ha TO 4TO y criopT-
poit, TpebyroLiert Hann4ns CIelanbHO 00YIeHHOTO Mef- CMEHOB 3a4aCTyI0 HAG/MIONAeTCA TPAH3UTOPHOE ITOBBIIICHIIE
L[MHCKOTO IePCOHAIa 1 abopaToOpHOIl MHPPACTPYKTYPBI, ypoBHA cTH-I B 3aBMCUMOCTYM OT MHTEHCUBHOCTHU U IIPO-
YTO CYyLIeCTBEHHO OTpaHMYMBAeT ee IpMMEeHeHNe B YC/Io- TO/DKUTENBPHOCTY (PU3MUECKON HATPYSKM, KAXK/BI CIydail
BMSIX TPEHMPOBOYHBIX 3aHATUI MM CIIOPTUBHBIX COPEB- ClIefyeT paccMaTpUBaTh B MHAVBUAYaJIbHOM HOpPSAAKE, IO-
HOBaHmit [1]. CKOJIbKY IOBBIILIEHHBIIT ypoBeHb CTH-I MOXeT OBITH CBA3aH

Hetexunms cTH-I B c/loHe OTKpBIBaeT HOBbIE EPCIIEKTH - C TOTEHIVATbHBIM PICKOM BO3HMKHOBEHMs HebIarompu-
BBI [Is1 HEMHBA3VMBHOTO U 6€360/1e3HEHHOTO MOHUTOPIMHTA SITHBIX CEpPHIeYHbIX COOBITHIL, 0COOEHHO TIPY HAOIIOfAeMOTi
MIOBPEX/IeHNA MMOKapHa Y CIOPTCMEHOB HEIlOCPeCTBEHHO KoHLeHTpauyy cTH-I Bbilte 99-r0 HPOLEHTUIA BEPXHETO
BO BpeMs TPEeHUPOBOYHBIX 3aHATUIL, a TAKXKe B IPYTUX CU- pedepeHTHOrO Ipefena B TedeHne 6omee 24 9acOB € COMYT-
TyalVsAX, KOTa B3ATUe KPOBU 3aTpy#HeHo [21]. YunTbiBag, CTBYIOIIMMU JIOKa3aTe/IbCTBAMM MIIEeMUN MMOKappa [23].
4TO MOseKy/bl CTH-I paHee 6b1IM O6GHAPYKEHBI B CTIIOHE, T7ie B xadecTBe MONONHUTENIPHOTO WHCTPYMEHTa IJIA IIpefi-
MX KOHLIeHTpauus 6bUIa HIDKE, YeM B CBIBOPOTKE KPOBI, VIpeX[eHNA pPUCKAa BO3HUKHOBEHMA OCTPBIX CepfieuHO-
IIACCHBHBIN TPAHCIOPT B POTOBYIO KUIKOCTD Yepe3 reMaTo- COCY[UCTBIX COOBITUII IIOC/TE MHAYLMPOBAHHOrO (usmde-
sHIjepamnIecKnit 6apbep MOXKeT OBITH OFHUM U3 MEXaHM3- CKOIl HArpPy3KOI IOBPEX[eHNs MUOKApHAa IienecoobpasHo
MoB anumuHanyuu cTH-I 1 ero gparMeHTOB 13 KPOBOTOKA BBITIOJIHATD CepUIIHbIe M3MepeHus KoHueHTpauum cTH-I
[6, 7]. KocBeHHBIM NOATBEPKAEHMEM 3TOTO IPEATIONOXKeE- B cmioHe [21]. ITockonbky auHaMuKa ypoBHA cTH-I B cimone
HUS SIB/IAETCS IPOJIEMOHCTPUPOBAHHAs B psflie MCCIENO- B OTBET Ha ad9poOHble HATPY3KM PasHON MHTEHCHBHOCTH
BaHUII KOppe/AnNA MeXAy KoHLeHTpauueit cTH-I B cione U IpPOJO/DKUTEIBHOCTY W3y4eHa HEeSOCTATOYHO, ILIeIbI0
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MCCIeROBaHMs OBUTO CPaBHEHIE M3MEHEHVSI KOHI[EHT AN
cTH-I B crmI0HE Y 30POBBIX MOIOABIX CIIOPTCMEHOB IIOCIE 3a-
6€roB Ha AMCTAaHIMM 5 1 21 KM ¢ MaKCMMaJIbHO BO3MOXXHOIL
CKOPOCTBIO.

2. Matepuanpl 1 METOJbI

B wuccnepoBanuyu NpMHAIM ydYacTue 32 CIOpPTCMEHa
MYXCKOTO Io71a (BO3pacT: 26,78 + 2,43 ropa; poct: 174,84 +
2,60 cm; macca Tema: 68,06 = 2,73 Kr; MHAEKC MaccChl Teja:
22,27 £ 0,99 Kr/mM?), clieljuanusupyoLmMxCcs B Gere Ha cTaii-
epckue puctaHuuy u yMeromux III cnopTuBHBIL paspAp,
II0 JIETKOJ! aTaeTuKe. Bce yIacTHMKM He MMeNMM KaKuX-JI-
60 >ka/m06 Ha COCTOsIHME 3[0POBbsI, He KypUIN, He TIPUHU-
Ma/Iil Ha PeTry/IsApHON OCHOBE JeKapCTBEHHBIX IIPeNapaToB
U He VIMeJIY PaHee NMAarHOCTUPOBAHHBIX CepieuHO-COCYau-
CTBIX 3ab0JIeBaHMIL, YTO OBIIO HOATBEPXKIEHO Pe3y/Ibrara-
MU HpenBapI/ITCIII)HOI‘O CKpI/IHI/IHI‘a (aHaMHeB, peI‘I/ICTpaHI/IH
37IEKTPOKAPAUOTPAMMBI).

KPI/ITepI/IHMI/I JNCKIIYEHNA U3 UCCIeOOBaHNUA 6I)UH/I
OCTpBIE pecrypaTtopHble MHGEKIMM Ha MOMEHT MUCCIIENO-
BaHMs WIN 3a [iBe Hefelu JO ero Hadaja, IpueM CyOCcTaH-
LT, BKJIIOUYEHHBIX B JamlpelleHHbIN cIMcok BcemmpHOro
AHTUOOIIMHIOBOTO Aare¢HTCTBA, OpTOHeHI/I‘{eCKI/Ie TpaBMbI,
[PeMATCTBYIOLIMe Oery, a Tak)Ke HeCAHMPOBAHHAsSL ITO/IOCTD
pra. Bce yqacTHUKYM McCIeoBaHMs ObIIM pasfe/ieHbl Ha [iBe
I‘pyHHI)I, ncxoga ms HpI/IOpI/ITeTHOI/uI o HUX OUCTAHIIUN
(5 wm 21 kM), 3a BBIIOJIHEHUE PaspASHOIO HOpPMaTUBa
1o Gery Ha KOTOpOIT paHee uM 6bu1 mpucsoen 111 coprus-
HBIIi Pa3psf, IO JIETKOM aT/IETUKE.

Ipymnma 1 (n =16, Bospacr: 27,19 £ 2,69 ropa; poct: 175,50 +
2,25 cm; MaccaTena: 68,69 + 2,87 xr; mHAeKC Macchl Tena: 22,31 +
1,07 xr/M?) mpeoponeBaa AUCTAHLIUIO 5 KM, rpymma 2 (n = 16,
BO3pacT: 26,38 £ 2,16 rofa; poct: 174,19 + 2,83 cm; Macca Tena:
67,44 + 2,53 KT; MHIeKC Macchl Tena: 22,24 + 0,93 kr/m?) — muc-
TaHIMIO 21 KM. Bce yyacTHUKM MCCIeNOBaHUA HAXOJWUINCH
0§, HaOTIONeHeM MENMIMHCKOTO IEPCOHAMa KaK BO Bpe-
M IIPOBEfieHNsT 3a0€TOB, TaK U B IIEPHUOL, BOCCTAHOB/IEHN.
Bo Bpems ydactus B 3aberax y y4aCTHUKOB MCCIEIOBAHUS
HEIIPEePbIBHO PEIMCTPUPOBAIM YAaCTOTY CepfieYHbIX COKpa-
mennit (YCC) ¢ ncnonp3oBanmeM mynscomerpa Polar (Polar
Electro Oy, ®unmsaugns). Vccnegosarne 6b10 0fo6peHO
Komurerom mo 6uostuxke HHI'Y um. H.U. JlobaueBckoro
(mporokon Ne 43 ot 15.10.2020 1.) ¥ IPOBOAUIOCH B COOT-
BETCTBUY C IpUHIMIAMM XelbCUHKCKON feknmapauym [30].
Ot Bcex yYaCTHMKOB MCCIEHOBAHMSA OBUIO IOMTYYEHO MUCh-
MeHHOe MH(pOPMIPOBAHHOE COITIACHE.

B 3aBUCMMOCTU OT FPYHHI)I y‘IaCTHI/IKI/I HpeOHOHeBa}H/I
DUCTaHUMIO 5 iy 21 KM IMagkuM 6eromM ¢ MaKCHMaabHO
BO3MOXXHOI CKOPOCTBIO HAa JIETKOAQTIeTUIEeCKO IOpOXKKe
CTafgyuoHa. Bce yYacTHMKM MCCENOBAaHUA MCIONb30BAIN
CTaH[japTHbIE KPOCCOBKM Iy1s1 Gera mo mocce. Bpemst duam-
1Ia PETMCTPUPOBAIOCH C TIOMOIIBIO PYYHOTO CEKyHIOMepa
€ TOYHOCTBIO 10 0,01 ceKyHpbI.

Bcem yuacTHMKaM 6BUIO PeKOMEHJOBAHO IIO3aBTPAKATh
3a OffMH 4Yac fjo 3abera ¥ BO3HEPXKATbCS OT YIOTpeOmeHus
KoenHa ¥ ajKoro/isi B TedeHMe KaK MUHMMYM 24 4acoB
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mo cbopa cmonsl. CMelIaHHast CIII0HA COOMpPATach METOLOM
HeCTMMY/IMPOBAHHOTO CIVIEBBIBAHWS B CTEPUIBHBIE IIPOOMP-
KU B CJIYIOMINX BpeMeHHBIX TOUKaX: 10 Hadaya 3abera (T1),
HenocpencTBeHHO mocre 3abera (T2), yepes 4 (T3) u 24 yaca
(T4) mocre 3a6era. [Tepen KaXapiM B3sITHEM 00pasIia CIIOHBI
BCe YYACTHUKM TINATEIbHO OMOMACKMBAIM POT GyTMIMpo-
BaHHOIT BOKOII 3a 5 MVHYT #0 cOopa 6uomarepuara.

Bce 06pasiis1 6611 HOCTAB/IEHBI B TAOOPATOPHUIO, LIEHTPH -
¢yruposansl mpu 3000 06/MuH B TedeHre 15 MUHYT, pasfie-
JIEHBI Ha a/IMKBOTBI M 3aMOPOXKeHBI Ipy TemiepaType —80 °C
Io MOMeHTa n3Mepenns yposH:A cTH-1. Konuenrpaunsa cTa-1
B CJIIOHE OIIpele/I/IaCh C MCIONb30BaHNEM IOPTaTUBHO-
ro MMMyHOQIyopecLieHTHOro aHamm3aropa Getein (Getein
Biotech Inc., Kwurail) B COOTBETCTBMM C MHCTPYKLUSIMU
[IPOUSBOARUTENA. AHAIM3aTOP ObecrednBaeT AUAMA30H U3-
MepeHusa KoHleHTpauunu cTH-I ot 0,01 Hr/™Mn mo 50 Hr/MmiL.
AHamITidecKas BaIMIHOCTD MCIIONb3yeMOro IMMYHOQIYO-
peciieHTHOro aHajm3aTopa Getein 11 M3MepeHN KOHIIeH-
tpauuu cTH-I B cmoHe 6bIIa IPOJLEMOHCTPUPOBAHA B IIPef-
IIeCTBYIOLINX UCCIIeOBAaHMAX [21].

[Nory4eHHble HaHHBIE IPENCTAaBICHBI B BUJE CPETHETO
apu(pMeTNIeCKOro 3HAYeHNUss U CTaHJAPTHOTO OTKIOHEHN
VIV MefViaHbl ¥ MeXXKBapTIWIbHOTO pa3Maxa. [Ipennonoxenne
0 HOPMA/IbHOCTH PACIIpefeeHIis1 JAHHBIX ObIIO OLIEHEHO C H0-
mombio Kpurepysa Iammpo — VYmnka. Yumurteias, 41O BCe
HaHHbIEe OBUIY pacIIpee/ieHbl B COOTBETCTBUY C 3aKOHOM HOp-
MajIbHOTO pAacIIpefiefieHNs, /11 CpaBHeHMsA ypoBHei cTH-I
B CJIIOHe MeX/[y IPyIIIaMy B OfHMX U TeX XKe BpeMeHHBIX TOY-
KaxX UCIONb3oBajica f-kpuTepuil CTbIOfieHTa, [IOMOTHEHHBIN
pacyeToM COOTBETCTBYIOIINX Pa3MepoB a¢dexra. YInuTbIBas
pasmep BbIOOpKH U MoiHOCTb 80 % 1py a 0,05, mrt ompepe-
JIeHMs1 MEXTPYIIIOBBIX pasinunii B ypoBHAX cIH-I B cmone
motpeboBanacy 61 BemmunHa 3¢ dekra Kosna (Cohens d),
paBHas 1,03. TlockonmbKy pucrepcun ObUIM HEOZHOPOSHBI,
0 YeM CBUJETEIbCTBYIOT Pe3y/IbTaTbl IIPUMEHEeHVI KpUTepus
Omurnepa — Kunza, g cpaBHeHnA yposHeli cTH-1 B cimioHe
BHYTPM TPYIII ME&XKAY Pa3HBIMU BPEMEHHBIMI TOYKAMIU JIC-
nonb3oBaca Kputepuii OpuamMana ¢ MOCTERYIOIMM TIPYMe-
HEeHIeM anocTepuopHoro kputepus Japbuna — Komosepa.
CrarucTuyeckyro 3HaUYMMOCTb ycTaHaBmuBamyu mpu p < 0,05.
CrarycTiaeckui aHa M3 BBIIOJHAICA C MCIIOIb30BaHVEeM ITPO-
rpamMmHoro npuoxenus RStudio (Bepcusa 2022.07.2+576 nna
macOS (RStudio, PBC, Boston, MA; http://www.rstudio.com)).

3. PesynbTarsl

Bce y4acTHUKM MCCNIENOBaHMA YCIIEIHO 3aBEPIIIIN 3a-
6ery Ha OUCTAaHUMIO 5 vwin 21 KM B 3aBUCUMOCTU OT rpym-
IIOBOJ IpMHAMIEKHOCTH. Hu y OmHOrO M3 y4aCTHMKOB
UCCIeTOBaHNsI He ObUIO 3aperMcTPUpPOBAHO KIMHUYIECKUX
CMMIITOMOB, KOTOPbIe MOI/IM ObI OBITb paclleHeHbI KaK CBA-
3aHHBIE C OCTPOII KapAyalIbHOI IaTONIOTKEN.

Bpemsa nmpeoponenusa gMCTaHUMM B Ipymie 1 cOCTaBUiIO
18 MuHYT 1 ceKyHAly * 52 CeKyH/ibl, B rpymie 2 — 90 MUHYT
26 cexyHp + 3 MyHYTbI 55 ceKyHp. Tem 6era Ha 1 KM B IpyII-
me 1 coctaBun 3 MUHYTHI 36 ceKyHp + 10 ceKyHp, B rpyn-
me 2 — 4 MuHyTH 18 ceKyHp + 11 cekyHf. Y y4aCTHUKOB



rpymmbl 1 CKOPOCTDb 6era 1 4acToTa CepfedHBIX COKpallje-
HMIT BO BpeMst 3abera ObIIN CTATHCTIYIECKN 3HAYMMO BbIIIIE
II0 CPaBHEHUIO C IIPeACTaBUTeNAMY Ipynnsl 2 (puc. 1).

Konuenrpaunms cTH-1 B cmoHe mo Havama 3abera Obiia
COTIOCTAaBMMa MEXAY Ipymmamu (cM. puc. 2).

B o6eux rpynmax yposens cTH-I B c/1foHe ObIT CTaTUCTH-
4eCcKM 3HAYMMO BBILIIE CPasy IMoc/e 3aBepiueHus 3abera (T2)
0 cpaBHeHUIo ¢ ucxopubiMy 3HadeHusAMu (T1). Ilpu sTom
KoHIeHTpalus CTH-I B C/TIOHEe y CIIOPTCMEHOB rpynmbl 1

Obl/Ia CTATMCTUYECKN 3HAYMMO O07Iblle Cpasy mocie 3abera
10 CPABHEHUIO CO 3HAYEHMAMM, HAOMIOfaeMbIMI § YIaCTHU-
KoB rpymnmsl 2. [Tnkosas xoHneHTpauys cTH-I B cmoHe Ha-
6mioamach BO BpeMeHHOIT Touke T3 y cropTcMeHOB 0benx
rpymnn (cM. puc. 3).

Yposens cTH-I B c/TfoHe y CIIOPTCMEHOB IPynIsl 1 6bIT
TaKXXe CTaTUCTMYeCKM 3HA4YMMO Bblllle depe3 4 daca IO-
ce 3abera B CpaBHEHMM CO 3HAYEHMSMIU, 3apeTUCTPUPO-
BAaHHBIMU Y HIpefcTaButeneil rpynmsl 2. Crmyctsa 24 vaca

Puc. 1. CpaBHeHue ckopocTu Hera (A) 1 yacToTbl cepaeyHbIX cokpalleHnii (B) mexay rpynnamm

Fig. 1. Comparison of running speed (A) and heart rate (B) between groups

Puc. 2. CpaBHeHne KOHUEHTpauum cepaeqHoro TponoHuHa | (CTH-1) B critoHe mexay rpynnamu o 3abera (A), cpasy nocne 3abera (B), yepes

4 yaca (C) n 24 yaca (D) nocne 3abera

Fig. 2. Comparison of cardiac troponin | (cTnl) concentrations in saliva between groups before exercise (A), immediately after exercise (B), 4 hours

(C) and 24 hours (D) post-exercise
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Puc. 3. InHamuka KOHLEHTpaummn cepaeyHoro TpornoHuHa | (cTH-1) B cntoHe y cnopTemeHos rpynmbl 1 (A) v rpynnei 2 (B)
Fig. 3. Changes in cardiac troponin | (cTnl) concentrations in saliva of athletes in group 1 (A) and group 2 (B)

KoHIleHTpanyst CTH-I B C/II0He yMeHbLINIACh B 00eMX IPYII-
max, nprOMM3MBIINCD K VCXOFHBIM 3HAYEHUsIM O 3abera
(T1), n He pasnuyasach CTATUCTUYECKM 3HAYMMO MEX[Y
IPYIIIaMI.

4. O6¢cyxneHne

Hackonbko 13BeCTHO, 3TO IlepBOe JMCCIef0BaHMe, CPAB-
HIBalolllee KNHETUKY ypoBHeli CTH-1 B C/lloHe B OTBET Ha a3-
pOOHBIe HATPY3KM pPasHO MHTEHCHBHOCTU U IPOXODKU-
TE/IBHOCTU Y 3[0POBBbIX MOJIOfBIX CIIOPTCMEHOB. AapobHas
Harpyska (saberu Ha gucTaHIuIo 5 wam 21 KM ¢ MaKcu-
MaJIbHO BO3MOXKHOJI CKOPOCTBIO) IPUBOAMIA K 3HAUUTE/Ib-
HOMY IIOBBILIEHNIO KOHLeHTpanyuy cTH-1 B cioHe y crop-
TCMeHOB 06eux rpymi. Vsmenenne yposHs cTH-I B crroHe
XapaKTePU30BA/IOCh OBICTPHIM YBeIMYEHNUEM Cpasy IOCIe
3abera (T2), moctikennem mmka depes 4 gaca (T3) mocre
saﬁera " BO3BpallleHNEM K JMICXOOHbIM 3HAaY€HWMAM CIIYCTA
24 qaca (T4). HabmrogaeMslit TaTTepH OTCPOYEHHOTO IMKA
(T3) cooTBeTCTBOBAN CYILIECTBYIOIIMM IpefCTaBIeHUAM
O KMHETUKE BI)ICBO60)K]I€HI/IH TPOIIOHNMHOB M3 KapAMOMM-
OLIMTOB IOC/IE€ MHYLMPOBAHHOIO ¢dbusnaeckoit HarpysKoil
noBpexxaeHus muokapaa [1, 21]. Kpome Toro, ormevanach
CymleCTBEHHaA WMHANBUAYya/bHAA BapI/Ia6e}IbHOCTb IINKO-
Boro yposH:A cTH-I B cmoHe. Bosppalenne K MCXOTHBIM
3HAYeHMsIM depes 24 uyaca HOC/Ie 3aBeplieHus 3abera CBU-
IeTeNbCTBOBANIO O TPAaH3UTOPHOM XapaKTepe BbI3BAHHOTO
¢usndeckoit HarpysKoit BbIcBO6oKAeHus1 CTH-1.

MexaHI/IBMbI, OTBETCTBCHHBIC 3a IIOBBIIICHME KOH-
neHtpanuy cTH-I mpu ¢usmdeckoit Harpyske, OCTarOTCA
mpegMeToM pucKyccuu [1]. VccnepmoBarenbckass rpymma
mo 6uomapkepam EBporeiickoro o6miectBa KapAuoOIOroB
BbIfie/INIa TP BO3MOXXHbI€ IIPUYIMHDI IIOBBINIEHN KOHIIEH-
tpauyu cTu-1 [17]:
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1) obpaTuMoe MOBpEXAeHNEe MIOKAPAa, 00YCIOBIEHHOE
MIOBPEX/IeHNEM KIeTOK, IOBBIIIEHHO! CKOPOCTDBIO 3K30LM-
TO3a 1 06pa3OBaHMEM BHEK/IETOYHBIX BE3UKYIL;

2) IOBpeXJeHNMe MUOKApHa, CBA3aHHOE C allONTOTIYe-
CKMMI IIPOLIeCCcaMyi;

3) HeobpaTuMOe MOBpPeX/eHNe, 00YCIOBIEHHOE HEKPO-
30M MMOKappa.

XoTsA mpsAMBle IaHHbBIE, MOATBEP>KIAIOLIVE VI OIpO-
Bepramolye Hadye efyIHOT0 MeXaHI3Ma, OTBeTCTBEHHOTO
3a MOBBILIeHNe KOHIeHTpauuyu cTH-I npu ¢usmdeckoit Ha-
Ipy3Ke, OTPaHMYEHBI, TEM He MeHee Ha OCHOBE VIMEIOIVX-
CA JOKa3aTebCTB MOXKHO CHENATb PAMN IPeIIoNIOKeHMi
OTHOCKTE/BHO IOTEHIVAIbHOIO BK/Iafia KaXKZOM M3 BO3-
MO>XHBIX IIPMYVH, YKa3aHHBIX BbIlIe. Bo-IepBbIX, TOBpex-
IeHNe KapAMOMMOLITOB B Pe3yabrare P-afjpeHeprindecKoi
CTUMY/LALNVMN, COKpAILleHVMs W/MIN PacTKEeHMs, a Takxe
KPAaTKOBPEMEHHOI UIIeMWH TPy (PUSMIECKOIT HAaTPy3Ke MO-
JKeT MI3MEHATDh NPOHUIIAEMOCTD CapKONeMMHI (5, 9, 13, 22],
YTO NPMBOJUT K ITACCUBHOMY TPAHCIIOPTY MOJeKyn cTH-I
u ero (pparMeHTOB U3 KapAMOMHUOLIMTA BO BHEKIETOYHOE
MIPOCTPAHCTBO U KpoBOTOK [2]. ®parmentst cTH-I ¢ HU3KOM
MOJIEKY/IAPHOM MacCOV MOTYT IIPOHMKATh HEITOCPECTBEHHO
B KPOBOTOK, B TO BpeMsI KaK ero 6osee KpymHsie (parMeH-
TBl MOTYT BBIATU 3a Ipefe/nbl KIeTKM IIPeMMYIIeCTBEHHO
TOJIBKO IIOC/Ie MOAMMUKALNY WM Pa3pPYLIEHNsT KIeTOYHOI
meMOpaHsl [1]. Bo-BTOpPbIX, BBICOKOMHTEHCUBHAS a9pobHas
Harpyska MOXXeT YBe/IMYMBAThb CKOPOCTb aIloITO3a, TOIfa
KaK ITOBBIIIIHHAA IIpeJHATPy3Ka JIEBOTO >KeMyHouKa 1/mMmm
KpaTKOBpeMeHHasA MIIeMys (COCTOSHMA, KOTOPbIe MOTYT
BOSHMKHYTb BO BpeMsI UHTEHCUBHON (PU3MUECKOIl HATPy3-
KI1) TaKk>Ke MOTIYT IIPMBOJUTDL K BO3HMKHOBEHUIO €TI0 JIOKa-
nnsoBanHOI Gopmer [3, 8, 10, 27, 28]. C ogHOIT CTOPOHHL,
afonTo3 He JO/DKEH NPUBOAUTH K IOBBILIEHNMIO YPOBHA



cTH-I 3a mpemenamMm KapAMOMMOLIMTA, TOCKOIbKY BHYTPU-
KJIETOYHOE COTEP)KUMO€e He BHICBOOOXK/JaeTCsI, KOT/IA alloll-
TOTMYecKas KJIeTKa pparMeHTUpyeTCcs M NOMIOMWAETCA APY-
rumu kineTkamu. OgHAKoO, ¢ Apyroit cropoHsl, cTH-I MoXxeT
BBICBOOOX/AThCSI IPY PA3PYIIeHNI AITOITOTIHYECKIX Terlel]
MM IepeXxofie OT alloNTO3a KapAMOMMOLNTA K BTOPUYHOMY
Hekpo3y [12]. B-TpeTbux, BHICOKOMHTEHCHBHAs adpoOHas
Harpyska MOXXeT YCKOPUTb OOHOBJIEHME KapAMOMUOLNTOB,
9YTO MOXKET IIPUBECTH K BBICBOOOXAeHNI0 Monmekyn cTH-I
B KPOBOTOK U3 3aMEHEHHBIX KapauoMmorutos [1, 4, 26].
Haxomen, yunTbiBas, 4To KOHIeHTpanys cTH-1 mocte dpusn-
YeCKOll Harpy3KM MeHblIle, JOCTUTAeT MMKA paHbIle ¥ BO3-
BpallaeTcsl K MCXONHBIM 3HAYEHMAM OBICTpee, YeM IOCIie
ocTporo nHpapKTa MUOKap/a, MaJIOBEPOSTHO, YTO HEKPO3
ABJIATCA NPUIMHOI NOBBILIeHNA ypoBHA cTH-I faxke moce
CBEPXMHTEHCUBHOI a39pO6HOI HATPY3KU IIPOSO/DKUTEIBHO-
ro xapakrepa. OfHaKO CyIIeCTBYIOIIMe Pa3IIyNsA He UCKITIOo-
YaI0T BO3MOXXHOCTY TOTO, YTO IpYU (PU3NUECKOIl HArpysKe
MO>XKET BO3HUKHYTb HeOOJIbIIIas CTelleHb HEKPO3a, IPUBO-
AAIIAst K MOBBIIEHNIO ypoBHst CTH-1, B ocobeHHOCTH Y /IU1]
C BBICOKMM pPICKOM BO3HMKHOBEHVs He6IaronpusTHBIX
cepmeuHbIxX cobbITHil [1]. TeM He MeHee HA JAHHBIT MOMEHT
HeT HUKAKMX JOKa3aTe/IbCTB BOSHMKHOBEHUsS OTEKa MUO-
Kapfia WIX OTCPOYEHHOIO IOBBILNIEHMS KOHIEHTpAIuy ra-
TONMMHMSA Y CHOPTCMEHOB IIOCTIe PU3MIEeCKOIt HarpysKu [19,
20]. B cBoI0 ouepenb TakxKe CIefyeT OTMETUTD, YTO METOMDI
BU3YQIM3ALUM MOTYT OBITh HEOCTATOYHO YYBCTBUTE/Ib-
HBIMM [/Is1 BBIABJIEHVSI OYeHb HEOOTIBIION CTEIeHN HEKPOo3a
C COITy TCTBYIOIIVM IOBbINIeHVeM ypoBHA cTH-I [18].

Psap a/ibTepHATUBHBIX TUIIOTE3, BBIABUHYTHIX /IS 0OBsIC-
HeHIs HOBbIIIeHNs1 ypoBHs CTH-I mpu ¢usmdeckoit Harpys-
Ke, TAK)Ke MOTYT OBbITh IIPMHATHI BO BHUMAaHIE C HEKOTOPBIMI
OrpaHNYeHMAMI. Bo-TIepBbIX, IpeIoNIaraeTcs, 4To Jeruapa-
TalusA, BbI3BaHHAA (U3MIECKOI HArpy3KOil, MOKET BIIUATDH
Ha yposeHb CTH-I B cmoHe. OfHAKO OTHOCUTENIbHOE M3Me-
HeHMe KOHLEHTPAalUMM IIOKa3aTresieil BOJHO-3JIEKTPOIUTHO-
ro 6GajaHca, Kak IPaBWIO, HE3HAYUTEIBPHO IIO0 CPaBHEHMIO
¢ n3MeHeHueM KoHueHTpauym cTH-I [1]. Kpome Toro, mop-
pasyMeBaeTcs, YTO /II00ast Herupparaius BCKope 6ymeT KoM-
MEHCHPOBaHa 3a CYeT perujparanyy B IOCTHAIPY30YHOM
IIepyofe, YTO MPOTUBOPEUUT IPOrPeCcCUPYIOIEeMy MTOBBIIIe-
Huio ypoBHs1 cTH-I B c/ttoHe yepes 4 gaca mmocjie a9po6HOIT Ha-
rpyskiu. Bo-BTOpBIX, MMeloLIMecs TaHHbIE CBUJIETEbCTBYIOT
0 TOM, YTO YMepPEeHHOe CHIDKeHe (QYHKINY [T0YeK, MHAYIN-
poBaHHOE (PU3NIECKOIT HATPY3KOIL, MOXKET OCIAOUTD HTUMIU-
Haryio cTH-I gepes rmoMepysspHBIt GQUIBTP, YTO IPUBOJUT
K TOBBIIIEHIIO €0 YPOBHS B KPOBOTOKE IIOC/IE (BM3UIECKOI
Harpyskn [29]. OgHako HOBbIIIEeHVMe KOHLeHTpammy cTH-I,
BBI3BaHHOE a9POOHOII HATPY3KOIL, 0OBIYHO 3HAYUTENIBHO IIpe-
BBIIIAeT BpeMeHHOEe YMepeHHOe CHIDKeHVe QYHKIUY IIO04YeK
[1]. Hanuslit axT ykasbiBaeT HA TO, YTO BIMSHNE BpeMeH-
HOTO YMEPEHHOTO CHIDKeHM (QYHKLIUY IO4YeK, MHEYLUPO-
BaHHOTO (PU3MIECKOI HarpysKoif, Ha KOHIeHTpanuio cTH-I
B KPOBOTOKE HECYLIECTBEHHO.

JIoTMYHO TIPEAINONOXNUTb, 4YTO IOBBIIIEHNE YPOBHA
cTu-I B cmioHe y MCIIBITYeMBIX 00enx TpyII, HabmofaeMoe
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B [IAaHHOM MCC/IEOBAaHNN, B OCHOBHOM OOYC/IOBIEHO 06-
paTMMBIM TOBPEXIEHNEM MeMOpaH >KIM3HECIOCOOHBIX
KapAMOMMOIUTOB. BbII 1 3TO eIUHCTBEHHBIN MEXaHU3M,
OTBETCTBEHHbIN 32 NOBbIIIEHNE YPOBHA CTH-I B croHe mc-
IIBITYEMBIX ITOCIIE 3a0eroB Ha IUCTAaHIUM 5 1 21 KM, Mau e
TaK)Ke HaOMIONaACcsa JIOKAaAM30BaHHBINA aIloONTO3 W/VIu
HEKpO3 B KpaliHe He3HAYUTEIbHON CTENeHY, B JAaHHOM JC-
cleoBaHUN Hen3BeCTHO. bosee TOTo, HESCHO, SIB/ISAIOTCS U
TpeAIonaraeMble M3MEHEHN S IPOHULIAEMOCTY CApKOTIEMMBbI
KapA/OMMOLIITOB IOMHOCTbIO (usnonormyeckumu (4a-
CTBI0 TIpOLlecca peMOJeNMPOBaHMs). YUUTHIBAs, YTO Ha-
Omiofanach MHAMBUAYaIbHAS BapyMabenbHOCTh B IMKOBBIX
ypoBHsAX CTH-1 B c/TI0HE laXke Y yYaCTHMKOB Of[HOJ U TOI >Ke
rpymmbl mocae 3abera Ha MAEGHTUYHYIO AUCTAHINIO, BO3-
MOXXHO, 4TO BKJ/IaJ] 9TUX 0a30BbIX MEXaHU3MOB B Hab/Iofae-
MYI0 MISMEHUYMBOCTD Pa3aNyazncsa y CIOPTCMEHOB C pa3HBIMU
ypoBHamu cTu-1 B cone.

Haunbonee 3Ha4MMBIM pe3ynIbTaTOM HAHHOTO MCCIELOBA-
HMsI CTA/I0 OOHApYy>KeH1e 60/iee BBIPAXKEHHOTO ITOBBIIIEHNS
KOHIIeHTparuu cTH-1 B c/10He Ioc/te MeHee MIPOJOKNUTENb-
HOTO, HO 60Jlee MHTEHCUBHOro Oera Ha OUCTAHLMIO 5 KM
IO CPaBHEHMIO C OOlee IIUTENIbHBIM, HO MeHee MHTEHCHUB-
HBIM OeroM Ha mumcrtaHimio 21 kM. JJaHHBI (BakT MOXeT
OBITh CBU/IETETIBCTBOM TOTO, YTO MHTEHCUBHOCTD a3pOOHOIT
HArpysKM sIB/IAETCs 60/Iee MOIIHBIM CTUMY/IOM JISI BBICBO-
6oxxpmenns cTH-I, YeM ee IPONOKUTENBHOCTD WM OOLIMIT
o6beM. IlonmyueHHble [aHHBIE COOTBETCTBYIOT BBIBOZAM
IIpebIAYIINX UCCIefoBaHmil [16], IeMOHCTPUPYA BO3MOX-
HOCTb HEMHBa3MBHOTO MOHMUTOPMHIA KOHLeHTpauyy cTH-1
B C/IIOHE C VICIIO/Ib30BAHMEM IOPTATUBHON TECT-CUCTEMBL.

5. OrpaHuUYeHN A U NePCIEeKTUBDI

Bo-niepBbIX, IONTy4YeHHbIE pe3yIbTaThl HE IIPENCTaB/IAECT-
Cs1 BO3MOXKHBIM 9KCTPAIIOIMPOBATh Ha JIMI XKEHCKOTO I10J1a
U CIOPTCMEHOB, MPENCTABIAIINX JPyTMe BUMABI CIIOPTAa,
TIOCKONBbKY B MCCNENOBAHMM YYaCTBOBAIM TONIBKO JIETKO-
aT/IeTsl MY)XCKOTO IO7Ia, Cllenuaausupymomuecs B Gere
Ha CTaliepcKue JUCTaHIVN. BO-BTOPBIX, CpaBHEHME KMHETH -
K1 ypoBHell cTH-1 B c/lI0He He y OJIHUX M TeX JKe CIIOPTCMe-
HOB B OTBeT Ha a9pOOHYI0 HArPy3Ky pasHOl MHTeHCUBHOCTU
U IPOJOJDKUTETBHOCTH, a Y Pa3HbIX CTIOPTCMEHOB He IT03BO-
JIsIeT VICK/IIOUNUTD BIIVSIHME NHAMBUYaIbHBIX 0COOEHHOCTeIl
Ha ITOJTy9eHHbIe Pe3y/IbTaThl, HECMOTPA Ha COITOCTaBUMOCTD
TPYTIII II0 OCHOBHBIM IIapaMeTpaM.

BaxnelmmM HampaBlIeHNEM 6y;uyumx MICCIeOBaHU
AB/IAETCA [ieTa/llbHOE U3ydeHMe KMHETUKM ypoBHei cTH-I
B CJIOHE Y MALMEHTOB C OCTPHIM MH(APKTOM MUOKapAa
U JINI, UCIOBITHIBAIOIIMX (U3MYeCcKUe Harpy3Ky SKCTpe-
MajIbHOTO XapaKTepa, C IOCHEeAYIIM CpaBHEHMEM Ha-
6/II0IaeMbIX IATTEPHOB ¥ OIpefeneHneM 99-r0 IPOLeHTUIIS
BepXHero pedepeHTHOro npeyena.

6. 3akmoueHIe

KitoueBbIM BBIBOSIOM HAHHOI'O MCCAETOBAHMS SIB/ISAETCS
IeMOHCTpALMs TOTO, YTO MeHee MPONO/DKUTEbHASL, HO 60-
Jlee VIHTEHCUBHasi adpobHas Harpyska BbI3blBama Oojee
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BBIpO)KEHHOE IOBbIIIeHNe YpoBHA CTH-I B ciioHe y 3mopo-
BBIX MOJIOfIbIX CIIOPTCMEHOB II0 CPaBHEHMIO C O0Iee TN TeNb-
HOI1, HO MeHee MHTEeHCUBHOI a9pOOHOI Harpy3Koit. JJaHHbII
¢dakT ybemyTeNbHO yKasbIBaeT HA AOMMHUPYIOILIYI0 pPOJb
MHTEHCUBHOCTY a9pOOHO HArpysky B BBICBOOOXKIEHWN
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BnusHue BoaopoaHbIX MHransumm Ha oyHKUMOHanNbHbIe XapaKTepUCTUKK
U ra3oBble OMoMapKepbl KULLIEYHMKA Y CIOPTCMEHOB-00pLIOB
npu puanyeckon Harpyske
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PE3IOME

Iens uccnenoBanuA: M3ydeHue BIUIHNAS NEPUOAIYECKUX MHTAIAINIT MOTIEKY/IAPHOTO BOLOPOJa B TeUeHNe OJJHOTO MecAIja Ha OCHOBHbIE XapaK-
TEPUCTUKM PAabOTOCIIOCOOHOCTH, YPOBEHbD JIaKTaTa U ApyTue 6MOXMMUYEeCKHUe TI0Ka3aTeNy, OlpefensgeMble B KPOBU MOMOABIX CIOPTCMEHOB-60p1[0B
noc/e GpU3NYECKOil Harpy3Ki.

Marepuaibl ¥ METOABI. B TpoCIeKTMBHOM K/MHNYECKOM MCCIeTOBAHNUM IPUHAN yyacTye 10 30pOBbIX J0OPOBOMIbIIEB-CIIOPTCMEHOB, KOTOPBIM
IIPOBOAMIICA aHA/IN3 YPOBHA BOJOPOJA U METaHa B BBHIIHIXaeMOM BO3JIyXe, OOLIEKMMHNYECKMIT ¥ GMOXMMIYECKMII aHa/IM3bl KPOBY, OLIEHMBA/INCh
dusmonornyeckme mapaMeTphl COCTOAHMA CepeIHO-COCYAMUCTON CHCTEMBI ¥ OCHOBHbIE XapaKTePUCTHKI PabOTOCIOCOGHOCTH Moce Ppu3MIecKoit
HarpysKu Ji0 ¥ IIOC/Ie MHTA/IALI MO/IEKY/IAPHOTO BOTOPOJA.

PesynbTarpl. VIHTanAnyuy ¢ MONEKY/IAPHBIM BOJOPOJOM IIPUBEIM K CHIDKEHUMIO YPOBHA MeTaHa B BBIIBIXaeMOM BO3fiyXe (IIpeVMyILIeCTBEHHO
Yy MeTaHOIPONYLEHTOB), YMEHbIIEHMIO IeTouHol (docdaTasbl, YBeTMYEHMIO TPOMOMHOBOrO BpEMEHM, AKTMBMPOBAHHOTO YaCTUYHOTO
TPOMOOIIIACTHOBOTO BPEMEHM, a TaKXKe CHIDKEHMIO YPOBH:A /aKTaTa O (PU3MYeCKMX HArPy3oK C yBelMdeHMeM Iocie (QU3NYecKMX Harpysok.
B 06meKknMHNYECKOM aHa/MM3e KPOBM CTaTMCTMYECKM 3HAUVMMbIX M3MEHEHWI! BBIABIEHO He Obut0. IIpyu IpoBeleHMM TpefMMUI-TeCTa VIHTAIAIMN
MOJIEKY/IAPHOTO BOJOPOJA IIPMBOJVINA K CHIDKEHMIO JMACTONMYECKOTO apTepMaIbHOTO JABleHNSA Ha YPOBHE ad3pOOGHOro MOpora M aHaspoOHOro
[opora ¢ yBenudeHneM AbIXaTeNbHOro koadduipenTa. B recte Ha rpeGHOM TpeHaXKepe MOC/Ie MHTA/IALUIT MOTEKY/LIPHOTO BOOPOJia OBbLIO BbIABIEHO
yBenuyeHue JYICTAHIMN, IIPOJIIEHHO 3a {Be MUHYTHI, @ TaK)XKe 60j1ee OBICTPOE BOCCTAHOBIIEHNME CUCTONMNYECKOTO apTEPUATbHOTO JIAB/IEHNA Ha IIATOI
MMHYTE MOCTIe OKOHYaHMs HaTPY3KN.

3akmouenne. IlorydeHHble JaHHbIE CBUETENbCTBYIOT O IONOKUTETbHOM BIMAHMU VHTAIALMI MOJEKYIAPHOrO BOAOPOZA HA COCTOSHUE
CBEPTBIBAIOIENl CHCTEMbI KPOBYU 1 COCTOAHME CEP/IEYHO-COCYAMCTOl CUCTEMBI, YTO BHOCUT BKJIAJ, B yAy4dlleHNe MoKa3aresnell paboTocrocobHoCcT
U BBIHOCTIMBOCTY TIpY (hM3MYECKON HarpysKe y CIOPTCMEHOB.

Kntouesvie cnosa: vHranAmym ¢ MONEKy/IAPHBIM BOFOPOZIOM, KOHI[EHT ALV BOKOPO/A I METaHa B BBIIBIXaeMOM BO3J[yXe, TaKTAaT, CBePThIBAIOIIAs
cucreMa KpOBM, TPEMUI-TECT, IPeOHOI TpeHaxep

KoH(}IUKT MHTepecoB: aBTOPDI 3asIB/IAI0T 06 OTCYTCTBUM KOHQIVKTA MHTEPECOB.

BrarogapHOCTM: aBTOPBI BHIPAXAIOT ITTyOOKYIO IIPU3HATEIBHOCTD BCeM JOOPOBO/IbLaM — crHopTcMeHaM Ilepmckoro kimy6a MMA Ientp, mpu-
HABLINM y9acTyie B JaHHOM VICCIeIOBAHNMN. ABTODBI IIPM3HATEIbHbI BCeM MeauumHcknM corpyaunkam I'BY3 ITK «Bpade6HO-pusKyIbTypHBIIT Avic-
TIaHCep», IPUHABIINM aKTMBHOE y4acTye B IpOBefieHnN JaHHOTo uccnefobanua: Cuporuny A.B., Knecrosy B. B., Iununoit E. B., JKypasnesoii B. B.,
3axaposy C.I., Hosukosy JI. B., Cumonenkosy C. 1., lllunosoi C. H., Kanuronosoit JI. C.
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XapaKTePUCTUKI V1 ra30Bble GMOMapKephl KMIIEYHNKA Y CTIOPTCMEHOB-60pL0B Ipyu (h13ndeckoit Harpyske. CnopmuseHas MeOUyuHa: HAyKa u npakmuxa.
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Effect of hydrogen inhalation on functional characteristics and intestinal
gas biomarkers in wrestlers during physical exercise
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ABSTRACT

Purpose of the study: to investigate the effect of periodic hydrogen inhalations for one month on the main performance characteristics, lactate levels
and other biochemical parameters determined in the blood of young wrestlers after physical activity.

Materials and methods. 10 healthy volunteer athletes took part in a prospective clinical study. The analysis of hydrogen and methane levels in
exhaled air, complete blood count and biochemical blood parameters, physiological parameters of the cardiovascular system, the main performance
characteristics after physical activity before and after hydrogen inhalations were carried out.

Results. Hydrogen inhalations led to a decrease in the methane level in the exhaled air mainly of methane producers. A decrease in alkaline phos-
phatase, an increase in thrombin time, activated partial thromboplastin time, a decrease in lactate levels before exercise with an increase after exercise
were noted. No changes were found in the complete blood count. A decrease in diastolic blood pressure at the aerobic threshold and anaerobic threshold
with an increase in the respiratory coefficient was noted in the treadmill test. An increase in the distance covered in 2 minutes, as well as a faster recovery
of systolic blood pressure at the 5th minute were found in the rowing machine test.

Conclusion. The obtained data indicate a positive effect of hydrogen inhalation on the blood coagulation and cardiovascular system, alkaline phos-
phatase, which makes an important contribution to improving performance and endurance during physical exercise in athletes.

Keywords: molecular hydrogen inhalation, hydrogen and methane concentration in exhaled air, lactate, blood coagulation system, treadmill test,
rowing machine test
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1. Beenennue PpasBUTME XPOHIYECKOTO OKVC/IUTEIBHOTO CTPecca B CKeJeT-

V3BecTHO, 4TO QU3MYeCcKue HATPy3KM BBI3BIBAIOT pas- HBIX MBIIIIAX, HO Masible cpenHme ypoBHr ADK ciocobcTBy-
BUTHE OKUCIUTEIBHOIO CTpecca, NP KOTOPOM aKTUBHBIE 10T Pa3sBUTHUIO AfIANITAIIVM CKEIeTHBIX MBIIII K PU3MIeCcKOol
¢dopmsr kucnopoga (ADK) mosBrAOTCS B COKPALIAIOIINX- Harpyske. OCHOBHbIe MEXaHU3MBI IIOTOXUTEIBHOIO BO3-
Cs CKeJIeTHBIX MBIIIIIAX Ye/IOBeKa M KMBOTHBIX, U UX MOX- HelicTBYSA yMepeHHbIX KoHIeHTpanuit ADK, npexze Bcero
HO 3apeTCTPUpPOBATh KaK B MBIIIIAX, TaK ¥ B KpoBM [1, 2]. nepekucu Bofopona (H,0,), Ha byHKuMio u ajanTanuio
ObpasoBanne ADK B CKelIeTHBIX MBIIIIAX MOXET BIUATH CKeJIETHBIX MBIIII K BBITOTHEHNIO (U3MIECKUX HArPy30K
Ha 37[0POBbe ¥ (YHKI[UIO CKETETHBIX MBIIIL] KAK IIOTIOXKU- mofpo6HO omcaHbl B 0630pe Powers 1 coaBT., OIy6amKo-
TENbHO, TaK M OTPULIATENBHO, YTO 3aBUCUT OT HamaHca MexX- BaHHOM B 2024 ropy [2]. Hanportus, Beicokne ypoBan AQK,
Iy VHTEHCUBHOCTBIO X 06pasoBaHus U (YHKIMOHATIbHbI- BO3HMKAIOLIIE TPV MHTEeHCUBHBIX VTN AINTE/IbHBIX CYOMaK-
MU XapaKTepUCTUKAMM aHTMOKCUJAHTHBIX CHCTEM KJIeTOK CMMaJIbHBIX HAarpy3KaX, BBI3BIBAIOT ITOBPEXJICHUE CKeNleT-
OpraHuU3Ma, 3aMNIAIMNX TOC/IefHIe OT U30BITKA aKTUB- HBIX MBIIII] Y ABJIAIOTCA OGHNUM U3 (PaKTOPOB pasBUTUA MbI-
HBIX PaAVKaIoB. B mocnegHume rofp! 6bII0 MOKa3aHo, YTO pe- nre9HOro yromneHns. CocToAHue OpraHu3Ma, IIpY KOTOPOM
ry/IsipHble (pu3MUecKie Harpy3Ky He TOMBKO He BBISBIBAIOT BbIcoKMe KoHLeHTpauuyu A®K mpu BBICOKOMHTEHCHMBHBIX

(1)
A
P
M
A
K
(0)
A
(0)
r
nu
9
E
C
K
A
S

>R X" m>l> 04

21



P
H
A
R
M
A
C
(0)
L
(0)
G
Y

HarpysKaxX BBI3BIBAIOT IIOBPEXJEHME TKaHel, 0603HadaeT-
cst TepmuroM «ropmesuc» (hormesis) [3]. YcranoBnenue
BakHO! pormm ADK kak B MexaHM3Max afjalTaluy K BBI-
IIO/IHEHUIO HATrpy3Ku (IIpM YMepeHHBIX KOHIIEHTpalMAX),
TaK M B HOBPEXMAEHMUM CKEJIETHBIX MBI (IIPM BBICOKMX
KOHIIEHTPAIVAX) JIOTMYHO BBI3BIBA/IO MHTEPEC K M3YYEHUIO
3G deKTOB aHTMOKCUIAHTOB. VIZeambHbIMI TIPENCTABISIOT-
Cs1 aHTMOKCUAHTBI, KOTOPbIE He BIMS/IM ObI Ha MEXaHM3MBI
PasBUTMS aJalTallMy, HO MOAB/ISUIM 3¢ deKTsl Hanbomee
arpeccuBHbIX ADK tina -OH mmm nepokcuHnTpuTa.

VIMeHHO K TaKMM aHTMOKCUJAHTAaM OTHOCUTCSA MOJIEKY-
JIAPHBII BOROPOJ, AaHTUMOKCUJAHTHbIE CBOJICTBAa KOTOPOIO
6p11n ycranosyteHsl B 2007 roay [4]. OH crocoben okasbl-
BaTb AHTMOKCUAHTHOE [eHCTBUE IyTeM HelTpann3anumn
-OH mnn nepokCMHUTpPWUTA, He OKasblBas IPIMOTO Jeil-
CTBIUI HA YPOBeHb IePeKICH BOZOPoza [5, 6] 1, Takum o6pa-
30M, He IIOfIaB/Isis [OJIOKUTEIbHBIe 3P (PEKThl HUSKUX KOH-
neHTpanuit AQPK npyu yMepeHHOM MOBBIIIEHNN VX YPOBHE
B CKEJIETHBIX MBIIII[AX.

B ciopTuBHOIT MefUIIHE BBIIIOTHEHO JOCTATOYHO 6O/Ib-
I110€ KOMMYECTBO MCCAENOBAHUII MO M3Y4IeHUI0 3((eKToB
MOJIEKY/IIPHOTO BOJOPOIA, IPY KOTOPBIX IIPENMYILeCTBEH-
HO UCIIONIb3YIOTCA IBa BUJA BBENEHNA — B BUJIE HACHIIEH-
HOI1 BOIOPOJOM BOJbI M B BUJI€ VIHTA/LALVIA, COep>KallnX
pasHble KOHIIEHTpaLuu Bogopoya (0T 2 1o 66 %) BO BAbIXa-
emoM Bo3gyxe. C yaeToM 0cobeHHOCTelT (hapMaKOKMHETUKI
BOJIOPOfia VHTAJIALMOHHBI IyTh BBEleHN MpeNCTaBIAeT-
cst 6o71ee IEPCIIEKTUBHBIM, TaK KaK IPY HEM KOHILIEHTPaLis
BOZIOPOZia B CKEJIETHBIX MBIIIIAX MOXKET IMOfIePKUBATHCS
Ha 60/lee BBICOKOM YpOBHE B TedeHIe BCEro Meprofia MHTa-
nanuu. Torga Kak Ipy mpueMe BOABI, HaChII[eHHOI BOZOPO-
TOM, IIOC/I€SHNII TIOMTHOCTDIO 9MMMUHUPYETCA U3 OpraHN3Ma
B TedeHNe 40-45 MUHYT ¢ BBIIBIXaeMBIM BO3LYXOM [7].

O630p pesynbTaTOB YIOTPeOIeHsT BOLBI, HACBIIEHHOI!
BOZIOPOAOM, B CyTOYHOIT fo3e oT 500 fo 2520 M B He6OIb-
MIMX TPYIIAX CIOPTCMeHOB (0T 8 mo 37 4eoBek) IOKa3al
BO3MOXKHOCTb YCKOpeHNs 6era y CIPMHTEpPOB, BO3pacTaHue
MMKOBOV U CpeJHeN Harpysky, TOIfla KaK ypOBEHb JIaKTaTa
mocrte (U3NYeCKOIl HATPY3KM CHIDKAICA B OHMX paboTrax
U He U3MEHSICA B PYIVX. B 60/IbIIMHCTBE UCCIEfOBAHMIL OT-
MeYajIoch CHIDKeHe 00/Ie3HEHHBIX OLIYIEHWIT B CKeeTHBIX
MBIIIIAX TOCTIe TPEHMPOBOK M CHIDKEHME MHJEKCa YTOMIIA-
emoctu [8]. [ImnTenbHOe NpUMeHeHMe «BOZOPOLHOI BOIbI»
(B TeueHe 28 mHET) Y SMUTHBIX CIOPTCMEHOK, IIOTy4aeMO
IIPU PACTBOPEHNN MAaTHUITCOREP)KAIUX TA6EeTOK, COIIPOBO-
JKIAZI0Ch YBEIMYEHNEM MBIIIEYHOM MACChl, MaKCMMAaIbHOM
CIJIbI COKPAILEHMII MBIIIL] M YCKOPEHMEM BOCCTAHOB/IEHMA
nocne ¢pu3Mdeckoi Harpyskn [9]. MexaHU3MBI, OTBETCTBEH-
HbIe 32 IIOJIOKUTeNbHbIe 9 (HeKThI MOTEKY/LAPHOIO BOLOPOJa,
BK/IIOYAIOT CTUMY/IILIUIO MUTOTeHe3a ¢ 6OJIbIIell IPORYKIM-
eit AT®, 6e/IKOB TEIIOBOTO LIOKa, IIOfAB/IEHIIE 0Opa3oBaHMS
IIPOBOCI/INTENbHBIX LIMTOKMHOB [10].

B uccnegopanuyu Dong u COaBT. MHTanALMK BOLOPOAA
B KOHIIEHTPAIuy OKO/IO 4 % NIpUMeHANMNCh Tepes TeCTUPO-
BaHMEM MAKCHUMaJbHO IIEPEHOCHMMONl HAarpysku Ha Bejo-
sproMerpe y 24 MOIOABIX CIIOPTCMEHOB. VIX nmpuMeHeHMe
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CONPOBOX/IATOCh CHIKEHMEM YTOM/IEHM ], BBI3BAHHOTO CTY-
[IeHYaTO BO3PACTAIOIIell HATPY3KOil, COXpaHeHMeM (QyHKIII-
OHAJIbHBIX BO3MOXKHOCTEN U CHUKEHMEM YPOBHEN TUAPOK-
CUIbHBIX PaJMKaJIOB ¥ YPOBHS MOJIOYHON KUCTOTHI IOCTIE
Harpysku [11].

ITpoTUBOpPEYNBOCTD OMYOIUKOBAHHBIX B JIMTEpAType
TAHHBIX O BIMAHMM MOJIEKY/IAPHOTO BOZOPOfia Ha MAKCH-
MAaJIbHYI0 MOIIHOCTD BBINOTHSAEMON PabOThI, Ha YPOBEHb
JIaKTaTa IpYU BBIIOTHEHNHU (U3NYECKOIl Harpy3KN SABUIOCH
[IPUYMHOI BBINONHEHNs HacTosell paboTel. OCHOBHOI
L[e/IbI0 TIPOBEIEHHOTO MCCIefOBAHNS OBUIO U3yIeHue BIINsI-
HISA TIepUOAMYECKIX MHTA/IALNI MOIEKYIAPHOTO BOLOPOaa
B TedeHNe OJHOTO MecsdAlla Ha OCHOBHBIE XapaKTE€PUCTUKN
PaboTOCIOCOOHOCTH, YPOBEHDb JIAKTaTa B KPOBHU, a TAKXKe
Ha P57 OMOXMMIYECKUX TTaAPaMEeTPOB, OLPee/IeMbIX B KPO-
BI TIOCTIe PU3NIECKOI HAIPY3KU B IPYIIIIe MOIOABIX CIIOPT-
CMeHOB-60PLIOB.

2. MaTepuanpl 1 METOJbI

[IpocnekTMBHOe KIMHMYECKOE NCCIeOBaHUE IIPO-
Boguinoch Ha 6Gase I'BY3 Ilepmckoro kpas «Bpaue6no-
(GUBKYIBTYPHBI JUCIAHCEP» B IEPUOJ, C CEHTAOPS IO fe-
Kabpp 2024 1. VccnenoBanue 65010 0go6peHo JIoKaIbHbIM
TN4YecKUM KomuTeToM (mpotoxon Ne 131 ot 30 aBrycra
2024 r.). B mccmegoBaHMM IpMHANM yYacTue 3[OPOBBIE
CIIOPTCMEHBI CMEIIaHHBIX CIIOPTUBHBIX efUHOOOPCTB MYX-
ckoro nona (n = 10). Cpean y4aCTHUKOB ObUIN BBICTYIIAIO-
e, AeCTBYIOIINe CIOPTCMeHBl U arobutemt. CpemHuit
BO3PAacT YYaCTHUKOB cocTaBui 20 et (19; 26). [usaitn nc-
CIeOBaHMA IpefCcTaB/IeH Ha PUCYHKe 1.

VlHrananum ¢ MOJNEKY/IAPHBIM BOJOPOJOM IIPOBO-
IWINCh C IIOMOLIbIO TeHeparopa Bopmopoga MN-HO0900
(xommanua Xiamen Moneng Technology Co., Ltd, Knrait)
UX IIUTENbHOCTh BapbupoBanack oT 30 pgo 120 MMHYT.
J1A MHTaIAnMI MCIIO/Ib30BAIICh IHAVBUAYAIbHbIE KaHIO-
71, 9epe3 KOTOpble YIacTHUKM nonydann 600 M Bogopopa
u 300 mi kucnopopa (cMech 66 % Bogopopa u 34 % xucrno-
pona).

Jo m mocie mpoBefieHNA CeaHCOB MHTAIALVI MOJIEKY-
JIAPHOTO BOJIOPOZia Y YYAaCTHUKOB MCC/IENOBaHUA IIPOBO-
IWICSA TeMaTOJOTMYeCKUII CKPYHUHT, B KOTOPBIN BXOAVIN
061Nt aHA/IN3 KPOBY C pasBEPHYTOI JIENIKOLUTAPHOI Pop-
MYJIOl ¥ GMOXMMMYeCKNIT aHa/IN3 KPOBL.

OO61uit aHaMN3 KPOBY IIPOBOLUIICS HA aBTOMATUYECKOM
reMaTo/lIornyeckoM aHammsarope Mindray BC-5380 (xom-
manuA Shenzhen Mindray Bio-Medical Electronics Co., Ltd.
Kwurait). AHamus KpoBU Ha ITIIOKO3Y, JIAKTAT, FeMOIIOONH
nposopyics Ha aHamsatope SUPER GL compact (komma-
Hust Dr. Muller Geratbau GmbH, Tepmanus). Anamus 6mo-
XUMWYECKUX TT0Ka3aTeielt Kposu (061mmii 6ok, anboymuH,
KpeaTHHuH, o0muit 6uinpyOuH, CBs3aHHBI OMAMpyOuH,
amannHaMuHoTpancdepasa (AJIT), acmapraraMMHOTpPaHC-
depasa (ACT), wenounas docdaraza (D), obumit xo-
JIeCTepUH, TPULIULEPUADI, [IUKUPOBAHHBIN IeMOrITOONH,
Kasuit, HaTpuit, C-peaxTusHslil 6emok (CPB), a taxke mo-
KasaTeJell KOaryJIorpaMMbl (aKTMBUpPOBAaHHOE YaCTUYHOE
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Puc. 1. InsainH uccnegosaHms
Fig. 1. Study design

TpombomnactuHoBoe BpeMs (AYTB), TpombuHOBOE Bpems
(TB), nporpombunoBsiit nugexc (IITH), mporpombuHOBOE
Bpema (IITB), MexxpyHapogHOe HOpPMalIM30BaHHOE OTHO-
menue (MHO), ¢pubputoren) npoBopgwics Ha 060pynoBa-
HMM KIVHIYECKOIl Tab0opaTopuy COMIACHO OOIIeITPUHSITON
METOJMKe.

B mporokon mccrenoBaHuA BXOAWIM fiBa TecTa ¢ Qu-
3MYeCKOJl HAarpy3Koil: TPeIMWI-TeCT C Ia30aHaIN3aTOPOM
M TeCT Ha TPeOHOM TpeHaxepe.

TecTbl ¢ Harpyskoll IpOBOAWINCH O Hadaja CEaHCOB
C I/IHI‘a}'IHI_H/IeI/“[ C MO}IeKyIIHprIM BOAOPOAOM U IIOCIIE UX
OKOHYaHNA.

TpemMmI-TecT ¢ ra30aHaIM3aTOPOM IIPOBOAWICA B CO-
OTBETCTBUM C OéH.lerI/IHHTbIM IIPOTOKOJIOM [J1A Harpy-
30YHOTO TECTUPOBAHIS CIIOPTCMEHOB Ha GErOBOIL JOPOXKKe
(xommanms Treadmill QS600, Knrait) ¢ razoananmsaropom
IIOfl KOHTPOJIEM 3/IeKTPOKAPAMOTPaMMBI C MCIIO/Ib30BAHM-
em mporpammuoro obecmedenns CardioSoft 1 MetaSoft.
Vicnonp3oBancsas IPOTOKOT MHOTOCTYIIEHYAaTON HATPY3KW,
BKJIIOYAIOmMil 11 cTymeHell (IMTENbHOCTh KaXKOM CTY-
neHy — 2 MI/IHyTbI), C MaKCMMaJIbHBIM YTJIOM TTofibeMa 12 %.
B xope TpemMmI-TecTa OLEHMBAINCh YacTOTa CEPHEeYHBIX
cokpamennit (UCC), aprepmanbHoe paBrenue (A]l), ya-
CTOTA ObIXAaHUA, 06'beM BEHTU/IALINN, BpEMA HaCTyH}IeHI/IH
a9pOOHOTO 1 aHA3POOHOTO IOPOrOB, MAKCUMAIBHOE TIOTPe-
O1eHne KICTIOPOZia U JbIXaTeIbHbIN Koa(l)(bmumeHT.

Tect Ha rpe6HOM TpeHaXKepe /IS aKaAeMIUIeCKolt rpe6in
MIPOBOAMIICS COT/IACHO OOIIETIPUHSTOI MeTORuKe. TpeHaxep
VCIIO/IB30BAJICS /st (PUKCALNY YCKOPEHMST BOCCTAaHOB/IEHMS
CIIOPTCMEHOB IIpu (PU3UIECKOT HarpysKe. Perucrpaunus mo-
KasaTeneil cepeuHo-cocynucroit cuctemel (UCC u A[l)
IPOBOAMWIACE €  UCIONb30BaHMEM  KapAMOMOHUTOPA.
CHOPTCMCHI)I BBITIOJTHAIN pra)KHeHI/Ie Ha TpE€HaXXepe B Te-
YeHMe 2 MMHYT Ha Harpyske «16», mocjie OKOH4aHMs YIpaK-
HEHUS KXyl MUHYTY IIpousBofuaach onenka YCC u AJ]
B TedeHme 5 MuHyT. [Ipu mpoBeieHuu Tecta Ha rpebHOM
TpeHa)kepe OLleHNBa/INCh MHAMBUAyanibHas Hopma YCC —
MaKCUMYM JUI1 KaXJOro y4acTHMKa (220 MUHYC BO3pacT),

Konwuectso BoAOpOAHBIX
MHIAnAUMA: 33 [29:47]
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AVCTaHIMVSA, IPOJiieHHasA 3a Be MUHYTHI (B MeTpax), UCC
mepen HadaaoM Tecta, AJl CHCTONMMYECKOe U IMACTONMYe-
CKOe TIepef] HadyajloM TecTa, MakcumanbHas YCC, puHaMu-
Ka BoccTaHopneHua YCC u A]l B TedeHue 5 MUHYT TOCTIE
OKOHYaHUS TeCTa.

B xope nccnenoBanms gBaxasl (B Hadajie U B KOHIIE MC-
CIeOBaHMsI) OLIEHMBAIOCh COflep>KaHMEe BOZOPOLa M Me-
TaHA B BBIABIXA€MOM BO3[yXe YIaCTHUKOB MCCIETOBAHISL.
Meronuka c6opa NPOBOAMIACH COIMIACHO OOIIETPUHS-
THIM TIpaBmwiaM c6opa. IIpo6bl ¢ BBIABIXaeMOM BO3ZYXOM
CoOMpannch B aTIOMMHUPOBAHHBIE MAKETH (KOMIIAHUSA
Guangzhou Itingbaby Tech Co., Kuraii), 3 KOTOpbIX BO3-
IlyX aHa/TM3UPOBANN Ha cofiepykanue Bofopoia (H,), meTana
(CH,) n xucnopona (O,) Ha razoanammsatope Gastroch4eck
(xommanuss Bedfont, Bemmxo6puraHus) He MO3Xe uYeM
yepe3 ceMb [HEN Mocie 3ab6opa 0OpasIoB BBIABIXAEMOTO
Bosayxa. Konnenrparun H, u CH, 6pum1 ckoppekTupoBa-
HBI C YYeTOM VCTVHHOTO COfePyKaHMsI KIUCIOPO/a AJIs CTaH-
JapTU3aLUI IO YPOBHSM a/IbBEO/IPHOTO Tasa U MPefCTaB-
neHsl B ppm (parts per million, JacTeit Ha MIWINTHOH).

CraTucTMYeCKIte METOIbI

HopMmanbHOCTD pacIpefiefieHUs IpoBepsach C IMOMO-
mpio KpurtepuA Manupo — Yunka. JIna cpaBHeHNA TaHHBIX
I/Is1 3aBUCUMBIX BBIOOPOK C HEHOPMA/IbHBIM PacIpefie/ieHN-
eM MUCIONb30Ba/ICA JUCIHEPCUOHHBIN aHA/IN3 C KpUTepueM
Opupmana. Koppenanum paccuMTBIBAINCh C UCIOIb30Ba-
HIeM Ko3dduumenta panroBoit koppemsanguu CrnmpmeHa.
Pasmumumsa cumTanym CTaTMCTMYECKM 3HAYMMBIMU IpK p <
0,05. Bce maHHBIe IpefcTaBIeHbl KaK MeiyiaHa [KBapTuib 1;
kBaptwib 3] (Me [Ql; Q3]). CraTucTuyuecknil aHamus3 pe-
3y/IbTATOB IIPOBEfleH C UCIIONIb30BaHMEM IIPOrPAaMMHOIO
obecreyennst IBM SPSS Statistics, Bepcns 26.

3. Pe3ynbTaThl HCCIEAOBAHNA

B wmccnepoBanuy npuHAnm ydactue 10 crnoprcMeHOB
MYKCKOTO TI0Ia CMEIIAHHBIX CIIOPTUBHBIX eAMHOOOPCTB
(Tabm. 1).
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Tab6bnuma 1

XapaKTepuCcTNKa YIaCTHUKOB MCCIEHOBAHNA

Table 1

Characteristics of the study participants

KonuyecTBo yyacTHUKOB 10
Bospacr (ner) 20 (19; 26)
TTon (My»x/XeH) 10/0
Bec (xr) 72 (67;73)
UMT (xr/m?) 21 (20; 22)
BopopopHsle ceaHcs, 1 33 (29; 47)

IIpumeuanue: faHHBIE IIPELCTAB/IEHbI B BUJie MEMAHBI C YKasaHMeM MeKKBapTUIbHOTO pasMaxa 25-11 u 75-it mpouentuwm (Me (Q1; Q3)).
Note: The data are presented as medians with an interquartile range (Me [Q1; Q3]).

Tabnuua 2

Ananmus rasosoro cocrasa (H, u CH,) Bb1ibIXaeMoro Bo3[iyxa y y4acTHUKOB MCCIETOBAHUA 10 TIPOBETEHUs CEaHCOB C BOJIOPOJIOM

nmociae

Table 2

Analysis of the gas composition (H, and CH,) of exhaled air in study participants before and after hydrogen inhalation

VicxopHblii ypoBeHb Ilocne MHranALMIt ¢ BOZOPOAOM
H -nponyuenTsr CH -npopmyuenTst CH -npopmymenTst
2 4 ~ - 4
Iloka3arenn (n=7) (n=3) H,-npopyuentsi (1 =7) (n=3)
Me (Q1; Q3) Me (Q1; Q3) Me (Q1; Q3) Me (Q1; Q3)
H,, ppm 22 (14;35) 16 (9; 18) 10 (9; 26) 8(5;23)
CH,, ppm 0 36 (21; 44) 0 4(37)

Ilpumeuanue: pesynbTaThl IPECTABIEHbl B BUJE B BUJle MEeVAHbl C yKa3aHUEM MEXKBAPTUIbHOTO pasMaxa 25-if u 75-11 MpOLEeHTHUIN

(Me (Q1; Q3)); * p = 0,014 OTHOCKTEIBHO VICXOJHOTO YPOBH.

Note: The data are presented as medians with an interquartile range (Me [Q1; Q3]); * p = 0.014 relative to baseline.

[TponyKuys KUIIeYHBIX Ta30B OLIEHMBAIACh 0 Hadasa
JMCC/IENlOBAHMA U B KOHIIe uccnegoBanus (Taom. 2).

M3 10 y4aCTHMKOB MCCNENOBAHMA CEMb ABJANNUCH BO-
TOpOTOIPOAYLIEHTAMM!, @ TPOe — MeTaHOIPOAYLeHTaMI.
Y BceX y4acTHMKOB IIOC/Ie MHTQ/IALUI ¢ BOZOPOXOM OTMe-
YaJI0Ch CHVKEHME COflep>)KaHMs MeTaHa B BBI/IbIXaeMOM BO3-
nyxe, KOTOpoe 6])1710 CTAaTUCTNYECKI 3HAYVMMBbIM B rpyHHe
MeTaHOIPOAYIeHTOB (p = 0,014).

[Tokasareny OOIEKIMHNIECKOTO aHANMM3a KPOBU IIO-
C/le VIHTAIALMI BOROPOJA HOCTOBEPHO He M3MEHSINCH.
Ha ¢done nHransmnuit Bogoposa 0TMeYannch CTaTUCTUYECKN
3HAYMMble M3MEHEHUs TOKa3aTelell 61MOXMMIYECKOTO aHa-
nn3a KpoBu (Tabr. 3).

VHrananum Bomopofa M[OCTOBEPHO CHIDKAIU Ypo-
BeHb I1efIoqHoI pocdaTassr (p = 0,005) 1 ypoBHs TaKTaTa
mo ¢usudeckoit Harpysku) (p = 0,032). ITocme mHramALMIT
BOJOPOJA OTMEYAJOCh ABYKpaTHOE IIOBBLILIEHME JIAKTaTa
Ha ¢one ¢pusnueckoit Harpysku (p = 0,005) 1 oT™Medanoch
CTaTUCTUYECKM He3HaYMMoe CHuKeHue yposHeit AJIT
n ACT, obutero xonecrepuna. VHraasimum BOZopoma co-
NIPOBOXMA/IUCh M3MEHEHNMEM IIOKas3aTeslell CBEepPThIBaIoLel
CUCTEMbI KpOBI/I B CTOPOHY I‘I/IHOKoaI'yIIﬂLH/H/IZ yMeHI)IIIeHI/Ie
mporpombuHoBoro nuaekca (IITU) (p = 0,041), yBenndenue

tTpom6bunosoro Bpemenu (TB) (p = 0,05), akTHBMPOBAaHHOTO
[apLUMaIbHOrO (YaCTUYHOTO) TPOMOOIIACTUHOBOIO Bpe-
menu (AYTB) (p = 0,007). OTMeqanoch CHUKeHUE YPOBHA
¢bubpuHOreHa 6€3 CTATUCTUIECKN 3HAYMMOI PA3SHUIIBI MEX-
Iy U3MepeHMAMNI O CeaHCOB BOIOPOiA U MOCIE.

B xope mccnenoBaHus NpoBefieHb! ABa TeCTa ¢ gpusnde-
CKOIl HAarpyskoil B BUfie TPEMII-TECTa 1 TeCTa Ha rpe6-
HOM TpeHaxepe. KaXpblil 13 TeCTOB IPOBOAMIICS TBaXK[bL:
0 MHTAJIALNIT BOFOPOXOM 1 miocrte (Tabn. 4 u 5).

Bo Bpems TecToB ¢ (u3MUeCKOil HaTPy3KOil (TpemMmI-
TECT U TECT Ha TPeOGHOM TPeHaXKepe) O U IOCTIe MHTA AL
CIIOPTCMEHBI YYBCTBOBA/IM Ce0s1 XOPOLIO, KaI06 He IMpeb-
SB/ISIM. B mpoliecce mpoBefeHMs TpegMMUI-TeCTa MaToso-
I'MYECKMX M3MEHEHUI Ha 3JIeKTPOKapANOrpaMMe BbISBIIEHO
He Obut0. IIpM MOBTOPHOM TECTMPOBAHMM HAOMIOTANIOCH
3aMefJIeHie MPUPOCTA YaCTOTHI CEPHIEYHBIX COKpAalleHU
(4 yyacTHUKa), 3aMeflJIeHNe IPUPOCTA apTepUabHOTO 1aB-
nenys (3 y4acTHUKA), IIOBBIIIEHNE MaKCUMAIbHOTO IIOTpe-
6meHust Kucopopa (1 y9acTHUK) 1 yAydIleHe BOCCTAHOBI-
TeIbHOTO Iepuofia (4 y4acTHUKA).

IIpu cpaBHeHUM IOKasaTeseil TPEMUI-TECTA Y Y4acT-
HUKOB JI0 ¥ IOC/e WMHTAIALUI MOJIEKY/IAAPHOTO BOLOPO-
Ia ObUIO BBIABIIEHO CTATUCTUYECKNM 3HAYMMOE CHIDKEHIE

24



Ta6bnuma 3

IToka3aTenyu GMOXMMITIECKOTO aHATI3a KpOBM YYaCTHUKOB MICCTIENOBAHNA 10 IPOBEAEHNA BOJOPOAHBIX I/IHI‘aT[}IIH/Iﬁ n mocne

Biochemical blood test results of study participants before and after hydrogen inhalation

Table 3

Ioxasatems Ilo ceancos Iocne ceancoB
Me (Q1; Q3) Me (Q1; Q3)
D, Ex/n 97 (90; 144) 89 (75; 118) 0,005
I1TU, % 93,0 (86,5; 97,5) 84,5 (79,0; 88,8) 0,041
AUTB, cex 25,5 (25; 27) 28,5 (27,2; 30) 0,007
TB, cex 13 (13; 13) 14 (14; 15) 0,05
JIakTat 5o Harpy3Kku, MMOJIb/JI 2,05 (1,8; 2,5) 1,55 (1,4; 1,6) 0,032
JIakTart 1moce HarpysKu, MMOJIb/JT 6,9 (6,3;7,2) 13(9,3;17,4) 0,005

Hpumeuaﬂue: pe3ynbTaThbl IIPpEACTABICHDI B BIUJI€ B BUAE MENMaHbl C YKa3aHMEM MEXKBAPTUIIBPHOTO pa3Maxa 25-1t n

Boe Bpems; TB — TpoM6MHOBOE BpeMs.

75-11 TIpOLIEHTUIN
(Me (Q1; Q3)); IId — menoynas ¢ocdarasa; [ITV — mporpom6buHOBbIi nHAEKC; AYTB — akTMBMpPOBaHHOE YaCTUYHOE TPOMOOIUIACTIHO-

Note: the data are presented as medians with an interquartile range (Me [Q1; Q3]); ALP — alkaline phosphatase; PTT — prothrombin index;
APTT — activated partial thromboplastin time; TT — thrombin time.

Tabnuua 4
IlokasaTenu TpegMII-TeCTa YYACTHUKOB MCCIENOBAHNUA 10 IPOBeAeHNs BOJOPONHBIX MHTA/LAINI ¥ OCIe
Table 4
Treadmill test results of study participants before and after hydrogen inhalation
Hoxasarem Ilo ceancon Iocne ceancoB »
Me (Q1; Q3) Me (Q1; Q3)

YCC ucxopHo, yi/Mus 80 (74; 90) 82 (76; 90) 0,05
AJlc MCXOHO, MM PT. CT. 120 (116; 120) 120 (1145 121) 0,05
AJI CXOIHO, MM PT. CT. 80 (72; 80) 78 (74; 80) 0,05
Bpewms neperocumocty go ITAHO, muH 13 (13;13) 13 (125 15) 0,05
ATI, Bpems, MuH 7 (6; 8) 7(7;7) 0,05
AL, UCC, ya/mun 130 (121; 134) 126 (125; 150) 0,05
ATL, AJl c, MM PT. CT. 135 (130; 147) 140 (135; 146) 0,05
AL, Al i, MM pT. CT. 75 (60; 80) 60 (58; 70) 0,024
AII VO,, n/Mun 2,03 (2,01; 2,2) 2,1 (1,99; 2,26) 0,05
ATL, IK 0,85 (0,85; 0,85) 0,85 (0,85; 0,85) 0,05
ITAHO, Bpems Mux 13 (13; 14) 13 (12; 14) 0,05
TTAHO, UCC, yn/mun 175 (167; 183) 179 (171; 186) 0,05
TIAHO, AJlc, MM pT. cT. 160 (150; 167) 160 (160; 168) 0,05
TTAHO, AJlz, MM pT. cT. 60 (60; 75) 50 (50; 50) 0,039
ITAHO, VO,, n/Mun 3(3;4) 3(3;4) 0,05
TTAHO, IK 1,00 (0,98; 1,03) 1,05 (1,01; 1,07) 0,043
MIIK, mMa/MuH/Kr 48 (44; 50) 47 (43;51) 0,05
BoccranoBurenbHblil mepuop,

YCC 5 muH, ya/Mus 92 (87;96) 93 (91; 106) 0,05
AJlc 5 MVH, MM PT. CT. 120 (120; 135) 120 (118; 120) 0,05
AJl 5 MUH, MM PT. CT. 80 (80; 80) 80 (70; 80) 0,05

ITpumeuanue: pe3ynbTaThl NpefCTaBIeHbl B BUJe B BMJE MeAMaHBI C yKa3aHUEM MEXKBapTIWIBHOTO pasMaxa 25-11 M 75-if IpOLeHTUIN
(Me (Q1; Q3)); YCC — gacroTa cepieqHbIX COKpauteHnit; AJlc — CUCTONMMYecKoe apTepuanbHoe gaBrenne; AJlL — muacTonmyeckoe apTepu-
anmpHOe faBreHue; AIl — aspo6ublit nopor; [IAHO — anaspo6wsrit mopor; MITK — makcumainbHoe morpebnenne kucinopopa; K — ppixa-
Te/bHbII K03 PUIIMEeHT, pacCUNTAHHBII KaK OTHOLIEHVE 06pa3oBaBLIETOCs YITIEKVCIOTO Ia3a K IIOTPe6/IeHHOMY KMCIOPOAY.
Note: the data are presented as medians with an interquartile range (Me [Q1; Q3]); HR — heart rate; SBP — systolic blood pressure; DBP —

diastolic blood pressure; AerT — aerobic threshold; AnT — anaerobic threshold; VO, max — peak oxygen consumption per kilogram of body

weight per minute, ml/min/kg; RQ — respiratory quotient, calculated as the ratio of the formed carbon dioxide to the consumed oxygen.
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Tabnuma 5

ITokasarenu Tecra Ha IpeOGHOM TpeHAXKepe Y YYaCTHUKOB UCCTETOBAHMS 0 POBEIeH I BOXOPOHBIX MHIATAIMIL U TOCTIe

Table 5

Rowing machine test results of study participants before and after hydrogen inhalation

Toxasarems To ceancos Ilocne ceancos p
Me (Q1; Q3) Me (Q1; Q3)
JvcTaHIys, IpoiifieHHas 3a 2 MVH, M 379 (318; 413) 439 (426; 465) 0,015
YCC ucxomHo 72 (72; 84) 84 (72; 84) > 0,05
YCC max Ha 1 MuH, yi/Mus 177 (1635 178) 177 (1705 177) > 0,05
YCC Ha 5 MuH, yn/MuH 97 (82; 107) 107 (95; 114) > 0,05
AJlc MCXO[HO, MM PT. CT. 133 (113; 135) 123 (116; 129) > 0,05
AJlc max-1 MUH, MM PT. CT. 160 (153; 160) 163 (150; 169) > 0,05
AJlc Ha 5 MUH, MM PT. CT. 140 (136; 140) 130 (130; 139) 0,016
AJlz MCXOIHO, MM PT. CT. 80 (80; 80) 80 (70; 80) > 0,05
AJlp max Ha 1 MUH, MM PT. CT. 65 (53;70) 70 (60; 79) > 0,05
AJln Ha 5 MVIH, MM PT. CT. 75 (705 80) 80 (71; 80) > 0,05

IIpumeuanue: pe3ynbTaThl IPENCTABICHBI B BUJie MEMAHBI C YKa3aHIEeM MEeXKBAapPTIIBHOTrO pasmaxa 25-i1 u 75-it mpouentim (Me (Q1; Q3));
YCC — yacrora cepfiedHbIX COKpanennit; AJlc — CUCTOmMYecKoe apTepuanbHoe fapnenne; Al — nuacTonmyecKoe apTepuanbHOe JaB/IeHNE.
Note: the data are presented as medians with an interquartile range (Me [Q1; Q3]); HR — heart rate; SBP — systolic blood pressure; DBP —

diastolic blood pressure.

AMACTONMMIECKOTO apTepUabHOTO IABIEHMsI Kak Ha (oHe
aspo6Hoit Harpysku (p = 0,039), Tak u Ha ¢$oOHe ImOcTaHa-
apobHoit Harpysku (p = 0,043), a Taxke IMOKa3aHMII [bIXa-
Te/IbHOTro Koadduimenra (p = 0,043).

[Tpu cpaBHeHMU TOKA3aTenel TeCTa Ha TPeOGHOM TpeHa-
>Kepe y y‘laCTHI/IKOB oo 1 1Imocie I/IHI‘aHHLH/HZ MOHeKy}IﬂpHOFO
BOHOPOHa 6I)UII/[ BBIABJ/ICHBI CTATUCTUYECKU 3HAYMMOE yBe-
JMYeHNe JUCTAHLINY, KOTOPOe YYACTHMKM IIPEOROJIEBAIOT
3a gBe MMHYTHI (p = 0,015). OTMe4anoch CHIDKEHNe CUCTO-
JIMYECKOTO APTEPUATIbHOTO [ABEHNs, PEeruCTPUPYeMOro
y YYaCTHMKOB Ha ILATOI MUHYTe ucciegosanus (p = 0,016).

TaK)Ke 6I)UH/I BBIABJ/ICHBI CTAaTUCTUYECKN 3HAYMDbIE KOP-
penALMOHHbIE B3aMMOCBA3N MEX/Y Lie/IbIM PANOM IOKa3a-
Teelt OOIEKTMHNIECKOTO aHaIN3a KPOBY, OMOXIMMMIECKO-
ro aHa/nM3a KPOBH, & TaKXKe (PU3MONMOTMIeCKIX ITaPaMeTPOB,
OLICHNBAa€MbIX B Tpe,lIMI/ITI-TeCTe " TeCTe Ha rpe6HOM TpeHa'
Xepe) y YIaCTHUKOB [0 U IOC/Ie MHTAIALuIA (Tabrt. 6, 7).

4. O6¢cyxneHne

Y BceX y4aCTHUKOB IIOC/Ie MHTA/LANVIL C MOJIEKY/IAPHBIM
BOJIOPOZIOM OTMEYaJIOCh CHIDKEHNUE COfep)KaHMs MeTaHa
B BBIIBIXaeMOM BO3JyXe, CTAaTUCTUYECK) 3HAYMMOe B IPYII-
ne Mertanonpopnyuentos (p = 0,014). H, u CH, sapnawrcs
IpOAyKTaMy MeTabomu3Ma MUKPOOUOTHI KuiledHnKa [12].
H, aBnserca mpopykToM (epMeHTaIuy YINeBOJOB, TIpe-
UMYILECTBEHHO CONEPXKAalIMXCA B INMIIEBLIX BOJIOKHAX,
y4acTBYeT B aHTMOKCUIAHTHON 3aliuTe OpraHnsmMa. Meran
obpasyeTcst U3 BOLOPOAA U APYIUX YIIEPOACOHEPXKALINX
IPOAYKTOB MeTabo/MM3Ma B KMIIEYHUKE, YMEHbIIAsS aHTU-
OKCUJAHTHOe JelicTBue Bofiopofia. IlomydeHHbIe B HalleM
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MCCTIETOBAHUY Pe3YIbTaThl O CHIDKEHNUM YPOBHsS MeTaHa
y CHOPTCMEHOB-METAHOIPOLYLIEHTOB CBU/ETENBCTBYIOT
0 ITO/IOXKMTETbHOM BIIVSTHUY MHIA/IALUI BOJOPOAA Ha Opra-
HI3M CIIOPTCMEHOB.

B npoBeneHHOM UCCIeTOBaHNM He ObIIO BBISBIEHO CTa-
TUCTUYECKM 3HAYMMBIX M3MEHEHMII I[OoKasareneil 0Ollero
aHa/M3a KPOBY [TOC/Ie MHTA/IALNIT BOJOPOJA, YTO COIIACYeT-
sl ¢ OIyONMKOBAaHHBIMI paHee B INTEPAType SKCIepUMeH-
TQJIbHBIMM U K/IMHUYECKUMI UCCAETOBAHMAMU C Pasind-
HBIMI IYTAMU BBefEeHUs BOJOpoAa Ha (oHe PUSUIECKMX
Harpysok [13]. Ilpu aHamM3e BIMAHNA VHTA/IALNI BOLOPO-
[a Ha 6MOXMMIYIECKIe [I0Ka3aTen ObIIO BBLIBIEHO [OCTO-
BepHOe CHIDKEHMe YPOBHsA IenovHoi docdarassr (IID),
KOTOpasi OTBeYaeT 3a BIPabOTKy docdara, HeOOXOAUMOro
mns popmuposanus kocrelt [14]. Y mropeit IO kopupyrorcs
4eThIPbMSI TOMOIOTMYHBIMI [€HAaMI, 3 KOTOPBIX TPy (IUIa-
nentapHas @, repmunorennas @ u xumeunas D)
ABJIAIOTCA TKaHeCHeNM(UIHbIMYU C KpajiHe OrpaHMYeHHON
akcrpeccueii. YetBepTas nzodopma, TKaHeHecHeupuIHas
II® npucyTcTByeT BO MHOTUX TKAHSIX, HO 0COOEHHO MHOTO
B KOCTHOJ TKaHM, ITOYKaX ¥ I€HTPA/IbHOI HEPBHOI CHCTe-
Me [15]. B mocenHye roabl MOSIBUWINCD JaHHbIE 00 y4acTUn
gerBeproit gopmbl 11D B xanbiudukannum cocymos [16].
B omy6muKoBaHHBIX Ha MAHHBII MOMEHT MCCIESOBAHU-
SIX ¢ (pUSMUECKOI HArpy3KOil Mbl He HAIIM MHPOPMALUN
0 B/IMSIHMU BOJOPOAA HA YPOBEHb Ie/oYHOI (ocdarassl.
CHipKeHMe YPOBHS I11e7I0YHOI ocdarasbl MOXKHO OLIEHITh
KaK ITO3UTVBHOE BJIMsIHIE BOJOPOJA Ha COCTOSIHME TeTaTo-
I[YITOB, KOCTHO-MBIIIIEYHON CUCTEMbI YYaCTHUKOB UCCIIENO0-
BaHMAL



Tabnuua 6

KoppensaimyonHbie B3auMOCBA3M MEeXAY NOKa3aTeNsAMN 00LIeKTMHITYeCKOTO aHaIM3a KPOBM, GMOXMMIYECKOTO aHAIM3a
KpoBU U (pU3MONOTMYECKIMY IIApaMeTPaMy, OLleHNBaeMbIMU B TPEMIUI-TECTe, TeCTe Ha IPe0OHOM TpeHa)Kepe Y YYaCTHIKOB
VCCTIEOBAHNA IO TPOBENEHSI BOTOPOTHbBIX MHT AN

Table 6

Correlation relationships between the parameters of a complete blood count, a biochemical blood test and physiological parameters
assessed in a treadmill test, a rowing machine test in study participants before hydrogen inhalation

Ilokasarenn IToxasarenp 2, C yKasaHMeM «-» WIM «+» P
H, Bunupy6un o61ui -0,804 0,005
H, TB 0,742 0,014
H, ATl AJlc (Tpemmun-TecT) 0,774 0,009
H, ITAHO A]lc -0,667 0,035
H ITAHO, JIK (Tpepmui-tecr) -0,732 0,016

IIpumeuanue: TB — tpombuHOBOE Bpems; ATl — aspo6Hblit mopor; AJlc — cucTonndeckoe aprepuanbHoe gaBneHne; IAHO — anaspo6Hbiit
nopor; IK — gpixaTenpHbIl K0O9GOUUMEHT, pacCINTAHHBI KaK OTHOIIEHNe 06pa30BaBILIEroCs YIIEKUCIOTO ra3a K HOTpe6/IeHHOMY KIC/IO-

POZY 32 3TOT e IIPOMEXYTOK BpEMEeHI.

Note: TT — thrombin time; AerT — aerobic threshold; SBP — systolic blood pressure; AnT — anaerobic threshold; RQ — respiratory quotient,
calculated as the ratio of formed carbon dioxide to consumed oxygen over the same period of time.

Tabnuua 7

Koppensiyonnpie B3auMOCBA3M MeX/Y MOKa3aTeNsAMN 001IeKTMHITYECKOTO aHATM3a KPOBM, GMOXMMIYECKOTO AHATHM3a
KpoBU U (pU3MONOTMYECKIMI IIAPaMeTPaMH, OLleHMBaeMbIMU B TPEIMIUI-TECTE, TeCTe Ha TPeOHOM TpeHa)Kepe Y YYaCTHIKOB
MCCTIeOBaHMA NOCTIe MPOBEAeH s BOJOPOHBIX CEaHCOB

Table 7

Correlation relationships between the parameters of a complete blood count, a biochemical blood test and physiological parameters
assessed in a treadmill test, a rowing machine test in study participants after hydrogen inhalation

ITokasarens ITokasarens 12, C yKa3aHMeM «-» WIN «+» p

CH, DubprHOreH 0,802 0.005

CH, TB -0,714 0,02

CH, PCT (tpom6oKpur) 0,71 0,021
Bpemst  IlepeHOCMMOCTM — HArpysKu

H, B Tpenmuii-Tecte 5o [IAHO 0,981 0,0001

H, MIIK 0,782 0,038

CH, MIIK -0,757 0,049

H, YCC max Ha 1 MuH (TecT Ha rpe6HOM 0,829 0,006
TpeHaxepe)

CH, Al ¢ Ha 5 MuH (TecT Ha rpebHOM 0.756 0.131
TpeHaxepe)

ITpumeuanue: TB — TpombunOBOE Bpems; Allc — cucrommyeckoe aprepuanbHoe fasnerne; [IAHO — anaspo6usiit nopor; YCC — vacroTa
cepaedHbIX cokpamennit; MITK — MakcuMasnbHOe oTpe6nenne Kucnopopa; PCT — TpoM6oKpHT.
Note: TV — thrombin time; BPS — systolic blood pressure; AnT — anaerobic threshold; HR — heart rate; VO,max — maximum oxygen

consumption; PCT — thrombocrit.

Biusinne Bomoposa Ha ypOBEHb JIAKTAaTa BBIPA3MIICH
B CTATMCTMYECKNM 3HAYMMOM CHIDKEHUM YPOBHS JIAKTaTa
[0 pU3MIeCKOlt HATPY3KM C IOBBILIEHNEM YPOBHS JAKTaTa
mocie $pU3NIecKoil Harpy3kiu. B omy6nnkoBaHHBIX Ha [aH-
HbIIT MOMEHT 9KCIIePYMEHTA/TbHBIX U KIMHIYEeCKIX UCCIIEN0-
BaHMAX OTMEYAeTCsI IPOTUBOPEUNBOCTD BIMSHIS BOJFOPOJaA
B Pas/IMYHbIX JIEKAPCTBEHHBIX (POpPMAX Ha YPOBEHb JIAKTA-
Ta Ha Qone ¢usmueckoit Harpysku [13, 17]. Ormeuaercs
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KaK OTCYTCTBME 3HAUMMBbIX M3MeHeHu [18-20], Tak u cHM-
JKeHJle ypOBHA JakTaTa [21, 22].

B mpoBeneHHOM MCCefOBaHMY BIlepBble OBUIM IONTY-
YeHbl JJaHHble O BIAVAHUYM MHTAIALNI MOJIEKY/IAPHOTO
BOJIOPOZla Ha COCTOsIHME CBEpThIBAIOIIEN CHCTEMBI KpO-
BM B CTOPOHY TMIIOKOATy/IALMU B BUMI€ CTATUCTUIECKN
3HauuMoro cHkenus yposHa IITH, ysenuuenus Bpe-
meny AYTB un TB. KoppenAnyoHHbIl aHaMu3 IOKa3aTenein
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CBepTBIBAIONIEN CHCTEMBI KPOBU ¥ YPOBHA BOJOPOJA M Me-
TaHa B BBIIBIXaeMOM BO3[lyXe IIOATBEePANT Ha/lI4ue CTaTy-
CTUYECKN 3HAYMMOM ITOJIOKUTENbHOM B3aMMOCBA3Y MEXTY
CH4 u yposHeM ¢ubpnHorena (r = 0,802, p = 0,005), orpu-
LaTe/IbHON B3amMocsasn Mexay CH W TB moce nHransa-
nuii (r = 0,714, p = 0,02). ITony4eHHBIe pe3yNIbTaThI COIIA-
CYIOTCSI C OITYO/IMKOBAHHBIMY Pe3y/IbTaTaMIU MCC/IEHOBAHMIT
ex vivo, IOATBepP)X/IAIOIe aHTMATPeTaHTHbIE CBOVICTBA BO-
mopopa [23], ciocobHOCTH YIy4IIaTh PeOIorndecKie CBOii-
cTBa KpoBU [24]. IIoBbIIIeHHBI ypOBeHb MeTaHa IOKa3asl
ce0s1 MOIOXXKMUTETBHBIM MPEAUKTOPOM MOBBIIIEHHOIO YPOB-
Hs1 PpubprHoreHa (B = 0,547, p = 0,018) u ymensuenus TB
(p=0,888, p=0,010).

B nposefeHHOM MCCIef0BaHNN TIOC/Ie MHTAIALNIA C BO-
IOpOZOM OBUTN BBISBIEHBI KOPPEALIOHHbBIE B3aUMOCBS3U
MeX[y YPOBHEM BBIILIXaeMBIX Ta30B ¥ MAKCHMAaJIbHBIM II0-
Tpebnennem kucnopopa (MIIK): monoxurenbHas ¢ BOKO-
pomoM M oTpuljaTe/IbHasA C MeTaHOM. CXOfIHbIE Pe3yIbTaThl
6putn ony6mmukosansl Hori et al., koTopsie Ha ¢one mmm-
TenbHOro (2 Hefenn) mpreMa BOfbl, 060TaleHHOIT BOZOPO-
TOM, Y CIIOPTCMEHOB OTMETH/IU IOBBIIIEHNE IIMKOBOTO II0-
Tpebnenns kucnopona VO, Ha poHe moBbIIEHN a3pO6HOIT
Harpysku [19].

BnusaHme vHranAnuin MoneKyaapHOro BOJOPOJa Ha Co-
CTOSIHIE CePAeYHO-COCYAVCTOI CYCTEMBI IPOSBUTIOCDH B CTa-
TUCTUYECKM 3HAYVMOM CHIDKEHUM YPOBHS AMACTONNYE-
CKOTO JIaB/IEHNMsI B TPEAMII-TECTE KaK Ha 9TaIle adpoOHOro
mopora (AIl), Tak u B moctanaspobuom mepuone (ITAHO).
B TecTe Ha rpe6HOM TpeHa)Kepe OTMEYANOCh CTATUCTUYE-
CKI 3HAUMMOE CHIDKEHNE CHCTOIMYECKOro apTepuaTbHO-
rO [aBeHMsI Ha 5-11 MUHYTe IOCIe (PU3NIECKON HATPy3KM
10 CPaBHEHMIO C ICXOHBIM YPOBHEM [0 MHTanAnuiA. B mpo-
BEJIEHHOM MCCTIEIOBAHNM He OBbITIO BBISABIEHO JTOCTOBEPHOTO
BIUAHMA MHTAIANUHI Bogopoga Ha YCC B oTmune oT pe-
syneraroB Dong G. et al., KOTOpble OTMETHIN CHIDKEHUe
YCC y cropTcMeHOB-IpebLOB MMOCIe HENeNbHOTO MpueMa
BOJIBI, 000TAIIEHHOIT BOFOPOHOM [25].

B mpoBemeHHOM McCemoBaHMM B TecTe Ha IpeGHOM
TpeHakepe WHTAMANUN C BOJOPOAOM COIPOBOX/ANNCH

Bknag aBTOpOB:

Mepgenes Oner CrepaHOBMY — HaIMCaHME TEKCTA CTATbM, pe-
TaKTUpOBaHIe, yTBep)KeHMe (GUHATbHOI BepCUY CTATbIL.

IOxakoB Anmekceii AHaTONbeBUY — COOp MaTepuana.

Konnosa Onbra J/IbBoBHa — c60p MaTepuara.

IToBapoBa OkcaHa BUKTOpOBHa — HalllCaHNe TEKCTa CTATbH,
c6bop u craructiyeckas 06paboTKa MaTeprana, pefaKTupoBaHe G-
HaJIbHOI BEPCUM CTAaTbUL.
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5. 3akmroueHne

[TonydyeHHble [aHHbIE CBUAETEIbCTBYIOT O IIOJIO-
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HEM BOJOpOAa M M€TaHa B BBIIbIXa€MOM Bosnyxe y‘{aCT-
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Author contributions:

Oleg S. Medvedev — article text writing, editing, approval of the
article final version.

Aleksey A. Uzhakov — collection of material.

Olga L. Konnova — collection of material.

Oxana V. Povarova — article text writing, collection and process-
ing of material, editing of the article final version.

Friend or foe? J. Sport Health Sci. 2020;9(5):415-425. https://doi.
0rg/10.1016/j.jshs.2020.04.001

3. Radak Z., Ishihara K., Tekus E., Varga C., Posa A.,
Balogh L., Boldogh I., Koltai E. Exercise, oxidants, and antioxidants
change the shape of the bell-shaped hormesis curve. Redox Biol.
2017;12:285-290. https://doi.org/10.1016/j.redox.2017.02.015

4. Ohsawa I., Ishikawa M., Takahashi K., Watanabe M.,
Nishimaki K., Yamagata K., Katsura K., Katayama Y., Asoh S.,



Ohta S. Hydrogen acts as a therapeutic antioxidant by selectively
reducing cytotoxic oxygen radicals. Nat. Med. 2007;13(6):688-694.
https://doi.org/10.1038/nm1577

5. Megseges O.C. CoBpeMeHHbIe B3I/IAADI Ha (QYHKIMOHAID-
HYIO POJZIb BOJFOPOJA U €T0 KMHETHKY B I€JI0BeYeCKOM OpraHM3Me.
ITynpmonomorus. 2024;34(1):7-18. [Medvedev O.S. Current views
on the functional role of hydrogen and its kinetics in the human
body. Pulmonologiya. 2024;34(1):7-18. (In Russ.)]. https://doi.
org/10.18093/0869-0189-2024-34-1-7-18

6. Russell G. Theoretical evaluation of the biological activity
of hydrogen. Med. Gas Res. 2025;15(2):266-275. https://doi.
0rg/10.4103/mgr. MEDGASRES-D-24-00083

7. Ilonyposckmii 5.4., CraBposckuii [I.B., Illupoxos V.B.,
Pomanuxun @®.J., bonpapenko I.H., JIutBunoB A.B.,
IrpexoBa M.O., Kapabunenko A.A., Kumumuuxk B.A,,
MenseneB O.C. HoBble BOSMOXXHOCTM [I/IsI aHa/MM3a OMOIOTmYe-
CKOJ1 PO/ BOFFOPOfiA, METAHA U FPYIMX GMOMapKepOB aKTUBHOCTH
MUKPOOMOTBI KMIIEYHIKA IIPY MCIIO/Ib30BAHNM IIEPeCTPanBaeMOit
IVIOTHON /Ta3epHOl CIIEKTPOMETPUM TIOITIOMIEHNS U CETeKTUBHBIX
CEeHCOpOB BOfOpoia u Kucmopopa. ONTHMKA M CIIEKTPOCKOIMSL
2024;132(3):303-309. [Ponurovskii Ya.Ya., Stavrovsky D.B., Shi-
rokov I.V., Romanikhin EI., Bondarenko G.N., Litvinov A.V.,
Etrekova M.O., Karabinenko A.A., Kilimnik V.A., Medvedev O.S.
New possibilities for analyzing the biological role of hydrogen,
methane and other biomarkers of gut microbiota activity using
tunable diode laser absorption spectrometry and selective hydrogen
and oxygen sensors. Optics and Spectroscopy. 2024;132(3):303-
309. (In Russ.)]. https://doi.org/10.61011/0S.2024.03.58150.35-24

8. Zhou Q., Li H., Zhang Y., Zhao Y., Wang C., Liu C.
Hydrogen-Rich Water to Enhance Exercise Performance: A Review
of Effects and Mechanisms. Metabolites. 2024;14(10):537. https://
doi.org/10.3390/metabo14100537

9. Ogannisyan M., Slivin A., LeBaron T.W., Tarnava A.,
Karmazin V., Bazanovich S., Dolgachev V., Vychik A., Strizh-
kov A., Parastaev S. Hydrogen-Rich Water Decreases Muscle
Damage and Improves Power Endurance in Elite Athletes:
A Randomized, Double-Blinded, Placebo-Controlled Trial.
J. Lifestyle Med. 2025;15(1):8-17. https://doi.org/10.15280/
jlm.2025.15.1.8

10. LeBaron T.W,, Laher 1., Kura B., Slezak J. Hydrogen gas:
from clinical medicine to an emerging ergogenic molecule for
sports athletes 1. Can. J. Physiol. Pharmacol. 2019;97(9):797-807.
https://doi.org/10.1139/cjpp-2019-0067

11. Dong G., Wu J., Hong Y,, Li Q,, Liu M., Jiang G., Bao D.,
Manor B., Zhou J. Inhalation of Hydrogen-rich Gas before Acute
Exercise Alleviates Exercise Fatigue: A Randomized Crossover
Study. Int. J. Sports Med. 2024;45(13):1014-1022. https://doi.
org/10.1055/a-2318-1880

12. Medvedev O., Povarova O., Fadeev N., Fatima G., Zo-
lotikov U., Toshchakov S. Correlation of High Gut Microbiota
Archaea Methanogenesis with Health Characteristics of Humans
and Animals. In: Beloborodova N.V. (ed.). Gut Microbiota — A Key
Player in Overall Human Pathologies [Working Title]. IntechOpen;
2025. https://doi.org/10.5772/intechopen.1010612

13. Kawamura T., Higashida K., Muraoka I. Application
of Molecular Hydrogen as a Novel Antioxidant in Sports Science.
Oxid. Med. Cell. Longev. 2020;2020:2328768. https://doi.
org/10.1155/2020/2328768

14. Robison R. The possible significance of hexosephosphoric
esters in ossification. Biochem. J. 1923;17(2):286-293. https://doi.
org/10.1042/bj0170286

29

15. Millan J.L. Alkaline Phosphatases: Structure, substrate
specificity and functional relatedness to other members of a large
superfamily of enzymes. Purinergic Signal. 2006;2(2):335-341.
https://doi.org/10.1007/s11302-005-5435-6

16. Azpiazu D., Gonzalo S., Villa-Bellosta R. Tissue Non-
Specific Alkaline Phosphatase and Vascular Calcification: A
Potential Therapeutic Target. Curr. Cardiol. Rev. 2019;15(2):91-95.
https://doi.org/10.2174/1573403X14666181031141226

17. Li Y., Bing R., Liu M., Shang Z., Huang Y., Zhou K,,
Bao D., Zhou J. Can molecular hydrogen supplementation reduce
exerciseinduced oxidative stress in healthy adults? A systematic
review and meta-analysis. Front. Nutr. 2024;11:1328705. https://doi.
org/10.3389/fnut.2024.1328705

18. Da Ponte A., Giovanelli N., Nigris D., Lazzer S. Effects of
hydrogen rich water on prolonged intermittent exercise. J. Sports
Med. Phys. Fit. 2018;58(5):612-621. https://doi.org/10.23736/
S0022-4707.17.06883-9

19. Hori A., Sobue S., Kurokawa R., Hirano S.I., Ichihara M.,
Hotta N. Two-week continuous supplementation of hydrogenrich
water increases peak oxygen uptake during an incremental cycling
exercise test in healthy humans: a randomized, single-blinded,
placebo-controlled study. Med. Gas Res. 2020;10(4):163-169.
https://doi.org/10.4103/2045-9912.304223

20. Botek M., Khanna D., Krejci J., Valenta M., McKune A.,
Sladeckova B., Klimesova I. Molecular Hydrogen Mitigates
Performance Decrement during Repeated Sprints in Professional
Soccer Players. Nutrients. 2022;14(3):508. https://doi.org/10.3390/
nul4030508

21. Aoki K., Nakao A., Adachi T., Matsui Y., Miyakawa S. Pi-
lot study: effects of drinking hydrogen-rich water on muscle fatigue
caused by acute exercise in elite athletes. Med. Gas Res. 2012;2:12.
https://doi.org/10.1186/2045-9912-2-12

22. Botek M., Krej¢i J., McKune A. J., Sladeckova B., Nau-
movski N. Hydrogen rich water improved ventilatory, perceptual
and lactate responses to exercise. Int. J. Sports Med. 2019;40(14):879-
885. https://doi.org/10.1055/a-0991-0268

23. Takeuchi S., Wada K., Nagatani K., Osada H., Otani N.,
Nawashiro H. Hydrogen may inhibit collagen-induced plate-
let aggregation: an ex vivo and in vivo study. Intern. Med.
2012;51(11):1309-1313. https://doi.org/10.2169/internalmedi-
cine.51.7161

24. Kato S., Hokama R., Okayasu H., Saitoh Y., Iwai K.,
Miwa N. Colloidal platinum in hydrogen-rich water exhibits radical-
scavenging activity and improves blood fluidity. J. Nanosci Nanotech-
nol. 2012;12(5):4019-4027. https://doi.org/10.1166/jnn.2012.6163

25. Dong G., FuJ., Bao D., Zhou J. Short-Term Consumption
of Hydrogen-Rich Water Enhances Power Performance and Heart
Rate Recovery in Dragon Boat Athletes: Evidence from a Pilot
Study. Int. J. Environ. Res. Public Health. 2022;19(9):5413. https://
doi.org/10.3390/ijerph19095413

26. Jebabli N., Ouerghi N., Abassi W., Yagin F.H., Khli-
fi M., Boujabli M., Bouassida A., Ben Abderrahman A., Ar-
digo L.P. Acute effect of hydrogen-rich water on physical, per-
ceptual and cardiac responses during aerobic and anaerobic
exercises: A randomized, placebo-controlled, double-blinded cross-
over trial. Front. Physiol. 2023;14:1240871. https://doi.org/10.3389/
fphys.2023.1240871

27. Zhou K., Yuan C., Shang Z., Jiao W., Wang Y. Effects of 8
days intake of hydrogen-rich water on muscular endurance perfor-
mance and fatigue recovery during resistance training. Front. Physi-
ol. 2024;15:1458882. https://doi.org/10.3389/fphys.2024.1458882

(1)
A
P
M
A
K
(0)
A
(0)
r
nu
9
E
C
K
A
S

>R X" m>l> 04




P
H
A
R
M
A
C
(0)
L
(0)
G
Y

Sports

Medicine:
| research and practice [ ][]}

Mndopmauns 06 aBTopax:

Mensenes Oner CredaHoBuy, fi.M.H., mpodeccop, 3aBenyomuit kKadenpoii papmaxonornu MHOU, ®TBOY BO «MOCKOBCKHIT TOCYfapCTBEH-
Hbll yHUBepcuteT umenn M.B. JlomonocoBa», Poccus, 119991, r. MockBa, JIOMOHOCOBCKMI IPOCTIEKT, fI. 27, KOpI. 1; saBemyrommii nmaboparopuert
9KCIepUMeHTaIbHOI papMakooruy HayqHo-MccTe[oBaTenbcKOro MHCTUTY Ta 9KCIIepUMEHTaIbHOI KapAnoaorny nMern akagemuka B.H. CmnpHosa
OI'BY «HanuoHanbHbI MEOVIIMHCKII MICC/IelOBATe/IbCKNI LIEHTP KapAnuonoruy uMenn akagemuka E.JI. Yazosa» MuHMCTepCTBa 3[paBOOXpaHeHNA
Poccwmitckoit ®egeparyu, Pocens, 121552, r. MockBa, yi. Akagemuka Yasosa, 15a. ORCID: https://orcid.org/0000-0001-8942-4851; SPIN-kog;: 7696-
368. (oleg.medvedev@gmail.com)

IOxaKoB Anekceil AHaTONMbeBUY, BIIie-IIPe3nieHT PernoHambHoOI GMU3KyIbTYPHO-CIIOPTUBHOI 061ecTBeHHOI opranusanun «Demepanms cme-
maHHoro 6oesoro eguHO60pcTBa (MMA) ITepmckoro kpas», Poccust, 614000, r. ITepms, yiu. JlennHa, 92. (metallmach@gmail.com)

Konnosa Onbra JIbBoBHa, raBHbIi1 Bpay, [BY3 Ilepmckoro kpas «Bpaue6HO-PU3KyIbTypHBIT fucnaHcep», Poccus, 614068, Ilepmb, yi. Exare-
pyHMHCKas, &. 224. (fizdisp@bk.ru)

IToBapoBa OxcaHa BUKTOpOBHa*, K.M.H., CTaplIMii Hay4HbIl cCOTPYRHUK Kadenpsl dpapmakonornn MHOV, ®IBOY BO «MockoBckuii rocy-
IapCTBeHHbIN yHuBepcuteT nMeHn M.B. JlomoHocoBay, Poccnst, 119991, . MockBa, JIOMOHOCOBCKMIT IPOCIEKT, . 27, Kopit. 1, ORCID: https://orcid.
0rg/0000-0003-1820-299X; SPIN-xox: 6244-2772 (oxpovarova@gmail.com)

Information about the authors:

Oleg S. Medvedev, M.D., D.Sc. (Medicine), Professor, Head of the Department of Pharmacology, Medical Scientific and Educational Institute,
M.V. Lomonosov Moscow State University, 1 Leninskiye Gory str., Moscow, 119991, Russia; Head of the Laboratory of Experimental Pharmacology,
Scientific Research Institute of Experimental Cardiology named after Academician V.N. Smirnov, National Medical Research Centre of Cardiology
named after Academician E.I. Chazov of the Ministry of Health of the Russian Federation, 15A Akademika Chazova str., Moscow, 121552, Russia;
ORCID: https://orcid.org/0000-0001-8942-4851 (oleg.medvedev@gmail.com)

Aleksey A. Uzhakov, Vice President, Perm City Federation of Martial Arts, 92 Lenina str., Perm, 614000, Russia. (metallmach@gmail.com)

Olga L. Konnova, Sports Medicine Dispensary, 224, Ekaterininskaya str., Perm, 614068, Russia. (fizdisp@bk.ru)

Oxana V. Povarova*, M.D., Ph.D. (Medicine), Senior Researcher, Department of Pharmacology, Medical Scientific and Educational Institute,
M.V. Lomonosov Moscow State University, 1 Leninskiye Gory str., Moscow, 119991, Russia. ORCID: https://orcid.org/0000-0003-1820-299X
(oxpovarova@gmail.com)

* ABTOp, OTBETCTBEHHBIIT 32 mepenucky / Corresponding author

30



https://doi.org/10.47529/2223-2524.2025.2.6 ‘ M) Check for updates ‘

[®)ev 40

YIK:796.071.2:79-053.2

Tun crarbu: OpurnnanbHadg crathbsa / Original research

UccnepoBaHue nocnepctanin nepeHeceHHoro COVID-19 Ha aHAOKPUHHYIO
cucTemy CnopTCMEeHOB NOAPOCTKOBOro Bo3pacTa

E.A. Tensesea”’, E.A. Typosa™?, B.A. baomuesa*>>
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PE3IOME

Ilenp nccnegoBaHMs: U3yUeHNe BIMAHIA HOBOI KopoHaBupycHo nudekym (COVID-19) Ha SHLOKPUHHYIO CHCTEMY CIIOPTCMEHOB ITOPOCTKO-
BOTO BO3pacTa.

Marepuainsi u Metoasl. [IpoananusupoBaHsl faHHble 1415 criopTcMeHOB cOOpPHBIX MOCKBBI ITOPOCTKOBOTrO Bodpacta (ot 13 1o 17 net), mporuen-
mux yraybinenHoe MegnumHckoe obcnenosanne (YMO) B mepuog 2021-2023 IT. i IO pesynbraTaM 00C/IefOBaHNA HATPABTEHHBIX Ha KOHCY/IbTALINIO
K 9HJJOKPMHOJIOTY.

PesynbraTsl. Cpeny Bcex CHOPTCMEHOB IOJPOCTKOBOTO BO3pacTa, npouenmnx Y MO, y 12 % BbIABIANINCH TATONOTMYECKIE MI3MEeHEHM I SHTOKPUH-
HOJT crcTeMbl. Pas/amble 3a60/1€BaHMsA M TOBU/FHON XKeTle3bl BbISIBIIEHBI y 1113 I0HBIX CIIOPTCMEHOB M COCTaBM/IN 78 % BCelt SHOKPUHHOI 3ab0/eBa-
emoctu. COVID-19 neperecnu 315 mogpoctkos (22,3 % o6cnenoBanusix). He 60menn COVID-19 1100 nogpoctkos (77,7 % obcmenoBanHbix). Cpenu
nepe6o/IeBLINX IIOAPOCTKOB B 98 % ciy4aeB HaOMIOAIOCH JIETKOE 1 6eCCMIITOMHOE TedeHe 3aboeBanus. CTpyKTypa 3a60/1eBaeMOCTH Y CIIOPTCMe-
HOB-IIOPOCTKOB, neperecunx COVID-19, B 1je/IoM CyIIeCTBEHHO He OTINYanach OT TAKOBON Y HEGOMEBIINX B OT/INYNME OT B3POC/IBIX CIIOPTCMEHOB.
BolLsiB/IeHa TOCTOBEPHO 60TIee BbICOKAs YacToTa ayToMMMYHHOro Tupeonauta (AUT) mocne COVID-19 (16 % y nepe6onesumx u 10 % y He6omeBIINX).
Takoxe BbIAB/IEHA TOCTOBEPHO 6OJIee BBICOKAs YaCTOTA CaXapHOro Auabera 1-ro Tuma y cmoprcMeHos, neperectnx COVID-19 (5 cnopTcMeHOB, 4 %
B CTPYKType 3a60/1eBaeMOCTH) B CPABHEHNMI C IIOIPOCTKAMI, He TlepeHecmMy nHPpeKuumio (3 cmoprcMena, 1% B CTpyKType 3a60/1eBaeMOCTH).

3akmoueHne. YanuroiBas 6ojee 4acToe BbISB/ICHIE Ay TOMMMYHHbIX 9HEOKPJHHBIX 3a00/IeBaHMII Y CHOPTCMEHOB IOAPOCTKOBOTO BO3PACTa, Iepe-
Hecux COVID-19, He06XOMVM pery/IApHbI CKPUHMHT Iepe6o/IeBIINX BUPYCHON MH(EKLell CIIOPTCMEHOB € MCCIeoBaHNeM 0MOXMMIYeCKOTo
mpoGuIs M TOPMOHATBHOTO CTATyCA A/Is paHHel AMarHOCTKY 3a60/IeBaHNs 1 CBOEBPEMEHHOTO Ha3HAYEHIS TeIeHNT.

Kntouesvie cnosa: cioprcmenst, noapoctku, COVID-19, HoBast KopoHaBupycHas nHpeKuus, 3a60eBaHst SHLOKPUHHOI CHCTEMBI, ay TOMMMYH-
HBIIl TUPEOU/IUT, CAXapHBIN fuaber

KoH(}IUKT MHTepecoB: aBTOPbI 3asIB/IAI0T 06 OTCYTCTBUM KOHQIVKTA MHTEPECOB.

OuHaHCHPOBaHMe: CC/IENOBAHNE IPOBEJEHO B PAMKAX BBIIIOTHEHMA TOCYJAPCTBEHHOr0 3afianuA: per. Ne 123041300010-7 «VccnenoBanue Bm-
SHUA TIePeHeCeHHbIX MHPEKIMIT Ha COCTOsAHME 3[0POBbsA CIIOPTCMEHOB U PaspaboTKa MeTOZJ0B KOPPEKIMY BBIABICHHbBIX HapylLIeHWit (Ha mpumepe
COVID-19). [ONOMTHNTENbHBIX UCTOYHNKOB GMHAHCUPOBAHMUSA He ObUIO.

Inanurnposanns: Tensesa E.A., Typosa E.A., bagruesa B.A. Vccnegosanne nocnencrauii nepenecenHoro COVID-19 Ha 3HTOKPUHHYIO CUCTEMY
CIIOPTCMEHOB MOAPOCTKOBOTO Bo3pacTa. CnopmusHas meduyuna: Hayka u npakmuxa. 2025;15(2):31-40. https://doi.org/10.47529/2223-2524.2025.2.6
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ABSTRACT

Objective of the study: to study the impact of a new coronavirus infection on the endocrine system of adolescent athletes.

Materials and methods. The data of 1,415 adolescent athletes of the Moscow national teams (aged 13 to 17) who underwent an in-depth medical
examination from January 2021 to December 2023 at Branch No. 1 of the S.I. Spasokukotsky Moscow Centre for Research and Practice in Medical Re-
habilitation, Restorative and Sports Medicine of Moscow Healthcare Department, based on the results of the examination, were referred for consultation
with an endocrinologist were analyzed.

Results. Among all adolescent athletes who underwent the medical examination, 12 % were diagnosed with endocrine diseases. Various thyroid
diseases were detected in 1,113 young athletes and accounted for 78 % of all endocrine morbidity. COVID-19 was contracted by 315 adolescents, which
accounted for 22.3 % of the group examined by the endocrinologist. 1,100 adolescents, or 77.7 % of those examined, did not have COVID-19. Among
adolescents who had the disease, 98 % of cases were mild and asymptomatic. The morbidity structure of adolescent athletes who had COVID-19 did not
differ significantly from that of those who had not had the disease. A significantly higher incidence of autoimmune thyroiditis (AIT) after COVID-19
was found (16 % in those who had the disease and 10 % in those who had not had the disease). A significantly higher incidence of type 1 diabetes was
also found in athletes who had COVID-19 (5 athletes, 4 % in the morbidity structure, of which 1 athlete was diagnosed with the disease for the first time)
compared to adolescents who had not had the infection (3 athletes, 1 % in the morbidity structure).

Conclusion. Given the more frequent detection of autoimmune endocrine diseases in adolescent athletes who have had COVID-19, compared to
non-athletes, regular screening of athletes who have had the viral infection with a study of the biochemical profile and hormonal status is necessary for
early diagnosis of the disease and timely treatment.
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Conflict of interests: the authors declare no conflict of interest.

Funding: the study was conducted within the framework of the state assignment: reg. No. 123041300010-7 “Investigation of the impact of transmit-
ted infections on the health of athletes and the development of methods for correcting identified disorders (using the example of COVID-19). There
were no additional sources of funding.

For citation: Tenyaeva E.A., Turova E.A., Badtieva V.A. A study of the effects of COVID-19 on the endocrine system of adolescent athletes. Sport-
ivnaya meditsina: nauka i praktika (Sports medicine: research and practice). 2025;15(2):31-40. (In Russ.). https://doi.org/10.47529/2223-2524.2025.2.6

Received: 11 May 2025
Accepted: 15 August 2025
Online first: 06 November 2025
Published: 14 November 2025

*Corresponding author

1. BBenenne nmepenecennoro COVID-19, B cBsi3u ¢ yeM 6butn paspabo-

HoBas koponaBupycuas wunbekuus 2019 ropa TaHbI IIPOTOKO/BI BO3BPAILEHNA CIIOPTCMEHOB K aKTMBHOM
(COVID-19) 6pima o6psBineHa BcemmpHO!t opraHusanu- CIIOPTUBHOVI fiesiTeNnbHOCTH [1, 2].
eil 3apaBoOXpaHeHMs1 IMo6anbHOI MaHmemuert 11 mapra [Mangemnsa COVID-19 mosnmsAna Ha COCTOsSHME 3J0-
2020 ropma. B tedenme 2020-2021 romos mpakTU4eCKN BCe POBbA KaK B3pOCJIOTO HacCeNleHMA BCEX CTPaH, TaK M JeTen
CTpaHBI OODBABIMIN OTpaHUYEHNs, HAIPABJIeHHbIE HA IIpe- u moApocTkoB. OgHAKO, 1O JaHHbIM HEMHOT'OYMC/IEHHBIX
JOTBpaleHIe pacrpocrpanenns nHpexuun. COOPT AB/IsA- UCCIEfOBAHNIL, ¥ HOAPOCTKOB 3a00/IeBaHNe Yallle IIPOTeKa-
€TCst ONHOI U3 06/1acTelt, KOTOpast 3HAYNTENTBHO IOCTPaaIa 710 B 6€CCHMIITOMHOI1 1 JIerKoit (opMe 1 He MO, KaK Ipa-
B CBA3M C BBEJJEHMEM IIPOTUBO3NNUIEMIYECKUX MepP, KapaH- BUJIO, CEPHE3HBIX IIOC/IENCTBUI B OT/INYME OT HaCeleHMA
TUHHBIMM OTPaHMYEHMAMM, OTMEHON CIIOPTUBHBIX MeEpO- CTapIINX BO3PACTHBIX I'PyII. TaK, y I0HBIX 3/MUTHBIX CIOP-
MIPUATUIA, 3aHATUI B IIKOJ/IAX, CIIOPTYBHBIX COPEBHOBaHMIA. TCMeHOB, TepeHecummx COVID-19, ormedaeTcs Hu3Kas (Me-
OcraBascst OTKPBITHIM BOIIPOC O MOCTIENCTBUAX 3ab0meBa- Hee 2 %) BOBJIEYEHHOCTDb MOpaKeHMs Muokappa [3]. Haxe
HIA Ha 3[I0POBbe CIIOPTCMEHOB 1 MIX CIIOPTUBHYIO P€3y/bTa- 10 CPaBHEHUIO C MOJIOZBIMU JIONbMM Y IALIVIEHTOB IIOf-
TUBHOCTD, O KPUTEPUAX PEMHTETPALIMM CIIOPTCMEHOB IIOCTIE POCTKOBOTO BO3pacTa He HAGTIONANOCh TSKEIBIX CIydaeB
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3ab0meBaHNs 1 OTMeUeHa 6oree BHICOKasI BEPOSTHOCTD Oec-
CUMIITOMHOTO TeueHus [4].

Yro xacaeTcst B3pOC/IOro HaceleH s, TO B Psijie UCCIIENO-
BaHUIT 6BUTO ITOKa3aHo BiysiHMe epeHecenHoro COVID-19
Ha IIOBbIIIEHNE BEPOSITHOCTY 4y TOMMMYHHBIX 3a60/1eBaHMII,
B TOM YJIC/Ie SHTOKPVMHHOI CUCTEMBI [5], TaKMX KaK TUpeo-
TOKCHUKO3 [6], caxapHbiit suaber [7, 8], B ToM 4ucie y B3poc-
JIBIX CIIOPTCMEHOB COOpHBIX MOCKBHI [9].

B cBsA3M ¢ HE6OMBIINMM KOTNMYECTBOM ny6)1m<aum71 0 Ya-
CTOTe SHAOKPUHHBIX 3a00/IEBaHMII Y HOAPOCTKOB, 3aHUMA-
IOLLIXCSI CTIOPTOM, B I]€JIOM U BJIMSIHUY Ha Hee HOBOII KOpPO-
HABUPYCHOI MHQEKINI MIPeCTAB/IAETCS [eeco00pasHbIM
UCCNIeOBaHNE CTPYKTYPBl U PaclpOCTPaHEHHOCTU 3HHO-
KPVHHOII IIaTOJIOTUY Y IOHBIX CIIOPTCMEHOB, B TOM YJCJIE II0-
cre nepenecenHoit nHpexyun COVID-19.

Ilenp uccnemoBaHMsA — W3y4eHUe BIVMAHNUA HOBOI
KOPOHABMPYCHOII MH(EKIUY Ha SHAOKPMHHYIO CUCTEMY
CIIOPTCMEHOB MOJPOCTKOBOTO BO3pacTa

2. Matepuanpl 1 METOJbI

[TpoananusupoBaHsl faHHble 1415 copTcMeHOB cHOp-
HBIX MOCKBBI ITOAPOCTKOBOro Bo3pacrta (oT 13 o 17 ner),
mpourefmux — yIyOIeHHOe — MeAMIMHCKOoe — 06cmeno-
anue (YMO) B mepmon ¢ suBaps 2021 T. mo [ekabpb
2023 r. Ha 6ase ¢ummama Ne 1 TAY3 MHIIL] MPBCM
um. C.V. Crnacokykorkoro I3M u no pesymsraram obcre-
TOBaHNUA HAIlPAaBJIeHHBIX Ha KOHCY/IBTAIMIO K SHIOKPMHO-
nory. Bece obcnenoBaHHbIe mopmucamt nHGOpMUPOBAHHOE
cormacue 0 BO3MOXXHOCTH MCIIONb30BAHNS TAHHBIX JIJIS Ha-
YYHBIX LieJIeli, ICCTIeOBaHNe YTBEPXK/ICHO JIOKa/IbHbIM 3TH-
YeCKMM KOMUTETOM (BBIINCKA U3 TPOTOKO/Ia N 5 3acefiaHmsi
JISK mpu TAY3 MHIII] MPBCM [I13M or 22.05.2023 1.).
ITpu aHanMM3e yIUTHIBAIUCH JAHHBIE CIIOPTUBHOTO U MH(EK-
LMOHHOTO aHaMHe3a, aHTporoMeTpuu (pPOCT, BeC, MHIEKC
maccsl Tena (VIMT)), pesy/abraTsl KIMHUYECKOTO, (PYHKIIN-
OHaJIbHOTO (Y/IbTpa3ByKoBoe ucciefosanue (Y31)) u mabo-
PaTopHOro 06CieNOBaHMIL.

CormacHo pekoMeHfauusaM Espormerickoil Tupeomonorn-
4eCKOJl aCCOLMALNy st feTeil ¥ HOAPOCTKOB, CYOKINHN-
YeCKMil ITMIIOTUPeO03 AUATHOCTUPOBAICA IPU YPOBHE THpe-
orpomnHoro ropmoHa (TTT) > 5,5 MxkME/mn u HopManbHOM
ypoBHe cBobomHoro Tmpokcuna (cB.T4) [10]. Hduarnos
ayTommmyHHoro Tupeougura (AWT) ycranaBmmBanca
IIpY MOBBINICHNMN TUTPa aHTUTEN K Tupeomnepokcupase (AT
K TTIO) BeItte pedepeHTHBIX 3HaueHUT. CTPYKTypHBIE 13-
MeHeHM s IIUTOBUIHON JKee3bl B BU/[E KOJUTOU/THOI M/ K-
CTO3HOII AeTeHeparuy, Iposssomuecs anp¢ysHo pacmo-
JIOKEHHBIMM KOJUIOM[IHBIMM MaKpOQOIMKY/IaMy, JacTo
CIMBAIOLIMMICS ¢ 0Opa30BaHMEM METKIUX KICT, @ TAKXKE y3-
7I0Bble 0Opa3oBaHNs JUATHOCTUPOBAINCH IPY IPOBETEHNN
Y3/ muroBupgHOI xene3sl. 1o mokasaHMAM IPOBOAMIACH
IYHKLIMOHHAs OMOIICKst y3/10B. [{uarHos caxapHoro puabe-
ta 1-ro tuma (CJI 2-ro TiIa BBISBIEHO He OBIIO) yCTaHAB-
JIMBAJICS IPU HaJIMYUY JBYX AMATHOCTUYECKUX KPUTEpUEB:
ABYKPaTHOM BBLABJICHUN YPOBHA ITIIOKO3bI KPOBM HATOIIAK
>7,0 MMOJB/NT WM OFHOKPAaTHOM OIIpefie/IeHNN YPOBHA
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IIIOKO3BI KPOBM HATOIIAK >7,0 MMOJb//I U ITUKMPOBAHHO-
ro remornobuna 6omee 6,5%, WIM CIY4allHOTO OIIpeferte-
HUA MMKeMun Boimte 11,1 Mmonb/n. IuneprnponakTuHeMus
IVMaTHOCTMPOBA/IACh IPY BBIABIEHUYM YPOBH:A IPONAKTHHA
BbIllle pedpepeHTHBIX 3HadeHMI. I AMarHOCTUKU OXM-
PeHM: WM CHVDKEHHOTO Beca y IOJPOCTKOB MCIIO/Nb30Ba-
JIVCh BO3PAcTHBIE M IIOJIOBBIe IIHTWU/IbHBIE I'pauKM UH-
mekca Maccel Tena (VMIMT), paccuntbiBaemoro o ¢opmyie:
MIMT = Bec (xr)/[pocT (M)]2 IIpu UMT > +2 SDS (cran-
TapTHBIX OTK/IOHEHMS OT BO3PAaCTHON HOPMBI) IUAarHOCTI-
posanoch oxxupenue. IIpu IMT < -2 SDS nnarnoctuposa-
n0ch cHIDKeHNe Beca. Juddysusrit Tokcudeckuit 306 (JT3)
IOVMarHOCTMpPOBaCcsA Ipu cHvkeHun ypoHa TTI Menee
0,001 MME/n u moBsiirennu cB. T4 6onee 19,05 oM/ u/unu
MOBBILIEHNM CBOOOTHOTO TpuitogTuponnHa (cB. T3) 6onee
6,8 MO/, a TaK)Ke Ha/IMYMU KIMHIYECKON CHMIITOMa-
TUKM (TaXMKapAusi, TPEMOP PYK, CHIDKEHMeE Beca, CabocTs,
yBe/IN4eHe IVTOBYUITHO JKele3bl).

Cratuctudeckas 06paboTka pesyIbTaToB IPOBOANIACH
C TIOMOIIBIO TaKeTa CTAaTUCTUYECKUX IIporpamm Statistica
10 forWindows. [Ijist cpaBHeHMsI COBOKYIIHOCTeIL ITO0 KOJU-
YeCTBEHHBIM IpU3HaKaM (MapaMeTpUYecKMil aHalu3) KC-
Mo7b30BascA Kputepuit CTBIOIEHTa, JOCTOBEPHBIMM pas-
JIMYMSL CIUTAINCD 1pu p-value menee 0,05. [I1a mposepku
BEPHOCTM HYJIEBOII TMIIOTE3BI UCTIONb30BAICA KPUTepUil X
ITupcona.

3. PesynbTarsl

3a tpu roga YMO mnpomten 10951 denmoBek: U3 HUX I€BO-
vek 6b110 5770, a ManbunkoB — 5181, (p>0,05). Bospact 06-
CIefoBaHHbIX Ko/ebancst ot 13 fo 17 net, cpegHumit Bo3pact
cocraBun 15,3 + 0,04 roga. V3 ob1ero Kommuectsa CIop-
TCMEHOB HOAPOCTKOBOTO BO3pacTa pas/IMYHbIe SHOKPUH-
Hble 3a00/IeBAHISI VJTU OTK/IOHEHU I TIOKa3aTeJlell BhIsB/IEHBI
y 1415 (12 %) 1enoBexk. VI3 HUX GOIBIINHCTBO COCTABUIIN e-
BOuKM — 847 (60 %), MaIbuMKOB ObI10 568 yenosek (40 %).

Cpenu Bcex CIOPTCMEHOB MOAPOCTKOBOIO BO3pPacTa,
npomegmnx YMO, y 10% BbIABIAMUCD 3a00/1eBaHMS 1IN~
TOBMIHO JKe/esbl: B 6,3 % — CTPYKTypHbIE M3MEHEHM 11 -
TOBUJHOII Kere3bl, 2% — CyOKIMHMYECKMII TUIIOTUDPEO3,
y 0,58 %— ayTrommmynHbI1 Tupeouput (AUT), y 1,38% —
y3n0Boit 306, y 0,02% — runeprupeos. B 0,64% ciaydaes
BBIABJ/IEHO HapylleHMe YPOBH:A ITIIOKO3bI HaTowak, y 0,6 %
MOAPOCTKOB — JlepUUNT Beca (HEJOCTaTOYHOCTb IINATA-
HUSA), y 0,4% — rumepnponakTMHeMus, y 8 CIOPTCMEHOB
(0,07 %) — caxapHsIit guabeT 1-To THIIA, ZOCTATOYHO PEIKO
BbLAB/IsIIOCH oxkmpenne (0,11 %) u 3ajiep>kka IIOIOBOTO pas-
ButusA (0,05 %) (Tabn.).

B cTpykType sHOKpUHHOI 3a00/1eBAEMOCTH 110 JaHHBIM
YIBTPa3sByKOBOTO MCCNIeloBaHMsA 6oree yeM B 55% cmydaes
(687 mOPOCTKOB) BBIABJIAMICH CTPYKTYpHBIE M3MEHEHN
LM TOBUIHON >Kele3bl. [lepBUYHBII TMIIOTUPEO3 HVAaTHOCTH -
poBasica B 17 % cmy4aes (209 nmogpocTkoB), Torga kax JT3
BCTpedasica y KpaitHe penko 0,14 % crydaes (2 mogpocTka).
Y 64 HecoBepIIEHHOJIETHUX CIIOPTCMeHOB (5%) BbIABIEH
ayTonmMmyHHbI Tupeougut (AWT). IocraToyHo dacTo
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S 3abomeBaHNsA IHTOKPUHHON CHCTEMbI CHOPTCMEHOB-OPOCTKOB
Table
Endocrine diseases in adolescent athletes
D
Jons B CTpyKType sHAO-
I 3a6oneBanue MKB 10 Komriectso Hors ot Beex, mpouten KPMHHBIX 3a601eBaHMIl
CIIOPTCMEHOB mux YMO (n =10951) (n=1415)
S CaxapHblit fuabet 1-ro Tuma E10 8 0,07 % 0,6 %
E Hapymenne yposHsa rmokosbl Haromak | R73.01 70 0,64 % 5%
A EETET E66 12 0,11% 0,84 %
S HepocraTouyHOCTh NMUTAaHUA E63 69 0,6 % 4.5%
CprKTyprfe M3MeHEHs EOLS 687 6.3% 559
E IIMTOBUTHON Xee3bl
S IlepBy4HbII rUIIOTUPEO3 E03.8 209 2% 17 %
OT3 E05.0 2 0,02 % 0,14 %
AUT E06.3 64 0,58 % 5%
V35108011 300 E04.1 E04.2 151 1,38 % 12%
IunepnponakTuHeMus E22.1 44 0,4% 3%
3ajiep>kKa II0JIOBOTO CO3PEBaHMA E30.0 6 0,05 % 0,4 %
mCA1Ttvna
2; 0% B HMH
8; 1% 69; 5%
)
6: 0% \ {8' 1% /-70' 5% B [vnoTupeos
’ —\ ’
44;3%___— AUT
. 0
151;12% 209; 16% CTpYKTYpHblE N3MEHEHUA
64;
LK
5% .
M Y3n0B0# 306
MnepnponakTMHemuA
687; 52%
3ageprkKa NosI0BOro
pPa3BuUTUA
OxunpeHune
AT3

m lednumnt Beca

Puc. 1. CtpykTypa 3aboneBaHuii SHOOKPUHHON CUCTEMBI Y CMIOPTCMEHOB NMOAPOCTKOB
Fig. 1. Pattern of endocrine diseases in adolescent athletes

TAaK>Ke BBIABIIA/ICS Y3/I0BOIL I MHOTOY3/I0BOI 306 — B 12% Takum 06pa3oM, pasindHble 3a60/1eBaHNs MV TOBUAHOI

Ber6opku (151 mogpoctok) (puc. 1), u3 Hux 31 conoprcMeny JKe7ie3bl BbIABJIEHDI Y 1113 I0HBIX CTIOPTCMEHOB, YTO COCTa-

10 HOKa3aHNsIM OblIa IPOBeJeHa TOHKOUTO/IbHAS ITyHKIIN- BuIo 78 % OT Bceit SHIEOKPMHHOI 3abomeBaemoctu. Cpenu

OHHas1 6MOIICHS, 1T0 JAaHHBIM IUCTOIOTUI HY B OJHOM CITydae BCeX 00C/IeNOBaHHBIX CIOPTCMEHOB IIOZPOCTKOBOIO BO3-

37I0Ka4eCTBEHHBIX 00pa30BaHMII BBISIB/IEHO He OBLIO. pacTa yacToTa 3ab0/IeBaHMII IUTOBU/HOI JKele3bl COCTa-
Bua 10 %.
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CaxapHblit guabet 1-ro Tumna (MHCYIMH3aBUCUMBIIT) BbI-
ABJIEH y 8 CIIOPTCMEHOB, 4TO cocTaBuno 0,6 % B CTPYKType
SHIOKPMHHOI 3ab6omeBaemoctu (puc. 1). CaxapHsiit graber
2-ro Tuna (MHCY/IMHHEe3aBYICUMBIIT) B JaHHOJ KOTOpTe HeCo-
BEpIICHHONIETHUX CHOPTCMEHOB He BbLAB/IeH. Hapymennue
YPOBHA DJIOKO3bI HATOIIAK OIpefe/soch B 5% cirydaes
(70 moppoctkoB), oxxmpeHue BbLABIeHO B 0,11% ciryda-
eB (12 CIIOPTCMEHOB, 3aHMMAIOMINXCA IPEUMYILECTBEHHO
eIMHOOOPCTBAMM M TSDKeNMOi aTneTukoit) (tTabm. 1, puc. 1).
Hedunur Beca guarHocTuposaH B 4,5% ciay4aes (69 crop-
TCMEHOB), M3 KOTOPBIX OONBIIMHCTBO OBIIO [€BOYKAMI,
[IIaBHBIM 06pasoM (49 HeBoueK) 113 XyI0XKeCTBEHHOI TMMHa-
CTHUKMW, CHHXPOHHOTO IUIABaHUsI, aKpobaTuku u ¢urypHoro
KaTaHVA. Y MaJIb4MKOB BeUINT Beca Habmogancsa B 11 cry-
yasax. IumepnponakTuHeMus BbIABIEHA y 44 IOLPOCTKOB
(3% Bo160pKM (puc. 1), u3 HuX y 31 meBymku u 13 1oHOLIEN
B BospacTe crapuie 13 jiet. IloBTOpHOE ompefeneHue npo-
JAKTVHA WIN BO0OC/IefoBaHue MPOLUIX 26 CIIOPTCMEHOB,
U3 HUX IPU IOBTOPHOM O6C/IEOBAaHNN HOPMAJIbHBIN ypoO-
BeHb IIPOJIAKTMHA BbIABIEH y 13 crnopTcMenos (50 %), T.e.
IIpY UCKTIOYeHNH (PUSMUECKOI HATPY3KH, CTPECCOBBIX (ak-
TOPOB B [IO/IOBIHE CTy4aeB MIMeeT MeCTO (pU3MOIOrnIecKoe
MOBBIIIeHNE NTponaKkTuHA. PeHOMeH MaKpOIPOIaKTMHEMUN
AMaTHOCTUPOBAH Y 7 HECOBEPLICHHOJICTHUX CIIOPTCMEHOB,
MUKpoajieHoMa runodusa — y feBymku 14 jnet, KOTOpoii
pOoGUIBHBIMI CITELMAMTIUCTAMM OblI Ha3HAUYEH MIpueM Ka-
GepromuHa. Y [BYX Ma/Jb4MKOB IOBBIIIEHIE YPOBHS MpPO-
JIaKTVHA GBIIO CBSI3aHO C MPMEMOM ICHXOTPOIIHBIX IIperna-
paToB (U3 IPYIIIBI HEMIPOIEIITUKOB).

Cpenu HecOBepIIEHHONETHUX CIIOPTCMEHOB 3afepi-
Ka II0JIOBOTO PasBUTHA BbIAB/IEHA y 6 IOHOLIEN B BO3pacTe
14-16 net (0,4 %).

Janee 6bUIM IpOaHATUSMPOBAHBI JaHHBIE CIIOPTCMEHOB
IIO[POCTKOBOTO BO3PAcTa B 3aBUCUMOCTH OT IepeHeCeHNs

NoapocTku, He 6oneswmne COVID-19

M [MnoTupeos

uAUT
62; 15% .
4- 1% Y3nosolii 306
34; 8% 155;
3; 1% [7 38% an?’
1 mCA1Tuna
0%
BHIT
112;
27% 42; 10% rmnepnpo-
NaKTUHeMUnA
3P

umu COVID-19. Ero nepenecin 315 MOfpOCTKOB, YTO CO-
craBuio 22,3 % u3 06C/Ie[OBaHHON S9HAOKPUHOIOTOM IPYII-
msl. He 60menmn COVID-19 1100 mOAPOCTKOB, YTO COCTABH-
710 77,7 % 06C/IefOBaHHBIX SHAOKPUHONIOroM rpymmst. Cpenn
mepe6oIeBIIMX OfPOCTKOB Hanbomee 4acTo HabMIO[AIOCh
nerkoe TedeHne — y 191 cnoprcmeHa (61 %), XxapakTepusy-
Iolieecst HeIINTeNbHOI CyO(heOpUIbHON ITNXOPafKoOi, da-
CTO NMNIIb CHMXCHUEM BKyca n O6OHHHI/IH. beccumntomHoe
TCUYCHUEC (,E[I/IaI‘HOCTI/IpOBaHHoe TOJIBKO IIO JAaHHBIM TeECTa
WIY HaIM4IMIO aHTuTen) 6put0 y 118 cmopremenos (37 %).
3aboneBaHne CpemHell TsHXKECTU C [JIUTENbHON IMXOpaj-
KOJ1, HeOOMBIIM TIOpaXKeHIeM JIETKIUX [IepeHecn 6 CIIOpT-
cMeHOB (2 %), U3 HMX 4eTBepo ObUIM B Bo3pacte 15-17 jer.
CrydaeB TsDKENIOTO TedeHus1 MHQeKUuy, IoTpeboBaBIIero
rocrnTann3anny, Cpean NogpoOCTKOB HE BBIABJIEHO.

Crpykrypa 3a60/1€BaeMOCTH y CIIOPTCMEHOB HOAPOCTKO-
BOTO Bo3pacTa, nepeHectx COVID-19, B Lie71oM cylecTBeH-
HO He OT/IMYa/Iach OT TaKOBOIl y HebomeBumx. Tak, yacTtoTa
CYOK/IMHMYECKOTO TMIOTHpeo3a cocTaBwia 38% (155 crop-
TCMEHOB) B CTPYKType 3a60/1eBaeMOCTH Y HOAPOCTKOB, He 60-
neBumx COVID-19, n 37% (52 4denoBeka) — y mepe6ornes-
WNX. Y3710BOI 300 guarHoctupoBad B 27% (112 gemoBek)
crmy4aeB y HebomeBImx 1 B 28 % (39 criopTcMeHOB) — Y Iepe-
60HeBIHI/IX. HapymeHI/[e ypOBHF{ TJIIOKO3bI HATOLIAK BbIAB-
7eHo y 15% (62 denoBeka) He6omeBIINX 1 Y 6% (8 demoBek)
epe6oIeBIINX TOfPOCTKOB, TUIIEPIPOIAKTUHEMMST — B 8 %
(34 moppoctka) 1 7% (10 cry4aeB) cOOTBETCTBEHHO (puc. 2).

OpHaxo BbIsIB/IEHA JOCTOBEPHO 60JIee BHICOKAs 4aCTOTA
AWT mnocne nepenecennoro COVID-19: 16% (22 cyuas)
y nepe6oneBumx n 10% (42 cnydas) y HeboneBmmx (p <
0,05) (puc. 2). BuepBoie BoisBneHubit AVT mabmomancs
y 5% (16 crydaes) mepeboneBiuux u y 2,2% (26 caydaes),
He MEBIINX B aHAMHe3e IIepeHeCeHHOI NHPEKIUN CIIoPT-
cMeHOB (p < 0,05).

MoapocTtku, nepeHecwme COVID-19

B [vnoTupeos

8; 6% 10; 7%
mAUT
< A0
> 4% 2; 1% )
1. 1% Y3noBoit 306
|
52;37% AT3
39; 28%
mCA1Ttmna
EHIT
22;16%
fvnepnpo-
NaKTUHEMUSA
3np

Puc. 2. CTpykTypa 3aboneBaHuii SHOOKPUHHON CUCTEMBI Y CMOPTCMEHOB NoApOCTKoB, nepeHecumx COVID-19, n HebonesLwmx
Fig. 2. Pattern of endocrine diseases in adolescent athletes who have had COVID-19 and those who have not
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Taxoke BBIAB/IEHA JOCTOBEPHO (ojlee BBICOKAsI YacTOTA
CaxapHOro muabera 1-ro Tuma (I/IHCYIII/[H3aBI/ICI/IMI>II7[ aua-
6eT) y cnoptcMenos, nepetecinx COVID-19-4% B cTpyk-
Type 3abomeBaeMocTH (5 CIOPTCMEHOB) B CPaBHEHUN C TIOJ-
pocTkamy, He HepeHecmnMu nHpexkunio: 1% B CTPyKType
3aboneBaemoctu (3 cmopremena) (p = 0,007) (puc. 2).

[Tocte COVID-19 B 06cCef0BaHHOI IpyIIle BbIABIEH
OJIVIH HOBDIVI C/Ty4ail CaxapHOTO muabera 1-ro THIIA, a TaKXKe
OJIVIH HOBBIII CTy4ait 1 Py3HOro TOKCUYECKOro 306a, Tor-
Ia KakK paHee TPy 0OCIETOBAHMYU B3POCTBIX CIOPTCMEHOB
HaMHn 6I>UIO BBIABJICEHO ]IOCTOBCPHOC IIOBBIIIICHNIE HepBI/I‘I-
HOIT 3a60/1eBaeMOCTH caxapHbIM fAuabeToM 1 AudQysHbIM
TOKCUYIECKMM 3000M B HOCTKOBUIHBIIT epuof, [9].Y nebo-
JIEBHIMX CIIOPTCMEHOB HOBBIX ciry4yaeB ClI 1-ro Tuma u JT3
HE BBIABJICHO.

4. O6¢cyxneHne

ITo pesynpTaTaM NpOBENEHHOTO MCCIENOBAHM PACIIPO-
CTPaHEHHOCTb 3a00/IeBaHNUIT SHIOKPUHHO CUCTEMBI CPER
CIIOPTCMEHOB IOfIPOCTKOBOTO BO3pacTa cOOPHBIX MOCKBBI
coctaBmaa 12%. Oun conoctaBumsl (9,1 %) ¢ paHee momy-
YeHHBIMU Cpefl MOIAPOCTKOB Topofia MOCKBBI JaHHBIMU —
IIPY 3TOM U B 9TOI IPYIIIle HAaOOJIBIIYIO JOIIO B CTPYKType
6o7e3Helt SHIOKPMHHOI CUCTEMBI 3aHMMA OOIe3HNM LM~
TOBUJIHOI >Keme3bl — 28,2 % [11].

ITo paHHBIM 006C/TETOBAHUSA BBICOKOKBaMMUINPOBAH-
HBIX CIOPTCMEHOB, IpoBefieHHON DeepanbHbIM MENMKO-
OUO/IOTMYeCKMM areHTCTBOM, B 3TOII TpyIIIe Takxe OblIa
BBIABJ/IEHA BBICOKASA PACIpPOCTPAHEHHOCTb MATOJIOTUM M-
TOBU/HOI Kejle3bl, KoTopas coctaBmna 22,5 %. Haubonee
YacTO y IOHBIX CIIOPTCMEHOB OOHAPY)XMBAINCh KUCTO3HBIE
M3MEeHeHNUs1 NMapeHXVMbl LIUTOBUHONM >kenessl (B 13,7 %
CIy4aeB), flajlee IO YacTOTe BCTPEYaeMOCTY HAXOAVIINCD
XPOHMYECKNUIT ayTOMMMYHHBIII TUPEOUFUT U CYOKIMHITE-
ckmit runoTtupeos (4,2 n 3,9 % COOTBETCTBEHHO), @ YaCTOTa
BBISIB/IEHNS Y3/IOBBIX 0OpasoBaHmii cocrasmma 1,21 % [12].

B HacToAmeM WCCIENOBaHUM PaCHpPOCTPAHEHHOCTD
TATOJOTUM IIUTOBUIHONM >Kemme3bl cocTaBmma 10% oT Bcex
CTIIOPTCMEHOB ITOJ[POCTKOBOTO BO3pacTa, mpoegmux Y MO,
Cpey KOTOPBIX 6 % MPUIIJIOCH Ha IO/IO €€ CTPYKTYPHBIX U3-
MeHeHM, B 2% CIy4yaeB Yy IOHBIX CIIOPTCMEHOB BBIABIIAICA
CyOK/IMHMYECKUIT TUTIOTHPEO03, B 1,4 % cry4aeB AMarHOCTH-
poBaJICs y3710BOIL 300

[To paHHBIM aHa/M3a aMOYIATOPHBIX KapT 1081 IoHBIX
CIIOPTCMEHOB Ha 3Talle BBICIIETO CHOPTUBHOTO MAacTepCTBa
3a60/meBaHysA IMUTOBUIHON >Ke/Ie3bl BBIABIAMUCH B 57,3%
crry4daes 6es y4eTa KO/UIOMIHO-KUCTO3HBIX M3MEHEHWIT CTPYK-
TYPBbI LIXTOBYMIHON >kefessl [13], 4TO cOImoCcTaBIMO C pe3yiib-
TaTaMU IPOBEEHHOTO VCC/IeNOBaHM, B KOTOPOM MaTOIOTHA
LIUTOBMJHONM JKe/lesbl cocTaBuaa 55% B CTPYKType 9HJIO-
KPMHHOI TaTofornu. Takum oO6pasoM, HECMOTPS Ha HEKO-
TOpOe pacXoXK/ieHue B KOHKPETHBIX Ludpax, HacTosllee Jc-
cleioBaHMe MOATBEPAMIO BBICOKYIO PacIPOCTPAHEHHOCTDb
TIaTO/IOT MY IIMTOBUHO JKeTIe3bl Y IOHBIX CIIOPTCMEHOB.

AHajlorn4Has TeHIEHLUA HAOMIOJaeTCs U y B3POCIIBIX
CIIOpTCMeHOB [14], y KOTOpbIX 3a00/IeBaHNs LIMTOBUAHOI
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JKeJlesbl 3aHMMAIOT IlepBoe MecTo (46% B CTPYKType 9H-
mokpuHHOI martonoruu. Cremyer ormeTtutTb, uto T3
y HOfIPOCTKOB HaOJIIofia/icA 3HauuTeNbHO pexe (0,14% 3a-
6071eBaeMOCTH), 4eM Y B3POC/IBIX CIIOPTCMEHOB, ¥ KOTOPBIX
CUIEPTUPEO3, B TOM YUCTIe CYOKTMHIIECKUIL, JUATHOCTUPO-
Basics B 1,2 % cnydaeB. Pa3HuIa B IOKa3aTe/sIX MOXET OBITH
06yClIoB/IeHA TeM, YTO COINIACHO SHIUAEMUOIOTNIECKIM
IaHHBIM, UK 3abomeBaemoctu T3 mpuxommurcst Ha BO3-
pactHoit puanas3oH ot 30 go 60 et [15]. Takxe 60ree penko
y CHOPTCMEHOB HOJPOCTKOBOTO BO3pacTa BCTpevanach -
neprponakTiHeMus (3 %), Torza KaK y B3pOC/IbIX CIOPTCMe-
HOB ee pacIpOCTPaHEHHOCTb 7%, IpU 3TOM Y B3POCIIBIX
CIIOPTCMEHOB 4Yallle [MarHOCTMPOBAIaCh MUKpOafieHOMa
runodusa.

IToutn B fBa pasa pexe B CTPYKType SHIOKPMHHBIX
6oresHell y MOXPOCTKOB OoTMeueH fAedpuunt Beca — 4,5%
B CpaBHeHMM C 7% Y B3POC/IBIX CIIOPTCMEHOB IIPU COXpa-
HEHUM TEH[eHI[MI K HamOOJIbIIIelNl BCTPEIAEMOCTI JAHHOI
[IaTOJIOTMY B 3CTETUYECKMX BUJAX CIIOPTA, TAKMX KaK CUH-
XpOHHOe IDUIaBaHMe, XyHOXXeCTBEHHas TIVMMHACTMKA, 4Up-
nupuHr, ¢urypHoe Karanue. OXUpeHUE Y UCCIELYeMOro
KOHTVHIEHTa BCTpedanoch kpaiiHe penko (0,8 % B cTpyKTy-
pe u 0,1% 1o wacrore), B OT/IM4ME OT OOLIel HOMy/IALUN
TOfPOCTKOB T. MOCKBBI (24% B CTPYKType SHIOKPMHHOII
3a60/1eBaeMOCTIL), YTO, HECOMHEHHO, CBSI3aHO C MO3UTUB-
HBIM B/IMSTHVMEM aKTUBHBIX 3aHATUIT CIIOPTOM U COOMIOIEHN -
eM GOJIBIIMHCTBOM CIIOPTCMEHOB MOPOCTKOBOTO BO3PacTa
OTIpefie/IeHHbIX PEKOMEH AN IO MU TAHUIO.

[Tepexopst K 0OCYXX/IEHUIO BIIVSHMS TIePEHECEHHOI MH-
¢exuun COVID-19 Ha CIOPTCMEHOB MOJPOCTKOBOTO BO3-
pacTa, ciefiyeT IOf4epKHYTh, YTO IO JAHHBIM HEMHOTOYNC-
JICHHBIX VICCTIEOBAaHMI1 B IOIY/LALVM JieTell ¥ IOLPOCTKOB
B OOJBIIMHCTBE C/Ty4aeB OTMEYANOCh JIeTKoe 1 Geccum-
ITOMHOe TeueHue 3aboneBanns [4]. Tsokenoe mmm Kputu-
YeCKU TSDKeTIoe TedeHme 60e3Hn 610 3aperncTpupoBaHo,
0 JaHHBIM uccaenoBaumus De Santis u coasr. [4], B 4,1%
B BO3pacTHOV rpynne ot 11 mo 15 et n y 3,0 % noppoct-
KOB crapiue 16 net. Ilo cpaBHEHMIO ¢ MONOABIMU TIOAbMI,
y ManMeHTOB IIOAPOCTKOBOIO BO3pacTa He HAGMIONANIOCH
TSDKEJIBIX C/Ty4aeB, OTMedeHa 6ojee BBICOKAsl BEPOSITHOCTD
6eccuMIrToMHOrO TedeHms: nHdekumu. Takke B 9TOI BO3-
PaCTHOJI IPYIIIle 3HAUYUTE/IbHO pe>ke OTMEeYeHO MOBBIIICHNE
MapKepoB BOCIIa/lIeHMsI, XapaKTEePHBIX M3MEHEHNI Ha KOM-
NbIOTEPHBIX TOMOTpaMMaXx ¥ OCTIOXKHEHMI KOPOHABUPYCHOM
MHQEeKINIL.

ITo maHHBIM CHCTEMATUYECKUX 0030pOB GONBIIMHCTBO
caydaeB 3abomesanna COVID-19 y peTell 1 IOZPOCTKOB
ImpoTekaeT B 60siee erkoit Gopme ¢ HETUIMYHBIMY KINHU-
YeCKVMMMU MIPOSIBIEHMSIMU U PefKoit mumMborteHueit [16, 17].

[TpoBeneHHOE MCCIeOBaHMe TAaKXKe IOATBEPHMIO 3HaA-
YMTENbHOE TpeolrajaHme JIerKOro u 6eCCUMITOMHOTO
Te4eHUsI KOPOHABUPYCHOI MH(EKLNH ¥ TIOZPOCTKOB, y KO-
TOPBIX /UIIb B 2% CIy4aeB HAGTIONANOCh CpeIHETSDKeNIoe
TedyeHNe 3a60/meBaHN.

B ogHOM 113 0630p0B [18] 0TMedanoch NosIBJIEHNE B HEKO-
topbix pernonax (CIIA, VMramua) y meTelt M HOLPOCTKOB



Ha (POHe KOPOHABUPYCHOIN MH(EKIUN MYIbTUCHCTEMHOTO
BOCIIQJINTE/IPHOTO CHHIPOMA, XapaKTePU3YIOIIErocs IIo-
CTOSIHHOII /UxopajKkoit u 6onesnsio KaBacaku — octporo
CHCTEMHOTO BacKY/IUTa, B IaTOTeHe3e KOTOPOTO IpefIIoa-
ralTCA ayTOMMMYHHBIE HapyLIeHN.

B oTHomIEeHNY NTOpayKeHNs Ay TOMMMYHUTETA Pe3y/IbTaThl
nccnepoBanus E.A. KonmakoBoit u coaBt. [19] mpopeMoH-
CTPMPOBAIM IOTeHLMANIbHbIE PUCKM Pa3BUTHA ayTOMMMYH-
HBIX 3200/1eBaHNII I[UTOBMTHON >KeNe3bl II0CITe IIepeHe CEHHOI
KOPOHABVIPYCHOI MHGeKUu. ABTOpaMM BBLIB/IHA TeCHas
B3aMIMOCB$I3b M3BMEHEHUIT TYPEOUIHOTO PO/ U IUIePaK-
TUBaLMM UMMYHHOJ CUCTeMbI C TMIEePIIPOAYKIIMell ITIPOBOC-
Ta/IMTeNTbHbIX MHTepieiiknHoB npy COVID-19. Hamu taxoke
OBUIO OTMEYEHO TIOBBIIIEHNE PUCKA PA3BUTHSI 4y TOMMMYHHO-
I'0 TMPEOUINTA Y CIOPTCMEHOB IOJAPOCTKOBOTO BO3PACTa, IIe-
perecunx COVID-19, B omnune oT HeOOMEBIINX, YTO CBU-
meTenbCcTByeT o BsAHu Bupyca SARS-CoV-2 Ha cocTosHMe
ayTOMMMYHMTETA, B TOM 4JC/Ie B OTHOIIEHN! SHITOKPUHHOM
CHCTEMBI IOHBIX CTIOPTCMEHOB.

JocToBepHO 6oOrblllee KOMMYECTBO CIOPTCMEHOB C Ca-
XapHbBIM [uabeToM 1-ro THIA, [epeHeCIINX KOPOHABU-
pycHyI0 MH(pEKUNIO, B CPABHEHNHU C HeGOIEBIIIMU MOXET
OBITb CBSI3aHO KaK C ayTOMMMYHHBIMU HapYIIEHUSIMH, TaK
u ¢ 6OIBIINM PUCKOM MH(UUMPOBAHNs Ha (OHe Hapylle-
HMA yrneBopHoro obmena. Tak, B 063ope C.Kamrathetal
[20] mponeMOHCTpUpPOBAH 3HAYUTEIBHBIN POCT 3abomeBae-
MocTH AabeToM 1-ro Tuma y geTeit U IOAPOCTKOB, KOTOPBII
Habmonancs Bo Bpems manpemuu COVID-19, ¢ 3amepkkoit
mnka 3abomeBaeMocTH AmabeToM 1-To TMIA TIPUMEPHO
Ha 3 MecsA1a roce nuka sadonesaemoct COVID-19, a Tak-
e TI0CTIe Mep TI0 ChepKuBaHuIo mangemun. [lo MHeHMIO aB-
TOpPOB, 60/Iee BEPOSITHO, YTO IPUINHON SBJISIOTCS KOCBEH-
Hble,  He MIPsIMble TIOC/IeNCTBIUA ITAHAEMUMN.

PesynbraThl MccnenoBaHMs BAUAHUA KOPOHABMPYCHOM
uH(pEKINN Ha COCTOSIHME 3[[OPOBbsI CHOPTCMEHOB IIOAPOCT-
KOBOTO BO3pacTa KpaifHe orpaHM4eHbl. Tak, B MccenoBa-
Hym B. M. I'ypaneBa u coasT. [21], oleHMBaloLIero BINAHNIE
manpemuyt COVID-19 Ha dusmdeckoe 1 ICUXOIOrNYECKOe
COCTOsIHME MOJIOfBIX CIIOPTCMEHOB, BBICTYMAIOUINX B MH-
AVMBUYaIbHBIX ¥ KOMAaHIHBIX BUJjaX copra B Poccumitckoin
Qenepanyy, IOKa3aHO, YTO COXPAaHEHME M YyBelNMdeHue
obutero o6bema (USUIECKON AKTUBHOCTI CIIOCOOCTBYIOT
COXPAaHEHMIO UX IICUXOJIOTMYECKOTO 3TOPOBbS M CHOPTUB-
HOV UfIeHTYHOCTK B nepuof nangemun COVID-19. B uc-
cnepoBanuy JI. M. MakapoBa 1 coaBT. [3] oTMedeHa HU3Kas
(meHee 2 %) BOB/IEYEHHOCTD IIOPa)KeHVA MIOKap/ia y I0HBIX
3/MUTHBIX CIIOPTCMEHOB, epeHecunx COVID-19.

Henbio nccnenosanns S. Elliottetall 6p110 BinsaHme nas-
nemun COVID-19 Ha MO/TOfeXHBIN CIOPT ¥ Ha OTHOIIEHIe
U HOBefieHNe, CBsI3aHHBbIe ¢ OYAYIIUM Y4acTIeM MOJIOLEXN
B cropte. IlomydeHHble pe3ynbTaThl IPOJAEMOHCTPUPOBA-
M CyLIeCTBEHHOE YXy/AlIeHNe IICUXMYECKOTO 3[J0pOBbs
CIIOPTCMEHOB, BbI3BAHHOTO B OCHOBHOM COIIVIAJIbHON M30-
nanyeit. Takke oTMe4anoch OTCYTCTBYE MOTMBALIUY IOHBIX
CIIOPTCMEHOB K MHAUBUAYATbHbIM TPEHMPOBKAM U 0O1reit
¢usndeckoit akTMBHOCTH. I10 MHEHIIO aBTOPOB, Pe3y/IbTaThI
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YKa3bIBAIOT Ha HEOOXOLMMOCTD IOAEPXKKY CeMell CIHOpT-
CMEHOB, CIIOPTUBHBIX KIYOOB 1 OpraHusanuit A obecre-
YeHNUs1 BbDKMBAHUA U HPOLBETaHUs MOJIOJIEKHOTO CIIOpPTa
B Oymyiem [22].

Takum 06pasoMm, B IIy6IMKaLMAX TOFIEPKUBAIOTCS TIpe-
UMYIIeCTBeHHO IICUXOTIOIMYecKye MOCIeACTBIA TaHAeMUA
COVID-19 =a 310poBbe CIOPTCMEHOB MOAPOCTKOBOTO BO3-
pacTa ¥ HEKOTOpble CIIOXKHOCTM IepeHeCeHMs KapaHTMHa
Y BO3BpalleHUs B CHOPT. BiausiHue mHpeKy Ha cepred-
HO-COCYAUCTYI0 M SHAOKPMHHYIO CHCTEMY CIIOPTCMEHOB
He CTOJIb CYIeCTBEHHO, KaK Ha 3JI0pOBbe HAaCelIeHNA B Iie-
JIOM U B TOM YMCJIe B3POCTIBIX CIIOPTCMEHOB.

B mpentecTByIommeM UCCIeTOBAaHNN C YIaCTHEM B3pOC-
JIBIX CHHOPTCMEHOB BBISIB/IEHO JOCTOBEPHOE pasjinyue Cpey
mepe6oIeBIINX U HeGOEBIINX CIIOPTCMEHOB B YaCTOTE BbI-
SIBTIEHNS CYOKIMHIYECKOrO TUIIOTHPE03a, ayTOUMMYHHOTO
TUPEOUUTA, CaXapHOro Anabera 1-ro Tuma (MHCYIMH3aBU-
CUMOT0), Y3/I0BOTO 1 MHOTOy3/10Boro 306a [9]. Taxxe cre-
AyeT OTMeTHTb, YTO B TpYIIe CIOPTCMEHOB, IePeHeCIINX
MHQEKINIO, Pa3/IMIHbIE TATONOINIECKIE COCTOSIHUS SH/O-
KPUHHOI! cHcTeMbl Habmofamch y 30 % CopTCMEHOB, TOT-
[la KaK B IpyIIe HeGOMeBIINX UX YacTOTa OblIa B Ba pasa
MeHbIIle U cocTaBmta 15%. CpaBHUBasA 5TM TaHHBIE C pe-
3y/IbTaTaMM JICCTIEIOBAaHNUA CIOPTCMEHOB IOPOCTKOBOTO
BO3pacTa, ClefyeT OTMETUTh MeHee BBIPaKEHHOE IIOpake-
HIIe S9HIOKPUHHON CUCTEMBI Y I0HBIX CIIOPTCMEHOB B CpaB-
HEHIN CO B3POCIBIMY, Y KOoTopbix nocne COVID-19 vame
BBISIB/ISIACH MAaHU(eCTalsI ayTOVMMYHHOTO THPEOU/ITA,
TUIIOTHPE03a, CAXapHOTo AuabeTa.

5. 3akmroueHne

ITo maHHBIM HACTOAIIETO MCCIENOBAHMUA, PACIPOCTpa-
HEHHOCTb 3a00/IeBaHMIT S9HAOKPUHHON CUCTEMBI Y CIIOPT-
CMeHOB COOpHBIX MOCKBBI MOLPOCTKOBOrO BO3pacTa CO-
craBmna 12 %, cpenu KOTOPBIX 78 % 3aHMMAIOT 3a60/IeBaHUs
MUTOBUAHON >Kene3bl. CIIOPTCMEHbI MOAPOCTKOBOIO BO3-
pacTa IpenMyLIecCTBEHHO He 60/menu KOPOHABUPYCHOI MH-
¢exiuers, a B crydae 3a60/1eBaHMs Yallle BCETO IEPEHOCUIN
ee B JIETKOJT 1 6eccMITOMHOI popMax.

Crpykrypa 3a60/1eBaeMOCTH § CIIOPTCMEHOB-IIOfPOCT-
KoB, nepeHecinx COVID-19 B OCHOBHOM CyIIeCTBEHHO
He OT/IMYA/Iach OT TakoBoil y HebomeBInx. OfHAKO OIpe-
HeTsUIach JOCTOBEPHO Oojiee BBICOKAs YACTOTA BbIABJICHMS
AWT mnocne nepenecenHoit nHpexiyu. Take BbLIBIEHA
HOCTOBEpPHO 0OOJIee BBICOKAs YaCTOTA CaxapHOro puabera
1-ro TumHa y CHOpTCMeHOB, nepeHecmnx COVID-19, B cpas-
HeHNN C HeOO/IeBLINMIL.

YuureiBast 60/ee YacToe BBIABIEHUE AYTOMMMYHHBIX
SHIOKPMHHBIX 3a00JI€BAHUII Y CIIOPTCMEHOB-IIOPOCTKOB,
neperecminx COVID-19, He3aBUCHMMO OT TsDKecTH 3a6o-
JIeBaHVsI, B CPaBHEHUM C He OOJEBIINMH CIIOPTCMEHAMH,
HeOOXOIUM PETy/ISIPHBIIl CKPUHUHT HepeOoIeBLINX BUPYC-
HOII MH}eKUMel CTIOPTCMEHOB C UCCTIENOBAHNEM OMOXMMM-
YecKoro mpouii U TOPMOHAIBHOTO CTaTyca I paHHeN
AMATHOCTUKY 3a00/IEBAHNS U CBOEBPEMEHHOIO Ha3HAYEHMS
JIe4eH .
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Bxknap aBTOpOB:

TensieBa Erena AHaronbeBHa — c60p Marepuaia, BefeHye 6asbl
IAHHBIX, HANMCAHNE CTaTbM.

Typosa Enena ApHOIbIOBHA — pefaKTPOBaHMe CTaThl, BHECe-
HUE KOPPEKTUB.

BapruneBa Bukropusi AcmaHGeKOBHA — KOHIL[ENIVS CTAaTbM, pe-
TAKTUPOBAHMNeE.
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AHHOTAD A

Ienp MccnegoBaHMA: IPOBECTY CHCTEMATUYECKNiT HONCK U 06001IeHNe Pe3yTbTaTOB PaHAOMMU3NPOBAHHBIX KOHTPOMMPYEMBIX MCCIeTOBAHNIL,
OLICHMBAOIIVX BIMsAHME KodenHa Ha pabOTOCIIOCOOHOCTD CIIOPTCMEHOB-EfMHOOOPIIEB.

Martepuaibl 1 MeTOfbL: ViccnenoBaHme 65110 IpoBefeHO B cooTBeTCTBIM ¢ PRISMA 1 PRISMA-P. ITouck nuteparypsl 6e3 orpaHndeHnii o fare
U A3BIKY OCYIIeCTB/IAICA B 6a3ax faHHbIX PubMed, Cochrane Library, Epistemonikos 1 eLIBRARY.RU. B kadecTBe CTaTHCTN4ECKIX METOJIOB MCIO/Ib-
30Ba/IMCh METAAHA/IN3 U METAPETPECCHOHHBIN aHAN3.

Pesynbratsr: [To pesyabraTaM IOMCKa Hamu ObUIO HaiifeHO 218 mccaenoBaHmil, 24 M3 HUX COOTBETCTBOBAIM KPUTEPUAM BKIIOUEHUSA U ObUIM
BKJ/IIOUEHBI B CHCTEMATHYecKuit 0630p. B MeTaaHanus 6bIT0 BKIIOUEHO 16 MccnefoBanmil. Pe3ynbTaThl MeTaaHa/mM3a IPOAEeMOHCTPUPOBAIN OTCYT-
crBie 9 dexTa KodenHa Ha pe3yIbTaThl CIIEIMaTbHOIO J3I0fJ0-TECTa, YPOBEHb BOCIPIMHIMAEMOIT HATPY3KI, CKOPOCTHO-CI/IOBbIE TIOKA3aTeNH, MOLI]-
HOCTb M BBICOTY IIPBDKKA, CUTIOBYIO BBIHOCTUBOCTD B CIIEIM(pIUUeCKOM [3I0[I0-TeCTe, MH/EKC CIelMaIbHOrO A310/10-TeCTa, a TakxKe 00Ijee KOMNYeCTBO
6pocKoB 11 6pOCKOB BO BTOPOM MOAXO7ie. MeTaaHa/m3 IPOAeMOHCTPUPOBAJI HOTOKUTENbHOE BIMAHME KodenHa Ha pe3y/IbTaThl pa3TNYHBIX Crienm-
JeCKIX TeCTOB JI/Is TX9KBOH/VICTOB, a TAK)Ke Ha KOMIMIeCTBO GPOCKOB B IIEPBOM I TPEThEM IIOfXO/Ie CIIeI[1aIbHOTO fi310f0-TecTa. IIpn orerke ¢usno-
JIOTMYEeCKMUX peaKlnil Hab/IIofanoch OTCYTCTBYE Pas/IMdMil B IIMKOBBIX 3HAYEHNSIX YaCTOTHI CEPHIEYHBIX COKpAIeHNIT. Bbl/Io IpoeMOHCTpUpOBaHO
CTaTMCTHYECKV 3HAYMMOe yBeldeHNne MMKOBbIX 3HAYeHNMIT /TaKTaTa KPOBM MOC/Ie CUMYTMPOBAHHbBIX 60€B.

3axmroueHne: Yorpebnerne KopenHa He OKa3bIBaeT CYIlECTBEHHOTO BO3/IENICTBIS HA MOBBIIIEHNE 00X (UIMIECKNX TTOKA3aTeNell, a TaKxKe
Ha [0Ka3aTe/IM, CBA3aHHbIE C HATPY3KOII ¥ Cep/iedHOI! IeATeNbHOCTDIO Y CIIOPTCMEHOB-efMHOO0pIIeB. TeM He MeHee BO3MOXKHO TTOJIOXKUTE/TbHOE BIIVA-
He KoerHa Ha OT/eNbHbIE CrielMpuUIecKie OKa3aTeI B 3TON TPYIIIIe CIIOPTCMEHOB.
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The effect of caffeine supplementation on the performance in combat
athletes: A systematic review and meta-analysis

Polina D. Rybakova"*, Alexander V. Meshtel’, Alexander B. Miroshnikov?, Alexey G. Antonov"?,
Vasily D. Vybornov’

" Centre for Sports Innovative Technologies and National Teams Training of the Moscow City Sports Department (Moscomsport),
Moscow, Russia

2 The Russian University of Sports “GTSOLIFK’, Moscow, Russia

3Educational Institution of Physical Culture and Sports Association “Junost’ Moskvy” of the Department of Sports of the City
of Moscow, Moscow, Russia

ABSTRACT

The aim: of the study was to conduct a systematic search and generalize the results of randomized controlled trials assessing the effect of caffeine on
the performance of combat athletes.

Materials and methods: the study was conducted according to PRISMA, and PRISMA-P. Literature searches without date and language restrictions
were performed in the following databases: PubMed, Cochrane Library, Epistemonikos, and eLIBRARY.RU. Meta-analysis and meta-regression analysis
were used as statistical methods.

Results: we identified 218 studies from the search, of which 24 studies met the inclusion criteria and were included in the systematic review. A total
of 16 studies were included in the meta-analysis. The results of the meta-analysis showed no effect of caffeine on the results of the special judo test, rate
of perceived exertion, speed-strength indicators (Wingate anaerobic test), jump power and height, strength endurance in the special judo test, special
judo test index, as well as the total number of throws and throws in the second attempt. The meta-analysis demonstrated a positive effect of caffeine on
the results of various tackwondo specific tests and on the number of throws in the first and third attempts of the special judo test. When assessing physi-
ological responses, no differences in peak heart rate were observed. A statistically significant increase in peak blood lactate values was demonstrated
after simulated fights.

Conclusion: caffeine consumption does not have a significant effect on improving overall physical performance, as well as on performance-related
indicators and cardiac activity in combat athletes. However, it is possible that caffeine may have a positive effect on some specific indicators in this group
of athletes.

Keywords: caffeine, ergogenic supplements, biologically active supplements, martial arts, performance
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1. BBegenne B eMHOOOPCTBAX BBI3BIBAET 3HAUNTEIbHOE aHA9POOHOE Ha-

Kodenun (1,3,7-TprMeTUNKCaHTIH) ABIsAETCS Haubosee IpsDKeHMe, COIPOBOXaoIieecss Golee BBICOKUM yPOBHEM
yIOTpe6/IsieMbIM TICHXOAKTUBHBIM BeIeCTBOM B Mupe [1]. JIaKTaTa B KPOBY ITOCTIe COPEeBHOBaHMII [3].
ITpueMm KoenHa MOXET YAyUIIaTh GU3NIECKYIO0 paboTOoCIOo- B 2022 ropy Delleli u coaBT. mpoBemn cucremarmde-
COOHOCTD CIIOPTCMEHOB PA3HOIO YPOBHS 3a CYET IMO3NUTUB- CKuit 0630p 1 MeTaaHa/IU3 ¥ IPYULUIM K BBIBOAY, YTO Ko(e-
HOTO B/IMSIHUSI Ha BBIHOC/MBOCTbD, MBIIIEYHYIO CUIY ¥ aHA3- UH MOXXET OKa3bIBaTh 3PIOT€HHOE BO3[EICTBUE HA LieJIblil
po6HyI0 MomHOCTD [2]. EfunHO60pCTBa 06BIMHO BKIIOYAIOT PSIZ aCIIEKTOB, CBSI3AHHBIX C eguHOO6O0pcTBaMu. OFHAKO 9TI
B ce0s1 MOBTOPHOE BBIIOJIHEHNE TeX WIM VHBIX IIPUEMOB 3¢ deKTbl MOTyT OBITH HUBETUPOBAHBI IIPY OIpPeHeTIeHHbIX
C MaKCHMAaJIbHOI MHTEHCHBHOCTbBIO, IepeMeXxaeMble Heii- 06CTOATENIBCTBAX, YTO YKA3bIBAE€T HA HEOOXOMAVMMOCTD ydeTa
CTBUSIMM HM3KOJl MHTEHCHBHOCTM. BBICOKOMHTEHCHUBHBIN Pa3NTMYHBIX ePEeMEHHBIX pab0TOCIIOCOOHOCTH /IS CO3TAHMS
XapaKTep MOBTOPHBIX YCHINIT OOBIYHO NPUBOAUT K OOIIb- IIPOTOKOJIA MCIIO/Ib30BaHMsl Kodenna [4]. YumrsiBas poct
IIOMY a39pOOHOMY OTBETY BO BpeMs BBIIOTHEHUS YIIPaX- aKTyaJIbHOCTY M3y4eHIsI 9PTOTeHHBIX CPECTB, YBEIMIMNBAIO-
HEHMIA, YTO HOATBEP>KAAETCS JOCTIDKEHIEM IIOYTU MaKCH- UX paboTOCIOCOOHOCTD B eMHOOOPCTBAX, @ TAKXKe aKTy-
MaJIbHOI YaCTOTBI CepPAeYHBIX COKPALIeHMI i IOTpebIeHNns QIBHOCTb M3ydeHns: 9(P(PEKTUBHOCTY PA3IUIHBIX PEKIMOB
KICTIOpOfia BO BpeMA UMMTanyu copeHoBaHuii [3]. Kpome UCIONMb30BaHMA KoderHa B MUPOBOJ HAay4HOI JIMTEpaTy-
TOro, crmeumpuKa COPEBHOBATENbHON  [J€ATEIbHOCTI pe, IpOBefieHIe CHCTEMATNYeCKOro 0630pa U MeTaaHalnsa
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PaHOMUSMPOBAHHBIX ~ KOHTPONMMPYEMBIX  HCCIIE[OBAHMIL
(PKI) no aTol TeMe MOXKHO CYMTATh aKTyaIbHBIM LA CIIe-
LIMJIVICTOB, pabOTAIOIIMX CO CIIOPTCMEHAMI.

Llenp mccnenoBaHus: HpPOBefEHME CUCTEMATUYECKOTO
0630pa 1 MeTaaHa/IM3a C BKIIOUEHNEM B HUX Pe3y/IbTaTOB
PK, oneHuBaoImux Bausiare KodenHa Ha paboTocnoco6-
HOCTb COPTCMEHOB-€eIMHOOOPLIEB.

2. Matepuanpl 1 METOJbI

VccnenoBanue OblI0 TPOBENEHO B COOTBETCTBUU
¢ PRISMA [5] u PRISMA-P [6]. IIporokon uccnemoBa-
Husg ObUI COCTaB/IeH [0 Hadaja [OMCKA M He MEHSJICS
[0 ero OKOHYAHUS U ObUI 3apPerMCTPUPOBAH B MEXIYHa-
popHoit 6ase protocols.io (dx.doi.org/10.17504/protocols.
i0.5jy18dmd8g2w/v1). Tlouck nuTepaTypbl OCYIeCTBISICS
B COOTBETCTBUM C KOHTPOIbHBIMY crickamu PRISMA-S [7]
u PRESS [8] B 6asax JaHHBIX ¥ K/TIOYEBBIM CIOBaM, yKa3aH-
HBIM B Tabimne 1.

BbUI IpOBefieH MONCK «Cepoit» TUTEepaTyphl B 6ase gaH-
HbIX SportRyiv cor7acHO KOHTpONbHOMY CHUCKY Benzies
u coaBT. [9]. OrpaHudeHnit 1o faTe U A3BIKY He YCTaHABIIN-
Bayoch. Kpurepuy BKIIIOUEHNUsT OCHOBBIBA/INCH HA CHCTEMe
PICOS [10]:

P — 3poposbie KBamupUIMPOBaHHbIE CIOPTCMEHbI-eAN-
HOOOPIIBI MY>XCKOTO IT0/1a B BO3pacTe 18 et u crapie;

I — npuem 6monornyecku akTuBHOM fo6aBku (BAIT) xo-
denna;

C — mpuem nane6o;

O — TecTHl, OLeHMBAOLIME TOKA3aTeNMN PaboTOCHOCO6-
HOCTH;

S — paHfOMM3MPOBAaHHbIE KOHTPOJIVPYeMBble HCCIIEHO-
BaHMAL

Il BK/IIOYEHVsT MCCTIEHOBAHNUS B METAaHA/IN3 [JaHHbIE
JO/DKHBI OBITH IIPEICTAB/IEHBL B BIfIE: CPefHee + CTaHApT-
HOe OTK/IOHEHNe.

Kpurepnn nckimodeHns ncciegoBanuit u3 063opa 6bUIn
COBMeCTHBIII pueM Kodenna ¢ gpyrumu BAJl, mpuem aHa-
6ONMMYeCKNX aHAPOTEHHBIX CTEPOMU[OB, MOTpebIeHNe KO-
¢denna u3 mpoaykToB muTaHus (kode, HepreTMUECKye
HAIIUTKY, KBAYKM U T.JI.), MICCTENOBAHUs, MPOBEfEHHbIE
BO BpeMs/TIOC/IE PeNNUTUMO3HOTO IIOCTa, M MUCCIETOBAHIUS,
[IpOBeJieHHbIE [OCTIe HPOLEeRyp (POPCUPOBAHHOIO CHIDKE-
HIsI MAcChI TeJIa.

JIBa aBTOpa 0630pa HE3aBUCUMO LPYT OT APYTa IPOBePsI-
JIVL 3aTOJIOBKM CTaTeil, aHHOTAIMM M, IpU HeoOXOAMMOCTH,
IIO/IHbIE TeKCTHI U3 aHAIU3MPyeMbIx 6a3 gaHHbIX. [Tocrte 3T0-
IO HEe3aBJMICUMO APYT OT APYra U3BJEKAIN CTaTbM, COOTBET-
creyromte PICOS. JTro6ble HECOOTBETCTBUS paspelLIalnch
IyTeM KOHCEHCYCHOro obcyxpeHus. JIiobble pasHormacusa
paspemamich ApyruM aBTopoM. OIleHKa prcKa IpefB3ATO-
CTM IIPOM3BOAWIACH HE3aBUCHMO ABYM: aBTOpaMM IIpX I10-
mouiu Kokpanosckoro nncrpymenta «Risk of Bias 2» (RoB
2,2019) [11]. B cnyuae pasHOIIacuit [pyTroli pereH3e T 110-
BTOPHO ITPOM3BOAMII OLIEHKY, HA OCHOBAaHUM KOTOPOII Ipu-
HIMAJIOCh pellleHNue.

Cmamucmuueckuii ananu3. Jna TpoBefeHUA MeTa-
aHa/MM3a MCIONb30BANIACh MOJEIb CIyYalHBIX 3(PQEKTOB.
AHaju3 6bUT BBIITOTHEH C MCIIO/Ib30BAHIEM [IPOIPAMMHOTO
ob6ecneuyenns Review Manager Bepcun 5.4 1 s13bIKa IIPOTpaM-
muposanus R ¢ maketom meta. B xauectBe mMepsr addexTa
UCIIONB30BaIach pasHuua cpegunx (Mean Difference, MD)
¢ 95% moBepuTeNbHBIM MHTepBamoM. OIleHKa reTeporeH-
HOCTY HPOBOAM/IACH C IIOMOIIBI0 CTATUCTUKM [°, COIMTACHO
NPVHATON MHTEpPIpeTanun, npyu sHadeHuu I* > 40 % rere-
POTEHHOCTb CUMTaNach BBICOKONM. MeTaperpeccus NpoBo-
AWIach MpHU IOMOIIY IpOrpaMMHOro obecmedennsi RStudios
C MCronp3oBaHyeM makera metafor. Bsutn paccumransr Ko-
apuiments perpeccun () ¢ 95% IV, pons 06bscHEHHOIT
reteporeHHoctH (R?) 1 0cTaTO4HAs HEOTHOPOFHOCTD (T7).

3. PesynbTarsl

B pesynbrare moncka 66110 06HapyKeHo 218 nccienoBa-
HMIf, U3 YMC/IA KOTOPBIX OBIIO MCKIIOYeHO 14 fy6muKartos.
JanpHeimeMy aHanm3y nopseprnuch 204 mccnenoBaHus,
U3 KOTOPBIX KpUTEPUAM BK/IIOUEHMsI COOTBETCTBOBAMM 24.
brnox-cxema PRISMA mpepcTaBieHa Ha pucyHKe 1.

180 mccnemoBaHMII ObUIM MCKIIOYEHBI 3a HECOOTBET-
ctBue KputepuaM PICOS: yqacTHMKM He JOCTUI/IN BO3pacTa
18 net [12], xombuHaruu kodenna ¢ gpyrumu BAJl/HyTpu-
eHTami [13, 14], skcriepuMeHTaTbHOE BMEIIATETbCTBO IOCTIE
mpoLenypsl GOPCHPOBAHHOTO CHYDKEHMsI Macchl Tena [15],
9KCIepUMeHTaIbHast popMa KodenHa B BUfie XKeBaTeTbHOII
pesuHKM [16], sKcIiepyMeHTaIbHOe BMEIIATEIbCTBO MOCTIe
pemuruosHoro mnocra Pamapman [13], ucnbITyeMble — >eH-
muusl [17, 18]. IIpu orjeHKe prcka IpegB3sTOCTH ObIIO 06-
Hapy>XeHo, 4TO A5t 66,6 % PKV 0611i1it prcK IpefB3aTOCTI

Ta6bnnuma 1

KnroueBbie cioBa JUIA IIOVICKA TUTEPATYPBI

Table 1

Keywords for literature search

basa jaHHBIX KiroueBsle c10Ba 1 TepMUHBI
PubMed «caffeine»[MeSH Terms] AND «martial arts»[MeSH Terms] AND «athletic performance»[MeSH Terms]
Cochrane Library caffeine in Title Abstract Keyword AND martial arts in Title Abstract Keyword
Epistemonikos (title:(caffeine) OR abstract:(caffeine)) AND (title:(combat sports) OR abstract:(combat sports))
Elibrary kodenH, Kode, eAnHOO0PCTBA, pabOTOCIIOCOOHOCTD, IProreHHast IIOMOIIb
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Puc. 1. bnok-cxema PRISMA
Fig. 1. PRISMA block diagram
ITpumevanne: BAJ] — 6uonornyecky akTuBHas fob6aBKa.

OB/ OIIpefieTeH KaK «yMePeHHbI», a [ist 33,3 % — Kak «HM3-
Kuii» (puc. 2)

B rabmuue 2 npencrasneHo pesiome PKIL, coorBeTcTBY-
10)111070.€ KPI/ITepI/IHM BKJ/IIOYEHUA.

4. PesynpraTsl MeTaaHa/IN3a

Pesynvmamot He 6cex UCCIETOBAHMIL, BKIIOUYEHHbIX B CU-
CTeMATUIECKIIT 0630P, MOXKHO OBIIO MCITONB30BATh B META-
aHa/ms3e, YTO OBIIO CBSI3AHO C OTCYTCTBMEM JOCTYIIHBIX IaH-
HBIX [y aHanmsa [19, 21, 23, 26, 29, 30, 32-34, 36-38, 40, 41]
n 06'beIII/IHeHI/IeM pCSYHBTaTOB CpeIU/I My)K‘H/IH U JKEHIIVNH
[22, 35]. Takum o6pasom, B MeTaaHaaU3 ObIIO BKIIOYEHO
16 uccnemoBaunmit [20-25, 28-32, 34, 36, 37, 40, 42].

CrnienmanpHblii g31010-1ecT (special judo fitness test

(SJFT))

Ouenka SJFT (unpmekc, %) BKmoyana B ceOd [Ba MC-
cnepoBanus u 4 cpaBHeHwus [24, 32] (puc. 3). AHanus mo-
KasaJl OTCyTCTBHUE Pa3In4uii MeXAy Iiane6o u xopenHom
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(MD =0,09; 95 % O11: -0,41; 0,59, p = 0,84), reTeporeHHOCTDb
IIPY 3TOM OTCYTCTBOBAJIA.

YpoBenb BoCIpMHIIMaEeMOIl HATPy3KI

(rating of perceived exertion (RPE))

B amamus RPE Bommo 12 wmccnegoBanmit [20, 23-25,
28-30, 32, 34, 36, 40, 42] (puc. 4.1), oLleHKa CyMMapHOTO
a¢ddexTa He MOKa3aIa CTATUCTUYECKN 3HAYMMBbIX Pas3/INyuii
MeXAY I1ane6o 11 KopenHoM Ipy BBICOKOM YPOBHE reTepo-
renroctyt (I> = 71 %). B cBsA3U ¢ 3TUM GBI IPOBENIEH aHATN3
nogrpyni. IIpy aHanuse IOATPYNI pasnnymii Tak)Ke He Ha-
6/II0aI0Ch KaK Py HMU3KMX LO3UPOBKax (< 6 mr/kr MD =
-0,11;95% [11: -0,78; 0,56, p = 0,74), Tak u ipu 6071ee BBICO-
KX B03MpoBKax (st = 6 mr/kr MD = -0,22; 95 % JU: -0,63;
0,19, p = 0,30). OgHako aHA/IN3 HU3KMX JO3MPOBOK IOKa3asl
BBICOKYIO reTeporeHHocTh (I° = 81%).

AHa}H/I3 tIyBCTBI/ITeIII)HOCT]/I HyTeM VICKITOYEHUA UNCCIIe-
ToBaHUI BBLABMI (puc. 4.2), 4TO IPU UCKIIOYEHNI UCCIIENO-
Banusa Ouergui u coaBTopos 2023 rofa ¢ y4yacTueM 3MUTHBIX



Puc. 2. OueHka pucka npeaB3saTocTu
Fig. 2. Risk of bias assessment

CIIOPTCMEHOB YPOBEHDb I€TEPOTeHHOCTH CHIDKANCA o I* =
6%, OMHAKO 3TV M3MEHEHUA He IPUBEIN K CTaTUCTUYECKU
3HAYMMBIM PA3NINIISIM MeXAY KodennoM u mianebo (MD =
0,18; 95% I1: -0,12; 0,47, p = 0,24).

C uenbi0 BBISBIEHMS MCTOYHUKA TE€TEPOTEHHOCTU Me-
TaperpecCUOHHBIN aHammM3 ObUT mpoBemeH masi RPE, Tak
KaK TOJIbKO [AHHBIN ITOKa3aTeab OLIEHMBAJICI B HOCTATOY-
HOM KojIM4ecTBe MccaenoBanmii (n > 10) cpeny mokasare-
JIell, MMEOIMX BBICOKYIO I'eTepOreHHOCThb (puc. 5). B ka-
YeCTBe KOBApMAThl PacCMATPUBANAch SO3MPOBKA KodenHa.
PesynmpraThl MeTaperpecCOHHOrO aHaMM3a He MOKas3am 3a-
BUCHMOCTI BeIMIMHBI 3PeKTa OT FO3NPOBKU, TOTPebIs-
emoit cioprcmenamu (B = 0,104, 95% IV: -0,139; 0,348),
U, HO-BULUMOMY, He 0OBACHSIOT BBICOKYIO [€TEPOT€HHOCTD
(R?=0%, 1> = 0,439, p = 0,407).
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B rabnuie 3 mpepcTaBieHbl Pe3yabTaThl MeTaaHA/IN3a
BIMSAHMA KodenHa Ha (MU3MONOrnIecKye IapaMeTphl 1 ma-
paMeTpbL HaI‘pySO‘IHI)IX TECTOB.

VccnenoBaHust MOKasamy OTCYTCTBME Pas/INduil MEXAY
KodenHoM U marebo B TecTax: BuHreitTckuit aHaspoOHBIIT
TECT, IMKOBAsI YaCTOTA CEPIETHBIX COKPAIIEHNIT, XUM JIeXa
(MakcuMabHasA MOITHOCTD), XuM nexa, CMJ, JGST, SJFT
(ob1ee kom-Bo 6pockos), SJFT 2 rect u SJFT 3 tect. U3 aTnx
TECTOB BCErO B ABYX IapaMeTpax OblI 0OHAPY>KeH BBICOKUIT
yposenb rereporennoctu — SJFT 3 tect, BAnT, (muxo-
Badg MOH.[HOCTI)). 133394 IIPOBEIEH aHAIN3 tIyBCTBI/ITeTIbHOCTI/I
HyTeM IIOOYEPETHOIO MCKITIOYEHNA I/ICCIIe]IOBaHI/H/uI n3 Mme-
TaaHa/lN3a, B pe3yJbTaTe 4ero YpOBEHb I'eTEPOreHHOCTU
B BAHT, (mukoBast MOITHOCTD) cHuU3WICH 1O 0%, OgHAKO
Ha HAaIIPaB/IEHHOCTb 9 PeKTa 3TO He MOB/MSIIO U PA3TNINS
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Tabnuma 2

Omnucanue CCIETOBAHNIT, BOMIETIINX B CHCTEMATITIECKIIT 0030P

Table 2

Description of studies included in the systematic review

CcpUIka Ionynanusa JIusaiin AHanusupyeMble HapaMeTpbl PesynbraTsl
5 mr/kr MT CAF wn
Aedma foraty- PLA 3a 30 musyT TUCC, TLa Mexpy TecTamMu 1ocie npuemMa
IPKUTCY IO 4eThIpeX 6-MUHYTHBIX | AHaspOOHast MOLIHOCTD, La, RPE,
1 COaBT., CAF. MoxHO IpeAnonoxuThb, 4o CAF
n =14 (25,3 + | CHpUHTEPCKUX TECTOB RPE, YCC
2013 [19] 4,9 ropa) IJIA BEPXHIX KOHEU- MOXKET IIPENATCTBOBATh BOCCTAHOB/IEHNIO
HOCTeN
Santos TxskBOHZO 5 mr/xr MT CAF
1 COABT n=10 (2'2 94 PLA 3a 50 MunyT TecT Ha ckopocTh peaknu, La, CAF !Bpems peakIjuy 1 3aMefI/IsAT HACTy-
2014 [2'5’] 7 3_r0;(a) >~ | mo mByx 60eB (c unTep- | RPE, YCC IUIEHVIE YTOMJIEHMS
’ BaJIoM B 20 MUHYT)

. AF 1 i -
Lopes-Silva | TxaxBoH0 3 mr/kr MT CAF win La, RPE f1o u mocre kaxioro CCKI/Iﬁ BEE:HH;:;If:g:;ly;;g?:?g:;?;iMﬁ
M COABT., n=10 21+ |PLA 3a60 muH o cumy- |paynpa. HCC, W, ., W__, W i a

AER” TTPCR> T [Lac] B pabortocnioco6rocty, RPE min mapacum-
2015 [26] 4 ropa) nAuyuu 60s BO BpeMs 6051 .
TIATHYeCKOIl peaKTNBAIVIN
PLA, NaHCO, (B 3 mosax
c uaTepBasoM B 30 mu- |3 SJFT ¢ nepepbiBaMy B 5 MUHYT. NaHCO,+CAF tpaborocnioco6HoCTh B
Felippe Hson0 HyT; 0,1 r/kr MT 32 120, | Konuentpaumsa La nsmepsnacs o u | SJFT no cpasrennio ¢ PLA. TIpoToxorsr
U COaBT., n=10(23% |90 1 60 MMHYT 7O Te- yepes 1 munyTy u 5 munyt nocnie | CAF wnu NaHCO, He 61 cTaTncTmde-
2015 [30] 5 roma) cra), CAF (6 mr/kr MT; | kaxpgoro SJFT. RPE onjeHuBascs 1mo- | CKM 3Ha4MMbIMY /1Y IMEIY MEHbIIIII
3a 60 MUHYT IO TeCTa) cite Kaxporo SJET pasmep addexra
u NaHCO’® + CAF
CAF Tnokasatenp guHamoMmeTpun, CMJ,
. . : 8 MSL
Diaz-Lara Poraaty-porcur 3 mr/xr MT CAF Hunamomerpus, CM]J, rect MSL, Bpems, sapurcposanioe 5 recre MS
cy Ha 11IM, MakcuManbHYI0 MOLUTHOCTbD,
U COaBT., PLA 3a 60 MmunyT 10 Te- | 1M nexxa Ha 11IM 1 nopropenus
2016 [20] n=14(292+ cTOB 10 0TKasa IIOJTy4E€HHYIO BO BpEMs TECTa Ha CUIOBYIO
3,3 ropa) HarpysKy U CPEIHIOI MOIHOCTb BO BpeMs
KVIMa JIeKa 70 0TKa3a
CAF TBpeMs HacTyHaTeNTbHBIX TeMICTBUIL
B o6oux 60s1x, a Takxke TLa, Tpaborocmo-
Iixauy- 3 /e MT CAF s Huuamomerpus, CM]J, rect MSL, COGHOCTD BO BCEX TECTAX, IPOBEIEHHBIX
Diaz-Lara >1<1/1Tyc " PLA 52 60 MUHYT IIMKOBas MOIIHOCTD B yIIPQKHEHUM | Ilepef epBbIM 60eM, HEKOTOpbIe YIy4-
1 COaBT., 'E 14 (2); 2t 02 cvonemt ZBaHHbIX Ha >XMM JIeXa n La, usMepsmmce: IIEHNs COXPAHMIIICH IIOCTIE TIePBOro 6051
2016 [21] ;3 o ai - goeB Aemmp nepes mepBeIM 60eM 1 cpasy nocie | (Hampumep, Tect MSL u ynpakHeHue Ha
2 TOR [IepBOro U BTOporo 60eB >xuM ntexxa). [Tocie Broporo 6051 3HaYeHNUs
BO BCeX TecTax 6pumn cxoxu Mexy CAF
un PLA
Bpems peakuny u MblIIEYHYIO ;
AKTMBHOCTD M3MePS/IN 32 63’ MUHYT Ipuem CAF L Bpems peaiuu npamoit
o puema CAE 1t PLA. epes MbILIIBI Gefpa Ha 29 % u Bcero Ha 5,5 %
Cortez Tx3KxBOHIO Ao Tip > 1P 1ocyIe yToMIAonero crumyna. CHIDKeHus
5 mr/kr MT CAF umn 60 MMHYT IMOC/IE IpUeMa ¥ TIoCTie
M COaBT., n=16(22,8+ PLA TOMIAIOIIEro cTyMyia. TToBepx- BpEMEeHM peaKIuy B JPYTUX MBIIIIAX 00-
2016 [27] 4,7 rona) iOCTHaH ;er - yB(; s eM;I: Hapy>XeHO He Ob1/10. VI3MeHeHNIT aMIUIUTY-
1 Up nel OMI He Hab/II0a/IOCh HU B OHOM U3
BBINIOJIHEHMA yapa Horoi («Jomo .
garu) ycrnoBui
CMyJ, mianmometps, JGST, 06- CAF T npenionaraeMblit TIMKOMTUTH-
Athayde Hson0 5 mr/xr MT CAF umn PasIbl KpOBHU. 3aTeM CHOPTCMEHbI weckuit Ekﬁa B Teverue Maryeit: CAF
U COaBT., n=14(22,5+ | PLA 3a 60 MuHyT OBV TTpefCTaBIIEHbI /IS TPEX He BE3BAL If[ LeHus He BHO—I\:H:ILHe‘-I—
2018 [31] 5 ropma) 710 TECTOB 5-MUHYTHBIX MaT4eli ¢ 15-MUHYT- yryd . P
N A——— HBIX ITOKa3aTesiell WV KOIMIeCcTBa aTak
Coswig Boxe 6 mr/xr MT CAFymn | \CC 1 RPE 10 n nocre xaxcnioro us
1 coaBr n=10(259+ | PLA 32 30 munyT Tpex 2-MUHYTHBIX payHJ0B, tepe- | CAF TrpomomxuTenbHOCTb BHICOKOMH-

2 T Y Me>XKaeMbIX 1-MUHYTHBIM BOCCTa- TEHCUBHBIX JeMICTBUI

2018 [36] 5,2 ropa) IO cuMysALuy 60st

HOBJICHUIEM
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Tabnuma 2. IIpogomkenne

Table 2. Continuation

CcblKa Tonynsauus JTusaiin AHanu3upyeMble MapaMeTpbI Pe3ynbraThr
La, punamomerpus, CM]J, BAHTso.
Bo Bpews cearicon berncrpnpo- CAF TaHaspo6HyI0 pab0TOCIIOCOOHOCTD,
Ba/much ganHble IMI 6obIoN
Y4acTHUKM IIOTydann . . He B/IUAA Ha akTMBHOCTb OMI 1 ypoBeHb
San Juan boxkc ATOMMYHOI MBILILBI, IBYITIABOM
6 mr/kr MT CAF unn . YTOM/IAEMOCTH B HVDKHUX KOHEYHOCTAX.
U COaBT., n=8(22+ MBIIIIITBI Genpa, J1aTepasibHOM 1N~ .
PLA 3a 60 MunyT . . | BpITO OTMeYeHO T HEpPBHO-MBIIIEYHOI -
2019 [37] 1,7 ropa) POKOIT MBIIIIIBI efipa, TaTepaabHON
TI0 TeCTVPOBAHMN . (eKTMBHOCTY HEKOTOPBIX MbILII 1 TCKO-
TOJIOBKY MKPOHOYXHOI MBIIIIIBI
. . pocTu peakuun
U HepepHelt 60ble6eprioBoil
MBIIIIBI
PLA, CAF (10 mr/xr
MT), CAF (4 mr/xr MT), | Vimutupyemslit Typaup (5 mo-
noBropHas go3a CAF €IVHKOB 10 60pbbe, COCTOAIMX 13
BonpHas (2 wr/xr MT nepep 2 paynjioB o 3 muryTsi), PWPT CAF ~6 mr/kr MT, MHOTOKpaTHO BBO-
Negaresh Ka)X/[BIM OEVTHKOM MIPOBOAMIICS 6 pa3 B KaXK/JOM 9KCIIe- )
6opnba N IVIMBIT B HU3KMX Jo3ax (~2 mr/kr MT)
Y COaBT., 1o obiert ;03b1 10 Mr/kr | pumenTanpHoM uctsirannu. YCC,
n=10(24+ obecreun HanbOIbIIYIO NOMb3Y A/
2019 [38] MT) nnu Beib6opounoro | mokasatenu RPE u La usmepsince
3 ropma) paborocriocobHOCTH
npuema CAF Ha ocHOBe | Bo BpeMst 6a30BOTO M3MepeHMsI
paHee M3MepeHHOTO U HeTIOCPEICTBEHHO Iepef U Moce
CHIDKEHVS pabOTOCIO- | KKZOTO MaT4ya
cobHOCTH
Durkalec- Tlsi010 PLA u Tpu mpoTokosna CAF 6 1 9 mr/xr MT 1SJFT, B TO Bpems
. . 1 .
Michalski n=22 (21,7 + CAF (3, 6 wnn SJFT, RPE 1 UCC Kak 9 Mr/kr MT 160eByIo akKTMBHOCTD
U COaBT., 3.7 roma) 9 mr/xr MT) 3a 60 MUHYT 3 mr/kr MT He mmokasanay HIMKaKOIO II0JI0-
2019 [32] ’ IO TecTa SKITEIbHOTO 3proreHHoro apdexra
PLA, CON, CAF
(6 mr kr/MT),
I;zli(lio_i\(lgﬁ (r: CK)I;»/N([J?F T TTE nocrne notpebnenns CAF,
Rezaei Kapare ) > | KSAT. TTE, RPE u La uamepsmicy | NaHCO, u CAF + NaHCO, 110 cpaBHeHu10
notpebsiics 3a 50 MyuH 3 3
¥ COaBT., n=10 (20,5 + o0 KSAT. B T0 BpeMsI o, cpasy mocne u yepes 3 MuHyTbl | ¢ PLA n CON. OpHako pasnmuns Mexay
2019 [40] 2,4 ropa) A ’ p nocie KSAT CAEFE NaHCO, u CAF + NaHCO, He 6b11m1
kak NaHCO, notpe- 3 3
) CTAaTUCTUYECKY 3HAUMMbIMU
On1s171cs B TedeHme 3 He
1o u 3a 120, 90 1 60 Mun
1o KSAT
de Azevedo |MMA ;E‘:ﬁ; é\g{dgﬁimnm RTIPE n RTIME onenuBamich CAF He npuBe K yBeIMYEHNIO YaCTOTHI
¥ COaBT., n=11(27,6 + 6 Thex IOLKO. YOB a [0 Hayasla IIPOTOKOJIA, a II0C/Ie HETO | YIapOB, CPEIHEN ¥ MaKCUMaJIbHO CHUJIbI
2019 [41] |43 roma) EOB gymﬁ’l OB YA3™ | pukcuposanacs RPE yaapa, RTIPE, RTIME u RPE
5 mr/xkr MT CAF win
' PLA 3a 60 MmuHyT 0 cut- | Cpasy mocje KaXgoro 60st oreHm- CAF He BbI3BAT M3MEHEHIL B TeXHIe-
da Silva Hsono MY/IMPOBaHHBIX 60€B Baznca RPE, sa MunyTy o Hayana
CKMX TTOKas3aTenax (KOMM4ecTBO aTak,
1 COaBT., n=12 (23,1 £ |(tpu 5-MMHYTHBIX 605, |BTOpOrO M TpeTbero 60es — RPR.
2019 [33] 4,2 ropa) pasfieneHHbIX 15 Mu- AHanmM3MpOBaIICh TEXHUYECKIE O GEKTUBHOCTE, It PesyLTATUBHOCTS) i
’ B 1x RPE nmm RPR
HYTaMM ITaCCUBHOTO HaBBIKI
OT/IbIXa)
CAF TBBICOTY IIpBDKKA Ha BYX HOTaX,
Feninder |19 MT AP
U COaBT., A Y PLA 3a 60 MmynyT CM)] Ha opiHOI! 11 BYX HOTaxX paii ’ HeHtTp YIIbG,
2021 [22] n=38(215+ 110 CMJ [IMKOBYIO MOLIHOCTD, MOAMUIMPOBAH-
3,7 ropa) HyI0 RSI 11 3KCIIeHTpIIecKyIo CpefHIon
CHTTY TOPMOYKEHIIS
Carmo Tlsi010 5 mr/kr MT CAF nnn Cnla BepXHUX U HIDKHUX KOHEU-
M COABT e g (214 + PLA 3a 60 MmyHYT [0 1 Hocren, SJFT, C)XKK, moueBas CAF oxasas 9proreHHsIi 61OXMMITYeCKIIT
2021 [ 3;1’] ) r_ona) >7 7 | mocie KaX[joi TpeHu- Kucnora, La, rmokosa, YCC, nngpexc | apdext u TpaborocnocobHoCTH

poBku (a31070)

YTOMIIEHU A
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Tabnuma 2. IIpogomkenne

Table 2. Continuation

CcpUIka Ionynanusa JIusaiin AHanusupyemble HapaMeTpbl PesynbraTsl
Ky -oKuT-
&y
1
Lopes-Silva |n =8 5 wr/ke MT CAF CAF 3Ha‘1]/['1:eIII>HO ob111ee KOIM4ecTBO
Yetsipe cepun JGST ¢ 3-MUHYTHBI- | TOBTOPEHUI U MAKCUMAJIbHYIO NU30METPU-
¥ COaBT., 31010 PLA 3a 60 MmynyT
MU MHTEpBaaMyl BOCCTAHOB/IEHNA | 4ecKylo cuiry xBaTa pykamu. TRPE, YCC
2022 [23] n=2 1o JGST .
u La MHeitHO Ha IIPOTAKEHUM BCEro TecTa
(252 +
5,3 ropma)
CAF 3 mr/kr MT u 6 mr/kr MT Tnuxo-
JKum nexa ¢ 50 % or 1IIM, BYI0O CKODOCTD LITAHTY B yIIPa>KHEHUN
Krawczyk Tsioz0 PLA, CAF BK/IIOYasA TPY IIOAXO/IA IO TP SKVIM JIeKa ¥ CPEJJHIOI0 CKOPOCTD IITaHI U
B IIOBTOPEHN; YIIPa)KHEHVE Ha TATY | B ypaxkHeHun TAra nexxa. CAF 6 mr/kr
M COaBT., n=6(24,1+ |(3u6mr/kr MT) 3a
nexa c 50 % ot 11IM, Bxmrovas Tpu | MT Mr T cpefHIo0 CKOpOCTD IITAHIU B
2022 [35] 4,7 roga) 60 MIHYT O TeCTOB
nozixopa 1o Tpu nosropenus; CMJ; | ynpaxnennn >xum nexxa. Kak CAF 3 mr/kr
nuHaMoMeTpus; JGST MT u 6 mr/xr MT TxonndecTBo moBTOpE-
Huit B JGST
. CAF tpa6orocriocobHocTs B Tecte SJFT,
Merino- Hoxmy-
. 3 mr/xr MT CAF \BocpuATHe yCTanoCTH, T CUITY U BbI-
Ferndndez IKUTCY
o CORBT n=11(22 + PLA 3a 60 munyT o te- | SJFT u cumymsauun 60s HocmuBocThb. CAF He ynyuman arakyio-
2022 [24] 4 roza) CTOB e 11 060pOHNTENIbHBIE TEXHNYECKIE
IEeICTBUA BO BpeMs CUMY/IALUM 6051
, 3mr/kr MT CAFwmt | 1o )0 pier (10 ¢), FSKT (moro-
Ouergui TxskBOHZO PLA c ninomeTpuye- . CAF un nnnomerpuyeckas akTMUBHOCTD
) kparsblit). MPSS, SVS u FS anam-
U COaBT., n=10 (17,5 = | cKoit aKTUBHOCTBIO Tpa60T0cn0c06HOCTb, 110 CPAaBHEHUIO C
3MPOBANINCD JIO ¥ TIOCTIE /IS BCEX
2022 [28] 0,7 rona) u 6e3 Hee 3a 60 MUHYT . pasfe/IbHBIM UCIIO/Ib30BAHNEM
ycnoBui
10 TeCTOB
Tx3KBOHIO
n =16 (anut-
. 4 7 1 -
Ouergui Hble 18,2 + PLA, CON, CAF TSAT, FSKT (10 ¢), ESKT (woro- CAF B 6onblueit Mepe TpaboTocroco6
M COaBT., 0,8 ropia; cy6- | (3 Mr xr/MT) 3a 60 Mu- . HOCTb Y 9/IUTHBIX MY>KUYIMH II0 CPAaBHEHIIO
KpaTHBIIt)
2023 [29] 9/IUTHbBIE HYT 0 TECTOB ¢ cybanuTHbIMK My>xxunHamu i FSKT
17,7 %
0,8 roa)
Paibakosa BonpHaa PLA, CAF (1,5, 3 wmn CAF He yny411anym cKOpoCTHO-CUIOBbIE
6opnba oKasarenyu paboTOCIOCOOHOCTI 1 BOC-
U COaBT., 6 mr/xr MT) sa 60 munyT | BAHT, Ha pydHOM 3promerpe
n=5214+ 0 CTaHOBJIEHNA IIOCTIE IIPJieMa Pa3/INYHbIX
2024 [39] mo BAHT
2,4 Tona) 30 TO3MPOBOK
BAHT, , aspobHsiit TecT Bproca,
30 AF MT * -
Saremi Kux6okcunr | PLA, CAF (3 nu 6 Mr/kr | BepTuKanbHblit mpbDKok. RPE, CAF3m6r1/r anaspo6Hyio Nfom
HOCTbD ¥ CWJTy HYDKHIX KOHEUHOCTel, ¢
1 COaBT., n=12(24+ |[MT)3a60 munyt o te- | MIIK, norpebieHne Kucnopoaa Ha
6071e3HEHHOCTD MBIIII] I BpeMsI {0 HACTYy-
2024 [42] 2 ropa) CTOB [IOpOTe BEHTWIALNY U 60JIe3HEH-
TIeHNA VICTOIeHNMSA
HOCTD MBIIIIJ

Ipumeuanue: 1 IIM — ongus noBTOpHbIit Makcumym, BAHT, |

1o ucroiennsa, W

AER

— BuHreittckuit anaspo6Hsii TecT, 30 ¢, MT — macca Tenma, MITK — MakcumanbHoe
noTpebnenne kucnopona, CXKK — cBoboxnmbie sxupHbie KucnoTsl, YCC — dacToTa cepAedHbIX coKpaienuit, SIMI — anekTpomMuorpamMma,
CAF (caffeine) — BAJI xodenna, CON (control) — xourpons, CM] (countermovement jump) — IpsDKOK ¢ KOHTpABIDKeHMeM, FS (feeling
scale) — mxama camouysctBuA, FSKT (frequency speed of kick test) — tecT Ha yacToTy u ckopocTb yaapa Horoii, JGST (judo grip strength
test) — TecT Ha cuy xBara crienduaeckuit A n3ono, KSAT (karate specific aerobic test) — crenngudecknit aspo6HBII TeCT 1o KapaTa, La
(lactate) — xoHIeHTpanus 1akraTa KpoBu, MPSS (mood and physical symptoms scale) — 1mukasbl HacTpoeHA/PUMIECKUX CUMIITOMOB, MSL
(maximal static lift) — mMakcumanbHbIt cTaTudecknit mogbeM, PLA (placebo) — mraue60, PWPT (Pittsburgh wrestling performance test) —
[IuTTc6yprekmit TecT Ha 9ddexTUBHOCTL 60pbOEL, RPF (rating of perceived fatigue) — peittusr Bocnpunmumaemoit ycranoctu, RTIME (readi-
ness to invest in mental effort) — rotoBHOCTB K yMcTBeHHBIM HarpyskaMm, RPE (rating of perceived exertion) — ypoBeHb BOCIIPMHIMAeMOil
Harpysku, RPR (rating of perceived recovery) — orjenka Bocnipuaumaemoro Boccranosnenus, RTIPE (readiness to invest in physical effort) —
TOTOBHOCTD K PM3myeckuM Harpyskam, SVS (subjective vitality scale) — cy6pekTuBHas mkana sxusHecrioco6Hocty, SJFT (special judo fitness
test) — crenmanbHbi g3tofo-Tect, TSAT (tackwondo-specific agility test) — TxakBoHA0-TecT Ha 10BKOCTh, TTE (time to exhaustion) — Bpems

(estimated contribution of the oxidative system) — mpenmonaraemblit BKIafi OKMCIUTENbHOI CUCTeMbl, W

»cr (estimated

contribution of the PCr system) — npepnonaraemstit sxnag AT®-OKp cucremsr, W, (estimated contribution of the glycolytic system) —
TIpefioiaraeMblil BKJIaf, ITVMKOIUTINYECKOM CUCTEMBI.
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Table 2. Continuation

Note: CAF — caffeine, CON — control, CM] — countermovement jump, FS — feeling scale, FSKT — frequency speed of kick test, JGST — judo
grip strength test, KSAT — karate specific aerobic test, La — lactate, MPSS — mood and physical symptoms scale, MSL — maximal static lift,
PLA — placebo, PWPT — Pittsburgh wrestling performance test, RPF — (rating of perceived fatigue, RTIME — readiness to invest in mental
effort, RPE — rating of perceived exertion, RPR — rating of perceived recovery), RTIPE — readiness to invest in physical effort, SVS — sub-
jective vitality scale, SJFT — special judo fitness test, TSAT — tackwondo-specific agility test, TTE — time to exhaustion, W, — estimated
contribution of the oxidative system, W, — estimated contribution of the PCr system, W, | — estimated contribution of the glycolytic system,
1RM — one repetition maximum, WAnT30 — Wingate anaerobic test, 30 sec, BM — body mass, VO2 max — maximum oxygen consumption,
FFA — free fatty acids, HR — heart rate, EMG — electromyogram.

Puc. 3. [lecHasa gmarpamma ans BNusiHus notpebnexus kocdenHa Ha SJFT (nHaekc, %)
Fig. 3. Forest diagram for the effect of caffeine intake on SJFT (index, %)

MeXAY IIare6o 1 KOQerHOM IO-IIPeKHEMY OTCYTCTBYIOT. ObIM OTMedeHbl B paboTax, NMPOBENEHHBIX C YYaCTUEM
Anams uyBctBuTenbHocty B SJFT 3 TecT cHmM3un rerepo- nsrofouctoB [31, 34, 35]. IlomydyeHHbIe pe3ynbTaThl MOXXHO
TeHHOCTDb U HampasieHue s¢dekra. [Ipu ynanenun uccre- 00BACHUTD MHAVBIUYAIbHBIMY OMOMEXaHUIeCKUMY 1 (1-
moBaHus Merino-Fernandez u coaBr. [24] HampaBienne ad- 3MOTIOTMYECKUMY OCOOEHHOCTAMU CPefy TPeNCTaBUTeNel
(exTa 6510 60TIEE BBIPAKEHO U MOSBUINCH CTATUCTUYECKN PasIMYHBIX BUJIOB CHOPTa (B YaCTHOCTM, B MCIO/Ib30BAHUN
3Haummble pazmuus (0,43, 95 %W [0,06; 0,81]), 4To roBo- LMK/Ia pacTsDKeHMsT — COKpallleHMs BO BpeMs IPbDKKa),
PUT O IOTOXKUTENbHOM BIMSHUY KOoenHa Ha JaHHBIN apa- a TAK>Ke B 0COOEHHOCTSIX MPOSIB/IEHNS 3PrOTeHHOTOo 9 dek-
MeTp B CpaBHEHMN C IIIane6o. Ta KoenHa B 60/ree IPOJO/DKUTENIBHBIX YIIPOKHEHMSX [43].
B Tectax Ha nmmkoBble 3HaueHMs ynmakTata, SJFT 1 Tecr,
TecTe Ha YacTOTY U CKOPOCTb yhapa HOroit (B TedeHue IlokasaTenu CHMIbI I MOIITHOCTH
10 ¢) (frequency speed of kick test, 10 s (FSKT-10s)), Tecte MeraaHanus He ToKasan 3HaunMoro addekra kodenHa
Ha 9acTOTY U CKOPOCTb yapa HOroi (HeCKONbKO HabopoB Ha CHJIOBYIO BBIHOCTIMBOCTb BEPXHMX KOHEYHOCTEN B TecTe
YAApOB, C HECKOIBKVMY MHTepBaIaMu oTAbIxa) (frequency JGST [23, 31]. CunoBble XapaKTepUCTUKH, OLleHeHHBIE C I10-
speed of kick test, multi (FSKT-multi)) n Tx3kBOHAO-TE- MOII[bIO KUCTEBOI AMHAMOMETPUM, YIYIIININCD TP IPU-
cTe Ha 70BKOCTb (taekwondo-specific agility test (TSAT)) eMe KodemHa y mpefcTaBuUTeNell KUy-mKUTCy [20, 21],
HAOJIIONA/ICS TIOMOXUTENbHBIIT 9QeKT KodenHa B CpaB- HO He y 60kcepoB [37] u g3topouctos [35]. Y npencrasure-
HeHnu ¢ miane6o. Becero B ogHoM tecte (FSKT-10s) 6b11 TeN JKUY-IDKUTCY Pe3ynbTaThl B YIPAKHEHMM XKUM JIeXa
BBICOKUII YpOBeHb reTeporeHHoCTH (93 %, ofmHaKo IHOCie YIy4IINIICh TIpK pueMe KodenHa npyu BeinonHennu 1 IIM
yHaTeHNs: UCCIeSOBAHUS T€TEPOreHHOCTb OblIa CHIDKEHA U B yIPXHEHNN JI0 OTKa3a, a TAKKe B TeCTe Ha MAKCHMaJlb-
1o 8%, mpu 9TOM HaIPaBIeHHOCTH 3¢ deKkTa He ObIIa 13- HBIII cTaTidecknii nogbeM [20, 21]. OgHaKo pe3ynbTaThl Me-
MEeHEHa, YTO TOBOPUT 06 OTCYTCTBUM B/IMSHUS [eTEePOTreH- TaaHa/MM3a He MPOINEMOHCTPUPOBAIN 3HAUMMOro 3¢ dexTa
HOCTM Ha MCXOJ aHa/Mn3a. Ko(erHa B yBeMYEHUN IMKOBOI MOIIHOCTU B YIpaXkKHe-
HuM XuM J1exa [20, 21]. Cpenyn [310001CTOB He OBITIO OTMe-
5. O6cyKaeHIe pe3yIbTaTOB YeHO Y/Iy4lIeHVs B IIOKa3aTe/IAX CWIbI I MOIIHOCTM BepX-
CM]J HIX KOHeuHOCTel [34]. B MmeTaananuse Warren u coasT. [44]
MeraaHanmus He ToKasan 3HaunMoro addexra kodenHa OBL/IO BBIABUHYTO MIPEATIONONKEHNE, YTO HEKOTOPbIE MBIIIIIBI
B ynyumenyy CM] (BbIcOTa IIpbDKKa Y IMKOBAst MOLIHOCTD) BePXHIX KOHEYHOCTel IMEIOT OTPAaHNIEHHYIO CIIOCOOHOCTD
[20, 31, 34, 37], opHako B psifie MCCIENOBAHUII aBTOPBI OT- K YCUJIEHHOMY PEKPYTMPOBAHMIO IBUTATETbHBIX €JVHUIL]
MeJay yBe/IMYeHUe BBICOTHI IIPBDKKA Y IIpefCTaBUTeNel mpu ynorpebnennu kodemHa. Pasmudus B BO3[ENCTBUM
mKuy-mKuTCy [20-22] u 6okca [37]. VIHble pesynbraThl KOoQenHa Ha BEPXHIOI 1 HIDKHIOI YacTH Tejla ObUIN TakxKe
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Puc. 4.1. JlecHas gnarpamma ans BnusiHUsi noTpebneHus kocenHa Ha RPE
Fig. 4.1. Forest diagram for the effect of caffeine intake on RPE

Puc. 4.2. JlecHas guarpamma Ans BnusiHusi notpebneHunst kocenHa Ha RPE
Fig. 4.2. Forest diagram for the effect of caffeine intake on RPE
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Puc. 5. MeTtaperpeccus BbiNnonHeHa ¢ JO3MPOBKON KOhenHa B Ka4yecTBe koBapuaThbl
Fig. 5. Meta-regression performed with caffeine dosage as a covariate

Tabnuua 3
O61mue pe3ynbTaThl aHAMN3A
Table 3

General results of analysing

BxnroueHHbIE Cymmapnas P (mo/moce ananusa
Tapaverp MCCIIeT0BAHUS BM6OII<’IIS;I (17 MD 95 % M P YyBCTBUTENBHOCTH)
BAHT, , nuKoBas MOIIHOCTD [37, 42] 32/32 0,07 [-0,92; 1,05] 0,89 68/0 %
BAHT, , MuHMMaIbHAsA MOIIHOCTD [37, 42] 32/32 0,22 [-0,10; 0,54] 0,18 0%
BAHT,, cpeiHss MOIHOCTD [37, 42] 32/32 -0,27 [-0,69; 0,16] 0,22 13 %
JTaxTar, nux [21, 25, 31] 38/38 2,12 [0,83; 3,41] 0,001% 0%
YCC, nux [23, 25, 34] 28/28 2,34 [-4,84;9,52] 0,52 0%
JKum nexxa, MakcuManbHas MOL[HOCTD [20, 21] 28/28 0,08 [-0,20; 0,37] 0,57 0%
JKum nexa, nmukoBast CKOpOCTb [20, 21] 28/28 0,45 [-0,08; 0,98] 0,1 0%
CM], n1KoBast MOIIIHOCTH [31,37] 22/22 0,66 [-2,22; 3,55] 0,65 0%
CM]J, BeicoTa [21, 31, 34, 37] 44/44 0,96 [-0,64; 2,55] 0,24 0%
JGST [23,31] 22/22 0,2 [-0,39; 0,80] 0,5 0%
FSKT-10s [28,29] 36/36 2,29 [1,68; 2,89] < 0,00001* 93/8 %
FSKT-multi [28,29] 36/36 4,95 [3,88; 6,01] < 0,00001* 0%
TSAT [28,29] 36/36 -0,33 [-0,46; -0,21] | < 0,00001* 32%
SJFT, ob1jee Kon-Bo 6pOCKOB [24, 30, 34] 29/29 1,06 [-0,81; 2,92] 0,27 0%
SJFT 1 tect [22, 30, 32] 87/87 0,29 [0,09; 0,48] 0,004* 36 %
SJFT 2 rect [22, 30, 32] 87/87 0,12 [-0,17; 0,41] 0,43 5%
SJET 3 ect [22, 30, 32] 87/87 0,33 [-0,03; 0,69] 0,08* 55/37 %

Ipumeuanue: BART,  — Bunreitrckuit anaspo6ubii Tect 30 cexyny, KI' — xontponbras rpymma, YCC — yacToTa cepyiedHbIX COKpaIleHit,
9I' — skcnepuMeHTaIbHas rpymma, CMJ (countermovement jump) — mpbbKok ¢ KoHTpaBIOKeHUeM, FSKT (frequency speed of kick test) —
TECT Ha YaCTOTY ¥ CKOpOCTh yaapa Horoit, JGST (judo grip strength test) — Tect Ha cuny xBara, cnenuduaeckuit s psono, SJFT (special
judo fitness test) — crenyanbHbiit g3on0-tecT, TSAT (tackwondo-specific agility test) — TX9KBOHZO-TECT Ha JIOBKOCTD, ¥ — CTaTMCTUYECKU

3HAYNMBIT 9 deKT, * — mosapneHne sgdexra I0OCIe aHAMN3a TyBCTBUTEIBHOCTIL.

Note: WANT30 — Wingate anaerobic test 30 seconds, CG — control group, HR — heart rate, EG — experimental group, * — statistically signifi-

cant effect, # — appearance of effect after sensitivity analysis.
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oTMeuenbl B Heckonbkux PKI. Black u coasr. [45] coobmmu-
nu 06 yBenndennu (6,3 %) MaKCHMa/IbHOI CIUJIBL B HVDKHeI
(pasrubarenyu KomeHa), HO He B BepxHeil yacTu Tena (cruba-
TeJIM JIOKTS) IIPU OLIeHKe Yepe3 60 MUHYT IOC/Ie IIpyeMa JO3bI
ko¢enHa 5 mr/kr MT. B gpyrom PKU npu npreme xodenna
OBIIO OTMEYEHO YIydlleHNe N30KMHETNIEeCKOrO MUKOBOTO
KpYyTALIero MoMeHTa (%), KOTOPBII YBeIMIMBAJICS C Pa3Me-
POM MBIIIEYHON Ipynmsl [46]. PasMep TpyImbl MBI MO-
XKeT 00BACHATD «3(PeKT PACIONOKEHNUS TPYIIIbI MBIIIL]»,
IIOCKO/IbKY TI'PYIIIIbI MbIIII] HVDKHEI JacTy Tejla OOBIYHO
6orbllle, YeM MBIMIIBI BepxHell dacTu Tena. Croco6HOCTh
KO(l)eI/IHa KaK aHTaroHmucTa afeHO3MHa yCMINBAaTb MaKCH-
MajJIbHYIO0 aKTMBallMl0 Ye€pe3 CTUMYIALNIO HeHTpaHbHOI/uI
HepBHOﬁ CUCTEMDBI I TEM CAMbBIM Y/ITy4lIaTb MaKCMMaJIbHO€E
IIpOM3BOACTBO CHUJ/IBI MOXKET YBEINYMBATBCA C pa3MEpPOM
MBIIIEYHO TPYIIIIBL. Heob6xopuMBbl Ta/bHENIINE UCCIENO0-
BaHUA VI OLEHKN BO3MOXXHBIX pasm/my[ﬁ[ B Cujie BePXHeI/“I
U HIDKHeIT JacTell Te/la Iocye Ip1reMa KodenHa.

SJFT

JaHHBI TecT AB/AETCA HALEXHBIM IIPU OLIEHKE CIIell-
udndeckoit paboTOCIOCOOHOCTH Y HAIOAONUCTOB (B T.d.
MPUMEHUM [JIs1 CIIOPTCMEHOB PA3HOTO BO3PACTa, PACHI
n kBaymoukanuu) [47]. MeraaHa/mn3 IoKa3aa OTCYTCTBUE
pasmumit Mexay mwianebo 1 KoenHoM 110 mapamMeTpy UH-
mexca SJFT, o61ero konndectTBa 6pOCKOB ¥ BTOPOMY IIOAXO-
ny. HarmpoTus, pe3ynbraTel MeTaaHa/IM3a YKasbIBAIOT Ha I10-
JIOKUTENbHOE BVsIHME KOdenHa Ha KOMMYECTBO OPOCKOB
B IIepBoM 1 TpeTheM noaxope SJFT. Hamm pesynbrars! mpo-
TUBOpeyar 6oee panHemy MetaaHanu3sy Delleli u coasr. [4].
Pasnuuust MOXXHO OOBSICHUTD TEM, UTO B 9TOT, Ho/mee paH-
HUI MeTaaHa/Iu3 61)171]/[ BKJ/IIOYE€HBI MCCIeNOBaHMA, B KOTO-
pI)IX HPI/IHI/IMaHI/I y‘{aCTI/Ie KakK My)K‘-H/IHbI, TaK U >XEHIINHBbI,
SKCHCPI/IMCHTaHI)HbIM BMeIIaTe/IbCTBOM BI)ICTyHaHa BAH
Ko(erHa B BUJie XeBaTe/IbHOI pe3nHKL 1 T. . [Ipu aHanm3e
OT/Ie/IbHBIX BOIIEAIINX B CUCTEMATUIECKIIT 0630D MCCTIENO-
BaHMII B OTBET Ha IpyeM KOoQenHa yBeINdnBanoch: obuiee
KOIMIECTBO 6POCKOB [24, 30]; 0b1iee KomMuecTBO GPOCKOB
U KOIIMYeCTBO OPOCKOB B IIEPBOM U TpeTheM payHfe (Ipu-
4yeM B IIepBOM payHpe npueM KodenHa B fose 9 mr/kr MT
meMoHCTpUpoBan Hambonpumit 3ddekr) [32]; cHmKeHME
nugekca SJFT u yBenuueHune ob1ero Koamdectsa 6pockoB
[34]. Ynyuurenne nokasatereit B SJFT MoxeT ObITh CBSA3aHO
C OCHOBHBIM ME€XaHU3MOM HENCTBUS KodenHa — OIOKMpo-
BaHNs aJIeHO3MHOBBIX pelenTopos [48].

RPE

[Ipn aHamM3e JaHHOrO IapaMeTpa HaOTIOJANaCh BbI-
COKasd reTepOreHHOCTh, IOC/IE IPOBENEHNUA aHanM3a dyB-
CTBUTETIBHOCTH He Hab/II0a/I0Ch CTATUCTHYECKM 3HAUMMBIX
pasmuumii, YTO MOXKHO OOBACHUTD KaK PasINIMsIMU B II0-
OyIALUY UCOBITYeMbIX (pasIndHble BUABI CIHOPTa, OMC-
LUUIUIVHBL ¥ YPOBEHb IOAITOTOBJIEHHOCTH), TaK U B IpO-
TOKOJIaX Harpy3odHoro Tectupopanu:A. He Habmomamoch
pasmumit Kak npu Hu3kux (< 6 mr/kr MT), tak u mpu 60-
7iee BBICOKMX J[IO3MpPOBKaX. MeTaperpecCMOHHBIN aHaIu3
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He IPOIeMOHCTPUPOBAJI 3aBUCUMOCTD Beln4nHbl apdexra
OT [03MpOBKM KodenHa. PesynbraTsl cormacynrcs ¢ 6omee
panHyMu paboramu [4, 49].

OtcyTcTBME pasnuyuii Ipy MpueMe IIanedo u pasind-
HBIX 7103UpOBOK KodenHa (1,5-10 mr/kr/MT) moxxeT 6bITh
06ycnoBneHo (PapMaKONIOTMUeCKUMH aclieKTaMu 9¢dek-
TUBHOCTH U3y4aeMoro KceHobmoruka [50].

Duncan n coaBrt. [51] IpeAmonoXxuayu, 4To KOpOTKas
IIPOJO/DKUTENBHOCTD BBIIONHEHNsI KOHKPETHOIO YIIPaXK-
HeHMsl (HampuMep, XXMMa JIeXka) MOXeT ObITh HEJOCTATO4-
HOIT AJIs1 TOTO, YTOOBI BBI3BAaTh BOCIPUHUMAEMYIO PAa3HUIY
B ycumusix Mexay norpe6bmsemsivmy BAJT. Taxoke 61710 BbI-
IOBUHYTO IpeNoNoXeHne, 4ro mkaabl RPE MoryT Heapmek-
BaTHO OTPaXKaTh AEICTBUTE/IbHBIE EPLEITUBHbIE PEAKIUN
BO BpeM: BBICOKOMHTEHCUBHBIX YIPa>KHeHUI [52].

TSAT, FSKT-10s, FSKT-multi

MeTaaHanns IpOAEMOHCTPUPOBAJI YIyUIIeHNe [T0Ka3a-
tenett B TSAT, FSKT-10s u FSKT-multi [28, 29] npu npueme
KO(i)eI/IHa. HaHHI)Ie TECTDI AB/IAIOTCA HaNES)KHbIMU B OIIpene-
neHun crenudurueckoil paboToCmocOOHOCTH TXIKBOH/M-
cTOB [53, 54] U TpeOYIOT OT CHOPTCMEHOB BBICOKOTO IIPO-
SBJICHNS B3PBIBHON cIbL IIpenmonoxuTtenpHo, KodenH
M3MEHACT MEXAHM3MbI AKTUBALN OBUTATEC/IbHBIX €OVHNIY
M aKTMBHOCTb Hacoca Harpuit/kammesoit AT®aser [55],
3a CYeT Yero MOTLYT YIy4IIAaThCs MOKA3aTenu CUIbL U CKO-
pocTu.

CKOpPOCTHO-CH/TOBbIe IOKa3aTenun

MerTaaHanu3 IpOAEeMOHCTPUPOBAT OTCYTCTBME Pasiu-
4uil MeXAY KoerHOM U mane6o B BAnT,  [37, 42], a Tak-
e B XKMMe jiexa (mmkoBas ckopocTb) [20, 21]. Omnako
B pesynbratax PKV Habmofanoch yBemndeHue IMMKOBOIL
U CpefHell MOIJHOCTY ¥ CHIDKEHME BPeMEeHM HOCTVKEHMUs
MKOBOM MOUTHOCTH [37], OTHOCUTENTBHOI MUMKOBOW MOIIT-
nHoctn B BAHT,, [42] u yBenuyenue NMKOBON CKOPOCTU
B xuMme ntexa [21]. B PKI, rae cpenu 60p1ioB BOMBHOTO CTH-
s 661 poesien BAHT, | Ha pyd4HOM 3promerpe, He 6bIIO
06HAPY>KEHO yIydlIeHNs: paboTOCIOCOOHOCTH IIPH IIpueMe
pasIMYHBIX O3MPOBOK Kodenmna [39]. Hamm pesynbraTer
He COITIaCYIOTCA ¢ MeTaaHa/m3oM Grgic u coasrT. [56], on-
HAKO MbI BK/TIOYM/IM B KOTMYECTBEHHBINT aHAIN3 JINIID Ba
PKM Ha pasnun4HbIX HONy/IANUX eguHOob0pIeB. TpebyoTcs
IOIIO/IHUTE/IbHbIE MCCIIEOBAHMS B Pa3HBIX BUJAX €VHO-
60pCTB, MOCKONIBKY CKOPOCTHO-CUJIOBbIE IIapaMeTphl Urpa-
0T PEIIAOLIYIO POJIb B PE3Y/IbTATUBHOCTHU eAVHOOOPIIEB.

Ousnonorndeckne peaKkuumn

MeraaHanu3 IPOEMOHCTPUPOBAT OTCYTCTBME pas-
AMYnit MeXAy KopenHOM ¥ Iiane6o B IMMKOBBIX 3Hade-
Husax YCC [23, 25, 34]. Bblo BBISIBIEHO CTAaTUCTUYECKU
3HAYNMOe yBe/INYeH)e IIMKOBBIX 3HAYeHMII JTAKTaTa KPOBU
[IOCTIe CUMYIMpPOBaHHBIX 6oeB [21, 25, 31], atu pesyib-
TaThl cornmacyrorcsa ¢ MeraaHammsoM Delleli u coasrt. [4],
I7ie aBTOPBI NPEIIONIOXKIIIN, YTO U3-3a BIMUSAHMS KodenHa
Ha VHTEHCUBHOCTD [BArAaTeIbHBIX 6OEBBIX [eiCTBIIT 60Tee



BBICOKAsi KOHILIEHTpPALMs JIAKTATa SBJSIETCS Pe3yIbTaTOM
MTOBBIIIEHHOTO I/IMKOMUTUIECKOTO aHA3POOHOro MeTabo-
nuama. Ilpu oneHke ppyrux ¢usmonorndeckux 3¢ ¢exron
Ko(erHa Ha IepeMeHHble PabOTOCIOCOOHOCTI CIIOPTCMe-
HOB-eAMHOOOpIIeB HaM He YAal0Ch IPOBECTU MeTaaHA/IN3
M3-32 MaJIOr0 KOMMYECTBA MCCIENOBAHWUIT U Pa3sHOHAIIPAB-
JICHHOCTM IPOTOKO/IOB HArpysku. Cpeay TXIKBOHAVCTOB
mpueM KoderHa yBeIM4mI IPefHnoIaraeMblil [IMKOINTH-
YecKMil BKIaJ BO BpeMA CUMYIALUM 60 TX3KBOHJO [26],
94TO MOXKET OBITh 00YC/IOB/IEHO BIMSIHIEM eVCTBIUS KOoden-
Ha Ha nepudepndecKie aleHO3MHOBbIE PEL[ENITOPDL, & TAKXKe
BBICBOOOX/IEHIIEM KaTeXOJIAMIHOB, YCKOPSIOLIUX MBIIIed-
HBIIl TIMKOreHO/MM3 [26]. JI310oMCThl, IpMHMMAaBIINE KO-
¢enH, mokasanu 6ojee BBICOKYIO KOHI[EHTpPALMIO CBOOOA-
HbIX XupHBbIX Kucnot (CKK) B m1asme mocie TpeHUPOBKY,
B TO BpeMsl KaK B YCTIOBMAX IUTane60 HaGMIOAIOCh COMyT-
CTBYyIOLLee YBeIMYeHe BBIPAOOTKI MOUEBOIT KUCTIOTHI B ChI-
BOpPOTKe [34], MOXXHO IIPEATIONOXKUTD, YTO 3TO yBeTNYEHNUE
pocrynHoctu CIKK nosBossgeT 3KOHOMUTD 3aIlachl IMKO-
rena [57]. Y xuk6okcepoB mocre mpuema KodenHa He OTMe-
YJas0ch n3MeHeHni B yposHe MIIK; Ho yBenuummoch BpeMs
mo ucromienns (time to exhaustion (TTE)) [42], kak u y Ka-
patncToB [40], 4TO TaK)Xe MOXXHO OOBSICHUTD YBeIINYeHIeM
nocrynHoctu CKK u agpenanuua B mmasme. B murepaty-
pe HaBHO OOCY>KAeTCsi MEXaHU3M, IIOCPEICTBOM KOTOPOTO
KO(eNMH CHIDKAeT YTOM/IIEMOCTb, ¥ IIPUIIMCBIBAETCS €ro
BIMsIHME Ha MeTabonmmsM cyOcTpara (Hampumep, >KUPOB).
Metaananus Conger 1 COaBT. IIOKa3aJl, YT0 KO(eNH CIOCOo-
OeH yBeM4MBaTh MapamMeTpbl pabOTOCIIOCOOHOCTI 3a CUeT
ysemmdenna pocrynHoctu CXKK [58]. Opnako B mccmeno-
BaHUAX UCIoab3oBaanch metombl omenky CXKK mmasmbl,
[IMLepUHA TUIa3Mbl, TPUIIMLEPUAOB ¥ METON HEIPSIMOI
Ka/opuMeTpun. JlaHHBIE METOABI HE MOLYT TOYHO OTpas-
UTb OKMCIEHMs XXMPOB B pabounx Memrax. Graham u co-
aBT. OLIEHWIM MeTabO/MM3M XXMPOB MOCTe TpuemMa Koden-
Ha ¢ IIOMOIIBIO MToIbYaToil Ouoncuu [59] u B pesynbrare
He HaOIIOfanM yCUIEHUSI OKUCIEHMs JXUPOB B aKTMBHOIL
mbiiie. TakuM 06pasom, K MPeIIONoXKeHNI0 06 YCuIeHNn
OKUC/IEHUs XXUPOB BCIIECTBIE IIpueMa KodenHa Caenyer
OTHOCUTBCS C OCTOPOXKHOCTBIO.

Crnenuduyeckue fBUraTebHbIe JeiiCTBUA

BBI/IHY Ppa3HOHAIIPpABJIEHHOCTN IIPOTOKOJ/JIOB HArpy3Kmn
U BUJOB CHOpTa HaM He Y[ajloCh IIPOBECTVM MeTaaHasIus3,
LIT06I)I OLCHUTDb BIMAHUE KO(beI/[Ha Ha HEKOTOpbI€ CIIELIN-
(I)I/I‘{QCKI/IQ Pa3INIHbIM BUIaAM e]II/IHO60pCTB OBUTAaTC/IbHbIC
IeVicTBYsA. Y TX9KBOHJVCTOB KoenH coKpalan BpeMs pe-
aKIuM 1 yiny4diaa MHTEHCUBHOCTD IBUTATE/IbHBIX Hef/‘[CTBI/H/‘JI
[25,27]. Y 60kcepoB KO(enH BbI3BIBAJI yBeMIEHNIE IPOTOTI-
JKUTENIbHOCTU BBICOKOMHTCHCUBHBIX Hef/‘ICTBI/Hn/I BO BpeMA
CUMYNIMpPOBAaHHBIX 60eB [36]. YV mpencTaBuTeNell BOIBHOI
60pbOBI BO BpeMsi MOfleTUPYeMbIX 60€B Ce/leKTUBHAsL 032
Ko(enHa 1 ApobHas FO3MPOBKA yBEIMIMBAIU PabOTOCIIO-
co6HOCTh B [INTTCOYprcKoM TecTe O BOIbHOI 60pbbe [38].
Y npencrasureneit MMA npueM KodenHa He IPUBET K yBe-
JINYE€HNIO YaCTOThI YIapoOB, cpenHeﬁ[ ¥ MaKCUMaIbHOM CUJIbI
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ymapa [41], Takxe y [310Z0MCTOB KO(eWH He BBI3BAJI U3Me-
HEeHMII B TeXHMYECKMX MoKasaTenax [33]. Ymapsl npepcTas-
JSIIOT cO60IT ALMKINYeCKIe 3a/jaun, 3aBUCSIIE OT CTpaTe-
Ui HpOTI/IBHI/IKa, 4qTo yCHO)KHﬂeT BbIABJICHIIE 3PFOFCHHbIX
addexToB KOPenHa.

besomacnocThb

B 21 Bkmo4YeHHOM B o630p MCCNIElOBAHNN 9KCIIEpU-
MeHTa/IbHasl TO3MPOBKAa KOo(enHa He MpeBBILIaNa 6 MI/KT
MT [15, 19-22, 24-31, 33-37, 39-42]. B psane uccnenosa-
HMIT BCTpevanuch 6ojbline JO3MPOBKML: OLieHKA «03a-3¢-
dext» 2, 4 u 10 mr/kr MT [38], ouenka «go3a-apdex» 3,
6 1 9 mr/kr MT [32]. JIuuib B mATH BKIKYEHHBIX B 0630p
MCCIIEOBAHNSIX OLIEHMBAINCh O60UHBIE 3¢ dEKTH MOCTe
mpuema Kodensa (tabmmia 4).

EBpormeiickoe areHTCTBO IO 6€30MacHOCTY IPOLYKTOB
mutanns (European food safety authority (EFSA)) me pe-
KOMEH[yeT MOTpeb/siTh KoderH B JO3UPOBKAx Oojee ueM
200 mr/penn (oxomo 3 mr/kr MT) [1]. TlokasaTemn sxemy-
JOYHO-KNIICYHOTO IU/ICKOM(I)OPT& 6I)UII/I 3HAYUTEJIbHO BbIIIC
mpu gose kogenna 10 mr/kr MT u moBTopHOIT f03e KOden-
Ha 10 cpaBHeHuIo ¢ 3 u 6 Mr/kr MT [38]. Tax xak npu npu-
eme kodemHa Moryt HabmopaTbcsi mo60uHBIE 3¢ HEKTHI
(B T.u. HapymeHue cHa) [60], Ipy IpoBefleHNN MCCIeIOBa-
HMIf, @ TaKXKe TIPM UCIONb30BaHMM KO(erHa Ha IPAKTHUKe
AO/DKHBI IIPUMEHATDbCA aHKETbI, OIIPOCHI, HIKa/JIbl (HaHpVI-
Mep, IIKaJIbl TPeBOXKHOCTH), oneHka YCC, apTepuanbHOro
OAaBJICHUA U HPYI‘I/IC CY6’I)eKTI/IBHI)Ie n (bI/IBI/IOIIOI‘I/[LIeCKI/Ie
IIapaMeTpbl C LE€bI0 BbIABIECHNA He6HaI‘0HpI/IﬂTHbIX HO60‘~I-
HbIX 9(p(PeKTOB.

6. BeiBombI

CrnopTtrBHBIE €fUHOOOPCTBA — KOMIUTEKC CIIOXKHBIX
BUJIOB CIIOPTA, B KOTOPBIX IEpeMEeHHbIe, VCCIefOBAHHBIE
B 9TOM CHUCTEMATHMYeCKOM 0030pe, MpPeACTaBIAT CO-
6oit mump He6GOIBUIYI0 YacTh (PAKTOPOB, HEOOXOLVMBIX
IIs yCIexa.

IIpoBeneHHBII MeTaaHaNIN3 CBUJETENbCTBYET O TOM,
4TO0 moTpebieHne KodenHa He OKasbIBAET CYILIECTBEH-
HOTO BO3JEIICTBMsI Ha IOBbINIeHNe OOLMX (PuaMdecKux
[oKasareseif, TAKMX KaK CMJIa, CKOPOCTb M MOLIHOCTb
B M30/IMPOBAHHBIX VIPOKHEHUX, a TAK)Ke Ha IIOKasaTe-
M, CBsI3aHHbIE C HATPY3KOII U CePeYHOI IesATETbHOCTDIO.
TeMm He MeHee BO3MOXXHO IIO/IOXKITEIbHOE BIMHME KOde-
MHa Ha OTHe/bHble CrenuduyecKne MOKa3aTean, HalIpn-
Mep Ha KO/IMYECTBO TIOBTOPEHNIT B OIIPefie/IeHHBIX TeCTax
¥ KOHIL[EHTPALNIO JTaKTaTa [OC/Ie MHTeHCUBHBIX (pusmde-
CKMX Harpysok. XoTs KodenuH MOXKeT NMeTb HeKOTOpbIe
IpPEeUMYIeCcTBa, BaXXHO YUUTHIBATb, YTO BBICOKUE O3B
(6omee 10 Mr/Kr Macchl Tella) MOI'YT BbISBIBATh HETaTUB-
Hble I0604YHbIE 9P DEKTHL. ITO MOJUEPKUBAET HEOOXOLM-
MOCTb OCTOPOXXHOTO IOAXOAa K MCIIOIb30BAHMIO KOde-
MHa B CIOPTUBHOI mpakTrke. Hebomblioe KommuecTBo
MCCIeJOBAHNIL, BKIIOUEHHBIX B 00630p, YKa3bIBaeT Ha TO,
9YTO BBIBOABI CIEAYeT MHTEPIPETHPOBATH C OCTOPOXK-
HoCTbIO. [l Gojee rmy6okoro moHuMMaHus 3PpQeKToB
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Tabnuua 4

Pe3rome onieHKH 10604HBIX 3 (PekTOB MOCTE MpHeMa IKCIEPMMEHTATBHbIX J03UPOBOK Ko enHa

Table 4

Summary of adverse event assessment following experimental doses of caffeine

Ccpimka JlosupoBka | MeTopbI OLIEHKI PesynbraTnl
Santos  COaBT., | 5 MI/Kr 9KT, ompoc He €HO aKMX CYILeCTBe 060 addexro
I BBISABJIEHO HUKAKIX TBEHHBIX II00OYHBIX TOB
2014 [25] MT > Ofp yu
Felippe u coasBr., |6 MI/Kr Ankera, 19 He CHO HIKAKIX CVILICCTRe 060 sddexTo
BBIABJIEHO HUKAKIX TBEHHBIX II00OYHBIX TOB
2015 [30] MT BOIIPOCOB yi
Diaz-Larau 3 Mr/Kr Ankera, 10 He CHO HIKAKIX CYILICCTRe 060 sdexro
BBIABIEHO HUKAKIX TBEHHBIX II0OOYHBIX TOB
C0aBT., 2016 [20] | MT Borpocos. Ompoc Y
Omenka o6bena VIunexc o6e3BoxuBaHMsA ObUI BbILLE IIPY IIpUeMe BBICOKOIT 03bI Kodenna (10 Mr/kr
H 'beEM
H MT) 1o cpaBHEHMIO CO BCeMU IPYTUMMI COCTOAHMAMM. IIoKasarenm xenyaouHo-
Negaresh 1 2,4,10 MOYM U MHIEKCa
KJUILIEYHBIX XKaI00 U XKeMyJ0YHO-KMIIEYHOTO [YCKOM(OpTa ObUIM 3HAUYUTETBHO
C0aBT., 2019 [38] | mr/kr MT | 06e3BOXxuBaHKS, . N
AHKeTa BBIIIIe IIPY BBICOKOUI Jjo3e KodenHa (10 mr/kr MT) 1 moBTOpHOI H03e KodenHa 110
HKeT
CPaBHEHUIO CO BCeMM 9KCIIEPUMEHTA/IbHBIMY BMeLIaTeIbCTBAMM
Borblile y9aCTHUKOB yKasaiu Ha CYO'bEKTUBHOE O €HIMe YBe/IMYEHS SHEPIUI
Krawczyk u 3, 6 MI/KT v Y Y Ty ¥y p
Amnxera nocie npyuema 6 mr/kr MT xodenna, yeM ¢ mane6o, Ho He MeXAy 3 mr/kr MT
C0aBT., 2022 [35] | MT
npotus 6 mr/kr MT u 3 mr/kr MT npoTuB nnane6o

ITpumeuanue: MT — macca Tema, OKI' — anmexTpokapamorpamMma.
Note: BM — body mass, ECG — electrocardiogram.

KO(beI/IHa B KOHTEKCTE pa3III/I‘IHI)IX BUOOB CHOPTI/IBHI)IX
eqMHOOOpCTB HeOOXOLUMO MPOBOAUTH TOMOTHUTEND-
Hble PpaHZOMU3MPOBAHHBIE IUIaLe60-KOHTPOIMPYEMbIE

Bknapg aBTOpOB:

Pri6akoBa ITonnHa [lenncoBHa — paspaboTKa KOHI[EIIIN, aHa-
JIN3 JIUTEPATyPHBIX MICTOYHMKOB, HAIMCaHMe TeKCTa CTAaTby, Hay4yHOe
pemakTUpOBaHIe.

Memrens Anekcanap BuranmeBny — aHammM3 IMTEPATypPHBIX UC-
TOYHMKOB ) CTATUCTUIECKasi 060pabOTKa JAHHbIX.

Mupomnuxos Anekcanap bopucoBny — penakrupopanue py-
KOIIMCH, SKCIIEPTHAsA OLIEHKA.

AntonoB Anexceit [eHHagbeBUY — aHA/IN3 MUTEPATYPHBIX UC-
TOYHUKOB, PEAKTUPOBAHUE PYKOIIVICH.

Bri6opHor Bacummit IMNTpueBNY — pefaKTHPOBaHME PYKOIN-
CU, 9KCIIePTHAsA Ol[eHKa.
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Meta-analysis of the effect of high-intensity interval training on improving
blood lipid metabolism in female college students
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ABSTRACT

Purpose of the study: This study used the meta-analysis method to systematically evaluate and compare the intervention effects of HIIT (high-
intensity interval training) and MICT (moderate-intensity continuous training) on blood lipid metabolism in obese female college students.

Methods: Publicly published controlled trials on regulating blood lipids with high-intensity interval training were searched through CNKI, Web
of science, Scopus, Google Scholar, and Elibrary databases. Meta-analysis was performed on the outcome indicators of 427 subjects in the 7 included
articles.

Results: Among the included literature, the number of articles reporting blood lipid health outcomes were: 6 articles for TC, 7 articles for TG,
7 articles for LDL-C, and 5 articles for HDL-C. Studies investigating the effects of HIIT on TC, TG, LDL-C, and HDL-C exhibited low heterogeneity;
therefore, a fixed-effects model was used. HIIT significantly improved TC (SMD = -0.71, I* = 30.10 %, 95% CI: -1.05 to -0.38, p = 0.21), TG (SMD =
-0.46, I* = 38.48 %, 95% CI: -0.77 to -0.16, p = 0.14), LDL-C (SMD = -0.33, I’ = 6.13 %, 95% CI: -0.58 to -0.09, p = 0.38), and HDL-C (SMD = 0.23, I =
2.28 %, 95 % CI: -0.07 to 0.53, p = 0.38).

Conclusion: Compared with MICT, intervention through HIIT training in female college students can effectively improve blood lipid-related indi-
cators such as TC, TG, LDL-C, and HDL-C. This finding can provide theoretical and practical basis for exercise intervention in the physical and mental
health development of female college students. However, the study also has some limitations. Due to the constraints of the number of included studies
and the complexity of HIIT exercise protocols, the above conclusions still need to be verified by more high-quality RCT to ensure the reliability and
applicability of the findings.
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MetaaHanu3 BNUAHUSA BbICOKOUHTEHCUBHbIX NHTepBalibHbIX TPEHNPOBOK
Ha yny4dweHue nmnmnaHoro I'IpO(anﬂ Y CTYACGHTOK

II3ronb 101!, Xyans Ban'?, Xaoryn I0it"

"Poccutickuli yHusepcumem cnopma «I'LJOJ/IM®K», Mockea, Poccus

2 [3unuHbCcKul cnopmusHbIl yHUBepcumem, YaH4yHs, Kumad

AHHOTAIUS

Iens uccrenoBanmA. CUCTeMAaTNIeCKI OLIEHUTD 11 CONOCTaBUTh 3¢ dekTsl BUNT (BbICOKOMHTEHCUBHBIX MHTEPBaIbHBIX TpeH1NpoBoK) 1 HCTCU
(HeTIpepBIBHBIX TPEHMPOBOK CpPefHelT MHTEHCUBHOCTH) Ha TUIUAHBIA 0OMEH y CTY/IEHTOK C O)KMPEHIeM C IOMOIIbI0 MeTaaHa/IN3a.

Marepuansl 1 Metopbl. [Tytem noncka B 6asax ganuasix CNKI, Web of Science, Scopus, Google Scholar, Elibrary 6si1m oto6paHs! ony61MkoBaH-
Hble PaHIOMU3MPOBAHHbIE KOHTPOIMpPYeMble UCIIBITaHNsA, MOCBALIeHHbIe BVAHM0 BYIWT Ha mumupHbli npodunib. MeTaaHanus BKIIOYII JaHHbIE
427 y9acTHNI U3 7 VICCTIEOBaHMIA.

PesynpraThl. BxmoueHHas MuTepaTypa cofiepskana ciefyolee KOMMIecTBO CTaTell ¢ JaHHBIMM O ITOKasaTe/AX MUINI0B KpoBu: 6 cTaTeit mo OX
(o61mumit XO]IeCTepI/IH), 7 crarein mo TT (Tpmrnmuepmnm), 7 crareit o JITTHIT u 5 cratei no JITIBII. ViccnemoBanuus Bniusiuus BUNT uwa OX, TT, JITTHIT
u JITIBII mokasanum HUSKYI0 HEOFHOPOLHOCTD, II09TOMY MCIIO/NB30BAMACh MOKENb GuKcnpoBaHHBIX addekro. BUMT pocroBepro ymydmmm: OX
(SMD = -0,71; I> = 30,10 %; 95 % [IV1: ot -1,05 0 -0,38; p = 0,21), TT (SMD = -0,46; I* = 38,48 %; 95 % [IM: ot -0,77 o -0,16; p = 0,14), JITTHII (SMD =
-0,33; I* = 6,13 %; 95 % [IV1: ot -0,58 no -0,09; p = 0,38), JITIBII (SMD = 0,23; I* = 2,28 %; 95 % JV1: ot -0,07 o 0,53; p = 0,38).

3akmouenne. [To cpasrennto ¢ HCTCU, uHTepBeHINA ¢ MCIIONb30BaHMeM TpeHNpoBoK BUIUT y cTynenToK mo3BonAeT 93¢ GeKTUBHO YIydIINTD
TIOKas3aTeN KpOBM, CBA3aHHbIe ¢ mumuami, Takne Kak TC, TG, LDL-C u HDL-C. 9To OTKpBITIE MOXKET CITy>KUTh T€OPETUIECKON I TIPAKTUIECKON
OCHOBOII /151 pU3MYECKOIT MHTEPBEHLIMY B PasBUTUH (PUIMIECKOTO U IICHXMYECKOTO 3J0POBbs CTYAeHTOK. OIHAKO MCCIeIoBaHMe IMeeT HEKOTOpbIe
orpaHnyenus. VI3-3a orpaHndeHnit, CBA3aHHbIX C KOIMYECTBOM BK/TIOUEHHBIX UCCIEJOBAHNIL M CTIOKHOCTBIO IIPOTOKO/IOB TpeHnpoBok BMNT, Boinre-
yKa3aHHBIE BBIBOJbI BCe ellle TpeOYIOT IIPOBEPKY C IOMOIIBIO 6O/IbIIEro KOMMYeCTBA BEICOKOKAYeCTBEHHBIX PaHAOMIU3VPOBAHHBIX KOHTPOIHPYEMBIX
ucnbitarnit (RCT) anst obecredeHns HaieXXHOCTU U IPMMEHVMOCTH IOy YeHHBIX Pe3y/IbTaToB.
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* ABTOp, OTBETCTBEHHBII 3a NEePENNCKY

1. Introduction of statin-induced myotoxicity (SIM) ranges from 7 % to 29 %

In recent years, with the rapid development of Chinese of patients [5]. Prospective studies on drug-induced liver
society and economy, the prevalence of lipid metabolism dis- injury indicate that statins account for homotypic liver in-
orders has shown a significant upward trend due to changes jury in 1.9% to 5.5 % of cases [6]. Concerns regarding statin
in the dietary structure of the population [1]. At present, the safety are particularly heightened in patients with multiple
disease has broken through the age boundary of traditional comorbidities and those on polypharmacy regimens [7].
cognition, and typical cases of abnormally elevated triglyc- Consequently, medical researchers continue to explore alter-
eride (TG) in adolescents have appeared in the clinic [2]. native treatment approaches that offer greater convenience,
According to the Report on Nutrition and Chronic Disease efficacy, shortened treatment courses, and cost-effectiveness.
Status of Chinese Residents (2020), the prevalence of abnor- Relevant studies have shown that aerobic training helps
mal lipid metabolism among Chinese residents aged 18 years to regulate blood lipid levels, promote reverse cholesterol
and above is as high as 35.6 % [3]. Abnormal blood lipid me- transport, effectively regulate the expression of key meta-
tabolism is primarily characterized by the “three highs and bolic enzymes such as lipoprotein lipase (LPL) and hepatic
one low” feature: serum total cholesterol (TC) and triglycer- lipase (HL), and then optimise the whole process of synthe-
ide (TG) levels exceeding normal limits, abnormally elevated sis, transport and catabolism of lipoprotein particles, which
low-density lipoprotein cholesterol (LDL-C), accompanied ultimately significantly reduces the risk of coronary athero-
by insufficient high-density lipoprotein cholesterol (HDL-C) sclerotic heart disease [8]. With the wide application and
concentration [4]. continuous development of exercise therapy in the field of

Statins remain the primary therapeutic option for man- lipid regulation, the metabolic regulation mechanism of HIIT
aging dyslipidemia in clinical practice. However, their use in (high-intensity interval training) has gradually become a re-
cholesterol reduction is associated with reported adverse ef- search hotspot. Unlike traditional MICT (moderate-intensity
fects and issues of drug resistance. For instance, the incidence continuous training), HIIT induces a unique metabolic stress
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state in the body through an alternating pattern of “high-in-
tensity bursts - intermittent recovery” [9-11]. During the ex-
plosive exercise phase, the phosphagen system and glycolytic
energy supply are dominant, directly catabolising adenosine
triphosphate and phosphocreatine and generating energy
rapidly, while lactate is produced, leading to an increase in
the local H* concentration; during the recovery phase of the
intermittent period, aerobic metabolism progressively re-
moves metabolic wastes and replenishes myogenic reserves
through the continuous oxidative decomposition of lactic
acid, fat and residual glycogen [12]. Repeated activation of
the phosphagen system and sustained enhancement of aero-
bic metabolism contribute to the formation of a specific met-
abolic stress cycle in the organism. The synergistic effect of
different energy supply pathways enables the organism to si-
multaneously obtain the output of anaerobic metabolism and
the persistent adaptive capacity of aerobic metabolism [13].
This increased metabolic flexibility both enhances the per-
sistence of explosive output and promotes a sustained post-
exercise energy-consuming effect, constituting a dual meta-
bolic advantage unique to high-intensity interval training.
The novelty of this study lies in the fact that most of the
current academic research on HIIT focuses on professional
athletes, while relatively few studies have been conducted
on college student populations. Based on this, this study will
systematically review the existing literature and experimental
data through the systematic evaluation and comparison of
Meta-analysis, to explore in depth the effect of HIIT on the
improvement of lipid metabolism in college students.

2. Materials and Methods

2.1 Data Sources and Search Strategies

Through computerized searches of publicly published
randomized controlled trials (RCT) on HIIT interventions
for blood lipids in the CNKI, Web of Science, Scopus, Google
Scholar, and Elibrary databases, the search period was set
from December 2015 to May 2025. Search terms included
“HIIT, MICT, blood lipids, TC, TG, LDL-C, HDL-C, etc.
Corresponding search strategies were formulated accord-
ing to each database’s characteristics, followed by secondary
searches of references in included literature and relevant re-
views.

2.2 Inclusion and Exclusion Criteria for Research

Materials

Participants were female college students, with no re-
strictions on ethnicity, disease duration, or comorbidities.
For interventions, studies with clear diagnostic criteria, ef-
ficacy evaluation standards, and no additional intervention
methods were included: the experimental group received
HIIT, while the control group received MICT. Primary out-
come indicators included TC, TG, HDL-C, and LDL-C;
included studies reported at least one of these. Exclusions
based on study type: non-RCTSs, case reports, expert experi-
ence, reading reports, and animal studies. Exclusions based
on publication type: reviews, non-Chinese/English/Russian
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publications, and duplicate publications. Exclusions based
on trial process: combined interventions, unclear results, or
incomplete data.

2.3 Literature screening, data extraction, and quality

assessment

Two researchers independently screened literature ac-
cording to inclusion/exclusion criteria, reviewing full texts
for exclusion decisions. Data extraction was performed for
eligible studies. Make three types of assessments (high risk,
low risk, and unclear) for each item respectively. Both re-
searchers used self-made extraction forms to independently
extract: 1. basic information (first author, publication year,
journal, title); 2. experimental/control group details (case
numbers, total sample size, age, interventions, duration, out-
comes); 3. study design and quality assessment; 4. outcome
indicators. Cross-checking was conducted. Discrepancies
were resolved through discussion; unresolved cases were ar-
bitrated by an independent third party.

2.4 Statistical Analysis

For continuous variables, the pooled effect size was
expressed as the standardized mean difference (SMD).
Heterogeneity was tested using the Q-test and the I’ test,
and publication bias was analyzed using Egger’s test. If I* <
50%, indicating low heterogeneity, the fixed-effect model
was used; if I* > 50 %, indicating significant heterogeneity,
the random-effects model was used.

3. Results

3.1 Literature Search Results

An initial search yielded 437 articles. Two reviewers inde-
pendently screened the literature according to the inclusion
and exclusion criteria, from initial screening to full-text re-
view, ultimately resulting in 7 articles (Figure 1). Comprising
427 subjects in total, with sample sizes ranging from 30 to
117 participants. The basic information table of the literature
was arranged in ascending order by year of publication. The
basic characteristics of the included studies and descriptions
of exercise prescriptions are presented (Table 1).

3.2 Bias Risk Assessment

Quality assessment was conducted using the Cochrane
risk of bias assessment. Bias risks were evaluated for the fol-
lowing domains: randomization sequence generation, alloca-
tion concealment, blinding (outcome assessors, participants),
selective reporting, incomplete outcome data, and other bias-
es. Each item was rated as high risk, low risk, or unclear risk.
Given the particularity of exercise interventions, most stud-
ies did not adopt blinding. All studies showed that the evalu-
ation results of bias in the completeness of outcome indicator
data and selective reporting bias were low risk (Table 2).

3.3 Results of Meta-Analysis
Among the included literature, the number of articles
reporting blood lipid health outcomes were: 6 articles for



Through searching databases including CNKI, Web of Science,
Scopus, Google Scholar, and Elibrary.ru, a total of relevant
literature was obtained (n=437)

1

Initial screening by reading titles and
abstracts (n=128)
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Excluded literature (n=82): reviews, non-
experimental studies, non-target population
studies, Meta-analyses

Full-text screening (n=46
9( ) Excluded literature (n=39)

T Not meeting inclusion criteria (n=22)
+ Lacking required outcome indicators (n=8)
No MICT control group (n=9)

Ultimately included literature (n=7)
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Fig. 1. Literature screening and inclusion process
Puc. 1. Mpouecc otbopa 1 BKNHOYEHNUS NUTepaTypbl

Table 1
Basic information and description of exercise prescription in the included literature
Tabnuma 1
OcHoBHas MH(OpMALVA ¥ onMcaHue PU3NIECKOIl HPOrpaMMbl BO BK/IIOYEHHOIT TUTepaType
E imental Control
Study 1 xperimental group l ontrol group Tcll'lel::tlilzgt Outcome
reference | Sample ; o | Sample ; ot measures
size BMI Age | Exercise prescription size BMI Age Exercise prescription (weeks)
Lin Jian 294 + 90 % HR max 4 min, 29.7 + 60-70% HR max,
2016[14] 18 2.0 18~23 70% HR max 3 min 18 1.9 18~23 30-50 min 12 o
Chi Guijun 30.81 + 31.16 = 60-70 % HR max,
- > -
2023015] |2 2.07 =85 HR max 32 2.13 40 min 8 0eo®
Liu Chao-
_ V)
hui 26 2967 | 1g_po 77785 % HRmax, -1, 0 129602 | )¢ )6 | 64-769% HR max 12 0OO®
1.09 86-95% HR max 1.04
2023[16]
Cai Xiaolin 31.14 31.20 60-70% HR max,
~ 9 ~
2023[17] 15 1.59 18~20 {90 % HR max 15 1.69 18~20 30-50 min 8 olele)
Lu Yining 20.92 + 8x20s max intensity, 21.40 = 60-70% HR max,
2023[18] >9 2.39 18~23 10s rest between sets 8 2.37 18~23 30-50 min 12 000®
Wang Peng 29.59 + 90-95 % HR max, 30.25 + 60-70% HR max,
2023[19] 2 1.15 18~201) min 21 1.44 18~201 36 min 8 0oee
. 1 min high intensity Continuous aerobic
Liu Juan 24.51 + . . 26.1 + . . .
2025[20] 43 235 18~25 exercise, 1.5 min 42 219 18~25 exercise 30 min/repeti- |12 OOB®
interval rest tion
Note: HR max — maximum heart rate, min — minute. Outcome indicators: ®TC; @ TG; ®LDL-C; @HDL-C.
[Tprmedanne: HR max — MaKCyMapHas 9aCTOTA CEPAeIHBIX COKpaIeHnit, min — muHyTa. [lokasaremm ncxopos: OTC (o6t xonectepuH);
@TG (rpurmuuepunsi); @LDL-C (XC JITTHIT); @HDL-C (XC JIIIBII).
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Table 2
Results of bias risk assessment for included studies
Ta6bnuma 2
PesynbraThl OLeHKN PMCKA CMELIEHMIT /11 BKIHYEHHDIX MCCIEN0BaHMiT
Blindi i

Random allo- Concealment of —— e — Completeness of out- Selec_tlve Other
Study reference . . Blinding of Blinding of Lo reporting of | sources of

cation method | allocation method R come data indicators .

participants assessors study results bias

Lin Jian . . . . . .

Low risk Unclear High risk Unclear Low risk Low risk Low risk
2016[14]
Chi Guijun . T . . .

Low risk Unclear High risk Unclear Low risk Low risk Low risk
2023[15]
Liu Chaohui Low risk Unclear High risk Unclear Low risk Low risk Low risk
2023[16]
Cai Xiaolin . S . . .

Low risk Unclear High risk Unclear Low risk Low risk Low risk
2023[17]
Lu Yining Low risk Unclear High risk Unclear Low risk Low risk Low risk
2023[18]
Wang Peng . S . . .

Low risk Unclear High risk Unclear Low risk Low risk Low risk
2023[19]
Liu Juan . . . . . .
2025[20] Low risk Unclear High risk Unclear Low risk Low risk Low risk

TG, 7 articles for TG, 7 articles for LDL-C, and 5 articles for
HDL-C. Studies investigating the effects of HIIT on TC, TG,
LDL-C, and HDL-C exhibited low heterogeneity; therefore,
a fixed-effects model was used. HIIT significantly improved
TC (SMD = -0.71, I> = 30.10%, 95% CI: -1.05 to -0.38, p =
0.21) (Figure 2), TG (SMD = -0.46, I* = 38.48%, 95% CIL:
-0.77 to -0.16, p = 0.14) (Figure 3), LDL-C (SMD = -0.33,
P =6.13%, 95% CI: -0.58 to -0.09, p = 0.38) (Figure 4), and
HDL-C (SMD = 0.23, I> = 2.28 %, 95% CI: -0.07 to 0.53, p =
0.38) (Figure 5).

3.4 Publication Bias Analysis

For the included studies, a corrected comparison funnel
plot is usually drawn. The results are used to show whether
all included literatures are distributed near the central axis of
the funnel plot, and the number of literatures on both sides
of the central axis is basically symmetric.

However, since the number of indicators included in this
study is less than 10, the symmetry of the funnel plot may
be difficult to detect, thus there is a risk of neglecting the
test for publication bias. To quantitatively assess publication

Study Hedges[95% CI] Weight

Chi Guijun, 2023 B — -1.15[-1.68,-0.62] 16.12%
Liu Chaohui, 2023 . om -0.21[-0.76,0.33]  15.54%
Cai Xiaolin, 2023 - -0.55[-1.28,0.18] 9.86%
LuYining, 2023 —l— -0.65[-1.02,-0.28] 25.30%
Wang Peng, 2023 j -0.67[-1.29,-0.06] 12.94%
Liu Juan, 2025 —_—— -0.94[-1.39,-0.49] 20.24%
Overall
Heterogeneity: tau? = 0.03, I = 30.10% _ -0.71[-1.05,-0.38] 100.00%
Test of Bi=0j: Q=7.15, p=0.21
Test of 8=0:z=-5.51, p=0.00

T T T !

-2 -1 0 1

Fig. 2. Forest plot of the effect of HIIT on TC in female college students

Puc. 2. JlecHown rpadmk BnusHusa BUUT Ha ypoBeHb OX 'y CTyAeHTOK
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Study Hedges[95% CI] Weight
Lin Jian, 2016 - -0.54 [-1.20, 0.13] 10.56%
Chi Guijun, 2023 —_— . -0.92[-1.44,-0.41] 14.82%
Liu Chaohui, 2023 — -0.34 [-0.89, 0.21] 13.79%
Cai Xiaolin, 2023 -0.23[-0.95,0.49] 9.45%
Lu Yining, 2023 R -0.17 [-0.54,0.19] 21.46%
Wang Peng, 2023 ] -0.15[-0.75, 0.45] 12.26%
Liu Juan, 2025 —— -0.82[-1.27,-0.38] 17.66%
Overall
Heterogeneity: tau? = 0.04, I” = 38.48% _ -0.46 [-0.77,-0.16] 100.00%

Test of B8i=8j: Q =9.75, p=0.14
Testof 0=0:z=-3.73, p=0.01

-2 -1.5 -1 -0.5 0 0.5 1

Fig. 3. Forest plot of the effect of HIIT on TG in female college students
Puc. 3. JlecHown rpadmk BnusHusa BUUT Ha yposeHb TI y cTygeHTOK
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Study Hedges[95% Cl] Weight

Lin Jian, 2016 - -0.52 [-1.18, 0.15] 8.65%

[_
Chi Guijun, 2023 = -0.72[-1.22,-0.21] 14.53%
Liu Chaohui, 2023 - -0.36[-0.91,0.18]  12.51%
Cai Xiaolin, 2023 -0.35[-1.07,0.37]  7.39%
Lu Yining, 2023 — 0.00[-0.36,0.36]  26.76%
Wang Peng, 2023 - -0.18[-0.78, 0.42] 10.58%
Liu Juan, 2025 — - -0.47 [-0.90,-0.04] 19.58%
Overall
Heterogeneity: tau” = 0.00, 1 = 6.13% _ -0.33 [-0.58,-0.09] 100.00%

Testof Bi=0j: Q=6.39, p=0.38
Testof 8=0:z=-3.30, p=0.02

-1.5 -1 -0.5 o] 0.5 1

Fig. 4. Forest plot of the effect of HIIT on LDL-C in female college students
Puc. 4. lecHon rpadmk BnusHua BUUT na XC JIMHI y cTtyaeHTok

Study Hedges[95% Cl] Weight
Chi Guijun, 2023 L 0.43 [-0.06, 0.93] 17.64%
Liu Chaohui, 2023 [ ] 0.60[0.04, 1.16) 14.07%
Lu Yining, 2023 —.— 0.15[-0.21,0.52] 32.35%
Wang Peng, 2023 0.23[-0.37,0.83] 12.13%
Liu Juan, 2025 — . -0.04(-0.47,0.38] 23.81%
Overall
Heterogeneity: tau? = 0.00, 1> =2.28% _ 0.23[-0.07,0.53] 100.00%

Test of Bi = 8j: Q =4.09, p=0.39
Testof8=0:z=2.11, p=0.10

-1 -0.5 0 0.5 1 1.5

Fig. 5. Forest plot of the effect of HIIT on HDL-C in female college students
Puc. 5. JlecHon rpadmk BnusiHua BUUT Ha ypoeeHb XC JTMBI y cTygeHToK
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Table 3
Publication bias test for included studies
Tabmmma 3
TecT Ha MyGIMKALMIOHHYIO CMELIEHHOCTD /IS BKIIOYE€HHBIX MICCIIeOBaHMII
. Regression-based Egger’s test
Variable betal df Standard error t p
TC 0.790 4 2.519 0.314 0.769
TG -0.284 5 2.361 -0.120 0.909
LDL-C -1.886 5 1.684 -1.120 0.314
HDL-C 2.950 3 2.288 1.289 0.288
) Non-parametric rank correlation (Begg) test
Variable >
Kendall’s score Standard error z p
TC 3.000 5.323 0.564 0.573
TG 1.000 6.658 0.150 0.881
LDL-C 1.000 6.658 0.150 0.881
HDL-C 4.000 4.082 0.980 0.327

bias, this study adopted Egger’s linear regression method and
Begg’s non-parametric rank correlation method. As shown
in Table 3, no significant bias was found in the included study
indicators (p > 0.05).

4. Discussion

As a non-pharmacological treatment method, exercise
prescription has gained recognition in various aspects for
the treatment and prevention of blood lipid health issues
[21]. Although traditional MICT has been proven to have
certain effects in studies on blood lipid reduction, for col-
lege students with heavy academic workloads, MICT usually
requires a duration of more than 30 minutes, and its single
movement pattern and training method often lead to a strong
sense of psychological burnout [22, 23]. HIIT, as a new type
of training mode, has currently been widely recognized in
the fields of sports medicine and fitness. The derivative aero-
bics designed based on its principles can not only shorten
the training duration but also play a positive role in improv-
ing body fat and blood lipid indicators; for female college
students, such aerobics can also enhance training interest. If
integrated into college physical education courses, it can not
only enrich the course content but also help improve their
long-term training compliance [24].

HIIT uses an alternating pattern of “high-intensity ex-
ercise + rest intervals”, which is more effective in mobilis-
ing the energy metabolism system [25]. Its high-intensity
phase prompts the body to rapidly deplete muscle glyco-
gen reserves, forcing adipose tissue to break down faster to
maintain energy supply [26]. HIIT regulates TC levels in two
ways. The explosive exercise phase relies mainly on adren-
ergic activation to accelerate cholesterol turnover, whereas
conventional aerobic training remodels hepatic cholesterol
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metabolism pathways through metabolic adaptive mecha-
nisms, and this intensity-dependent modulatory property
results in a progressive optimisation of TC regulation [27].

In terms of TG metabolism, the unique post-exercise ex-
cess oxygen consumption (EPOC) effect of HIIT produces a
sustained state of metabolic activation [28]. This bodily re-
sponse not only prolongs the time window for fat burning,
but also accelerates the metabolic clearance of TG after meals
and, more importantly, enhances skeletal muscle mitochon-
drial B-oxidation, thereby building a more efficient fat me-
tabolism [29].

Based on the above findings, it is recommended that
HIIT be promoted as an exercise intervention for improving
lipid metabolism in female university students, especially for
those who need to rapidly reduce cardiovascular disease risk
factors. In the future, we can further explore the personalised
adaptation strategies of HIIT for people with different physi-
cal characteristics, exercise habits and metabolic bases, in or-
der to improve the practical application of exercise interven-
tion in the prevention and control of dyslipidaemia.

5. Conclusion

Compared with MICT, intervention through HIIT train-
ing in female college students can effectively improve blood
lipid-related indicators such as TC, TG, LDL-C, and HDL-C.
This finding can provide theoretical and practical basis for
exercise intervention in the physical and mental health de-
velopment of female college students. However, the study
also has some limitations. Due to the constraints of the num-
ber of included studies and the complexity of HIIT exercise
protocols, the above conclusions still need to be verified by
more high-quality RCT to ensure the reliability and applica-
bility of the findings.
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Kinematic assessment of the dominant and non-dominant legs at initial
contact: Implications for lower limb injury risk during spike and block
landings in professional volleyball players

Mahdi Majlesi’, Elaheh Azadian, Rafe Mohammad Zaheri

Islamic Azad University, Hamedan, Iran

ABSTRACT

Purpose of the study: Jump landings after spike and block jumps in volleyball are among the primary contributors to lower limb injuries, particu-
larly involving the anterior cruciate ligament (ACL). Understanding kinematic differences between these two common landing scenarios can enhance
injury prevention strategies. The purpose of this study is to investigate the differences in lower limb landing kinematics between spike and block jumps,
as well as between the dominant and non-dominant legs, in professional volleyball players.

Methods: Twenty-seven elite male volleyball players performed spike and block jumps over a standard net (2.43 m). Three-dimensional lower limb
joint angles at initial contact (IC) were recorded using a motion capture system (200 Hz) synchronized with force plates (1000 Hz). Jump height was also
measured. Paired t-tests compared joint angles between spike and block landings and between dominant and non-dominant legs (p < 0.05).

Results: Spike jumps resulted in significantly higher jump heights compared to block jumps (p = 0.002). At initial contact, spike landings dem-
onstrated significantly less knee and hip flexion, greater ankle plantarflexion, and a higher degree of non-dominant knee valgus compared to block
landings. No significant inter-limb differences were found during block landings; however, spike landings showed significant asymmetries, with the
non-dominant leg exhibiting riskier knee alignment and reduced flexion compared to the dominant leg.

Conclusion: Spike landings involve biomechanically riskier patterns than block landings, particularly in the non-dominant leg, potentially elevating
ACL injury risk. Coaches should emphasize balanced lower-limb strength, enhanced knee and hip flexion during landing, and targeted neuromuscular
training to mitigate these landing asymmetries.

Keywords: Volleyball, Landing biomechanics, Dominant vs non-dominant leg, ACL injury risk, Jump landing kinematics
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KuHemaTtnyeckas oLeHka AOMUHUPYIOLLEN U HEAOMUHUPYHOLLIEN HOTU

B MOMEHT NepBOro KOHTaKTa: NoCcneacTBUA ANS pUcka TPaBM HMKHUX
KOHEYHOCTEMN Npu NpU3eMrIeHUsIX Nnocre aTakyrLmX U 61I0KMpPyoLLUX
NPbLDKKOB Y NpoheccuoHanbHbIX BONen6onmcToB

Maoncnecu Maxou', Inaxex Asaduan, Page 3. Moxammao

Ucnamckul yHusepcumem Azad, XamedaH, MpaH

AHHOTAD VA

Iens uccnepopanus: [IpuseMaeHns NOCIe aTaKyOIMX (CIAKOBBIX) U 6IOKMPYOLINX IPbDKKOB B BOMEN00/IE AB/IAIOTCA OFHON U3 OCHOBHBIX
IIPUYMH TPABM HIDKHUX KOHEYHOCTeN, 0CO6eHHO mepenHert kpectoobpasuoit cBsasku ([TKC). I[Tonnmanme pasmndmit B KMHEMATHKe ITPU3eMIEHIIT
MEX/Y STUMM JBYMsA TUIIAMM TIPBDKKOB MOXKET CIIOCOOCTBOBATH YIyUIIEHMIO CTpaTeruii mpoduaakTuky TpasM. Ilenb JaHHOTO MCCIefOBaHMA —
U3YYUTD P3Ny B KMHEMATVKe IPM3eMICHIUIT HIDKHMX KOHEYHOCTell MKy IIPbDKKaMU IIPM aTaKe U O/I0Ke, a TakoKe MKy JOMIHUPYIOLIel! 11 He-
IOMMHUPYIOLIEiT HOTOl Y TpOodeCcCHOHATbHBIX BOIETOOMNCTOB.

Mertoppr: [IBajilaTh CeMb SNUTHBIX BONMEIOOMMCTOB-MY)KUYMH BBIIOMHANN aTaKyloliue ¥ OGIOKMPYIOIe IPbDKKY Yepe3 CTaHJApPTHYI0 CEeTKY
(2,43 m). TpéxMepHBIe YIIIBI CYCTaBOB HIDKHMX KOHEYHOCTEII B MOMEHT IIePBOTO KOHTAaKTa C MOBEPXHOCTBIO (PUKCUPOBAIICH C HOMOIIBIO CHCTEMBI
3axBara aByoKeHnus (200 1), cMHXpOHM3MPOBaHHOII ¢ cutoBbIMY ITaTdopmamu (1000 Iix). Takyke M3Mepsiach BBICOTA IPbDKKA. [TapHble (-KpuTepumn
CTbIOI[eHTa MCNO/Ib30BAINCH /1A CPABHEHUA YITIOB CYCTAaBOB MEXAY TUIIAMU IIPBDKKOB M MEXIY 'E[OMI/IH]/IPYIOH_LCIZ n He,[[OMI/[HI/[pyIOIlIei[ HOTO
(p<0,05).

Pe3ynmpraThl: ATakylolye IPbDKKI COMPOBOXAAMICH 3HAUNTEBHO GOIbILelT BEICOTOM MPBDKKA II0 CpaBHeHNMIO ¢ Gmoknpyomumu (p = 0,002).
B MOMEHT TTepBOr0 KOHTAaKTa IPM3eMIeHN TI0CTIe CIajiKa XapaKTepi30BaMiCh 3HaUMTeTbHO MEHbIINM CTOaHNeM B KOJTIeHe U Ta300e[peHHOM CyCTa-
Be, O0JIbIIElT TONOLIBEHHO (p/IeKCHell TOMEHOCTOITHOTO CYCTaBa U BHIPOKEHHBIM BaJIbTyCOM KOJIeHa HelOMUHUPYIOIEll HOTY 110 CPaBHEHMIO ¢ 6710-
KOM. 3HAYNMMBbIX Pas/nNauil MeXXIy HOTaMy Ipy OIOKVPYIOIMX IPM3eMIeHIAX He HaOMI0AaI0Ch, OGHAKO IIPY [IPM3EeMIEHNMSX [OC/Ie CIaiKa BbIsABIIA-
JIICH BBIPaXKEHHbIE aCMMeTPII: HeOMMHMPYIOIIIas HOTa IeMOHCTPMpOBaa 6oJee OIacHOe BbIpaBHIBaHME KOJIGHHOTO CyCTaBa 1 MeHblllee CrubaHmne
10 CPABHEHUIO C JIOMUHMPYIOLLEit HOTOJt.

3axmrouenne: [IpuseMieHNs MOC/Ie aTaKYOMNX IIPBDKKOB COMPOBOXKAAIOTCS G0/Iee PYCKOBAHHON OMOMEXaHITIeCKOil CXeMOit, 0COOEHHO IS He-
TOMMHUPYIOLIE! HOTM, YTO IOTEHIMAaAbHO yBenuduBaeT puck nospexpenus [IKC. Tpenepam peKoMeHfIyeTcs yfieNATb BHUMAHME PasBUTHUIO CUM-
MeTPUYHOII CUJIBI HIDKHUX KOHEYHOCTEN!, YIy4IIeHNIo criubaHys B KOJIEHHOM M Ta300eIPeHHOM CYCTaBaxX Ipy NIPU3eMIEHNN, a TaK)Ke IPOBEeHII0
1le/IeHaIIPaB/IEHHBIX HElfPOMBILIEYHBIX TPEHMPOBOK /I YMEHbIIEHNUs aCMMEeTPUY TPV IPU3eMIeHUAX.

Kniouesvie cnosa: Boneit6on, 61oMexaHnKa npyu3eMIeHNs, JOMUHUPYOLIAs M HeOMMHMPYIoLas Hora, puck TpaMbl ITKC, kuHemaTuka mpu-
3eMJIEHUIT IV IIPBIKKAX

BrarogapHOCTH: aBTOPBI BBIPAXXAIOT 671aTOJapPHOCTD YYAaCTHIKOM MCCTIeOBAHNA 32 NX yYacTHe.
KoHnuKT nHTEpeCcOB: aBTOPHI 3asAB/A0T 06 OTCYTCTBUY KOH(INKTA MHTEPECOB.

Insa mutuposanusa: Mamxnecu M., Asaguan 9., Moxamman 3axepu P. Kunemarnyeckas olleHKa JJOMMHUPYIOLLel 1 HEJOMUHMPYIOIEl HOTM
B MOMEHT [IEPBOT0 KOHTAKTa: [IOCTIEACTBI /IS PUCKa TPaBM HIDKHMX KOHEYHOCTEN! IIPY IIPU3eM/IEHISIX [IOC/Ie ATaKYIOLIVX 11 OIIOKMPYIOLINX IPHIKKOB
y mpodeccroHaNbHBIX BONe60mIcTOB. CnopmusHas meouyuHa: Hayka u npakmuka. 2025;15(2):67-75. https://doi.org/10.47529/2223-2524.2025.2.2
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1. Introduction [5]. Understanding the biomechanics of landings is therefore

Vertical jumps and landings are fundamental to volley- critical for injury prevention and performance optimization.
ball performance, with players averaging around 83 jumps Successful landings require effective dissipation of ground
per training session and 71 per match [1, 2]. These frequent reaction forces, maintenance of balance, and joint stability.
jumps, especially the explosive spike (attack) and block at Insuflicient lower-limb flexion (“stiff” landings) and poor
the net, impose substantial loads on the lower extremities. neuromuscular control can increase impact forces and injury
Epidemiological reports indicate that a large proportion of risk [6-8]. Prior research has identified key kinematic risk
volleyball injuries occur during the landing phase of spikes factors in jump landings. In particular, dynamic knee valgus,
and blocks [3]. Notably, Garcia et al. (2022), citing Takahashi a multi-planar collapse involving excessive hip internal rota-
et al. (2019), reported that up to 75 % of anterior cruciate lig- tion and adduction, knee abduction (valgus), and ankle ever-
ament (ACL) injuries in volleyball are associated with jump- sion, is strongly linked to ACL injury risk [9]. Biomechanical
landing tasks, mostly in non-contact situations [2, 4]. ACL analyses show that greater knee valgus angles and moments
injuries are among the most severe knee injuries for volley- during landing correspond with higher ACL loading [10].
ball athletes, often requiring surgery and long rehabilitation Conversely, reduced hip and knee flexion angles and limited
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ankle dorsiflexion range (i.e. landing more flat-footed) are
also associated with elevated ACL injury risk, due to a “brak-
ing” effect that increases strain on passive structures [10].
For example, landing with less hip flexion range of motion
was prospectively associated with higher ACL injury rates
in young athletes [7, 11]. At the ankle, a more plantarflexed
(toe-first) foot position at initial contact has been suggested
to protect the knee by reducing valgus loading [12]. Thus,
the optimal landing technique likely involves a coordinated
strategy: adequate hip-knee flexion to absorb shock, while
also utilizing ankle plantarflexion to modulate impact distri-
bution.

In volleyball, players must often perform landings under
varying conditions - a spike jump usually involves forward
momentum and an asymmetrical one-foot-dominant take-
off, whereas a block jump is typically straight upward with a
more symmetrical two-foot take-off. These differences in ap-
proach and task may lead to distinct landing mechanics and
potentially different injury risks. Additionally, athletes have a
preferred dominant leg (often defined as the leg they would
choose for a single-leg jump or that they feel more stable on)
and a non-dominant leg. Imbalances between the legs can
be problematic: side-to-side asymmetries in strength or tech-
nique might predispose the weaker or less coordinated limb
to injury. Some studies have found limb dominance effects
on landing biomechanics. For instance, during single-leg
drop landings, the dominant limb can exhibit different kine-
matics or coordination patterns compared to the non-dom-
inant limb [13, 14]. In multi-directional volleyball landings,
limbs may use different joint moment strategies to handle
similar loads [15]. However, the literature is not entirely con-
sistent—certain analyses reported no significant kinematic
differences between dominant and non-dominant limbs in
jump landings, whereas others noted that the dominant leg
could be at higher risk due to less optimal control in some
scenarios [14]. These discrepancies highlight a knowledge
gap regarding how limb dominance interacts with specific
volleyball tasks (spike vs. block landings).

To date, there has been limited research focusing on in-
game volleyball jumps (as opposed to standardized drop
jumps) comparing the landing mechanics of the dominant
and non-dominant legs. A more ecologically valid under-
standing of spike and block landings could reveal important
asymmetries or technique differences that contribute to com-
mon injuries like ACL tears or ankle sprains. Therefore, the
purpose of this study was to examine the three-dimensional
kinematics at initial contact of the dominant and non-dom-
inant lower limbs during spike and block landings in profes-
sional volleyball players. We aimed to determine how each
leg’s joint angles (hip, knee, ankle in sagittal, frontal, trans-
verse planes) differ between the two jump types, and to in-
terpret whether those differences indicate altered injury risk
profiles. We hypothesized that spike landings, due to their
forward momentum and typically one-foot lead, would in-
volve greater hip and knee flexion (to absorb impact) but
potentially more asymmetry between legs, whereas block
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landings might show more symmetric but stiffer (less flexed)
lower-limb positions. We also expected the non-dominant
leg to possibly exhibit riskier kinematics (such as more val-
gus or rotation) given it may have less neuromuscular con-
trol compared to the dominant leg. The findings of this study
can help identify biomechanical factors associated with each
landing technique and foot, informing targeted training and
injury prevention strategies for volleyball players.

2. Methods

2.1. Participants

Twenty-seven elite male volleyball players from Iran’s
top professional league volunteered for this study. All were
actively training and competing > 5 days per week. Mean
(= SD) age, height, weight, and BMI were 25.1 * 2.1 years,
1.83 £0.07 m, 75.9 *+ 9.1 kg, and 22.6 + 2.7 kg/m?, respec-
tively. Sample size was determined using G*Power (a = 0.05,
power = 0.80) to ensure sufficient sensitivity for within-sub-
ject comparisons. Inclusion criteria required no lower/upper
limb injuries in the past year. Athletes with a history of ACL
injury or lower-limb surgery were excluded. All reported
right-leg dominance. Informed consent was obtained from
all participants. The study was approved by the institutional
ethics committee and followed the Declaration of Helsinki.

2.2. Instrumentation and procedure

All testing was performed in a biomechanics laboratory
with a regulation volleyball net set at men’s official compe-
tition height (2.43 m). A three-dimensional motion cap-
ture system (Vicon Motion Systems, Oxford, UK) with six
T20 cameras (200 Hz) was used to record kinematics of the
lower extremities. Prior to data collection, a technician placed
14 reflective markers (14 mm diameter) on anatomical land-
marks of each subject’s lower body according to the Plug-In
Gait Marker Set model (Vicon Peak, Oxford, UK) [16]. This
model allowed calculation of segment and joint angles for the
hip, knee, and ankle in three planes. Kinetic data were simul-
taneously captured using two Kistler force plates (9281CA,
Kistler Instrumente AG, Switzerland) embedded in the floor
(1000 Hz sampling). The force plates were positioned so
that each foot would contact a separate plate upon landing,
enabling detection of initial ground contact (defined as the
moment vertical force first exceeded 10 N) [17]. Kinematic
and force data were time-synchronized through the Nexus
1.8.5 software (Vicon Motion Systems, Oxford, UK).

Before the jump trials, each athlete completed a standard-
ized 15-minute warm-up of dynamic exercises for the upper
and lower body, consistent with typical volleyball pre-match
warm-ups (light jogging, dynamic stretches, jumping drills).
To familiarize participants with the lab setup, they performed
a few practice jumps (both spike and block movements).
Jump height capabilities were then assessed to standard-
ize effort: each player performed two maximal spike jumps
(with a three-step approach) and two maximal block jumps,
and the highest reach was recorded for each. For the spike
jump, an approach run (typically 2-3 steps) was used and
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the player jumped as if spiking a ball overhead. For the block
jump, players started near the net with both feet and jumped
straight up with arms simulating a block. We set a target such
that during actual test trials, players aimed to jump ~90 % of
their maximal jump height for consistency and safety. Each
participant performed six randomized trials of spike and
block landings (Figs. 1 and 2). For spike trials, players mim-
icked an attack after an approach and landed bilaterally on
force plates following a simulated set. For block trials, they
reacted to a simulated set with a vertical jump and landed
with arms raised. All landings were performed naturally with
instructions to prepare for immediate movement. A 1-min-
ute rest was provided between jumps. The three best-quality
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trials per condition (clean foot contact and marker visibility)
were selected.

Marker trajectories were filtered using a 4th-order
Butterworth low-pass filter (6 Hz) [18]. Joint angles of the
hip, knee, and ankle were calculated using the Plug-In Gait
model at the instant of initial contact (IC), defined as the
first frame with vertical GRF >10 N. Angles were assessed in
sagittal (flexion/extension), frontal (adduction/abduction),
and transverse (internal/external rotation) planes. Positive
values represented flexion, adduction, and external rotation.
Jump height was calculated as the vertical displacement of
the ASIS marker between standing and jump peak. Each sub-
ject’s three trials were averaged for analysis.

Fig. 1. Execution technique of the spike landing in professional volleyball players
Puc. 1. TexHuka BbINOMHEHWS NMPU3eMIIEHMS NOCne HanagaLwero yaapa y npodeCccruoHanbHbIX BONenbonmcTos

Fig. 2. Execution technique of the block landing in professional volleyball players
Puc. 2. TexHuka BbINOMHEHNS Npu3eMrieHns nocrne 6nokmpoBaHus y npodecCcroHanbHbIX BONenbonmcTos
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2.3. Statistical analysis

All statistical analyses were conducted in SPSS v26.0 (IBM
Corp., Armonk, NY, USA). The Shapiro-Wilk test con-
firmed that kinematic variables were normally distributed.
Descriptive statistics (mean + standard deviation) were
computed for all measures. A paired (dependent) samples
t-test was used to compare spike vs. block landing outcomes.
Specifically, for each leg (dominant and non-dominant),
spike and block joint angle values were compared to identify
task-related differences. This approach tested within-subject
differences in landing kinematics for the same leg under two
conditions. In addition, effect sizes (Cohen’s d) were calcu-
lated for each comparison to assess the magnitude of differ-
ences, interpreted as small (d = 0.20), moderate (d = 0.50),
and large (d = 0.80). Statistical significance was set at p <
0.05 for all comparisons.

3. Results

The average jump height during spike and block tasks
in professional volleyball players was 57.17 + 9.05 cm
and 51.62 + 6.69 cm, respectively, showing a statistically

significant difference (p = 0.002), with athletes demonstrat-
ing approximately 10% higher jump heights during spike
jumps compared to block jumps.

The results of comparisons between tasks are presented
in Table 1. Block landings were characterized by significantly
greater hip flexion angles compared to spike landings for
both non-dominant (p = 0.001) and dominant (p = 0.001)
legs, demonstrating approximately 50 % greater hip flexion.
Additionally, block landings showed significantly greater
knee flexion angles for both non-dominant (p = 0.001) and
dominant (p = 0.001) legs, nearly doubling the knee flexion
angles compared to spike landings. Conversely, spike land-
ings exhibited significantly increased ankle plantarflexion for
both non-dominant (p = 0.001) and dominant (p = 0.001)
legs, with angles approximately 91% higher compared to
block landings, reflecting a more pointed toe position during
initial contact.

In the frontal plane, hip abduction angles were signifi-
cantly greater in block landings compared to spike landings
for both non-dominant (p = 0.001) and dominant (p = 0.001)
legs, indicating a wider stance during block landings. Knee

Table 1

Comparison of lower limb joint angles in three planes for the dominant and non-dominant legs at the moment of landing after
a spike and block in professional volleyball players (angles in degrees [°], mean + SD)

Tab6bnuuna 1

CpaBHeHMe YITIOB CYCTABOB HIDKHIX KOHEYHOCTEI B TPEX INIOCKOCTAX [I/I FOMIHMPYIOLIeil 1 HeFOMIHMPYIOIIeil HOTM B MOMEHT
Hpyu3eMIeHNA NOCIe ATAKYIOIero 1 GIOKMPYIolero MpbDKKOB Y MpodeccuoHanbHBIX BoneiibomicTos (sl B rpagycax [°],
cpeHee * CTAaHapTHOE OTKIOHEHMe)

Variables Foot Assignment . Sig. (¥) Cohen’s d
Block Spike
. . Non-dominant leg 36.70 +£9.23 24.02 +3.76 0.001(6.954) 1.34
Hip sagittal angle at IC -
Dominant leg 35.80 £ 9.56 23.74 +4.17 0.001(6.681) 1.28
. Non-dominant leg -11.58 £ 3.92 -3.20 £ 1.49 0.001(-5.398) 1.04
Hip frontal angle at IC -
Dominant leg -9.94 + 4.56 -3.95+2.76 0.001(-5.949) 1.14
. . Non-dominant leg 3.46 +1.42 11.01 +3.70 0.075(-1.856) 0.36
Hip horizontal angle at IC -
Dominant leg 3.60 +1.81 17.04 + 3.90 0.110(-1.652) 0.32
. Non-dominant leg 31.64 + 4.40 14.41 + 3.33 0.001(6.867) 1.32
Knee sagittal angle at IC -
Dominant leg 30.18 + 4.07 16.69 + 3.82 0.001(7.338) 1.41
Non-dominant leg 3.36 £ 1.89 7.55+2.72 0.049(-2.061) 0.40
Knee frontal angle at IC -
Dominant leg 3.06 = 1.34 4.86 +2.23 0.416(-0.826) 0.16
. Non-dominant leg 3.13+1.15 -2.41 £0.67 0.008(2.879) 0.55
Knee horizontal angle at IC -
Dominant leg 3.08 £1.92 1.02 £0.16 0.437(0.789) 0.15
Non-dominant | -12.29 + 4.36 -23.38 +7.33 0.001(5.613 1.08
Ankle sagittal angle at IC — - OTmant o8 ( )
Dominant leg -12.30 +£5.29 -23.15+5.63 0.001(7.424) 1.43
Non-dominant | 0.10 +0.03 0.35+0.03 0.300(-1.057 0.20
Ankle frontal angle at IC on - ormmant g ( )
Dominant leg 0.42 + 0.06 0.56 + 0.05 0.589(-0.546) 0.10
Non-dominant | -4.19 + 1.47 -7.27 +2.88 0.365(0.922 0.18
Ankle horizontal angle at IC b - ST 28 ( )
Dominant leg -3.72+1.74 -7.33£2.10 0.405(0.846) 0.16

Note: (+) indicates flexion and (-) indicates extension in the sagittal plane, (+) indicates adduction and (-) indicates abduction in the frontal
plane, and (+) indicates external rotation and (-) indicates internal rotation in the horizontal plane.
IIpumeuanue: (+) o603Havaet crubanue 1 (-) 0603HavaeT pasrubaHue B CAarnTTaNbHOM IVIOCKOCTH, (+) 0603HavaeT affyKuuio 1 (-) o6o3HagaeT
abaykuuio Bo GpOHTAIBHOI IIOCKOCTH, (+) 0603HaYaeT HAPY>KHYIO poTauuio i (-) 0603HauaeT BHYTPEHHIO POTALINIO B TOPM3OHTAIBHOI

IIJIOCKOCTMU.
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Fig. 3. Radar chart of lower limb joint angles (°) at initial contact across spike and block landings for dominant and non-dominant legs
Puc. 3. Ouarpamma B BMAe pagmanbHoro rpaduka, otobpaxatowas yribl CyCTaBOB HUXHUX KOHEYHOCTEN B MOMEHT MEpBOro KOHTakTa npu
npusemeHnn Nocne atakyLero 1 6rnokvMpyoLLEero NPbRKKOB ANst AOMUHMPYIOLLEN Y HeOOMUHUPYIOLLEN HOMM

frontal angle showed a significant difference only in the non-
dominant leg (p = 0.049), being greater during spike land-
ings. In the horizontal plane, a significant difference was
found only for the non-dominant knee joint (p = 0.008), in-
dicating greater external rotation during block landings com-
pared to spike landings. No other significant transverse plane
differences were observed for hip or ankle joints between
tasks. Radar chart visualization (Fig. 3) effectively illustrates

254
mDominant leg

20 4 mNon-dominant leg

° =

-5

Sagittal angle Frontal angle Horizontal angle

Fig. 4. Comparison of knee joint kinematics (sagittal, frontal, and
transverse planes) between dominant and non-dominant legs during
spike landings in professional volleyball players

Puc. 4. CpaBHeHMe KMHEMATVKN KONIEHHOIO CycTaBa (carutranbHasi,
poHTanbHas U ropu3oHTarnbHas NO0CKOCTU) MeXAy AOMUHMPYIOLLEN
N HEeJOMUHUPYIOLLEN HOTOW NpU Npu3emreHun nocre atakyLero
npbbKKa y NpogeccrMoHarnbHbIX Bonenbonmctos
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these overall kinematic differences between spike and block
landings, highlighting complementary sagittal adjustments
(greater hip and knee flexion in blocks, greater ankle plan-
tarflexion in spikes) and the subtle frontal and transverse
plane differences in joint alignment. Effect size analysis
(Cohenss d) indicated large eftects for hip sagittal angles (d =
1.34 and 1.28), knee sagittal angles (d = 1.32 and 1.41), and
ankle sagittal angles (d = 1.08 and 1.43) between spike and
block landings for both non-dominant and dominant legs.
Moderate effects were observed for hip frontal angles, while
other comparisons showed small or negligible effects.

The comparison between dominant and non-dominant
legs within each task revealed additional meaningful insights.
While no significant differences were detected between legs
during block landings across any joint or plane, spike land-
ings exhibited significant bilateral asymmetries specifically at
the knee joint. The dominant leg showed significantly greater
knee flexion in the sagittal plane (p = 0.028), more knee ad-
duction in the frontal plane (p = 0.006), and greater external
rotation in the transverse plane (p = 0.021) compared to the
non-dominant leg in spike. These significant inter-leg differ-
ences during spike landings are visually summarized in the
bar chart presented in Fig. 4.

4. Discussion

The present study compared the landing biomechan-
ics of spike jumps and block jumps, revealing distinct ki-
nematic strategies and leg asymmetries between these two



volleyball-related tasks. As expected, the dynamic spike jump
produced a ~10 % greater jump height than the block jump,
consistent with the extra approach momentum and counter-
movement involved. However, this higher jump height was
accompanied by markedly different landing mechanics.

Block jump landings were characterized by significantly
deeper hip and knee flexion (approximately 50 % and 100 %
greater, respectively) in both limbs, whereas spike jump land-
ings were notably stiffer, with much less flexion at the hip
and knee. Spike landings also featured about 91 % more ankle
plantarflexion at contact, indicating a more toe-first landing
[19]. From a biomechanical perspective, greater knee and hip
flexion during landing, allows effective energy absorption
through increased eccentric muscle activity, reducing peak
impact forces transmitted through the lower limbs [6, 20].
Previous literature suggests that greater knee and hip flex-
ion during landing is associated with reduced ACL loading
and may potentially contribute to lower injury risk, although
these studies did not directly compare injured and non-in-
jured athletes [13, 21]. Conversely, the relatively stiff landing
posture characteristic of spike jumps, involving less knee and
hip flexion, may increase lower limb joint stress and poten-
tial injury risk, particularly for ACL and knee joint structures
[22, 23]. These findings align with previous research high-
lighting limited knee flexion as a significant injury risk fac-
tor in dynamic landing tasks [24]. Block landings, done very
close to the net with mostly vertical flight, use a softer, more
controlled strategy with greater hip/knee flexion. In contrast,
spike landings follow an approach with forward momentum
and longer take-off, yielding a relatively stiffer, less-flexed
posture; match data also show attack jumps are typically
higher than blocks, increasing deceleration demands [2, 25,
26]. Deeper hip/knee flexion increases eccentric energy ab-
sorption and attenuates impact, whereas limited knee flexion
is linked to greater frontal-plane knee loads and higher ACL
loading/strain [27]. Therefore, coaching cues that preserve or
increase hip/knee flexion in spike landings—and that man-
age approach speed—are biomechanically justified [28].

In the frontal plane, block and spike landings revealed
distinct strategies for maintaining stability. Block landings
showed greater hip abduction, indicating a wider stance that
may enhance lateral stability and promote more neutral knee
alignment [29]. In contrast, spike landings involved reduced
hip abduction and increased knee valgus, particularly in the
non-dominant leg. This medial knee displacement, combined
with decreased external rotation, creates a risky biomechani-
cal profile. Dynamic valgus coupled with internal tibial rota-
tion is known to elevate ACL strain [13, 30]. These findings
suggest that spike landings, especially on the non-dominant
side, may pose greater risk, while block landings offer a more
protective alignment for the knee.

The presence or absence of inter-limb asymmetry in these
tasks further underscores how task demands shape biome-
chanics. In block jump landings, we found no significant
differences between the dominant and non-dominant legs
in any plane, indicating a symmetric contribution of both
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limbs. This symmetry may be expected in block jumps, a
mostly vertical, two-foot landing task, and aligns with studies
reporting that healthy and uninjured athletes generally show
nearly symmetric kinetics and kinematics during controlled
double-leg landings, with only small asymmetries at the hip
and ankle in the frontal and transverse planes [22, 31].

In contrast, spike jump landings elicited pronounced
asymmetrical behavior between the legs. The dominant limb
landed with greater knee flexion and a more externally ro-
tated, varus (adducted) knee alignment, while the non-dom-
inant limb exhibited a more extended knee, greater valgus
collapse, and more internal rotation. Biomechanically, this
suggests the athlete relied more on the dominant leg to eccen-
trically absorb the landing (hence bending it more), whereas
the non-dominant leg, which often serves as the lead foot in
a spike jump landing, may not have flexed as much and in-
stead collapsed medially. This asymmetry is consistent with
the concept of leg dominance influencing landing strategy.
Volleyball spike approaches are typically executed such that a
right-handed hitter’s final step is with the left (non-dominant)
foot forward, leading to a landing that loads the left leg more
heavily [13]. As a result, the non-dominant limb often bears
greater landing forces due to a unilateral loading bias. Our
findings are consistent with previous reports on single-leg
landings and cutting maneuvers, where the non-dominant
limb showed poorer postural stability, less optimal align-
ment, and a stiffer landing posture with greater medio-lateral
center-of-pressure excursion, largely attributed to lower mus-
cular strength, particularly weaker hamstrings [19].

Our spike landing data concur: the non-dominant leg’s
reduced flexion and increased valgus could stem from defi-
cits in strength or neuromuscular control, making it the weak
link during the high-impact landing. This notion is further
supported by studies showing the non-dominant limb can
experience significantly larger impact forces [23] and that it
generally has to compensate for the dominant limb’s prefer-
ential use in lead-up movements [13]. Conversely, the domi-
nant leg’s more favorable mechanics (greater flexion, less
valgus) during spike landings might be due to it being the
stronger limb, capable of better shock absorption. Taken to-
gether, these results highlight a clear interplay between jump
type and leg dominance: a symmetric task like a block jump
encourages both limbs to share the load evenly, whereas the
asymmetric nature of a spike jump (due to approach steps
and hitting strategy) leads to the non-dominant limb being
placed in a mechanically disadvantageous position.

Our findings show that spike landings, especially on the
non-dominant limb, involve stiffer sagittal mechanics and
less favorable frontal/transverse alignment than block land-
ings, consistent with ACL-loading mechanisms [13, 19, 31].
These markers highlight practical applications for screening
and coaching (e.g., monitoring flexion, controlling valgus/
transverse motions, strengthening the non-dominant side).
Although interventions were not tested here, RCT-level evi-
dence supports neuromuscular training to improve landing
mechanics and reduce ACL risk surrogates [32-35].
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5. Conclusion

This study identified task- and limb-specific kinematic
differences during volleyball landings. Compared to block
jumps, spike jumps were characterized by reduced hip and
knee flexion, greater ankle plantarflexion, and a less favorable
frontal/transverse knee profile, particularly on the non-dom-
inant side. These patterns are consistent with mechanisms
linked to higher ACL-relevant loading and may indicate a
potentially elevated biomechanical risk, especially for the
non-dominant limb. Because this study involved a healthy
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athletic cohort and an observational, non-interventional
design without an injured comparator, the findings should
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