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Human genome research in sports brings about complex ethical questions related to genetic manipulation for enhancement of performance among athletes.
Genes enhancing raises concerns about fairness, equality, and respect for human dignity. This review explores the ethical aspects of human genome research in
sports and its potential effect on the integrity of sports. Methodologically, this article provides a systematic analysis of scientific publications and expert insights
to explore the ethical challenges of athletic genetics. This study extensively examined the current literature on genetics and sports performance, as well as ethical
contradictions in modern science and sports. The literature was searched using Scopus, Google Scholar, and PubMed databases. Keywords included “genetics”,
“sports performance”, “ethics”, “bioethics”, “genetic testing”, “human rights”, “sports”. The searching strategy was formulated without time constraints. Thus, both
recent and fundamental works in this direction could be included. In conclusion, it is stated in this review that genetic technologies in sports should be developed
and applied in accordance with ethical considerations. It is crucial because this is how fundamental principles of fairness, equality, and respect for human dignity
can be supported. The review stresses the importance of an open dialogue about the potential influence of genetic advancements on athletic performance, future
generations, and integrity of sports.

Keywords: bioethics, sports, genetic testing, sports performance, ethics, human rights

Authors contribution: Pleshchev IE — concept and design of research, data collection and processing, text writing; Nikolenko VN — concept and design of
research, responsibility for the integrity of all parts of the article, editing; Achkasov EE, Shkrebko AN — text writing, data collection and processing, editing.

><] Correspondence should be addressed: Igor E Pleshchev
Revolutsionnaya st., 5, Yaroslavl, 150000, Russia; doctor.pleshyov@gmail.com

Received: 16.07.2025 Accepted: 21.08.2025 Published online: 01.09.2025
DOI: 10.24075/medet.2025.013

STUYECKUE ACNEKTbI CMOPTUBHOW MrEHETUKW: BbI30OBbI U PELLIEHUA
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ViccnenoBaHus reHomMa YenoBeka B CriopTe MOAHUMAIOT CNOXHbIE 3TUHECKUE BOMPOCHI, KACAIOLLMECS MepeceqeHnsl reHETUKN 1 CMOPTUBHBIX Pe3yssTaTos.
[MpoBeaeHme reHeTU4ecKnx MoandrKaumin TpebyeT CobMOAEHNS MPUHLMNOB YECTHOCTM, PaBEHCTBA BO3MOXHOCTEN 1 COXPaHEHS YeNOBEHECKOro JOCTOMHCTBA.
[LaHHbIn aHanMTHecKmnii 0630p UCCnedyeT aTNHECKMe 1 MOpasbHbIE aCNeKTbl FEHOMHbIX MCCNeA0BaHN B CNOPTVIBHON cdepe, aHamM3npyst BO3MOXKHbIE BANSHNSA
Ha LenocTHOCTb criopTa. MeTofonorndecky paboTta NpefcTaBnseT coboi CUCTEMATUHECKUA aHaNn3, OObeaNHSIOLMIA HayYHble MyOnMKaLmmn 1 9KCnepTHble
3aKJIOYEHNST AN U3YHEHMst STUHECKMX BbI3OBOB B 0OMAacTV CMOPTUBHOM reHeTuku. VlccnepoBaHmne BKIKOYAET AeTallbHbI aHan3 COBPEMEHHbIX HayYHbIX
paboT, OXBaTbIBAIOLLMX MEHETUHECKME OCHOBbI CMOPTUBHBIX BO3MOXHOCTEN, MOpasibHble M 9TUHECKME MPOTUBOPEYMSt B COBPEMEHHbBIX YCIIOBUAX Pa3BUTUSA
Hayku 1 crnopTa. Mouck nuTepaTypbl NPoBOAUCS B Tpex H6asax AaHHbIX: Scopus, Google Scholar n PubMed. Monck oCyLIECTBASNCS NO TakMM KIHOHEBbIM
CNoBaM, Kak «reHeTuKa», «CropTUBHbIE PesynbTaTbl», «3TUKa», «BMO3TUKa», «reHETUHECKOe TECTMPOBaHME», «MpaBa YenoBeka», «crnopT». CTpaTterus novcka
6bina pagpaboTaHa 663 KOHKPETHbIX BDEMEHHbIX OrPaHYeHiA, YTO NO3BOMSNO BKOHYATb Kak HelaBHMeE, Tak 1 OCHOBOMOMaratoLLe paboTsl B 9TOM 06nacTu.
B 3akntodeHre, B 0630pe YTBEPXKIAAETCS, YTO UHTErpaumsi STMHeCKNX COODPadKEeHWA B pa3paboTKy 1 NMPUMEHEHNE MEHETUHECKIX TEXHOMOMWIA B CrIopTe MMeeT
pelaroLLiee 3HadeHne AN MoAAep)KaHVs OCHOBOTOMAararoLLMX NPUHLMNOB CNPaBe/IMBOCTA, PaBEHCTBA U YBAXKEHWUS 4YENOBEYECKOro AOCTOMHCTBA. YTO
NoAYepKMBAET BXKHOCTb OTKPLITOrO Avasiora O NoTeHUMabHbIX MOCNEACTBUSAX FEHETUHECKNX AOCTVXKEHNIA NSt CMOPTUBHbIX PE3YNLTATOB, OyAyLLMX MOKONEHNIA
1 LLeNnoCcTHOCTW cropTa.
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Identification of athletic talent and addressing ethical
challenges in sports genetics have become a hot topic in the
global scientific community. Groundbreaking discoveries in
molecular biology and genetic research have emerged from
exploration of the relationship between athletic performance
and genes, opening innovative strategies to detecting

abilities and enhancing performance in sports. This has
raised complex ethical considerations regarding fairness,
equality, and protected interests of athletes. Interaction
of athletic performance and genetic science gives rise to
significant ethical concerns that should be analyzed in detail
and used to develop ethical principles, particularly regarding
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fair play in sports competition and similar chances for all
participants.

Emerging controversies covered ethical concerns of
genetic enhancements such as genetic discrimination, risk
of a genetically determined hierarchy among athletes, and
possible consequences for future generations.

Genetic research can also significantly enhance athletic
performance and push the limits of the human body
dramatically.

The opposite views show that it is increasingly urgent to
create a complex ethical platform that can manage responsible
development and promote genetic innovations in modern
sports.

ETHICAL CHALLENGES IN ATHLETIC GENETICS

Identifying athletic talent involves a complex natural
assessment of physical and psychological traits that contribute
to a sport-specific performance. An effective system for
identifying promising athletes needs to predict their motor skills
development and transformation of competencies necessary to
become an elite athlete from primary selection to demonstration
of sports achievements [1, 2].

However, talent identification is more than just plain
consideration of evolutionary adaptations. The complex
selection model represents a multi-faceted system that
includes the training process quality, environmental conditions
and individual motivation of the athlete, emphasizing the
fundamental role of genetic factors in human athletic
abilities. Scientists used candidate gene analysis methods
and genome-wide association studies (GWAS) to identify
251 polymorphisms associated with athlete status, which is
a technological breakthrough [3].

The scientific community predicts that a revolutionary period
in sports genomics with breakthrough achievements in DNA
technologies is about to start. Key development areas include:
a) genome-wide sequencing, b) advanced GWAS studies,
C) epigenomic and transcriptomic analysis, d) biocinformatics
and proteomic profiling.

Advancements in technology enable deeper exploration of
how genetics influence physical performance. The research
potential will be enhanced due to better access to complex
ohmic databases and high-performance screening technologies.
Multiohmic approaches are also of great interest because they
are used to understand the mutual effect of various integrated
data (genomics, metagenomics, epigenomics, transcriptomics)
on biological mechanisms of physical activity [4, 5].

Though genetic technologies in sports are currently
associated with ethical dilemmas, they can help identify talents
and enhance athletic performance [3, 6, 7]. For example,
personalized training programs that utilize genetic information
make training of athletes more efficient by emphasizing natural
advantages and compensating for potential weaknesses, which
enhances the overall athletic performance [8]. Genetic analysis
of markers linked to tissue regeneration, injury predisposition,
and recovery rates allows to develop personalized protocols
for reducing traumatic risks and speeding up recovery. Due to
this approach, a more rational strategy for maintaining health
of athletes and prolonging their athletic careers is provided [9].

Genetic predisposition that influences metabolic processes
and nutrient absorption forms the foundation for personalized
nutrition strategies that optimize energy balance, muscle
growth, and overall health. Personalized nutrition strategies will
enhance athletic performance by tailoring nutrient intake to an
athlete’s genetic profile [10].
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In turn, genetic technologies can democratize identification
of athletic talent allowing more athletes to get access to
previously exclusive knowledge. As genetic testing becomes
cheaper and more accessible, personalized feedback and
development opportunities enhance inclusivity in sports
by recognizing and developing talent and breaking down
socio-economic barriers [11].

However, the practical value of DNA testing for identifying
athletic talent or predicting performance phenotypes is currently
limited. [12]. Despite the obvious influence of genetic factors
on athletic performance, the relationship between specific
genetic variation and athletic performance within the normal
range of human characteristics lacks sufficient evidence. It can
be explained by a complexity of traits influenced by multiple
genes with minimal effects, as well as by hampered control
of environmental factors during research. It is important to
understand that individual DNA characteristics probably
represent only a small fraction of total physical characteristics
ranging from 0.005% to 0.1% [13]. According to evidence
from the scientific literature, genomic testing has limited value
as a talent identification tool. An indicative study compared
pooled genotypic indicators in elite athletes specializing in
endurance sports (68 genetic variants) and in speed and
strength sports (48 genetic variants) among five elite track
and field athletes. However, 68 of nonathletic controls were
scored even higher than elite power athletes. Surprisingly,
elite speed and strength athletes often demonstrated superior
endurance-strength compared to elite endurance athletes.
The study concluded that genetic information is not a reliable
criterion for distinguishing elite athletes from nonathletic
controls, which doubts effectiveness of the method identifying
athletic talent [14].

British researchers Pickering C. and Kiely J. from the
University of Central Lancashire conducted a large-scale study
involving 243 participants, including 110 athletes and 133 staff.
Its aim was to study the prevalence of genetic testing in sports
and participants’ opinion of whether it is ethical to use the
testing. The data show that genetic tests are far from being
popular for assessing athletic performance: only 10% of athletes
and 11% of staff used the test. Nevertheless, the majority of
respondents agree that genetic factors are essential for athletic
performance and adaptation to physical exertion. During the
test, three key barriers preventing an active introduction of
genetic testing into sports practice were discovered. They
included lack of awareness among specialists, high financial
costs, and absence of convincing scientific evidence base.
Those who underwent genetic testing provided positive
feedback. Thus, 73% of athletes and 64% of staff estimated
the obtained information as practically significant. It should
be noted that genetic testing was mainly used not to identify
an athletic talent, but to personalize training programs. The
most representative result of the study included identification
of fundamental differences in the ethical perception of genetic
testing among athletes and coaching staff. A small percentage
of athletes, specifically 4%, cited ethical considerations as
a reason for refusal from genetic analysis. Among coaches,
this figure reached 19%, which is almost five times higher [15].

Members of sports community have different opinions
on genetic testing. Moreover, coaches worry more about
ethical issues as compared to athletes. This difference in
perception shows that the issue of using genetic technologies
in professional sports is complex. A research group led by
Varley |. conducted a large-scale online survey involving 72 elite
athletes and 95 representatives of British sports organizations
and governing structures. The purpose was to explore the



LITERATURE REVIEW

practical implication of genetic testing and the prospects for its
introduction into sports practice.

The survey results demonstrated a striking consensus
among the respondents. Thus, approximately 80% of elite
athletes and almost all representatives of the support staff
recognized that genetic factors were essential while shaping
athletic potential. Moreover, the study participants were
convinced that genetic profiling shows promise in predicting
athletic performance and injury susceptibility [16].

Genetic tests that determine athletic potential are criticized
based on the ACCE model, which is an integrated system
for evaluating genetic research. This model analyzes several
key aspects such as analytical accuracy of the results, clinical
reliability of the methods, and ethical, legal and social risks
associated with their use. Though professional and ethically
sound identification of athletic abilities may sound logical, the
criteria of professional competence do not apply to genetic
testing. It creates a significant gap in the system assessing
quality and reliability of the research [17].

Genetic research involving minors raises significant
concerns. Many experts are strongly against using the methods
in adolescents and children [18, 19]. Genetic testing of young
people generates specific ethical contradictions that go beyond
the standard issues of professional competence and scientific
validity. The issue needs a detailed analysis and a balanced
approach to decide on using genetic tests among young athletes.

One of the key ethical issues in genetics and sports
includes some methods that enhance athlete performance
without direct genetic intervention [20]. Thus, genetic testing is
often used to identify and select promising athletes. However,
some approaches such as somatic gene transfer and sex line
modification are aimed at direct gene modification. Germline
modifications can provide athletes with inherent life-long superior
physical traits, offering a significant advantage in competitive
sports. Moreover, useful traits are likely to be passed on to
future generations, creating genetically enhanced athletes with
excellent physical abilities [21]. Genetic innovations in sports
extent far beyond just personal records and cover complex
ethical and human rights issues. Genetic enhancement
technologies can create disparities among athletes: one group
gains access to these technologies, while the other lacks it,
which leads to genetic discrimination. The distinction between
“genetically privileged” and “genetically deprived” athletes
highlights the need for legislative frameworks and uniform
international regulatory standards. Using the methods makes us
question the basis of fair competition, violating the principles of
equality and fairness where the spirit of competitive sports rests
[1, 22]. Inequalities between athletes who can afford genetic
enhancements and those who cannot can be exacerbated,
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