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ABSTRACT

Introduction: The issue of doping remains a significant challenge in the realm
of sports, undermining the fundamental principles of fair competition and prompt-
ing extensive countermeasures at the organisational level. Unintentional violations
of anti-doping regulations have emerged as a growing concern, often arising from a
lack of awareness or inadvertent exposure to prohibited substances.

Aim: The aim of the study was to evaluate the knowledge of athletes about
unintentional doping and identify the factors that influence their level of know-
ledge.

Material and methods: The survey was questionnaire-based (questionnaire
tested for readability and comprehension). The study involved 384 adult athletes,
including students of the Academies of Physical Education in Poland and indivi-
duals connected to online sports forums. Statistical analysis was performed using
the Statitica 13.3 software (a. = 0.05).

Results and discussion: The results obtained by the respondents in the
knowledge test conducted in this study indicate that those with sufficient (n =
174; 45.3%) and insufficient knowledge (n = 149; 38.8%) dominated among the
surveyed individuals. Athletes with a medical or health science background were
approximately 6.5 times more likely to test positive than those without such a
background, and athletes at the national or international level were almost 3 ti-
mes more likely to test positive than recreational athletes.

Conclusions: There is a relationship between athletes’ level of awareness re-
garding unintentional doping and their education and status in the sport. The
findings may prove beneficial in the development of more effective doping edu-
cation programs.
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1. INTRODUCTION

Sport in the 21st century is characterized by continuous de-
velopment, striving for better results, the use of new technol-
ogies, and performance-enhancing substances. Companies
that specialize in the sale of dietary supplements are meeting
the expectations of their customers/athletes by introducing
‘improved’ dietary supplements or food products to the mar-
ket. It is essential that all means used conform to the ‘spirit
of sport,” defined as the pursuit of excellence in a manner
consistent with ethical principles. Doping is defined as the
commission of one or more violations of anti-doping rules,
primarily concerning prohibited substances and methods in
sport, according to the World Anti-Doping Agency (WADA).!

Doping is a much widely discussed issue in the world
of sport, acknowledged as a violation of fair competition,
and the Polish Anti-Doping Agency has taken significant
steps to combat it. In 2022 alone, the agency conducted 220
educational campaigns and 750 control actions, resulting in
the collection of almost 2500 control samples.? The Interna-
tional Standard for Education (ISE),® introduced in 2021,
aims to promote awareness among athletes and sports pro-
fessionals about the principles of clean sport, the dangers
of doping, and the consequences of anti-doping violations.
WADA also supports national anti-doping organizations
in crafting and executing educational strategies by offering
training programs, instructional resources, and the Anti-
Doping Education and Learning platform (ADEL).*

The Prohibited List is an international mandatory
standard for prohibited substances and methods, forming
the part of the World Anti-Doping Program. WADA struc-
tures conduct annual consultations to update this list. The
prohibited substances and methods fall into three catego-
ries: (1) prohibited at all times, (2) prohibited only during
competitions, and (3) prohibited only in certain sports.
Substances or methods prohibited at all times are strictly
forbidden, both during and out of competitions. Substances
prohibited during competitions include compounds that
athletes are forbidden to use from 23:59 on the day before
the competition in which the athlete is scheduled to par-
ticipate until the end of the competition and the sample col-
lection process. WADA may grant exceptions for defining
competition time for individual sports.’

Doping is not always a conscious pharmacological aid.
However, the number of cases of unintentional doping has
been steadily increasing over the past two decades.® It is im-
portant to note that the negative consequences of unknowing-
ly using prohibited substances by the WADA are not limited
to possible adverse health effects. A positive anti-doping test
may result in a severe disqualification penalty for an athlete.”®

Unintentional violation of anti-doping regulations is
most commonly caused by the consumption of dietary sup-
plements contaminated or adulterated with doping agents.
It is a well-known fact that athletes consume dietary sup-
plements, with reported usage ranging from 51% (Norwe-
gian athletes) to 98% (Canadian athletes), and even reaching
100% in some disciplines.’ Reports indicate that the level of

contamination of supplements with undeclared substances
has been systematically increasing from 10%-25% in 2015
10%-38% based on research from 2021."! According to es-
timates from 2005-2013, 6.4% to 8.8% of reported doping
cases were caused by the use of dietary supplements. How-
ever, due to the significant increase in the consumption of
dietary supplements, it is challenging to apply these data
to the current situation.”!® Prohormones and anabolic-an-
drogenic steroids are among the most commonly detected
compounds in supplements, despite the lack of declaration
by the manufacturer regarding their presence.'!* In Eu-
rope, the safety testing of dietary supplements is the sole
responsibility of the manufacturer.'* WADA does not con-
duct routine testing of nutritional supplements and rec-
ommends limiting their use to a minimum. Additionally,
there are no specific recommendations available regarding
the intake of certain products. The recommendations of na-
tional scientific bodies should be followed when using di-
etary supplements. The Australian Institute of Sport (AIS)
classification of dietary supplements and their ingredients
in terms of safety for athletes is particularly noteworthy and
recommended by WADA. According to the AIS classifica-
tion, there are four groups of dietary supplements and their
components in terms of their safety for athletes. Group A
includes recommended supplements and substances with
supportive effects during exercise, such as whey protein,
caffeine, and creatine. Group B includes supplements that
are recommended for athletes but require additional stud-
ies to confirm their effectiveness, for example antioxidants,
collagen, ketone supplements, and carnitine. Group C com-
prises supplements whose beneficial effects has not been
confirmed by scientific research, such as branched-chain
amino acids (BCAA), magnesium, and tyrosine. Group D
comprises supplements that are prohibited or not recom-
mended for athletes, such as ephedrine, herbal stimulants,
colostrum, and Maca root."

It is important to consider that a positive result in an
anti-doping test may not necessarily indicate the use of
performance-enhancing substances, as it may also be caused
by the consumption of certain medicinal preparations (e.g.
those containing pseudoephedrine), animal-derived food, or
plant products (e.g. those containing morphine, cocaine or
tetrahydrocannabinol THC). However, it is crucial to thor-
oughly investigate any positive test results to ensure fair
play and maintain the integrity of the sport (Table 1).16-2!

2. AIM

The aim of the study was to evaluate the knowledge of ath-
letes about unintentional doping and identify the factors
that influence their level of knowledge. This publication is
intended to raise athletes’ awareness of the risks associated
with products that are commonly used in everyday life and
the possibility of inadvertently violating the anti-doping
rules.
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Table 1. Causes of unintentional doping.!¢-

Product Characteristics

Poppy (Papaver somniferum)
Coca tea (Erythroxylon coca)

Products with hemp oil or hemp seed added (Cannabis)

Maize and its products + other cereals with
infection by Fusarium fungi

Tonic

Meat

Food products containing food additives: E280-E283
Food products rich in resveratrol

Soy and products rich in phytoestrogens
Antitussives, or cough suppressants with codeine

Contraceptives, remedies for gynecological
disorders containing norethisterone

Medicines with ibuprofen

Preparations with pseudoephedrine
Antibiotics (fluoroquinolones and rifampicin)

Antihistamines with levomethamphetamine / brompheniramine

Possible positive test for morphine and codeine
Positive for cocaine (2-36 h after drinking)

Positive for THC; risk of THC accumulation in adipose tissue
(up to 5 weeks after last exposure)

Production of the mycotoxin - zealarenone, which is metabolized to the

prohibited zearanol

Presence of quinine - there is the possibility of a questionable test result for

heroin (quinine may be used in the production of heroin)

Positive for the presence of group substances:
—S1 (e.g. nandrolone)
— 83 (e.g. clenbuterol)

Positive for efaproxiral (M2)
Positive result for the presence of S4 substances
Increased concentrations of estrone and estradiol

Risk of detecting morphine in urine

Risk of 19-norandrosterone detection

Low risk of a false positive test for cannabinoids, benzodiazepines or

barbiturates after acute or chronic ingestion of these drugs
Positive for pseudoephedrine or cathine
Low probability of a false positive test result for opioids

False positive test for methamphetamine

Comments: THC - tetrahydrocannabinol.

3. MATERIAL AND METHODS

3.1. Study group

The study involved adults aged 18 and above who partici-

pate in sports, as defined by Polish law as any physical ac-

tivity that, through occasional or organized participation,

improves physical and mental condition, develops social re-

lationships, or achieves sports results at all levels (Article 2,

paragraph 1).22 The athletes participating in the study were

divided into four distinct groups based on the World Anti-

Doping Code:

(1) athletes engaging in recreational sports without remu-
neration who do not belong to a sports club/association,

(2) athletes engaging in recreational sports without remu-
neration who belong to a sports club/association,

(3) national-class athletes (who receive remuneration for
engaging in sports)

(4) international class athletes (receiving remuneration for
their sport).!

The study involved 384 adult athletes, comprising of 178
women and 206 men. The survey participants included stu-
dents from selected Academies of Physical Education in Po-
land and individuals associated with online sports forums.
The minimum size of the representative sample (N__ ) was
confidently determined to be 384 individuals. This calcula-
tion was based on data from the Statistics Poland for the
year 2021, taking into account the percentage of people who
exercise regularly (20% of adult Poles) and the number of
adults in Poland (22,835,400 adults).?>

3.2. Research tool

The survey was questionnaire-based and conducted between
January and July 2023. The study used a self-administered
questionnaire that included questions on sociodemographic
data (gender, age, place of residence, and education, includ-
ing education in medical or related sciences), sporting activity
(type of sport, training experience, sports status, and frequency
of participation in competitions), and the problem of doping in
sport (participation in anti-doping controls, attitude towards
doping, self-assessed knowledge of doping general statement
on knowledge of the concept of unintentional doping).
Furthermore, the questionnaire comprised 19 items related
to doping in sport. In formulating the questions designed to as-
sess knowledge of doping, the authors drew on educational ma-
terials from the websites of anti-doping organisations, namely
WADA and POLADA, as well as materials accessible on the
AIS website. The questions addressed the following areas: the
definition of unintentional doping; the consequences of its
detection; the role of foods, dietary supplements, and medica-
tions in potential anti-doping violations; the AIS guidelines;
the concept of an athlete’s biological passport; and the frame-
work for therapeutic exemptions, among other related aspects.
A score of one point was awarded for each correct answer in the
knowledge test, with a maximum possible score of 19. Positive
results were defined as a number of correct answers that were
greater than 50% (10 points). The results of the doping knowl-
edge test were classified as follows:
— score of > 17 points — very good;
— score of 14-16 points — Good;
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— score of 10-13 points — Satisfactory;
— score of <10 points (less than 50% points) — Fail.

The questionnaire on knowledge of doping in sport was
tested for readability and comprehension. In total, 52 sub-
jects repeated the knowledge test an average of 50 days after
the first administration. reliability of the test-retest was ac-
ceptable, with a Pearson correlation coefficient of 0.85. In-
ternal consistency reliability was confirmed by a calculated
a-Cronbacha value of 0.79.

3.3. Statistical analysis

Statistical analysis was performed using the Statistica 13.3
software (StatSoft Poland, Krakow, Poland).

Quantitative data were presented as median (Me) with
lower and upper quartile values (Q1-Q3), while counts (%)
with percentages (%) were used to describe qualitative data.
The normality of the distribution was assessed by using the
Shapiro-Wilk W test, histograms and curve parameters such
as skewness and kurtosis. The significance level of oo = 0.05
was applied.

To assess the significance of differences between quali-
tative variables, the y? test was conducted. The Wilcoxon
signed-rank test (Pg) was used to determine the relation-
ship between respondents’ self-assessed knowledge and
their actual knowledge of doping.

Logistic regression analysis was conducted by categoriz-
ing the results of the unintentional doping knowledge test
into two groups. A score exceeding 50% of the maximum
score achievable was set as the cut-off point. Scores equal to
or greater than 10/19 points were considered positive, while
scores below 10/19 points were considered negative. Signifi-
cant factors for a negative score were identified through uni-
variate logistic regression analyses, which were then used to
construct the multivariate model. Variables with P < 0.1 in
the LR test were included in the model. Variables with P <
0.05 on the Wald test (P,,) were determined to significantly
increase the chance of a negative test result. The model fit
was evaluated through the Hosmer-Lemeshow test (P, ;)
and the area under the ROC curve plot (AUC).

4. RESULTS

4.1. Characteristics of the study group

The average age of all study participants was 25.0 years
(23.0-30.0). Women were on average 1 year younger than
men: 25.0 (23.0-30.0) vs. 26.0 (23.0-30.0) respectively
(P,<0.05). There were 198 (51.6%) respondents living in
cities with a population of 100,000-250,000, constituting the
highest proportion of respondents, which was also evident
in the group of women (46.6%) and men (55.8%) (2,>0.05).
Additionally, the largest group of athletes (n = 204; 53.1%)
had a secondary education, with 50.6% of women (n = 90)
and 55.3% of men (n = 114) (P,>0.05). These findings sug-
gest a consistent trend among the athletes, indicating a reli-
able pattern. The respondents had an average training sen-
iority of 10.0 years (7.0-14.0). Men had a longer seniority

of 12.0 years (Q1-Q3: 8.0-16.0) compared to women who
had a seniority of 8.0 years (Q1-Q3: 6.0-12.0). The length of
physical activity ranged from 1 to 34 years.

Among the surveyed athletes, it was found that the ma-
jority of them (n = 294, 76.6%) did not possess a degree in
medical or health sciences. It is worth noting that the largest
group of respondents (n = 112, 29.2%) were involved in ath-
letics. The category with the lowest number of participants
was mixed sports (n = 17; 4.4%). This category included
individuals who reported practicing multiple sports, such as
‘basketball and athletics,” ‘running+gym,’ and ‘other’ (n =
175 4.4%). The ‘other’ category encompassed sports such as

Table 2. Characteristics of the study group in relation to
sports data, by gender.

Gender
Total
n (%) Female Male
n (%) n (%)
Education in medical and health sciences
Yes 90 (23.4) 43(24.2) 47(22.8) X;f= 0~11;
No 294 (76.6) 135(75.8) 159(77.2) p >_0.05
Sports discipline
Athletics 112(29.2) 66 (37.1) 46(22.3)
Combat sports 63(16.4) 20(11.2) 43(20.9)
Team sports 105(27.3) 31(17.4) 74(35.9)
Water sports 24(6.3) 14(7.9) 1049 x2;(327-9;
Cycling sports 28(7.3) 15 (8.4) 13(63) p <_0.05
Power sports 18 (4.7) 9(5.1) 9(4.4)
Mixed sports 17 (4.4) 12 (6.7) 5(2.4)
Other 17 (4.4) 11 (6.2) 6(2.9)
Training seniority (years)
1-6 82(214) 60(33.7) 22(10.7)
7-8 72(18.8) 36(20.2) 36(17.5) = 435
9-12 92 (24.0) 38 (21.3) 54 (26.2) df =4
13-15 70(18.2) 30(16.9) 40(19.4) P <005
>15 68 (17.7) 14 (7.9) 54 (26.2)
Sports status
Amateur athlete,
without a club 68 (17.7) 40(22.5) 28(13.6)
Amateur athlete, in
a club 150(39.1) 71(39.9) 79(39.3) defz 1%2
Athlete ofnational 146 (38.0)  55(309) 91 (442) P <005
Athlete of interna-
tional class 20 (5.2) 12 (6.7) 8(3.9)
Frequency of participation in sports competitions
Once a year or less
frequently 36 (9.4) 19 (10.7) 17 (8.3)
Once every few
e 108(28.1) 51(287) S7Q27.7) 4:=76
df=3
Once a month 79(20.6) 45(25.3) 34(165) P >0.05
Several times a 161 (419) 63(354) 98 (47.6)

month
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ski jumping, squash, tennis, ice skating, and roller skating.
According to the data analysis, it can be concluded that the
majority of respondents participated in sports recreationally
and were members of a sports club (n = 150; 39.1%). This
was followed by national class athletes (n = 146; 38.0%).
The data on the frequency of athletes’ participation in com-
petitions revealed that the largest group participated several
times a month (n = 161; 41.9%) (Table 2).

4.2. Self-assessment of the knowledge of re-
spondents about unintentional doping

In this study, it was important to assess the participants’ self-
assessment of their knowledge regarding unintentional dop-

ing in sport. The majority of respondents (n = 186; 48.4%)
rated their knowledge as good, while only a small number of
participants (n = 12; 3.1%) rated their knowledge as insuf-
ficient. According to Table 3, it was found that factors such
as gender, sport practiced, and training seniority did not
have a significant impact on respondents’ self-assessment of
knowledge on unintentional doping.

However, it was observed that the proportions of each
level of self-assessment of unintentional doping knowledge
varied significantly based on education level, possession of
a degree in medical or health sciences, and sports status (Ta-
ble 3).

Table 3. Self-assessment of the knowledge of respondents about unintentional doping in sports

Self-assessment of knowledge on unintentional doping in sports

Fail Satisfactory Good Very good
n (%) n (%) n (%) n (%)
Total 12(3.1) 170 (44.3) 186 (48.4) 16 (4.2)
Gender
Female 5(2.8) 82 (46.1) 84 (47.2) 7(3.9) xzd Jj =0-350
Male 7(3.4) 88 (42.7) 102 (49.5) 9(4.4) P=09
Educational level
Primary education 2(25.0) 3(37.5) 3(37.5) 0
Professional education 0 18 (62.1) 11 (37.9) 0 def: =2294
Secondary education 6(2.9) 93 (45.6) 99 (48.5) 6(2.9) P < 0.05*
Higer education 4(2.8) 56 (39.2) 73 (51.0) 10 (7.0)
Education in medical and health sciences
Yes 1(1.1) 27 (30.0) 52(57.8) 10 (11.1) x2df=_2€-7
No 11 (3.7) 143 (48.6) 134 (45.6) 6(2.0) P < 0.0001
Sports discipline
Athletics 6(5.4) 45 (40.2) 55 (49.1) 6(5.4)
Combat sports 1(1.6) 33(52.4) 27 (42.9) 2(3.2)
Team sports 1(1.0) 51 (48.6) 50 (47.6) 3(2.9)
Wiater sports 0 11 (45.8) 12 (50.0) 1(4.2) x: =240
Cycling sports 3(10.7) 13 (46.4) 12 (42.9) 0 Igf :0.231*
Power sports 0 5(27.8) 11 (61.1) 2(11.1)
Mixed sports 0 5(29.4) 10 (58.8) 2(11.8)
Other 1(5.9) 7(41.2) 9(52.9) 0
Training seniority (years)
1-6 5(6.1) 40 (48.8) 35 (42.7) 2(2.4)
7-8 4(5.6) 33(45.8) 33(45.8) 2(2.8) =156
9-12 2(2.2) 45 (48.9) 43 (46.7) 202.2) df =12
13-15 1(1.4) 26 (37.1) 38 (54.3) 5(7.1) p=02
>15 0 26 (38.2) 37 (54.4) 5(7.4)
Sports status
Amateur athlete, without a club 6(8.8) 34 (50.0) 25 (36.8) 3(4.4)
Amateur athlete, in a club 4.7 71 (47.3) 72 (48.0) 3(2.0) xzd f= 22556
Athlete of national class 2(1.4) 62 (42.5) 75 (51.4) 7 (4.8) P < 0.01*
Athlete of international class 0 3(15.0) 14 (70.0) 3(15.0)

Comments: * the analysis did not include the value of 0.
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4.3. Assessment of the knowledge of respon-
dents about unintentional doping, based on su-
rvey results

According to the survey results, it was found that 45.3% of
the respondents (n = 174) had a sufficient level of knowl-
edge about unintentional doping. On the other hand, 38.8%
of the respondents (n = 149) had an insufficient score, while
15.6% (n = 60) had a good score. It is worth noting that only
1 respondent (0.3%) had a very good score.

Furthermore, the study did not find any significant
correlation between gender and the respondents’ level of
knowledge on unintentional doping. The study has identi-
fied notable variations in the levels of knowledge regarding

unintentional doping among all other variables. Individuals
with higher education, a degree in medical/health sciences,
longer training experience (>12 years), and those practicing
sports professionally were found to have the highest levels
of knowledge on unintentional doping (Table 4).

The data suggests that there is a notable variance be-
tween the average level of respondents’ self-assessment of
knowledge (Me = 3.0; Q1-Q3 = 2.0-3.0) and the average
level of knowledge determined by the survey results (Me =
2.0; Q1-Q3 = 1.0-2.0). It is worth noting that athletes rated
their knowledge higher than the test results indicated (P, <
0.0001), which may indicate a potential gap in understand-
ing that could be addressed through further investigation.

Table 4. Assessment of the knowledge of respondents about unintentional doping in sports

Assessment of knowledge on unintentional doping in sports

Fail
n (%)

Total 149 (38.8)
Gender

Female 70 (39.3)

Male 79 (38.3)
Educational level

Primary education 3(37.5)

Professional education 20 (69.0)

Secondary education 91 (44.6)

Higer education 35 (24.5)
Education in medical and health sciences

Yes 10 (11.1)

No 139 (47.3)
Sports discipline

Athletics 51 (45.5)

Combat sports 22 (34.9)

Team sports 36 (34.3)

Water sports 6(25.0)

Cycling sports 19 (67.9)

Power sports 5(27.8)

Mixed sports 3(17.6)

Other 7 (41.2)
Training seniority (years)

1-6 43 (52.4)

7-8 30 (41.7)

9-12 43 (46.7)

13-15 19 (27.1)

>15 14 (20.6)
Sports status

Amateur athlete, without a club 41 (60.3)

Amateur athlete, in a club 69 (46.0)

Athlete of national class 35 (24.0)

Athlete of international class 4(20.0)

Satisfactory Good Very good
n (%) n (%) n (%)
174 (45.3) 60 (15.6) 1(0.3)
82 (46.1) 25 (14.0) 1(0.6) x;f= 158
88 (42.7) 35 (17.0) 0 P=0.6*
5(62.5) 0 0
8(27.6 1(3.4 0 ¥ =313
(27.6) (34 Py
86 (42.2) 27 (13.2) 0 P < 0.05*
75 (52.4) 32(224) 1(0.7)
51 (56.7) 28 (31.1) 1(1.1) de; 473-9
123 (41.8) 32(10.9) 0 P < 0.0001*
46 (41.1) 14 (12.5) 1(0.9)
28 (44.4) 13 (20.6) 0
53 (50.5) 16 (15.2) 0
12 (50.0) 6 (25.0) 0 ¥ =322
df =21
6 (21.4) 3(10.7) 0 P < 0.05*
7 (38.9) 6 (33.3) 0
12 (70.6) 2(11.8) 0
10 (58.8) 0 0
32(39.0) 7(8.5) 0
32 (44.4) 10 (13.9) 0 =156
38 (41.3) 10 (10.9) 1(1.1) df =12
P=02*
38 (54.3) 13 (18.6) 0
34 (50.0) 20 (29.4) 0
24 (35.3) 3(4.4) 0
65 (43.3) 16 (10.7) 0 X =256
df=9
73 (50.0) 37(25.3) 1(0.7) P < 001*
12 (60.0) 4(20.0) 0

Comments: * the analysis did not include the value of 0.
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Table 5. Determinants of the positive result obtained by respondents in the unintentional doping survey (multivariate logi-

stic regression, progressive stepwise method).

Dependent variable-knowledge of
unintentional doping

Determinant -predictor

OR** (95%CI)

Model fit: P, = 0.91; AUC = 0.718

Education in medical and health sciences (yes/no*)

Positive test result for
unintentional doping

Sports status
(national or international athlete /
recreational athlete*)

6.45

(3.18-13.09) <0.0001
2.98

(1.87-4.74) <0.0001

Comments: Py, — Wald test; P,

variables included in the model; CI — confidence interval.

4.4. Evaluation of the relationship between ath-
letes’ knowledge of unintentional doping and
selected characteristics of the study group

The multivariate regression analysis suggests that educa-
tion in medical or health sciences and athlete status have
a significant impact on a positive test result for uninten-
tional doping knowledge. Athletes with a degree in medical
or health sciences had a 6.5 times higher odds of a positive
test result compared to those without such education, and
national or international class athletes had almost 3 times
higher odds than recreational athletes (Table 5).

5. DISCUSSION

Doping in sport is a global problem that affects various
sports disciplines worldwide. Sports organisations such
as the International Olympic Committee (IOC) and the
WADA are making efforts to monitor and combat this phe-
nomenon. The most commonly used doping substances are
reported to be anabolic steroids, growth hormones, eryth-
ropoietin (EPO) and various types of stimulants. It is esti-
mated that many athletes of all ages and disciplines try to
cheat the system. Doping is not limited to professional ath-
letes. Increasingly, young athletes with aspirations for their
future careers are under pressure to achieve good results at
any cost. Therefore, educational programs aimed at young
people are extremely important in preventing doping. In
addition, eldery athletes striving to maintain physical fit-
ness may also be tempted to use prohibited substances. Ac-
cording to WADA report on Anti-Doping Rule Violations
(ADRVs), the sports disciplines with the largest number
of ADRVs include: athletics, cycling and weightlifting. In
2020, the number of ADRVs was 672, of which 135 were re-
ported in the Russian Federation, 59 in India and 57 in the
USA, with the remaining countries having a lower number
of such cases.”

Analysis of our own results showed that satisfactory lev-
els of doping knowledge prevailed, including unintentional
doping, while up to approximetely 40% of the respondents
had an inadequate level of knowledge. The study conducted
by Morente-Sanchez et al.?6 among 1324 Spanish football
players also showed a very low level of doping knowledge,
with the majority of footballers not knowing the List of

— Hosmer-Lemeshow test; AUC — area under curve ROC; *reference group (OR=1.0); ** OR standardised to the

Prohibited Substances (97.4%) and not being able to ex-
plain what the abbreviation WADA stands for (94.5%). The
authors conclude that the basic lack of knowledge among
footballers clearly reinforces the idea of implementing a
comprehensive anti-doping education program. Similar
conclusions were reached by Ozkan et al.,”” who tested the
level of knowledge about drug and doping use and nutri-
tional supplements among 202 elite Turkish athletes. The
results showed that Turkish athletes have a low level of
knowledge about doping and therefore adequate education
in this area is necessary. Doping controls are essential, of
course, but well-designed educational programs, which do
not require a significant financial resource, can bring far
better results.

This study has also shown that the average self-as-
sessment of athletes’ knowledge of subconscious doping
is relatively high and does not reflect their actual level of
knowledge. This fact should alert athletes to the need for
further education in this area, while anti-doping organiza-
tions should intensify their work to educate athletes and
those who work with them (including doctors, nutritionists
or physiotherapists). Similar conclusions were reached by
Orr et al.,”® who conducted a survey in 2009-2010 on knowl-
edge of the WADA Prohibited List and sports performance-
enhancing substances. A total of 1925 Australian athletes
participated in the survey and the majority of them (75%)
felt that they were moderately (50%) or well (25%) informed
about doping, with more than half (53%) reporting that they
had received previous education on this subject. The results
obtained regarding knowledge about selected ergogenic
substances showed, that the majority of athletes had a mod-
erate level of knowledge of their positive effects (49% correct
on average) and a low level of knowledge of their negative
effects (29% correct on average).

An important aspect of the conducted study was to as-
sess the factors influencing the higher probability of a posi-
tive test result for doping in sport. The analysis showed that
the likelihood of a positive result was significantly higher
for professional (national and/or international) athletes than
for recreational athletes. Similar conclusions were reached
by Chan et al.,” who observed a correlation between an ath-
lete’s higher sporting level and awareness and knowledge of
subconscious doping. The authors of this study concluded
that athletes with higher awareness were less likely to report
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their intention to dope and were significantly more likely
to pay attention to the composition of the food they con-
sumed. In contrast, Murofushi et al.,***! who investigated
the knowledge of Japanese college athletes, found that the
level of knowledge about doping increased with the athlete’s
sporting status. However, the authors pointed out that the
knowledge of elite athletes (national and international) was
still too low, considering their abilities and access to anti-
doping educational materials.

The study found a correlation between knowledge about
doping in sport and education in the field of medical and
health sciences. Athletes with background education in one
of the above-mentioned scientific areas were more likely to
achieve a positive result in the doping knowledge test than
those without such education. Voravuth et al.** conducted
a study on unintentional doping knowledge among 384
pharmacists in Malaysia. The survey was conducted using
a questionnaire and the results indicate that pharmacists,
who have medical education, possess a moderate level of
knowledge about doping. Furthermore, the authors noted
a concerning lack of knowledge among the respondents
regarding the potential consequences of doping. This is
particularly worrying given that the surveyed professional
group should be responsible for educating and advising ath-
letes on prohibited substances.

Effective monitoring of food and dietary supplement
production is critical to preventing athletes’ unintentional
use of banned substances. Key challenges include product
contamination with pharmacological agents, inaccurate in-
gredient declarations, and regulatory inconsistencies across
countries. Solutions include enforcing strict regulations,
such as the EU Directive 2002/46/EC,* and adopting certi-
fication systems like Informed-Sport,** which ensure prod-
ucts are tested for prohibited substances. Manufacturers
must enhance transparency through accurate labelling and
rigorous supply chain oversight. Sports organisations, in-
cluding the WADA, contribute by promoting education and
offering verification tools like the Global DRO database.®
Exemplary practices include NSF International’s certifica-
tion of supplements in the U.S.3* and the Australian Insti-
tute of Sport’s classification system.'> Collaboration among
regulators, manufacturers, and sports organisations is essen-
tial to ensure supplement safety, protect athlete health, and
uphold clean sport principles.

Despite increasing accessibility to anti-doping educa-
tion through global initiatives by the WADA and national
efforts such as those by the POLADA, significant barriers
persist in effectively disseminating knowledge. Research in-
dicates that anti-doping education is often introduced too
late, leaving young athletes unaware of doping risks early in
their careers.’’ While tools such as the Anti-Doping Educa-
tion and Learning platform (ADEL) are available, their use
is limited due to insufficient promotion and difficulty ac-
cessing reliable information.?® Informal sources, including
peers, trainers, and social media, frequently supplant profes-
sional education, leading to incomplete or non-compliant
information dissemination. The complexity of anti-doping

regulations, such as the list of prohibited substances and
therapeutic use exemptions (TUEs), further challenges ath-
letes, who often struggle to understand and apply these rules.
Additionally, the lack of tailored educational programmes
limits their effectiveness across diverse athlete groups, in-
cluding professionals, amateurs, and youth. Discrepancies
in anti-doping regulations across sports organisations, the
absence of translated materials in athletes’ native languages,
and time constraints from rigorous training and competi-
tion schedules further exacerbate the issue.**

However, it is important to note that this study has limi-
tations. While specific inclusion criteria were not formulat-
ed due to the lack of similar studies in Poland, except for the
physical activity of the respondents, it would be beneficial to
further analyze the determinants of knowledge. This could
be achieved by focusing on sports with the lowest level of
knowledge about doping, such as cycling, athletics, or com-
bat sports. To limit the large variation in the study group,
it is also recommended to include the duration of physical
activity as an inclusion criteria.

5. CONCLUSIONS

Based on the results, it can be concluded that:

(1) The average level of knowledge among respondents re-
garding doping in sports, with particular emphasis on
unintentional doping, was relatively low. In fact, almost
40% of athletes obtained a negative result;

(2) There was a significant difference between the respond-
ents' self-assessment of their knowledge and their actu-al
level of knowledge;

(3) Education in medical and health sciences, as well as the
athlete's higher sporting status, had a significant im-pact
on the outcome of the doping knowledge test.

The results of the present study, while not identifying
clear reasons for the knowledge gaps on doping, are nev-
ertheless indicative of an inadequate level of education in
this area. The convergence of the results obtained with sci-
entific reports from other countries allows one to conclude
with a high degree of probability that the development and
implementation of appropriately tailored educational pro-
grammes will be of key importance in raising the level of
awareness and reducing the problem of unconscious use of
doping. Such programmes must be mandatory, as the volun-
tary nature of these activities significantly limits their effec-
tiveness. Furthermore, it is essential to implement stricter
supervision of the production of food and dietary supple-
ments, particularly in terms of control and appropriate la-
bel-ling of products that could potentially be contaminated
with banned substances. These measures are an integral
part of the strategy against the unwitting use of doping, thus
supporting the principles of clean sport.

Conflict of interest
None declared.



51

PorL ANN MED. 2025;32(1):43-52

Funding
None declared.

Ethics

It was not necessary to obtain the approval of a bioeth-
ics committee as the study was a survey. This study is not
considered a medical experiment and, therefore, does not
require approval from a bioethics committee, according to
Polish regulations.* The study adhered to all the standards
of good research practice, including those set out in the
Declaration of Helsinki. Participation was voluntary and
anonymous. The authors did not use any data that could
identify the participant.

References

1

WADA. World Anti-Doping Code 2021. https://www.wada-
-ama.org/sites/default/files/resources/files/2021_wada_code.
pdf. Published 2021. Accessed: February 29, 2024.

PADA. Spectacular Investigations, Intensive Controls, and a
Record Number of Anti-Doping Training Sessions. POLADA
Summarizes 2022 [in Polish]. https://antydoping.pl/spekta-
kularne-sledztwa-intensywne-kontrole-i-rekord-szkolen-an
tydopingowych-polada-podsumowuje-2022-rok. Published
2023. Accessed: February 29, 2024.

WADA. International Standard for Education 2021. https://
www.wada-ama.org/sites/default/files/resources/files/inter-
national standard_ise 2021.pdf. Published 2021. Accessed:
December 11, 2024.

International Testing Agency. Anti-Doping Education and
Learning platform (ADEL). https://ita.sport/resource/anti-
-doping-education-and-learning-platform-adel. ~Accessed:
December 11, 2024.

WADA. International Standard. Prohibited List 2023. https://
www.wada-ama.org/sites/default/files/2022-09/2023list_en_
final 9 september 2022.pdf. Published 2022. Accessed: Fe-
bruary 29, 2024.

Garthe I, Maughan R]. Athletes and Supplements: Prevalen-
ce and Perspectives. Int J Sport Nutr Exerc Metab. 2018;28(2):
126-138. https://doi.org/10.1123/ijsnem.2017-0429.
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.
https://doi.org/10.3390/f0o0ds9081012.

Lauritzen F. Dietary Supplements as a Major Cause of An-
ti-doping Rule Violations. Front Sports Act Living. 2022;4:
868228. https://doi.org/10.3389/fspor.2022.868228.

Close GL, Kasper AM, Walsh NP, Maughan R]. ‘Food
First but Not Always Food Only’: Recommendations
for Using Dietary Supplements in Sport. Int J Sport Nutr
Exerc Metab. 2022;32(5):371-386. https://doi.org/10.1123/
ijsnem.2021-0335.

Outram S, Stewart B. Doping Through Supplement Use:
A Review of the Available Empirical Data. Int ¥ Sport Nutr
Exerc Metab. 2015;25(1):54-59. https://doi.org/10.1123/ij-
snem.2013-0174.

Duiven E, van Loon LJC, Spruijt L, Koert W, de Hon OM.
Undeclared doping substances are highly prevalent in com-
mercial sports nutrition supplements. 7 Sports Sci Med.
2021;20(2):328-338. https://doi.org/10.52082/jssm.2021.328.

20

21

22

23

24

25

26

Gabriels G, Lambert M, Smith P, Wiesner L, Coopoo Y. Flu-
oxetine contamination in Dietary/Nutritional Supplements
(un)bridges the quality of life for the youth to the elderly
consumer. Med Res Arch. 2018;6(2). https://doi.org/10.18103/
mra.v6i2.1616.

Lee JH, Han JH, Min AY, Kim H, Shin D. Screening for
twenty-eight target anabolic-androgenic steroids in prote-
in supplements using QuEChERS extraction followed by
liquid chromatography-tandem mass spectrometry. Food
Addit Contam Part A Chem Anal Control Expo Risk Assess.
2020;37(9):1425-1436. https://doi.org/10.1080/19440049.20
20.1773543.

Wierzejska RE. Dietary Supplements — For Whom? The
Current State of Knowledge about the Health Effects of
Selected Supplement Use. Int J Environ Res Public Health.
2021;18(17):8897. https://doi.org/10.3390/ijerph18178897.
Australian Institute of Sport. Sports Food and Supplements
Guidelines Policy Template for Sport. https://www.ais.gov.
au/__data/assets/word_doc/0011/1091297/Sports-Food-and-
Supplements-Guidelines-Policy-Template-for-Sport.docx.
Published 2022. Accessed: March 5, 2024.

Manonelles P Aynés OA, Lopez-Plaza D, et al. Acci-
dental doping. Prevention strategies. Arch Med Deporte.
2020;37(1):44-51.

Chen W, Cheng X, Ma Y, Chen N. Foodborne doping and su-
pervision in sports. Food Sci Human Well. 2023;12(6):1925-
1936. https://doi.org/10.1016/j.fshw.2023.03.001.

Mazzeo F Altavilla G, D’Elia E Raiola G. Development of Do-
ping in sports: overview and analysis. ¥ Physical Education Sport.
2018;18(3):1669-1677. https://doi.org/10.7752/jpes.2018.03244.
McCartney D, Benson M], Desbrow B, Irwin C, Suraev A,
McGregor IS. Cannabidiol and Sports Performance: a Nar-
rative Review of Relevant Evidence and Recommendations
for Future Research. Sports Med Open. 2020;6(1):27. https://
doi.org/10.1186/s40798-020-00251-0.

Gheorghiev MD, Hosseini F, Moran J, Cooper CE. Effects
of pseudoephedrine on parameters affecting exercise per-
formance: a meta-analysis. Sports Med Open. 2018;4(1):44.
https://doi.org/10.1186/s40798-018-0159-7.

Jedrejko K, Lazur J, Muszynska B. Risk Associated with
the Use of Selected Ingredients in Food Supplements. Chem
Biodivers.  2021;18(2):¢2000686.  https://doi.org/10.1002/
cbdv.202000686.

Act of 25 June 2010 on Sport (JL 2010, No. 127, Item 857).
https://isap.sejm.gov.pl/isap.nsf/download.xsp/WDU-
20101270857/U/D20100857Lj.pdf. Accessed: March 6, 2024.
Statistics Poland. Statistical Yearbook of the Republic of Poland
2023. Warsaw; 2023. https://stat.gov.pl/en/topics/statistical-
-yearbooks/statistical-yearbooks/statistical-yearbook-of-the-
-republic-of-poland-2023,2,25.html. Accessed: July 11, 2024.
Statistics Poland. The Population Status and Structure by Age
from 1989-2022. Warsaw; 2023. https://stat.gov.pl/obszary-
-tematyczne/ludnosc/ludnosc/struktura-ludnosci,16,1.html.
Accessed: March 6, 2024.

WADA. World Anti-Doping Program. 2020 Anti-Doping Rule
Violation (ADRV) Report. https://www.wada-ama.org/sites/
default/files/2023-05/2020_adrv_report.pdf. Published 2023.
Accessed: March 6, 2024.

Morente-Sanchez ], Zandonai T, Zabala Diaz M. Attitudes,
beliefs and knowledge related to doping in different catego-
ries of football players. ¥ Sct Med Sport. 2019;22(9):981-986.
https://doi.org/10.1016/j.jsams.2019.05.010.



52

PorL ANN MED. 2025;32(1):43-52

27

28

29

30

31

32

33

Ozkan O, Torgutalp SS, Kara OS, et al. Doping knowled-
ge and attitudes of turkish athletes: A cross-sectional stu-
dy. Monten F Sports Sci Med. 2020;9(1):49-55. https://doi.
org/10.26773/mjssm.200307.

Orr R, Grassmayr M, Macniven R, Grunseit A, Halaki M,
Bauman A. Australian athletes’ knowledge of the WADA
Prohibited Substances List and performance enhancing
substances. Intl ¥ Drug Pol. 2018;56:40—45. https://doi.or-
£/10.1016/j.drugpo.2018.02.025.

Chan DKC, Donovan R], Lentillon-Kaestner V, et al. Young
athletes’ awareness and monitoring of anti-doping in da-
ily life: Does motivation matter? Scand § Med Sci Sports.
2015;25(6):€655-e663. https://doi.org/10.1111/sms.12362.
Murofushi Y, Kawata Y, Yamaguchi S, Nakamura M, Takaza-
wa Y, Naito H. Relationship between the level of willingness
to learn about anti-doping and objective knowledge among
Japanese university athletes: A cross-sectional study. Front
Sports Act Living. 2022;4:955636. https://doi.org/10.3389/
fspor.2022.955636.

MurofushiY,KawataY,Nakamura M, etal. Assessing the need
to use sport supplements: The mediating role of sports sup-
plement beliefs. Perform Enhanc Health. 2024;12(1):100269.
https://doi.org/10.1016/j.peh.2023.100269.

Voravuth N, Chua EW, Tuan Mahmood TM, et al. Engaging
community pharmacists to eliminate inadvertent doping in
sports: A study of their knowledge on doping. Aslam MS,
ed. PLoS One. 2022;17(6):0268878. https://doi.org/10.1371/
journal.pone.0268878.

The European Parliament and of the Council. Directive
2002/46/EC of the European Parliament and of the Council
of 10 June 2002 on the Approximation of the Laws of the
Member States Relating to Food Supplements. Official Four-
nal L 183; 12/07/2002:0051-0057.

34

35

36

37

38

39

40

41

LGC Group Website. Informed Sport. https://sport.wetesty-
outrust.com. Accessed December 11, 2024.

The Global Drug Reference Online. https://www.globaldro.
com. Accessed December 11, 2024.

NSF International. NSF Certified for Sport. https://www.
nsfsport.com/. Accessed December 11, 2024.

Sipaviciute B, gukys S, Dumdiené A. Doping prevention in
sport: Overview of anti-doping education programmes. Balt
F Sport Health Sci. 2020;2(117). https://doi.org/10.33607/
bjshs.v2i117.916.

Deng Z, Guo J, Wang D, Huang T, Chen Z. Effectiveness of
the world anti-doping agency’s e-learning programme for
anti-doping education on knowledge of, explicit and implicit
attitudes towards, and likelihood of doping among Chinese
college athletes and non-athletes. Subst Abuse Treat Prev Policy.
2022;17(1):31. https://doi.org/10.1186/s13011-022-00459-1.
Heuberger JAAC, Henning A, Cohen AE Kayser B. Dealing
with doping. A plea for better science, governance and edu-
cation. Br ¥ Clin Pharmacol. 2022;88(2):566-578. https://doi.
org/10.1111/bcp.14998.

Barkoukis V, Mallia L, Lazuras L, et al. The role of
comprehensive education in anti-doping policy legiti-
macy and support among clean athletes. Psychol Sport
Exerc.  2022;60:102173.  https://doi.org/10.1016/j.psych-
sport.2022.102173.

Act of 5 December 1996 on the Professions of Doctor and
Dental Practitioner (JL 1997, No. 28, Item 152). https://isap.
sejm.gov.pl/isap.nsf/download.xsp/WDU19970280152/U/
D19970152Lj.pdf. Accessed: March 6, 2024.



