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Introduction: The aim of the study was to map the use of pharmaceuticals by Norwegian athletes registered on doping control forms (DCFs) in a five-year period to examine general and some class specific use of pharmaceuticals across sports and athlete levels.



Method: Anonymous data from DCFs collected in 2015-2019 were manually entered into a database using the Anatomical Therapeutic Chemical (ATC) system for classification of the pharmaceuticals. Variables entered were year of control, gender, age group, athlete level, sport, test type, nationality, and pharmaceuticals (and dietary supplements) used.



Results: Pain killers in the ATC groups M01 A (Nonsteroidal anti-inflammatory drugs - NSAIDs) and N02 B (other analgesics), and anti-asthmatics in ATC groups R03 A and R03 B were the most frequently used pharmaceuticals. National level athletes reported more use of pharmaceuticals (1.4 ± 1.7 pharmaceuticals per form) than recreational level athletes (0.9 ± 1.2). The highest proportion of DCFs containing information about at least one pharmaceutical were found in speed skating (79.1%), alpine skiing (74.0%), rowing (72.4%) and cross-country skiing (71.7%). Painkillers were most frequently used in muscular endurance sports (30.4% and 21.2 % for M01A and N02 B, respectively) and ball and team sports (17.9% and 17.0%). Use of hypnotics was reported from ice-hockey players and alpine skiers in around 8% of the cases.



Coclusion: Use of anti-asthmatics was most often reported amongst athletes specially exposed to cold, chemicals and heavy endurance training. Athletes in specialized sports requiring high levels of strength and/or endurance reported a higher use of pharmaceuticals out-of-competition compared to in-competition, while there was no such difference in complex sports, such as team, gymnastic, aiming and combat sports.



KEYWORDS
pharmaceuticals, sport, ATC system, doping control forms, anti-doping





Introduction

Athletes, like everyone else, on occasion need treatment with pharmaceuticals, for chronic or acute conditions. Since the use of pharmaceuticals is normally linked to symptoms and diseases, athletes, often portrayed as embodiments of a healthy lifestyle, are thus expected to have a relatively low consumption of pharmaceuticals. Conversely, athletes are also often exposed to extreme stress during training and competition, which might lead to increased use of pharmaceuticals.

The World Anti-Doping Agency (WADA) annually publishes a list of substances and methods that are prohibited in sports (1). Many of these substances are found as Active Pharmaceutical Ingredients (APIs) in legal pharmaceuticals. Of all registered pharmaceuticals in The Norwegian Pharmaceutical Product Compendium (2), approximately 13% involve substances or methods prohibited by WADA. Being vigilant when using pharmaceuticals should be a part of active athletes' everyday life in order to avoid unintentional doping, similarly, as has been reported for dietary supplements [e.g., (3)]. The use of pharmaceuticals is thus a part of the athletes' exposome (4), and should also form a part of the athletes' health literacy (5, 6).

All pharmaceutical substances are classified in the Anatomic Therapeutic Chemical (ATC) classification system by The WHO collaborating center for drug statistics methodology (7). The system is intended for monitoring development in usage of pharmaceuticals and for comparison and is widely used for those purposes. It could also potentially be useful in classification of athletes' use of pharmaceuticals. Various studies have examined the use of pharmaceuticals in sports (8–10), within different sport disciplines (11–13), nationalities (14, 15), age groups (16), during major sports events (14, 17, 18) or with focus on specific pharmacological classes, e.g., analgesics (19–21), antibiotics (22, 23), anti-asthmatics (24), allergy medication (25) and decongestants (26). A challenge with the existing literature is the use of different methodologies to map and study the use of pharmaceuticals, making comparisons difficult. By using the ATC system for classification of pharmaceuticals in sport, data for pharmaceuticals down to substance level (fifth level) or pharmacological or therapeutic subgroup (third level) would be readily available.

A better knowledge about the use of pharmaceuticals in different sport disciplines is of high relevance for athletes, medical support personnel, and for anti-doping organizations who educate the athletes in correct use of pharmaceuticals and supplements to avoid unintentional doping. Furthermore, frequency and type of pharmaceuticals used in the different disciplines are essential knowledge for discussing a potential medicalization of sport. Claims about such medicalization appear regularly (27, 28). Several studies have reported athletes using painkillers before a competition to avoid possible pain from injuries (20), taking sleeping pills to cope with a tight match program or travel across time zones (29, 30) and using oral antibiotics liberally (8). By focusing on use of pharmaceuticals in sport, athletes and support personnel might be made aware of the potential harmful effects of incorrect use leading to more rational use and better health. Patterns of use of pharmaceuticals can also be a useful source of information for sports pharmacists in their assistance for athletes (31).

In this project, the use of pharmaceuticals by Norwegian athletes registered on doping control forms (DCFs) in a five-year period (2015–2019) is mapped to examine general and some class specific use of pharmaceuticals amongst athletes in Norway.



Method

Doping control forms (DCFs) from all doping controls where Anti-Doping Norway (ADNO) had been the Testing authority (i.e., the anti-doping organization that authorized testing on athletes it has authority over) from the period 2015–2019 were included in the study. The material included DCFs from doping controls of Norwegian athletes performing their sport in Norway or abroad, as well as from athletes from other countries exercising their sport in Norway under the jurisdiction of a Norwegian sport federation organized under the Norwegian confederation of sport, and Olympic and Paralympic Committee.

The DCFs included in the present study were collected from ADNOs own paper archives, stored according to Norwegian laws and in compliance with World Anti-Doping Code article 14.6 (32). Patients or the public were not involved in the design, or conduct, or reporting, or dissemination plans of our research.

The study was approved by Regional Committees for Medical Research Ethics, ID ​29318. As the data from the Doping Control Forms were fully anonymized, there was no need for the athletes to give informed consent.


Development of database

The following information from each DCF were manually registered into an electronic database using Microsoft Excel: Year of the control, gender, age group (<20; 20–24; 25–29; 30–34; 35–40; >40), athlete level (i.e., recreational level (RL) or national level athlete (NLA)), sport, sport discipline, type of test (i.e., whether the sample was collected in-competition (the period commencing at 11:59 p.m. on the day before a competition in which the athlete is scheduled to participate through the end of such competition and the sample collection process related to such competition) or out-of-competition) and nationality. Pharmaceuticals and dietary supplements noted by the athlete on the DCF were also recorded, as the athlete is required to register any pharmaceuticals and supplements taken the last seven days before the control. The data were registered fully anonymized, thus no identifiers like name, address, sample code and exact age or date of the control were included in the database.

To compare the use of pharmaceuticals across sport categories, sport disciplines were classified based on physiological characteristics and put into the following groups: Aiming sports, Ball and team sports, Combat sport, Gymnastic sports, Muscular Endurance sports, VO2max endurance sports, and Strength and Power sports (33) (see Table 2 for examples of sport disciplines in each category).


TABLE 2 Categorization of sport disciplines with associated total number of doping control forms (DCFs); number and proportion of DCFs with information aboutf ≥1 pharmaceutical divided into type of test (sampling out-of-competition (OOC) or in-competition (IC)).
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The number of DCFs retrieved from the paper archives per year was checked against the WADA Anti-Doping Administration and Management System (ADAMS) DCF report to ensure that the DCF paper copies reflected the actual number of doping tests performed in 2015–2019.

The pharmaceuticals were classified according to the Anatomical Therapeutic Chemical (ATC) Classification System. To easily associate the name of the pharmaceutical product with the ATC code, a matrix was developed in Excel; a list of all registered pharmaceutical products in Norway was obtained from The Norwegian Pharmaceutical Product Compendium (7,510 unique products per 11.06.2020). When a pharmaceutical product name was entered in one cell in Excel, the corresponding ATC code then appeared automatically in the neighbor cell.

The ATC codes were registered down to the substance level (level 5). However, for practical reasons, the ATC codes were recoded to the third level indicating the therapeutic/pharmacological subgroup and most of the data in this paper refers to the third level.



Statistics

IBM SPSS Statistics v. 28.0.0.0 were used for descriptive statistics. Continuous data and categorical variables are presented as mean ± SD and percentages, respectively. Pearson's chi-square tests were used to test associations between categorical variables. Analysis of variance (ANOVA) was used to compare trends in pharmaceutical use over time. The Mann-Whitney U Test were used to compare the numbers of pharmaceuticals between athlete levels. The threshold for statistical significance was set to p = 0.05.




Results


General population

Totally 10 418 DCFs (males: 76.2%, n = 7,939; females: 23.8%, n = 2,479) were included in the study. On average, 2,084 ± 96 annual number of DCFs were recorded from the period 2015–2019. Of the 10 418 DCFs registered, 40.6% of the forms were obtained from recreational athletes (n = 4,234), while 59.4% were national or international level athletes (n = 6,184) (Table 1). The majority of the athletes were in the age groups 20–24 (34.7%) and 25–29 years (32.2%). Athletes with Norwegian citizenship constituted 93.6% of the DCFs, while 6.4% were from athletes with other nationalities. In total, the material represents athletes from 67 different sport disciplines, where 25 of them encompass more than 100 DCFs each for the whole study period (Table 1). Of all DCFs, 45.6% were collected in-competition (IC), whereas 54.4% were obtained from athletes out-of-competition (OOC) (Table 2).


TABLE 1 Number of doping control forms (DCFs) (n) in each sport discipline and athlete level (RA: recreational athlete; NLA: national level athlete)—and proportion of the DCFs containing information about ≥one pharmaceutical (NA: not applicable).
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Of all DCFs, 77.7% (n = 8,091) contained information about at least one product, that is either a pharmaceutical and/or a dietary supplement, whereof 3,012 forms (28.9%) included both a pharmaceutical and a dietary supplement. Overall, the average number of products per form was 2.4 ± 2.3, whereas the maximum number of products given on a single form was 22. Information about one or more pharmaceuticals were provided on 55.7% (n = 5,807) of the DCFs (1.2 ± 1.6), with a maximum of 15. The reported use of dietary supplements is further described in a separate paper (34).



Trends over time

The proportion of DCFs containing information about one or more pharmaceutical(s) was used as an indicator of general pharmaceutical use. In 2015, the percentage was 52.0% for all DCFs, while the highest percentage was registered in 2019 (58.4%). The difference between 2015 and 2019 is significant (p < 0.001) although a decrease was observed in 2018.

A difference between males and females appeared, as regards the degree of increase over time. In the period 2015–2019, the percentage of DFCs with one or more pharmaceutical were relatively constant around 50% for males with no significant differences within the years, whereas the DFCs obtained from female athletes increased significantly from 66.9% to 79.4% in the same period (p < 0.001). The mean of pharmaceuticals per DCFs also differed between the genders, even if the oral contraceptives are removed from the results (Figure 1).


[image: Figure 1]
FIGURE 1
Mean number of pharmaceuticals per doping control form (DCF) from female athletes including (female All) and excluding contraceptives (without (WO) G03A) compared to male athletes (male All) in the period 2015-2019.




Overall registration of pharmaceuticals

Pharmaceuticals representing 126 different ATC codes at level 3 were identified. The most frequent ATC codes appearing in the database were R03B (Other drugs for obstructive airway diseases, inhalants) and M01 A (Anti-inflammatory and antirheumatic products, non-steroids), which were registered 1,731 and 1,730 times, respectively (on average at 16.6% of all DCFs) (Figure 2). Other pharmaceuticals mainly used in treatment of asthma, ATC code R03 A (Adrenergics, inhalants) constitute the third most frequent ATC code (13.5%), closely followed by Other analgesics and antipyretics (N02 B), which were found 1,397 times (13.4%). In total, 14 unique level 3 ATC codes appeared in the database 100 times or more (Figure 2).
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FIGURE 2
Frequencies of ATC codes (level 3) found on DCFs from the period 2015-2019. Only ATC codes appearing >100 times are included.




Athlete level

The average number of pharmaceuticals registered per DCF was higher amongst national level athletes (NLA) (1.4 ± 1.7) compared to recreational athletes (RA) (0.9 ± 1.2) (p < 0.001). The highest number of pharmaceuticals registered on a single DCF was 15 in the NLA group, and eight in the RA group. In 82 cases (1.9%), five or more pharmaceuticals were registered on a single DCF from RA, whereas the corresponding number was 360 (5.8%) from NLA. The same trend appeared when the results were further divided into genders. Female RA declared in average 1.46 ± 1.5 pharmaceuticals per DCFs, while female NLA declared in average 1.88 ± 1.8 pharmaceuticals. The corresponding results for male RA were 0.76 ± 1.1 and 1.26 ± 1.65 for the male NLA, respectively.



Sport type

Athletes from various sport disciplines display various use of pharmaceuticals (Table 1). The highest share of pharmaceutical use was found among speed skaters (79.1% (197 out of 249) of the DCFs contained information about at least one pharmaceutical), whereas the lowest use was found in boxing (27.7%; 46 out of 166). In general, endurance sport requiring a high VO2max used more pharmaceuticals than team- and ball sports.

The data was further split in sport categories for the top four of the most frequently used ATC codes, which include two groups of asthma medication (R01A and R01B) and to groups of pain killers (M01A and N02B), respectively (Table 3). In addition, the results for the hypnotics in ATC group N05C were included in the results, as pharmaceuticals within this ATC group appeared to be frequently used in certain sports. The differences between the sport categories regards to use of asthma medication range from 28.4% of R03B in the VO2max endurance sports down to 1.1% within the Ball and team sports. The use of pain killers did not follow a clear pattern between the sport categories; however, muscular endurance athletes tend to use slightly more than others.


TABLE 3 Five of the most frequent ATC codes (level 3) per sport category. The numbers refer to proportion of the doping control forms containing information about ≥one of the respective ATC codes (R03A Adrenergics, inhalants (beta-2-agonists); R03B Other drugs for obstructive airway diseases, inhalants (not beta-2-agonists); M01A Anti-inflammatory and antirheumatic products, non-steroidal; N02B Other analgesics and antipyretics; N05C Hypnotics and sedatives).
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Use of hypnotics ranges from 6.5% in the muscular endurance sport category to 0.0% in the gymnastic sport. The two sport disciplines ice hockey and alpine skiing differ from the other disciplines, were the proportion of DCFs with at least one hypnotic in ATC group N05C were 8.2% and 8.0%, respectively.



Ages, genders and type of test

A peak in the proportion of one or more pharmaceuticals appeared in the age group 25–29 for female national level athletes, with 83% of the DCFs including at least one pharmaceutical (Figure 3). Within the group of female recreational athletes, most pharmaceuticals were used in the group 30–34 years, with information of pharmaceuticals in 82% of the DCFs. For males, there were a slight increase in use of pharmaceuticals with age in both athlete level groups.
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FIGURE 3
Proportion of doping control forms (DCFs) within age group and gender containing information about ≥one pharmaceutical for (A) national level athletes and (B) recreational level athletes, respectively.


For athletes in Ball and team sport, gymnastic sports, aiming sports and combat sports, there were no significant differences in the use of pharmaceuticals IC vs. OOC (Table 2). In contrast, athletes in VO2max endurance sports, Strength and Power sports and Muscular endurance sports used significantly more pharmaceuticals OOC vs. IC.




Discussion

The study examines the use of pharmaceuticals amongst recreational and national level athletes who participated in doping controls performed by ADNO in the period 2015–2019 as part of the national testing program in Norwegian sport. As the focus of this paper is to get a general overview of pharmaceutical usage based on doping control forms, a thorough comparison of the results with existing literature will not be done. Only some examples are given in the following discussion.


Differences in use of pharmaceuticals

The general trend in use of pharmaceuticals in the period was a slight increase, reflected by an increase in the portion of DCFs containing at least one pharmaceutical from 52.0% in 2015 to 58.4% in 2019. The trend is likely to reflect a general trend of increased use of pharmaceuticals in Norway in the period 2015–2019, even if the indicators are not directly comparable, i.e., number of DCFs vs. Defined Daily Dosages (DDD)) (35). The increasing trend in use of pharmaceuticals is also detected in sport in some reports (10, 36), while no significant increased trend was found in the football World Cups between 2002 and 2014 (21).

National level athletes tended to use a higher number of pharmaceuticals than recreational level athletes. As many NLA are professional athletes, they in most cases ten exercise more and harder than recreational athletes, thus, being more prone to extreme stress that can lead to injuries and other conditions that require pharmaceutical intervention, e.g., by painkillers or anti-asthmatics (8, 37, 38).

Pharmaceuticals were listed on a relatively high proportion of DCFs from female athletes compared to males. The difference in use of pharmaceuticals between men and women in the general population is well-known and reflected both in the national reports from the same period (35) and in the scientific literature (39–41). Differences in use of pharmaceuticals between men and women in sport is also reported (42, 43). The results from the present study are therefore in line with literature. Even if the ATC code G03A (i.e., hormonal contraceptives for systemic use) is excluded from the calculations, women report a higher mean number of pharmaceutical per DCF than men. A possible explanation is a more frequent doctor consultations amongst females, more seeking of preventive care, and differences in physicians' prescription of pharmaceuticals (44). Gender-related morbidity could also be a reason for the gender differences. For example, asthma incidence differs according to gender (45), as do use of pain killers (46). Since anti-asthmatics and pain killers are among the most frequently used pharmaceuticals in the present study, it could be one of the reasons why differences between gender were observed.



ATC codes

To our knowledge, no other mapping of pharmaceuticals in sport of comparable magnitude has used ATC codes as a classification system. However, the findings presented here are in line with other studies focusing on medication in sport, revealing high consumption of anti-asthmatics, NSAIDs and other pain killers and nasal preparations (8, 10, 13, 15, 42).

Anti-asthmatics (R03 A and R03 B) and pain killers (M01 A and N02 B) were the most reported pharmaceuticals in the present study. High prevalence of asthma medication is not very surprising, as strenuous aerobic exercise has the potential to induce asthma and thus the requirement of anti-asthmatics (47). This is particularly evident in sports which require constant physical exertion (e.g., triathlon, cycling, rowing), take place in cold weather (cross-country, biathlon, speed skating) or in environments with poor air quality (swimmers in chlorine swimming pools) (48). The same pattern appears in the presented data material, as the VO2max endurance sports tops the prevalence list of anti-asthmatics. The data suggests that there are some differences between sport types regarding the use of pharmaceutical IC vs. OOC. Interestingly, sports characterized by performances based on a few bio motor physiological skills rather technical and tactical skills, such as VO2max endurance sports, Strength and Power sports and Muscular endurance sports, report a higher degree of pharmaceutical drug use in training situations (OOC) compared to during competitions (IC). This should be investigated further.

The relative high prevalence of pain killers (NSAIDs, M01 A and paracetamol, N02 B) is comparable to what has been reported by other studies (15, 49). Nonsteroidal anti-inflammatory drugs are amongst others used by athletes to treat acute muscle- and tendon injuries and muscle soreness, which are typical conditions related to exercise and physical performance. It is therefore not surprising that these substances are used extensively in sports, although indicators of overuse exist (21, 50). One challenge is that these pharmaceuticals are often available as Over-The-Counter making it difficult for the athletés doctor to control what products and how much is used. Another aspect to consider is that NSAIDs cause deterioration in respiratory function in approximately 10% of adults with asthma (51). It does not appear that the inappropriateness of using NSAIDs for patients diagnosed with asthma is well-known amongst the athletes, as the use of NSAIDs in combination with anti-asthmatics from either ATC group R03A and/or R03B was detected in 9.1% of the DCFs reporting NSAIDs use.

Tramadol (N02 A X02) will be listed on the WADA Prohibited List from 1st of January 2024.The result from the present study suggest that tramadol use is limited, as only 24 of 10 418 DCFs (0.2%) contain information about the substance. It is thus no reason to suspect inappropriate use of this substance amongst Norwegian athletes, at least for the period of the data collection.

Among the most surprising findings in the present study were the relatively common use of hypnotics (reported by ice hockey players on 8.2% of all DCFs) and alpine skiers (8.0% of all DCFs). As these pharmaceuticals are potentially addictive, it is worrying that they are used regularly by relatively young, healthy athletes. In ice hockey, its prevalent use may be due to a tight match schedule, late matches, while extensive travelling across time zones throughout the year and consequently lack of sleep may be an explanation among alpine skiers. This should be examined more carefully in future studies. Use of hypnotics in sport in ATC class N05C is to the best of our knowledge not discussed in the literature. However, the use of benzodiazepines in sport is recently covered (52). These substances, found in ATC class N05B, were only mentioned on 0.3% on the DCFs in the present study.

The use of antibiotics does appear to be less common among Norwegian athletes compared to studies from other countries (8, 9, 22, 37). Only 1.0% of the DCFs contained information of use of the most common oral antibiotics (J01 C, penicillin). The use of antibiotics in Norway is well controlled, and the strategy of the Norwegian government is to be one of the three European countries that uses the least antibiotics in humans (53).

Information about pharmaceutical usage amongst the general population in Norway, as reported in the Norwegian Prescription Database (NorPD) (35) revealed that use of the corticosteroid asthmatics (R03B) was slightly increasing in Defined Daily Dose/Thousand Inhabitants per Day (DDD/TID) in the period 2015–2019, but the prevalence was steady. The adrenergic inhalants (R03A) had an increase of almost 10% in DDD/TID. The anti-inflammatory painkillers (M01A) were unchanged whereas other analgesics and antipyretics (N02B) were increasing by almost 20% in DDD/TID and 35% in number of individuals, indicating that in addition to more usage, people are getting more on prescriptions. It was practically no change in use of hypnotics (N05C) in the general population.



Strengths and limitations of the method

Using information about self-declared use of pharmaceuticals from DCFs is nothing new and has been used in several other studies (10, 54, 55). However, in the present study, the ATC system was used for classification of the pharmaceuticals. Few other studies have used the ATC system for classification of pharmaceuticals in sport (56), and none with comparable amount of data. By using ATC for classification, data for pharmaceuticals down to substance level (fifth level) or pharmacological or therapeutic subgroup (third level) the database will be a valuable source for information on specific substances or subgroups for e.g., anti-doping educators, sports physicians, and researchers.

The number of DCFs containing self-declared use of pharmaceuticals is the variable mainly used in this paper. A DCF with several pharmaceuticals could indicate anything from liberal use of pharmaceuticals to a period of health problems. Also, underreporting of the use of pharmaceuticals and supplements is a possible source of error in the data material. For many athletes, the doping control itself can be a stressful situation that leads to forgetfulness when, for example, it concerns which products they have used in the last seven days before the control. It is possible for the athlete to submit information about this to ADNO after the control. However, such post-registration of pharmaceuticals and supplement were not included in the present material, and there are no statistics on the extent to which this occurs. Another reason for underreporting may be that the athlete wants to hide the use of certain products. However, if it is related to prohibited substances, the use would be revealed in the urine sample anyway. The athlete therefore has everything to gain by being honest in the first instance. Another potential source of error is indistinct handwriting or misspelling of the products. With the paper based DCFs used during the study period, the handwriting of the athlete was crucial for the interpretation of the content. However, pharmacy students were doing the registration of the data, as they are skilled to interpret both pharmaceutical names and different handwritings. When in doubt, they discussed internally or with other members of the project group. Thus, the incorrect registration of the products as a source of error was then minimized.

Because of the fully anonymized database, DCFs from athletes being tested multiple times could not be merged. They often register the same pharmaceutical(s) on the DCFs of consecutive doping controls. Numbers and statistics in this paper refer to DCFs as a unit unless stated otherwise. As some athletes were tested more than once during the time-period, their data may disproportionally affect the mean values of the data material. This is particularly evident in sports with relative few athletes, where some athletes with a high use of prescription drugs and/or dietary supplements may affect the mean values of the sport/sport discipline.




Conclusion

The ATC classification system works well for the mapping of pharmaceuticals in the DCFs. Using the DCFs as a tool in the process of mapping and understanding the athletes' use of pharmaceuticals needs to be further developed. The data obtained from this study is expected to be useful for athletes and supporting personnel like physicians, physical therapists, and nutritionists as well as for sport federations. It also indicates some areas to be explored further and understood better, like the culture for use of pharmaceuticals in sports disciplines with seemingly high or unusual usage patterns.
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