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Abstract

Throughout recent years, dietary supplement usage significantly increased. The reason behind
it is a desire to enhance physical performance due to the healthy-body trend. As the primarily
unregulated market grows, so does the possibility of consumer exploitation. By releasing
products intentionally or unintentionally contaminated by undeclared active compounds,
producers endanger the health of many people worldwide. Components found in ergonutritional
products have a broad spectrum of properties but also many adverse effects, which may occur
in long-term use, including cardiovascular, neurological complications, and hormonal
imbalance, among others. It is pivotal for users to be aware of the possible risks of DS
consumption and crucial for governments to tighten regulations regarding manufacturing,
testing, and labeling food supplements to ensure the safety of consumers.

Keywords: dietary supplements, contamination, doping, sibutramine, higenamine, anabolic
androgenic steroids, AAS, SMARs, DMAA, health risks

1. Introduction

The European Parliament Directive (2002/46/EC) defines a food supplement as a concentrated
source of nutrients or other substances with physiological or nutritional effects whose purpose
is to supplement a regular diet alone or in combination [1]. Annexes I and II to this directive
specify minerals and vitamins that may be used to make DS. Although the labeling and
advertising cannot suggest that the product has properties of curing or preventing human disease
[1], there are no strict regulations before DS hit the market in the means of checking actual
ingredients or if the process of manufacturing DS is correct (conditions in factory and
possibility of DS contamination in the production line) [2]. The lack of law adaptation to the
constantly growing market, to this day, leads to exploitation of the consumer and - in some
cases - even puts his health in danger. The liberal approach to the topic is also noticeable in the
US. There are similarities between the Food and Drug Administration (FDA) and European
supervision of the DS industry, such as no premarket regulations including safety requirements
(for example, obligatory tests regarding the quality or quantity of the compounds) [3]. It relies
on information provided by the public and manufacturers, requiring producers to report serious
side effects [4,5], which paints an inadequate picture of the products themselves because of the
low number of these reports [6,7]. It also does not guarantee a lack of contamination by
forbidden substances and, furthermore, label compliance [6,8]. However, there are countries
such as Canada where DS are described as natural health products (NHPs) and belong to a
specific category of drugs. As a result, they are under Natural Health Products Regulations,
which means that manufacturers and their products must be licensed and need to provide
evidence of the safety and efficacy of the food supplement [9].

The usage of the DS has risen remarkably through the last few years, leading to
predictions that the global food supplement market will reach $307,8 billion value by 2028 [10].
The cause of this high demand is greater society's awareness regarding staying in good health
and shape. So it's not only professional athletes trying to enhance their performance and
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minimize the side effects of intense training [ 11], but also a group of people who exercise daily
or need to fill in the gaps in their diet.

Nonetheless, the athletes are more often tested by the World Anti-Doping Agency
(WADA), so even unintentional doping by using contaminated DS may be detected and,
moreover, lead to negative consequences, including their career [12,13]. This implies that a
broad group of consumers do not know the repercussions of long-term usage of undeclared
substances in supplements that are not appropriately checked before they appear on the market.
In recent years, studies have found that many DS contain compounds such as anabolic
androgenic steroids (AAS) but also prohormones [14,15,16].

2. Purpose of the study

This review paper aims to explore the subject of food supplement contamination and describe
the possible impact of undeclared compounds on health in unintentional everyday usage of
dietary supplements. Based on current literature, it also evaluates ways of preventing it and
highlights the importance of spreading awareness and education about inadvertent doping.

3. Materials and methodology

The literature on which this review was based was gathered through searches on PubMed and
Google Scholar, supplemented by references from the initially retrieved articles. Phrases used
in searches on databases mentioned above are "dietary supplements", "contamination",

"doping", "sibutramine", "higenamine", "anabolic androgenic steroids", "SARMSs" and
"DMAA".

4. Discussion

Dietary supplements are often contaminated by compounds not labeled on the product or the
difference listed and the actual amount of the ingredients. Studies from 12 different countries
have found that the contamination rate of DS is between 12% and 58% [17]. So long-term usage
may cause significant health risks by affecting the cardiovascular system, hormonal balance,
hepatic function, and many more ways that may occur after years. The most common substances
found in food supplements are sibutramine, P2-agonists, selective androgen receptor
modulators, anabolic androgenic steroids, and 1,3-dimethylamylamine. The effects and risks
associated with consuming undeclared substances are thoroughly described in the subsections
of this review.

4.1 Sibutramine

Sibutramine belongs to the group of serotonin and norepinephrine reuptake inhibitors and was
initially developed as an antidepressant. Through the years of therapy, it turned out that
sibutramine has a low effect on depression but decreases appetite, and so on, reduces caloric
intake, resulting in weight loss. In 1997, in the United States, sibutramine was approved for
short- and long-term obesity therapy [18,19]. Side effects such as headache, insomnia, nausea,
constipation, and increased heart rate and blood pressure (systolic and diastolic) were very

3



common [18,20]. The studies showed that in subjects with preexisting cardiovascular risks
receiving long-term sibutramine treatment, the individual rates of nonfatal myocardial
infarction, but also stroke were much increased [21,22].

Furthermore, there is a possibility of liver injury by this medication. The mechanism is unclear,
but sibutramine undergoes extensive hepatic metabolism, and its active intermediate may
induce hepatotoxicity [23]. Since 2010, sibutramine has been withdrawn in the majority of
countries (the US and the European Union) due to an increase in cardiovascular events such as
myocardial infarction, arrhythmias, tachycardia, hypertension, and even induced nonischemic
cardiomyopathy [24].

4.2 Higenamine

Higenamine is an alkaloid identified as a f2-(adrenoreceptor) agonist, which can be extracted
from several different species of plants used, for example, in traditional Chinese medicinein a
broad range of conditions such as heart failure and asthma [25]. It has an inotropic and
chronotropic effect on cardiac function [25,26,27]. Also, studies have shown that higenamine
has a relaxant effect on the smooth muscle of the trachea [28,29] and colon [30]. Moreover, it
enhances metabolism and glucose uptake, comparable to the impact of endogenous
catecholamines such as norepinephrine and epinephrine [31]. Because of its ability to alter the
cardiovascular, respiratory, and even central nervous systems by enhancing performance,
higenamine was included in the Prohibited Substances and Methods List by WADA in 2017
[32]. The intake of this drug can increase blood pressure and may cause irregular heartbeats
[33,34]. There was also a case of paraspinal muscle rhabdomyolysis without renal damage [35].
The side effects such as heart palpitations, nausea, and dizziness were reported during human
clinical studies of the impact of higenamine [34,36]. The substance may also reduce the
effectiveness of blood thinners and blood pressure medications [37,38].

4.3 Anabolic androgenic steroids (AAS)

Food supplements often contain not only parent anabolic steroids but also their precursors. A
study performed by Baume et al. showed that the main prohormones in the DS are those of
nandrolone and testosterone [39]. Besides these, compounds such as metandienone, widely
used in the 1980s by bodybuilders, can be found in supplements [39]. Exogenous steroid use,
especially long-term usage, may disrupt the natural production of hormones (hormonal
imbalance), which may cause reversible or irreversible changes, such as infertility or
gynecomastia [40,41]. Moreover, the intake of AAS is associated with higher cardiovascular
risk by causing hypertension, thrombosis, impaired diastolic filling, left ventricular hypertrophy,
and in long-term use - cardiomegaly and even sudden cardiac death [6,42]. AAS admission may
have a toxic impact on the liver, resulting in cholestasis, hepatic peliosis, adenoma, and
hepatocellular carcinoma [43]. These substances can interact with anticoagulants such as
warfarin, increasing its effect and ipso facto - risk of bleeding complications [44]. Adverse
effects also include AAS-induced behavioral disorders like increased anxiety and
aggression [45].



4.4 Selective androgen receptor modulators (SARMS)

Compared to the AAS, selective androgen receptor modulators have anabolic effects but
without androgenic ramifications, making them popular in the bodybuilding and athlete
community [46]. Studies showed that more than 90% of men were satisfied with SARM usage
because of the increased muscle mass, but also more than half of the users reported significant
side effects, such as mood swings, acne, and decreased testicular size [47]. Furthermore,
SARMs are associated with higher risk of myocardial infarction and stroke, as well as liver
injury and acute liver failure, psychosis, hallucinations, sleep disturbances, infertility,
pregnancy miscarriage, and sexual dysfunction [48]. Currently, the most common substances
found in DS are ostarine and ibutamoren [6], but andarine and arimistane were also detected
[49]. In the U.S., selective AR modulators are considered unapproved drugs and cannot be
legally marketed as a dietary supplement or drug at this time [48].

4.5 1,3-dimethylamylamine (DMAA)

1,3-Dimethylamylamine is an alkylamine stimulant commonly found in dietary supplements
(especially weight loss products because of appetite suppressant properties) and pre-workout
sports nutrition [50,51]. DMAA is often labeled as a part of the geranium plant and used as a
nasal decongestant [6,52]. Reported adverse effects include a higher risk of increased blood
pressure, tachycardia, hemorrhagic stroke, and cardiac arrest [53,54,55]. It's perilous for
consumers who use medications or supplements, that may raise blood pressure and groups of
people who are hypertensive [6]. DMAA is determined as illegal by the FDA [53].

5. Conclusions

The contamination of dietary supplements become a real pressing issue. The number of
different undeclared compounds, in various amounts and with a broad spectrum of properties

(also the adverse effects) in this group of products is now a safety matter. The lack of regulation
on the DS market regarding mandatory analytical control over production lines may result in

numerous health problems for consumers already with higher risks of complications or even

potentially the ones in perfect shape. It is critical that each country's government should have
increased surveillance over the quantity and quality of components, and the labeling of the

product entering the market should be more supervised and checked regularly. In some ways,

it is intentionally misleading the public by producers, marketing enhancement in the physical

form of customers, but simultaneously causing them harm. It is as dangerous as it sounds. There

are third-party testing organizations that, as a neutral body, examine specific products on request.
Still, they are usually available for a particular circle of users, such as athletes, with sponsors

and their livelihoods on the line. Ordinary citizens do not have access to those methods, and
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buying supplements in good faith to improve their condition. Therefore, besides effective
government oversight, there is a need for educational interventions carried out by medical
doctors, nutritional specialists, as well as personal trainers and coaches who often come across
food supplements.

The goal is to increase awareness of the present law regulations of DS manufacturing and about
the possibility of food supplement contamination, especially in the product without special
certification, through lectures, demonstrations, videos, and writing materials like booklets or
flyers, etc., so before purchase, everyone interested in long-term usage could check if the dietary
supplement is good for them. However, to do that, there must be a general principle of
information transparency (included in the labeling of nutritional supplements), which must be
guaranteed and prosecuted by authorities.
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