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Introduction

The relentless pursuit of fair play in competitive sports drives continuous innova-
tion in anti-doping strategies. Ensuring athlete integrity and upholding the spirit
of competition demands increasingly sophisticated analytical techniques to detect
a wide array of prohibited substances across various biological matrices. The
scientific community is actively engaged in developing and refining methods that
enhance detection accuracy and sensitivity, directly countering the evolving tac-
tics of doping. This ongoing research encompasses advancements in analytical
methodologies, exploration of novel sample types, and addressing the challenges
posed by emerging classes of banned compounds, all crucial for maintaining a
level playing field.

Significant progress has been made in analytical techniques specifically designed
for the detection of anabolic androgenic steroids (AAS) in urine samples. These
advanced methods are continuously improving the accuracy and sensitivity of
screening procedures, critically making it harder for athletes to effectively use
banned substances and subsequently evade detection, thus reinforcing the overall
integrity of anti-doping efforts [1].

Another promising area involves the utilization of dried blood spots (DBS) in anti-
doping tests. Research highlights the current status and future perspectives of this
less invasive method, which holds the potential to considerably streamline sample
collection and analysis processes. This innovation could make anti-doping efforts
more efficient, accessible, and widespread across various sporting disciplines, of-
fering a practical alternative to traditional methods [2].

High-resolution mass spectrometry (HRMS) stands out as a powerful and versatile
tool in sports drug testing. Studies examine this technology’s current applications
and explore its future capabilities, consistently showcasing its indispensable role
in identifying a broad spectrum of prohibited substances with exceptional preci-
sion and sensitivity. This capability is vital for comprehensive and unambiguous
screening in a constantly evolving environment [3].

A critical examination of the World Anti-Doping Agency’s (WADA) Analytical Re-
porting Limits (ARLs) is absolutely essential for understanding effective anti-
doping measures. This analysis delves into the implications and inherent chal-
lenges associated with these established limits, emphasizing their profound im-
pact on ensuring fair and accurate anti-doping analysis and significantly shaping
future testing strategies [4].

The presence of new psychoactive substances (NPS) in sports presents an evolv-
ing and complex challenge for detection. Research thoroughly investigates both
the prevalence of these compounds and the intricate analytical hurdles involved
in their detection. This work highlights the dynamic landscape of doping and the

constant necessity for updated detection strategies to effectively keep pace with
these novel and often designer substances [5].

Blood testing also plays a pivotal and often complementary role in anti-doping. Re-
views provide comprehensive insights into current practices and discuss potential
future advancements in this field. The importance of blood matrices is particu-
larly underscored for detecting certain prohibited substances and for the success-
ful implementation of the crucial Athlete Biological Passport (ABP) program, which
monitors an athlete’s biological variables over time for suspicious patterns [6].

The intricate and highly sophisticated topic of genetic doping and gene therapy in
sports represents a significant frontier for anti-doping control. An exploration of
the current understanding of these advanced methods reveals the substantial and
unique challenges they pose, necessitating proactive and adaptive testing mech-
anisms to anticipate and effectively counter future forms of genetic manipulation

[7].

Steroidomics, which focuses on the comprehensive detection of endogenous
steroids and their metabolites, offers a sophisticated and holistic approach in
anti-doping. This methodology highlights precisely how analyzing the entire
steroid profile can help identify abnormal variations, providing robust indicators
of doping practices through a more complete understanding of an athlete’s steroid
metabolism [8].

Ongoing efforts are intensely focused on emerging analytical approaches specifi-
cally tailored for the detection of peptides and proteins in anti-doping. These com-
plex biological substances pose unique and formidable detection challenges, un-
derscoring the continuous and critical need to develop highly sensitive and specific
methods to identify their misuse effectively and reliably [9].

Specifically, mass spectrometry is extensively utilized for the precise detection of
growth hormone-releasing peptides (GHRPs) in anti-doping. The methodologies
employed are meticulously detailed, showcasing how this sophisticated technol-
ogy reliably identifies these potent substances, which are frequently abused for
their powerful anabolic effects and consequently require highly specialized detec-
tion methods [10].

Description

The bedrock of modern anti-doping lies firmly in the sophistication of its analyt-
ical techniques, which are constantly evolving to combat new forms of cheating.
High-resolution mass spectrometry (HRMS) stands as a prime example, being ex-
tensively applied in sports drug testing due to its exceptional precision and sen-
sitivity in identifying a broad spectrum of prohibited substances [3]. This tech-
nology is not merely about detection, but also about the detailed characterization



Sund F.

J Sports Med Doping Stud , Volume 15:4, 2025

of compounds, providing unequivocal evidence of their presence and often their
metabolic pathways. This precise identification capability is critical in maintaining
the integrity of competition and deterring the use of performance-enhancing drugs.
Similarly, mass spectrometry is indispensable for the highly specialized detection
of growth hormone-releasing peptides (GHRPs), substances frequently abused for
their potent anabolic effects, necessitating meticulous methodologies to identify
them accurately [10]. These advancements in mass spectrometry-based analyses
highlight a continuous push towards more comprehensive and reliable screening
methods.

Beyond the core analytical instruments, the choice and processing of biological
samples are equally pivotal in anti-doping efforts. Urine samples remain a fun-
damental matrix, with ongoing developments specifically aimed at enhancing the
detection of anabolic androgenic steroids (AAS). These refined analytical methods
significantly improve the accuracy and sensitivity of screening, thereby making it
increasingly challenging for athletes to effectively use banned substances and suc-
cessfully evade detection [1]. An innovative and less invasive alternative emerg-
ing in the field is the utilization of dried blood spots (DBS) in anti-doping tests.
This promising method could considerably streamline both sample collection and
analysis processes, potentially making anti-doping efforts more efficient, accessi-
ble, and widespread across various sporting disciplines, particularly in resource-
constrained environments [2]. Furthermore, blood testing generally serves as a
crucial avenue for detecting certain prohibited substances and is integral to the
Athlete Biological Passport (ABP) program, which monitors an athlete’s biological
variables over time for suspicious patterns indicative of doping [6]. Complement-
ing these approaches, steroidomics provides a holistic perspective by focusing on
the comprehensive analysis of endogenous steroids and their metabolites. This
powerful methodology precisely highlights how analyzing the entire steroid profile
can help identify abnormal variations that are highly indicative of doping practices,
offering a more nuanced understanding of an athlete’s physiological state [8].

The dynamic nature of doping means the anti-doping community must constantly
adapt to emerging threats and sophisticated new methods. The presence of new
psychoactive substances (NPS) in sports, for instance, represents a significant
and evolving challenge. Studies investigate both the prevalence of these com-
pounds and the complex analytical hurdles involved in their detection, underscor-
ing the continuous need for updated detection strategies to effectively keep pace
with these novel and often designer substances that are not always immediately
covered by existing protocols [5]. An even more intricate and ethically challeng-
ing frontier is genetic doping and gene therapy. Research thoroughly explores
the current understanding of these sophisticated methods and the profound chal-
lenges they present for anti-doping control, emphasizing the imperative for proac-
tive and adaptive testing mechanisms to anticipate and effectively counter future
forms of genetic manipulation that could fundamentally alter athletic performance
[7]. These areas demand foresight and significant investment in research to pre-
vent their widespread exploitation.

The detection of complex biological molecules like peptides and proteins presents
its own set of unique challenges. Ongoing efforts are intensely focused on emerg-
ing analytical approaches specifically tailored for their identification in anti-doping.
These substances, often used to enhance recovery or growth, require highly sen-
sitive and specific methods to detect their misuse effectively and reliably due to
their inherent structural complexity and physiological roles [9]. Overarching all
these scientific and technical endeavors are the regulatory frameworks and guide-
lines established by bodies such as the World Anti-Doping Agency (WADA). A
critical review of WADA's Analytical Reporting Limits (ARLS) is essential, as these
limits have significant implications and challenges for ensuring fair and accurate
anti-doping analysis, directly influencing testing strategies and their practical ap-
plication across all sports [4]. These regulatory standards must evolve in tandem
with scientific advancements to remain effective.
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Ultimately, the collective body of research paints a picture of a dynamic and highly
specialized field where scientific innovation, regulatory adaptation, and a deep un-
derstanding of human physiology are continuously at play. The relentless pursuit
of fair competition necessitates an ongoing commitment to research and devel-
opment across all these areas — from basic analytical chemistry to advanced bio-
logical profiling and policy formulation. These concerted global efforts are essen-
tial for maintaining the integrity of athletic competition, protecting clean athletes
worldwide, and ensuring that anti-doping measures remain robust, effective, and
capable of addressing both current and future threats to sport.

Conclusion

Anti-doping science is rapidly advancing, employing sophisticated analytical tech-
niques to detect prohibited substances across various biological samples. De-
velopments in mass spectrometry, including high-resolution mass spectrometry,
are crucial for identifying anabolic androgenic steroids in urine, growth hormone-
releasing peptides, and a broad range of other substances with high precision.
Emerging methods for detecting complex molecules like peptides and proteins,
as well as the comprehensive analysis of endogenous steroid profiles through
steroidomics, are enhancing detection capabilities. The field is also exploring less
invasive sample collection methods such as dried blood spots, which could signif-
icantly streamline anti-doping efforts. Blood testing remains vital for certain sub-
stances and the Athlete Biological Passport program. However, the anti-doping
community faces continuous challenges from new psychoactive substances and
the highly complex area of genetic doping and gene therapy, which demand con-
stant adaptation of detection strategies. Regulatory frameworks, like the World
Anti-Doping Agency’s Analytical Reporting Limits, are under critical review to en-
sure fairness and accuracy in testing strategies. The ongoing commitment to in-
novation in analytical strategies, sample collection, and regulatory oversight is
paramount to maintaining the integrity of sports and ensuring a level playing field
against evolving doping practices.
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