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of the AI Development Strategy for 2025-2028, which create a regulatory and ethical framework
for the application of technologies in Azerbaijan’s anti-doping control, as well as the requirements
of the Council of Europe Convention, which ensure the protection of human rights, transparency,
accountability and the prevention of discrimination in the use of Al in sport. The results also showed
ongoing ethical and legal risks, such as the limited explainability of Al models, the lack of procedural
protections for contesting automated decisions, and the possibility of algorithmic bias being reinforced
by uneven training data. These risks could jeopardise the legitimacy of Al-based anti-doping control
and the effective protection of athletes’ rights. However, the analysis revealed significant risks of
algorithmic bias, insufficient transparency and explainability of intelligent systems, threats to the
privacy and rights of athletes, and socio-economic inequality in access to technology

Keywords: technology development strategies; machine learning algorithms; personal data protection;

regulatory frameworks; risks of technology application

Introduction

Modern sport is dominated by significant im-
provements in athletes’ performance and an in-
tensifying fight against doping, which requires
new and effective control methods. Al offers rev-
olutionary opportunities to improve the accuracy
and speed of detecting violations by processing
large amounts of diverse data, including biomet-
ric and biochemical indicators and performance
results. However, the introduction of Al raises se-
rious ethical issues, ranging from risks of privacy
violations and algorithmic bias to the opacity of
decisions, which can lead to unfair accusations.

Despite technological advances, the use of
Al in anti-doping control remains insufficiently
regulated and studied, especially in terms of eth-
ical and legal aspects. Anti-doping systems rely
primarily on retrospective analysis, whereas Al
can move towards proactive monitoring and pre-
diction of violations. The lack of a comprehensive
ethical and legal framework poses threats to the
protection of athletes’ rights and necessitates the
development of balanced approaches that ensure
transparency, fairness and accountability in the
use of Al in sport.

For example, H. Ryoo et al. (2024) demon-
strated that the use of Al significantly improves

the efficiency and accuracy of detecting doping
violations through automated data analysis, but
at the same time emphasise the risks associated
with the quality of information and potential al-
gorithmic bias. The results of the study by S. Ibra-
himova and M. Bagirzade (2024) showed that the
development of Al contributes to the digital trans-
formation of economic activity and increased ef-
ficiency in various industries, including sports,
through automation, new business models, and
improved information management. In addition,
E Jalilova (2025) emphasised that the current
stage of digital transformation is characterised
by the widespread use of information technology
in the economy, but full trust in Al is still limited:
weak Al systems only improve the performance of
tasks within human capabilities, while strong Al
can surpass humans.

A study by M.R. Rahman and W. Maass (2024)
proposes the use of generative models, specifi-
cally Generative Adversarial Networks (GANs),
to synthesise blood test data in order to improve
the effectiveness of indirect methods of detect-
ing doping. The authors showed that synthetic
samples generated by the model reliably mimic
real ones, which can expand the available data
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sets without violating the privacy and rights of
athletes. V. Ratten (2024) noted that the use of
Al in sport could change the interaction between
athletes and the control system, creating both
new opportunities for personalising anti-doping
measures and ethical challenges related to inter-
ference in the private sphere. In turn, D. Chen et
al. (2025) demonstrated that Al can improve
the accuracy of developing anti-addiction drugs,
which creates prospects for creating more effec-
tive means of detecting and preventing the use
of prohibited substances. Moreover, F. Lauritzen
and G. Holden (2022) emphasised that the effec-
tiveness of detecting anti-doping rule violations
is not determined by the volume of samples col-
lected but increases significantly when using
an intelligence-led approach to test planning,
which highlights the value of Al for optimising
anti-doping strategies.

On the other hand, A. Figus (2024) noted that
Al is transforming sport by enabling athletes and
coaches to obtain valuable analytical data that
contributes to improved performance, pointing to
the potential of Al to improve anti-doping meth-
ods through more accurate analysis of indica-
tors. The results of a study by ].J. Ooi et al. (2025)
demonstrated that the use of Al in sports science
can improve accuracy of prediction of results and
prevention of injuries compared to traditional
methods, confirming the potential of Al to more
accurately detect doping through the analysis of
athletes’ performance indicators. Additionally,
E. Dudnic and N. Dudnic (2025) determined that
the lack of uniform standards and transparent
statistics complicates the fight against doping,
and the improvement of anti-doping tests inev-
itably leads to more sophisticated methods of
circumvention, which requires the continuous de-
velopment of detection technologies.

The reviewed studies do not sufficiently ad-
dress the comprehensive assessment of ethical
aspects and practical implementation of Al in
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anti-doping systems, including the specific fea-
tures of Azerbaijan and other countries. There-
fore, the study aimed to provide a comprehensive
analysis of the potential and limitations of Al in
anti-doping activities, incorporating national and
international experience. The main objectives in-
cluded analysing the regulatory and ethical frame-
work for the introduction of Al in the anti-doping
sphere, assessing the effectiveness and specifics
of the use of modern Al technologies in interna-
tional and national anti-doping programmes, and
identifying key risks and ethical challenges asso-
ciated with the use of Al in doping control.

Materials and Methods

To study the regulatory context and legal restric-
tions on the use of Al in Azerbaijan’s anti-doping
policy, methods of comparative legal analysis of
key documents, systematisation of regulatory
provisions, and ethical and legal content analysis
were used. This identified the main requirements
for security, transparency, personal data protec-
tion, and procedural safeguards when introducing
Al into national anti-doping control. In particular,
provisions of the state Artificial Intelligence Strat-
egy of the Republic of Azerbaijan for 2025-2028
(Order of the President..., 2025) relevant to an-
ti-doping issues (e.g., data security and personal
information protection, use of Al to improve the
efficiency of procedures, creation of a regulatory
framework for the ethical use of Al, and attract-
ing investment) were highlighted and analysed.
National legislation is also relevant, including
Law of the Republic of Azerbaijan No. 447-VQ “On
Strengthening the Fight Against the Use of Dop-
ing Substances and Methods in Sport” (2016), as
well as the activities of the Azerbaijan National
Anti-Doping Agency (AMADA, 2025).
International recommendations and stand-
ards were also considered, including the United
Nations Educational, Scientific and Cultural Or-

ganisation (UNESCO) International Convention
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against Doping in Sport (2010), the Anti-Doping
Convention of the Council of Europe (1989), and
the Opinion of the European Data Protection Board
(EDPB, 2024). The study was based on the World
Anti-Doping Agency (WADA) World Anti-Doping
Code (WADA, 2021a), WADA Code Implementa-
tion Support Programme (CISP) (WADA, 2021b),
WADA International Standard for the Protection
of Privacy and Personal Information (ISPPPI)
(WADA, 2021c) and the structure of the Council
of Europe Framework Convention on Artificial
Intelligence (2024), which sets legal and ethical
standards for the use of Al tools in sport.

In addition, the experience of using the Ath-
lete Biological Passport (ABP) was analysed, and
ensemble models combining Extreme Gradi-
ent Boosting (XGBoost) and Multilayer Percep-
trons (MLP) were considered (Divya et al, 2024;
WADA, 2026). To systematise and summarise
the key areas of Al integration into internation-
al anti-doping practice, a comparative analysis of
modern approaches was used, highlighting their
essence and objectives. The focus was on hu-
man-centred and hybrid decision-making mod-
els, multilateral governance and ethical auditing,
standardisation and data integrity, and the balance
between innovation and ethical requirements.

Ethical and legal content analysis and quanti-
tative data analysis methods were used to analyse
the risks and ethical challenges of using Al in an-
ti-doping control, reflecting the specific features
of training Al models in the anti-doping field. Key
risks and ethical challenges were identified, such
as algorithmic bias and fairness issues, trans-
parency, explainability and accountability, data

privacy and security, impact on athletes’ rights
and procedural safeguards, as well as socio-eco-
nomic and global inequality. To illustrate bias and
data unevenness, the distribution of Al model
training samples was visualised according to the
conditions of collection of biological samples with
recombinant human erythropoietin (rhEPO), and

significant imbalances were also shown.

Results

Regulatory context

and legal restrictions on the use

of Al in Azerbaijan’s anti-doping policy

The application of Al technologies in the an-
ti-doping field is associated not only with scien-
tific and technical challenges, but also with the
need to comply with regulatory, legal and ethical
standards. Given the high sensitivity of athletes’
personal, biometric and behavioural data, any Al
solutions in this area require strict regulation,
transparency and legal certainty. In Azerbaijan,
the regulatory framework governing the intro-
duction of Al in the context of anti-doping policy
is being shaped primarily at the intersection of
national strategies for digitalisation, information
security and the protection of individual rights.
In this context, the state’s Artificial Intelligence
Strategy of the Republic of Azerbaijan for 2025-
2028 is central, as it was the first comprehensive
document to define the priority areas of Al policy
in the country (Order of the President.., 2025).
The strategy lays down regulatory guidelines and
institutional mechanisms that are potentially ap-
plicable to the field of sport, including monitoring
compliance with anti-doping rules (Table 1).

Table 1. Provisions of the Strategy relevant to anti-doping policy

Strategy position Contents Meaning of the anti-doping policy
1 General provisions and approval Legal framework for Al development
of the Strategy as the main document in the country, including sports
3 Analysis of information security risks Protection of personal and biometric data
in government agencies when using Al of athletes
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Table 1. Continued

Strategy position Contents Meaning of the anti-doping policy
513 Use of Al to improve government efficiency Automation and increased transparency
o and service quality of anti-doping procedures
6.1.1.2.3 Establishment of a regulatory framework Ethical standards for Al in sport
e for responsible and ethical Al and doping control
6.1.2.2.3 Data security Legal protection of athletes’ data
e and personal information protection and anti-doping tests
6.1.3.2.2 Staff training in Al and data management Training A.l spec1allstsl .
for sports analytics and monitoring
8.4.1 Measures to attract investment Securing funding
o in Al technologies for innovative anti-doping Al solutions

Source: compiled by the authors based on Order of the President of the Republic of Azerbaijan No. 530 “On the
Approval of the ‘Artificial Intelligence Strategy of the Republic of Azerbaijan for 2025-2028"" (2025)

These provisions may be interpreted as rel-
evant to the application of Al in Azerbaijan’s an-
ti-doping policy, particularly regarding the pro-
cessing of sensitive data and security. Given the
transdisciplinary nature of anti-doping activities,
the integration of Al in this area requires not only
technological adaptation but also comprehensive
compliance with legal and ethical requirements
in line with international standards. In this re-
gard, it is necessary to analyse the regulatory, le-
gal and ethical frameworks that ensure the legal-
ity, validity and fairness of the use of Al systems
in doping control.

One of the key conditions for the lawful in-
troduction of Al into the anti-doping sphere is
compliance with personal data protection stand-
ards, especially those relating to athletes’ biom-
etric and medical characteristics (Wojdala et
al., 2022). According to the EDPB recommenda-
tions (2024), the creation and use of Al models
based on personal data must be conducted in
full compliance with the provisions of the Gen-
eral Data Protection Regulation (GDPR) (2016).
Among the mandatory conditions for the lawful
use of personal data in Al models are: ensur-
ing the lawfulness, fairness and transparency
of processing; limiting the purposes and scope
of data collection; applying appropriate meas-
ures to protect data and ensure confidentiality;
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providing data subjects with the opportunity
to exercise their rights (to access, correct, and
delete data); conducting a preliminary data
protection impact assessment; ensuring the an-
onymity of model results and excluding the pos-
sibility of re-identification. The EDPB (2024)
emphasises that even if a model has been
trained on personal data, its use can only be
considered permissible if the data has been ob-
tained and processed lawfully. Otherwise, even a
technically effective model may be deemed ille-
gitimate under European law. This requirement
is particularly relevant for Al systems used in
anti-doping monitoring and behaviour analysis,
where there may be serious consequences for
athletes’ careers and reputations.

In this context, international legal and insti-
tutional support mechanisms are key to the im-
plementation of Al in the anti-doping field. The
development and application of Al should be inte-
grated into the CISP, which was created to address
gaps in the implementation of the World An-
ti-Doping Code and to combat systemic doping vi-
olations (WADA, 2021a; 2021b). The effectiveness
of these strategies is ensured by combining them
with transnational control mechanisms applied,
for example, in combating money laundering un-
der the Anti-Doping Convention of the Council of
Europe (1989), as well following the International
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Convention against Doping in Sport (2010) and  discrimination, ensure trust, and respect hu-
national legislation, including the Law of the Re- man dignity. This excludes Al abuses such as
public of Azerbaijan “On Strengthening the Fight involuntary surveillance and automated assess-
Against the Use of Doping Substances and Meth-  ment without appeal. Anti-doping Al initiatives
ods in Sport” (2016). should consider both the CISP and the principles

The integration of Al into CISP ensures the of Convention on Artificial Intelligence, forming
ethical and legal legitimacy of systems, including a lawful and ethically sustainable practice. Fig-
transparency, accountability, and the prevention  ure 1 presents a structured outline of the main
of bias, meeting the requirements of Council of chapters and articles of Convention, which sys-
Europe Framework Convention on Artificial tematises the key principles and requirements
Intelligence (2024). The convention requires for the development and application of Al, in-
that all stages of the Al life cycle comply with  corporating human rights, democracy and the
the principles of procedural fairness, prevent rule of law.

Article 14 - Remedies

Article 1 - Object and purpose

Article 23 - Non-discrimination

Article 15 -

Article 2 - Definition of Al systems
Procedural safeguards

SRR - e Article 24 - Reporting obligation

Article 25 - International co-
operation

Article 4 - Protection of human rights

Article 5 - Integrity
of democratic processes and respect
for the rule of law

Article 26 - Effective oversight
mechanisms

Article 16 - Risk and impact
management framework

Article 27 - Effects
of the Convention

Article 28 - Amendment

Article 17 - Non-
discrimination

Article 6 - General approach

Article 29 - Dispute settlement

Article 7 - Human dignity
and individual autonomy

Article 30 - Signature and entry
into force

Article 18 - Rights
of persons with disabilities
and of children

Article 8 - Transparency and oversigh

Article 9 - Accountability Article 31 - Accession

and responsibility

Article 19 - Public
consultation

Article 32 - Territorial application

Article 10 - Equality
and non-discrimination

Article 20 - Digital literacy
and skills

Article 33 - Federal clause

Article 11 - Privacy and personal data

oh Article 21 - Safeguard for
protection

existing human rights

Article 34 - Reservations

. - Article 35 - Denunciation
Article 12 - Reliability

Article 22 - Wider protection Article 36 - Notification

Article 13 - Safe innovation

Figure 1. Structure and key provisions of Convention on Artificial Intelligence

Source: compiled by the authors based on Convention on Artificial Intelligence (2024)
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In other words, Convention on Artificial In-
telligence (2024) establishes
standards for the life cycle of Al systems, aimed

comprehensive

at protecting fundamental rights and freedoms,
ensuring transparency, accountability and fair-
ness, and preventing discrimination and abuse of
Al technologies, forming a legal basis for the re-
sponsible and ethical use of Al in various fields,
including anti-doping policy. However, in the cur-
rent practice of applying Al in anti-doping control,
significant problems remain, primarily in terms
of transparency and the lack of formalised appeal
mechanisms. Although Article 14 of Convention
explicitly obliges states to provide procedural
safeguards for individuals affected by decisions
made with the involvement of Al, such safeguards
have only been partially implemented in the field
of sport. In this regard, regulatory bodies should
implement mandatory transparency protocols
that can challenge Al-based decisions in full com-
pliance with Article 14 of Convention.

Although AI reduces reliance on retrospec-
tive testing, most such systems function as “black
boxes”. This makes it significantly more difficult
for athletes and regulatory bodies to determine
or challenge decisions made based on algorithmic
conclusions. Athletes are also often deprived of an
effective opportunity to challenge algorithmically
formulated suspicions. An additional concern is
the low explainability of the models used; most
of them remain closed and opaque, which under-
mines the confidence of athletes and sports or-
ganisations in the anti-doping system.

Thus, the regulatory context for the use of
Al in Azerbaijan’s anti-doping policy is based on
international obligations, national priorities, and
ethical and legal requirements. Despite the ad-
vantages of Al, significant challenges remain re-
lated to algorithm transparency, data protection,
and the lack of clear procedures for challenging
decisions. To mitigate risks, Explainable AI (XAI)
needs to be institutionalised, smart regulation

Law. Human. Environment. 2026. Vol. 17, No. 1

implemented, and international standards adapt-
ed to national conditions.

Integration of Al into international an-
ti-doping practice: Cases and approaches. The
introduction of Al into international anti-doping
practice requires not only technical precision,
but also comprehensive interdisciplinary over-
sight, including ethical, scientific and legal as-
pects. The active participation of athletes in the
management of Al systems is becoming a key el-
ement in ensuring transparency and fairness in
decision-making related to doping control. One
significant tool for such participation is the cre-
ation of Athlete Consultation Committees (ACCs),
which provide a platform for direct dialogue be-
tween athletes and developers of anti-doping Al
policies. These committees help to address ath-
letes’ interests, which increases trust and legiti-
macy in the technologies used.

In addition to involving athletes, close co-
operation between Al ethics specialists, sports
science experts and lawyers working in the field
of sport and law is required to develop a harmo-
nised international regulatory framework. Such
cooperation can produce universal standards
that ensure transparency, protection of rights,
and fairness in the use of Al in anti-doping con-
trol, minimising the risks of abuse and discrim-
ination. Furthermore, there is an increased em-
phasis on the automated monitoring of athletes’
biomedical data using machine learning and in-
telligent analysis methods.

Anomaly detection systems based on Al algo-
rithms are increasingly being integrated into the
ABP structure (WADA, 2026). Such algorithms
can quickly and accurately detect deviations in
biomarkers that potentially indicate the use of
prohibited methods or substances. As highlighted
in WADA reports (2026), research grants are fo-
cusing on projects aimed at developing applied Al
tools for analysing athletes’ haematological data
and biomedical parameters. Such technologies
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can reduce the time lag between the emergence
of suspicious data and the assignment of targeted
testing, thereby increasing the effectiveness of an-
ti-doping efforts (Smailov et al., 2025).

The next stage in improving methods is the
use of ensemble models combining, for example,
XGBoost and MLP, which demonstrate high ac-
curacy in data analysis in specific disciplines, in-
cluding weightlifting (Dhou & Orudzheva, 2025).
These hybrid models accommodate both biolog-
ical markers and the dynamics of athletic per-
formance, expanding the possibilities for inter-
preting suspicious deviations. In international
practice, Bayesian spline models used for longitu-
dinal profiling of individual performance trajec-
tories are emphasised. This approach facilitates
a more refined distinction between an athlete’s
natural progress and results possibly attributable
to the use of prohibited substances. In addition, Al

systems capable of recognising complex patterns
based on the integration of various types of data
(performance metrics, demographic character-
istics, biochemical indicators) contribute to the
formation of a more comprehensive and adaptive
anti-doping monitoring architecture.

In turn, the use of predictive models based on
Al algorithms represents a promising direction in
the development of doping control strategies at
the international level. Such models potentially
redirect the resources of anti-doping organisa-
tions towards more targeted testing focused on
athletes with elevated risk indicators. This ap-
proach facilitates the transition from predomi-
nantly random testing to more analytically sound
forms of monitoring. For further analysis, it is
worth summarising the key areas for the effective
and ethically sound integration of Al algorithms
into international anti-doping practice (Table 2).

Table 2. Key areas for effective integration of Al into anti-doping practice

Approach Essence

Target

Human-centred and hybrid
decision-making models

Combining automated analysis
with expert assessment

Preservation of procedural fairness
and accountability

Multilateral governance
and ethical auditing

Establishment of ethics committees
and a transparent algorithm audit system

Increasing trust and preventing
algorithmic bias

Standardisation and data
integrity assurance

Harmonisation of data collection
and monitoring methods

Reducing false positives
and enhancing reliability

Balancing innovation
and ethics

Pilot projects, phased implementation
and impact assessment

Elimination of the risks of excessive
supervision and social discrimination

Source: compiled by the authors based on Y. Zhang et al. (2020), K. Dhou and L. Orudzheva (2025), P. Mahajan (2025)

The areas outlined above highlight the need
for a comprehensive and balanced approach to Al
implementation, addressing both technological
and ethical-legal standards. Thus, the integration of
Al into international anti-doping practice demon-
strates significant potential for improving the ac-
curacy, speed and effectiveness of procedures, es-
pecially in the context of risk-based and targeted
testing. However, despite technological advances,
unresolved challenges remain related to transpar-
ency in decision-making, algorithmic fairness, and
legal safeguards for athletes. To overcome these

risks, broader implementation of XAl principles is
needed to make algorithms comprehendible and
subject to external scrutiny; strengthening the role
of athletesin the developmentand monitoring of an-
ti-doping models, including through ACCs; and de-
veloping multi-level governance mechanisms to en-
sure that Al systems comply with the human rights
standards enshrined in Convention on Artificial In-
telligence (2024) and WADA strategic documents.

Risks and ethical challenges of using Al
in anti-doping control. The introduction of Al
algorithms into anti-doping practice not only

Law. Human. Environment. 2026. Vol. 17, No. 1
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creates opportunities to improve the effective-
ness of detecting violations but also raises a
range of ethical and legal issues. These challeng-
es relate to ensuring algorithmic fairness, data

protection, procedural transparency, respect

for athletes’ rights, and maintaining a global
balance in access to technology. Table 3, which
reflects the main areas of risk analysis, is pre-
sented to systematise the key threats and their

possible consequences.

Table 3. Key risks and ethical challenges of using Al in anti-doping control

Risk

Short description

Potential consequences

Algorithmic bias
and fairness issues

Al models rely on historical data, which may
contain hidden biases that affect the assessment of
athletes based on race, gender, region, and social
status. False positive accusations are possible

Increased discrimination, unfair
accusations, and declining trust in
the anti-doping system

Transparency,
accountability
and responsibility

Many Al systems operate as “black boxes”,
making it difficult to verify the validity of decisions
and appeal them

Unfair sanctions, violation
of the right to defence, and a decline
in trust in the system

Data privacy
and security

Processing large volumes of athletes’ biometric
and medical data with the risk of leaks and misuse

Violation of the right to privacy,
reputational and legal consequences

Impact on athletes’
rights and procedural
safeguards

Decisions based on opaque algorithms
and probabilistic assessments may undermine
the principle of presumption of innocence

Increase in unlawful sanctions,
complication of the appeal process
and protection of rights

Socio-economic
and global inequality

Uneven access to cutting-edge Al technologies
and expert support across different countries
and federations

Widening gap between rich
and poor regions, unfairness
in sport

Source: compiled by the authors based on H. Westerbeek (2025), M. Kusan and A. Arin (2025), TS. Petersen et al. (2025)

In other words, algorithmic bias requires
special attention to the quality and diversity of
training data to minimise discrimination and
false accusations. It is necessary to investigate
the influence of historical distortions and training
models on balanced samples. Transparency and
explainability are critical to ensuring athletes’
rights to defend themselves and appeal decisions.
Data privacy requires strict security standards,
given the sensitivity of the information (Krutse-
vich et al., 2019). Protecting athletes’ procedural
rights involves implementing human oversight
mechanisms and fair case review. Lastly, address-
ing global and socio-economic inequalities is a
substantial aspect of ensuring a fair and equitable
fight against doping in all countries.

On the other hand, the use of Al systems in
anti-doping practice is associated with an in-
crease in the volume of biometric and sports
data processed, which poses significant challeng-
es in terms of ensuring the confidentiality and
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protection of athletes’ personal data. It is nec-
essary to ensure strict compliance with inter-
national standards similar to the GDPR (2016),
which guarantee the rights to data protection and
privacy (Barlybayev and Turginbayeva, 2025).
For example, WADA (2026) allocates significant
resources to research and development of new
methods, focusing not only on effectiveness but
also on the ethical aspects of data processing, in-
cluding security and respect for athletes’ privacy.
Such a comprehensive policy helps to minimise
the risks of information leaks and strengthen
trust in anti-doping systems at all levels.

Overall, the integration of Al into anti-doping
practice represents a substantial step in the evo-
lution of sports governance, with enormous po-
tential to enhance the integrity, fairness and effec-
tiveness of testing. However, to ensure trust and
accountability, the implementation of Al must be
conducted on an ethical basis, in compliance with
legal norms and in the interests of athletes. The




Taghi-zada & Efendiyev

implementation of principles of explainability,
fairness and regulatory safeguards will enable the
global anti-doping system to maximise the bene-
fits of Al while preserving the fundamental values
of fairness, transparency and integrity in sport.

At the same time, the significant technolog-
ical progress enabled by Al is accompanied by
serious ethical dilemmas related to algorithmic
opacity, personal data protection, and the fairness
of decisions made based on probabilistic models.
To achieve a balance between the effectiveness
of Al and the protection of athletes’ rights, a hu-
man-centred, transparent and ethically sound ap-
proach with multilateral control and international
cooperation is needed. The successful integration
of Al into the anti-doping sphere is only possible if
strict ethical standards are implemented to guar-
antee confidentiality, transparency and global
fairness, thereby transforming Al from a poten-
tial ethical dilemma into a real breakthrough that
supports the spirit of fair competition and a new
era of sports governance.

Discussion

This study showed that the use of Al in anti-dop-
ing control significantly improves the accuracy of
detecting violations and optimises the allocation
of testing resources, while emphasising the signif-
icance of ethical aspects such as algorithm trans-
parency and the protection of athletes’ rights. In
particular, the XGBoost algorithm demonstrated
high accuracy (92%), Fl-score (95%) and sen-
sitivity (68%) rates, demonstrating its effec-
tiveness in recognising potential violations and
minimising the omission of suspicious data. The
study by H. Ryoo et al. (2024) also recorded an
improvement in the effectiveness of doping de-
tection using Al: the accuracy of prediction mod-
els based on the Athlete Performance Passport
(APP) reached 53.8%, and ABP monitoring im-
proved by 25-30%, which coincides with the con-
clusions about increased accuracy and resource

rationalisation. However, the study noted the
risks of algorithmic opacity and bias, confirming
current concerns about fairness and the need for
regulatory oversight. Thus, the results of both
studies complement each other, highlighting both
the technical advantages of Al and the importance
of ethical and legal issues for its successful imple-
mentation in anti-doping systems.

The results revealed that the regulatory
and ethical frameworks governing the use of Al
in Azerbaijan’s anti-doping policy require strict
transparency, protection of athletes’ personal
data, and fair appeal procedures, which are key to
the legitimacy and trustworthiness of Al systems.
At the same time, S. Robertson’s (2025) study
emphasised the importance of integrating Al into
the decision-making structure while maintaining
a balance between technological capabilities and
human control to improve efficiency and fair-
ness. The aforementioned study emphasised the
role of ethical, legal and procedural aspects in the
successful implementation of Al. Similarly, the
current study contributes to the research of reg-
ulatory requirements and international stand-
ards, such as the GDPR (2016) and Convention
on Artificial Intelligence (2024), applicable to the
anti-doping field.

The study highlighted that the use of Al in
anti-doping improves the accuracy and personal-
isation of testing, optimising resources. Similarly,
B. Millington et al. (2025) emphasised the poten-
tial of Al for large-scale data analysis, accuracy,
personalisation and prediction in sport. Thus,
the study complemented the current findings by
adding a socio-cultural context and questions of
Al legitimacy in sport. For its part, the study by
K. Shankar (2024) emphasised the importance of
innovation in analytical technologies to maintain
the integrity of competitions and detect even min-
imal traces of prohibited substances. In contrast
to the present study, which analysed algorithmic
approaches and legal aspects, the aforementioned
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research addressed the technical improvement of
laboratory methods, complementing a compre-
hensive approach to combating doping by com-
bining Al and high-precision analytical tools.

The results of this study emphasised the ef-
fectiveness of Al in improving the accuracy and
optimisation of anti-doping control. Similarly,
W. Zuo et al. (2024) noted the significant poten-
tial of Al in identifying and developing talent in
team sports, emphasising the use of various Al
methods to adapt to the specifics of the sport and
the importance of integrating expert experience.
In other words, this study complements the pres-
ent research by highlighting the role of Al not only
in doping control but also in the development of
sports personnel, which contributes to the com-
prehensive improvement of the sports industry.

The study demonstrated that the use of Al in
anti-doping significantly improves the accuracy of
detecting violations and optimises the allocation
of resources, while paying particular attention to
ethical aspects such as algorithm transparency
and the protection of athletes’ rights. In turn, the
study by K. Bingham et al. (2025) demonstrated
the effectiveness of web-based educational pro-
grammes that raise athletes’ awareness of doping
and reduce their propensity to use it. Thus, tech-
nical advances in doping detection and preventive
educational measures complement each other,
forming a comprehensive and human-centred ap-
proach to combating doping in sport.

The results also confirmed that the use of
Al in anti-doping control improves the accuracy
of detecting violations and optimises testing re-
sources, while emphasising ethical aspects such
as transparency and the protection of athletes’
rights. Similarly, R. Ningthoujam (2025) demon-
strated that despite a significant increase in the
number of tests at the Olympic Games, doping
remains a serious problem requiring constant
in detection methods,

innovation including

retrospective testing. In addition, a study by
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R. Owen et al. (2024) highlighted the potential
of Al for comprehensive analysis and prediction
of complex phenomena in sport, such as injuries,
complementing the current approach to using
Al to improve the effectiveness of anti-doping
measures and demonstrating the technology’s
capabilities in solving multifaceted problems in
sports science.

An analysis of the role of international legal
and institutional mechanisms, such as WADA
and the CISP programme, in integrating Al into
anti-doping practice has shown that the use of
Al algorithms within the ABP can significant-
ly improve the accuracy and speed of anomaly
detection. This improves targeted testing and
minimises time delays. In contrast, a study by
S. Gopu (2024) highlighted the importance of
WADA’s technological and organisational ef-
forts to improve the effectiveness of doping
detection and strengthen the global system for
preventing violations. Both studies note that
despite technical progress, serious challenges
remain in terms of transparency, fairness of al-
gorithms, and the need to strengthen legal safe-
guards for athletes.

The study revealed that the development of
Al technologies increases the effectiveness of an-
ti-doping control by improving the accuracy of de-
tecting violations and optimising the allocation of
resources while complying with ethical standards
and athletes’ rights. On the other hand, a study by
J.-H. Eom (2023) introduced a new form of dop-
ing: brain doping through transcranial stimula-
tion, highlighting the associated ethical and legal
challenges, including issues of fairness, safety, and
restrictions on athletes’ right to self-determina-
tion. In other words, this study complemented the
present research by analysing new technologies
that may pose additional risks to the integrity of
sport. Together, they highlight the need for a com-
prehensive approach involving regulatory meas-
ures and international cooperation to ensure




Taghi-zada & Efendiyev

fairness and protect athletes’ rights in the context
of technological progress.

The study identified key regulatory provi-
sions and ethical guidelines for the use of Al in
anti-doping, confirmed the high effectiveness of
the XGBoost algorithm, and highlighted the risks
of algorithmic bias, insufficient transparency, and
socio-economic inequality in access to technolo-
gy. In contrast, H. Liu (2026) analysed the use of
Al for the prevention of sports injuries through
the analysis of biomechanical data and real-time
movement monitoring, which prevents injuries
and improves the training process. Despite the
difference in objectives, both studies demon-
strate the potential of Al to improve safety and
efficiency in sport, highlighting the importance of
integrating technology with consideration for the
individual characteristics of athletes and a com-
prehensive approach to sports science.

Overall, this study addressed the technical,
regulatory, and ethical aspects of Al application
in anti-doping control, emphasising the need for
algorithm transparency and athlete rights pro-
tection, as well as the significance of integrating
multilateral governance models to enhance fair-
ness and effectiveness. In turn, the study by T. Pi-
atkowski et al. (2024) analysed the social and cul-
tural dynamics surrounding the use of image and
performance enhancers, as well as the challenges
of anti-doping policy in the context of celebrity
influence and controversial cases. In other words,
the two studies complement each other, combin-
ing technological and ethical-legal analysis with
a socio-cultural perception of the complexities
of modern anti-doping, which can be used in the
formation of more comprehensive and adaptive
strategies to combat doping in sport.

Thus, this study is notable for its compre-
hensive approach, which combines the technical
effectiveness of Al algorithms with an in-depth
analysis of the regulatory and ethical aspects of
Al use in anti-doping control, striking a balance

between innovation and the protection of athletes’
rights. In contrast to studies that address social or
technical issues, this research offers a systematic
view that includes international standards, data
management, and algorithm transparency, which
helps to increase the trust and legitimacy of an-
ti-doping measures. The study expands on exist-
ing research by proposing an integrated solution
that promotes the fair, effective, and ethically
sound use of Al in sport.

Conclusions

The results of the study indicated that the use of
Al in Azerbaijan’s anti-doping policy is regulated
by a set of national strategies and international le-
gal norms, among which the state Al Development
Strategy and Convention on Artificial Intelligence
are substantial. These documents set regulatory
guidelines that ensure the protection of athletes’
personal and biometric data, the transparency of
algorithms, and compliance with ethical stand-
ards, which is particularly relevant for increasing
the trustworthiness and legitimacy of Al systems
in doping control. Despite the existence of a legal
framework, modern practice faces problems of in-
sufficient explainability of Al models and the lack
of formalised procedures for appealing decisions.

The study affirms that, from an ethical and
legal standpoint, the incorporation of Al into
anti-doping control must be based on legal-
ly binding international norms and domestic
regulatory frameworks that provide account-
ability, transparency, non-discrimination, and
strong protection of personal data. Athletes’
rights and the presumption of innocence are at
stake since the results show that current meth-
ods are still insufficient in terms of procedural
safeguards and viable recourse against auto-
mated determinations. Therefore, in order to
ensure adherence to human rights values and
the rule of law, the legal and acceptable use
of Al in anti-doping practices necessitates the
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institutionalisation of explainable algorithms,
enhanced human oversight, and clearly defined
appeal mechanisms.

However, despite significant progress in re-
searching the regulatory context, ethical guide-
lines, and international integration of Al applica-

tions in anti-doping control, limitations remain

Long-term research into Al fairness, the improve-
ment of data protection measures, and the de-
velopment of comprehensive risk minimisation
strategies that address international standards
such as WADA and Convention on Artificial Intel-

ligence and Human Rights are notable.
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AHomayisa

BripoBapkeHHs mtydyHoro inTesnekTy (II) B mpoueaypu JOMiHr-KOHTPOJIIO 3MiHIOE IPOLEC TPUHHSATTS
pilleHb i BuUMarae nepeBipKH BaJiJHOCTI, BiTBOPIOBAHOCTI Ta HeAUCKPUMIHALIMHOrO XapakTepy
Mozesed. MeTa JIOC/iPKEHHS MOJIsAra/la Y BCe6iYHOMY BHBYEHHI MOXJ/IMBOCTeH Ta o6MexeHb LI B
AHTHU/IOMIHTOBIH Ai/IbHOCTI, 3 aKLIEHTOM Ha BUSIBJIEHH] eTUYHUX JIUJIEM Ta OLiHI[i epeKTUBHOCTI HOBUX
TEXHOJIOTIYHUX pillleHb y MXKHAPOHIN Ta HallioHa/IbHIN NpakTUL. Y focaikeHHI BAKOPUCTOBYOTbCS
AKICHUH KOHTeHT-aHaJli3, MOPiBHAJBbHO-NPABOBUH aHa/i3 Ta KpUTUYHA OLliHKAa HOPMAaTHUBHO-ITPAaBOBUX
Ta eTUYHUX PaMOK [JIs aHa/Ii3y NMpaBoBUX o6MeXeHb, iHTerpanii TexHosorid LI B aHTHAOTIHTOBY
noJIiTUKY A3epbaii/pkaHy Ta MbKHApPOAHY NPakTUKY. OTpUMaHi pe3y/bTaTH HiJKPeCIUIN BaXK/JIUBICTh
KJIIOYOBUX MosioxkeHb CTpaterii po3BuTKy LI Ha 2025-2028 pokw, siKi CTBOPIOIOTh PETYJASITOPHY Ta
eTUYHYy 6a3y AJis1 3aCTOCYBaHHS TEXHOJIOTIA B aHTHU/IOIMIHIOBOMY KOHTPOJIi A3ep6Gai/»KaHy, a TaKOXK
BuMor KonBeHuii Pagu €Bpony, siki 3a6e3neyyroTh 3aXUCT NPaB JIIOJUHU, IPO30PICTh, MiA3BITHICTDL
Ta 3anobiraHHsa AuckpuMiHauii y BukopuctanHi LI B cnopri. Pe3ynbTaTH Takox MOKasaau
icHytodi eTHYHi Ta NMpaBOBiI PU3MKH, TaKi IK 0oO6MeXeHa MosicHIOBaHicTh Mogesei LI, BigcyTHicTh
NMpOLEelypHUX TapaHTIid OCKapXeHHd aBTOMAaTHU30BaHMUX pilleHb Ta MOXJ/MUBICTb IOCHJIEHHA
QJIFCOPUTMIYHOI yIepe/>)KeHOCTI 4Yepe3 HepiBHOMIpHICTb HaBYa/JbHUX JaHUX. Lli pU3UKU MOXYyTb
MMOCTAaBUTH I1iJ] 3arpo3y JIETITUMHICTb aHTHOMIHTOBOI'0 KOHTpoJI0 Ha ocHOBi Il Ta epekTuBHUI
3aXMCT IpaB cnopTcMeHiB. OJHaK aHaJi3 BUSABUB 3HA4YHI PU3MKH aJCOPUTMIYHOI yHepeaKeHOCTi,
HeJI0CTaTHbOI MPO30POCTi Ta MOSACHIOBAHOCTI iHTeJIeKTyaJlbHUX CHUCTEM, 3arpo3u AJs MPHUBATHOTO
KUTTSA Ta NpaB CIIOPTCMEHIB, @ TAKOX COLlia/IbHO-eKOHOMIYHOI HepiBHOCTI B JJOCTYMi Ji0 TEXHOJIOTIN

Katyoei caoea: crparerii po3BUTKY TeXHOJIOTIHM; aJrOPUTMM MaUIMHHOTO HaBYaHHSA; 3axMUCT
NepCoHaJbHUX JJAHUX; HOPMaTHUBHO-NPABOBi paMKH; PU3MKH 3aCTOCYBAaHHS TEXHOJIOTIH
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