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Abstract

Background: Tribulus terrestris (Tt) is a popular herbal supplement marketed for performance
enhancement. However, evidence regarding its efficacy and safety remains inconclusive. This study
aimed to investigate the prevalence of Tt use, awareness, and motivations for using it among athletes
and gym-goers in Italy. Methods: An anonymous questionnaire, approved by the National Ethics
Committee and developed in accordance with the GDPR and the Declaration of Helsinki, was
administered in paper and digital formats across Italian gyms. The survey collected socio-
demographic and anthropometric data, information on sports practice, dietary supplement and
anabolic steroid use, and motivations for consumption. After data cleaning, 512 valid responses were
analyzed using descriptive statistics, chi-square tests, t-tests, and non-parametric analyses.

Results: Dietary supplement use was widespread across genders and age groups. Only 5.1% of
respondents reported using Tt-containing products in the past six months, while 14.9% were unsure
whether their supplements contained Tt. Use of Tt was significantly associated with performance
enhancement as the primary motivation (x%(6) =21.83, p = .001). No associations with age, gender, or
purchase channels were observed. Anabolic steroid use was infrequent, but was linked to online
purchasing from potentially unregulated sources. Conclusions: Supplement use appears normalized
among Italian gym-goers, while Tt intake remains limited and poorly informed. These findings
highlight the importance of targeted education and preventive strategies to address misinformation
and dangerous self-administration behaviors.

Keywords: tribulus terrestris; protodioscin; dietary supplements; survey; anonymous questionnaire

1. Introduction

Plant-based supplements and botanical extracts are widely used by athletes as they are often
promoted for their presumed ability to increase muscle mass, enhance energy availability during
exercise and aid weight loss. However, the current scientific evidence does not provide significant
support for effectiveness or safety of these products in sports. In particular, there is a need to identify
any potential adverse effects that could result from their uncontrolled use, whether taken
individually or in combination with other supplements or pharmacological agents. Among the most
popular products in the health and fitness market, Tribulus terrestris-based supplements are widely
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recommended for their supposed ability to increase testosterone production, enhance libido and
fertility.

Tribulus terrestris (Tt) extract, also known as “puncture vine” or “gokhru”, is a herbal
supplement obtained from the leaves and roots of the herbaceous plant Tt, which belongs to the
Zygophyllaceae family and grows in subtropical regions worldwide. Traditionally used in Chinese
and Ayurvedic medicine to treat erectile dysfunction, male impotence, rheumatism, edema,
hypertension and kidney stones, it has become increasingly popular in Western countries since the
1980s, particularly among athletes and bodybuilders interested in enhancing their performance [1-
5]. Tt also exhibits marked stimulating activity on the central nervous system [6].

Commercial Tt products are often sold in tablet form, containing a lyophilized extract that is
enriched in protodioscin, a steroidal saponin representing approximately 45% of the total extract [2—
4], which in animal models has been shown to enhance the endogenous production of sex hormones
(e.g., testosterone, luteinizing hormone (LH) and dihydrotestosterone) and to promote nitric oxide
release, resulting in vasodilation [7-9]. In addition to being promoted for their purported antioxidant
[4,10,11], bacteriostatic [12,13], and antitumor properties [14], Tt supplements are widely marketed
as testosterone enhancers and are also known for their claimed efficacy in managing sexual health
disorders in both males and females [15-17]. These products are available to anyone without a
medical prescription, both through online platforms and authorized herbal product retailers [18-21].

To date, no regulatory restrictions have applied to their sale and production, and the World
Anti-Doping Agency (WADA) has not prohibited their use in sport.

Despite its popularity, there is no scientific evidence that supports the effectiveness of Tt in
improving athletic performance [22,23]. While the supplement appears to be generally well tolerated
in humans and adverse effects are rarely reported, the lack of pharmacokinetic and
pharmacodynamic studies makes it difficult to establish the optimal dosage [13]. Notably, clinical
case reports describe significant adverse events that have occurred even following occasional
consumption of Tt-based products [10,21,24].

Overall, although the global consumption of Tt continues to increase, there is currently no
evidence to support its supposed beneficial properties.

Given the worldwide spread of Tt consumption, its high content of bioactive compounds
(including flavonoids, alkaloids, lignanamides, sterols, and steroidal saponins), its frequent use in
both traditional medicine and sports contexts and the absence of comprehensive human studies, there
is aneed for updated, reliable data on its efficacy, mechanism of action, optimal dosage and frequency
of intake and potential adverse effects in humans.

This study aims to evaluate the real-actual consumption and potential misuse of Tt and/or
protodioscin-containing supplements by analyzing data collected via an anonymous questionnaire
administered to gym attendees across Italy. The primary objectives are to achieve an in-depth
understanding of consumption patterns, the underlying motivations and frequency of use, as well as
to evaluate the participants’ assessment of the impact on sports performance.

2. Materials and Methods

The questionnaire was developed based on previously validated survey forms that were used
in other public health campaigns conducted by the Italian National Institute of Health (ISS) and it
was reviewed and approved by the National Ethics Committee. Supported by the Italian Ministry of
Health, the study was conducted in accordance with the ethical principles outlined in the Declaration
of Helsinki, as well as in compliance with Regulation (EU) 2016/679 of the European Parliament and
of the Council (General Data Protection Regulation, GDPR), which governs the protection of
individuals with regard to the processing of personal data. Participation required explicit informed
consent for the processing of personal data to be provided. The questionnaire was divided into five
thematic sections containing multiple-choice questions and was designed to take a few minutes to
complete. The questions covered socio-demographic information, such as sex and age, and
anthropometric data like body weight and height, as well as demographic characteristics concerning
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place of residence and gym attendance. Additional sections explored details of sports practice and
the use of dietary supplements in general. There was also specific information requested regarding
the use of Tt-containing supplements, including the type of product, purchasing channels and
intended purpose. Information was also requested about the use of anabolic-androgenic steroids.

The survey was distributed in paper format at several gyms across Italy and in digital format,
via web links and QR codes. The digital option was implemented at the request of participating gyms
and facilitated data collection and management while ensuring a higher degree of confidentiality for
respondents. In compliance with the General Data Protection Regulation (GDPR) and Italian privacy
legislation, all questionnaires were anonymized and each survey was assigned a randomly generated
alphanumeric code. The completed questionnaires were collected and examined to determine the
prevalence of dietary supplement use among athletes.

A dedicated database was configured using available software at the ISS for data management
and analysis. The dataset included demographic variables and detailed information on the type and
frequency of dietary supplement and anabolic-androgenic steroid use, as well as the motivational
context underlying these behaviors. Questionnaires were excluded from the analysis if respondents
had not acknowledged the privacy policy and provided informed consent. In the case of digital
submissions by minors, questionnaires were excluded if no informed consent had been obtained from
a parent or legal guardian.

A total of 696 questionnaires were initially collected. Of these, 51 were excluded: 50 due to the
absence of consent and 1 due to incomplete completion, despite the participant providing consent.
The remaining 645 questionnaires underwent data cleaning, following confirmation that participants
had reviewed the information on personal data processing and provided informed consent.

Data cleaning procedures led to the exclusion of an additional 133 questionnaires because they
were either incomplete, unreliable, or completed by minors. The final sample of valid questionnaires
included in the analyses comprised 512 respondents.

3. Results

The final sample consisted of 512 participants, (47.1% men and 49.0% women). Participants’ ages
ranged widely from 18 to 71 years, with a mean age of 32.44 years, as shows in Table 1. The most
frequently reported age was 18, indicated by 37 participants. Regarding anthropometric
characteristics, the mean height was 171.46 cm (range: 148-196 cm), and the mean weight was 69.69
kg (range: 42-110 kg). From a geographical perspective, participants were primarily residents of
Ancona (n = 110; 21.36%), followed by Rome (n = 76; 14.76%), Florence (n = 57; 11.07%), Palermo (n =
24; 4.66%), and Milan (n = 11; 2.14%). The remaining participants were distributed across various
smaller locations throughout the country. 66.5% reported regularly training at the gym, while 11.7%
engaged in competitive sports. Only 5.1% of participants (n = 26) reported using supplements
containing Tribulus Terrestris in the past six months, and 14.9% were uncertain whether their
supplements contained this ingredient. Usage during the previous week was even lower (n = 21;
4.1%).

Table 1. Characteristics of the Total Sample (N = 512).

Variable Category n %
Male 240 47.1
Gender Female 250 49.0
Prefer not to answer 20 3.9
Yes, competitive level 59 11.7
Sport activity Yes, train regularly at 336 66.5

the gym

No 57 11.3
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Other 39 7.7

No response 14 2.8

To improve 66 12.9
performance

To compensate for 53 104

Reason for using
nutritional deficiencies

supplements To improve physical 32 6.3
appearance

Other 21 41

Use of supplements Yes 26 5.1
containing Tribulus No 88 17.2
Terrestris (last 6 Don't know 60 11.7

months)

Internet 22 43

Pharmacy 16 3.1

Usual purchase channel Sports store 8 1.6
Gym 4 0.8

Other 6 1.2
Age (years) Mean (SD) 32.46 12.23
Weight (kg) Mean (SD) 71.09 33.79
Height (cm) Mean (SD) 170.47 15.75

Analyses of gender, type of sports activity, and supplement purchase channels revealed no
statistically significant associations with Tt use, as indicated by chi-square tests (p >.05). However, a
significant difference was observed regarding the reason for supplement use (x(6) = 21.83, p =.001):
Tribulus was more frequently used by individuals aiming to enhance performance than by those
using supplements for aesthetic purposes or to compensate for nutritional deficiencies.

Independent-samples t-tests showed no significant differences between users and non-users of
Tt in terms of age or the number of capsules or sachets consumed. Similarly, the non-parametric
Kruskal-Wallis test confirmed that age did not differ significantly across the different usage
subgroups (p =.959).

3.1. Tribulus Terrestris Users

Among the 114 participants reporting recent supplement use, 22.8% (n = 26) reported using Tt.
All the characteristics of the participants who used Tt are presented in Table 2. Its use was not
significantly associated with gender, sport participation, purchase channel, or recent anabolic steroid
use (all p>.12).

A significant association emerged, however, between Tt use and the primary reason for
supplement intake (x2(3) = 19.733, p <.001), with the substance more frequently used by those aiming
to enhance physical performance (57.7%) compared to other purposes, such as addressing nutritional
deficiencies or improving appearance.

No significant differences were observed between Tt users and non-users in terms of age, weekly
number of capsules/sachets, or gender (all p > .40, small effect sizes), nor in relation to purchase
channel.

Table 2. Characteristics of Participants Who Used Tribulus Terrestris (n = 26).

Variable Category / Statistic Value

Gender Male 61.5%
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Female 34.6%
Prefer not to answer 3.8%

Age (years) Mean (SD) 34.12 (9.18)
Competitive 26.9%
Sport activity Regular gym training 61.5%
Other / none 11.6%
Improve performance 57.7%
Reason for using supplements Compensate nutritional 3.8%

deficiencies

Improve physical appearance 38.5%
Internet 42.9%
Sports store 21.4%
Usual purchase channel Gym 21.4%
Pharmacy 7.1%
Other 7.1%

Capsules taken in the last week Mean (SD) 8.65 (7.62)
Sachets taken in the last week Mean 1.00

Drops taken in the last week Mean 140
Use of anabolic steroids (last 6 Yes 4.2%
months)
Significance (x?) Reason for use <> TT use X2(6)=21.83, p=.001

4. Discussion

The present study provides an updated and comprehensive overview of the awareness,
motivations, and consumption patterns associated with Tt and other dietary supplements among
gym-goers and athletes in Italy. There was evidence of a specific and significant association between
its use and the intention to enhance body performance, although the overall low prevalence of Tt use
was 5.1%. This suggests that Tt is perceived overall as an ergogenic supplement, consistent with the
widespread belief that it can increase testosterone release and physical performance. This
understanding is discordant with current scientific research that does not demonstrate any
appreciable anabolic or ergogenic effect in people [1,19,22,23]. Indeed, while early preclinical animal
studies suggested androgenic-like effects of Tt, largely as a result of saponin Protodioscin effect [7-
9], subsequent controlled human clinical trials all reported infinitesimal or non-statistically
significant findings. For example, Ferndndez-Lazaro et al. [1] reported no increase in hormonal
response, body composition, or performance after six weeks of Tt supplementation in trained
CrossFit® athletes, while a systematic review by the same authors confirmed the absence of apparent
advantages in sport and health biomarkers [23]. These findings underscore a persistent discrepancy
between popular perception and evidence-driven knowledge, uncovering the processes of placebo
effects, expectancy bias, and advertising messages that organize consumer decision making.

The notion that "natural" can be equated with "safe" or "effective" appears deep-seated among
supplement consumers, particularly within gym settings where social influence and casual expertise
are strong [19,20]. These assumptions can lead to unsupervised consumption and risk minimization,
like product adulteration, dosing variations, and potential interactions with other supplements or
medications [13,21]. Notably, a high percentage of this study's participants (14.9%) did not know
whether their supplements contained Tt, reflecting overall label illiteracy and ingredient awareness,
because of the high heterogeneity in the composition of commercial Tt products, which changes
according to factors such as plant source, extraction methods, and standardization processes [2—4,7].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Moreover, quality control issues, including adulteration with unlisted pharmacologically active
ingredients or synthetic analogues, have been reported [22], suggesting the need for stricter
regulatory surveillance and more transparent labeling.

Motivational analysis shows that the primary reason for Tt-supplement intake was enhancement
of performance. This supports existing literature where performance optimization has been noted as
a dominant factor for supplement use by recreational athletes [19,22,23]. Many users seem to perceive
Tt as a natural, legal substitute for anabolic steroids, with the belief that it is safe, even without
adequate evidence of effectiveness [19]. These attitudes are generally supported by social media, peer
advising, and fitness culture, that valorize supplementation as a legitimate path to improvement.

Consequently, the consumption of supplements is normalized as part of the training schedule
in both sexes and across all age ranges, as suggest also by other European research [20,22] raising
ethical and public health concerns over medicalization of sport and performance.

While the prevalence of anabolic-androgenic steroid (AAS) use in our data was low, the data
revealed a notable preference for online purchasing, especially among individuals motivated by
aesthetic goals. This behavior poses serious risks, as online markets for performance-enhancing
substances often lack adequate regulation and quality assurance [21]. The anonymity and
accessibility of these channels may lower barriers to experimentation and facilitate access to
counterfeit or contaminated products. This phenomenon fits within the broader paradigm of image-
and performance-enhancing drug use, where the pursuit of rapid physical transformation often
overrides considerations of safety and health. Addressing such behaviors requires targeted
interventions focused on digital literacy, consumer awareness, and the regulation of e-commerce
platforms involved in supplement distribution.

From a public health perspective, the findings of this study underscore the urgent need for
coordinated strategies integrating education, regulation, and risk communication. Better labeling
regulations, disclosure of active compounds, and product authenticity certification would better
safeguard consumers. Concurrently, there must be educational campaigns to encourage evidence-
based knowledge among gyms' customers and sportsmen to emphasize low effectiveness and
potential harm of untested herbal supplements. As Tt is absent in the World Anti-Doping Agency
(WADA) Prohibited List [20], itis likely to be viewed by athletes as a harmless performance-enhancer.
However, such reasoning blurs the distinction between legal enhancement and doping intent, and
suggests the need for preventive measures and education campaigns aimed at so-called "grey-zone"
drugs—that is, drugs that are not banned but are widely abused due to insidious manipulation.

Despite the strengths of this research, such as its focus on a circumscribed but unstudied
population, some limitations should be noted. Cross-sectional design precludes causal inference, and
self-reports may be subject to recall or social desirability bias, particularly for sensitive topics such as
steroid use. Furthermore, if spread geographically, the sample might not be representative of all
Italian gym-goers. Future research should therefore use longitudinal and mixed-method designs to
assess temporal change in supplement consumption and analyze psychological, sociocultural, and
online drivers of use. The combination of biomarker-based evaluation and label confirmation may
enhance the accuracy of data and help deliver a more accurate assessment of exposure, efficacy, and
safety. Further studies must investigate dose-response relations, interactions between drugs and
pharmacological effects, and the interaction between knowledge, motivation, and risk perception,
thus informing the development of personalized preventive and educational policies.

Finally, the results of this study highlight the gap between perceived and actual effectiveness of
Tt, universality of normalization of supplement use, and prevalence of myths relating to natural
products safety and efficacy. These results demand a multidisciplinary approach—synthesizing
public health policy, sports medicine, and behavioral sciences—to bring about informed decisions
and prevent risk of uncontrolled supplementation in sport and recreational settings.

5. Conclusions
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Analysis of the collected questionnaires suggests that dietary supplements are widely used by
individuals engaged in sports activities at various levels, both to compensate for potential nutritional
deficiencies and to enhance physical performance. This behaviour appears to be uniformly
distributed across gender and age groups, suggesting the intake of supplements has become
normalised within the sporting population.

By contrast, the use of supplements containing Tt is considerably less prevalent, and users are
less well-informed about them. Many participants reported being uninformed about the presence of
this substance in the products they consumed, highlighting a significant lack of information
regarding supplement labelling and composition.

Although the percentage of people reporting the use of anabolic-androgenic steroids (AAS) was
low, this still represents a significant finding. The data highlight a clear preference for online
purchasing, often from potentially unregulated sources, with motivations primarily related to
enhancing physical appearance and, to a smaller amount, improving performance. These findings
underscore the need for targeted educational interventions, improved labeling standards, and
stronger market surveillance to reduce misinformation and prevent self-administration of potentially
harmful substances. Future studies should explore the psychosocial and digital factors influencing
supplement use, as well as investigate the real composition and physiological effects of herbal
ergogenic aids like Tt. Strengthening the connection between public health policies, sports medicine,
and behavioral education will be key to promoting informed, safe, and evidence-based
supplementation practices.
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