
CHARLES UNIVERSITY 
FACULTY OF MEDICINE IN PLZEŇ

SAFETY OF DIETARY SUPPLEMENT USE 
BEZPEČNOST DOPLŇKŮ STRAVY

-habilitation thesis-

PharmDr. Jitka Pokladníková, Ph.D.
Plzeň 2023



1

Declaration

I declare hereby that I made this habilitation thesis by myself and that I mentioned 
and cited properly all the sources and literature. At the same time, I declare that this 
thesis was not used to obtain another or the same title.

I agree with permanent deposition of an electronic version of my thesis in the 
system database of interuniversity project Thesis.cz for a permanent control of 
similarities of theses.

........................................
Signature of the author

In Pilsen on ........................................
 Name – Surname



2



3

Research projects were conducted at the Department of Social and Clinical 
Pharmacy at Faculty of Pharmacy at the Charles University in Prague in Hradec 
Králové, the Czech Republic in cooperation with University Hospital and Faculty 
of Medicine, Charles University in Prague, Hradec Králové, Czech Republic; 
Hradec Králové University; Palackého University in Olomouc; Commenius 
University in Bratislava; Spojená akreditační komise of the Czech Republic; the 
Division of Pharmacoepidemiology and Pharmacotherapy of the Utrecht Institute 
for Pharmaceutical Science, Utrecht, the Netherlands; at the WHO Collaborating 
Centre for International Drug Monitoring, Uppsala Monitoring Centre, Uppsala, 
Sweden; Department of Clinical Pharmacology and Toxicology in University 
Hospital Zurich in Switzerland; Keck School of Medicine of University of Southern 
California; University of Otago in New Zealand; John A. Burns School of Medicine 
at the University of Hawaii at Manoa and the Southampton University in the United 
Kingdom.

The research was supported in part by the Cooperatio Programme for the 
institutional support of science and research at the Charles University (former 
Research program Development and Study of Drugs Progress Q42) and by Specific 
University Research (SVV), Faculty of Pharmacy, Charles University in Prague; 
by the European Union Grant Leonardo da Vinci (CZ/05/A/PL/134243), in part by 
the Ministry of Health of the Czech Republic MH CZ-DRO (UHHK, 00179906); the 
I-CARE4OLD project (HORIZON2020 – GA965341), the

Ageing, Polypharmacy and Changes in the Therapeutic Value in the AgeD 
research group and the European project InoMed, reg. No: CZ.02. 1. 01/0.0/0.0/18_069/ 
0010046 (2019– 2022); Sasakawa Asthma Fund in collaboration with the Olga Havlova 
Foundation in Prague and Josef Pliva Foundation, as well as Svitavy community 
pharmacies.

PharmDr. Jitka Pokladníková, Ph.D. received a Leonardo da Vinci fellowship 
for a practical training at the WHO-Uppsala Monitoring Centre in Sweden and the 
Southampton University in the United Kingdom.

There was no conflict of interest at any stage of the research work: design and 
conduct of the study; collection, management, analysis, and interpretation of the 
data; and preparation, review, or approval of the manuscripts.



4

Contributions

The work described in this habilitation thesis is my own original research done 
unless otherwise stated.

MSc Pharm Jitka Pokladníková participated in the following stages of preparation 
of all manuscripts:

Study conception and design

Collection/extraction and management of data

Analysis and interpretation of data

Preparation of manuscript

Critical revisions and approval of final version of manuscript



5

Acknowledgements

First and foremost, I would like to thank doc. PharmDr. Daniele Fialová, 
Ph.D. for her support and encouragement when finalizing my habilitation thesis. 
I am deeply grateful to Dr. Ronald Meyboom and prof. George Lewith for their 
incredible mentorship and my pharmacovigilance and the integrative medicine 
research methodology training at the World Health Organization and Southampton 
University. I also thank medical specialists MUDr. František Musil, Ph.D., doc. 
MUDr. Irena Krčmová, CSc., M.D.; Vladimír Vogeltanz V, M.D.; PhDr. Mariana 
Stefančiková, Ph.D. for close collaboration on the research projects; Mgr. Iva Selke-
Krulichová, Ph.D., Mgr. Jiří Haviger, PhD., and Mgr. Aleš Kuběna, PhD for providing 
statistical supervision for the studies and Eva Kodytková, prom.fil., prof. Bohuslav 
Mánek and Dr. Daniel Diaz for translation and proofreading of some parts of our 
manuscripts. I would also like to acknowledge all the work done by our pre- and 
post-graduate students of the Research Working Group for Complementary and 
Integrative Medicine at the Faculty of Pharmacy at the Charles University, especially 
PharmDr. Julie Zubrová, Ph.D.

Special thanks belong to my family and friends for their enduring support 
throughout my work and the course of writing of this habilitation thesis.



6

Contents

 Declaration 1

1 Introduction 9

1.1 Dietary supplements 12
1.1.1 Definition of dietary supplement vs. medicinal product 12
1.1.2 Regulation and labeling of dietary supplements 15
1.1.3 Prevalence and predictors of dietary supplement use 21

1.2 The safety of dietary supplement use 22
1.2.1 Monitoring of safety of dietary supplements 27
1.3 Dietary supplement use in patients during pre-operative period 32
1.4 Safety of food additives in dietary supplements 34
1.5 Quality of information on the internet related to dietary supplements 37

2 Scope and outline of the thesis 39

3 References 42

4 Studies on the selected aspects of safety of dietary supplement use 61

4.1  Allergy-like immediate reactions with herbal medicines:
  A Retrospective Study Using Data from VigiBase®. 62

4.2 Allergy-like immediate reactions with herbal medicines in children:
  A retrospective study using data from VigiBase®. 76

4.3 Use of dietary supplements by patients in the pre-operative period
  in the Czech Republic 87

4.4 Safety assessment of food additives in top-selling dietary supplements
  in the Czech Republic 100

4.5 The quality of information on the internet relating to top-selling dietary 
supplements in the Czech Republic  111

5 List of publications 124

6 Summary 126



7

Abbreviations

ADI Acceptable Daily Intake Adverse Drug Reaction
ADR the Adverse Event Reporting System
CAERS The CFSAN Adverse Event Reporting System
CAFIA the Czech Agriculture and Food Inspection Authority
CFSAN the Center for Food Safety and Applied Nutrition
CNC Czech Nutrivigilance Centre
CYP Cytochrom P450
DS Dietary Supplements
EFSA European Food Safety Authority
EMA the European Medicines Agency
EU European Union
FAO Food and Agriculture Organization of the United Nations
FDA Food and Drug Administration
GRAS Generally Recognized as Safe
HMPC The Committee on Herbal Medicinal Products
JECFA Joint FAO/WHO Expert Committee on Food Additives
NOAEL No Observed Adverse Effect Level
P-gp  P-glycoprotein
RASFF the Rapid Alert System for Food and Feed
SIDC State Institute for Drug Control 
WHO World Health Organization



8



Introduction

1

9



10

1 INTRODUCTION 

The consumption of dietary supplements (DS) is increasing worldwide. The 
Global Dietary Supplements Market is estimated to be USD 139.38 billion in 2024, 
and it’s projected to reach USD 173.69 billion by 2029 (1). 

In Europe, the market is expected to grow from USD 21.64 billion in 2024 to USD 
33.30 billion in 2029 (2).

The market growth is driven by consumers’ growing interest in maintaining 
and improving their overall health. In Europe, an increased demand for DS was 
especially noted for products supporting the digestive, immune, cardiovascular 
and skin health. The expansion of the market is further fueled by the digitalization 
of the retail sector and is expected to also grow due to an increase in popularity of 
herbal supplements (2).

In Europe, the prevalence rates of dietary supplement usage range from 5% to 
over 50% (3). When comparing Europe to some other western countries, the USA 
has the highest dietary supplement consumption rate at 58.5%, followed by Canada 
(47.3%) and Australia (43.2%) (4-6).

In the Czech Republic, three of four Czechs bought a dietary supplement in the 
last year and spent an average of 5,700 CZK on DS per year (2023) (7, 8). Czechs were 
mainly buying DS for the support of their musculoskeletal, gut and skin health. Two 
fifths of Czechs used a DS to enhance their health while treating an underlying 
health condition. Multivitamins, single minerals (magnesium, zinc, calcium), single 
vitamins (vit.C, D, B), probiotics/prebiotics, fish oil, collagen and herbals were the 
most popular DS used for the maintaince of good health (7). 

Approximately one-third of all adults reported using DS concurrently with 
prescription medications. A doctor-informed medical condition turned out to be 
a potential risk factor for the concomitant use of DS and prescription medication (9). 
When individuals use both DS and prescription medications simultaneously, there 
is a potential for DS-drug interactions (10). 

These interactions can affect the effectiveness and safety of prescribed 
medications, especially for chronic conditions (11, 12). For example, systematic 
review of Czigle S et al. have identified herb-drug interactions related to commonly 
used herbs affecting the central nervous which can lead to therapeutic failure and/
or side effects of prescribed medication (e.g., concomitant use of Hyperici herba and 
antithrombotic agents can result in an increased risk of bleeding) (13).

Even though DS are generally considered safe and many documented 
interactions remain of uncertain clinical significance, emphasizing the need for DS-
drug interaction awareness is essential in making informed decisions in clinical 
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practice. For example, a study by Aznar-Lou et al. investigated the prevalence 
of potentially serious DS-drug interactions among users of selected drugs using 
a nationally representative data obtained from the National Center for Health 
Statistics and Centers for Disease Control and Prevention in the United States. The 
authors reported a prevalence rate of potential DS-drug interaction of 49%. Older 
age and higher education was strongly associated with the occurrence of a potential 
interaction (11). In the UK, researchers analyzed older adults registered at UK 
general practices who frequently use DS to assess the prevalence of the occurrence 
of DS-drug interactions. Older adults combined DS with prescription drugs in 78% 
of cases. Almost 33% of them were at risk of potential interactions with DS (12). 

Dietary supplements often contain many ingredients which can lead to not only 
DS-drug interactions but also to other unpredictable and/or undesired effects (14-
17), especially in specific population groups such as children, pregnant and lactating 
women, older people and people with chronic conditions (18). 

Some adverse reactions may also be attributable to a lack of standardization, 
contamination, adulteration, plant misidentification/substitution as well as their 
inappropriate labeling or improper use (22-30). 

In addition, clients frequently fail to discuss the appropriate use of DS with their 
physicians to ensure their safe use due to their lack of awareness regarding the risks 
associated with DS use or because health-care providers do not inquire about DS 
usage during consultations (31, 32). 

In clinical practice, time constraints and limited knowledge and/or access 
to evidence-based information sources of healthcare professionals were mainly 
reported to hinder the provision of evidence-based information about DS to clients 
(33-37).

Consumers may also be misled by false or inaccurate information when 
purchasing DS online, particularly if they fail to consult a healthcare professional, 
e.g., when marketers of DS make misleading claims about their products treating or 
preventing diseases (26-30). 

In summary, the widespread use of dietary supplements, their potential health 
benefits, along with possible adverse effects and the need for improved regulation, 
indeed highlight the importance of conducting more research and implement 
new findings in these areas. This would be valuable and of interest for health 
care professionals, consumers and health-care policy makers on local as well as 
international level.

Therefore, four different aspects of the safety of DS, namely allergy- like 
immediate reactions in adults and children in connection with herbal use using data 
from VigiBase®, the risks associated with dietary supplement use in patients in the 
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pre-operative period, the safety of food additives in top-selling dietary supplements 
in the Czech Republic, and the quality of information on the internet relating to 
top-selling dietary supplements in the Czech Republic, were investigated and the 
results of the studies are further presented in the habiliation thesis.

1.1 Dietary supplements 

1.1.1 Definition of dietary supplement vs. medicinal product

Dietary supplement

The European Food Safety Authority (EFSA) defines DS as: “food supplements… 
concentrated sources of nutrients (i.e. mineral and vitamins) or other substances with 
a nutritional or physiological effect that are marketed in “dose” form (e.g. pills, tablets, capsules, 
liquids in measured doses). A wide range of nutrients and other ingredients might be present in 
food supplements, including, but not limited to, vitamins, minerals, amino acids, essential fatty 
acids, fibre and various plants and herbal extracts” (38).

The European Union (EU) defines DS as: “…food supplements..  means  foodstuffs 
the purpose of which is to supplement the normal diet and which are concentrated sources of 
nutrients or other substances with a nutritional or physiological effect, alone or in combination, 
marketed in dose form, namely forms such as capsules, pastilles, tablets, pills and other similar 
forms, sachets of powder, ampoules of liquids, drop dispensing bottles, and other similar forms of 
liquids and powders designed to be taken in measured small unit quantities” (39).

The Czech Ministry of Agriculture defines DS as a special category of food. 
Dietary supplement is defined in Act No. 110/1997 Coll., on foodstuffs and tobacco 
products and on Amendments to Certain Related Acts, as “food, the purpose of which is 
to supplement the normal diet and which is a concentrated source of vitamins and minerals or other 
substances with a nutritional or physiological effect, contained in food alone or in combination, 
intended for direct consumption in measured small unit quantities” (40).

Medicinal products, herbal medicinal products, traditional herbal medicinal 
products are defined and regulated by Act No. 456/2023 Coll., amending Act No. 
378/2007 Coll., on Pharmaceuticals and on Amendments to Certain Related Acts 
(the Act on Pharmaceuticals), as amended (41). 

Medicinal product

A medicinal product is defined as
“(a) a substance or combination of substances presented as having therapeutic or preventive 

properties in case of human or animal diseases, or
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(b) a substance or combination of substances that can be used in humans or administered to 
humans, or to use in animals or to administer to animals, either for the purpose of restoration, 
treatment  or  influencing  physiological  functions  through  pharmacological,  immunological  or 
metabolic effect, or for the purpose of determination medical diagnosis” (41).

EU legislation on pharmaceutical products for human use also applies to 
traditional herbal medicines.

Herbal medicinal product

Herbal medicinal products are defined as: “any medicinal product, exclusively containing as 
active ingredients one or more herbal substances, one or more herbal preparations, or a combination 
of the two. As they are medicinal products, the registration process is the same as for other medicinal 
products” (41).

Traditional herbal medicinal product

Traditional herbal medicinal products are herbal medicinal products for human 
use that meet the following conditions (41):
“(a) are intended to be administered by mouth, externally, or by inhalation;
(b) are intended to be administered exclusively in a certain strength and dosage;
12
(c) their indications correspond exclusively to those of traditionally used herbal
medicinal products, designed and designed on the basis of their composition and intended
use, for use without the supervision of a physician necessary for diagnostic, prescribing or
monitoring of treatment
(d) the period of traditional use laid down in paragraph 3(a) has expired; e),
(the period of traditional use for treatment has passed for at least 30 years,
of which at least 15 years in the European Union),
(e) the indications on the traditional use of such a medicinal product are sufficient; In
particular, it has been established that the product is not harmful under the conditions of
use and that the pharmacological effects or efficacy of the medicinal product are evident
from long-term use and experience.”

For the approval of traditional herbal medicines, a simplified registration 
procedure is used where safety data, experience from long-term use in a certain 
indication based on literature sources, documentation related to the composition, 
production process, pharmaceutical test results and a list of countries where 
registration or marketing authorization has been documented need to be 
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submitted. The Committee on Herbal Medicinal Products (HMPC) at the European 
Medicines Agency (EMA) focuses on (1) establishing EU monographs covering 
the therapeutic uses and safe conditions of well-established and/or traditional use 
for herbal substances and preparations; (2) drafting a EU list of herbal substances, 
preparations and combinations thereof for use in traditional herbal medicinal 
products. A list of herbal substances, preparations, and combinations for use in 
certain traditional herbal medicinal products has been established by Commission 
Decision 2008/911/EC. A herbal medicinal product can be introduced to the market 
after it is registered in compliance with the Herbal Directive 2004/24/EC in one of 
three main regulatory regimes: a) traditional use registration, b) well-established 
use marketing authorisation, and c) stand-alone or mixed application (42). Dietary 
supplements containing herbal ingredients are not included in this category (41).

Borderline preparations

The boundary between DS and some other categories of products is very narrow, 
and the categorization of a specific preparation must be carried out on a case-by-
case basis. Borderline preparations may be subject to the assessment by the State 
Institute for Drug Control (SIDC) who decides whether the specific product falls 
into the category of a medicinal product or another category of products (e.g., DS, 
medical devices ect.) with different regulation. Yet, SIDC have not determined 
specific rules for product categorization (41).

Unlike DS, medicinal products are regulated by Act No. 456/2023 Coll., amending 
Act No. 378/2007 Coll., on Pharmaceuticals and on Amendments to Certain Related 
Acts (the Act on Pharmaceuticals), as amended, as mentioned earlier (41). Medicinal 
products are thus used for the prevention and treatment of diseases, dignosis or 
alleviating health problems. Although DS affect human physiology, they must not 
be declare any therapeutic effect and are intended only to promote health (43, 44). 

While the European Union aims for harmonization in various areas, including 
food regulations, there are still differences in way how member states interpret 
and implement these regulations. Food categorization is one such area where 
discrepancies can occur. Even though products may have identical characteristics, 
they might end up in different categories due to varying national guidelines (45).

It is important to note that we may find the terms herbal medicine, herbal 
supplement or dietary supplement containing identical herbals used interchangeably 
in the literature regardless of the classification status in the respective country and 
its legislation. Consumers also commonly do not differentiate between the terms 
dietary supplement, herbal medicine, traditional herbal medicine and quite often 
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they do believe that all these categories  are safe (as they perceive them as natural) 
and are tested for efficacy and safety (44, 46). 

1.1.2 Regulation and labeling of dietary supplements

In the Czech Republic, the Ministry of Agriculture is the competent authority 
who is responsible for DS (47). In the European Union, the responsibility for DS lays 
with different organizations in individual EU member states (47).

As mentioned earlier, regulation of DS is important since it is directly related 
to the quality and safety of DS. Under the current legislation, DS are not subject 
to the same safety precautions as prescription and over-the-counter medications. 
Medicinal products are subject to registration before being placed on the market in 
the Czech Republic. The authorized authority for human medicinal products is the 
SIDC. The registration procedure requires an extensive documentation in which the 
applicant proves the safety, efficacy and quality of the product (42).

In the contrary, the manufacturer or distributor of DS does not have to prove the 
efficacy and safety of DS. Yet, prior to the first introduction of a dietary supplement 
or fortified food on the market, they shall comply with the notification obligation in 
accordance with Act No. 110/1997 Coll. on food and tobacco products, by registering 
via the link on the website of the Ministry of Agriculture and provide information 
on the composition and other properties of the product and, if necessary, insert the 
label. By submitting the text of the label, including mandatory information, which 
will be included on the product’s packaging, before the first launch of the DS on the 
market through the Food Notification System, the legal obligation is fulfilled (40). 
The Ministry of Agriculture collaborates with National Institute of Public Health. 
The National Institute of Public Health may assess the product before or during 
the notification and issue a Health Safety Certificate which is valid for 1 or 3 years. 
The assessment includes an evaluation of the composition of the product, forms of 
vitamins and minerals, use of plant parts and their extracts from the point of view 
of traditional use in the EU, the amount of active ingredients in the recommended 
daily dose as well as an assessment of the labeling of the product (health claims, 
recommended warnings for sensitive population groups) from the point of view of 
health safety and applicable legislation. A laboratory tests are done as well. Efficacy 
of the product is not tested. If all legislative requirements are met, the dietary 
supplement can be placed on the market on the same day when notification was 
sent to the Ministry of Agriculture (48). 

The food business operator must also report the dietary supplement to the place 
of destination, or inform the relevant supervisory authorities (Czech Agriculture 



16

and Food Inspection Authority, CAFIA) about the intake of selected types of food 
including dietary supplements from another EU Member State or from a third 
country according to the Decree No. 172/2015 Coll., on the information obligation 
of the recipient of food at the place of destination, as amended (48).

Dietary supplement composition

Requirements for the composition of DS are regulated in the Czech Republic by 
Decree No. 58/2018 Coll., on food suplements and composition of foodstufs which 
refers to substances that can be used for the production of DS and the conditions 
under which they can be used. Annex No.1 lists the name of the plants, parts of 
the plants and the maximum permissible amount in the daily dose (44). On the 
other hand, Annex No. 2 lists substances that cannot be used in the production of 
food. The Decree No. 58/2018 Coll. also refers to Annexes No. I and II of Directive 
2002/46/EC on the approximation of the laws of the Member States relating to DS, 
as amended by the directly applicable regulations of the European Union, which list 
vitamins and minerals that can be used for the production of dietary supplements 
and establishes their recommended daily allowances (49).

Regulation (EC) No. 1925/2006 of the European Parliament and of the Council 
of 20 December 2006 on the addition of vitamins and minerals and certain other 
substances to food, also regulates the use of plants in DS by listing substances of 
herbal origin which are prohibited or restricted in use including requirements 
for their labeling (e.g., appropriate warnings) (50). A section on plants which the 
European Commission intends to review for their safety is also included.

If a dietary supplement contains any „new ingredient“ or  „a new type of food“ 
as described in the Regulation (EU) 2283/2015 of the European Parliament and of the 
Council dated November 25, 2015 on novel foods, amending Regulation (EU) No. 
1169/2011 of the European Parliament and Council and repealing Regulation (EC) 
No. 258/97 of the European Parliament and Council and Commission Regulation 
(EC) No. 1852/2001, it is subject to an approval process and enough studies on 
their safe consumption before it is put on the market must be provided (51). For 
a new ingredient, an evidence of history of consumption in significant quantities 
before 5/15/1997 in the territory of any EU member state, regardless of the date of 
accession to the EU, is not documented. A catalogue of substances is published by 
the European Commission and can be found on the website http://ec.europa. eu/
food/safety/novel_food/catalogue/search/public/index.cfm (52). It is a non-binding 
tool and a non-exhaustive list and serves as orientation on whether a product will 
need an authorisation under the Novel Food Regulation (53).

Moreover, a national list of some plants, or their parts, for use in the production 
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of DS in the Czech Republic was created as a consensus by the following parties: 
Ministry of Agriculture of the Czech Republic, Czech Agriculture and Food 
Inspection Authority, The National Institute of Public Health, State Institute for 
Drug Control, Federation of the Food and Drink Industries of the Czech Republic 
and Czech and Slovak Association of Special Foods. The list applies only to plants 
created by traditional breeding methods. Conditions of their use are also given for 
some herbs. It was published in 2021 and is recommendatory in nature only. The list 
is available at: 

https://eagri.cz/public/web/file/721405/Narodni_seznam_nekterych_rostlin_
pro_pouziti_pri_vyrobe_doplnku_stravy.pdf (54).

Food additives contained in the final product must comply with other regulations 
related to the use of food additives or contaminants in foodstuff (55, 56).

Dietary supplement labels

General requirements for food labeling of DS as stated by Act No. 58/2018 Coll. 
on food supplements and food composition must not attribute properties related 
to the prevention, treatment or cure of human diseases or refer to these properties 
(26). Statements stating or implying that a balanced diet cannot provide a sufficient 
amount of vitamins and/or minerals are not permitted. In addition, it is necessary 
to state on the packaging of the DS the following: 1. the label “dietary supplement” 
2. the name of vitamins, minerals or substances characterizing the product 3. data on 
the amount of vitamins, minerals or other substances related to the recommended 
daily dose 4. data on the content of vitamins and minerals also in percentages of the 
daily recommended dose 5. recommended daily dosage and possibly other conditions 
of use 6. warning against exceeding the daily recommended dosage 7. warning that 
the products should be stored out of the reach of children 8. notice that DS is not 
a substitute for a balanced diet. It is not mandatory for the manufacturers of dietary 
supplements to provide information on contraindications, DS-drug interactions, 
and adverse reactions on the label unless otherwise specified for stated cases (26).

Health and nutritional claims

Regulation (EC) No. 1924/2006 harmonizes rules for using nutrition and health 
claims on food labels and in advertising from the point of view of their nutritional 
value and impact on health. It aims at increasing consumer protection and unifying 
conditions for food producers, especially those of DS (57, 58). 

Health claim (Regulation (EC) No. 1924/2006) - is any claim that states, suggests, 
or implies a link between a food category, a food or one of its ingredients and 
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health. Health claims consist of a) claims about reducing the risk of disease which 
state, indicate or imply that the consumption of a certain food category, food or 
any of its components significantly reduces the risk of developing a certain human 
disease (Article 14 and according to Articles 15, 16, 17 and 19), b) claims regarding 
the development and health of children (Article 14 and according to Articles 15, 
16, 17 and 19), c) claims supported by generally accepted scientific data (functional 
claims): physiological function, behavioral function and weight loss (according to 
Article 13.1) and d) claims based on new scientific findings and claims protected by 
patent (according to No. 18) (57, 58).

Only approved health claims by the European Food Safety Authority (EFSA) after 
the effectiveness based on scientific findings have been already confirmed can be 
used on dietary supplement labels and commercial communications (according to 
Article 13 or 14). On hold claims which EFSA has not yet issued an expert opinion on 
are valid only temporarily. Both negatively assessed and not-yet-reviewed on-hold 
health claims can still be used and maybe used while complying with Regulation 
(EC) No. 1924/2006 and national rules is required until a decision on the on-hold list 
is taken (57, 58).

Nutrition claims (Regulation (EC) No. 1924/2006, Commission Regulation (EU) 
No 116/2010 and No 1047/2012 amending Regulation (EC) No 1924/2006 with regard 
to the list of nutrition claims) - attributes beneficial properties to the food based on 
energy, nutrients or other substances contained or not contained in food and is thus 
related to the content.

Medical claim (Regulation (EU) No. 1169/2011) - the term „medical claim“ is not 
directly defined anywhere in the legislation, on the basis of Article 7, paragraph 3 of 
Regulation 1169/2011, it can be defined as a claim that ascribes to food a property 
that enables the prevention, mitigation or cure of a disease. For example, names of 
diseases (e.g., diarrhoea), names of symptoms (e.g., pain), words otherwise associated 
with diseases or health problems (e.g., prevention, acute) can be considered medical 
claims. Nevertheless, it is forbidden to make medical claims on a dietary supplement 
and give such impression also by means of graphics, as part of a product name or 
by placing them in categories (57, 59), e.g., in sections in pharmacies. For example, 
the medicinal product called Condrosulf has the following therapeutic indication 
based on the Summary of Product Characteristics: „it is indicated for the treatment of 
degenerative joint diseases, especially gonarthrosis, coxarthrosis and arthrosis of the finger joints“ 
vs. a dietary supplement containing glucosamine sulfate and chondroitin sulfate 
can only use an approved health claim: „it can contribute to the normal activity (flexibility, 
mobility) of the joints“.
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Other claims fall under different legislation (e.g., claims for consumers with 
lactose intolerance such as „lactose free“, production labels such as „bio“ or 
„organic“, on aromas) or no legislation (e.g., lifestyle claims such as „active life“, 
beauty claims such as „for shiny hair“, slogans such as „gives you wings“) (57).

Some aspects of the differences in the provision of DS vs medicines are 
summarized in Table 1. 
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Table 1: Differences in the provision of dietary supplements vs medicines 
(adopted and revised from 60)

Dietary supplements Medicines

Intended use A concentrated source of nutrients or other substances, 
the purpose of which is to supplement the normal diet. 
Claims about the medicinal, preventive properties of the 
supplement must not be stated on the packaging of the 
dietary supplement.

A substance or combination of substances 
with curative or preventive properties.

Approval process They are not approved, the manufacturer or importer 
only has an information obligation to the Ministry of 
Agriculture of the Czech Republic, to which they must 
send the text of the Czech label of the dietary supplement 
before it is put on the market for the first time. Before 
placing on the market, the manufacturer is not obliged 
to prove the effectiveness of the dietary supplement.

Medicines must go through an approval 
procedure (registration) before being 
put on the market, in this process 
the effectiveness, quality and safety 
of the product are evaluated, the 
manufacturer submits toxicological 
and pharmacological tests, clinical 
evaluations, etc.

Method of sale Dietary supplements are available over the counter and 
are not subject to a medical prescription.

In justified cases, with regard to the 
substances contained in the medicine, its 
use is tied to a medical prescription, i.e. 
the patient only obtains it on the basis of 
an examination by a doctor.

Availability Dietary supplements can be found in pharmacies*, 
regular grocery stores, drugstores, etc. Dietary 
supplements are often offered in the form of presentation 
events or the Internet.

Medicines can only be dispensed in 
pharmacies**, through their online offers 
(over-the-counter only) or from sellers of 
reserved medicines.

Requirements for the 
seller 

The law does not define in any way the professional 
competence of the staff of dietary supplement stores.

Medicines can only be dispensed by 
persons specified by law (pharmacists, 
pharmaceutical assistants, sellers of 
reserved medicines).

Sales through 
websites 

Dietary supplements are often sold via the Internet, and 
the Internet seller is also the operator of a food business.

Mail-order sales of medicines can only 
be carried out by an approved “brick 
and mortar” pharmacy via mail-order 
(Internet) sales, only over-the-counter 
medicines (without a prescription).

Mandatory labeling 
on the packaging 

Each dietary supplement must be marked with the 
words “dietary supplement”.
HEM number can still be found on the packaging of 
some dietary supplements as it was issued prior market 
circulation by the Ministry of Health of the Czech 
Republic under the former rules. 
(formerly Decree No. 225 / 2008 Coll., currently Decree 
No. 58/2018 Coll.).

Each drug must be marked with the 
registration number of SÚKL or the 
European Medicines Agency.
(Annex No. 4 and 5 to Decree No. 228 / 
2008 Coll.).

*In case of a dietary supplement, the pharmacist must dispense the product based on the approved health claim. 
**When dispensing a medicinal product in the pharmacy, the pharmacist must provide the patient with information based 
on the Summary of product characteristics including the correct and safe use and its storage conditions. 
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1.1.3 Prevalence and predictors of dietary supplement use 

In Europe, the prevalence rates of DS range from 5% to over 50% (3). The 
systematic review on the prevalence of dietary supplement use in Europe analyzed 
53 published studies with varying methodological quality. The review encompassed 
“any DS use at any time.”  Finland and Denmark had the highest prevalence of DS 
use (over 50%) and Italy the lowest (5%) (3). A consumer survey using the same 
methodology of collecting data on DS use across 14 EU countries from 2022 reported 
that 9 in 10 respondents had used a DS in the last 12 months in the East European 
countries (61). 

When comparing DS use in Europe and the rest of the world, the USA had the 
highest DS consumption rate at 58.5%, followed by Canada (47.3%), and Australia 
(43.2%) (4-6). Limited studies from Africa repored that the majority of the sample 
used DS (81.3%) (62). In Brazil, the prevalence rate of dietary supplement use 
ranged from 28.8% to 96.9% across 25 cities (63). On the other hand, only 0.71% of 
the participants in China reported using DS (64).

The most commonly used DS across investigated countries included multivitamins 
with minerals, single vitamins (e.g., vitamin D, vitamin C), single minerals (e.g., 
zinc, magnesium, iron), fish oil, and supplements containing herbal ingredients. 
Both preventive and curative effects were frequently cited as health-related reasons 
for using DS (65-67). In Europe, younger adults frequently used multivitamins with 
minerals. On the contrary, older adults, especially women over 50 years of age, used 
vitamin D and calcium supplements. Iron and omega-3 fatty acids were commonly 
used by the middle aged women. Overall health improvement and maintaince was 
the most frequently cited reason for DS use by the US consumers (66). Similarly to 
EU, women used calcium supplements for bone health, while men were more likely 
to take supplements for heart health (66). Consumers who used dietary supplements 
for treatment purposes tended to be older and reported poorer self-rated health (67).

In the Czech Republic, an online survey on the use of DS in five hundred 
respondents aged 15 and older who were part of the Czech National Panel was 
conducted by ResSolution Group and Nielsen (7). Three-quarters of Czechs have 
used DS in the past year. Every third person took DS regularly. The most commonly 
used DS were vitamins (vitamin C, D and B), minerals (magnesium, zinc, calcium), 
multivitamins, probiotics/prebiotics and herbal supplements mainly to support 
overall health. Fifty percent of respondents used DS to support the musculoskeletal 
system, while two-fifths aimed to enhance microflora or digestion. Additionally, 
one-third sought to improve the quality of their hair, skin, and nails (7).
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Strongest predictors of dietary supplement use were identified as being a female, 
younger or older age, higher education and income across most highly developed 
EU countries, the United States, Canada and Australia (3-6, 61). It also seems that 
dietary supplement users tend to be those with greater locus of control and active 
engagement in healthy lifestyle (physical activity, alcohol and tobacco absenthism) 
(6, 68, 69). 

1.2 The safety of dietary supplement use

Dietary supplement side effects and interactions with medication

The type of side effect, frequency and severity to DS vary depending mainly 
on the characteristics of the products and the consumer. It may range from 
gastrointestinal complains such as constipation, diarrhea, upset stomach or nausea 
to hepatotoxicity. Immune or non-immune mediated reactions with dermatological, 
respiratory, cardiovascular or gastrointestinal complains may occur. The most 
vulnerable population groups belong to children, older adults, comorbid patients, 
pregnant and breastfeeding women (14, 15). 

Examples of a range of side effects occuring after herbal or vitamin/mineral 
intake are presented in Tables 2 and in Table 3.
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A drug interaction refers to a change how a drug behaves in the body 
due to recent or concurrent use of another drug, food, beverage, or supplement. 
These interactions can either increase or decrease the effects of one or both agents 
leading to either ineffectiveness of the treatment or side effects/even toxicity. A 
herb-drug interaction can occur at the pharmacodynamic level (altering tissue 
sensitivity or responsiveness) or the pharmacokinetic level (changing drug 
absorption, distribution, metabolism, or excretion). Most pharmacokinetic 
interactions primarily occur due to the modulation of metabolic enzyme 
activities, especially 
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the cytochrome P450 (CYP) isozymes (CYP3A4, CYP1A2, CYP2C19, CYP2C9, 
CYP2E1 or CYP2D6), and the activities of membrane transporters, notably the efflux 
transporter P-glycoprotein (P-gp) (13, 70). 

Pharmacokinetic interactions have been studied more extensively compared 
to pharmacodynamic interactions which have received less attention in research. 
The most well-known examples of herb–drug interactions include Ginkgo  biloba 
and Hypericum perforatum. Active ginkgolides (Ginkgo  biloba) act as an inhibitor of 
P-gp. On the other hand, Hypericum perforatum is known for inducing P-gp activity.
Hypericum perforatum is also an inducer of CYP isoenzymes. Conversely, inhibitors
of CYP enzymes include, e.g., Ginkgo biloba, Valeriana officinalis (70, 71). Examples of
herbals interacting with CYP450 and their pharmacokinetic herb-drug interactions
are shown in Table 4.

Pharmacodynamic interactions occur when one drug changes the presence of 
the other drug at a site of action and may be synergistic, additive, or antagonistic 
in nature. Examples of additive effect maybe observed between Ginkgo biloba and 
antithrombotic agents. Ginkgolide B, a potent inhibitor of platelet-activating factor 
in humans, is just one component of ginkgo extract. Other compounds within 
ginkgo extract have also been identified as inhibitors of phospholipase A2, which 
affects both the platelet-activating factor and eicosanoid production. Hypericum 
perforatum seems to inhibit the reuptake of serotonin, norepinephrine, and dopamine 
and increase the effect of antidepressant drugs (13). 

Moreover, herb-drug interactions can be complex as herbal medicines consist 
of mixtures of multiple active substances, and clinical outcomes may arise from 
interactions involving both pharmacokinetics and pharmacodynamics. 
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Conversely, certain interactions can have therapeutic benefits and may contribute 
to the development of novel therapeutic approaches. Some herbs can enhance drug/
herb/vitamin absorption, leading to an increased bioavailability. For example, piperine 
(Piper nigrum) enhances the absorption of curcumin (Curcuma longa), thus improving its 
therapeutic effects (72). 

More information on herbal or non-herbal DS side effects and DS-drug interactions 
including their clinical relevance and available evidence can be found in relevant 
information sources such as the Natural Medicines Comprehensive Database or 
Stockley’s Herbal Medicines Interactions (73).

1.2.1 Monitoring of safety of dietary supplements

According to Article 14 of Regulation (EC) No. 178/2002 of the European 
Parliament and of the Council, as amended, the primary legal responsibility 
for the safety of DS and its labeling lies with the food business operator (which 
includes manufacturers, importers, and distributors) who places the DS on the 
market and must meet all legislative requirements (74). Moreover, the National 
Institute of Public Health may issue a Health Safety Certificate for a given DS 



28

upon the request of the food business operator prior or during the notification 
process (75). 

Supervision of safety of DS after a product enters the market is carried 
out mainly by the CAFIA and the Czech Trade Inspection Authority. CAFIA 
checks for the quality, safety, and labeling of foodstuffs in the entire chain from 
manufacturing companies, importers, transporters and wholesalers to sales in 
the retail network including online sales (76). CAFIA provides an overview of 
problematic dietary supplements on the website called www.potravinynapranyri.
cz and lists risky websites and products at https://www.potravinynapranyri.cz/
ESearch.aspx?lang=cs&design=default&archive=actual&listtype=tiles&page=1 (77, 
78). CAFIA also informs the public about dangerous DS through the media in the 
form of press releases. 

The most frequently reported problems with DS identified by CAFIA were: 
the product did not contain substances that were declared on the packaging, or 
contained less amount of active substances than indicated on the packaging, did not 
include information on dosing or declared a “medical” claim attributing therapeutic 
effects to the product (79).

Anyone can file a complaint about DS quality (e.g., a change in the colour, shape 
or taste) or any safety issue at CAFIA via a form at www.szpi.gov.cz (80). 

Nutrivigilance

The term “pharmacovigilance” defines the activities related to the collection, 
detection, assessment, monitoring, and prevention of adverse reactions due to 
pharmaceuticals. It thus involves: “a) monitoring the use of medicinal products in everyday 
clinical practice in order to identify previously unrecognised side effects or changes in the nature 
of adverse reactions, b) evaluation of the risk-benefit balance of medicines to decide what action, if 
necessary, is necessary to make the use of medicines safer, c) providing information to healthcare 
professionals and patients to improve the safe and effective use of medicines” (81).

Recently, the term of “-vigilance” broadened to include safety of herbal products, 
cosmetics, and nutraceuticals. “Nutrivigilance” is a term used to describe the 
monitoring of adverse effects related to the use of DS, functional foods, and other 
nutraceuticals (82).

The Czech National Institute of Public Health defines the term nutrivigilance 
as “a system of monitoring foodstuffs of a selected type, the aim of which is to ensure the 
protection of the health of consumers and thus reduce any negative impact on the health of 
potential consumers through appropriate measures, based on voluntary reports of adverse 
health reactions after consumption of these foods” (83).
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It is important to note that the terminology “herbal pharmacovigilance”, 
“phytovigilance” and “nutrivigilance” for herbal containing products maybe used 
interchangeably in the literature. It is thus a challenge to monitor the safety of herbal 
products as a herbal product maybe classified as a medicinal product in one country 
or a dietary supplement in another country (82). 

In case of occurence of an adverse reaction to DS, a consumer or a health care 
provider can report the suspect reaction directly to the food business operator or 
a Czech Nutravigilance Centre (CNC) established by the National Institute of Public 
Health (2014) at https://nutrivigilance.szu.cz/online-formular.html (84). 

The CNC receives mainly reports of adverse reactions to foodstuff. DS are not 
reported to a greater extent. Only 37 reports of DS were reported to the CNC between 
2015-2020. There were 7, 3 and 8 cases reported each year during the period of 2021-
2023, respectively (85). 

The State Institute for Drug Control also occasionaly receives reports related 
to adverse reactions to DS via the reporting system for spontaneous reporting of 
adverse reactions to drugs since the reporters sometimes do not differentiate between 
prescription drugs and over-the-counter drugs such as dietary supplements (44).

Based on spontaneous reports from 2015 to 2017, experts at the CNC found that 
incorrect use of DS by consumers often led to adverse reactions. As a result, the 
CNC formulated the following recommendations for consumers of DS (86):

• Purchase products from manufacturers that clearly declare product quality on
labels  or  leaflets.  This  includes  information  about  composition,  raw  material
origin, and safety analysis results.

• Follow recommended dosages and preparation methods.
• In specific cases (such as pregnancy, childhood, chronic illness, or medication use),

consult with a physician or pharmacist regarding supplement use.
• Avoid  taking dietary  supplements  before  or  during  sports  performance  due  to

caffeine content.
• Refrain from combining multiple supplements with medicinal products.
• Supplements for muscle mass development or fat reduction should be avoided

by individuals with heart disease, liver or kidney dysfunction, neuropsychiatric
disorders, and pregnant or lactating women.

• Seek immediate medical advice if unusual heatlh problems occur while consuming
supplements.

• Basic nutrition knowledge should be acquired during compulsory education, and
deeper understanding requires ongoing self-study and consultation with experts
educated in the fields of health, nutrition, food, and hygiene.
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Similar recommendations on how to procede when a consumer wants to buy DS 
was published by the CAFIA on their website (79):

• Read the label carefully before buying, consult a doctor, pharmacist or nutritionist
if you are unsure. The consumer should always be able to familiarize himself with
the full composition of a dietary supplement before buying it (even if it is sold on
the Internet or through social networks).

• Never buy unlabeled dietary supplements or supplements without a Czech label.
• Do  not  believe  everything  that  products  promise  (weight  loss,  boosting

“masculinity”, preventing or treating diseases)
• Be  cautious when making  purchases  on  the  basis  of  a  leaflet  or money  order

sent  to  home,  as  part  of  an  unsolicited  telephone  offer  or  on  suspicious
unknown  websites  (click  on  List  of  risky  websites  and  products  –  article  on
the  CAFIA/PnP  website  at:  https://www.potravinynapranyri.cz/ESearch.
aspx?lang=cs&design=default&archive=actual&listtype=tiles&page=1.

In the EU, legislation does not incorporate a specific provision for establishing 
a vigilance system focused on DS known as nutrivigilance (87). However, seven EU 
countries have independently established their own national nutrivigilance systems 
(Czech Republic, Croatia, Denmark, France, Italy, Portugal and Slovenia). The case-
reports are collected online on voluntary basis by consumers, manufacturers and 
health-care professionals. Underreporting is vast since reporting is not mandatory, 
the vigilance systems are still not widely known and as health care professionals are 
unaware that patients are consuming DS and DS are not suspected to cause harm as 
DS are perceived as natural (88). The numbers of case-reports in a given time period 
in individual countries were as follows: Czech Republic (The National Institute 
of Public Health reported 37 cases between 2015 and 2020), Croatia (The Institute 
of Public Health received 6 reports from the end of 2021 to mid-2022), Denmark 
(Veterinary and Food Administration received 73 reports between 2014 and 2020), 
France (French Agency for Food, Environmental and Occupational Health and 
Safety recorded 4863 reports from 2009 to 2019), Italy (The National Institute of 
Health documented 1480 reports from 2002 to mid-2020), Portugal (The Ministry 
of Agriculture documented 136 reports from 2014 to mid-2020) and Slovenia (The 
National Institute of Public Health registered 107 reports from 2016 to 2019) (88).

In Italy, a Phytovigilance system has been in place since 2002 coordinated by the 
Italian National Institute of Health to collect spontaneous reports of suspected adverse 
reactions associated with DS, herbal products, and compounded preparations 
containing plants. As of October 2020, a total of 2315 reports had been collected, 
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with 32% of them involving serious reactions such as death, life-threatening events, 
or hospitalization (89). 

In France, an audit of the information reported in newsletters produced from the 
Nutrivigilance system in France was conducted (August, 2019 – August, 2020). A total 
of 170 adverse event cases were recorded across a wide age range of adults from 18 
to 90 years of age with 10% of reports recorded in children. The most frequently 
reported complaints were gastrointestinal, allergic, hepatic and cardiovascular in 
nature (90). 

Also, an International Nutrivigilance network was founded by 27 European 
countries, Brazil and EFSA as an observer in 2014 with the aim to exchange 
information on nutrivigilance (88).

Vigilance systems if harmonized in EU could better assist decision makers in 
implementing necessary legal requirements at both the European and country 
levels to better protect public health. An urgent need to implement dedicated, 
coordinated, and centralized vigilance systems across Europe was articulated and 
published previously (21, 87). These systems aim to expand the network for sharing 
information and facilitate rapid identification of safety issues.

In the USA, the Center for Food Safety and Applied Nutrition (CFSAN) and the 
Adverse Event Reporting System (CAERS) serves the purpose of collecting adverse 
events related to food, dietary supplements, and cosmetics received voluntarily by 
consumers, health professionals, and manufacturers, and the mandatory reports 
from dietary supplement manufacturers. Overall, a total of 79,071 adverse events 
related to the use of DS were reported to the centre from 2004 to 2021 (16). Based 
on the analysis of a total of 15,430 adverse event reports collected during the period 
of 2004-2013, a reporting rate of DS was estimated at 2%. Serious adverse events 
were reported as well including death, life-threatening conditions, hospitalizations, 
congenital anomalies/birth defects, and events requiring interventions to prevent 
permanent impairments (5.1%) (91).

Based on US data from a nationally representative sample of emergency 
departments spanning the years 2004 to 2013, DS were linked to an average of 23,000 
emergency department visits and 2,000 hospitalizations annually (less than 5% of 
the reported numbers for pharmaceutical products). Weight-loss, bodybuilding, and 
sexual-enhancement products were commonly linked to palpitations, chest pain, or 
tachycardia. Gastrointestinal complains such as nausea, vomiting or abdominal pain 
were frequently associated with iron or potassium products. Swallowing problems 
such as dysphagia or globus were the primary cause of emergency department visits 
related to products containing calcium predominantly among older adults (92). 
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Another dataset of 41,121 case-reports was evaluated over a 2,5 year period from 
the databases of marketers of DS in the United States. The most commonly reported 
DS were marketed for weight loss and glycemic control. The affected system organ 
classes included cardiovascular, gastrointestinal, and nervous system disorders. 
Serious adverse events accounted for 0.48% of the total of case-reports (93).

The Rapid Alert System for Food and Feed (RASFF) was created by the EU to 
facilitate information exchange among member countries’ food safety authorities. Its 
purpose is to swiftly respond to health risks related to food including DS, allowing 
immediate action to prevent harm (94).

The RASFF detected 2,559 cases of DS with quality problems (1988–2019). Of 
these, 319 (12.5%) were specifically marketed for weight loss, and 202 (63.3%) 
contained unapproved synthetic drug components (17).

Similarly to RASFF, the Emerging Risk Exchange Network was established by 
EFSA in 2010 to facilitating the exchange of information on health risks related to 
food (95).

1.3 The safety of dietary supplement use in patients during pre-operative period

The prevalence of DS use before surgery ranges from 4.8 to 80% (96-100). 
Numerous health complaints have been documented after the use of DS in the pre-
operative period if DS are not properly discontinued/continued prior surgery, e.g., 
perioperative bleeding, hypertension, hypotension, tachycardia, angina, water/
electrolyte disturbances, hypoglycemia, or prolongation of anesthetic effects. 
Among preoperative patients, the most frequently used herbals were garlic, ginseng, 
ginkgo, St. John’s wort, and echinacea (101-104). 

Apart from herbal supplements, certain vitamins and minerals can also interact 
with prescribed medication and potentially impact surgery (e.g., interactions 
between anticoagulants and vitamins K, E, A) (105-109).

Therefore, herbal or non-herbal DS may interfere with pharmacotherapy 
across all therapeutical classes due to their potential to cause side effects or DS-
drug interactions. Thus, safety issues may arise also during perioperative period. 
For reasons of patient safety, the Society for Perioperative Assessment and Quality 
Improvement convened a group of experts in the fields of internal medicine and 
anesthesiology to evaluate available data and provide recommendations regarding 
DS use prior surgery (110). Also, the FDA (USA) informs potential consumers of 
DS on the FDA website about the importance of being aware that certain DS can 
interact adversely with medications before, after, or during surgery. Therefore, the 
health care professionals may ask consumers to stop taking DS two or three weeks 
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before the procedure to prevent changes in heart rate, blood pressure, or bleeding 
risk (111).

A list of most commonly used herbals, their uses and effects including 
perioperative considerations and discontinuation recommendations is shown in 
Table 5. 
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1.4 Safety of food additives in dietary supplements

According to the Food and Agriculture Organization of the United Nations 
(FAO/WHO) Codex Alimentarius, a food additive is defined as “any substance not 
normally consumed as a food by itself and not normally used as a typical ingredient of the food, 
whether or not it has nutritive value, the intentional addition of which to food for a technological 
(including organoleptic) purpose in the manufacture, processing, preparation, treatment, packing, 
packaging,  transport or holding of such  food results, or may be reasonably expected to result, 
(directly or indirectly) in it or its by-products becoming a component of or otherwise affecting the 
characteristics of such foods” (113). 

Additives, as the name implies, are added to food and DS during production, 
packaging, transportation or storage. Food additives are categorized into several 
functional classes depending on how they are used in food, e.g., preservatives, 
nutritional additives, colouring agents, flavouring agents, texturizing agents, 
etc. (114). Food additives are also used as pharmaceutical excipients and play 
an important role in the production and preparation of medicines as well as DS. 
Pharmaceutical excipients enable and facilitate the processing of the substance into 
an application form and effect its stability and bioavailability. They can have the 
function of a solvent, preservative, stabilizer or taste-correcting component. In the 
case of solid pharmaceutical forms, they act as a filler or a binder. Additives or their 
intermediate products become part of them, in contrast to auxiliary substances, which 
are present during the technological processing of the product, but are contained in 
the final product in a maximum of trace amounts (115). This maximum permissible 
value is established on the basis of toxicological studies. The No Observed Adverse 
Effect Level (NOAEL) values are determined during the tests (the dose at which 
a harmful effect on the organism has not yet been observed). The Acceptable Daily 
Intake (ADI) value is obtained by reducing the NOAEL value by a hundredfold, in 
the case of a toxic substance with serious effects up to a thousandfold, and indicates 
the amount of the substance in mg per kg of body weight that can be consumed in 
food and dietary supplements without any health risk daily and throughout life 
(116).

At European Union level, food additives are assessed by the EFSA and an 
international body the Joint FAO/WHO Expert Committee on Food Additives 
(JECFA) (116). Before being used in a product, each additive must be evaluated for 
safety, and the justification and necessity of using the additive in the product is also 
demonstrated. Food additives are regulated on the level of the European Union by 
Regulation (EC) No. 1333/2008 of the European Parliament and Council on food 
additives which lists approved additives and conditions for their use and labeling. 
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The specifications for food additives listed in Annexes II and III of Regulation No. 
1333/2008 are determined by Commission Regulation (EU) No. 231/2012 (117, 118). 
Food additives are also covered by another Regulation (EC) No. 1331/2008 of the 
European Parliament and of the Council, which lays down a unified authorization 
procedure for food additives, food enzymes and food flavoring substances (119). 
Food additives for individual food categories can be found in the database of 
additives on the website of the European Commission (https://webgate.ec.europa.
eu/foods_system/main/?sector=FAD&auth=SANCAS)  (120) or in the online 
database of FAO/WHO within the Codex Alimentarius (http://www.fao.org/
gsfaonline/index.html;jsessionid=961CB02B3E61115A41C4D06 8B4EE8954) (121). 
Moreover, the safety of food additives is reinforced by the The State Agricultural 
and Food Inspection (CAFIA) and the State Veterinary Administration who oversee 
the compliance with the EU regulations in the Czech setting. In the European Union, 
all food additives are labeled with an abbreviated „E“ and a number, and can be 
found on the packaging of the product where both the function of the additive and 
the specific food additive is listed and identified by the abbreviation „E“ + number 
identifier (e.g. E 171) or its full name (122). 

Even though the food additives are well regulated and the prevalence of adverse 
reactions to food additives in adults is estimated to be less than 1% (123, 124), 
unwanted health problems from dietary supplements cannot be ruled out as the 
safety of food additives is subjected to constant re-evaluation process in line with 
the latest scientific knowledge (123, 124). 

For example, the EFSA updated its safety assessment of the food additive 
titanium dioxide (E 171) from 2016 following a request by the European Commission 
in March 2020. The revised evaluation, considering new scientific studies and data, 
concluded that „titanium dioxide can no longer be considered safe as a food additive due 
to  potential  genotoxicity  concerns. With  a new  regulation,  the European Commission  is 
withdrawing titanium dioxide from the list of authorised food additives (foods containing it 
can be produced until August 7, 2022 and then sold while stocks last)“ (125). 

Another example of a new scientific finding which revealed new association 
between approved food additive intake and its impact on health were recently 
published by the National Research Institute for Agriculture, Food, and Environment 
in France. The study was conducted investigating the association between food 
emulsifier intake and the risk of developing type 2 diabetes. Data from 104,139 French 
adults enrolled in the NutriNet-Santé prospective cohort study between 2009 and 
2023 was analyzed. Even though emulsifiers had been previously evaluated as safe 
food additives, the data suggest that emulsifiers may disrupt the gut microbiota and 
increase the risk of inflammation and metabolic disruption and increase the risk of 
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developing type 2 diabetes in association with emulsifier exposure widely used in 
processed food (126). 

Other  unwanted health problems from dietary supplements cannot be ruled 
out in vulnerable population groups such as small children, elderly or specifically 
ill persons. For example, the prevalence rate of adverse events to food additives in 
children was estimated at 1.2% with higher prevalence rates in atopic children with 
comorbidities such as asthma or urticaria (7%) (127-129). 

The reasons are mainly immature pharmacokinetic processes, e.g.,  absorption, 
distribution, metabolism and excretion as well as the health status and other relevant 
factors. Recently, the American Academy of Pediatrics has given rise to doubts 
regarding the safety of food additives generally recognized as safe (GRAS) for adults 
which can be risky for children. GRAS is a list of about 1000 substances that are 
considered safe by experts and are exempted from the usual tolerance requirements. 
Among potentially harmful excipients for children were included, e.g., aspartame, 
sorbitol, benzylalcolhol, polysorbate 80, benzalkonium, parabens and benzoates (130). 

Below, examples of food additives and their types of adverse reactions are given, 
along with considerations from the EFSA’s Scientific Panel:

• tartrazine (dye) – it is capable of provoking IgE and non-IgE dependent reactions 
and cause asthma, urticaria, periorbital oedema, and facial flushing

• cochineal/carmine (dye) – it is capable of causing anaphylactic reactions and 
asthma (the EFSA‘s Scientific Panel considered that „since no threshold dose can be 
established for allergic reactions, it is advisable that exposure to the eliciting allergens, such 
as proteinaceous compounds, is avoided by introducing appropriate purification steps in the 
manufacturing process“) (131) 

• guar gum, tragacanth, xanthan, carrageenan – it may induce allergic reaction, may 
cause undesirable effects of abdominal discomfort, such as flatulence, regurgitation, 
abdominal pain (cramps), bowel obstruction, constipation or on the contrary soft 
stools and diarrhoea (in March of 2024, the EFSA‘s Scientific Panel considered that 
„the allergenic potential of guar gum used as a food additive should be reduced as much as 
possible, e.g., by decreasing the presence of proteins in the guar gum used as a food additive, 
which can be achieved by clarification of the gum“) (132)

• aspartame (sweetener) – data suggests that a small subset of the population 
maybe susceptible to aspartame-induced headaches (because of the limitations of 
the studies the panel concluded „it is not possible to conclude on a relationship between 
aspartame consumption and headaches“); allergic dermatologic reactions, such as rashes, 
sore throat/mouth, swelling and itching (the EFSA‘s Scientific Panel „cannot exclude the 
possibility that in rare instances individuals could be susceptible to allergic reactions following 
aspartame ingestion“) (133)
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• glycerol – it most often causes headache, nausea or vomiting, diarrhea,
dizziness, dry mouth or increased thirst (The EFSA‘s Scientific Panel concluded that 
„glycerol has low acute toxicity and that local irritating effects of glycerol in the gastrointestinal 
tract reported in some studies was likely due to hygroscopic and osmotic effects of glycerol and that 
the acute bolus exposure to glycerol by its use as a food additive should stay below doses at which 
pharmacological or side effects could occur. The Panel considered that a conservative estimate of 
the lowest oral bolus dose of glycerol required for therapeutic effect was 125 mg/kg bw per hour. 
The Panel considered this dose would also be responsible for the side effects (nausea, headache and/
or vomiting) observed in some patients.“) (134)

Information regarding the health impact of cumulative intake of food additives 
from foods, drinks, medication and DS in humans as well as the potential of the 
‘cocktail’ effects/interactions to cause harm have not been fully investigated (135) 
considering the fact that the average consumption of food additives is estimated to 
be at least 3–4.5 kg per year per person (given the fact that Western diet consists of 75 
% of processed foods) (136). Nevertheless, the first research efforts had been made, 
e.g., a distribution and co-occurrence of food additives were analyzed in 126,000
food products on the French market. Six clusters of additives that frequently co-
occur in food products were identified in order to investigate their association with
chronic disease risk, including potential “cocktail effects” (137).

No study has yet been carried out in the Czech Republic nor abroad evaluating 
the safety of DS with regards to the presence of food additives despite their growing 
popularity.

1.5 Quality of information on the internet related to dietary supplements

Based on the International Health Report 2021 survey, 42% of consumers in the 
Czech Republic bought DS online (138).

This represented twice the European average. When Europeans including Czech 
Republic were asked about their preferred place to purchase over-the-counter 
medication, a significant portion of respondents mentioned community pharmacies 
as their top choice (43%). Other options included drugstores (21%), supermarkets 
(15%), and online pharmacies (12%) (139).  

The internet also serves as a valuable resource for health-related information. 
Approximately 55% of Europeans and 74.4% of the U.S. population used the internet 
to seek health-related information on injury, disease, nutrition, and strategies for 
improving overall health (140, 141).

The quality of health and DS-related information published on websites 
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is therefore crucial due to our reliance on online health-related information. 
Nevertheless, evaluations of online health information consistently reveal that its 
quality is frequently inconsistent and of poor quality (142-144). 

Several studies have found that marketers of DS did not meet the regulations 
when selling their products online. In 2022, the U.S. Food and Drug Administration 
(FDA) issued Warning Letters to seven companies. These companies were illegally 
selling DS that claimed to cure, treat, mitigate, or prevent cardiovascular disease or 
related conditions, such as atherosclerosis, stroke, or heart failure (145). 

Similarly, FDA reviewed DS frequently sold on websites and social media 
platforms that claimed to prevent, treat, or cure Alzheimer’s disease. They found out 
that 17 companies were violating the FDA regulation. The FDA advises consumers 
to stay vigilant when shopping online as such products are ineffective, unsafe, and 
could discourage individuals from seeking proper diagnosis and treatment (146).

In 2017, the European Commission initiated the first EU-coordinated control 
program for online food products, including DS. The program targeted supplements 
with medicinal claims, which are prohibited. Authorities examined approximately 
1100 websites of which a high percentage of websites were not compliant with EU 
regulations. The mission of the program was to encourage greater engagement 
from EU countries in regulating the e-commerce food market. It was concluded 
that authorities should consider a more ambitious coordinated plan to increase the 
oversight of online sales (147).

Also, over 90% of retail websites also did not offer information about potential 
adverse effects, DS-drug interactions, and other safety considerations related to 
DS (28, 148). Additionally, only 10.5% of these sites recommended consulting with 
a healthcare professional (28, 148). 

A review by Denniss et al. on online DS-related information concluded that such 
information is often inaccurate and of low quality. Therefore, more action is needed 
to improve the public’s and media health literacy and the reliability of online DS-
related information (149).

Scarce data exits on this topic in the Czech Republic and therefore, a study 
focusing on the quality of information on the internet relating to DS could be of 
interest to health care providers, consumers and policy-makers.



40

Scope and outline of the thesis

2
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2 SCOPE AND OUTLINE OF THE THESIS

The aim of these studies was to assess four selected safety aspects of dietary 
suplement use:

1) allergy-like immediate reactions in adults and children in connection with 
herbal use using data from VigiBase® with regards to: (a) general information 
(country of origin, type of reporter), (b) patient-related information (age, 
sex, and comorbidity), (c) adverse reaction-related information (time of 
onset, dechallenge, rechallenge, outcome and causality assessment), and (d) 
substance-related information (type of suspect herbal and dose, concomitant 
medication, duration of intake), 

2) the risks associated with dietary supplement use in patients in the pre-operative 
period, 

3) the safety of food additives in top-selling dietary supplements in the Czech 
Republic, 

4) and the quality of information on the internet relating to top-selling dietary 
supplements in the Czech Republic.
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Data sources used in this habilitation thesis

For the conduct of vigilance studies, we used data from the World Health 
Organisation (WHO) database - Vigibase. The Uppsala Monitoring Centre (UMC) 
maintains Vigibase since 1978, in collaboration with 81 national centres around 
the world. The reports contain information related to the patient, the substance 
and the adverse event. The case reports are anonymous and heterogeneous and 
vary as regards source, documentation and relationship likelihood. Reporters are 
physicians, pharmacists and other health care professionals. In a few countries, in 
particular the USA, reports directly from patients are also accepted.
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ABSTRACT

Introduction: Herbal medicines are used worldwide and with an increasing 
popularity in Western countries. Although often perceived as ‚naturally safe‘, 
herbals may cause severe adverse drug reactions (ADRs), with immediate allergic 
reactions being particularly life threatening.

Objectives: The aim of this study was to analyse immediate allergy-like ADRs 
to herbals documented in VigiBase®, the WHO international pharmacovigilance 
database.

Methods: The documentation of all suspected ADRs in association with herbal 
exposure reported to VigiBase® from 1969 to August 2014 was retrieved. Among 
all reports in which WHO-ART reaction terms were indicative of acute allergic 
reactions, those classified as ‚suspect‘ with a documented causality assessment and 
latency time of ≤1 day were selected. For the most frequent specific herbal-ADR 
combinations, the information component (IC) as a measure of disproportionality 
based on Bayesian statistics was calculated.

Results: We identified 757 reports out of 1039 ADRs. Products with mixed 
herbals (36.0%) as well as those administered orally (63.2%) were predominant. 
The most frequent reactions were urticaria and rash (49.2%). Anaphylactic reactions 
accounted for 9.5%. Disproportionally frequent reporting of mouth edema (IC = 
1.81) and anaphylactic reactions (IC = 1.24) to Phleum pretense were noted.

Conclusion: Our findings indicate that herbal medicines for oral use carry a risk 
of causing immediate allergy-like ADRs. Studies using the Vigibase® database can 
identify specific combinations of particular herbs and adverse reactions. Healthcare 
professionals and patients should be aware of these risks and report any serious 
experiences.
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Commentary:

While herbal products for oral use are generally regarded as safe, international 
data indicate that many such products carry a risk for acute allergy-like adverse 
reactions. The recognition of the occurrence of such reactions with specific products 
is needed for their timely diagnosis as well as for prevention.

The aim of the study was to investigate the possible connection between herbal 
use and the development of allergy allergy-like immediate reactions obtained 
from VigiBase maintained by the Uppsala Monitoring Centre of the World Health 
Organization. 

All reports containing allergy-like adverse event terms in suspected connection 
with herbals were retrieved from Vigibase and evaluated (August, 2014). A total of 
757 unique reports containing 1039 ADRs (i.e., more than one reaction term could 
be reported per case) were received between 1969 and August 2014, of allergy-like 
adverse event terms occurring in patients using herbal product. More than 50 % 
of all the included reports came from only three countries: Germany, Australia 
and Thailand. The most frequent primary reporters were physicians, followed by 
hospitals and pharmacists.

Of the data regarding herbals a substantial proportion concerned allergy-
like events: Asthma-like reactions accounted for only 4.8% of all ADR. The most 
commonly reported allergy-like immediate adverse reactions associated with herbals 
were “rash”, “urticaria” and “rash erythematous”. Anaphylactic and anaphylactoid 
reactions accounted altogether for 9.5% of reported ADR (anaphylactic reaction 
4.5%, anaphylactic shock 2.8%, anaphylactoid reaction 2.2%), and other serious 
ADR such as bronchospasm or larynx oedema.

Preparations that contained a mixture of several herbals were the suspected 
cause in 36% of all ADR and therefore by far the most frequently reported herbal 
products in association with ADR, followed by Andrographis paniculata (several 
common names including kalmegh), Echinacea purpurea and Ginkgo  biloba. Oral 
administrations accounted for almost two thirds of ADRs.

Allergic-like events during herbal use were reported in various age groups, 
probably reflecting the general user population. In the light of the large scale world-
wide use of herbals the numbers or case reports were small and the frequency 
of such reactions is probably low. On the other hand underreporting is vast but 
unknown and the frequency remains uncertain and likely underestimated.

Any pharmacologically active product including herbal has the potential to 
cause harm.



76

We found that herbal products for oral use carry a risk for allergy-like immediate 
ADR and that studies using the Vigibase can identify specific associations between 
particular herbals and adverse reactions. As the prevalence of herbal use is increasing, 
healthcare professionals as well as patients need to become better informed about 
the possible risks associated with these substances. When healthcare professionals 
record drug histories, they should also actively solicit information from their 
patients about all self-dministered herbal products. In addition, further studies are 
needed to establish associations and risk factors that are related to herbal use and 
allergic reactions.
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ABSTRACT

Background: The use of herbal medicines in children and the general population 
is continually on the rise with an overall herbal lifetime and current use ranging 
between 0.8%- 85.5% and 2.2%-8.9%, respectively. Although acute hypersensitivity 
reactions are generally considered to be rare, little knowledge exists on the frequency 
and type of these reactions especially in specific populations like children.

Objectives: To assess the patterns of acute hypersensitivity reactions to herbal 
medicines reported to the WHO global individual case safety report (ICSR) database 
VigiBase® in children.

Study design: From the original VigiBase® extract for the time between 1968 
and 2014, we included all reports with adverse drug reactions (ADR) associated 
with herbal medicines in children where WHO-ART reaction terms were indicative 
of acute hypersensitivity reactions.

Results: VigiBase® contained 2646 ICSRs with 14860 distinct adverse reactions 
reported in association with herbal medicine in children. Among those, 79 cases 
with 107 allergy- like reactions met our inclusion criteria. The most commonly 
reported WHO-ART terms were urticaria or rash/rash erythematous (59.8%), and 
allergic reaction (8.4%). The most frequently reported suspected herbal medicines 
were mixed herbal products (51.4%), Hedera helix (15.0%), and Echinacea purpurea 
(5.6%). Most frequent routes of administration were oral (75.9%), topical (8.9%), and 
rectal (3.8%). Over 30% of cases were reported in the age group from 7 to 12 years. 
The majority of reports were received from Germany (29.1%), Thailand (21.5%), and 
Australia (11.4%).

Conclusion: VigiBase® contains a considerable number of acute hypersensitivity 
reactions in children associated with herbal medicines, including life-threatening 
reactions such as anaphylactic shock.
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Commentary:

Little data regarding the safety profile of herbal products in the pediatric 
population exist. Data regarding hypersensitivity reactions associated with herbals 
use in children is particularly rare in the literature and case reports are the main source 
of information. Most research regarding drug safety in children has been conducted 
for prescription and non-prescription drugs, in particular vaccines, antidepressants, 
antipsychotics, other central nervous system drugs, corticosteroids, antibiotics, 
antivirals and general anaesthetics. A study using data from spontaneous reporting 
systems that analyse worldwide adverse event data for hypersensitivity reactions in 
paediatric patients related to herbals was thus conducted.

The objective of this study was to analyze worldwide ADR reports of 
hypersensitivity reactions in children under the age of 18 related to herbals between 
1968 and August 2014 and identify frequently reported herbals associated with 
hypersensitivity reactions as reported in VigiBase®. The WHO’s global individual 
case safety report database VigiBase® reporting system counted over 10 million 
reports as of April 2015. Data extract provided by the Upsalla Monitoring Center in 
Sweden for the period of 1968 and August 2014 was used. The UMC manages the 
WHO’s global individual case safety report database VigiBase®. Analysis of the 
data aimed to provide information about herbals most commonly related to allergic 
and asthma-like symptoms, as well as factors such as gender, reporting frequency 
by country and year, reaction outcomes and reporter qualification. WHO-ART 
reaction terms were indicative of acute hypersensitivity reactions were used.

The results of our study highlighted the potential of herbal products to cause 
serious allergic reactions in children. The cohort in our study consisted of 107 case-
reports indicative of an allergic reaction following the use of one or more herbals 
in children under 18 years of age representing 0.05% of ADRs of the original 
VigiBase® extract. The majority of case-reports came from Germany, followed by 
Sweden and Thailand, representing over half of all cases included in the analysis. 
The most commonly reported suspect herbals were mixed herbals, Hedera helix, and 
Echinacea purpurea. Urticaria was the most commonly used WHO-ART preferred 
term, followed by rash and anaphylactoid reaction.

While herbal products for oral use in children and adolescents are generally 
regarded as safe, data indicate that many such products carry a risk of causing acute 
allergy-like adverse reactions. The recognition of the possibility of such reactions—
with the use of, for example, Hedera helix, Pelargonium roots, and Echinacea purpurea—
is needed for a timely diagnosis as well as for the prevention of potentially severe 
ADRs.
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The global increase in herbal product use calls for improved, standardized, and 
more consistent reporting of ADRs associated with herbals to ultimately provide 
safer treatment options for children and adolescents. Due to the lack of clinical 
studies in pediatrics for both conventional and herbal products, it is also important 
to realize the potential of vigilance data as a tool in signal detection for pediatric 
patients, and improvements at all levels of the vigilance process need to be made. 
The reporting rate and awareness of the public and medical staff of the importance 
of vigilance needs to be raised.
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ABSTRACT

Background: The prevalence of dietary supplement use in the pre-operative 
period ranges from 4.8 to 80%. According to the Food and Drug Administration, 
some dietary supplements may show side effects before, during and after surgery.

Objective: The main aim of the study was to determine the prevalence of dietary 
supplement use in patients before surgery at University Hospital Hradec Kralove 
and the predictors of use. The secondary aim was to determine patient awareness 
regarding the correct use of and possible risks associated with dietary supplements. 
Setting University Hospital Hradec Kralove.

Methods: Between March 2017 and June 2018, a cross-sectional study focused 
on patients in the pre-operative period in different departments at University 
Hospital Hradec Kralove was conducted. The questionnaires were anonymous and 
entirely voluntary. The obtained data were evaluated using descriptive statistics 
and a regression model in Microsoft Excel 2016 and IBM SPSS version 24. Main 
outcome measure - The prevalence and predictors of dietary supplement use in 
patients before surgery.

Results: 256 questionnaires were returned (a response rate of 77.41%). 111 
dietary supplements were used by a total of 42% of the respondents in the 30-day 
period prior to surgery. Patients with a higher probability of dietary supplement use 
included patients with urogenital (OR 3.8, 95% CI 1.2, 12.1), otorhinolaryngological 
(OR 3.9, 95% CI 1.1, 13.8) and musculoskeletal health problems (OR 3.9, 95% CI 
1.1, 13.8). The proportion of dietary supplement users increased with the number 
of drugs taken concomitantly, with the probability of use being more than three 
times higher compared with non-dietary supplement users (OR 3.4, 95% CI 1.2, 9.4). 
A total of 45.8% of the respondents thought there was no risk associated with their 
current use of dietary supplements and drugs.

Conclusions: There is a high prevalence of dietary supplement use in hospitalized 
patients, with independent predictors being comorbidity and polypharmacy. No 
official recommendations or guidelines exist for physicians and anaesthesiologists 
in the Czech Republic which focus on patients that use dietary supplements in the 
pre-operative period. National guidelines focusing on dietary supplement use in 
the pre-operative period would be appropriate.
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Commentary:

The widespread and increasing use of DS by the general population has been 
published by many studies. The prevalence of dietary supplement use prior surgery 
has been also reported to be high and ranges from 4.8% to 80%. No such data yet 
exist in the Czech Republic. Since DS lack the same regulation as conventional 
pharmaceuticals, safety issues may arise. This became a challenge to clinicians in the 
perioperative period since it may increase perioperative risk and complications may 
occur when using DS prior surgery (e.g., myocardial infarction, stroke, bleeding, 
inadequate post-surgery anticoagulation, prolonged anaesthetic effects, transplant 
rejection, and possible drug–drug interaction).

Therefore, the main aim of this study was to determine the prevalence of dietary 
supplement use in patients before surgery at University Hospital Hradec Kralove 
as well as predictors of use. Data were collected from 9 departments at the hospital 
from March 2017 to July 2018 using a questionnaire consisting of sixteen open and 
close-ended questions on DS use during the 30-day period prior to surgery.

Out of the 332 questionnaires, 256 valid questionnaires (77%) were returned. 
Altogether, 42% of respondents (107) had used at least one dietary supplement 
within 30 days prior surgery. On average, they took 1.3 DS per patient. The majority 
were women (57%) and the most prevalent chronic conditions were musculosceletal 
and urogenital disorders.

The most commonly used DS were omega-3 fatty acids, Ginkgo biloba, Echinacea 
purpurea, and Ginger. Ten percent of respodents were concomitanly using 
prescription medication. The most frequently used drugs were for the treatment of 
cardiovascular, gastrointestinal and immune system.

Responents with university education and higher number of prescribed 
medication were more likely to use a DS prior surgery.

A total of seventy five respondents who used at least 1 DS were at risk of 
developing complications in the peri-operative period. Based on the type of DS 
taken, the complications which were likely to occur as a result of the type of DS 
consumed prior sugery were bleeding, hepatotoxicity, or changes in heart rate and 
blood pressure.

The majority of respondents were not knowledgeable about DS/herb-drug 
interactions or adverse reactions of DS and also believed that DS are tested for 
efficacy in clinical trials. Only 14% of the respondents were aware that combination 
of DS and prescription drugs may result in serious health problems.

On avarage, 80% of respondents did not inform their physician during 
hospitalizatoin prior surgery about DS use and neither were asked about DS use by 
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their physician.
In summary, the study’s results on the use of DS by patients in the pre- operative 

period in the Czech Republic showed a relatively high prevalence of DS use in 
patients prior to surgery, while it pointed to the low level of patient awareness 
with regard to the possible risks associated with DS. Physicians were generally not 
informed about the use of DS. At the same time, the physicians did not actively ask 
their patients about their DS use. This can lead to an increased risk of the occurrence 
of a DS adverse effect or DS-drug interaction, especially when there is a low level of 
patient awareness of the risks of DS use.

There currently are no official recommendations or guidelines for physicians 
and anaesthesiologists in the Czech Republic that focus on patients that use DS in 
the pre- operative period. For this reason, national guidelines focusing on DS use 
in the pre-operative period, which could be based on already available global data, 
would be appropriate.
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ABSTRACT

Background: Food additives find use not only in the food industry but also in 
the pharmaceutical sector. Food additives should be safe if the acceptable daily 
intake is complied with; however, some individuals can experience immediate 
effects such as headache or impaired mental concentration, behavior, and immune 
response. Long-term effects may increase cancer or cardiovascular disease risk in 
some individuals.

Objective: The aim of this study is to evaluate the frequency of potentially 
harmful excipients in the top-selling dietary supplements in the Czech Republic 
and to consider their adverse effects.

Methods: From the list of the best-selling dietary supplements (DS) in the Czech 
Republic in 2014, their active ingredients and excipients were identified using the 
database of the information system Decisions of the Chief Public Health Officer 
(IS RoHy). The IS RoHy collects data on any DS registered in the Czech Republic. 
Adverse effects of the excipients were retrieved from the PubMed and Medline 
databases and from the websites of the European Safety Authorities, Joint FAO/
WHO Expert Committee on Food Additives, and Codex Alimentarius.

Results: In total, 418 DS were identified, including 54.5% DS for children under 
12 years of age. Of these, 66.7% contained at least one additive known to have 
a negative health effect. On average, there were five additives per DS. The most 
frequently reported additives were glycerol (28.7%), titanium dioxide (26.3%), 
sorbitol (12.9%), lecithin (10.5%) and beeswax (6.0%). The most commonly found 
potential adverse effects caused by additives as reported in the literature were 
gastrointestinal symptoms (51.0%), hypersensitivity reactions (31.3%), or attention-
deficit/hyperactivity disorder (6.5%).

Conclusions: An EU list of approved and therefore safe additives has been 
established. Nevertheless, half of the most commonly used DS contained additives 
known to have adverse health effects. Such effects may potentially occur in 
predisposed patients and vulnerable groups of the population such as children 
or chronically ill patients, especially in the case of intake of multiple products 
containing the same additive. Further studies are needed to assess the clinical 
impact of adverse effects in DS users.
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Commentary:

Food additives are used for a variety of reasons, such as preservation, colouring, 
and sweetening not only in food and drinks but also in pharmaceutical products 
and DS. Food additives must be checked by The Joint FAO/WHO Expert Committee 
on Food Additives for potential harmful effects on human health before they can 
be used by consumers. Before a food additive can be used without having harmful 
effects on human health, first the ADI must be established (an estimate of the amount 
of an additive in food or drinking water that can be safely consumed daily over 
a lifetime without adverse health effects). Nevertheless, adverse reactions cannot be 
ruled out in predisposed individuals, or high risk groups or when consumers use 
more products with the same food additive at the same time. Moreover, the impact 
of food additive-food additive interactions on human health were not properly 
investigated in studies and thus many of them remain unknown.

The aim of the study was to identify the most commonly used additives in the 
100 top- selling DS in 2014 on the market and describe their short- and long-term 
side effects.

The list of food additives were retreived from the database „Information System 
of Decisions“ of the Chief Public Health Officer. Synonymous names for additives 
were retrieved from the database PubChem Compound. Adverse effects of the 
listed additives were retrieved from the databases PubMed and Medline, websites 
of the EDSA, JECFA, Codex Alimentarius, and articles available in the Wiley Online 
Library. The keywords used for retrieval were food additives, food additives 
safety, food additives adverse effects, and pharmaceutical excipients. Altogether, 
418 dietary supplements were used for the analysis containing about 2064 food 
additives (an average of five food additives per DS). Slightly more then fifty percent 
of the products were intended for use in children under the age of 12 years.

Nearly 50% of the DS were of herbal origin and more then one third of non-
herbal origin. Vitamins and minerals made up about one fifth of the DSs. The most 
common additive classes were humidifiers and lubricants, binders, colorants, fillers, 
and emulsifiers and stabilizers. Tablets and capsules were the most common dosage 
forms.

Food additives with potential negative impact on human health were identified 
in almost two thirds of the top-selling DS in the Czech Republic. The most common 
short-term adverse effects were gastrointestinal symptoms and hypersensitivity 
reactions. Possible accumulation of food additives in body organs or negative 
effects on metabolic processes or human behavior belonged to the most common 
long-term adverse effects.
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Although food additives should be safe, if consumed in higher doses, eg., 
simultineous consumption of the same food additive in foods, drinks, DS or 
medications, adverse reaction cannot be ruled out, especially in predisposed 
individuals suffering from food hypersensitivities or food intolerances and high 
risk groups such as children who may be more susceptable to adverse reactions of 
food additives. Still, the incidence of adverse effects caused by food additives as 
well as their clinical relevance need further study.
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ABSTRACT

Background: The purchase of dietary supplements (DS) via the Internet is 
increasing worldwide as well as in the Czech Republic. Objective The aim of the 
study is to evaluate the quality of information on DS available on the Internet. 
Setting Czech websites relate to dietary supplements.

Methods: A cross-sectional study was carried out involving the analysis of 
information placed on the websites related to the 100 top-selling DS in the Czech 
Republic in 2014, according to IMS Health data. Main outcome measure The 
following criteria were evaluated: contact for the manufacturer, recommended 
dosage, information on active substances as well as overall composition, permitted 
health claims, % of the daily reference intake value (DRIV) for vitamins and 
minerals, link for online counseling, pregnancy/breastfeeding, allergy information, 
contraindications, adverse reactions, and supplement-drug interactions (some 
criteria were evaluated from both points of view).

Results: A total of 199 web domains and 850 websites were evaluated. From 
the regulatory point of view, all the criteria were fulfilled by 11.3% of websites. 
Almost 9% of the websites reported information referring to the treatment, cure, 
or prevention of a disease. From the clinical point of view, all the criteria were only 
met by one website.

Conclusions: The quality of information related to DS available on the Internet 
in the Czech Republic is quite low. The consumers should consult a specialist when 
using DS purchased online.

¨
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Commentary:

The aim of the study was to evaluate the quality of information of the 100 
best-selling DS marketed on the internet in 2014. The accuracy and completeness 
of information as well as compliance with legal requirements was assessed using 
numerous clinical and regulatory criteria. Each criterium was awarded one point. 
The sum of selected criteria resulted in an overall score which was computed for 
each website (quality score for regulatory (=6 points) and clinical (=10 points) 
criteria). The best-selling DS in the Czech Republic in 2014 were selected according 
to Intercontinental Marketing Statistics Health data. The products labelled as 
“medicinal products” and “protein bars, soups, or snacks” were excluded from the 
study. Internet searches were performed using the most commonly search engines 
in the Czech Republic from July-Novermber 2015.

A total of 199 web domains and 850 websites were evaluated. Vitamins/minerals 
were the most frequently represented DS, followed by herbals and non-herbals. 
From the regulatory point of view, 11.3% of websites fulfilled all the criteria. The 
average score per page was 3.85 points of a total score of 6 (range 1–6; SD = 1.35). The 
websites least often stated the daily reference intake value percentage for vitamins 
and minerals, authorised health claims, and information on the overall composition. 
Almost 10% of websites referred to the treatment, prevention, or cure of a disease.

From the clinical point of view, the average number of points per page was 4.24 
of a total score of 10. Almost 44% of websites gained more than five points. More 
then two thirds of websites did not disclose information on food allergens, adverse 
reactions, DS-drug interactions, contraindications, or use during pregnancy and 
breastfeeding.

Our study on the quality of information on the internet relating to top-selling 
DS in the Czech Republic showed that in most cases, websites presenting DS 
need quality control in order to comply with the EU regulations (e.g., unproven 
health claims or health claims from the on hold list or pending approval have been 
stated in some cases on the websites). More guidance or more supervision by the 
appropriate regulatory bodies (e.g., Ministry of Agriculture of the Czech Republic 
and State Agriculture and Food Inspection) should be given to website providers 
to disclose the information required by law. The quality of information on websites 
could also be improved by implementing a system for reporting trustworthy as well 
as noncompliant websites.

Although not required by law, clinically relevant and important information on 
DS-drug interactions, contraindications, and adverse reactions as well as use during 
pregnancy or while breastfeeding was in many cases missing. In order to ensure 
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a safe use of DS by consumers, it should become mandatory for the manufacturers 
to include this information in the product characteristics in the future.

The consumers should be aware of the risks associated with purchasing DS 
online and should be encouraged to check out trustworthy websites (e.g., of the 
well-known internet pharmacies) as well as to get expert advice (e.g., from a local 
pharmacist) before taking DS.
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6 SUMMARY

There is an increased prevalence of use of DS among the adult population in 
many western countries. The public often considers DS as safe since they are natural 
and is unaware that DS are not tested by regulatory agencies for their safety and 
efficacy. Also, the majority of professional community perceives them as safe and 
with minimal occurrence of systemic side effects. Most consumers usually combine 
DS with medical treatment which may result in potential harm to the patient in form 
of drug-DS interactions or adverse reactions, especially when the vast majority of 
the consumers use DS as part of their self-treatment without informing or consulting 
its use with their health care provider or pharmacist.

The sole or adujvant use of DS should result in a safe and cost-effective use of 
DS by consumers, especially those suffering from chronic conditions. Four main 
aspects of safety of DS were addressed in the habilitation thesis:

•	 allergy-like immediate reactions in adults and children in connection 
with herbal use using data from VigiBase®

•	 the risks associated with dietary supplement use in patients in the 
pre-operative period,

•	 the safety of food additives in top-selling dietary supplements in the 
Czech Republic,

•	 and the quality of information on the internet relating to top-selling 
dietary supplements in the Czech Republic.

Herbals were shown not to be “safe” as perceived by many consumers worldwide. 
Our safety studies indicate that there are systemic adverse effects such as allergy- 
like reactions that may develop during the herbal use in adults. Potential of herbals 
to cause serious systemic allergic reactions was highlighted also in pediatric 
population. Herb-related safety issues need to be communicated to the professional 
community, health care providers as well as parents and patients. Further studies 
are needed to confirm herb-adverse event associations and determine the risk factors 
that predispose individuals to such reactions.

Another study pointed out the low awarness of patients in the pre-operative 
period as well as the health care staffs about the risks associated with DS use prior 
to surgery and a lack of information on DS use by patients before surgery. Patients 
and hospital personnel should be thus more informed about the risks associated 
with dietary supplement use prior to surgery and disclose the information of DS use 
prior to hospitalization given the fact that many of the DS/herb-drug interactions or 
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DS-related adverse reactions during surgery are well-established and international 
guidelines regarding DS use prior surgery exist. Raisining awarness about this topic 
among health care providers as well as patients is essential to help increase the 
safety of patients during perioperative period and support positive health outcomes 
after surgery.

Adverse reactions to DS may be caused not only by the active ingredient in the 
DS formula but may stem from the listed food additive as well. Unwanted health 
effects from food additives cannot be ruled out as it was demonstrated in our study 
when analysing the potential health effects of food additives in the best-selling DS 
on the market. Unwanted health effects from food additives maybe often overlooked 
or underestimated as they do not receive the same attention as active ingredients 
and are often viewed as only a chemical possessing technical benefits. Thus all listed 
ingredients in the DS formula should be considered when it comes to DS safety 
evaluation.

Last but not least, the quality of health or product-related information presented 
on the websites are cruical as many DS are sold online nowadays. Our study showed 
that the information presented on the website is often inaccurate and incomplete and 
it does not always meet the regulatory requirements stated by the law. High quality of 
DS-related information on the websites is of high importance in assuring consumers 
safety as for example unproven health claims can result in ineffective treatment, 
diagnosis delay, or in some severe cases, can even damage the patient’s health. The 
need arises to promote the awareness of both health professionals and consumers/
patients about the possible direct and indirect risks associated with DS use in order 
to meet the growth of the consumer’/patients’ demands on DS.

Overall, the trends which are driving the integration of DS in contemporary 
healthcare are diverse and may stem from the growing interest in maintaining 
and improving overall health as well as the fact that non-communicable or chronic 
diseases continue to rise globally and are not adequately prevented or treated by 
modern medicine which is often accompanied by high rates of adverse side effects. 
Also, as the population is ageing, polymorbidity and polypharmacy represents 
a great clinical and socioeconomical burden to the society.

The preventive value of individual DS is constantly evolving and is determined 
by the latest available knowledge there is on efficacy, risks, and economic aspects of 
therapeutic options for a given condition across different populations.

The current research on the safety of dietary supplement use in the Czech 
Republic should inspire further research in this area and support healthcare 
professionals to monitor the safety of DS and make informed decisions in order 
to select the most optimal cost-effective preventive and therapeutic choice for the 
greatest patient’s benefit.
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FINAL CONCLUSIONS AND RECOMMENDATIONS:

•	 Increase awarness about DS-drug interactions and adverse effects of 
DS in patients, consumers and health care professionals

•	 Incentives for providing information about DS use by consumers and 
patients to their health care providers

•	 Incentives for actively asking about the use of DS by health care 
professionals

•	 Monitoring of safety of DS with regards to concurrent use of other DS, 
medications and over-ther-counter drugs by health care professionals

•	 Increase awarness of DS safety prior surgery in patients as well as 
health care professionals and their active involvement in DS use 
disclosure prior surgery

•	 Development and implemention of guidelines on the safe use of 
DS in preoperative care (e.g., collaborating partners – academic 
and professional organisations, Spojené akreditační komise, o.p. s., 
Ministry of Health ect.)

•	 Keep in mind that unwanted health effects from food additives cannot 
be ruled out especially when

•	 a food additive is consumed in higher doses as a result of concurrent 
use of other DS, medication, foods and drinks containing the same 
food additive

•	 a food additive is consumed by predisposed individuals (e.g., food 
hypersensitivities)

•	 a food additive is consumed by high risk groups (e.g., children)

•	 Potential risk exists when purchasing DS online without a professional 
advice as a result of inaccurate and incomplete information 
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•	 Incentives for quality checks of websites by regulatory health 
authorities on accuracy, completness and comprehensiveness 
in DS-related information and other disclosures 

•	 Enforcement efforts against inaccurate and misleading claims

•	 Research into how consumers use DS

•	 Incentives for state and privately funded research into testing efficacy 
and safety of DS




