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A B S T R A C T

There is growing concern about the toxicological risks resulting from the contamination and adulteration of food 
supplements (FS), which may pose significant health hazards. Heavy metals, undeclared pharmaceuticals, 
stimulants, and other contaminants have been identified in FS. This study evaluated recreational athletes’ per
ceptions and awareness of FS safety, including contamination risk and potential health consequences. A cross- 
sectional study was conducted among 303 gym-goers, using structured face-to-face interviews. Approximately 
72% of participants reported FS use, predominantly men. Most respondents perceived themselves as informed, 
yet 95% were unable to identify the regulatory definition of FS correctly. Nearly half demonstrated limited 
awareness of market control and regulatory oversight. Differences emerged between FS users and non-users. As 
such, non-users showed greater awareness of potential interactions with medicines and were more likely to 
attribute broader functional roles to FS and expressed greater concern regarding overdose risk. In turn, users 
recognised the possibility of undeclared or prohibited substances more frequently. Contaminated FS were most 
often associated with cardiovascular, hepatic, and hormonal concerns. Overall, recreational athletes demon
strated substantial knowledge gaps regarding FS safety and regulation. These findings highlight the need for 
targeted education and risk communication strategies aligned with toxicological evidence to support safer 
supplementation practices.

1. Introduction

A well-balanced diet and adequate training are typically considered 
essential components of a healthy lifestyle (Finamore et al., 2022). In 
practice, a proper diet provides the nutrients required for optimal 
physiological function and overall health. However, depending on life 
stage and lifestyle demands, achieving the recommended levels of 
certain substances may not always be feasible (Ofoedu et al., 2021). In 
such circumstances, individuals often use food supplements (FS) to 
complement dietary intake (Costa et al., 2019).

In the first half of the twentieth century, formulations enriched with 
vitamins, minerals or macronutrients were introduced as FS (Jędrejko 
et al., 2021). These products were primarily directed towards pop
ulations with increased nutritional requirements, including pregnant 
and breastfeeding women, children, and older adults (Costa et al., 2019; 

Jędrejko et al., 2021).
Currently, athletes represent one of the primary consumer groups 

targeted by the FS industry, demonstrating broader and more diverse 
consumption patterns than the general population (Cohen et al., 2018; 
Martínez-Sanz et al., 2017; Ruano and Teixeira, 2020). This trend was 
underscored by Tscholl et al. (2010), who reported consumption of 6523 
units among 3887 athletes, corresponding to an average of 1.7 supple
ments per athlete. We recently reported similar results among Portu
guese gym-goers: nearly three-quarters of the participants reported 
consuming FS or sports food, averaging 1.6 products per athlete (Lopes 
et al., 2024).

Despite limited and heterogeneous evidence supporting claimed 
benefits and safety, athletes frequently use FS for overall health, re
covery (Cohen et al., 2018; Edenfield, 2020; Mallick et al., 2023), 
perceived performance enhancement (Cohen et al., 2018; Edenfield, 
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2020; Harty et al., 2018; Martínez-Sanz et al., 2017), injury prevention 
(Cohen et al., 2018), weight control (Mallick et al., 2023; Rodrigue
z-Lopez et al., 2022), and dietary compensation (Cohen et al., 2018; 
Edenfield, 2020; Lopes et al., 2024; Mallick et al., 2023). Regulatory 
advances have not consistently kept pace with the rapid expansion of the 
FS market (Costa et al., 2019; Incze and Katz, 2018), creating ongoing 
challenges for regulatory oversight and risk management. Uncertainty 
regarding product composition led some authors (Cohen, 2009) to 
describe the American supplement market as “American roulette”, 
highlighting concerns about undeclared or hazardous substances. 
Nevertheless, consumer confidence persists, often based on the 
assumption that FS undergo rigorous safety evaluations (Cohen, 2009; 
Denham, 2017).

From a regulatory perspective, manufacturers are primarily respon
sible for ensuring the quality and safety of FS (Mathews, 2018). In most 
regulatory settings, national authorities do not require formal 
pre-market approval or routine safety testing, leaving compliance re
sponsibility with manufacturers (Mathews, 2018). Although no 
mandatory pre-market quality, safety, or functional testing is required, 
manufacturers are expected to comply with established standards such 
as Good Manufacturing Practices (GMP), which aim to ensure product 
quality and consistency (Incze and Katz, 2018; Kozhuharov et al., 2022; 
Mathews, 2018). Regulatory authorities retain the capacity to conduct 
post-market inspections and audits of manufacturing facilities, 
providing an additional layer of oversight (Mathews, 2018). Regulatory 
frameworks for FS differ considerably across jurisdictions. Within the 
EU, FS are regulated primarily under Directive 2002/46/EC (European 
Parliament and Council, 2002a), which harmonises labelling and 
permitted vitamins and minerals but delegates authority over dosage 
levels and other substances to individual Member States. Portugal 
transposed this Directive via Decree-Law No. 136/2003, subsequently 
updated by Decree-Law No. 118/2015. In the United States, the Dietary 
Supplement Health and Education Act does not require pre-market 
approval, placing the burden of safety on the FDA only after market 
entry (Incze and Katz, 2018). The United Kingdom retained equivalent 
provisions post-Brexit through the Nutrition (Amendment etc.) (EU Exit) 
Regulations 2019, though maximum levels remain unharmonised (UK 
Government - Department of Health and Social Care, 2024). This shared 
absence of mandatory pre-market safety evaluation across major mar
kets creates structural conditions under which contamination and 
adulteration may remain undetected until post-market surveillance 
identifies a safety signal. Under such conditions, FS may be susceptible 
to contamination or intentional adulteration (Incze and Katz, 2018; 
Kozhuharov et al., 2022; Mathews, 2018). Contamination refers to the 
unintended presence of undeclared or harmful substances introduced 
during manufacturing, storage, or distribution (Costa et al., 2019; 
Mathews, 2018). Potential sources include cross-contamination, poor 
hygiene practices, or inadequate raw material quality (Costa et al., 2019; 
Moret et al., 2011; Walpurgis et al., 2020). Identified contaminants 
include microbiological, chemical, and physical hazards (Costa et al., 
2019; Walpurgis et al., 2020). Adulteration, in contrast, involves the 
deliberate inclusion of undeclared substances to enhance commercial 
value or to create the appearance of therapeutic or performance benefits 
in violation of regulatory standards (Kozhuharov et al., 2022; Moret 
et al., 2011). Common reported adulterants include pharmaceuticals, 
anabolic agents, stimulants, and compounds capable of altering nutri
tional profiles (Costa et al., 2019; Gabriels et al., 2015; Tscholl et al., 
2010), raising significant toxicological and regulatory concerns.

From a toxicological perspective, contaminants and adulterants in FS 
can lead to unintended exposure to biologically active substances. The 
health implications depend on the specific agent, dose, and pattern of 
use, and may range from acute adverse effects to longer-term cumulative 
toxicity (Cohen, 2009; Skalicka-Woźniak et al., 2017). The most relevant 
classes of contaminants identified from both the literature review and 
notifications on the Rapid Alert System for Food and Feed (RASFF) 
portal, the EU's 24-h early-warning network for food and feed safety 

risks, established under Regulation (EC) No. 178/2002 (European 
Parliament and Council, 2002b), were metals, mycotoxins, pesticides, 
persistent organic pollutants (dioxins and PCBs), and medicines (e.g. 
phosphodiesterase-5 inhibitors, sibutramine, and their analogues). It is 
important to note that many of these substances are indeed present in FS 
used by recreational athletes (Cohen, 2009; Skalicka-Woźniak et al., 
2017). These toxicant classes are associated with recognised 
target-organ effects: metals are mainly associated with renal and 
neurological toxicity, with possible hepatic and cardiovascular effects; 
mycotoxins with hepato- and nephrotoxicity and carcinogenicity; 
pesticide residues with neurotoxicity and endocrine effects; persistent 
organic pollutants with endocrine, immune and carcinogenic outcomes; 
and undeclared pharmacologically active substances with acute car
diometabolic or neuropsychiatric events, particularly in polypharmacy 
or high-risk individuals (Costa et al., 2019). In these contexts, FS-drug 
interactions may further modify toxicity profiles and clinical outcomes 
(Beirão et al., 2025).

Recently, we characterised FS consumption patterns in the same 
gym-based cohort, identifying a high prevalence of use and predominant 
supplementation practices among recreational athletes (Lopes et al., 
2024). This behavioural context defines the exposure setting for FS use 
and is accompanied by a limited understanding of supplement compo
sition, dosage, and potential adverse effects. The present study extends 
this framework by examining gym users’ perceptions and awareness of 
FS contamination and adulteration. It pursues three primary objectives: 
(i) to characterise the level of knowledge and awareness of FS contam
ination and adulteration among recreational athletes in a gym-based 
setting; (ii) to compare risk perception, regulatory awareness, and 
perceived health consequences of contamination between FS users and 
non-users; and (iii) to examine associations between sociodemographic 
variables, including sex, age, and educational level, and risk perception 
scores. Given the absence of validated instruments for this specific 
domain and the limited prior literature, the study is primarily explor
atory and comparative in design.

2. Methodology

2.1. Study design and population

The present analysis employed a cross-sectional study design con
ducted across multiple gyms in Lisbon (Portugal), with participant 
recruitment via face-to-face interviews conducted between March and 
May 2023. A convenience sampling approach was used. The final sample 
comprised 303 adults of both sexes, aged from 18 to 76 years (mean age 
30.82 ± 12.84 years). Inclusion criteria required participants to be at 
least 18 years old, able to understand and communicate in Portuguese, 
and engaged in recreational physical activity. For the purposes of this 
study, ‘recreational athletes’ were operationalised as individuals who 
attend commercial gyms and engage in physical exercise on a recrea
tional (non-competitive, non-federated) basis, irrespective of training 
frequency or modality. Further details regarding the study population 
and methodology have been previously reported (Lopes et al., 2024).

The sample size was estimated using the formula: n = z2 × p (1 - p)/ 
W2, where n represents the required sample size, z corresponds to the 
standard normal distribution (defined as 1.96 for a 95% confidence 
level), p denotes the estimated prevalence of FS use based on prior 
Portuguese data, and W represents the acceptable margin of error (5%). 
The p used in the sample calculation was derived from the most recent 
national data reported in the Fitness Barometer Portugal 2022, devel
oped by Portugal Ativo and the Center for Economic and Institutional 
Studies of the Autonomous University of Lisbon, which estimated 
691,656 active gym members in Portugal (Pedragosa et al., 2022). As no 
official prevalence data were available specifically for the Lisbon region, 
the national estimate was retained. To account for potential regional 
variability, the margin of error was conservatively increased to 6%. The 
resulting minimum sample size was 267 participants.
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The study was conducted in accordance with the ethical principles 
outlined in the Declaration of Helsinki (World Medical Association, 
2024) and received approval from the Ethics Committee of the School of 
Health Sciences and Technologies, Lusófona University (EC. 
ECTS/P12-23), approved on 28 March 2023. Before participation, oral 
informed consent was obtained from all participants.

2.2. Study instruments

The data collection instrument was adapted from published ques
tionnaires (Alhakbany et al., 2022; Ruano and Teixeira, 2020; Sadek 
et al., 2022). Since no validated tool specifically addressing the 
perceived contamination risk of FS was available, the research team 
incorporated additional items. A pilot test with 10 individuals was 
conducted beforehand to assess questionnaire clarity and 
comprehensibility.

The questionnaire consisted of four sections. The first section 
collected sociodemographic characteristics, including age, sex, educa
tion, employment status, residence, marital status, monthly income, 
health status, medication use, and smoking habits. Self-reported body 
mass and height were used to calculate body mass index (BMI) according 
to Quetelet's formula [body mass (kg)/height2 (m2)] (Garrow and 
Webster, 1985). The second section covered exercise-related data, 
including gym membership duration, exercise frequency, training 
duration (both in and out of the gym), and training goals. The third 
section explored safety-related behaviours and perceptions concerning 
FS use, including FS use status, label-reading practices, perceived 
product value, purchase priorities, awareness of contaminant classes 
and other substances potentially present in FS, and perceived health 
risks associated with FS use. Finally, the fourth section evaluated 
knowledge and risk perception.

The participants initially answered an open-ended question to assess 
their understanding of the regulatory definition of FS. Afterwards, the 
participants were acquainted with a standardised clarification of the FS 
definition based on Directive 2002/46/CE and Portuguese Decree-Law 
N◦ 118/2015 (“Foodstuffs intended to supplement the typical diet, consist
ing of a concentrated source of a nutrient or of other substances that have a 
nutritional or physiological effect, in a simple or combined form, commer
cialised in dosed formulas, capsules, tablets, pills and other similar forms, 
bags of powder, vials of liquid, dropper bottles and other similar forms of 
liquids and powders, which is taken in small, quantified amounts”). To 
ensure a consistent frame of reference, participants only proceeded to 
the remaining items of the questionnaire after this clarification. Subse
quent questions assessed concerns and beliefs regarding FS use, 
including whether FS may replace a healthy diet, interact with medi
cations, cause adverse or toxic effects, be contaminated, or pose over
dose risks, as well as perceptions of market regulation and control. 
Response formats included “Yes/No/I don't know” options, with one 
item rated on a four-point adequacy scale (non-existent, insufficient, 
sufficient, excessive). Multiple responses were permitted where appli
cable. The questionnaire comprised 36 questions.

2.3. Perception score

As no validated questionnaires adequately addressing this topic were 
available in the literature, a perception score was developed for this 
study. To quantify participants' perceived knowledge and awareness of 
potential FS contamination or adulteration, a nine-item, non-validated 
scoring instrument was used. Each item was scored as 0 (incorrect or 
unmet criterion) or 1 (correct or met criterion), yielding a total score 
ranging from 0 to 9 points that operationalised participants’ ability to 
recognize FS-related safety risks (Table 1). The resulting score was 
subsequently used in exploratory analyses of associations with partici
pant characteristics.

2.4. Statistical analysis

Statistical analysis was performed using IBM SPSS Statistical Package 
for Social Sciences version 22.0 (IBM Corp., Chicago, IL, USA). 
Normality of continuous variables was verified, using the Kolmogorov- 
Smirnov test for n > 50 and the Shapiro-Wilk test for n ≤ 50. Para
metric or nonparametric tests were subsequently selected based on data 
distribution. Categorical variables were presented as percentages and 
frequencies, whereas continuous variables were expressed as 
mean ± standard deviation (SD) or median with interquartile range 
(IQR), as appropriate. Associations between categorical variables were 
analysed using the Chi-squared test, Fisher's exact test, and Monte Carlo 
simulation, depending on expected frequencies. Continuous variables 
were compared between categorical groups using the Student's t-test, 
the Mann-Whitney U test, or the Kruskal-Wallis test, depending on 
distributional assumptions.

To explore the relationships between individual knowledge and risk 
perception items and the overall score, linear regression models were 
estimated with the perception score as the dependent variable and 
questionnaire items as independent variables. Internal consistency of 
questionnaire sections was evaluated using Cronbach's alpha: α = 0.630 
for the general safety concerns section and α = 0.510 for the knowledge 
and risk perception section (excluding the definition item). The latter 
value indicates moderate internal consistency, which is considered 
acceptable for exploratory research purposes. All statistical tests were 
two-tailed, with a statistical significance level set at p < 0.05.

3. Results

Overall, 303 recreational athletes were included in the study [me
dian age: 26.00 (IQR: 16.00) years; FS users: 71.95%]. Men (56.11%), 
single individuals (77.89%), graduated (54.79%), employed partici
pants (67.00%), participants with a monthly family income between 
€1000 and €3000 (53.14%), and non-smokers (64.69%) constituted the 
majority of respondents. Table 2 summarises the general characteristics 
of the study population. The median height was 1.72 (IQR: 0.13) m, the 
median body mass was 70.00 (IQR: 18.00) kg, and the median BMI was 
23.51 (IQR: 4.04) kg/m2. FS users were more frequently men 
(p = 0.003) and had significantly greater height and body mass than FS 
non-users.

FS knowledge and purchasing behaviours stratified by FS use are 
presented in Table 3. Most participants reported reading FS labels 
habitually. Non-users placed greater value on professional counselling, 
while FS users prioritised product quality (p = 0.007). Notably, safety 
was rarely cited as a purchasing criterion in either group (Table 3).

Remarkably, only 4.95% of participants correctly identified the 
regulatory definition of FS (Table 4), indicating limited objective 
knowledge about these products. Demographic characteristics of 

Table 1 
Knowledge and risk perception items related to food supplements (FS).

Item Classification (+1 
point)

1. Correctly identifies the regulatory definition of FS. Yes
2. Believes that FS can replace a balanced diet. No
3. Recognises that FS may interact with medicines. Yes
4. Acknowledges the potential for toxic or harmful effects 

associated with FS.
Yes

5. Recognises that FS could be contaminated or contain 
undeclared substances.

Yes

6. Perceives the risk of contamination in FS to be higher than 
medicines.

Yes

7. Recognises that excessive intake of FS may lead to serious 
health consequences.

Yes

8. Perceives the FS market as adequately regulated. No
9. Perceives the level of regulatory control of FS on the 

market as sufficient.
No
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participants who failed to identify the regulatory definition of FS 
correctly are presented in Fig. 1, with younger participants (18–25 
years) and FS users being most frequently represented.

Significant differences in beliefs were observed across demographic 
groups, as shown in Table 4. When compared with FS users, non-users 
were more likely to believe that FS could replace a healthy diet 
(p = 0.024), to recognize potential interactions between FS and medi
cines (p = 0.045), and to express concern about the possibility of 
overdose-related harm (p = 0.010). Non-users were less likely than FS 
users to perceive market control as adequate (p = 0.044). Furthermore, 
men were more likely to consider contamination risk higher in FS than in 
medicines (p = 0.034) and to perceive market control of FS as sufficient 
(p = 0.019). Regarding educational level, graduated participants 

perceived a higher risk of contamination of FS than of medicines 
(p = 0.043). Participants aged 26-40 years were significantly more likely 
to believe that FS may be contaminated or contain undeclared sub
stances. The mean score for knowledge and risk perception of FS was 
4.70 ± 1.36 out of 9 points. The perception score was not significantly 
associated with FS use, sex, educational level, or age.

Perceptions regarding FS market control and regulation are illus
trated in Fig. 2. Approximately 22.00% and 26.50% of participants 
expressed scepticism regarding adequate control and regulation, 
respectively, while a large fraction of the participants (46.54% and 
40.92%) reported a lack of knowledge about these topics.

The perceptions of contaminant and adulterant classes among FS 
users and non-users are presented in Fig. 3. Non-users were more likely 
to believe that FS could be contaminated, whereas a higher percentage 
of users perceived a lower likelihood of contamination (52.94% vs 
45.41%, respectively). Additionally, non-users most frequently identi
fied industrial pollutants as the principal class of potential contami
nants, followed by nutritional modifiers and heavy metals. FS users 
more often referred to nutritional modifiers, pesticides, and industrial 
pollutants as the predominant contaminant or adulterant categories. 
Regarding the least frequently perceived class of contaminants or 
adulterants, both groups identified doping substances. However, this 
perception was less common among FS users (15.15%) compared with 
non-users (28.89%).

Significant demographic differences were observed in perceived 
potential health risks associated with contaminated and adulterated FS 
(Table 5). Men more frequently associated contamination with renal 
effects (p = 0.026), whereas women were more likely to identify car
diovascular (p = 0.006) and hepatic (p = 0.013) effects. Furthermore, 
participants with a higher educational level were more likely to recog
nize potential carcinogenic effects than those without an academic 
background (p = 0.010). The same tendency regarding carcinogenic 
effects was observed in older participants (p = 0.018), who also 
demonstrated greater concern about potential hepatic effects 
(p = 0.019). The linear regression analysis of categorical predictors 
associated with this knowledge and perception score is shown in Table 6. 
Participants with a graduate level scored on average 0.341 points higher 
than those without a graduate level. Additionally, occupational status 
was associated with higher perception scores: workers (B = 0.814; CI: 
0.128–1.501; p = 0.009) and students (B = 0.904; CI: 0.228–1.580; 
p = 0.020) had higher perception scores than non-working participants.

A linear regression model of individual item scores showed that 
seven out of nine questionnaire items were significantly associated with 
higher knowledge and risk perception of the FS score (Table 7). Correct 
identification of the regulatory definition of FS (B = 1.158; CI: 
0.461–1.855; p = 0.001), recognition that FS cannot replace a balanced 
diet (B = 1.177; CI: 0.572–1.783; p < 0.001), awareness of interaction 
with medicines (B = 1.402; CI: 1.136–1.668; p < 0.001), belief in 
possible contamination (B = 1.538; CI: 1.284–1.792; p < 0.001), 
perception of higher contamination risk (B = 1.436; CI: 1.168–1.704; 
p < 0.001), awareness of overdose harm (B = 1.302; CI: 0.994–1.609; 
p < 0.001), and perception of insufficient market control (B = 1.768; CI: 
1.479–2.058; p < 0.001) were all positively associated with a higher 
total perception score, indicating greater overall awareness of FS-related 
risks.

4. Discussion

The use of FS by recreational athletes is a hot topic that should be 
approached from multiple perspectives. FS may support training adap
tation and recovery when appropriately used (Martínez-Sanz et al., 
2017; Rodriguez-Lopez et al., 2022; Walpurgis et al., 2020). However, 
their widespread use raises safety concerns, particularly given docu
mented contamination and adulteration, which could compromise 
product quality and pose potential health risks (Costa et al., 2019). This 
duality between perceived benefit and toxicological uncertainty 

Table 2 
Sociodemographic and lifestyle characteristics of participants according to food 
supplements use.

Total 
Population 
(n = 303)

FS non-users 
(n = 85)

FS users 
(n = 218)

p-value

Sex, % (n)
Men 56.11 (170) 42.35 (36) 61.47 (134) 0.003 b

Women 43.89 (133) 57.65 (49) 38.53 (84)
Age, years 26.00 (16.00) 27.00 (22.00) 26.00 (14.00) 0.073 a

Height, m 1.72 (0.13) 1.68 (0.13) 1.73 (0.15) 0.008a

Body mass, kg 70.00 (18.00) 66.00 (18) 72.00 (17.25) 0.006a

BMI, kg/m2 23.51 (4.04) 23.31 (4.33) 23.53 (3.89) 0.253 a

Marital status, % (n)
Single 77.89 (236) 69.41 (59) 81.19 (177) 0.084 b

Married 15.51 (47) 21.18 (18) 13.30 (29)
Divorced 6.60 (20) 9.41 (8) 5.50 (12)

Educational level, % (n)
Undergraduate 45.21 (137) 45.88 (39) 44.95 (98) 0.884 b

Graduate 54.79 (166) 54.12 (46) 55.05 (120)
Occupation, % (n)

Non-worker 5.61 (17) 9.41 (8) 4.13 (9) 0.178 b

Worker 67.00 (203) 62.35 (53) 68.81 (150)
Student 27.39 (83) 28.24 (24) 27.06 (59)

Monthly family income, % (n)
< €1000 8.58 (26) 8.24 (7) 8.72 (19) 0.177 b

€1000-3000 53.14 (161) 56.47 (48) 51.83 (113)
> €3000 31.68 (96) 24.71 (21) 34.40 (75)

Smoking status, % (n)
Non-Smoker 64.69 (196) 61.18 (52) 66.06 (144) 0.658 b

Ex-Smoker 17.16 (52) 17.65 (15) 16.97 (37)
Smoker 18.15 (55) 21.18 (18) 16.97 (37)

Data are presented as a percentage (n) for categorical variables and median 
(IQR) for continuous variables. Group comparisons were performed using a 

Mann-Whitney U test or b Chi-square test, as appropriate. Abbreviations: BMI, 
body mass index; FS, food supplements.

Table 3 
Behaviours and perceptions related to food supplements use.

Total 
Population 
(n = 303)

FS non-users 
(n = 85)

FS users 
(n = 218)

p-value

FS label reading, % (n)
No 31.02 (94) 29.41 (25) 31.65 (69) 0.705 a

Yes 68.98 (209) 70.59 (60) 68.35 (149)
Feels well- 

informed 
about FS, % (n)

45.88 (139) 17.65 (15) 56.88 (124) < 0.001a

Purchase priorities, % (n)
Counselling 24.09 (73) 37.65 (32) 18.81 (41) 0.007 b

Safety 1.32 (4) 0.00 (0) 1.83 (4)
Brand 10.89 (33) 11.76 (10) 10.55 (23)
Price 16.83 (51) 11.76 (10) 18.81 (41)
Quality 46.87 (142) 38.83 (33) 50.00 (109)

Data are presented as percentages (n) for categorical variables. Group compar
isons were performed using a Chi-squared test or b Monte Carlo test, as appro
priate. Abbreviations: FS, food supplements.
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Table 4 
Knowledge and risk perception of food supplements across participant categories.

Total 
Population 
(n = 303)

FS use Sex Education level Age

No 
(n = 85)

Yes 
(n = 218)

p- 
value

Men 
(n = 170)

Women 
(n = 133)

p- 
value

Undergraduate 
(n = 137)

Graduate 
(n = 166)

p- 
value

18-25 years 
(n = 148)

26-40 years 
(n = 88)

41-80 years 
(n = 67)

p- 
value

1. Correctly identifies the 
regulatory definition of FS, %

4.95 4.70 5.00 0.902 5.90 3.80 0.398 5.80 4.20 0.517 7.43 3.41 1.49 0.126

2. Believes that FS can replace a 
balanced diet, %

6.60 11.76 4.59 0.024 5.29 8.27 0.300 7.30 6.02 0.656 6.08 6.82 7.46 0.927

3. Recognises that FS may 
interact with medicines, %

55.78 62.35 53.21 0.045 52.35 60.15 0.125 48.18 62.05 0.052 54.05 60.23 53.73 0.909

4. Acknowledges the potential 
for toxic or harmful effects 
associated with FS, %

98.02 97.64 98.17 0.771 97.65 98.50 0.599 97.08 98.80 0.286 96.62 98.86 100.00 0.205

5. Recognises that FS could be 
contaminated or contain 
undeclared substances, %

47.53 52.94 45.41 0.238 44.71 51.13 0.267 45.25 49.40 0.472 41.22 59.09 46.27 0.028

6. Perceives the risk of 
contamination in FS to be 
higher than medicines, %

40.59 37.65 41.74 0.514 45.88 33.83 0.034 34.31 45.78 0.043 37.84 47.73 37.31 0.270

7. Recognises that excessive 
intake of FS may lead to 
serious health consequences, 
%

71.62 82.35 67.43 0.010 70.59 72.93 0.653 71.53 71.69 0.976 72.97 73.86 65.67 0.468

8. Perceives FS market as 
adequately regulated, %

32.68 28.24 34.40 0.555 37.06 27.08 0.177 32.85 32.53 0.998 32.43 29.55 37.31 0.591

9. Perceives the level of 
regulatory control of FS on the 
market as sufficient, %

27.06 18.82 30.28 0.044 32.35 20.30 0.019 29.93 24.70 0.308 30.41 19.32 29.85 0.151

Total scorea 4.70 (1.36) 4.75 
(1.35)

4.68 
(1.36)

0.746 4.73 (1.32) 4.66 (1.41) 0.590 4.57 (1.34) 4.81 (1.37) 0.115 4.64 (1.38) 4.94 (1.36) 4.51 (1.28) 0.131

Data are presented as percentages for categorical variables and mean (SD) for continuous variables. Group comparisons were performed using the Chi-square test and Mann-Whitney U or Kruskal-Wallis tests, as 
appropriate. Abbreviations: FS, food supplements. a Score ranged from 0 to 9 points.
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underlines the present study's focus on safety perception in gym 
environments.

Approximately 72% of participants reported using FS, suggesting an 
upward trend compared with earlier Portuguese studies that reported 

Fig. 1. Demographic distribution of participants with incorrect food supplements (FS) definition by (A) age, (B) sex, (C) FS use, and (D) educational level.

Fig. 2. Participant awareness of (A) control and (B) regulation of the food supplements market. 
Abbreviations: NK/NR, Not known/No response.

Fig. 3. Perceptions of food supplements users and non-users regarding major contaminant and adulterant classes.
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consumption rates of 43-66% (Ruano and Teixeira, 2020; Sousa et al., 
2013). Such high prevalence implies repeated exposure and therefore 
increases the cumulative probability of encountering contaminated or 
adulterated products. From a toxicological perspective, frequent FS 
consumption represents a recurrent exposure scenario in which vari
ability in product quality may lead to intermittent contact with Ta
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Table 6 
Linear regression analysis of categorical predictors associated with the knowl
edge and risk perception of food supplements score.

Perception Score

B (95% CI) p-value

Sex
Men 1.00 (REF) -
Women − 0.068 (− 0.378–0.242) 0.667

Age (continuous) − 0.006 (− 0.018–0.006) 0.312
Number of FS intake − 0.044 (− 0.196–0.107) 0.564
FS use

No 1.00 (REF) -
Yes 0.024 (− 0.455–0.504) 0.920

Education level
Undergraduate 1.00 (REF) -
Graduate 0.341 (0.017–0.664) 0.039

Occupation
Non-Worker 1.00 (REF) -
Worker 0.814 (0.128–1.501) 0.009
Student 0.904 (0.228–1.580) 0.020

Feels well-informed about FS
No 1.00 (REF) -
Yes − 0.030 (− 0.339–0.279) 0.849

Data expressed as B (95% CI). Abbreviations: B, regression coefficient; CI, con
fidence interval; REF, Reference - baseline category for categorical predictors; 
FS, food supplements.

Table 7 
Linear regression analysis of perception questionnaire items associated with 
higher knowledge and risk perception of food supplements score.

Response 
scored as 
correct

B (95% CI) p-value

Questionnaire item
1. Correctly identifies the 

regulatory definition of 
FS.

Yes 1.158 (0.461–1.855) 0.001

2. Believes that FS can 
replace a balanced diet.

No 1.177 (0.572–1.783) < 0.001

3. Recognises that FS may 
interact with medicines.

Yes 1.402 (1.136–1.668) < 0.001

4. Acknowledges the 
potential for toxic or 
harmful effects 
associated with FS.

Yes 1.054 (− 0.044–2.152) 0.060

5. Recognises that FS could 
be contaminated or 
contain undeclared 
substances.

Yes 1.538 (1.284–1.792) < 0.001

6. Perceives the risk of 
contamination in FS to 
be higher than 
medicines.

Yes 1.436 (1.168− 1.704) < 0.001

7. Recognises that 
excessive intake of FS 
may lead to serious 
health consequences.

Yes 1.302 (0.994–1.609) < 0.001

8. Perceives FS market as 
adequately regulated.

No − 0.135 (− 0.484− 0.213) 0.445

9. Perceives the level of 
regulatory control of FS 
on the market as 
sufficient.

No 1.768 (1.479–2.058) < 0.001

Data expressed as B (95% CI). Abbreviations: B, regression coefficient; CI, con
fidence interval; FS, food supplements.
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undeclared substances, increasing the likelihood of cumulative toxico
logical burden over time (Costa et al., 2019).

In line with prior literature (Goston and Correia, 2010; Jawadi et al., 
2017; Sousa et al., 2013), men used FS more frequently, contributing to 
differences in anthropometrics between users and non-users. These 
differences likely reflect training goals and body composition patterns 
rather than intrinsic biological determinants of supplementation 
behaviour. In this previously characterised cohort, FS users were pri
marily motivated by muscle gain, whereas non-users reported 
well-being as their primary motivation (Lopes et al., 2024). 
Goal-oriented supplementation may increase vulnerability to products 
marketed with exaggerated or misleading benefits (Jarthon and Durand, 
2017). Training frequency also differed between groups (Lopes et al., 
2024), corroborating previous observations (Goston and Correia, 2010; 
Jawadi et al., 2017; Lacerda et al., 2015). Higher exercise volume may 
increase perceived nutritional demands and encourage FS use (Cohen 
et al., 2018; Incze and Katz, 2018), although perceived requirements do 
not necessarily reflect physiological deficiencies, reinforcing the need 
for evidence-based guidance.

Although many participants reported reading labels, purchasing 
priorities rarely included safety, and approximately half of the partici
pants perceived themselves as adequately informed. However, 
perceived knowledge did not translate into regulatory understanding, as 
95% of participants failed to identify the legal definition of FS, consis
tent with reported knowledge gaps in gym-based populations 
(Alhakbany et al., 2022; Sadek et al., 2022). Jawadi et al. (2017), in a 
cross-sectional study among 299 gymnasium users in Riyadh, Saudi 
Arabia, found a FS prevalence of 37.8%, predominantly among men, 
with information sourced primarily from online sources (38.0%) and 
coaches (35.4%), while physicians and dietitians were rarely consulted. 
This reliance on non-specialist sources was also documented by Alhak
bany et al. (2022) among Saudi adults attending fitness centres, where 
over 20% of participants perceived protein supplements as entirely 
risk-free, and more than one-third either did not know the associated 
risks or could not identify them specifically. Sadek et al. (2022), 
studying 455 Lebanese athletes, reported that more than 90% did not 
believe FS should undergo safety testing before marketing, while 
approximately 55% were unaware of possible FS-drug interactions, a 
proportion strikingly similar to that observed in our study. Across these 
geographically and culturally diverse settings, the recurrence of inflated 
self-perceived knowledge alongside documented regulatory ignorance 
and limited risk awareness suggests a structural pattern in gym-based 
populations that transcends national context, reinforcing the need for 
standardised, toxicologically informed education strategies. Misclassi
fication of FS (e.g., as powdered protein products) may narrow risk 
appraisal and underestimate formulation diversity. Misconceptions that 
FS can prevent or treat diseases may promote inappropriate self-directed 
use, particularly when consumers substitute professional advice with 
supplementation practices (European Commission, 2016a). Impor
tantly, safety frameworks assume regulatory compliance, and the EC 
report concludes that horizontal food legislation provides sufficient 
guarantees for FS safety (European Commission, 2016b). However, 
these safeguards may be undermined by non-compliance and adultera
tion, which remain documented in international markets (Costa et al., 
2019; Tucker et al., 2018).

Our data also show a perceptual gradient between FS users and non- 
users: users tended to express more favourable beliefs regarding sup
plementation, whereas non-users more frequently recognised in
teractions with medicines and expressed concerns regarding overdose 
harm. This patternmay reflect the influence of marketing and avail
ability cues, and aligns with evidence that food-drug interaction risks 
remain insufficiently recognised in professional training and practice 
(Beirão et al., 2025). Advertising often emphasises performance and 
aesthetic benefits while minimising potential risks, which may 
contribute to an inflated perception of safety, particularly when prod
ucts are framed as “natural” (Druker and Gesser-Edelsburg, 2017; 

Goston and Correia, 2010). Furthermore, widespread availability may 
strengthen implicit assumptions of oversight (Cohen, 2009), potentially 
distancing consumer expectations from toxicological realities.

A more nuanced finding concerns how FS users and non-users 
conceptualise contamination. Non-users predominantly associated 
contamination with industrial or environmental pollutants, whereas 
users more often referred to undeclared or illegal compounds that alter 
product composition. These contrasting perceptions likely reflect se
lective awareness rather than incorrect beliefs per se. From a toxico
logical perspective, both categories correspond to documented risks. 
Industrial contaminants such as heavy metals, pesticide residues, or 
mycotoxins are linked to renal, hepatic, neurological, or cardiovascular 
toxicity (Costa et al., 2016, 2019; Naz et al., 2024). Conversely, unde
clared pharmacologically active substances, including anabolic agents, 
stimulants, or prescription drugs, are recurrently reported and may lead 
to acute toxicity, endocrine disruption, or cardiometabolic complica
tions (Skalicka-Woźniak et al., 2017; Tsarouhas et al., 2018). Impor
tantly, neither group demonstrated comprehensive awareness across the 
full toxicological spectrum, indicating fragmented risk perception that 
may be shaped by partial information.

Participants most frequently identified endocrine, cardiovascular, 
hepatic, and renal harms as plausible outcomes. Toxicological evidence 
supports these target-organ concerns: FS may be adulterated with 
anabolic-androgenic agents and stimulants, and contaminated with in
dustrial chemicals and residues, which are associated with recognised 
organ-specific toxicities, including hepatic injury, cardiovascular 
events, endocrine disruption, and renal impairment (Cohen, 2009; Costa 
et al., 2019; Skalicka-Woźniak et al., 2017). Regarding specific adul
terant classes, analysis of the RASFF portal for the period 2011–2022 
identified phosphodiesterase-5 inhibitors as the most frequently notified 
pharmaceutical adulterant (235 records), followed by stimulants, 
including 1,3-dimethylamine (97 records) and synephrine (53 records), 
as well as anorexics, anabolics, and prohormones. Over 65% of these 
notifications were classified as serious risks (Amidžić et al., 2023). Un
declared anabolic-androgenic agents and stimulants are of particular 
concern in gym-based populations, given their association with acute 
cardiometabolic events, endocrine disruption, and, in the case of certain 
stimulants, severe hepatotoxicity leading to organ failure 
(Skalicka-Woźniak et al., 2017). The alignment between perceived 
harms and known toxicological targets suggests partial concordance, but 
lower contamination awareness among users indicates a gap between 
potential exposure and risk recognition.

Demographic patterns suggest that cognitive and experiential factors 
influence risk perception. Men expressed greater concern about renal 
effects, which may reflect awareness of high-protein supplementation 
practices (Goston and Correia, 2010; Lopes et al., 2024; Ruano and 
Teixeira, 2020), although current evidence does not support consistent 
harm in healthy individuals (Van Elswyk et al., 2018). Women more 
frequently identified cardiovascular and hepatic concerns, consistent 
with the liver's detoxification role (Barcelos et al., 2020; Trefts et al., 
2017) and potential exposure to undeclared stimulant active substances 
(Corcoran, 2025). Education level also influenced perceived risk: par
ticipants with higher levels of education more frequently recognised 
carcinogenic concerns, possibly reflecting higher health literacy and 
improved access to scientific and regulatory information (Hahn and 
Truman, 2015). Older participants more often recognised hepatic and 
carcinogenic risks (Guido and Mileti, 2022), whereas younger in
dividuals may prioritise rapid performance outcomes over long-term 
safety implications (Geller et al., 2015; Kim et al., 2018). These pat
terns underscore the need for tailored risk communication approaches.

Given the limited literature specifically addressing perceived FS 
contamination, the present work contributes a behavioural toxicological 
perspective in real-world gym settings. Although exploratory, this 
approach enabled a structured assessment of awareness relevant to 
consumer vulnerability. However, the total perception score showed 
limited discriminatory capacity across participant subgroups, likely 
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reflecting response clustering (e.g., near-universal endorsement of 
“possible harms”) and uncertainty regarding regulation. This distinction 
suggests that general concern about adverse effects does not necessarily 
translate into regulatory understanding.

Based on these findings, educational programs should guide con
sumers towards safer, evidence-based FS use (Heaney et al., 2011), 
including improved understanding of dosage, interactions, adverse ef
fects, and realistic alternatives to unnecessary supplementation 
(Walpurgis et al., 2020). The fragmented risk awareness documented in 
this and comparable studies underscores the need for structured inter
vention at three complementary levels. At the regulatory level, compe
tent authorities, including the National Authority of Medicines and 
Health Products (INFARMED) nationally, the European Food Safety 
Authority (EFSA) at the European level, and the Food and Drug 
Administration (FDA) in the United States, retain post-market surveil
lance powers that represent a critical line of defence given the shared 
absence of mandatory pre-market safety evaluation across these juris
dictions. Strengthening these frameworks through more systematic 
market monitoring, harmonised nutrivigilance reporting, and trans
parent dissemination of safety notifications to consumers could mean
ingfully reduce the circulation of unsafe products (Amidžić et al., 2023; 
Costa et al., 2019). At the professional level, the recurrent finding across 
gym-based studies that coaches and online sources overwhelmingly 
dominate as information channels, while pharmacists, physicians, and 
dietitians remain marginalised (Jawadi et al., 2017; Sadek et al., 2022), 
signals an urgent need to integrate evidence-based FS counselling into 
the routine practice of healthcare professionals, who are well-positioned 
to deliver targeted interventions on contamination risk, drug in
teractions, and unsafe supplementation practices (Beirão et al., 2025). 
At the consumer level, given that safety was cited as a purchasing cri
terion by fewer than 2% of participants in the present cohort, gym-based 
education and point-of-sale risk communication represent pragmatic 
and scalable preventive strategies, particularly when tailored to the 
demographic profile of the predominant FS consumer group. At the 
policy level, persistent challenges include fragmented oversight of pro
duction and marketing, inconsistent quality assurance, and widespread 
misinformation. Gaps in professional knowledge may further compound 
these issues (Cohen et al., 2018; Sadek et al., 2022; Walpurgis et al., 
2020).

From a regulatory toxicology perspective, these findings highlight 
the importance of strengthening institutional oversight and consumer 
monitoring frameworks to improve early detection of unsafe products. 
Authentication or certification schemes designed to verify product 
quality and safety may enhance transparency and reduce the circulation 
of non-compliant products, although harmonised implementation may 
be constrained by Member States’ economic and regulatory capacities 
(Cohen et al., 2018). Importantly, toxicology-oriented consumer edu
cation also represents a preventive strategy, as improving understanding 
of exposure pathways, dosage, and adverse effects may reduce unsafe 
practices and consequent exposure.

Nevertheless, some limitations must be acknowledged. The conve
nience sampling strategy and cross-sectional design may limit general
isability and preclude causal inference. These constraints may affect the 
strength and scope of inference rather than invalidate the observed as
sociations. Furthermore, interviews conducted in gym settings restricted 
objective measurements due to logistical constraints. The interview- 
based data collection format, while enabling structured face-to-face 
administration, may be susceptible to social desirability bias, with par
ticipants potentially overstating their knowledge of FS safety and 
regulation. An additional limitation is the absence of validated in
struments specifically addressing perceptions of FS contamination or 
adulteration, necessitating the development of an exploratory ques
tionnaire. The resulting perception score demonstrated moderate in
ternal consistency (Cronbach's α = 0.510), and findings derived from it 
should be interpreted with appropriate caution. Future validation 
studies would strengthen interpretability and enable cross-study 

comparability.
Despite these limitations, the findings highlight a critical intersection 

between consumer perception, regulatory awareness, and potential 
toxicological risk. Understanding how gym-goers perceive FS safety 
provides an essential foundation for designing preventive strategies, 
reinforcing the need for education, regulatory transparency, and 
continued toxicological surveillance. Ultimately, aligning consumer 
awareness with documented toxicological realities may reduce exposure 
to unsafe products and support safer supplementation practices, repre
senting a meaningful contribution to public health and sports nutrition 
safety.

5. Conclusion

FS use was highly prevalent in this gym-based population, yet 
perceived knowledge frequently did not correspond to accurate regu
latory understanding. Although many participants reported feeling 
informed, 95% were unable to correctly identify the regulatory defini
tion of FS, and substantial proportions demonstrated limited awareness 
of market control and regulatory oversight, highlighting a gap between 
confidence and comprehension. Differences between FS users and non- 
users further revealed contrasting beliefs regarding safety, drug in
teractions, overdose risks, and contamination sources, suggesting that 
behavioural choices may be shaped by variable risk perception.

Sex- and education-related differences in perceived health conse
quences indicate that awareness of potential renal, cardiovascular, he
patic, or endocrine effects is interpreted through diverse experiential 
and cognitive perspectives. Men more often associated contamination 
with renal effects, while women more frequently identified cardiovas
cular and hepatic outcomes. Participants with higher education or active 
occupational engagement showed greater perception scores, reinforcing 
the role of health literacy in recognising contamination risks.

From a toxicological standpoint, contamination and adulteration of 
FS remain documented concerns with plausible systemic health impli
cations. Aligning consumer awareness with established toxicological 
evidence is therefore essential to support safer supplementation prac
tices. Educational strategies that improve understanding of dosage, in
teractions, and adverse effects may function as primary preventive tools, 
particularly in environments influenced by marketing pressures and 
heterogeneous regulatory enforcement. Strengthening transparency 
through certification or verification systems may enhance product 
safety. Integrating behavioural awareness with toxicological monitoring 
may support safer consumer practices and strengthen regulatory stra
tegies aimed at improving the safety and transparency of the FS market.
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Quirantes-Piné, R.M., Borrás-Linares, I., Segura-Carretero, A., Lozano-Sánchez, J., 

S. Lopes et al.                                                                                                                                                                                                                                    Regulatory Toxicology and Pharmacology 169 (2026) 106106 

10 

https://doi.org/10.3390/healthcare10020394
https://doi.org/10.3390/pharmacy11050154
https://doi.org/10.1016/J.NUTRES.2020.05.005
https://doi.org/10.1016/J.NUTRES.2020.05.005
https://doi.org/10.1177/02601060241263409
https://doi.org/10.1177/02601060241263409
https://doi.org/10.1056/NEJMp0904768
https://doi.org/10.1001/jamainternmed.2018.4846
https://doi.org/10.1080/15563650.2025.2550983
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref8
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref8
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref8
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref8
https://doi.org/10.1080/10715762.2019.1636045
https://doi.org/10.1080/10715762.2019.1636045
https://doi.org/10.1123/ijsnem.2017-0050
https://doi.org/10.1123/ijsnem.2017-0050
https://doi.org/10.1186/s12970-017-0194-7
https://doi.org/10.1016/j.pop.2019.10.002
https://doi.org/10.2875/498189
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref14
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref14
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref14
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref14
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref15
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref15
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref15
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref16
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref16
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref16
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref16
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref16
https://doi.org/10.3390/NU14050945/S1
https://doi.org/10.1186/s12937-015-0055-7
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref19
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref19
https://doi.org/10.1056/NEJMsa1504267
https://doi.org/10.1056/NEJMsa1504267
https://doi.org/10.1016/j.nut.2009.06.021
https://doi.org/10.1016/j.nut.2009.06.021
https://doi.org/10.1080/07359683.2021.1996307
https://doi.org/10.1080/07359683.2021.1996307
https://doi.org/10.1177/0020731415585986
https://doi.org/10.1177/0020731415585986
https://doi.org/10.1186/s12970-018-0247-6
https://doi.org/10.1186/s12970-018-0247-6
https://doi.org/10.1123/ijsnem.21.3.248
https://doi.org/10.1001/jamainternmed.2018.5097
https://doi.org/10.1001/jamainternmed.2018.5097
https://doi.org/10.1080/07053436.2017.1328785
https://doi.org/10.1155/2017/9219361
https://doi.org/10.1155/2017/9219361
https://doi.org/10.1002/cbdv.202000686
https://doi.org/10.1002/cbdv.202000686
https://doi.org/10.21101/cejph.a4920
https://doi.org/10.1155/2022/8387271
https://doi.org/10.1590/S0034-8910.2015049005912
https://doi.org/10.1080/15502783.2024.2388077
https://doi.org/10.1080/15502783.2024.2388077
https://doi.org/10.3390/nu15040881
https://doi.org/10.3390/nu9101093
https://doi.org/10.3390/nu9101093
https://doi.org/10.1177/1941738117727736
https://doi.org/10.1016/J.FOODCHEM.2010.12.028
https://doi.org/10.1016/J.FOODCHEM.2010.12.028
https://doi.org/10.1016/j.fct.2024.114806
https://doi.org/10.7717/peerj.11940
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref40
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref40
http://refhub.elsevier.com/S0273-2300(26)00079-6/sref40


2022. Analysis and screening of commercialized protein supplements for sports 
practice. Foods 11, 3500. https://doi.org/10.3390/foods11213500.

Ruano, J., Teixeira, V.H., 2020. Prevalence of dietary supplement use by gym members 
in Portugal and associated factors. J. Int. Soc. Sports Nutr. 17, 11. https://doi.org/ 
10.1186/s12970-020-00342-z.

Sadek, Z., Mohsen, H., Yazbek, S., Nabulsi, Z.A.A., Sarraj, A.R., Hoteit, M., 2022. Dietary 
supplements use among athletes in Lebanon: knowledge, attitudes, practices, and 
correlates. Foods 11. https://doi.org/10.3390/FOODS11101521.
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