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Maintaining an effective testing program is critical to the success and credibility
of the anti-doping movement. However, a low detection ratio compared to the
assumed real prevalence of sport doping has led some to question and criticize
the effectiveness of the current testing system. In this perspective article, we
review the results of the global testing program, discuss the purpose of
testing, and compare benefits and limitations of performance indicators
commonly used to evaluate testing efforts. We suggest that an effective
testing program should distinguish between preventive testing and testing
aimed at detecting the use of prohibited substances and prohibited methods.
In case of preventive testing, the volume of the test program in terms of
number of samples, tests and analyses is likely to be positively related to the
extent of the deterrent effect achieved. However, there is a lack of literature
on how the deterrent effect works in the practical context of doping testing. If
the primary goal is to detect doping, the testing must be risk- and
intelligence-based, and quality in test planning is more important than
quantity in sample collection. The detection ratio can be a useful tool for
evaluating the effectiveness of doping testing, but for the calculation one
should take into account the number of athletes tested and not just the
number of collected samples, as the former would provide a more precise
measure of the tests’ ability to detect doping among athletes.
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Introduction

For decades, athletes have used performance-enhancing substances and methods to
improve athletic performance and gain a competitive edge. Mainly to protect the health
of athletes from potentially harmful doping practices, the first significant anti-doping
initiatives were introduced in the 1970s (1). In response to growing concerns, the
World Anti-Doping Agency (WADA) was established in 1999 by the Sport Movement
and Governments of the world to co-ordinate the global fight against doping and to
protect athletes’ fundamental right to participate in doping-free sport, taking over the
responsibility for anti-doping from the International Olympic Committee Medical
Commission. A few years later, WADA released the first edition of the World Anti-
Doping Code (WADC). The WADC was quickly adopted and enforced by international
sport organisations and National Anti-Doping Organisations (NADOs) worldwide, and
acknowledged by governments through the UNESCO convention (2). Today, the
WADC together with eight mandatory International Standards and Technical
Documents and 12 non-mandatory Guidelines constitutes the World Anti-Doping
Program, which seeks to harmonize anti-doping policies, rules and regulations across
sports and public authorities (3).
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Since the establishment of WADA, anti-doping has become
increasingly multi-disciplinary. To prevent and detect doping,
modern anti-doping programs include disciplines such as
analytical chemistry, education, forensic science, pharmacology,
physiology, psychology, and law. However, despite the increasing
complexity of the World Anti-Doping Program, the collection
and analysis of biological samples from athletes accounts for
more than half of the global anti-doping budget (4) making
it the
(ADOs). Providing effective and cost-efficient testing programs

main activity for most anti-doping organisations
is therefore essential for the success and credibility of the
anti-doping movement.

The word effective is used several times in the WADC. For
example, the first part of the Code, which describes the purpose,
scope and organisation of the World Anti-Doping Program and
the WADC, states in relation to detection that “an effective
testing and investigations system not only enhances a deterrent
effect, but also is effective in protecting clean athletes and the
spirit of sport by catching those committing anti-doping rule
violations, while also helping to disrupt anyone engaged in
doping behaviour” [p. 9, (3)]. The current International Standard
for Testing and Investigations provide several recommendations
for conducting effective testing (5), however, it is still somewhat
unclear how it can be measured and evaluated.

Doping testing practices have not been immune to criticism.
Most notably, a significantly lower detection ratio of positive
samples compared to the assumed true prevalence of athletes
doping has led some to question and criticise the effectiveness of
the doping efforts (6, 7), suggested that current practices are
unfit to detect doping (8), and that anti-doping authorities are
more concerned with the number of samples collected than on
exposing doping (9).

In this article, we critically discuss the concept of effectiveness
in the context of doping testing in sport, the purposes of testing, as
well as the validity of the figures and performance indicators that
are often used to measure and evaluate its success. We argue that
there is a need for more precise and harmonized indicators to
better measure the doping test regimes’ ability to detect and
deter doping, and that implementation of more intelligent and
data-driven testing by ADOs may increase the quality and
effectiveness of the global testing program.

Determining the success of doping
testing—does testing numbers count?

The unofficial parameter used by anti-doping practitioners to
measure whether adequate measures are taken to combat doping
has traditionally been the number of samples or tests carried out
by a given ADO or within a specific sport or country. In general,
the notion has been that the more you test, the better program
you have. However, global test statistics from the last two
decades suggest that increased testing has not translated into a
corresponding increase in the proportion of positive tests
(6, 10). According to the WADA Anti-doping Testing Figures
report, which was first presented in its current form in 2012,
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there was a 35% increase in the total number of annual samples
reported into WADA’s Anti-Doping Administration and
Management System (ADAMS) from 2012 (206 391 samples)
to 2019 (278 047 samples) (11), after which the Covid-19
pandemic resulted in a widespread suspension or reduction in
most anti-doping activities in 2020 (12). Interestingly, the
number of samples with a positive finding for a prohibited
substance or method, what is referred to as an Adverse
Analytical Finding (AAF), only increased 6% in the same
period (2,549 to 2,702 AAFs).

Adverse Analytical Findings, however, should not be confused
with doping violations, as some AAFs are dismissed for medical or
other reasons. More appropriate figures for assessing the success of
the global testing efforts in detecting doping can instead be found
in the WADA ADRYV reports, first released in 2013. An ADRYV is
defined as a doping case for which a final decision has been
rendered and a sanction was imposed against the athlete or
athlete support personnel (3). The ADRVs are separated into
analytical ADRVs, which are based on AAFs, and non-analytical
ADRVs, which are based on other types of rule violations.
Statistics on ADRVs may offer several advantages when
evaluating testing efforts, however, not all ADRVs are related to
intentional doping as some AAFs are caused by inadvertent
ingestion of prohibited substance (13), for example through food
or dietary supplements (14, 15).

Calculating the detection ratio

A starting point for evaluating the effectiveness of testing
programs is to calculate and assess the detection ratio, which can
be done in several ways. Using analytical ADRVs and all samples
collected by ADOs worldwide (except samples for the Athlete
Biological Passport as these are not for direct detection of
prohibited substances or methods) gives a detection ratio of
0.66% for the period 2013-2019 (10 759 analytical ADRVs from
1 640 999 collected samples) (16). In contrast to analytical
ADRVs, most types of non-analytical ADRVs are not related to
testing and should rightfully not be included when evaluating
effects of doping testing. There are certain exceptions, such as (a)
Use or attempted use of a prohibited substance or method, (b)
Evading, refusing, or failing to submit to sample collection, and
(c) Tampering with any part of a doping control, all of which
are potentially related to testing (3). Adding these non-analytical
ADRVs to the analytical ADRVs result in a slightly higher
ADRV-to-sample ratio for the period 2013-2019, which would
still be well under 1%.

The prevalence of athletes doping

Does an ADRV-to-sample ratio of less than one percent reflect
that the current testing strategy is successful, or rather that it has
severe limitations in exposing cheaters? For any meaningful
evaluation of the detection ratio to take place it should be
relative number of athletes

compared with the doping.
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Unfortunately, the true prevalence of sport doping has been
challenging to estimate with any degree of certainty (17). A
recent evidence synthesis report a doping prevalence in
competitive sport between 0% and 73% (13). The high variation
between studies is not surprising considering the different
methodological approaches used to measure prevalence (13), and
given the varying benefits of doping across sports, differences in
sporting cultures, athletes’ knowledge of anti-doping rules etc.
(18, 19). The importance of reliable methods for adequate
assessment of doping prevalence has been acknowledged by
WADA, which has established a Prevalence Working Group to
provide more accurate numbers.

The purpose of doping testing—
detection vs. deterrence

Doping testing is not exclusively undertaken to obtain
analytical evidence of the use of prohibited substances or
methods in the form of positive samples. Although the
analytical methods used to analyse biological samples from
athletes are continuously improving [e.g., (20, 21)], testing in
itself continue to have several limitations in exposing doping,
including but not limited to a short window of detection and
and high
predictability of testing (8). In view of these shortcomings, it

low test sensitivity for certain substances,
has been suggested that it is necessary to carry out 16-50 tests
per athlete per year to uncover all doping cases (8). In addition
to being ethically questionable, the cost of such a hypothetical
program would not be economically viable. Considering the
difficulties of the detection-based approach, it has thus been
argued that the global testing program is mainly dependent on
deterring athletes from making the decision to dope by risk of
detection and severe sanctions (22).

According to the theory of deterrence, if athletes perceive
that there is a high probability of detection and they consider
the consequences to be severe, they are less likely to break the
rules (23, 24). For sanctions following positive doping tests to
provide credible threats and act as a deterrent to doping
practices, it is estimated that the perceived certainty of
punishment must be 30% or higher (25). According to the
deterrence theory, the more frequent athletes are tested, and
the more samples that are collected, the greater certainty of
punishment and thus deterrence is achieved. This effect is
likely to apply up to a certain point, where more testing will
not result in further increases in deterrence. In line with this,
it has been shown that athletes with personal experience with
testing and who are tested regularly are more likely to
experience a deterrent effect (26). Conversely, athletes who
lack confidence in the system and perceive that doping
controls are unable to detect doping do not believe that the
current testing program is a strong deterrent (27). Another key
component of deterrence is celerity, i.e., that the sanction are
imposed swiftly after the offense for the transgressor to
connect the violation with the punishment (25). How long the
Result management process in a doping case lasts before a
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sanction is imposed will thus affect the athlete’s perception of
the deterrent effect of testing.

A possible explanation for the reduction in the detection ratio
in the global testing program from 2013 to 2019 is that the annual
increases in sample collection have resulted in an enhanced
deterrent effect among athletes, resulting in fewer relative
ADRVs. Such a scenario is in line with how the theory of
deterrence can be expected to work in practice. It is not
surprising that athletes who are subjected to regular random
doping testing experience the risk of being caught so high that
they refrain from using prohibited substances.

More research should be carried out to gain a better
understanding of how the deterrent effect takes place in the
practical context of doping control. Establishing the threshold for
when a satisfactory level of deterrence is reached will be of great
interest to ADOs and could contribute to more efficient use of
testing resources. There is no reason to continue testing an
athlete 15 times a year unless there is specific confidential source
information indicating doping use, if future research suggests
that a satisfactory level of deterrence is achieved with, say, seven
randomly assigned annual tests.

Discussion and recommendations for
improving testing effectiveness

Several requirements and recommendations has been
made in the last decade with the goal to make testing more
targeted and effective [e.g., (28)]. Nevertheless, ten years after
that the lack of effectiveness in the testing program in sport
was discussed by WADA (6), ADOs are still struggling to
detect doping among athletes. In view of the admittedly low
detection rate and to meet the criticism that anti-doping has
become a “numbers game”, ADOs should consider taking
several measures to increase the quality and effectiveness of

their testing programs.

Prioritize quality vs. quantity in testing when
the goal is to detect doping

Insufficient funding has been used to explain the lack of
effectiveness of doping testing (6). Indeed, doping controls are
expensive and all ADOs operate with limited budgets. However,
as we have previously discussed, there is no automaticity that
administering more doping testing will result in a higher number of
positive samples either in absolute or relative terms (6, 9, 29, 30).
Instead of increasing the budget to accommodate increased sample
collection and analysis, ADOs should improve the risk assessment
process for better target testing. To put it simply, when aiming to
detect doping, test smarter, not more.

To gain more knowledge about high-risk athletes and sports in
a respective country or region, ADOs should examine their own
historic test and ADRV statistics. Sharing of practices on how
ADOs use intelligence in the test planning process, and how it
affects the detection rates should be encouraged and will
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contribute to a more data-driven approach to test planning in the
anti-doping community.

Invest in building intelligence capabilities

The importance of information-based testing and the use of
forensic methods and intelligence (28, 29, 31), as well as cross
sectional cooperation (32) to uncover both analytical and non-
analytical rule violations has been increasingly promoted in the
last decade. ADOs should therefore invest in human resources
which may increase their capability and capacity to gather and
use intelligence in test planning and set up a system that allows
for the collection and processing of information on possible
rule violations. Whistle blowing/tip offs, sport performance
data, social media activity, athlete biological profiles, previous
testing records, whereabouts information and information from
law enforcement are all potential sources of relevant
information which could be used to increase the quality of the
test planning process. To free up resources to increase
investments in intelligence capacity, ADOs can consider
reducing some testing in low-risk sports and of athletes with a
long and clean record and where there are not indications of

rule violations.

Distinguish between tests for deterrence
and for detection

In theory, doping controls have both a deterrent effect and the
potential to detect doping (22). In practice, many tests are mainly
preventive in the sense that there exist no suspicion or specific
information about potential doping use by the tested athlete. The
main purpose of these test is to deter the athlete from future use
of a prohibited substance or method. Separating the samples
collected for preventive purposes from those collected with the
aim of detecting doping when calculating the detection ratio
would give a more precise picture of the actual ability of doping
tests to detect doping.

Improved reporting of test statistics

The annual WADA reports which present global testing
numbers and analytical findings represent the best available
source of statistics for evaluating global testing efforts. As
previously explained, the reports provide various figures that
could potentially be used for this purpose, but their current
format does not make the content easily accessible to outside
observers. It has therefore been suggested to reform WADAs
reporting system in order to make it easier to evaluate the
impact, efficiency and proportionality of the policies and
programmes in place (33). Improved reporting practices can
also in itself contribute to countering doping, in addition to
strengthen individual and public trust in the anti-doping
system (33). Gleaves et al. (13) have recently proposed several
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recommendations for reporting guidelines relating to
measurements of doping behaviour which are also relevant for
evaluation of testing efforts. Among these the most significant
is the importance of also presenting the number of athletes
tested in a given period, sport, or country and not only the
number of samples collected. Most athletes are tested several
times per year. For example, it is not unusual for high-profile
athletes participating in sports that are considered to have a
high risk for doping, such as disciplines that require high levels
and degrees of specialisation in endurance, strength, or power,
to provide ten or more doping samples annually. If twenty
athletes together provide two hundred samples over the course
of a year, of which one sample comes back positive for a
prohibited substance, this would, with normal calculations give
a detection ratio of 0.5%. However, it is equally true that five
percent of the athletes who were tested returned a positive
sample, which gives a completely different conclusion on
whether the testing of these twenty athletes was successful in
detecting doping or not. By calculating the proportion of
ADRVs per number of athletes rather the per number of
samples, the detection ratio will probably be closer to the real
doping prevalence.

Lastly, the ADRVSs are currently grouped as analytical or non-
analytical, but neither category fully encompasses the ADRVs
related to doping testing. To evaluate the outcome of testing, a
new category that includes all test-related ADRVs would
be useful.

Conclusions

Consistent and adequate funding is necessary to run a high-
quality anti-doping program. However, more funding will not
automatically improve the output of testing programs if the
resources are not used wisely. Anti-doping organizations’
intelligence and investigation capability and capacity should be
strengthened and considered as an integral part of testing
operations. If necessary, collecting fewer samples can free up
financial resources to enable improved target testing of at-risk
athletes and sport environments. Performing high quality risk
assessments on both the individual, team and sport discipline
level should be considered as pivotal. More studies should be
done to examine the relationship between the volume of samples
and the deterrent effect. Reducing the number of samples should,
however, not come at the expense of the preventive and deterrent
effect of doping testing.

Most athletes want to compete clean and support the
various measures imposed on them by sport and ADOs (34).
However, there is no automaticity in the fact that this will
persist, and some athletes already question the lack of
efficiency and equality across sports and countries (34). To
maintain the trust of athletes, governments, and other
stakeholders in the world of sports, ADOs should take
measures to improve testing effectiveness and facilitate the
evaluation of their practices through transparent reporting of
testing figures and results (33).
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Finally, anti-doping is more than sample collection and
detection ratios. In this article we have limited the discussion to
testing. However, a similar exercise should be done for other
areas within anti-doping, such as education, which is now
considered a cornerstone of global anti-doping efforts, and an
important prevention strategy for a successful fight against
doping (35), but where the effect of the majority of the various
programs is not well known (36).

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

Author contributions

FL: Conceptualization, Writing - original draft, Writing — review
& editing. AS: Conceptualization, Writing — review & editing.

References

1. Ljungqvist A. Brief history of anti-doping. In: Rabin O, Pitsiladis Y, editors. Acute
Topics in Anti-Doping. Basel: Karger (2017). p. 1-10.

2. Houlihan B, Hanstad DV, Loland S, Waddington I. The world anti-doping agency
at 20: progress and challenges. Int ] Sport Policy Politics. (2019) 11(2):193-201. doi: 10.
1080/19406940.2019.1617765

3. WADA. World Anti-Doping Code 2021. Montreal, Quebec: World Anti-Doping
Agency. (2021).

4. iNADO. Report Capability Register Member NADOs and RADOs. Bonn, North
Rhine-Westphalia: Bonn (2021).

5. WADA. International Standard Testing and Investigations 2023. Available online
at: https://www.wada-ama.org/sites/default/files/2022-12/isti_2023_w_annex_k_final_
clean.pdf (Accessed February 15, 2024).

6. Ayotte C, Parkinson A, Pengilly A, Andrew R, Pound RW. Report to WADA Executive
Committe on Lack of Effectiveness of Testing Programs. Montreal: WADA (2013).

7. Pitsch W. Tacit premises and assumptions in anti-doping research. Perform
Enhanc Health. (2013) 2(4):144-52. doi: 10.1016/j.peh.2014.07.001

8. Hermann A, Henneberg M. Anti-doping systems in sports are doomed to fail: a
probability and cost analysis. ] Sports Med Dop. (2014) 4(5):1-12. doi: 10.4172/2161-
0673.1000148

9. Martensen CK, Moller V. More money - better anti-doping? Drugs: Education,
Prevention and Policy. (2017) 24(3):286-94. doi: 10.1080/09687637.2016.1266300

10. Aguilar-Navarro M, Munoz-Guerra J, Del Mar Plara M, Del Coso J. Analysis of
doping control test results in individual and team sports from 2003 to 2015. ] Sport
Health Sci. (2020) 9(2):160-9. doi: 10.1016/j.jshs.2019.07.005

11. WADA. Anti-Doping Testing Figures Report. Montreal: WADA (2023). Available
online at: https://www.wada-ama.org/en/resources/anti-doping-stats/anti-doping-
testing-figures-report#resource-download.14.03.2023

12. Lima G, Muniz-Pardos B, Kolliari-Turner A, Hamilton B, Guppy FM, Grivas G,
et al. Anti-doping and other sport integrity challenges during the COVID-19
pandemic. J Sports Med Phys Fitness. (2021) 61(8):1173-83. doi: 10.23736/S0022-
4707.21.12777-X

13. Gleaves J, Petroczi A, Folkerts D, de Hon O, Macedo E, Saugy M, et al. Doping
prevalence in competitive sport: evidence synthesis with “best practice”
recommendations and reporting guidelines from the WADA working group on
doping prevalence. Sports Med. (2021) 51(9):1909-34. doi: 10.1007/540279-021-01477-y

14. Lauritzen F. Dietary supplements as a major cause of anti-doping rule violations.
Front Sports Act Living. (2022) 4:868228. doi: 10.3389/fspor.2022.868228

15. Walpurgis K, Thomas A, Geyer H, Mareck U, Thevis M. Dietary supplement
and food contaminations and their implications for doping controls. Foods. (2020)
9(8):1012. doi: 10.3390/foods9081012

Frontiers in Sports and Active Living

10.3389/fspor.2024.1386539

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

16. WADA. Anti-Doping Rule Violations (ADRVs) Report - archives. Available
online at: https://www.wada-ama.org/en/resources/anti-doping-stats/anti-doping-
rule-violations-adrvs-report.09.02.23 (Accessed February 15, 2024).

17. Petroczi A, Gleaves ], de Hon O, Sagoe D, Saugy M. Prevalence of doping in
sport. In: Mottram D, Chester N, editors. Drugs in Sport. 8 ed. New York:
Routledge (2022). p. 37-71.

18. Overbye M, Knudsen ML, Pfister G. To dope or not to dope: elite athletes’
perceptions of doping deterrents and incentives. Perform Enhanc Health. (2013) 2
(3):119-34. doi: 10.1016/j.peh.2013.07.001

19. Ring C, Kavussanu M, Simms M, Mazanov J. Effects of situational costs and
benefits on projected doping likelihood. Psychol Sport Exerc. (2018) 34:88-94.
doi: 10.1016/j.psychsport.2017.09.012

20. Thevis M, Piper T, Thomas A. Recent advances in identifying and utilizing
metabolites of selected doping agents in human sports drug testing. J Pharm
Biomed Anal. (2021) 205:114312. doi: 10.1016/j.jpba.2021.114312

21. Thevis M, Kuuranne T, Geyer H. Annual banned-substance review-analytical
approaches in human sports drug testing 2021/2022. Drug Test Anal. (2023) 15
(1):5-26. doi: 10.1002/dta.3408

22. Bowers LD. Counterpoint: the quest for clean competition in sports: deterrence
and the role of detection. Clin Chem. (2014) 60(10):1279-81. doi: 10.1373/clinchem.
2014.226175

23. Moston S, Engelberg T, Skinner ]. Athletes’ and coaches’ perceptions of
deterrents to performance-enhancing drug use. Int ] Sport Policy Politics. (2015) 7
(4):623-36. doi: 10.1080/19406940.2014.936960

24. Dunn M, Thomas JO, Swift W, Burns L, Mattick RP. Drug testing in sport: the
attitudes and experiences of elite athletes. Int J Drug Policy. (2010) 21(4):330-2.
doi: 10.1016/j.drugpo.2009.12.005

25. Bowers LD, Paternoster R. Inhibiting doping in sports: deterrence is necessary,
but not sufficient. Sport, Ethics Philos. (2017) 11(1):1-20. doi: 10.1080/17511321.2016.
1261930

26. Overbye M. Deterrence by risk of detection? An inquiry into how elite
athletes perceive the deterrent effect of the doping testing regime in their sport.
Drugs: Educ Prev Policy. (2017) 24(2):206-19. doi: 10.1080/09687637.2016.
1182119

27. Overbye M. Doping control in sport: an investigation of how elite athleets
perceive and trust the functioning of the doping testing system in their sport. Sport
Manag Rev. (2016) 19:6-22. doi: 10.1016/j.smr.2015.10.002

28. Dvorak J, Baume N, Botre F, Broseus J, Budgett R, Frey WO, et al. Time
for change: a roadmap to guide the implementation of the world anti-doping
code 2015. Br J Sports Med. (2014) 48(10):801-6. doi: 10.1136/bjsports-2014-
093561

frontiersin.org


https://doi.org/10.1080/19406940.2019.1617765
https://doi.org/10.1080/19406940.2019.1617765
https://www.wada-ama.org/sites/default/files/2022-12/isti_2023_w_annex_k_final_clean.pdf
https://www.wada-ama.org/sites/default/files/2022-12/isti_2023_w_annex_k_final_clean.pdf
https://doi.org/10.1016/j.peh.2014.07.001
https://doi.org/10.4172/2161-0673.1000148
https://doi.org/10.4172/2161-0673.1000148
https://doi.org/10.1080/09687637.2016.1266300
https://doi.org/10.1016/j.jshs.2019.07.005
https://www.wada-ama.org/en/resources/anti-doping-stats/anti-doping-testing-figures-report#resource-download.14.03.2023
https://www.wada-ama.org/en/resources/anti-doping-stats/anti-doping-testing-figures-report#resource-download.14.03.2023
https://doi.org/10.23736/S0022-4707.21.12777-X
https://doi.org/10.23736/S0022-4707.21.12777-X
https://doi.org/10.1007/s40279-021-01477-y
https://doi.org/10.3389/fspor.2022.868228
https://doi.org/10.3390/foods9081012
https://www.wada-ama.org/en/resources/anti-doping-stats/anti-doping-rule-violations-adrvs-report.09.02.23
https://www.wada-ama.org/en/resources/anti-doping-stats/anti-doping-rule-violations-adrvs-report.09.02.23
https://doi.org/10.1016/j.peh.2013.07.001
https://doi.org/10.1016/j.psychsport.2017.09.012
https://doi.org/10.1016/j.jpba.2021.114312
https://doi.org/10.1002/dta.3408
https://doi.org/10.1373/clinchem.2014.226175
https://doi.org/10.1373/clinchem.2014.226175
https://doi.org/10.1080/19406940.2014.936960
https://doi.org/10.1016/j.drugpo.2009.12.005
https://doi.org/10.1080/17511321.2016.1261930
https://doi.org/10.1080/17511321.2016.1261930
https://doi.org/10.1080/09687637.2016.1182119
https://doi.org/10.1080/09687637.2016.1182119
https://doi.org/10.1016/j.smr.2015.10.002
https://doi.org/10.1136/bjsports-2014-093561
https://doi.org/10.1136/bjsports-2014-093561
https://doi.org/10.3389/fspor.2024.1386539
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

Lauritzen and Solheim

29. Lauritzen F, Holden G. Intelligence-based doping control planning improves
testing effectiveness - perspectives from a national anti-doping organisation. Drug
Test Anal. (2022) 15(5):506-15. doi: 10.1002/dta.3435

30. Aguilar M, Munoz-Guerra J, Plata MDM, Del Coso J. Thirteen years of the fight
against doping in figures. Drug Test Anal. (2017) 9(6):866-9. doi: 10.1002/dta.2168

31. WADA. World Anti-Doping Code 2015. Quebec, Montreal: World-Anti Doping
Agency (2015). Available online at: https://www.wada-ama.org/sites/default/files/
resources/files/wada-2015-world-anti-doping-code.pdf

32. WADA’s 18th Annual Symposium Kicks off by Announcing Exceptional
Results from European Intelligence and Investigations Project [Press Release].
Montreal, Quebec: WADA (2024).

Frontiers in Sports and Active Living

06

10.3389/fspor.2024.1386539

33. Kornbeck J. Anti-doping governance and transparency: a European perspective.
Int Sports Law J. (2016) 16(1):118-22. doi: 10.1007/s40318-016-0098-8

34. Woolway T, Lazuras L, Barkoukis V, Petr6czi A. “Doing what is right and doing
it right”: a mapping review of athletes’ perception of anti-doping legitimacy. Int ] Drug
Policy. (2020) 84:102865. doi: 10.1016/j.drugpo.2020.102865

35. WADA. International Standard for Education. Montreal, Quebec: World-Anti
Doping Agency (2021). Available online at: https://www.wada-ama.org/sites/default/
files/resources/files/international_standard_ise_2021.pdf

36. Woolf JR. An examination of anti-doping education initiatives from an
educational perspective: insights and recommendations for improved educational
design. Perform Enhanc Health. (2020) 8(2-3). doi: 10.1016/j.peh.2020.100178

frontiersin.org


https://doi.org/10.1002/dta.3435
https://doi.org/10.1002/dta.2168
https://www.wada-ama.org/sites/default/files/resources/files/wada-2015-world-anti-doping-code.pdf
https://www.wada-ama.org/sites/default/files/resources/files/wada-2015-world-anti-doping-code.pdf
https://doi.org/10.1007/s40318-016-0098-8
https://doi.org/10.1016/j.drugpo.2020.102865
https://www.wada-ama.org/sites/default/files/resources/files/international_standard_ise_2021.pdf
https://www.wada-ama.org/sites/default/files/resources/files/international_standard_ise_2021.pdf
https://doi.org/10.1016/j.peh.2020.100178
https://doi.org/10.3389/fspor.2024.1386539
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

	The purpose and effectiveness of doping testing in sport
	Introduction
	Determining the success of doping testing—does testing numbers count?
	Calculating the detection ratio
	The prevalence of athletes doping
	The purpose of doping testing—detection vs. deterrence
	Discussion and recommendations for improving testing effectiveness
	Prioritize quality vs. quantity in testing when the goal is to detect doping
	Invest in building intelligence capabilities
	Distinguish between tests for deterrence and for detection
	Improved reporting of test statistics

	Conclusions
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


