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Introduction: This cross-sectional study aimed to cross-validate an earlier developed algorithm-based screener and explore additional potential predictors for whether athletes will use third-party-tested (TPT) supplements.

Methods: To justify the initial model behind the supplement safety screener (S3) algorithm which predicts whether athletes will use TPT supplements, a cross-validation was performed using this independent dataset based on responses of a large group of collegiate NCAA DI athletes. Additionally, explorative modeling using stepwise logistic regression was used to identify new predictors for TPT supplement use to create and evaluate a new model for future use.

Results: The S3 algorithm was applied to the responses from n = 662 athletes using supplements (age: 20 ± 1.5 years, 50% female, from >24 sports) confirming that the algorithm identifies consistent and inconsistent TPT users (χ2 (1) = 15.95, p < 0.001), with a moderate area under the curve (AUC, 0.67) and a moderate specificity (68%), but low sensitivity (51%). Explorative modeling identified two new variables: TPT logo recognition, and having at least one name, image, likeness (NIL) deal that may help to predict TPT supplement use.

Discussion: Strong relationships between risk groupings and product use outcomes toward TPT supplement use were identified for the athletes screened. The S3 screener showed high sensitivity for identifying student-athletes inconsistently using TPT supplements, but a low specificity, lacking the ability to place less risky athletes into low-risk quadrants. The exploratory modeling, identifying TPT logo recognition and having a NIL deal, further strengthens our knowledge on predictors for consistent TPT supplement use.
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1 Introduction

Athletes commonly use nutritional supplements, such as dietary supplements, sports foods, and ergogenic supplements, and most athletes use multiple products throughout the year (1). As many as 97% of athletes report the use of dietary supplements during their career for various reasons, including to promote recovery, improve performance, or improve general health (2, 3). At the same time, athletes need to adhere to regulations and guidelines of their competitive sport associations, such as the International Olympic Committee and the National Collegiate Athletics Association (NCAA). In addition, athletes need to adhere to doping regulations that their sports organizations adhere to. During competition and training, most athletes (collegiate, national and international) must follow restrictions listed by the World Anti-Doping Agency (WADA); however, in the United States, the NCAA has its own set of regulations that mostly follow WADA regulations with minor discrepancies (4). WADA aims to protect athletes from physical harm caused by substance use and to create an equal playing field by ensuring that no athlete has an unfair advantage (5).

Although food products in the United States are heavily regulated by agencies, such as the Food and Drug Administration (FDA), dietary supplements do not fall into a category which requires extensive testing for purity and efficacy prior to sale (2). Because most common dietary supplements contain ingredients that are generally recognized as safe, they do not require pre-approval from the FDA, but cannot be marketed as a treatment or cure for disease (6). A concern that arises from the lack of quality assurance on behalf of the FDA is that nearly 28% of dietary supplements pose a risk of unintentional doping and as many as 9% of reported doping cases arise from off-label ingredients (7, 8). Organizations have formed with the goal of reducing the occurrence of adulterated products and are referred to as third-party-testing (TPT) organizations. These organizations provide an external testing service to supplement manufacturers to certify the product for label verification and possible common contaminants (e.g., microbes, metals and mold), and some organizations also identify supplement adulteration from substances banned for athletes (9). Although organizations exist that focus on serving athletes, only a limited number of supplements on the market are third-party tested, and as a result adulteration is always an active risk. Additionally, these organizations do not test the product’s efficacy and do not indicate that the product of note is more beneficial than another. Based on NCAA and WADA regulations, athletes participating in competition are liable for all ingredients included in a product on- and off-label and assume responsibility for any substance consumed (7, 10). While the use of TPT nutritional supplements does not provide infallible protection for the athlete from unintentional doping, it is the consensus that athletes use TPT nutritional supplements to mitigate the risk (9, 11, 12). Although it is consistently recommended that athletes use tested products, compliance is low (14). Recently, only 38% of athletes reported the consistent use of TPT products, lower than the previously reported 57% consistency (2, 14). As a result of this inconsistency, our research group created a safe supplement screener (S3), and associated algorithm aimed at identifying risky behaviors related to inconsistent use of TPT products in a NCAA DI student-athlete population (15).

The previously created S3 algorithm from our lab (15), identified ten predictor variables both positively and negatively associated with TPT supplement use consistency. The predictors are as follows: familiarity with WADA banned substances, knowing where to find and order TPT supplements, searching for information, discussing supplement choices with a registered dietitian (RD), purchasing supplements outside of what is provided by an athletic department, taking supplement advice from friends or family, and using multivitamins, weight gainer, caffeine or creatine. The initial validation of the S3 algorithm resulted in a reasonably accurate outcome for predicting high-risk inconsistent TPT supplement users, but the algorithm lacked the specificity to classify low-risk consistent users accurately (15). The aim of the present study is to perform a multi-level cross-validation of the S3 algorithm, predicting whether elite collegiate athletes use TPT supplements in an independent dataset, confirming the 60% cut-off for the algorithm predicting a low versus high risk of not using TPT, as well as confirming a reasonable area under the curve (AUC), using newly obtained cross-validation data. Additionally, the current dataset was used to further explore other predictors related to TPT supplement use for future use in the guidance and counseling of athletes.



2 Materials and methods


2.1 Study design

The present study consisted of a cross-sectional design that questioned athletes from eight NCAA DI athletic departments between September 2023 and January 2024. The survey questioned athletes about their behaviors and attitudes involving safe nutritional supplement use. Athletes were recruited via email, in person at fuel stations, and during team meetings. The results were analyzed aiming to validate the algorithm and its included predictors for TPT supplement use as previously identified (15).



2.2 Study participants

Athletes participating in the present study were sampled from eight selected NCAA DI athletic departments from a single conference. The departments featured in this study were all members of the Pac-12 [i.e., the pacific-12 conference, a collegiate athletic conference in the Western United States that competes in the National Collegiate Athletic Association (NCAA) Division I]. Athletes participating at this level have been regarded as elite or international level competitors (16). Participants needed to be between 18 and 35 years of age, as well as a current member of a varsity sport at one of the participating athletic departments. Responses were excluded from the dataset if the participant fell outside the age range (18–35 years), less than 70% of the questionnaire was completed, the response was a duplicate (the first response, identified via timestamp, was saved) or the response was suspected to be bot generated (IP address was missing from Qualtrics file). A total of 725 responses were recorded after all exclusion criteria were applied.

The study was approved by the Arizona State University Institutional Review Board (STUDY00015034). Student-athletes were instructed to read informed consent and required to select a consent validation before accessing the questionnaire. The anonymous questionnaire was accessible as a link or QR-code. Once completed, student-athletes were directly linked to a separate questionnaire where personal information was requested in order to receive a $50.00 virtual gift card for completion of the questionnaire. Personal identifying information was used only as a method for sending incentives and any identifying information, including IP addresses, were removed after data analysis.



2.3 Questionnaire

The web-based questionnaire was administered through Qualtrics (SAP, Seattle, WA, USA), and each question required a response to move forward. The questionnaire consisted of 75 questions and was partly adapted from published literature (15) with additional Theory of Planned Behavior (TPB) questions (17–19) and newly formulated “original” questions. The questionnaire used in the present study consisted of seven main categories: Demographics (#10 Q), Information Sources (#6 Q), Social Media (#5 Q), Supplement Knowledge (#9 Q), Nutritional Supplement Use (#11 Q), Attitudes and Barriers (#13 Q), and a series of questions utilizing the Theory of Planned Behavior (#19 Q). One additional question at the beginning indicated the participant’s consent prior to completing the survey, and one question at the end asked for a single use code to allow the research team to incentivize participants via a separate questionnaire to ensure anonymity. In comparison to the original questionnaire used to develop the S3 algorithm (15), 33 new questions were developed or modified to clarify some aspects (Supplementary File 1, general questionnaire); however, all original questions included in the S3 algorithm to predict TPT supplement use were kept the same (15). For the current article, only sample’s basic demographic data (Table 1), the variables being part of the S3 algorithm (15) as mentioned in Table 2 (Supplementary File 2, S3 questionnaire), as well as the newly identified variables based on the explorative modeling in section 3.4 have been reported



TABLE 1 Demographics of the NCAA Division I collegiate athletes surveyed reported as frequency (% and n) or as mean ± standard deviation, for total athletes surveyed (n = 725).
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TABLE 2 Output of cross-validation for variables identified by previous algorithm-based screener (15) as predictors for athletes classified as a consistent vs. inconsistent or a non-user of TPT nutritional supplements (excluding sports foods) using n = 662 NCSS DI collegiate athletes.
[image: Table2]



2.4 Sample size

Data was collected from eight Pac-12 athletic departments with an estimated NCAA DI student-athlete population n = 5,410 or about 69% of the estimated total Pac-12 population (N ~ 7,800). For the present study, based on N ~ 7,800, we used a confidence level of 95% with a margin of error of 5% and estimated that at least 50% of athletes use a third-party testing system while purchasing nutritional supplements, which resulted in a minimum number of 367 participants needed. An oversampling procedure was used to reduce self-recruitment bias and increase the generalization of findings while targeting an equal sex distribution. Therefore, this calculation was inflated by 1.5, targeting an equal number of men and women, resulting in a total of at least n = 560 athletes to recruit. To be able to recruit this number of student-athletes, an average participation of slightly over 10% for each athletic department was anticipated and maximal recruitment was capped by the total number of incentives at 13% (n = 725).



2.5 Statistical analysis

The demographics and descriptive data for relevant questionnaire sections are reported as percentages (%) and frequencies (n). When examining nutritional supplement use frequencies, products classified as “sport foods” (e.g., milk/flavored milk) were removed. To confirm the initial predictive model as reported previously (15) a cross-validation was performed to test the previously created algorithm on a new dataset. The purpose of this approach was to evaluate the generalizability of the initial algorithm and obtain new model fit indices that are less biased from overfitting that frequently occurs when assessing a model on the same dataset from which it was created. Based on the outputs from applying the initial algorithm to the new data, calculated predictions of the likelihood of TPT product use categorized in risk behavior score quadrants (i.e., 0–19%, 20–39%, 40–59%, 60–79%, 80–100%) that were crossed with consistent vs. inconsistent TPT supplement use to assess potential cut-off values in determining low vs. high risk. These tables were used to determine the best fit for the model, and Chi-Square analysis was used to determine statistical significance of the association between likelihood of TPT product use and observed TPT product use. Finally, the fit of the model was assessed by calculating the area under the curve (AUC), as well as true positive (TP), false positive (FP), false negative (FN), true negative (TN) scores. These values were used to calculate sensitivity (TP/TP + FN) and specificity (TN/TN + FP), as well as positive predictive value (PPV = TP/TP + FP) and negative predictive value (NPV = TN/TN + FN). Significance was set for p < 0.05 if not described differently.

Logistic regression analysis was used for explorative modeling to identify new variables associated with TPT supplement use that were not present in the initial predictive model created on the CPSDA dataset. The combined variables were then used to predict TPT supplement use to create and assess a new model based on the current Pac-12 dataset.




3 Results


3.1 Demographics and response

The total sample included 725 NCAA DI student-athletes, of which 50% were female (n = 362), and with an age of 20 ± 1.5 years, representing 24 sports (Table 1). Nearly all student-athletes (91%, n = 662) reported the use of at least one, but often more, nutritional supplements, not including sport foods, such as sports drinks and protein shakes and other products. A total of 56% (n = 405) of the athletes reported using one or more of their supplements TPT, but only 27% (n = 194) reported TPT supplement use (for all supplements, excluding sports foods, as listed in the Materials and methods section) consistently. Approximately 77% (n = 508) of the total sample reported recognizing at least one TPT organization logo.



3.2 Validation dataset

After removing nutritional sport foods (including sports drinks, sports bars, chocolate [flavored] milk, recovery drinks, energy drinks, and energy gels or chews) an additional 5 athletes were categorized as “non-users,” producing a total of 662 athletes which were used in the validation of the algorithm. Out of n = 662, a total of 29% (n = 194) consistently used TPT vs. 71% (n = 468) inconsistently used TPT (Figure 1).

[image: Figure 1]

FIGURE 1
 Consort diagram. The figure shows the response rate of NCAA DI student-athletes, the reported use of nutritional supplements, and the number of responses that were excluded before performing the cross-validation. TPT: Third-party-tested.




3.3 Cross-validation

A total of n = 662 participants (all supplement users) were included to assess the fit of the previously obtained S3 algorithm, developed based on the initial responses on n = 320 athletes in a previous study (15), to classify a high vs. low risk of not using TPT supplements. Area under the curve (AUC) was calculated to determine the accuracy of the model on the new validation dataset.


3.3.1 Algorithm variables using cross-validation data

As shown in Table 2, out of the 662 athletes, more than half (54%, n = 358) reported being familiar with the substances that may occur in nutritional supplements and that are found on the WADA banned substances list. Nearly the same number of athletes reported knowing where to find and order third-party tested supplements (53%, n = 353). Nearly 22% (n = 144) of these athletes do not search for information regarding nutritional supplements and sports foods and the majority of the athletes (62%, n = 413) reported that they discuss all supplement choices with their athletic departmental sports registered dietitian. Less than half of the surveyed athletes (44%, n = 289) reported that their decision to purchase a nutritional supplement was made with the advice of a friend, family, or a teammate, and 45% (n = 296) reported purchasing supplements outside of what is provided by their athletic department. Approximately half the athletes reported the use of multivitamin and mineral supplements (51%, n = 339). Very few athletes reported the use of a weight gainer (5%, n = 35), whereas 54% (n = 355) use caffeine. Finally, roughly one third of the athletes reported the use of creatine (30%, n = 200).



3.3.2 Confirming a 60% cut-off for low vs. high risk of not using TPT using cross-validation data

Risk behavior score quadrants were plotted against consistent vs. inconsistent TPT use to evaluate the best-fit cut-off value to determine low vs. high risk, as shown in Table 3. This table shows that the original discriminatory cut-off was the best fit to classify low vs. high risk, resulting in a cut-off between quadrants three and four at the ≥60% mark.



TABLE 3 Algorithm-based risk behavior score for using vs. not using TPT quadrant against consistent vs. inconsistent TPT-use analysis for n = 662 NCAA Division I collegiate athletes.
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3.3.3 Categorized results low vs. high risk of not using TPT supplements using cross-validation data

As shown in Table 4, the original S3 algorithm was able to identify significantly different responses (χ2 (1) = 15.95, p < 0.001), indicating a strong relationship between the risk groupings and product use outcomes. The screener had a fair sensitivity: the test’s ability to designate an individual with a negative outcome, as it classified 68% of the student-athletes not consistently using TPT accurately in the ≥60% high-risk behavior score group. Despite the test’s high sensitivity, the test had a low specificity (51%), as less than half of the consistent TPT users were correctly classified in the <60% low-risk behavior score group.



TABLE 4 Absolute and relative categorized screener-based answers for consistent/inconsistent TPT use vs. algorithm-based low/high-risk behavior toward TPT supplement use in n = 662 NCAA DI collegiate athletes.
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3.3.4 Area under the curve (AUC) using the validation data

The AUC for the original S3 algorithm predicting inconsistent TPT product use on the new, Pac-12 data was 0.67 (Figure 2) indicating a moderate fit, with a positive predictive value (PVV) of 0.77, and negative predictive value (NPV) of 0.52.

[image: Figure 2]

FIGURE 2
 Area under the receiver operating characteristic (ROC) curve based on the cross validation of the original S3 algorithm applied to the current datase.





3.4 Exploratory modeling for additional predictors

A stepwise logistic regression was run to create a predictive model based on the current dataset to see if additional predictor variables outside of those identified in the S3 algorithm would be related to use of TPT products. The p value threshold for variable entry was set at 0.25 and for variable retention in the final, restricted model was set at 0.10. These thresholds were selected to reduce the likelihood of a Type II error in an exploratory analysis with a small to moderate sample size. Input variables were the questions on the screener, and the outcome variable was a binary response of whether or not the respondent uses TPT supplements consistently. The predictive quality of the model was assessed by the Wald chi-square statistic for each question and the AUC for the full model. The LOGISTIC procedure in SAS 9.4 was used for model development. The final predictive model with significant variables is presented in Table 5.



TABLE 5 Outcome of exploratory analysis based on the current dataset to identify new potential predictors of third-party-tested (TPT) supplement use, including the prevalence per outcome for n = 662 NCAA Division I collegiate athletes.
[image: Table5]

The risk categories created from the algorithm constructed from the current dataset (Table 6) showed a statistically significant relationship with TPT product use (χ2 (1) = 48.57, p < 0.0001). Further, the test’s ability to designate an individual with a negative outcome (sensitivity) was high as it classified 85% of the student-athletes not consistently using TPT accurately in the ≥60% high-risk behavior score group. The test had a low specificity (40%), as half of the consistent TPT users were correctly classified in the <60% low-risk behavior score group. Finally, the area under the curve (AUC) for the cut-off value ≥60% suggesting a high risk for inconsistent TPT was 0.73, with a positive predictive value (PVV) of 0.77 and negative predictive value (NPV) of 0.50.



TABLE 6 Absolute and relative categorized screener-based answers for consistent/inconsistent third-party-tested supplement (TPT) use vs. algorithm-based low/high-risk behavior toward TPT supplement use in n = 662 NCAA Division I collegiate athletes.
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4 Discussion


4.1 Recap of the study outcomes

This study confirms previous findings that confirmatory checks of self-reported third-party-tested (TPT) supplement use can help to accurately identify inconsistent TPT users. When testing the validity of the original algorithm on the current dataset, overall, the algorithm was confirmed to be able to identify different responses with high sensitivity but low specificity. When exploring additional predictors indicating TPT use using the current dataset with some new questions, the new algorithm showed a similar but lower sensitivity and higher specificity and higher area under the curve (AUC).



4.2 Cross-validation

When developing the original S3 algorithm, the initial training-data produced a reasonable AUC (0.78) with a high sensitivity (89%) and a low specificity (49%) (15). During that study, a preliminary cross-validation was also performed on a small subsample of the dataset (n = 34), revealing a lower AUC (0.61), sensitivity (83%), and specificity (40%) (15). The current study allowed for cross-validation of the algorithm with a much larger dataset (n = 662), revealing a moderate AUC (0.67), with a sensitivity of 68%, and a specificity of 51%. The current study therefore reported a higher AUC than the cross-validation on the small subsample of the data that were used to develop the S3 algorithm. The sensitivity of 68% indicated that the algorithm specifically classifies the inconsistent TPT supplement users correctly. It is important to note, when the algorithm was initially applied on its own data, which also were used for its development, this likely inflated the accuracy of the algorithm, warranting the current cross-validation using an independent dataset (20).



4.3 Predictors of TPT use and further explorative modeling

Of the ten predictive variables that originally constructed the S3 algorithm ([1] WADA familiarity; [2] knowing where to find and order TPT supplements; [3] discussing supplement choices with a sports RD; [4] not searching for information; [5] purchasing products outside of the supplements provided by the athletic department; [6] deciding to purchase supplements based on the advice of others, such as family, friends or teammates; and using [7] multivitamins, [8] weight gainer, [9] creatine, and [10] caffeine) six were found to be significantly related to this current dataset. Additionally, the exploratory model identified two new variables as significantly related to the prediction of consistent vs. inconsistent use of TPT supplements while also reporting six of the previously identified variables. These new variables include (1) recognizing at least one TPT organization logo and (2) having at least one name, image, likeness (NIL) deal, and were added to the most recent questionnaire. These two new variables may provide further insight in the future into what may be driving athlete choices.

Third-party testing organizations are a vital aspect of reducing supplement contamination risk as these organizations provide quality assurance for athletes who use supplements. The safety of supplements is never fully assured; however, the use of a TPT product, specifically those tested for banned substances in sport, can help reduce the risk of inadvertent doping (21). The majority of athletes believe that contaminated supplements can lead to positive doping tests (22), however, consistency is low with only about 38–57% reporting every supplement they used as being tested (2, 14). Approximately 66% of athletes report recognizing at least one logo that references TPT organizations and 90% believe that it is essential to know if a supplement has been tested, but the concern still lies in the prevalent non-compliance (2, 14). A reason for athletes not consistently reporting the use of third-party tested supplements could be that they feel that the type and/or quality of product they are looking for is not available, at the same time this is something that normally would be covered by having targeted conversations about the athletes’ nutritional supplement selection with the designated sports RD. It has been seen in high school athletes that education, which includes the safety and use of TPT products, may help to influence athlete choices and encourage the use of safer supplementation (i.e., TPT products) (18). While educational programs may help to influence athlete decisions and encourage safer supplement use in younger athletes, no clear relationship has previously been reported between TPT logo recognition and the consistent use of TPT products at the collegiate level (14). Although simplified stratifications, including TPT logo recognition, have not previously identified a relationship with TPT use, the stepwise comparison performed as an exploratory analysis in the present study identified that in conjunction with other predictive variables, a relationship between the ability of an athlete to recognize TPT organization logos and the consistent use of TPT products may exist and may require further examination in this population.

Prior to 2021, collegiate athletes were barred from obtaining benefits, monetary or otherwise for the use of their name, image and likeness (23). There are many ways athletes may have been affected in recent years since the rule change, including pressure to use supplements to increase performance or recovery and possibly pressure to purchase or use specific supplements not provided by the department per their deals. Since this rule changed, many student athletes have taken advantage of these opportunities. Nearly 17% of DI student athletes are reported to have had NIL deals in 2022 (24). It has been reported that one of the key dimensions of an NIL deal is the athlete’s athletic performance (25). The added pressure of these deals may increase pressure on athletes to find ways to increase or maintain their athletic performance (26). It has been reported that most athletes (58–64%) report performance enhancement as the driving reason for supplement use (2, 27).

Ergogenic aids are produced and marketed as a performance enhancement or an athlete’s recovery after training or competition (28). Whether these products truly enhance performance or speed recovery is mostly unknown; however, there are some products, such as caffeine, creatine, dietary nitrate, beta-alanine, and sodium bicarbonate, which the literature strongly supports (2). The concern behind the use of ergogenic aids is the increased risk of inadvertent doping. Ergogenic aids are commonly reported to be laced with contaminants including various anabolic androgenic steroids, ephedrine, methamphetamine analogs and extreme levels of caffeine (29–31). Athletes who choose to use ergogenic aids should always be utilizing products which have been tested by a TPT organization that tests for banned substances and label accuracy. Per the NCAA bylaws, athletic departments are allowed to provide specific nutritional supplements; however, there are restrictions to the extent and types of products departments are allowed to provide (32). Many athletes may purchase outside of what is provided by the department (14) and some may be provided with supplements from sponsors (33, 34). As such, it is important that athletes be taught the importance of using tested products and the risks of using products that have not been tested for banned substances. As the popularity of NIL grows, it is likely that sponsorships from supplement companies may grow as well; however, there is no reported connection currently between NIL deals and supplement use (35). Future studies looking into the decision-making processes occurring how and why athletes choose specific nutritional supplements are vital to better understand how practitioners can increase athlete safety. In addition, research is needed to better understand how certain variables like NIL, product type, −quality, and -efficacy, as well as third-party testing availability may affect an athlete’s decision to use or not use specific nutritional supplements.

Although these new variables (i.e., TPT logo recognition and NIL) provide an interesting look into the habits and characteristics of college athletes who use supplements, the importance of the variables used in the S3 screener are invaluable. The variables WADA familiarity; knowing where to find and order TPT supplements; discussing supplement choices with a sports RD; and using multivitamins, weight gainer, and creatine are associated with consistent use of TPT supplements, while not searching for information; purchasing products outside of the supplements provided by the athletic department; deciding to purchase supplements based on the advice of others, such as family, friends or team mates; and using caffeine are related to inconsistent TPT supplement use. Because of the prevalent risk of contaminated substances, it is ever important to minimize the risky behaviors of athletes. One method to do so is to survey these athletes, using tools like the S3 screener. The addition of these newly identified variables to the screener may add another layer for sport professionals to continue to screen their athletes. Further, this will allow for additional future cross-validation to determine if these variables also should be included in the future S3 algorithm. In the meantime, these variables are available as part of the screener for practitioners to be used (Supplementary File 3). Practically, this screener can be useful for health professionals who work with athletes, such as sports RDs and athletic trainers to better understand nutritional supplement use and behavior of their athletes. The screener can help to categorize athletes in certain groups, such as consistent TPT users, inconsistent TPT users, and non-users of supplements. In addition, the S3 tool, will help to gain understanding of some of the behaviors, such as an athlete’s familiarity with the list of banned substances from WADA, their knowledge of where to find and order TPT supplements and their open discussion with an RD regarding their supplement use which are positively associated with using TPT nutritional supplements, vs. an athlete not searching for information regarding supplements and sports foods, taking supplement advice from resources such as friends, family or teammates and purchasing supplements outside of those which are supplied by their respective athletic department that are negatively associated with the use of TPT nutritional supplements. This allows for targeted education, focusing on improving TPT nutritional supplement use compliance, and reducing high risk behavior. Finally, when health professionals include the screener in their dietary monitoring on an annual basis nutritional supplement use and behavior can be followed over time, which may help to show the impact of education efforts, and it can help to justify budget decision focusing on athlete safety within the organization.



4.4 Strengths and limitations

The strength of this study is led by the size of the data collected. In total, 864 responses were collected and after data cleaning and removal for completion, a 12% response rate was obtained. Another strength of the study was anonymity. All responses collected were anonymous, which theoretically should have increased honesty of responses and reduced fear of consequences when reporting behavior that is not in line with athletic department policy (36). In addition to these strengths, the generalizability to NCAA DI athletes should be fairly reasonable, as responses collected were nearly split perfectly between male and female responses and included a large variety of NCAA DI sports.

The study was not without its limitations. Although athlete responses were not connected to their personal identifiable information, it is known that self-reported data can contain errors, such as over or under estimation (37). As such, the results may not be as accurate. At the same time, the (type of) questions asked, have been repeatedly used in other investigations (14, 15) and therefore comparison with other resources should allow to identify important differences and shifts with other investigations. Additionally, the sample was collected from one single NCAA conference, the Pac-12, covering mainly the western United States, potentially limiting generalization on a national level. While the sample pool included three schools, which were also included in the dataset that created the original algorithm, the possibility of cross-over exists; however, after examining responses, it is estimated that only one duplicate response was recorded (0%). Finally, similar to the original S3 algorithm, data are reported from DI athletes, and it has been reported that NIL deals are significantly more prominent in DI athletics than in DIII (35) so it may be difficult to generalize these data to other levels. As the impact of NIL is still increasing, the relation between NIL and TPT supplement use needs to be further investigated.




5 Conclusion

The current study shows that cross-validation of the S3 algorithm to predict TPT supplement use by collegiate athletes reports a lower accuracy than previously reported. At the same time the 60% cut-off to predict consistent vs. inconsistent TPT use has been confirmed. Despite the lower accuracy, the S3 algorithm still classifies the majority of inconsistent TPT supplement users in the high-risk group. Finally, exploratory analysis revealed that TPT logo recognition and NIL were related to consistent TPT use, warranting including the variables (and their associated questions) in the S3 screener without directly contributing to the algorithm. This information on logo recognition and NIL may be beneficial for health professionals who work with athletes, such as sports RDs and athletic trainers, in their efforts to minimize unsafe supplement use in their athletes.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The study involving humans was approved by the Arizona State University Institutional Review Board (STUDY00015034). The study was conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

KS: Data curation, Formal analysis, Investigation, Methodology, Project administration, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. AB: Data curation, Investigation, Project administration, Writing – review & editing. EA: Data curation, Investigation, Project administration, Writing – review & editing. RS: Conceptualization, Formal analysis, Methodology, Validation, Writing – review & editing. FW: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This research was supported by the Pac-12 Conference’s Student-Athlete Health and Well-Being Initiative. The content of this manuscript is solely the responsibility of the authors and does not necessarily represent the official views of the Pac-12 Conference or its members.



Acknowledgments

The authors would like to acknowledge all the Pac-12 student-athletes contributing to this study.



Conflict of interest

FW received an award from the Collegiate and Professional Sports Dietetic Association (CPSDA) associated with the development of the S3 screener. In addition, FW received grants from external partners that were not related to this project, such as: FEMA, the Arizona Board of Regents (ABOR), Arizona Parks & Trails, Friesland Campina N.V., Standard Process Inc., Kraft Heinz Company, and Unilever Corporation.

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.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



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.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1519544/full#supplementary-material



References

 1. Close, GL, Kasper, AM, Walsh, NP, and Maughan, RJ. “Food first but not always food only”: recommendations for using dietary supplements in sport. Int J Sport Nutr Exerc Metab. (2022) 32:371–86. doi: 10.1123/ijsnem.2021-0335 

 2. Vento, KA, and Wardenaar, FC. Third-party testing nutritional supplement knowledge, attitudes, and use among an NCAA I collegiate student-athlete population. Front Sports Act Living. (2020) 2:115. doi: 10.3389/fspor.2020.00115 

 3. Wardenaar, FC, Ceelen, IJM, Van Dijk, JW, Hangelbroek, RWJ, Van Roy, L, Van Der Pouw, B , et al. Nutritional supplement use by Dutch elite and sub-elite athletes: does receiving dietary counseling make a difference? Int J Sport Nutr Exerc Metab. (2017) 27:32–42. doi: 10.1123/ijsnem.2016-0157 

 4. Barnes, KP, and Rainbow, CR. Update on banned substances 2013. Sports Health. (2013) 5:442–7. doi: 10.1177/1941738113478546 

 5. Athletes & Support Personnel | World Anti Doping Agency. Available at: https://www.wada-ama.org/en/athletes-support-personnel

 6. Kalman, D. The regulatory challenges of placing dietary ingredients on the European and US market. J Diet Suppl. (2024). doi: 10.1080/19390211.2024.2308261, [Online ahead of print]

 7. Kozhuharov, VR, Ivanov, K, and Ivanova, S. Dietary supplements as source of unintentional doping. (2022). Available at: https://www.hindawi.com/journals/bmri/2022/8387271/

 8. Outram, S, and Stewart, B. Doping through supplement use: a review of the available empirical data. Int J Sport Nutr Exerc Metab. (2015) 25:54–9. doi: 10.1123/ijsnem.2013-0174 

 9. Eichner, AK, Coyles, J, Fedoruk, M, Maxey, TD, Lenaghan, RA, Novitzky, J , et al. Essential features of third-party certification programs for dietary supplements: a consensus statement. Current Sports Medicine Reports. (2019) 18:178–82. doi: 10.1249/JSR.0000000000000595

 10. NCAA. 2024 Official Drug testing manual. NCAA (2024).

 11. Buell, JL, Franks, R, Ransone, J, Powers, ME, Laquale, KM, and Carlson-Phillips, A. National Athletic Trainers’ association position statement: evaluation of dietary supplements for performance nutrition. J Athl Train. (2013) 48:124–36. doi: 10.4085/1062-6050-48.1.16 

 12. Maughan, RJ, Burke, LM, Dvorak, J, Larson-Meyer, DE, Peeling, P, Phillips, SM , et al. IOC consensus statement: dietary supplements and the high-performance athlete. Br J Sports Med. (2018) 52:439–55. doi: 10.1136/bjsports-2018-099027 

 14. Schott, KD, Seltzer, RGN, Zorn, SP, Frakes, M, Price, M, Valient, MW , et al. Collegiate student-athletes use and knowledge of third-party tested nutritional supplements: an exploratory study. J Athl Train. (2024). doi: 10.4085/1062-6050-0098.24 

 15. Wardenaar, FC, Schott, KD, Seltzer, RGN, and Gardner, CD. Development of a screener to assess athlete risk behavior of not using third-party tested nutritional supplements. Front Nutr. (2024) 11:1381731. doi: 10.3389/fnut.2024.1381731

 16. McKay, AKA, Stellingwerff, T, Smith, ES, Martin, DT, Mujika, I, Goosey-Tolfrey, VL , et al. Defining training and performance caliber: a participant classification framework. Int J Sports Physiol Perform. (2021) 17:317–31. doi: 10.1123/ijspp.2021-0451 

 17. Ajzen, I. The theory of planned behavior. Organ Behav Hum Decis Process. (1991) 50:179–211. doi: 10.1016/0749-5978(91)90020-T

 18. Wardenaar, FC, Morton, L, Nam, K, Lybbert, H, Schott, K, Shumate, C , et al. The development and efficacy of a high school athlete education program for safe nutritional supplement use. J Diet Suppl. (2023) 22:1–22. doi: 10.1080/19390211.2023.2293845

 19. Wardenaar, FC, Lybbert, H, Morton, L, Schott, KD, Shumate, C, Levinson, S , et al. High school athletes’ use and knowledge of (safe) nutritional supplement use: an exploratory study. J Diet Suppl. (2024) 21:478–94. doi: 10.1080/19390211.2023.2301361

 20. Xu, Y, and Goodacre, R. On splitting training and validation set: a comparative study of cross-validation, bootstrap and systematic sampling for estimating the generalization performance of supervised learning. J Anal Test. (2018) 2:249–62. doi: 10.1007/s41664-018-0068-2 

 21. Backhouse, SH. A behaviourally informed approach to reducing the risk of inadvertent anti-doping rule violations from supplement use. Sports Med. (2023) 53:67–84. doi: 10.1007/s40279-023-01933-x 

 22. Wardenaar, FC, Hoogervorst, D, Vento, KA, and de Hon, PO. Dutch Olympic and non-Olympic athletes differ in knowledge of and attitudes toward third-party supplement testing. J Diet Suppl. (2021) 18:646–54. doi: 10.1080/19390211.2020.1829248 

 23. Kunkel, T, Baker, BJ, Baker, TA, and Doyle, JP. There is no nil in NIL: examining the social media value of student-athletes’ names, images, and likeness. Sport Manag Rev. (2021) 24:839–61. doi: 10.1080/14413523.2021.1880154

 24. Carter, B. Seven data points that will tell the story of NIL in 2023. (2023). Available at: https://www.sportsbusinessjournal.com/SB-Blogs/OpEds/2023/01/17-Carter.aspx

 25. Kunkel, T, Biscaia, R, Arai, A, and Agyemang, K. The role of self-brand connection on the relationship between athlete brand image and fan outcomes. J Sport Manag. (2019) 34:201–16. doi: 10.1123/jsm.2019-0222 

 26. Hollabaugh, WL, Jeckell, AS, and Diamond, AB. Name, image, and likeness and the health of the young athlete: a call to action for sports medicine providers and the athletic healthcare network. Sports Health. (2023) 16:209–12. doi: 10.1177/19417381231212645 

 27. Valentine, AA, Schumacher, JR, Murphy, J, and Ma, YJ. Dietary supplement use, perceptions, and associated lifestyle behaviors in undergraduate college students, student-athletes, and ROTC cadets. J. Am. Coll. Health. (2017) 66:87–97. doi: 10.1080/07448481.2017.1377205

 28. Thein, LA, Thein, JM, and Landry, GL. Ergogenic aids. Phys Ther. (1995) 75:426–39. doi: 10.1093/ptj/75.5.426 

 29. Cohen, PA, Travis, JC, and Venhuis, BJ. A methamphetamine analog (N,α-diethyl-phenylethylamine) identified in a mainstream dietary supplement. (2013). Available at: https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/dta.1578

 30. Tsarouhas, K, Kioukia-Fougia, N, Papalexis, P, Tsatsakis, A, Kouretas, D, Bacopoulou, F , et al. Use of nutritional supplements contaminated with banned doping substances by recreational adolescent athletes in Athens, Greece. Food Chem Toxicol. (2018) 115:447–50. doi: 10.1016/j.fct.2018.03.043 

 31. Maughan, R. Contamination of dietary supplements and positive drug tests in sport. J Sports Sci. (2005) 23:883–9. doi: 10.1080/02640410400023258 

 32. Legislative Services Database - LSDBi. Available at: https://web3.ncaa.org/lsdbi/bylaw?bylawId=38906

 33. Karimi, F. CNN. Hanna and Haley Cavinder of Fresno State are cashing in on the NCAA’s policy change | CNN. (2021). Available at: https://www.cnn.com/2021/07/11/us/hanna-haley-cavinder-nil-trnd/index.html

 34. Smith, M. Sports business journal. UNC leads way as NIL group licensing gains momentum at blue-chip schools. (2021). Available at: https://www.sportsbusinessjournal.com/Journal/Issues/2021/09/27/Upfront/Next-stage-for-NIL.aspx

 35. Hamilton, KP, Ziegler, J, Samavat, H, Wardenaar, F, Esopenko, C, Womack, J , et al. Nutritional supplement use and athletic characteristics among a sample of NCAA division I and division III student-athletes. J Diet Suppl. (2023) 20:911–25. doi: 10.1080/19390211.2022.2140740 

 36. Tourangeau, R, and Yan, T. Sensitive questions in surveys. Psychol Bull. (2007) 133:859–83. doi: 10.1037/0033-2909.133.5.859 

 37. Bauhoff, S. Systematic self-report bias in health data: impact on estimating cross-sectional and treatment effects. Health Serv Outcomes Res Methodol. (2011) 11:44–53. doi: 10.1007/s10742-011-0069-3


Copyright
 © 2025 Schott, Bhalla, Armstrong, Seltzer and Wardenaar. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Cross-validation of the safe supplement screener (S3) predicting consistent third-party-tested nutritional supplement use in NCAA Division I athletes



		1 Introduction



		2 Materials and methods



		2.1 Study design



		2.2 Study participants



		2.3 Questionnaire



		2.4 Sample size



		2.5 Statistical analysis









		3 Results



		3.1 Demographics and response



		3.2 Validation dataset



		3.3 Cross-validation



		3.3.1 Algorithm variables using cross-validation data



		3.3.2 Confirming a 60% cut-off for low vs. high risk of not using TPT using cross-validation data



		3.3.3 Categorized results low vs. high risk of not using TPT supplements using cross-validation data



		3.3.4 Area under the curve (AUC) using the validation data









		3.4 Exploratory modeling for additional predictors









		4 Discussion



		4.1 Recap of the study outcomes



		4.2 Cross-validation



		4.3 Predictors of TPT use and further explorative modeling



		4.4 Strengths and limitations









		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

Cross-validation of the safe
supplement screener (S3)
predicting consistent
third-party-tested nutritional
supplement use in NCAA Division
| athletes












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






OPS/images/fnut-11-1519544-t003.jpg
Risk behavior score quadrants: 1-5 (with % indicating algorithm outcome)

TPT-use 1 2 3 4 5
(0-19%) (20-39%) (40-59%) (60-79%) (80-100%)
Consistent (%, n) 0% % 7% 12% 6% 29%
3 28 46 80 37 194
Inconsistent (%, n) 0% 1% 9% 30% 30% 71%
1 7 62 201 197 468
Total* (%, n) <1% % 16% 2% 35% 100%
4 35 108 281 234 662

Chi-square analysis for risk quadrant analysis for consistent vs. inconsistent TPT-use was significantly different (* (4) = 61.26, p < 0.001) suggesting a good discriminatory ability for the risk
behavior score. “Total does not add up to 100% asall the percentages in the quadrants round down resulting in losing a full percent.





OPS/images/fnut-11-1519544-t004.jpg
<60% algorithm score “Low  >60% algorithm score “High

risk”
Consistent TPT-use, % (n) 14% (95) 15% (99) 29% (194)
Inconsistent TPT-use, % (n) 23% (152) 48% (316) 71% (468)
(sub)Total, % () 37% (247) 63% (415) 100% (662)
Consistent TPT-use (Positive, n) ™ P Specificity
95 99 51%
Inconsistent TPT-use (Negative, n) BN ™ Sensitivity
152 316 68%

Chi-square analysis for consistent/inconsistent TPT-use vs. algorithm-based low/high-risk behavior toward TPT supplement use was significantly different (¢* (1) = 15.95, p < 0.001)
suggesting a good discriminatory ability for the selected > 60% risk behavior score cut-off. FP, False Positive; TN, True Negative; FN, False Negative; TP, True Positive.
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Number or percentage

Sex

Female 50%, (1= 362)
Male 50%, (n = 363)
Age

Years 20415

Sport (n = 740)

Artistic Swimming (W)* 0%, (n=1)
Baseball (M) 7%, (n=51)
Basketball (M) 2%, (n=11)
Basketball (W) 19%, (n=4)
Beach Volleyball (W) 2%, (n=15)
Cheerleading (M) 1%, (1=6)
Cheerleading (W) 1%, (1=5)
Cross Country (M) 2%, (n=13)
Cross Country (W) 2%, (n=13)
Field Hockey (W) 1%, (n=7)
Football (M) 14%, (n = 104)
Golf (M) 1%, (n=7)
Golf (W) 2%, (n=12)
Gymnastics (M) 0%, (n=2)
Gymnastics (W) 2%, (n=17)
Tee Hockey (M) 0%, (n=1)
Lacrosse (M) 3%, (n=21)
Lacrosse (W) 3%, (n=18)
Rowing (M) 5%, (1= 36)
Rowing (W) 8%, (n=58)
Rowing - lightweight (W) 0%, (n=1)
Rugby (M) 0%, (n=1)
Skiing (M) 1%, (n=6)
Skiing (W) 1%, (1=9)
Soccer (M) 3%, (n=21)
Soccer (W) 7%, (n=52)
Softball (W) 3%, (n=20)
Swimming & Diving (M) 3%, (n=22)
Swimming & Diving (W) 3%, (n=42)
Tennis (M) 1%, (n1=6)
Tennis (W) 2%, (n=12)
“Track and Field (M) 7%, (n=54)
“Track and Field (W) 7%, (n=53)
Triathlon (W) 0%, (n=1)
Volleyball (M) 0%, (n=2)
Volleyball (W) 19%, (n=10)
Water Polo (W) 1%, (n=9)
Wrestling (M) 0%, (n=1)

Athlete type (student-athletes could select multiple options)

Carded Athlete 2%, (n=18)
Part of national doping testing pool 3%, (n=24)
Member of national team or selection 8%, (n=61)
Student-athlete at a US collegiate AD 93%, (n = 689)
Student-athlete not at a US collegiate AD 1%, (1=7)
Professional athlete 3%, (n=21)
Have one or more Nam, Image, Likeness 14%, (n= 104)
(NIL) deals

Have received nutrition information, counseling, or advice during the last
12 months from any of the people or professions*

Sports RD within AD. 84%,

621)

Sports RD outside of AD 9%, (n=67)

I'have not received nutrition information 12%, (n=92)

Number of visits completed for nutrition information, counselng, or advice
during the last 12 months'*

Sports RD within AD (n = 586)

1-2visits 48%, (n =282)
3-6 visits 36%, (n=211)
7-10 visits 8%, (n=48)
11 or more visits 8%, (n=45)

Sports RD outside of AD (n = 60)

1-2visits 63%, (n=38)
3-6 visits 28%, (n=17)
7-10 visits 5%, (n=3)
11 or more visits 3%, (1=2)

Dietary supplement use (sport foods with a nutrition facts label not included)
Non-users 9%, (1=63)
Atleast one self-reported supplement 91%, (n = 662)

* One response could not be placed in a category as the athlete indicated to be male while
selecting synchronized swimming, a sport with no males on the rosters.

** Acronyms: Men's sport (M), Women' sport (W), Athletic department (AD), Registered
Dietitian (RD),

Percentages may not add to 100% as student-athletes could select multiple opt
* Samples based on previous question response, student-athletes could select only one
option.
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Variable Prevalence D Estimate  Standard error ~ Wald Chi- Pr > Chi-

(VA Square Square

Intercept - 1 054 036 223 0136

WADA Familiarity: Are you familiar with

banned substances that may occur in

nutritional supplements listed on the WADA 54% 1 -0.49 0.28 3.02 0.082
(world anti-doping agency) lst? (Select only

one - yes/no)

Knowing where to find & order TPT
supplements: T know where to find and order

53% 1 ~064 030 457 0.033
third-party tested supplements. (Only select

one - yes/no)

Search for information: Where do you go to

look for information on nutritional

supplements and sports foods? (Checkall that 2% 1 081 036 515 0.023
apply - checked score: I do not search for

information on my own)

Discussing supplement choices with RD:
Idiscuss all my supplement choices with the

62% i —0.81 0.28 824 0.004
Athletic Departmental Sports RD. (Only select

one - yes/no)

Purchase outside athletic department: Do
u purchase or use nuritional supplements

your P 45% 1 0.53 029 333 0.068

outside what s provided by your Athletic

Department? (Only select one - yes/no)

Advice from others: I've decided to purchase

one or more supplements as  result of the
43% 1 057 028 4.19 0.041
advice of family, friends, or teammates. (Only

select one - yes/no)
Please check all of the following nutritional supplements you have used during the last 12 months. (Check all that apply)

Multivitamin: (Multivitamin and mineral

supplement checked) 51% 1 -0.44 027 Ask 0.112
Weight gainer: (Weight gainer checked) 5% 1 -0.96 0.56 289 0.089
Caffeine: (Caffeine checked) 54% 1 134 028 2289 <0.0001
Creatine: (Creatine checked) 30% 1 -0.62 033 355 0.059

These predictors were previously identified by Wardenaar et al. 15). DF = Degrees of freedom; Estimate = the weight and direction of the variable within the model; Wald Chi-Squar
determine if independent variables are significant for the model; P > Chi-Square = p - value that preferable was below or close to 010.as determined before the start of the modeling process.
Note: bolded values indicate statistial significance.
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Variable Prevalence DF  Estimate  Standard Wald Chi- Pr > Chi-

(% yes) error Square Square

Intercept - 1 054 041 171 019

WADA Familiarity: Are you familiar with banned

substances that may oceur in nutritional

supplements listed on the WADA (world anti- o ! o7 o o oot
doping agency) lst? (Select only one - yes/no)

Recognizing at least one TPT organization logo:

1 check all boxes of third-party testing systems

icons that you recognize from products that 7% 1 ~068 029 557 0.02
‘you have used during the last 12 months. (Check all

that apply)

keness (NIL)
deal: Check all that apply concerning your athlete 15% 1 ~0.60 027 494 0.03

Having at least one name, image,

status. (Check all that apply)

Discussing supplement choices with RD: I discuss

all my supplement choices with the Athletic

62% 1 ~047 019 616 001
Departmental Sports RD. (Only select one - yes/
n0)
Advice from others: I've decided to purchase one
or more supplements as a result of the advice of
1% 1 041 016 625 001

family, friends, or teammates. (Only select one -

yes/no)

Please check all of the following nutritional supplements you have used during the last 12 months.

(Checkall that apply)
Multivitamin: (Multivitamin and mineral

51% 1 077 022 1235 0.0004
supplement checked)
Caffeine: (Caffeine checked) 54% 1 091 022 16.83 <0.0001
Creatine: (Creatine checked) 30% 1 -0.78 0.24 10.79 0.001

These predictors were based on new predictive modeling based on the current dataset. DF = Degrees of freedom; Estimate = the weight and direction of the variable within the model; Wald
Chi-Square = Test o determine if independent variables are significant for the model; Pr > Chi-Square = p - value that preferable was below or close t0.0.10 as determined before the start of
the modeling process.
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Consistent TPT-use, % (n) 12% (77) 18% (117) 29% (194)

Inconsistent TPT-use, % (n) 10% (70) 60% (398) 71% (468)
(sub)Total, % () 22% (147) 78% (515) 100% (662)
Consistent TPT-use (Positive, n) ™N 3 Specificity
7 n7 40%
Inconsistent TPT-use (Negative, n) BN ™ Sensitivity
70 398 85%

Chi-square analysis for consistent/inconsistent TPT-use vs. algorithm-based low/high-risk behavior toward TPT supplement use was significantly different (* (1) = 48.57, p < 0.001)
suggesting a good discriminatory ability for the selected > 60% risk behavior score cut-off. FR, False Positive; TN, True Negative; FN, False Negative; TR, True Positive.
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