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:Original Article

Al-Based Doping Detection: Technical Approaches, Advantages and Challenges

Savita Rajaram Majagaonkar
Assi. Prof., Rajarshi Chhatrapati Shahu College, Kolhapur Maharashtra State
Email: savitamajagaonkar@gmail.com

Manuscript ID: 4 pstract
Doping in competitive sports threatens fairness, athlete health, and integrity. Traditional doping
detection methods such as laboratory analyses and Athlete Biological Passports (ABP) face limitations in
ISSN: 2230-9578  scalability, adaptability, and timeliness. Artificial Intelligence (A1) offers promising solutions by analyzing
complex datasets, detecting subtle patterns, and enabling real-time monitoring. This paper reviews Al-
based technical approaches, evaluates the advantages over conventional methods, and discusses the key
Volume 18  challenges of implementation, including data quality, ethical concerns, and regulatory integration. In
recent years, Artificial Intelligence (Al) has emerged as a powerful tool in anti-doping efforts due to its
ability to process large and complex datasets, identify subtle patterns, and support real-time monitoring.
Pp.96-99  This paper examines Al-based technical approaches to doping detection, such as machine learning, deep
learning, anomaly detection, and natural language processing. It highlights the advantages of Al-enabled
systems, including enhanced sensitivity, scalability, adaptability, and cost efficiency. At the same time, the
study discusses key challenges such as data quality and availability, model transparency, ethical and legal
concerns, privacy issues, and integration with regulatory frameworks. The paper concludes that while Al
Submitted: 12 Dec. 2025 hqs significant potential to strengthen anti-doping mechanisms, its effective implementation requires
careful governance, ethical oversight, and collaboration between technologists, sports scientists, and
regulatory bodies.
Accepted: 12 Jan.2026  Keywords: Artificial Intelligence, Doping Detection, Anti-Doping, Technology.

Published: 31 Jan. 2026  Introduction:

Athletic performance enhancement can be gained using various diets, training routines
and hard work. However, it can and has been achieved since ancient competitions by using a
wide variety of physiological, mechanical and pharmacological doping techniques (Baron,
Martin, and Abol, 2007). Doping is one of the most serious and controversial issue in sports all
over the world especially in India. Doping is the use of prohibited substances or methods to
enhance athletic performance. In sports, doping is considered unethical and can lead to serious
health risks. Anti-doping agencies and sports organizations work to combat doping through
testing, education and stricter penalties. Traditional detection methods such as gas
chromatography—mass spectrometry (GC-MS) and immunoassays are precise but limited in
scalability and adaptability to new substances. The Athlete Biological Passport (ABP) approach
tracks biomarkers over time to identify anomalies beyond individual baselines (Sottas et al.,
2010). However, physiological variability can complicate interpretation. In recent years, Al has
gained traction in anti-doping through its capacity to analyze multimodal data, enabling
enhanced detection and predictive capabilities (Agostini et al., 2022). This study throw a light
on traditional doping detection, Al based technical approaches of doping detection, advantages
and challenges before Al based technical approaches.
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Issue 1(VII)

January 2026

Revised: 22 Dec. 2025

Traditional Doping Detection Techniques:
1. Laboratory Analysis:

For abused drugs, doping detection is traditionally performed by analyzing biofluids
such as blood and urine, although using other types of samples such as hair may be easier or less

invasive.
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However, because hair and other samples may be limited in size, cLC-MS can be appropriate for
analysis. Conventional laboratory methods relies heavily on analyzing biological samples (urine, blood) using
chromatography techniques like Gas Chromatography-Mass Spectrometry (GC-MS) and Liquid Chromatography-
Mass Spectrometry (LC-MS/MS) to identify prohibited substances or their metabolites, alongside specialized methods
like Flow Cytometry for blood doping using These approaches require highly controlled environments, expert
operators, and significantly time-intensive processes. Despite of these requirements these approaches are accurate and
reactive rather than predictive (World Anti-Doping Agency [WADA], 2021).

2. Biological Passport System:

The Athlete Biological Passport (ABP) monitors select biomarkers such as hematological and steroidal
variables over time. It is an individual electronic record used by anti-doping agencies (like WADA) to track an athlete's
biological markers (like blood and hormones) over time, creating a personalized baseline to indirectly detect the effects
of performance-enhancing drugs and doping, rather than just finding the substances themselves, making it a key tool for
modern anti-doping efforts. It can indicate doping without direct detection of substances, but may generate false
positives due to natural biological variation or environmental factors (Sottas et al., 2011). Al can augment ABP
interpretability by learning individualized patterns and reducing false alarms.

Al-Based Technical Approaches:

Al methodologies help analyze complex datasets that extend beyond what traditional approaches can manage.
Al is revolutionizing doping detection in sports by enhancing accuracy, efficiency, and predictive capabilities. The
World Anti-Doping Agency (WADA) is funding research to develop Al-powered techniques that analyze large datasets
on athlete performance, using algorithms to detect anomalies linked to doping.

1. Machine Learning (ML) on Biomarkers:

Supervised machine learning models such as support vector machines, random forests, and neural networks
can be trained to differentiate between profiles of clean and doped athletes based on biomarkers such as blood
parameters or hormone levels. These models detect patterns that may be imperceptible through manual analysis
(Agostini et al., 2022).

2. Deep Learning for Time-Series and Biometric Data:

Deep learning architectures like recurrent neural networks (RNNs) and long short-term memory (LSTM)
networks are suited for temporal data such as performance logs and biometric readings from wearable. These models
can capture nonlinear relationships and temporal dependencies, enabling detection of subtle anomalies in training or
performance data (Goodfellow et al., 2016; Ghasemzadeh & Jafari, 2011).

3. Anomaly Detection:

Unsupervised and semi-supervised models such as auto-encoders and one-class support vector machines
identify unusual patterns without requiring labeled examples of every possible doping scenario. This is crucial in
situations with limited labeled data or emerging substances (Bishop, 2006).

4. Natural Language Processing (NLP)

NLP techniques can be applied to unstructured textual, such as scientific literature, social media, or online
forums data (Simpson et al., 2018), to identify trends around new substances or illicit communities discussing
performance-enhancing drugs. Monitoring such signals can inform anti-doping strategies and early detection efforts
(Sukumaran et al., 2024).

Advantages of AI-Enabled Detection
Al-based systems offer several benefits over traditional methods:
1. Enhanced Sensitivity and Specificity
Al models can detect subtle deviations in complex data patterns that simple threshold-based systems may
overlook, potentially reducing both false negatives and false positives (Rabadan et al., 2020).
2. Scalability and Real-Time Monitoring
Al enables real-time analysis of continuous data streams from wearables and performance logs, facilitating rapid
feedback loops and near real-time anomaly detection (Ghasemzadeh & Jafari, 2011).
3. Adaptability to New Substances:
Machine learning models can be updated with new data to learn patterns associated with emerging substances or
techniques, making them more adaptable than static rule-based systems.
4. Cost Efficiency:
Automated data analysis reduces dependence on manual laboratory procedures, offering potential reductions in
operational costs over time and allowing broader coverage of athletes.
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Challenges in AI-Based Doping Detection:

Despite advantages, significant challenges remain.

1. Data Availability and Quality”

Al systems require high-quality, well-labeled datasets. Privacy regulations, limited access to athlete health data, and
ethical constraints restrict availability. Noisy or biased data can compromise model reliability.

2. Model Transparency and Interpretability”

Complex models such as deep neural networks often function as “black boxes.” For anti-doping enforcement,
transparent and interpretable explanations are essential to support decision-making and avoid unjust sanctions (Woolf
etal., 2019).

3. Ethical and Legal Concerns”

Collecting and processing biometric and performance data raises privacy issues. Athletes must consent to data
collection, and Al predictions should not lead to discrimination or unjust profiling (Woolf et al., 2019).

4. Integration with Regulatory Bodies

Al adoption requires alignment with anti-doping agencies’ operational protocols and validation standards. Agencies
like WADA must establish guidelines for Al integration, accreditation, and compliance.

5. Adversarial Manipulation

There is potential for adversarial behavior where actors intentionally manipulate data to evade detection, analogous to
adversarial attacks in machine learning.

Case Studies and Applications

e Bioinformatics and Metabolomics Models

Research in metabolomics has shown that machine learning can differentiate between doped and clean samples with
high accuracy in experimental settings, suggesting feasibility for real-world implementation (Agostini et al., 2022).

e Wearable Sensors in Endurance Sports

Studies using wearable sensor data such as heart rate and power output in cycling or running have demonstrated that Al
models can detect atypical physiological responses, potentially signaling doping or misuse of performance-enhancing
interventions. (Grivas, and Safari, 2025; Sunny, et al. 2025; Chidambaram et al., 2022)

Conclusion:

Al-based doping detection has the potential to significantly augment traditional methods by improving
sensitivity, scalability, and adaptability. However, realizing this potential requires overcoming challenges in data
quality, model interpretability, privacy, and integration with existing regulatory frameworks. Continued
interdisciplinary research is essential for establishing robust and ethical Al-enabled anti-doping infrastructures.
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Doping In India: Challenges And Strategies to Combat Doping
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Manuscript ID: 4 hstract
Doping remains a major integrity and public health challenge in Indian sport. This paper
analyses the prevalence of doping in India, highlights current statistics of doping cases in India. The
ISSN: 2230-9578  present study focuses on challenges before India’s anti-doping ecosystem and explores successful anti-
doping models of countries which have very less doping cases. The study suggests that, with concerted
efforts, combining strategic policy, international best practices, and a cultural shift towards clean sport,
Volume 18  India can significantly reduce positive cases and improve its standing in global sport.
Keywords: Doping, Anti-Doping, positive doping cases
Introduction
Pp. 202-204 Doping is a complex issue with serious consequences for athletes, sports, and society.
January 2026 In India, the issue has attracted increasing attention due to rising violation rates and
international scrutiny. Doping refers to the use of prohibited substances and methods by athletes
to enhance performance, endurance, strength, or recovery beyond natural physiological limits.
Submitted: 15 Dec. 2025 The practice undermines the integrity of sport, poses significant health risks to athletes, and
erodes public confidence in fair competition. Globally, World Anti-Doping Agency (WADA)
which is an independent organization, promotes clean sports and enforced through testing,
Accepted: 15Jan.2026  education, and compliance mechanisms administered by national and international agencies.
Despite global frameworks aimed at harmonizing anti-doping practices, doping
remains a persistent challenge in many countries, including India. In recent years, India has
witnessed increasing numbers of athletes testing positive for banned substances, drawing
attention to the prevalence of doping and the effectiveness of current control mechanisms. This
paper focuses on the prevalence of doping in India, challenges of doping, case studies of
successful anti-doping models and what strategies should India adopt to combat doping.
Prevalence of Doping in India
Several factors contribute to the prevalence of doping in India. The key factors are
limited awareness of prohibited substances, inadequate medical supervision, supplement
contamination, easy access of banned substances, recognition - rewards and systemic gaps in
anti-doping education are often cited as underlying issues. Additionally, pressures to perform at
national and international levels may incentivize some athletes to seek performance
enhancement through banned methods.
According to a report summarizing WADA’s 2024 Testing Figures, India conducted
7,113 tests in the previous year and reported 260 adverse analytical findings, translating to the
highest positivity rate (3.6 %) among major countries that conducted more than 5,000 tests
(Outlook India, 2025). The trend of high positivity rates is not unique to 2024 alone. In 2023,
India’s positivity rate was reported at 3.8 %, considerably above the rates in countries such as
the United States (1.1 %) and China (0.2 %). These statistics indicate that, relative to testing
volume, Indian athletes continue to show a higher prevalence of adverse analytical findings
compared to several developed sporting nations, highlighting a persistent concern for sports
governance and athlete education.
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Efforts to combat doping:

Efforts to combat doping in India involve both enforcement and preventive measures. The National Anti-Doping
Agency (NADA) conducts routine testing, awareness programs, and collaborates with international bodies to align with
global standards. Despite these efforts, the continued high positivity rates suggest that further reforms in policy,
education, and technological integration may be necessary to curb doping practices more effectively.

Challenges in India’s Anti-Doping Ecosystem

Despite efforts, India continues to record high rates of anti-doping rule violations relative to many peer
countries. The challenges in India’s Anti-doping ecosystem are;
Awareness and Education Gaps:

One of the most pressing challenges in India’s anti-doping regime is the lack of awareness and education
among athletes, especially at the grassroots and developmental levels. Many athletes, particularly from rural or semi-
urban backgrounds, do not fully understand the World Anti-Doping Agency (WADA) Prohibited List, the principles of
strict liability, or how easily supplements can lead to positive tests. Surveys suggest that only a minority of athletes
have attended formal anti-doping education sessions, making them vulnerable to unintentional violations when they
consume prohibited substances or contaminated supplements without knowing the risks. Additionally, coaches and
support personnel in local training environments often lack structured training on anti-doping protocols, which
perpetuates misinformation and poor practices among young or inexperienced athletes.

Supplement Contamination and Market Issues:

Testing of athlete supplements in India shows significant failure rates, indicating that products athletes might
use can contain prohibited substances or fail international standards. /8% of tested nutritional supplements failed
compliance parameters in a study by the Centre of Excellence in Nutritional Supplements Testing for Sportspersons at
the National Forensic Sciences University. Additionally, NADA partners with FSSAI to highlight contamination risks
and educate athletes on supplement safety.

Weak Grassroots Anti-Doping Culture:

Media coverage of India’s high positive doping rates indirectly highlights suboptimal anti-doping uptake
among many athletes, particularly outside elite circles, India recorded 260 positive tests in 2024 — topping the global
list for countries with over 5,000 tests. While this statistic alone doesn’t measure grassroots awareness, the prevalence
speaks to systemic gaps in education and compliance outside elite or national-level environments where structured
outreach tends to be stronger.

Resource Constraints and Technical Capacity:

Significant gaps have been documented in how NADA administers where about tracking and monitoring key
tools for out-of-competition testing and effective detection. The World Anti-Doping Agency’s Operation Carousel
investigation identified numerous where about failures and cited deficiencies in monitoring and testing coverage. While
this primarily reflects procedural compliance, the underlying issue is partly capacity and resource limitations,
insufficient monitoring systems and personnel to enforce were about requirements effectively.

Implementation and Compliance Issues:

Independent reviews have reported lapses in anti-doping implementation and missed/failed tests:

o  WADA'’s Operation Carousel revealed that NADA had not registered many whereabouts failures in ADAMS,
even while identifying dozens of filings and missed test failures in audits.

e A deeper investigation found that over a quarter of athletes in NADA’s testing pool failed to file whereabouts, and
many were not tested during the year.

These findings illustrate administrative gaps, delayed compliance, and execution problems in India’s anti-doping

processes.

Strategies to Reduce Positive Doping Cases:

Education and Awareness Programs:

Mandatory anti-doping education for athletes, coaches, and support staff at all levels is crucial. Awareness
initiatives should emphasize on interpretation and updates of the WADA Prohibited List, risks of supplements and
contamination, rights and responsibilities under anti-doping codes. Educational outreach should begin at junior
development stages to foster a culture of clean sport.

Strengthening Testing Protocols:

Improved testing strategies include randomized out-of-competition testing, Biological Passports for long-term
monitoring of athletes’ biomarkers, coordination between NADA and WADA-accredited laboratories. Advanced
testing decreases the likelihood of doping going undetected and acts as a strong deterrent.

Certified Supplement & Nutrition Programs:

Collaboration with regulatory bodies — such as the Food Safety and Standards Authority of India (FSSAI) — to
create certified supplement lists and testing protocols reduces inadvertent doping through contaminated products.
Independent Governance & Integrity Structures:

Ensuring the independence of anti-doping bodies from sporting federations helps avoid conflicts of interest and
enhances enforcement credibility.
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Successful Anti-Doping Models:
United States — USADA:

The U.S. Anti-Doping Agency (USADA) is often cited as a benchmark due to its organizational independence,
comprehensive integration of testing, education, and scientific research, public education and behavioral campaigns
These elements enhance trust and compliance.

Australia — Sport Integrity Australia:

Australia’s model takes a holistic sport integrity approach, linking anti-doping with broader ethical sport behavior,
intelligence, and education. Australian systems emphasize strict athlete “whereabouts” reporting to support surprise
testing.

United Kingdom — UK Anti-Doping (UKAD)
UKAD blends strong behavioral science with education to prevent doping. Its emphasis on early education, community
outreach, and supplemental guidance resources has helped cultivate a culture of self-regulated clean sport.
Netherlands & European Cooperation:
The Dutch anti-doping authority emphasizes international collaboration, sharing data and implementation strategies
with partner nations to strengthen global deterrence and enforcement.
Policy Recommendations:
Based on global best practices and Indian context, the key recommendations include:
e Expand and strengthen education and awareness efforts across all sports levels
e Increase transparency and independence in anti-doping governance
e  Enhance testing protocols through biological passports and wider randomness
e  Support athletes legally and ethically
e  Establish certified supplement frameworks with regulatory partners
Conclusion
India’s high incidence of doping positives highlights systemic challenges in education, regulation, and
enforcement. However, with concerted efforts, combining strategic policy, international best practices, and a cultural
shift towards clean sport, India can significantly reduce positive cases and improve its standing in global sport.
The adaptation of international anti-doping models, tailored to India’s unique sports landscape, will be key to building a
sustainable and fair competitive environment.
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