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Abstract: Over the last 20 years, the use of dietary supplements (DS) has continued to grow in many
countries. Due to the public health crisis brought on by the COVID-19 pandemic and amidst fears
regarding COVID-19 vaccines and their low supply in many regions of the world, there has been a
marked interest in the use of DS as alternative means of protecting against and treating this emerging
disease, as well as boosting the immune system and minimizing the risk of inflammation. Despite a
lack of evidence to suggest their efficacy, a surge in the sales of DS has been reported in many parts
of the world. Questions have also been raised about the health effects associated with DS due to their
increased use during the health crisis. Numerous scientific studies have demonstrated their beneficial
properties as well as some adverse and even toxic effects. In addition, given the current global
interest in this issue, a review is needed to establish the status of dietary supplements before and
during the health crisis. The aim of this review is to summarize the current evidence on the impact of
dietary supplements on the incidence of the COVID-19 pandemic, as well as their regulation and
associated market trends. First, we provide an overview of DS, including a comprehensive review
of the legislative and regulatory aspects of DS in the USA, China, the EU, and Algeria. Second, we
describe the prevalence of the most commonly consumed DS and their efficacy as a prophylactic
modality in the era of COVID-19. Additionally, we examine the structure and size of the DS market in
the countries that predominantly produce and import them, its global market trend, and the impact
of the COVID-19 pandemic on market growth. Finally, in this review, we also discuss the profile of
DS users.

Keywords: dietary supplements; COVID-19 pandemic; health; regulation; usage; global market

1. Introduction

To promote overall health and long-term well-being, food and appropriate supple-
mentation are required. Dietary supplements (DS) are a broad category of products that
contain a “dietary ingredient”, such as vitamins, minerals, herbals, botanicals, amino acids,
fatty acids, and others that may be used individually or in combination. They are meant to
be consumed to supplement one’s diet and fulfill basic nutritional needs, and they are cate-
gorized according to their type or function. Although people take dietary supplements for
different reasons, the most significant drivers of intake include ensuring proper nutrition,
reducing the risk of age-related disorders, and protecting body tissues [1,2].
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The COVID-19 pandemic, declared in March 2020, marked the beginning of many
global economic and health-related issues [3]. It has spread to many countries and is
wreaking havoc around the world. In addition to the severity of the disease, which affects
numerous organs through immunological, inflammatory, and redox mechanisms, the use
of DS, such as vitamins and minerals, which may provide some protection by boosting the
immune system and helping to reduce disease severity, has emerged as a potential dietary
or therapeutic adjuvant treatment for COVID-19 [4]. Despite the development of several
COVID-19 vaccines and the availability of many pharmacological therapies, the demand
for DS during the COVID-19 outbreak increased significantly worldwide [5,6].

Over the past 20 years, there has been a significant increase in the prevalence of
supplement use. In fact, the DS market is growing in terms of sales and, more importantly,
in terms of products available on the market. Consumers are being presented a large
number of products, brands, and formulations, distributed through a wide variety of
marketing channels [1]. The value of the global dietary supplements market was estimated
to be worth nearly USD 152 billion in 2021. According to the latest STASTICA report, the
global market is expected to be worth USD 300 billion by 2028 [7]. The global market for
DS can be currently characterized by a continuous growth in sales, confirming the belief
that they are an important part of people’s diets worldwide [8]. Research in the field has
also grown, with more than 69,000 articles on DS published through PubMed between 2012
and 2022. The sales of dietary supplements increased significantly in early 2020 as a result
of the COVID-19 pandemic [9]. Therefore, sales increased by 50% between 2018 and 2020,
with sales exceeding USD 220 billion in 2020 [10].

As the DS market has grown and become more lucrative, the importance of ensuring
product quality has increased, as have the challenges associated with this task. Therefore,
the call for global quality standards and enhanced focus on the regulatory challenges
associated with DS are necessary, as adulterated or mislabeled products may circumvent
existing regulations, leading to an increase in the incidence of adverse reactions (of which
some can be fatal) caused by contaminants or adulterants in the product rather than the
ingredients in the supplements themselves [11].

In contrast to pharmaceuticals, DS are loosely regulated because they are culturally
embedded and driven by an industry that is in a vacuum and separate from public health
imperatives [12]. Furthermore, there is currently little agreement between countries on the
scope, regulatory requirements, definition, or even the terminology that can be used to
classify DS [13]. Therefore, in the interests of consumer protection and information, many
countries have established regulations governing the manufacturing, importation, and sale
of DS. Thus, from design to marketing, manufacturers, importers, and sellers have a clear
legal framework that they must operate within, contributing towards achieving a high level
of safety and consumer health protection [6].

The context within which DS are used varies widely from country to country, and they
are regulated by several federal agencies and government regulations that can remove a
product from the market due to contamination, misidentification, adulteration, mislabeling
or false claims, post-marketing surveillance adverse event reports, and failure to adhere to
good manufacturing standards [14].

Numerous barriers to the regulation of DS have serious negative implications for
public health, such as inadequate safety evaluation, insufficient efficacy requirements, the
poor monitoring of unsubstantiated labeling and marketing claims, inadequate quality
assurance and control, and gaps in the post-marketing regulatory framework. As a result,
the potential for harm from the use of dietary supplements can range from monetary loss
to serious adverse health effects [15].

Dietary supplements are often bought legally to fulfill one’s nutritional needs, but
some are being increasingly supplied illegally, which increases the risk of adulteration and
makes them even more dangerous. However, even though a prescription is not required, a
doctor should recommend and supervise their use [16].
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Concerns about the use of dietary supplements include the fact that they are “un-
proven” and that there is insufficient data to support their widespread use. There is a
critical need for reliable information. Therefore, in this review, after providing an overview
of the use, definition, efficacy, and safety of DS, we will present the regulatory develop-
ments in the countries with the highest number of scientific publications on DS in order to
understand the challenges they pose to the sector. For this review, we also researched the
structure of the DS market in the foremost producing and importing countries. Finally, we
determined the profile of DS users. The prevalence of the most commonly used DS and
their efficacy as a prophylactic modality in the COVID-19 era are also discussed.

2. Overview of Dietary Supplements (DS)
2.1. Quantitative Research Literature Analysis

We searched the literature using the Scopus database and yielded 48,598 publications
for analysis; we searched for papers on DS published between 2012 and the present day,
selecting publications containing the word “dietary supplements” in the title, abstract, or
keywords. In the COVID-19 pandemic period (2019-2021), the literature on this topic accu-
mulated more rapidly (Figure 1). The top five contributors in terms of countries/territories,
journals, and Scopus categories are listed in Table 1. The most productive countries were
the USA and China, with 26.3% and 13.1% of the DS publications, respectively. The journal
Nutrients was the most productive journal, and many publications were published in jour-
nals dealing with medicine and nursing, agricultural and biological sciences, biochemistry,
genetics, molecular biology, and chemistry.
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Figure 1. Number of publications in the last 10 years containing the keywords “dietary supplements”
(generated using the Scopus online databases).

Table 1. Top five contributing countries, journals, and Scopus categories of the dietary supplement
publications.

Contributor Publication Count (% of Total)
Country/Territory
United States 12,797 (26.3)
China 6383 (13.1)
United Kingdom 3571 (7.3)
Ttaly 3152 (6.5)
Canada 2579 (5.3)
Journal
Nutrients 2769 (5.7)
Poultry Science 1120 (2.3)
Journal of Animal Science 1012 (2)
PLOS One 909 (1.9)
Journal of Dairy Science 753 (1.5)
Scopus category
Medicine 25,160 (51.8)
Agricultural and Biological Sciences 14,558 (29.9)
Biochemistry, Genetics Molecular Biology 12,776 (26.3)
Nursing 11,617 (23.9)

Chemistry 3892 (8)
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2.2. Characteristics of DS

Dietary supplements are products containing concentrated sources of nutrients or
other substances such as vitamins, minerals, botanicals, algae, fungi, bacteria, synthetic
products, products of animal origin, amino acids, metabolites, etc., that are intended to
supplement one’s diet and have a nutritional or physiological effect, either alone or in
combination with other substances. They are usually sold in dosage form, including
capsules, pastilles, softgels, gelcaps, tablets, pills, sachets of powder, dropper bottles, or
any other form in which these products can be ingested and taken in measured doses. In
addition, their presentation, labeling, or advertising must not claim or imply that they have
the ability to prevent, treat, or cure human disease, nor must the product be promoted for
use as a conventional food or as the sole component of a meal or diet [14,17,18].

The lack of a global consensus on DS may be due to differences between countries in
the regulatory definition and categorization of DS products. The permitted ingredients
and the types of products covered by the term DS vary widely and are referred to by
different names in different countries (Table 2). Differences in terminology can result in a
product being classified in a completely different way, leading to discrepancies in regulatory
decisions that vary significantly from country to country [13].

According to the Council for Responsible Nutrition, which tracks the sales of DS,
the specific supplements that were most consumed in 2021 were vitamin or mineral sup-
plements (98%), specialty supplements (46%; including omega-3 fatty acids, probiotics,
etc.), botanicals and herbs (44%), sports supplements (30%), and weight management
supplements (19%) [19].

Table 2. Terminology and definition of dietary supplements in different countries [13,20].

Country

Category Name Definition

China

Health food (HF)

HF refers to foods that claim to have specific health functions or provide
vitamins and minerals. It is specific to certain groups and modifies organic
functions in humans, but is not intended to treat disease and does not cause
acute, sub-acute, or chronic harm to the human body.

USA

Dietary supplements (DS)

DS are dietary supplements that contain one ingredient or multiple
ingredients, such as vitamins, minerals, herbs or other botanicals, amino acids,
and enzymes, to supplement one’s total dietary intake. They are sold in forms
such as tablets, capsules, softgels, gel capsules, powders, and liquids. Unlike
medicines, dietary supplements are not intended to treat, diagnose, prevent, or
cure disease.

EU

FS are concentrated sources of nutrients or other substances containing a wide
range of ingredients, including vitamins, minerals, amino acids, essential fatty

Food supplements (FS) acids, fiber, and various plant and herbal extracts, that have a nutritional or

physiological effect and are available in specific dosage forms (pills, tablets,
capsules, liquids) to supplement one’s normal diet.

NHP is a category of naturally derived products such as vitamins, minerals,
amino acids, probiotics, herbal and homeopathic medicines, and traditional

Canada Natural health products (NHP)  medicines intended to improve human health (diagnosis; treatment;

alleviation or prevention of a disease, disorder, or abnormal physical condition
or its symptoms; restoration; modification or correction of organic functions).

CMs are therapeutic products consisting of one or more designated active

Australia Complementary medicine (CM) ingredients, each of which has an established identity and a traditional use

that is not of the conventional healthcare practices of a country.

2.3. Consumer Interest in DS and Uptake

Dietary supplements appear to be attractive to consumers who wish to maintain or
restore a normal state of health and correct or prevent imbalances. According to the Council
for Responsible Nutrition, the most-cited reasons for taking supplements are to improve
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immune health (36%) or “maintain” general health/well-being (44%) [20]. Despite a lack of
evidence for their therapeutic efficacy, more than one third of adults in the US or Europe
take a daily multivitamin/mineral supplement to prevent the development of chronic
diseases. Although there is currently a plethora of supplements on the market, some of the
most commonly used ones are summarized in Figure 2 [1].

Other Vitamins &
¥ X Minerals
Omega-3/ fatty
acids ’/\
Glutamine Multivitamin
Melatonin Vitamins B, C, D
Probiotics Calcium, zinc
Fiber
Protein
Herbals &
Botf/rl(:als
Green tea
Milk thistle
Turmeric
Resveratrol
Ginger

Ginseng/ garlic

Figure 2. Examples of common dietary supplement categories.

DS provide concentrated amounts of nutrients with minimal calorie counts (or no
calories) relative to one’s total energy requirements. Unlike foods, they can be used to
improve dietary adequacy without adding significant amounts of food energy, making
them useful for improving energy intake in energy-inadequate populations or high-risk
groups. DS are also useful for managing specific age/life stage events such as pregnancy
and for various medical conditions. Nutritional supplements are useful in helping pregnant
women meet their nutritional needs, as it is extremely difficult for them to do so through
diet alone. Babies need more iron, vitamin K, vitamin D, and possibly choline. Vitamin B12
supplementation is recommended, as the elderly are particularly at risk of achlorhydria.
To prevent nutritional deficiencies due to malabsorption, people who have had intestinal
bypass surgery need to take a variety of micronutrients such as iron; calcium; vitamins A,
B, and 12; and often vitamins D and C daily [21]. In addition, DS have been widely used
to prevent and treat malnutrition in populations at high risk of developing the condition;
in developed countries, micronutrient powders have been used to treat deficiencies in
children and pregnant women [12].

2.4. Safety Issues, Efficacy, and Quality of DS

The increasing use of DS raises public health concerns about their efficacy and safety
in the short and long term. Issues of safety and efficacy are less common in countries where
dietary supplements are regulated more like the way drugs are than in countries where
they are regulated more like foods, as pre-market approval is usually required [18]. For
this reason, a safety management strategy needs to be implemented before taking dietary
supplements. However, it may not be wise to use DS without a doctor’s prescription [14].

The most serious safety issue posed by DS is the sale or marketing of adulterated
products containing illegal and unsafe ingredients whose efficacy has not been demon-
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strated. This includes the failure to ensure the absence of toxic contaminants and/or
pesticides, heavy metals, and active drugs in the ingredients and finished products that
are not declared on the label and/or exceed the maximum doses or upper safe intakes of
nutrients. Therefore, the three most problematic DS categories in the USA are sexual en-
hancement supplements, weight loss supplements, and sports performance/bodybuilding
supplements [11,14].

Concerns about the misidentification of ingredients in dietary supplements and quality
assurance/control issues remain critical for the industry and the public. In addition, the
ingredients used in dietary supplements should be characterized and identified through the
application of appropriate analytical methods and the development of reference standards.
Several research methodologies are often required to demonstrate efficacy, ranging from
basic in vitro studies on mechanisms of action to animal and human studies. In addition,
there is an urgent need for more (and better) clinical research on the efficacy and safety of
DS with respect to health outcomes [11].

The issue of safety, efficacy, and quality is somewhat challenging because there is a
wide range of variations in DS in terms of source, physicochemical properties, and dosage
form, especially when these products are combined [1]. However, databases of DS for
public use are needed to develop uniform, common definitions to identify content, evaluate
interventions, and assess the contribution of DS product formulations to health. This can be
achieved by investing in and exploiting advances in databases, software and data science
technology [21].

3. Legislative and Regulatory Issues

DS manufacturers follow a number of guidelines to ensure the production of products
with real value. Numerous regulatory bodies around the world develop strict, compre-
hensive rules and standards to ensure consumer effectiveness and safety. Regulatory
organizations may also consider whether the products provide value to the consumer. Due
to restrictions that vary from country to country, exporting DS is challenging, especially
if the regulations are unclear or the products have not been updated to comply with the
regulations of the importing country (Table 3).

Table 3. Regulations/laws and regulatory requirements of dietary supplements in different countries
(USA, EU, China, and Algeria) [13,22].

USA EU China Algeria

- The European
Commission and the
competent authorities

Food and Drug Administration - EFSA (European - CFDA (China Food and
Regulatory agency (FDA) Food Safety Drug Administration) NA
Authority), if
centralized
procedures apply
- FD
& C Act (Feder'al Food, B Health Food
Drug, and Cosmetic Act Registration and Filin
- DSHEA (Dietary 8 . 8
Regulation
Supplement Health and .
. - Guidelines for the
Education Act) licati f health
application of hea
— NLEA (Nutrition Labeling — 2002/46/EC fpp PR
5 registration
Regulation and law and Education Act) - ECNo 1924/2006 00d registration /
CGMP (C t Good - Health Food Filing
- urrent Goo
Work Guide

Manufacture Practice:
- National food safety

standard-Health foods
GB 16740-2014 [23]

manufacturing, packaging,
labeling, or holding
operations for DS)
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Table 3. Cont.

USA EU China Algeria
Registration: use the
i dients outside th
The manufacturers and ingrecien s od _Sl_ ete
e . raw material dictionary
distributors are responsible g -
L i . and excipient dictionary
Compliance process Not1f1cat1'or.1/ registration: Notification/registration Filing: use the /
DS containing a new . . . .
i i ingredients listed in the
ingredient .
raw material and
excipient dictionary
Categor Foods + + + +
gory Medicines - - - -
Manufacturer Registrati N +
n rer 1stration — -
anufacturer Registratio (Limited)
Presence of a positive list - + + NA
+
Good Manufacturing Practice (GMP) + (HACCP) + NA
Clinical trials of individual product N N NA
inical trials of individual products -
p (New ingredients) (New ingredients)
Obligated to display the usage and dosage + + + NA
Serious adverse event reporting + + - NA
Labeling and packaging + + + NA
Shape description + + Often NA
Advertising requirements + + + NA
Health claims - - - NA

+/—: presence/absence of the factor; NA: not annotated.

2.5. Regulation in the United States of America (USA)

The Federal Food and Medications Act of 1906 was the first from of federal regulation
regarding food and drugs in the USA, providing definitions of “adulteration” and “mis-
branding” and giving the federal government the power to penalize those who produced
such products [24]. The first DS appeared in the USA in 1920, consisting mainly of nutri-
ents and food ingredients [25]. Years later, laws regulated their production, composition,
labeling, and distribution. Today, DS are regulated by the Food and Drug Administration
(FDA) through the Dietary Supplement Health and Education Act (DSHEA) of 1994 [26].
Both DS products and their ingredients are regulated as foods. A dietary supplement is
not intended to treat, prevent, or cure any disease. The FDA’s primary responsibility is to
ensure the safety and purity of DS after they are marketed and to remove any product that
may be potentially dangerous to the consumer from the market [25,27].

Since 1997, the FDA has maintained a list of regulations governing good manufactur-
ing practices for DS. The final rule “21 CFR part 111” was published in 2007 and includes
good manufacturing and distribution practices, labeling, packaging, and record-keeping
requirements. Tracking the product to verify its integrity, quality, and safety from manufac-
ture to distribution is a key component of good manufacturing practices. Five statements
must be made on the label: The first pertains to the identification of the product; a dietary
supplement must be labeled as a “dietary supplement” or provide an indication of the
ingredient(s) intended to supplement one’s diet. Secondly, nutritional information; the
name and address of the manufacturer, packer, or distributor; a declaration of the ingre-
dients; and finally the exact contents must be disclosed on the label. Manufacturers are
required by law to keep a record of all adverse event complaints and to report serious
adverse events to the FDA within 15 days of receipt. A home address or telephone number
must also be listed on the labels of DS products so that anyone can report an adverse event.
Manufacturers are also required to keep records of all adverse event reports they receive
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for a period of six years and make these records available for review by the FDA [28,29].
In addition, in the USA, DS do not need premarket approval, but the manufacturer must
guarantee that the products are safe [13]. To do this, information on ingredients and safety
must be provided in the following ways: through the New Dietary Ingredient Notification
(NDIN) process, the addition of any new dietary ingredient(s) into a DS product must be
disclosed to the FDA 75 days before it becomes available on the market [29]; however, if an
ingredient was used in a product before 1994, it is grandfathered and may continue to be
used without the manufacturer having to notify the FDA [30].

In the USA, more than 50% of people take at least one DS; however, these products are
usually intended to be taken orally only and cannot be recommended for use by any other
routes of administration [13]. The FDA receives many reports of unexpected events such as
hospitalization, allergic reactions, congenital abnormalities, etc. Denham [31] reported that
more than 23,000 people in the USA suffer from the adverse effects of DS each year. Despite
resistance from the industry, the FDA continues to make significant efforts to address the
issue [28].

2.6. Regulation in China

In 1996, the Ministry of Health (MOH) approved health foods in China for the first. In
2003, the China Food and Drug Administration (CFDA) took over the regulation of health
foods from the MOH. Since then, the CFDA (renamed after the restructuring of the Chinese
cabinet in 2018) has been the Chinese regulatory authority for drugs and medical products
and part of the State Administration for Market Regulation (SAMR). Its objectives include
the development of standards and categorization systems for medical devices, as well as
laws and regulations for drugs, cosmetics, and medical devices [32].

In 2005, the MOH'’s original definition of health foods was expanded and divided
into two categories: vitamin and mineral supplements and functional health foods. The
CFDA published a list of the recognized health benefits of health foods, including boosting
immunity, antioxidant activity, memory enhancement, reducing eye fatigue, improving
sleep, facilitating digestion, etc. [33].

The 2015 Food Safety Law classifies health foods as a special category of foods that
are strictly regulated and controlled by the government. Several articles in China’s Food
Safety Law discuss the various requirements of health foods. The Quality Standard of
Health Food Registration in China was established based on the GB 16740-2014 standard.
Its main purpose is to provide the bare minimum guidelines, requirements, and necessary
instructions. For example, it includes rules for the approval of claims, ingredients, the
registration and submission of domestic and imported products, labeling, the sensory
testing of the product, physical and chemical testing, usage requirements for the use of
vitamins and minerals, and requirements for the quality of ingredients [12].

2.7. Regulation in European Union (EU)

In Europe DS are regulated by the European Commission through several directives.
The European Commission has established continent-wide regulations to protect consumers
and provide them with safe food [34]. However, the regulatory framework for DS in Europe
follows general food legislation and their manufacturing processes are subjected to Good
Manufacturing Practices (GMP) and Hazard Analysis Critical Control Point (HACCP)
procedures [35,36]. To ensure the integrity and safety of dietary supplements and the
safety of consumers, the scientific Committee on Food (SCF), currently the European
Food Safety Authority (EFSA), has established upper tolerable intakes (UTIs) of minerals
and vitamins that can be ingested daily to support and maintain good health [34]. A
variety of nutritional components other than vitamins and minerals may be used in the
manufacturing of food supplements once they have been approved by the regulatory body
(EFSA). Under Directives 2002/46/EC and 2001/15/EC, these substances can be classified
as amino acids, enzymes, prebiotics and probiotics, essential fatty acids, and botanical
extracts. In addition, the aforementioned directives established uniform guidelines for the
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labeling of food supplements, and these guidelines outline the requirements for specifying
the identity and composition of DS products [36].

While the nutritional value of certain ingredients may be outlined on a product’s
label, the amount of vitamins and minerals, followed by the maximum recommended
daily intake, storage conditions, and the risk associated with excessive consumption of
the product must be stated. Therefore, DS must not make therapeutic claims or refer to
conventional diets. These features provide consumers with general information and protect
them from fraudulent advertising [37].

The legislative texts under Directive 1925/2006/EC allow for the prohibition or ex-
clusion of certain ingredients, other than vitamins and minerals, to be added to foods,
including food supplements that may have undesirable effects on the consumers. A posi-
tive list of safe substances should be established to ensure the proper functioning of the
internal food supplements market.

Meanwhile, under Directive 2015/2283/EC, specific legislative measures apply to
novel foods that have not been used in the European Community before 15 May 1997. This
directive has led to the establishment of an appropriate list of the novel ingredients that
may be used in the production of DS to ensure their access to the EU market [13,37].

Regarding the internal market, the Directorate General for Health and Consumer
Protection (DG-SANCO), accompanied by the competent authorities of the member states
and the EFSA agency, monitor and control the European dietary supplement market
based on the Rapid Alert System for Food and Feed (RASFF) databases, which require
important information related to food safety, including functional foods, fortified foods, and
dietary supplements. Therefore, it is important to note that DS do not require pre-market
authorization or prior safety assessments [38,39]. In fact, the European Commission has
established the concept of mutual recognition to ensure the free movement of DS between
member states. It offers all products legally manufactured in one member state the chance
to be sold without restrictions in another member state, even if these products are supposed
to be subjected to different national regulations. Currently, some member states require a
note of authorization to place a DS on the market [13].

2.8. Regulation in Algeria

To date, there is no strict regulatory framework in Algeria that applies exclusively and
specifically to DS. They are subject to the regulations governing the commercial activity
of foodstuffs (consumer control and protection) and do not require authorization from
the Ministry of Trade and the Ministry of Health for their production, importation, or
marketing. DS are over-the-counter products that can be acquired without a medical
prescription and, unlike drugs, do not require authorization prior to being made available
on the market [40,41].

The Ministry of Trade takes action in the event of a warning from the appropriate
authorities regarding product withdrawals or anomalies in the dietary supplement market.
The risks of dietary supplement consumption are related to the presence of toxic, banned,
and unauthorized substances in the supplement’s ingredients. There have been numerous
cases of fraudulent advertising with respect to DS in Algeria, and many dietary supplements
have been withdrawn from the market [42].

In addition, in 2022, the Ministry of Trade and Export Promotion announced a ban on
20 dietary supplements that had been tested in laboratories and found to contain chemical
components used in the pharmaceutical industry rather than those declared in the products’
composition; thus, these products were deemed potentially harmful to consumers’ health.
These supplements mainly contained drugs used to treat sexual impotence, and consuming
them without consulting a specialist is not recommended [43].

Since the health crisis, the market for DS has grown, meaning that a regulatory
framework is urgently needed. These risks require increased regulation. Therefore, DS
need a specific regulatory framework that gives them a real status to ensure consumer
safety and combat false advertising and poor manufacturing practices [44].
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3. Trends in the Use of DS before and during the Emergence of the
COVID-19 Pandemic

Consumers have become much more concerned about their health in recent years due
to the rapid development of societal medical knowledge and living standards. Additionally,
the coronavirus pandemic’s emergence has increased everyone’s awareness of the impor-
tance of health and the need to maintain one’s health. This infectious disease has had a
significant impact on lifestyles and the global economy. Therefore, finding ways to combat
or mitigate the effects of this disease is imperative. Dietary supplements with specific
health benefits and/or the potential to regulate bodily systems have steadily attracted
the attention of consumers. A healthy diet and DS have gained attention as potential
co-adjuvants in managing and preventing COVID-19. Hence, there are important public
health reasons for taking some supplements, including vitamins C, D, and B, zinc, and
probiotics, in order to boost one’s immunity [45,46].

The aim of this section was to assess changes in the consumption of DS, with a
particular focus on the supplements affecting immunity during the worldwide
COVID-19 pandemic.

The FDA treats DS as foods and considers them to be drugs. Therefore, unlike
prescription drugs, they do not have to be proven safe or effective before they are made
commercially available. Although they are intended to be consumed in various forms
(capsule, tablet, powder, liquid, etc.), they are derived from natural sources and meant to
boost immunity against diseases such as viral infections, inflammation, and respiratory
complications. Most commonly, they are used as adjuvant treatments or additives in
conjunction with a main pharmacological drug [4,47].

3.1. Characteristics of the Consumption of DS

Sales of DS and nutraceuticals increased during the pandemic due to their perceived
“immune-boosting” effects. However, little is known about the efficacy of these DS against
the novel coronavirus or the disease that it causes, COVID-19 [9]. Here, based on the
evidence available in the literature, we provide a comprehensive assessment of the potential
preventive and therapeutic value of different DS. These include zinc and vitamin C and
D, which are often used by the general public to prevent or cure respiratory infections or
support immune health.

The use of DS is widespread in the USA, China, and several European countries.
Several studies have investigated the association between the use of different types of DS
and the risk of COVID-19; seemingly, there was a trend wherein the use of DS during the
pandemic increased [10,48-51]. According to these cross-sectional studies, the prevalence of
supplement use is associated with several factors, such as socio-demographic background,
health and lifestyle characteristics, changes in the reasons for dietary supplement use, and
changes in the type and circumstances of dietary supplement use.

The increased use of DS during the pandemic has been reported in several studies
(Table 4). During the COVID-19 pandemic, an increase in the rate of supplementation was
observed, with a 40% increase in the consumption of vitamin C [51], 82% increase in the
consumption of multivitamins [50], and 23% increase in global intake [49]. Differences
in the prevalence of use of these products are related to the socioeconomic level of each
country, the level of knowledge of the benefits and harms of these supplements among
different populations, and the influence of the media [10,49].
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Table 4. The prevalence of the most commonly used dietary supplements before and during the
COVID-19 pandemic.

Before the

During the

Pandemic (%) Pandemic (%) Type of Study Country References
Vitamins 27.7 58.0
Vit. D 7.1 22.4
Vit. C 19.8 53.1
Minerals 184 500 Cross-sectional (online
Zinc 4.6 449 uestionnaire) Algeria [49]
Magnesium 115 189 d
Selenium 0.8 6.1
Others 9.0 12.6
Omega 3 42 9.7
Vitamins Cross-sectional
Vit. D 34.6 35.1 (questionnaire-based) Saudi Arabia [51]
Vit. C 4838 68.4 q
Vitamins
Vit. D 20.6 18.7
Vit. C 125 14.9 Cross-sectional . .
Multivitamin 24.6 449 (online survey) Saudi Arabia [50]
Minerals
Zinc 1.3 4.6
Vitamins
Vit. D 355 41.0
Vit. C 35.3 42.1 Cross-sectional Leb [48]
Vit. E 15.2 17.5 (online survey) ebanon
Minerals
Zinc 18.8 29.3
Vitamins
Vit. D 10.7 5.5
Vit. C 14.2 41.1
M i:a orals Cross-sectional Turkey [52]
Calcium 0.2 0.2
Zinc 0.2 -

3.2. Consumption of Supplements According to Pandemic Status

COVID-19 affects the immune system, causing a systemic inflammatory response or
cytokine release syndrome. High levels of pro-inflammatory cytokines and chemokines
have been found in COVID-19 patients [53]. COVID-19 is also associated with the develop-
ment of microthrombi and coagulopathy, which can later lead to sepsis, acute respiratory
distress syndrome, and secondary infections [9,54].

During the COVID-19 pandemic, several vaccines and drugs were tested for efficacy,
safety, and dosage, which took a long time to validate. Researchers are also looking for
alternative strategies to prevent the disease. In addition to herbal remedies and nutraceuti-
cals, DS offer patients a promising preventive treatment option. This approach could help
strengthen the immune system and further suppress hyper-inflammation, providing both
prophylactic and therapeutic support against COVID-19 [4,55].

Many research efforts have been devoted to explaining the role of nutritional sup-
plementation in the prevention and management of COVID-19 infection. The use of DS,
such as vitamin and mineral supplements, has emerged as a putative nutritional or adjunct
treatment approach for COVID-19. Vitamin and mineral supplementation is critical dur-
ing COVID-19 in order to reduce the severity of symptoms and shorten the duration of
respiratory infection, thereby improving immune responses. There are research reports
showing an increased interest in DS such as vitamins (C, A, E, and D), zinc, omega-3,
probiotics, selenium, and others during the COVID-19 pandemic (Table 5) [10,46]. In ad-



Nutrients 2023, 15, 3320 12 of 24

dition, several authors have highlighted that vitamin C and D and zinc were the dietary
supplements that were most commonly used to boost immunity and reduce the risk of
acquiring COVID-19 [6,56].

Given the severe lack of specific therapies for COVID-19 infection, medical recom-
mendations have promoted the idea that certain vitamins, particularly vitamin C and D,
are the most effective elements for the prevention and treatment of COVID-19. There are
numerous reviews and studies discussing the role of vitamins (especially C and D) against
COVID-19 transmission (Table 6). Indeed, vitamin D is known to have immunomodulatory,
anti-inflammatory, antioxidant, and antiviral properties [55,57].

Vitamin D, a secosteroid hormone, was thought to be able to reduce the risk of
COVID-19 during its critical period by stabilizing physical barriers, regulating the renin-
angiotensin system, and enhancing cellular innate and adaptive immunity [58]. Appro-
priate supplementation may boost one’s immune system. Cangiano et al. [59] examined
the mortality rate following the spread of COVID-19 in 157 residents of a nursing home
in Italy and reported that the mortality rate was inversely proportional to vitamin D sup-
plementation. According to a cohort study by D’Avolio et al. [60], significantly lower
25-hydroxyvitamin D (25(OH)D) levels were found in PCR-positive SARS-CoV-2 patients
compared with negative patients. Furthermore, the role of vitamin D in reducing the risk of
COVID-19 has been confirmed in several observational studies and clinical trials. Therefore,
supplementation with vitamin D could be recommended to vitamin D-deficient COVID-19
patients [61-64].

Vitamin C has also been proposed as a possible nutritional intervention for COVID-19.
Indeed, vitamin C is a potential therapeutic candidate for the prevention and treatment
of COVID-19 infection as well as an adjunctive therapy in the intensive care of COVID-19
due to its long history of use against the common cold and other respiratory infections
and its many beneficial properties (anti-inflammatory, immunomodulatory, antioxidant,
antiviral, and antithrombotic) [4,9]. The vitamin has effector pathways in both the innate
and adaptive immune systems and has direct virucidal activity. Regarding the critical
phase of the COVID-19 pandemic, vitamin C helps to control and reduce cytokines, protects
the endothelium from oxidative damage, and is crucial for tissue healing [65]. Several
studies have reported improved clinical outcomes following vitamin C-involving treatment,
mainly with respect to shorter hospital stays and a reduced need for mechanical ventilation
or earlier resolution of symptoms [66].

Table 5. The most popular dietary supplements for COVID-19 prevention.

Vit. D 39.0 55.7 15.3 31.6 49.1 60.2 50.1 525 31.1 30 224
Vit. C 194 77.8 114 84.5 26.6 31.4 30.1 27.0 - - 23.0
Vit. B - 14.1 9.1 94 - - - - - - 6.2
Most Multivitamin 27.4 219 16.6 17 439 58.3 41 - - 14 12.6
Used
DS (%) Zinc 15.8 429 5.7 8 124 13.4 17.8 17.4 1.8 9 304
Selenium - 19.3 - - - - - 13.1 - - 2.5
Omega 3 819 - 8.6 11.7 224 26.8 22.6 25.0 - - 25.5
Probiotic 223 - 4 44 11.6 225 12.8 45 209 - -
Middle
Country Turkey East Turkey UAE UK USA Sweden Poland Poland Tehran Egypt
Number of Participants 550 2100 488 2060 372,720 45,757 27,373 3274 935 510 400
Cross- Cross- Si
r(,’SS Cross- r-OSS urvey Cross- Cross-
Type of Stud Cross- sectional Cross- sectional App-based community surve sectional (ques- sectional secti
P ¥ sectional (web sectional . . bp ty 4 (web tion- R . .
inquiry i inquiry sectional
survey) survey) naire)
References [67] [6] [68] [69] [46] [10] [70] [71] [72]
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Some authors even recommend oral supplementation with 1-2 g/day of vitamins in
order to alleviate the transition to the critical phase of COVID-19 [73]. A clinical research
report in the US found low serum levels of vitamin C and D in most critically ill COVID-19
ICU patients. Older age and low vitamin C levels appeared to be co-dependent risk factors
for mortality [74].

Of all of the mineral supplements studied, zinc has emerged as a leading prophylactic
and therapeutic candidate against SARS-CoV-2. Zinc is a key trace mineral that is essential
for both innate and acquired immune responses to viral infection. It is also involved in many
biological processes, including immunity [53]. In fact, zinc contributes to the activation of
the antiviral immune response by stimulating the synthesis of pro-inflammatory cytokines,
including interferon and acute phase reactants, as well as promoting the proliferation of
cells involved in the innate and adaptive immune systems [75]. Therefore, these DS can be
used as complementary forces in the treatment of COVID-19 through various mechanisms,
providing substantial support with respect to individual immunity, inhibiting SARS-CoV-2
RNA replication, and preventing virus entry into cells. Therefore, Zn may also be critical
in reducing the exaggerated inflammatory response, risk of pneumonia, and duration of
illness [76,77].

An observational study found that zinc levels were significantly lower in COVID-
19 patients than in healthy controls and that these patients were more likely to have
complications and longer hospital stays than non-zinc-deficient COVID-19 patients [78].
In a related study, samples taken from COVID-19 patients who died were shown to have
lower plasma zinc levels than those taken from patients who survived the virus [79]. A
high dose of oral zinc salt resulted in clinical recovery, improved oxygenation, and reduced
shortness of breath among COVID-19 patients [80].

There is sufficient evidence to suggest that DS could be a good strategy to help
reduce the adverse effects of COVID-19. Nevertheless, some dietary supplements may be
subject to limited regulation by authorities, and consumers should be wary of misleading
information and false promises surrounding them. However, it is important to note that
medical advice should be sought before taking DS to reduce potential adverse effects.
Excessive vitamin and mineral supplementation can cause adverse and even toxic effects
and gastrointestinal tract disorders. Otherwise, interactions between supplements and
drugs should be considered in terms of increasing toxicity and drug efficacy.

Table 6. Health benefits and potential mechanisms of the DS widely used to fight against SARS-CoV-2
infection.

Nutrient Health Benefits Mode of Action against SARS-CoV-2 References
—  Reduce cytokine storm syndrome;
—  Induce the production of cathelicidin and defensins, which
reduces the survival and replication of the virus;
—  Increase the level of soluble angiotensin-converting enzyme 2
Support immune system; (ACE2), inhibiting the virus from entering the cells;
Vit. D immunomodulating, anti —  Increase the level of soluble angiotensin-converting enzyme 2 [81-85]
inflammatory, and (ACE2), inhibiting the virus from entering the cells;
anti-infectious role —  Prevent the accumulation of angiotensin II and decrease its

pro-inflammatory activity;
—  Reduce the risk of injury to various tissues/organs, as well as
the mortality and severity.
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Table 6. Cont.

Nutrient

Health Benefits Mode of Action against SARS-CoV-2 References

—  Epigenetic regulation of various genes (up-regulation of
antioxidant proteins, down-regulation of pro-inflammatory
cytokines rather than direct oxidants scavenging);

—  Counteracting the actions of pro-inflammatory cytokines,
especially IL-6;

Antioxidant, - Decrease inflammatory markers such as ferritin and D-dimer

] ar.lti-inﬂammatory, antiviral, and attenuate the excessive activation of immune responses;
Vit. € 1mm}1nomodul?1t0ry, and —  Inhibit endothelial surface selectin expression and [4,9,65,86]
anti-thrombotic effects; platelet-endothelial cell adhesion;

pleiotropic function —  Reduce D-dimer levels, which is an important indicator of

thrombus formation;

—  Prevent the hyperactivation of immune cells;

—  Suppress cytokine storms, improve pulmonary function, and
reduce the risk of acute respiratory distress syndrome.

Zinc

Immunomodulatory and
antiviral properties host cell; 77,79,87]

—  Inhibit the synthesis, replication, and transcription complex of
coronaviruses;
—  Suppress cytokine storm; inhibit SRAS-CoV-2 entry into the [53,75-

- Reduce organ damage secondary to the inflammatory
response to SARS-CoV-2.

4. The Market for Dietary Supplements in Producer and Consumer Countries and the
Impact of the COVD-19 Pandemic

4.1. Distribution Channel

Dietary supplements are distributed through a variety of channels, including offline
distribution channels such as pharmacies, drugstores, supermarkets, specialty stores, inde-
pendent retailers, and other direct-to-consumer channels. Due to their greater popularity,
supermarkets and hypermarkets accounted for approximately 33.9% of all dietary supple-
ment sales in the offline sector in 2021. The offline sector dominated the market, accounting
for 81.0% of total sales, as it is easily affordable [88]. However, the internet, mobile commu-
nications, and social media have all given rise to new technology-based communication
channels, known as “digital channels” or “electronic channels”, which consumers generally
use to gather information about DS [10]. In addition, the proliferation of COVID-19 has
attracted more customers to extensive e-commerce platforms, making many supplement
brands easily accessible to consumers.

4.2. DS Global Market

The global DS market is growing exponentially in most countries. According to data
from the National Health and Nutrition Examination Survey (NHNES), it has been gaining
interest since the 1970s [1,89]. The geographical distribution is highly variable and has
been divided into six major regions (Figure 3) [35,90]. The USA, Europe, and Japan account
for the largest share of the market, followed by Asia, Australia, and Oceania, all of which
demonstrate the expansion of the market [8]. In contrast, the Middle East and Africa have
seen a surge in DS sales, with South Africa remaining the most important market [91]. In
the Middle East, the demographics and socioeconomic status of consumers, particularly
in Saudi Arabia, has led to the development of this market, which is estimated to reach
SAR 875 million by 2021 [92]. Differences in these geographical distributions may be
the result of several factors, such as socio-demographic and socio-cultural characteristics,
consumer behavior, and ageing populations. Globally, the market size of DS increased
from USD 82 billion to USD 149.50 billion in 2021 [10,37,88,93], and this will supposedly
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rise to approximately USD 181.2 billion in 2022 and reach USD 308 billion in 2028, with a
compound annual growth rate growth of 8.90% (Figure 4) [94].
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Figure 3. Geographical distribution of dietary supplements market and level of DS market growth
worldwide (High, Medium, and Low).
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Figure 4. DS market size growth forecast for the period 2023-2028 [94].

4.3. Market Size of DS in USA and EU

The demand for nutritional products increased significantly in the US during the
COVID-19 pandemic. In 2019, global sales reached USD 345 million, an increase of 5% from
2018, and multivitamins remained the best-selling category, with nearly 120 million units
sold [93]. The Council for Responsible Nutrition (CRN) survey reported increases of 59, 44,
and 37% in the use of multivitamins, vitamin C, and vitamin D, respectively, among US
residents aged between 18 and 35 (47% men vs. 39% women).

Regarding the European market, it has experienced strong growth since 2020 com-
pared to previous years (EUR 7.1 billion in 2015); the annual share was estimated to be
USD 14.95 billion in 2019 and is expected to increase by 9.3% CAGR to reach an expected
USD 33.80 billion in 2027 [88,95]. DS sales exceeded EUR 1600 million in Italy and EUR 1 bil-
lion in Russia, while the market was worth more than EUR 100 million in other countries
(including Germany, the United Kingdom, France, Poland, Norway, Finland, Sweden,
Belgium, Spain, the Netherlands, and Hungary). On the other hand, in countries such as
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Macedonia, Georgia, Estonia, and Denmark, sales values ranged from EUR 4.4 million to
EUR 98.7 million. Thus, vitamins and minerals have the highest turnover, followed by
proteins, enzymes, fatty acids, and others [8,95].

4.4. Market Size of DS in the Middle East and Africa

In regions such as the Middle East and Africa, the DS market is constantly changing,
and it especially changed during the COVID-19 pandemic. In the United Arab Emirates,
for example, the market had grown by 7% by 2019 [96]. However, the demand for DS
is expected to continue to grow among the Arab population, with a multinational study
showing that the use of dietary products containing vitamin C, vitamin D, and zinc is even
higher in Middle Eastern Arab countries (at 77.8%, 55.7% and 42.9%, respectively). About
80% of the Jordanian population continues to use DS and herbs [6,97]. Unfortunately, there
is a lack of scientific articles assessing their market share and consumption in Africa.

A study by Bayazid et al. [49] showed a significant increase in the consumption
of DS among the Algerian population, including omega-3 fatty acids, zinc, magnesium,
selenium, cloves, ginger, turmeric, and vitamin C and D. The prevalence of DS users
was 63.4%, increasing during the pandemic compared to previous years (29.4%). From a
socioeconomic perspective, there are statistically significant differences between countries
in the frequency of DS use. This variation is related to several factors, particularly the
demographics of those in the countries [49].

4.5. Economic Impact of DS

DS is not only good for our health but it can also be very exciting from an economic
point of view. The DS sector is a major economic driver in the countries where DS are
predominantly produced, providing a significant number of high-paying jobs. The industry
employs 750,000 Americans and generates USD 5.75 billion in state taxes in the US [98].

The evolution of DS prices, production rates, consumer demand for health and well-
ness, performance, research, and scientific production at various times, including the health
crisis brought on by COVID-19, reflects the impact of DS on various sectors in general and
the global economy in particular [99,100].

As soon as the COVID-19 pandemic broke out, recommendations were made to
take certain DS; hence, their sales increased. In addition, the turnover generated by DS
has increased from USD 4 billion in 1994 to USD 55.8 billion in 2020 [101]. According
to Bayazid et al. [49], sales increased from USD 101.38 billion in 2018 to approximately
USD 220.3 billion in 2020.

In all sectors, scientific research is a key driver of productivity, which is part of eco-
nomic growth. Basic research informs applied research, which, in turn, drives technological
advances that increase productivity. Therefore, scientific research is linked to economic
growth because it influences technological progress and increases public awareness of
the potential effects of DS, which, in turn, increases consumer demand [102,103]. Over
30,000 and 48,598 scientific papers on DS are listed in the Scopus and PubMed databases,
respectively. The development of scientific research on health and wellness products in-
creased significantly during the health crisis brought on by the pandemic. There are very
few studies and research papers on DS in Algeria, with only 68 documents published in
Scopus to date.

The economic impact of DS in Algeria is only now beginning to be seen, as the DS
industry is relatively young compared to other global markets. Crucially, the growth in DS
market could lead to the development of new businesses in the sector, which will help to
create jobs and reduce the rate of imports, thus contributing to the economic development
of countries. Recently, the Algerian market for DS health and wellness products has
experienced remarkable growth [104].
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5. Consumer Profile of DS

The physiological or nutritional role of DS lies in prevention, maintaining good health,
relieving everyday discomfort, and restoring the physiological balance of the human body.
In addition, DS consumption has focused on wellness, health, and beauty. As a result,
DS use has increased worldwide. Data from the NHANES series showed that, between
2007 and 2018, DS use increased rapidly. The reasons for this trend may be related to the
increasing interest in supplementation among different categories of users (Figure 5) [18].
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Figure 5. Summary of the consumer profile of dietary supplements.

5.1. Pregnant and Lactating Women

Many women who were pregnant or breastfeeding used at least one supplement
during their pregnancy. According to Jun et al. [105], about 50% of pregnant women and
40% of breastfeeding women took supplements after receiving advice from a
healthcare professional.

Pregnant women should be advised to focus on consuming a balanced diet and eating
important sources of certain nutrients. However, the use of supplements may reduce the
risk of adverse effects and be beneficial in some circumstances. Supplements such as folic
acid, iron, and vitamin B12 are essential for the growth and delivery of healthy babies.
In addition, different cohorts of studies from the USA, Canada, and Australia show that
the use of supplements is very common in pregnancies with a higher risk of nutritional
deficiencies and a high burden of pregnancy complications as a way of reducing the risk of
outcomes such as pre-eclampsia, gestational diabetes mellitus, and small-for-gestational-
age babies, among others [106]. Nevins et al. [107] reported that supplementation with
omega-3 fatty acids during pregnancy and lactation may benefit the cognitive development
of children. A study by Tang et al. [108] showed that Chinese women who were pregnant
appeared to take DS frequently, and about one third of them continued to do so even after
giving birth. The three most commonly used supplements are calcium, folic acid, and iron.
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5.2. Older Adults

The use of DS among older people has increased over the years, and this may be
related to a number of factors, including perceived health-promoting properties, over-
the-counter availability, and a general belief that DS are natural and therefore safe. The
main reason older people use different DS is to reduce their risk of developing age-related
chronic diseases such as cancer, CVD, and cognitive impairment. However, more in-depth
research is needed to assess the safety and confirm the efficacy of DS use among older
adults [109].

5.3. Children and Infants

In recent years, DS have been widely administered to infants and children. Vitamins
and supplements for bone and tissue repair are increasingly being used among this user
category [1]. In addition, it has been reported that 12-89% of parents use DS to treat
hyperactive/attention deficit disorder, asthma, colds, cancer, infantile colic, and epilepsy in
their children. Reportedly, children have shown positive outcomes following the intake of
normal doses of multivitamins, omega-3 fatty acids, and other supplements [110].

However, parents should be aware of the risks of overdosing, intoxication, and adverse
reactions when giving DS to their infants or children. Therefore, a survey and/or list of the
possible adverse effects of dietary supplement consumption is needed.

5.4. Athletes

Sports supplements are widely used by adults and especially by athletes. Over
the past 20 years, sports supplements have become a mainstay among athletes. Sports
supplements are used for a variety of reasons, mainly to enhance health, hasten recovery,
and improve performance during competitions and high-intensity training sessions. In
addition, some studies have described gaining muscle mass and losing body fat, increasing
energy, delaying fatigue, and restoring nutrients as motivational factors for DS use among
athletes, all of which ultimately lead to improved performance [111]. The use of DS may
be necessary when dietary intake or food preferences are restricted, or DS may be used as
temporary remedies when a deficiency syndrome has been identified [112]. In addition,
the majority of available evidence supports the beneficial effects of some supplement
ingredients, such as creatine, (3-alanine, and bicarbonate, on some types of activity (e.g.,
they appear to be effective in combat sports), and also others, such as caffeine, omega-3
fatty acids, vitamin C, D, and B12, and polyphenols [111,113,114].

The use of sports supplements has increased among athletes, but it has also spread
to the general public. Therefore, the expansion of the sports supplement market is driv-
ing the development of standards, laws, and regulations that need to be standardized
internationally for the sake of consumer safety [111].

5.5. Others

Natural products that can improve health and beauty are increasingly in demand
today. Nutricosmetics are the latest trend in the cosmetics industry, driven by greater
consumer awareness of aesthetic needs, skin aging, and wrinkles. However, many nutri-
tional supplements intended to maintain the natural beauty of skin, nails, and hair, such
as collagen, peptides, proteins, vitamins, carotenes, minerals, and omega-3 fatty acids, are
considered effective due to their historical use [115].

6. Conclusions and Prospects

Dietary supplements are a health tool; they are designed to improve well-being and
support physiological functions. By supplementing one’s diet, DS can fill gaps and corrects
imbalances, which, in the long term, improves one’s health and protects against disease.
Preventing and treating disease without drugs has become a global trend among consumers
and healthcare and medical professionals. At the time of the COVID-19 health crisis, the
market of DS grew rapidly and continuously. As a result, the number of users has been
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steadily increasing. In order to clarify the issues associated with the dietary supplement
market, in this review, we have tried to answer several questions by giving an overview of
DS and their regulation in different countries.

The everyday consumption of DS is possible due to their availability in supermar-
kets and convenience stores and their food status. In addition, their limited regulatory
(labeling) and legislative requirements, compared to medicines, have also facilitated their
widespread consumption.

The dietary supplement industry is huge, so DS are sold and supplied by multi-
million dollar companies with large profits. The production of supplements is fairly
straightforward, with minimal regard for safety, quality, and efficacy, as they are not
subjected to strict regulation. Various supplements have been developed in recent years,
but progress in this area has been slow. Awareness of the need to regulate the dietary
supplement sector has led food and drug authorities to take steps to standardize regulations
to improve consumer safety. With the exponential worldwide growth in the use of and
demand for dietary supplements, there is a need for large-scale studies to establish their
efficacy and safety.

The market for DS is clearly growing in Algeria, and unlike prescription drugs, these
products are developing without any control or regulation. Many worry that this lack of
regulation may have a negative impact on consumers, especially as some DS are considered
to be drugs. Therefore, discussions are underway to establish a regulatory framework
for the marketing, manufacturing, and labeling of DS, and demand for greater scrutiny
regarding manufacturer’s health claims form the basis for the regulation of DS.

Dietary supplements are different from foods and pharmaceuticals, and given their
widespread use, it is important to develop compositional databases to track their contribu-
tion to the intake of nutrients and other bioactive constituents and assess the effects these
substances have on human health. There is also a need for greater collaboration across
government agencies in their development.

In general, there is a growing societal interest in the use of DS; therefore, research on
the issues and important aspects related to them must accompany the expansion of their
use. In conclusion, the best advice is to use DS only in specific cases of public health crises
or in the case of medical necessity. The ideal strategies for a long and healthy life are a
healthy diet rich in fruits and vegetables.

Author Contributions: Conceptualization, K.M.; methodology, O.D., Y.D.B.,EZ.,, A.O, Y.Y. and KM,;
investigation, O.D., Y.D.B.,, EZ., A.O. and Y.Y.; writing—original draft preparation, O.D., Y.D.B., F.Z.,
A0, Y.Y. and M. A -A.; writing—review and editing, O.D., Y.S.-R., KM. and A.R,; supervision, O.D.
and K.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Informed Consent Statement: Not applicable.

Acknowledgments: The authors thank the General Directorate of Scientific Research and Technologi-
cal Development (DGRSDT/MESRS-Algeria).

Conflicts of Interest: The authors declare no conflict of interest.

1. Lam, M.; Khoshkhat, P.; Chamani, M.; Shahsavari, S.; Dorkoosh, F.A.; Rajabi, A.; Maniruzzaman, M.; Nokhodchi, A. In-Depth
Multidisciplinary Review of the Usage, Manufacturing, Regulations & Market of Dietary Supplements. J. Drug Deliv. Sci. Technol.
2022, 67,102985. [CrossRef]

2. Fahmideh, F; Marchesi, N.; Barbieri, A.; Govoni, S.; Pascale, A. Non-Drug Interventions in Glaucoma: Putative Roles for Lifestyle,
Diet and Nutritional Supplements. Surv. Ophthalmol. 2022, 67, 675-696. [CrossRef]

3.  Skotnicka, M.; Karwowska, K.; Klobukowski, F.; Wasilewska, E.; Matgorzewicz, S. Dietary Habits before and during the COVID-19
Epidemic in Selected European Countries. Nutrients 2021, 13, 1690. [CrossRef]

4. Chavda, V.P; Patel, A.B.; Vihol, D.; Vaghasiya, D.D.; Ahmed, KM.S.B.; Trivedi, K.U.; Dave, D.]. Herbal Remedies, Nutraceuticals,
and Dietary Supplements for COVID-19 Management: An Update. Clin. Complement. Med. Pharmacol. 2022, 2, 100021. [CrossRef]

[PubMed]


https://doi.org/10.1016/j.jddst.2021.102985
https://doi.org/10.1016/j.survophthal.2021.09.002
https://doi.org/10.3390/nu13051690
https://doi.org/10.1016/j.ccmp.2022.100021
https://www.ncbi.nlm.nih.gov/pubmed/36620357

Nutrients 2023, 15, 3320 20 of 24

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

Augusti, PR; Conterato, G.M.M.; Denardin, C.C.; Prazeres, LD.; Serra, A.T.; Bronze, M.R.; Emanuelli, T. Bioactivity, Bioavailability,
and Gut Microbiota Transformations of Dietary Phenolic Compounds: Implications for COVID-19. . Nutr. Biochem. 2021,
97,108787. [CrossRef]

Mukattash, T.L.; Alkhalidy, H.; Alzu’bi, B.; Abu-Farha, R.; Itani, R.; Karout, S.; Khojah, HM.].; Khdour, M.; El-Dahiyat, E; Jarab, A.
Dietary Supplements Intake during the Second Wave of COVID-19 Pandemic: A Multinational Middle Eastern Study. Eur. J.
Integr. Med. 2022, 49, 102102. [CrossRef]

Dietary Supplements Market Size, Share and Trends Analysis Report by Ingredient (Vitamins, Minerals), by from, by Application,
by End User, by Distribution Channel, by Region, and Forecasts, 2022-2030. Available online: https://www.grandviewresearch.
com/industry-analysis/dietary-supplements-market (accessed on 9 November 2022).

Hys, K. Identification of the Reasons Why Individual Consumers Purchase Dietary Supplements; Contributions to Management Science;
Springer: Cham, Switzerland, 2020; pp. 193-209. [CrossRef]

Lordan, R.; Rando, H.M.; Greene, C.S. Dietary Supplements and Nutraceuticals under Investigation for COVID-19 Prevention
and Treatment. mSystems 2021, 6, 1-22. [CrossRef] [PubMed]

Hamulka, J.; Jeruszka-Bielak, M.; Gérnicka, M.; Drywieri, M.E.; Zielinska-Pukos, M.A. Dietary Supplements during Covid-19
Outbreak. Results of Google Trends Analysis Supported by Plifecovid-19 Online Studies. Nutrients 2021, 13, 54. [CrossRef]
Dwyer, ].T.; Coates, PM.; Smith, M.]. Dietary Supplements: Regulatory Challenges and Research Resources. Nutrients 2018, 10, 41.
[CrossRef] [PubMed]

Binns, C.W.; Lee, M.K; Lee, A.H. Problems and Prospects: Public Health Regulation of Dietary Supplements. Annu. Rev. Public
Health 2018, 39, 403-420. [CrossRef] [PubMed]

Thakkar, S.; Anklam, E.; Xu, A,; Ulberth, F; Li, J.; Li, B.; Hugas, M.; Sarma, N.; Crerar, S.; Swift, S.; et al. Regulatory Landscape of
Dietary Supplements and Herbal Medicines from a Global Perspective. Regul. Toxicol. Pharmacol. 2020, 114, 104647. [CrossRef]
Brown, A.C. An Overview of Herb and Dietary Supplement Efficacy, Safety and Government Regulations in the United States
with Suggested Improvements. Part 1 of 5 Series. Food Chem. Toxicol. 2017, 107, 449-471. [CrossRef] [PubMed]

Starr, R.R. Too Little, Too Late: Ineffective Regulation of Dietary Supplements in the United States. Am. J. Public Health 2015, 105,
478-485. [CrossRef] [PubMed]

Wierzejska, R.E. Dietary Supplements—For Whom? The Current State of Knowledge about the Health Effects of Selected
Supplement Use. Int. ]. Environ. Res. Public Health 2021, 18, 8897. [CrossRef] [PubMed]

Breitweg-lehmann, E.; Liebscher, B. Food Supplements: Definition and Classification. In Drug Discovery and Evaluation: Methods in
Clinical Pharmacology; Springer: Cham, Switzerland, 2020; pp. 625636, ISBN 9783319688640.

Dwyer, ].; Saldanha, L.; Bailen, R.; Durazzo, A.; Le Donne, C.; Piccinelli, R.; Andrews, K.; Pehrsson, P.; Gusev, P; Calvillo, A.; et al.
Commentary: An Impossible Dream? Integrating Dietary Supplement Label Databases: Needs, Challenges, next Steps. J. Food
Compos. Anal. 2021, 102, 103882. [CrossRef]

Council for Responsible Nutrition. 2020 CRN Consumer Survey on Dietary Supplements. Available online: https://www.crnusa.
org/resources/2020-crn-consumer-survey-dietary-supplements (accessed on 17 October 2022).

Council for Responsible Nutrition. 2021 CRN Consumer Survey on Dietary Supplements. Available online: https://www.crnusa.
org/resources/2021-crn-consumer-survey-dietary-supplements-0 (accessed on 17 October 2022).

Dwyer, ].T.; Saldanha, L.G.; Bailen, R. Dietary Supplement Databases: Public Health Tools. J. Food Compos. Anal. 2022, 105, 104244.
[CrossRef]

Shen, ]J. Regulatory News—Food & Food Contact Materials—CIRS Group, How Can Health Food (Dietary Supple-
ment) Enter into the Market of China, Japan, Korea, USA, Australia, New Zealand, ASEAN and EU? Available online:
https:/ /www.cirs-group.com/en/food /how-can-health-food-dietary-supplement-enter-into-the-market-of-china-japan-
korea-usa-australia-new-zealand-asean-and-eu (accessed on 17 October 2022).

GB 16740-2014; National Food Safety Standard-Health Foods. Ministry of Agriculture: Beijing China, 2014.

Scheuplein, R.J. History of Food Regulation. In International Food Safety Handbook; Routledge: Abingdon, UK, 1999; pp. 647-659,
ISBN 9780203750346.

Wallace, T.C.; MacKay, D.; Al-Mondhiry, R.; Nguyen, H.; Griffiths, ].C. Dietary Supplement Regulation in the United States. In
Springer Briefs in Food, Health, and Nutrition; Springer: Cham, Switzerland, 2013; pp. 143, ISBN 9783319015026.

Bailey, R.L. Current Regulatory Guidelines and Resources to Support Research of Dietary Supplements in the United States. Crit.
Rev. Food Sci. Nutr. 2020, 60, 298-309. [CrossRef]

Information for Consumers on Using Dietary Supplements. Available online: https://www.fda.gov/food/dietary-supplements/
information-consumers-using-dietary-supplements (accessed on 15 November 2022).

Fortin, D.N.D. Food Regulation: Law, Science, Policy, and Practice. Available online: https://books.google.dz/books?hl=fré&lr=
&id=TcZ6EAAAQBA]&oi=fnd&pg=PA23&dq=Fortin,+N.+D.+(2022).+Food+regulation:+law, +science, +policy,+and+practice,
+.&ots=OB7B0IbmMM4&sig=EtV3RvOgFeCH4yccpUNC7Ki5MPké&redir_esc=y#v=onepage&q=Fortin%2CN.D.(2022).F (accessed
on 10 November 2022).

Bagchi, D. Industry Self- Regulatory Activities Complement FDA’s Dietary Supplement Regulations. In Nutraceutical and
Functional Food Regulations in the United States and around the World; Elsevier Inc.: Amsterdam, The Netherlands, 2019; pp. 1-678,
ISBN 9780128164679.


https://doi.org/10.1016/j.jnutbio.2021.108787
https://doi.org/10.1016/j.eujim.2022.102102
https://www.grandviewresearch.com/industry-analysis/dietary-supplements-market
https://www.grandviewresearch.com/industry-analysis/dietary-supplements-market
https://doi.org/10.1007/978-3-030-47380-8_9
https://doi.org/10.1128/mSystems.00122-21
https://www.ncbi.nlm.nih.gov/pubmed/33947804
https://doi.org/10.3390/nu13010054
https://doi.org/10.3390/nu10010041
https://www.ncbi.nlm.nih.gov/pubmed/29300341
https://doi.org/10.1146/annurev-publhealth-040617-013638
https://www.ncbi.nlm.nih.gov/pubmed/29272167
https://doi.org/10.1016/j.yrtph.2020.104647
https://doi.org/10.1016/j.fct.2016.11.001
https://www.ncbi.nlm.nih.gov/pubmed/27818322
https://doi.org/10.2105/AJPH.2014.302348
https://www.ncbi.nlm.nih.gov/pubmed/25602879
https://doi.org/10.3390/ijerph18178897
https://www.ncbi.nlm.nih.gov/pubmed/34501487
https://doi.org/10.1016/j.jfca.2021.103882
https://www.crnusa.org/resources/2020-crn-consumer-survey-dietary-supplements
https://www.crnusa.org/resources/2020-crn-consumer-survey-dietary-supplements
https://www.crnusa.org/resources/2021-crn-consumer-survey-dietary-supplements-0
https://www.crnusa.org/resources/2021-crn-consumer-survey-dietary-supplements-0
https://doi.org/10.1016/j.jfca.2021.104244
https://www.cirs-group.com/en/food/how-can-health-food-dietary-supplement-enter-into-the-market-of-china-japan-korea-usa-australia-new-zealand-asean-and-eu
https://www.cirs-group.com/en/food/how-can-health-food-dietary-supplement-enter-into-the-market-of-china-japan-korea-usa-australia-new-zealand-asean-and-eu
https://doi.org/10.1080/10408398.2018.1524364
https://www.fda.gov/food/dietary-supplements/information-consumers-using-dietary-supplements
https://www.fda.gov/food/dietary-supplements/information-consumers-using-dietary-supplements
https://books.google.dz/books?hl=fr&lr=&id=TcZ6EAAAQBAJ&oi=fnd&pg=PA23&dq=Fortin,+N.+D.+(2022).+Food+regulation:+law,+science,+policy,+and+practice,+.&ots=OB7B0IbmMM&sig=EtV3RvOgFeCH4yccpUNC7Ki5MPk&redir_esc=y#v=onepage&q=Fortin%2CN.D.(2022).F
https://books.google.dz/books?hl=fr&lr=&id=TcZ6EAAAQBAJ&oi=fnd&pg=PA23&dq=Fortin,+N.+D.+(2022).+Food+regulation:+law,+science,+policy,+and+practice,+.&ots=OB7B0IbmMM&sig=EtV3RvOgFeCH4yccpUNC7Ki5MPk&redir_esc=y#v=onepage&q=Fortin%2CN.D.(2022).F
https://books.google.dz/books?hl=fr&lr=&id=TcZ6EAAAQBAJ&oi=fnd&pg=PA23&dq=Fortin,+N.+D.+(2022).+Food+regulation:+law,+science,+policy,+and+practice,+.&ots=OB7B0IbmMM&sig=EtV3RvOgFeCH4yccpUNC7Ki5MPk&redir_esc=y#v=onepage&q=Fortin%2CN.D.(2022).F

Nutrients 2023, 15, 3320 21 of 24

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

ElAmrawy, E; ElAgouri, G.; ElInoweam, O.; Aboelazayem, S.; Farouk, E.M.; Nounou, M.I. Adulterated and Counterfeit Male
Enhancement Nutraceuticals and Dietary Supplements Pose a Real Threat to the Management of Erectile Dysfunction: A Global
Perspective. J. Diet. Suppl. 2016, 13, 660-693. [CrossRef] [PubMed]

Denham, B.E. Dietary Supplements in the USA: Problematic Trends. Public Health Nutr. 2021, 24, 2771-2775. [CrossRef]

Hu, C. Change in Raw Materials and Claims of Health Food Regulations in China 2013-17. In Nutraceutical and Functional
Food Regulations in the United States and around the World; Elsevier Inc.: Amsterdam, The Netherlands, 2019; pp. 465-495,
ISBN 9780128164679.

Roberts, A.; Rogerson, R. Chinese Approach on Regulating Food Additives, Novel Foods, Functional Foods and Dietary Supple-
ments. In Nutraceutical and Functional Food Regulations; R Discovery: New York, NY, USA, 2008; pp. 291-303, ISBN 9780123739018.
Coppens, P,; Da Silva, M.E; Pettman, S. European Regulations on Nutraceuticals, Dietary Supplements and Functional Foods: A
Framework Based on Safety. Toxicology 2006, 221, 59-74. [CrossRef]

Farid, M.; Kodama, K.; Arato, T.; Okazaki, T.; Oda, T.; Ikeda, H.; Sengoku, S. Comparative Study of Functional Food Regulations
in Japan and Globally. Glob. J. Health Sci. 2019, 11, 132. [CrossRef]

Silano, V.; Coppens, P; Larraiiaga-Guetaria, A.; Minghetti, P; Roth-Ehrang, R. Regulations Applicable to Plant Food Supplements
and Related Products in the European Union. Food Funct. 2011, 2, 710-719. [CrossRef]

Petkova-Gueorguieva, E.S.; Getov, LN.; Ivanov, K.V,; Ivanova, S.D.; Gueorguiev, S.R.; Getova, V.I.; Mihaylova, A.A,;
Madzharov, V.G.; Staynova, R.A. Regulatory Requirements for Food Supplements in the European Union and Bulgaria. Folia
Med. 2019, 61, 41-48. [CrossRef] [PubMed]

Czepielewska, E.; Makarewicz-Wujec, M.; R6zewski, F.; Wojtasik, E.; Koztowska-Wojciechowska, M. Drug Adulteration of Food
Supplements: A Threat to Public Health in the European Union? Regul. Toxicol. Pharmacol. 2018, 97, 98-102. [CrossRef] [PubMed]
Rocha, T.; Amaral, J.S.; Oliveira, M.B.P.P. Adulteration of Dietary Supplements by the Illegal Addition of Synthetic Drugs: A
Review. Compr. Rev. Food Sci. Food Saf. 2016, 15, 43—-62. [CrossRef] [PubMed]

Chermat, S.; Belhadj, N.; Charifi, I. Place Des Compléments Alimentaires a Base de Plantes En Algérie: Evaluation de I'impact
Sanitaire et Biosécurité de La Région de Sétif et Bordj Bou Arreridj. Available online: https://www.abebooks.com /978613843199
2/Place-Compl%C3%A9ments- Alimentaires-base-Plantes-6138431995/plp (accessed on 31 July 2022).

Hallouch, F.A. Médicament a Base de Plante En Algérie: Entre L’expansion Du Marché et La Réglementation. Rev. Droit Public
Algérien Comparé 2021, 7, 31-55.

Un Encadrement s'impose: La Jungle Des Compléments Alimentaires—Actualité. Available online: https://www.lesoirdalgerie.
com/actualites/la-jungle-des-complements-alimentaires-62656 (accessed on 30 October 2022).

Commerce: 20 Compléments Alimentaires Nocifs Interdits de Vente. Available online: https://www.aps.dz/economie/ 135590
-commerce-20-complements-alimentaires-nocifs-interdits-de-vente (accessed on 30 October 2022).

El-Maouhab, E,; Bedouhene, S.; Bourouba, M.; Lacheheb, S.; Metouri, S.; Zemoul, O. L'avant-Projet: Cadre Réglementaire Régissant
Les Compléments Alimentaires En Algérie; Industriel; Fédération Algérienne de Pharmacie Section Pharmacie Industrielle: Paris,
France, 2022.

Brahmi, F;; Vejux, A.; Ghzaiel, I; Ksila, M.; Zarrouk, A.; Ghrairi, T.; Essadek, S.; Mandard, S.; Leoni, V.; Poli, G.; et al. Role of Diet
and Nutrients in SARS-CoV-2 Infection: Incidence on Oxidative Stress, Inflammatory Status and Viral Production. Nutrients 2022,
14, 2194. [CrossRef]

Louca, P,; Murray, B.; Klaser, K.; Graham, M.S.; Mazidi, M.; Leeming, E.R.; Thompson, E.; Bowyer, R.; Drew, D.A; Nguyen, L.H.;
et al. Modest Effects of Dietary Supplements during the COVID-19 Pandemic: Insights from 445 850 Users of the COVID-19
Symptom Study App. BMJ Nutr. Prev. Heal. 2021, 4, 149-157. [CrossRef]

Subedi, L.; Tchen, S.; Gaire, B.P; Hu, B.; Hu, K. Adjunctive Nutraceutical Therapies for COVID-19. Int. ]. Mol. Sci. 2021, 22, 1963.
[CrossRef]

Mohsen, H.; Yazbeck, N.; Al-Jawaldeh, A.; Chahine, N.B.; Hamieh, H.; Mourad, Y.; Skaiki, F.; Salame, H.; Salameh, P.; Hoteit, M.
Knowledge, Attitudes, and Practices Related to Dietary Supplementation, before and during the COVID-19 Pandemic: Findings
from a Cross-Sectional Survey in the Lebanese Population. Int. . Environ. Res. Public Health 2021, 18, 8856. [CrossRef]

Bayazid, A.; Youcef, A.; Mahsar, Y.; Dous, A. Impact of COVID-19 Pandemic on Dietary Supplements Consumption in Algeria.
Nutr. Santé 2022, 11, 21-33. [CrossRef]

Alfawaz, H.A.; Khan, N.; Aljumah, G.A.; Hussain, S.D.; Al-Daghri, N.M. Dietary Intake and Supplement Use among Saudi
Residents during COVID-19 Lockdown. Int. J. Environ. Res. Public Health 2021, 18, 6435. [CrossRef]

Aldwihi, L.A.; Khan, S.I.; Alamri, EF.; Alruthia, Y.; Alqahtani, F.; Fantoukh, O.I; Assiri, A.; Almohammed, O.A. Patients’ Behavior
Regarding Dietary or Herbal Supplements before and during COVID-19 in Saudi Arabia. Int. . Environ. Res. Public Health 2021,
18, 5086. [CrossRef]

Karacil Ermumcu, M.$.; Mengi Celik, 0. Evaluation of Using Dietary Supplements, Functional Foods and Herbal Products with
Nutritional Habits of Individuals Diagnosed with COVID-19 Before, During, and After Disease. Clin. Sci. Nutr. 2022, 4, 54-60.
[CrossRef]

Shakoor, H.; Feehan, J.; Al Dhaheri, A.S.; Ali, H.I; Platat, C.; Ismail, L.C.; Apostolopoulos, V.; Stojanovska, L. Immune-Boosting
Role of Vitamins D, C, E, Zinc, Selenium and Omega-3 Fatty Acids: Could They Help against COVID-19? Maturitas 2021, 143, 1-9.
[CrossRef] [PubMed]


https://doi.org/10.3109/19390211.2016.1144231
https://www.ncbi.nlm.nih.gov/pubmed/26913542
https://doi.org/10.1017/S1368980021000665
https://doi.org/10.1016/j.tox.2005.12.022
https://doi.org/10.5539/gjhs.v11n6p132
https://doi.org/10.1039/c1fo10105f
https://doi.org/10.2478/folmed-2018-0032
https://www.ncbi.nlm.nih.gov/pubmed/31237857
https://doi.org/10.1016/j.yrtph.2018.06.014
https://www.ncbi.nlm.nih.gov/pubmed/29932980
https://doi.org/10.1111/1541-4337.12173
https://www.ncbi.nlm.nih.gov/pubmed/33371574
https://www.abebooks.com/9786138431992/Place-Compl%C3%A9ments-Alimentaires-base-Plantes-6138431995/plp
https://www.abebooks.com/9786138431992/Place-Compl%C3%A9ments-Alimentaires-base-Plantes-6138431995/plp
https://www.lesoirdalgerie.com/actualites/la-jungle-des-complements-alimentaires-62656
https://www.lesoirdalgerie.com/actualites/la-jungle-des-complements-alimentaires-62656
https://www.aps.dz/economie/135590-commerce-20-complements-alimentaires-nocifs-interdits-de-vente
https://www.aps.dz/economie/135590-commerce-20-complements-alimentaires-nocifs-interdits-de-vente
https://doi.org/10.3390/nu14112194
https://doi.org/10.1136/bmjnph-2021-000250
https://doi.org/10.3390/ijms22041963
https://doi.org/10.3390/ijerph18168856
https://doi.org/10.30952/ns.11.1.3
https://doi.org/10.3390/ijerph18126435
https://doi.org/10.3390/ijerph18105086
https://doi.org/10.5152/ClinSciNutr.2022.221240
https://doi.org/10.1016/j.maturitas.2020.08.003
https://www.ncbi.nlm.nih.gov/pubmed/33308613

Nutrients 2023, 15, 3320 22 of 24

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Adams, K.K.; Baker, W.L.; Sobieraj, D.M. Myth Busters: Dietary Supplements and COVID-19. Ann. Pharmacother. 2020, 54,
820-826. [CrossRef]

Mrityunjaya, M.; Pavithra, V.; Neelam, R.; Janhavi, P.; Halami, PM.; Ravindra, P.V. Immune-Boosting, Antioxidant and Anti-
Inflammatory Food Supplements Targeting Pathogenesis of COVID-19. Front. Immunol. 2020, 11, 570122. [CrossRef]

Mullin, G.E.; Limektkai, B.; Wang, L.; Hanaway, P.; Marks, L.; Giovannucci, E. Dietary Supplements for COVID-19. Adv. Exp. Med.
Biol. 2021, 1318, 499-515. [CrossRef]

Galanakis, C.M.; Aldawoud, TM.S.; Rizou, M.; Rowan, N.J.; Ibrahim, S.A. Food Ingredients and Active Compounds against the
Coronavirus Disease (COVID-19) Pandemic: A Comprehensive Review. Foods 2020, 9, 1701. [CrossRef]

Annweiler, C. Point of View: Should COVID-19 Patients Be Supplemented with Vitamin D? Maturitas 2020, 104, 24-26. [CrossRef]

Cangiano, B.; Fatti, L.M.; Danesi, L.; Gazzano, G.; Croci, M,; Vitale, G.; Gilardini, L.; Bonadonna, S.; Chiodini, I.; Caparello, C.E;
et al. Mortality in an Italian Nursing Home during COVID-19 Pandemic: Correlation with Gender, Age, ADL, Vitamin D
Supplementation, and Limitations of the Diagnostic Tests. Aging 2020, 12, 24522-24534. [CrossRef]

D’avolio, A.; Avataneo, V.; Manca, A.; Cusato, J.; De Nicolo, A.; Lucchini, R.; Keller, F.; Cantu, M. 25-Hydroxyvitamin D
Concentrations Are Lower in Patients with Positive PCR for SARS-CoV-2. Nutrients 2020, 12, 1359. [CrossRef]

Razdan, K,; Singh, K,; Singh, D. Vitamin D Levels and COVID-19 Susceptibility: Is There Any Correlation? Med. Drug Discov. ].
2020, 7, 100051. [CrossRef] [PubMed]

Sabico, S.; Enani, M.A; Sheshah, E.; Aljohani, N.J.; Aldisi, D.A.; Alotaibi, N.H.; Alshingetti, N.; Alomar, S.Y.; Alnaami, A.M.;
Amer, O.E; et al. Effects of a 2-Week 5000 Iu versus 1000 Iu Vitamin D3 Supplementation on Recovery of Symptoms in Patients
with Mild to Moderate Covid-19: A Randomized Clinical Trial. Nutrients 2021, 13, 2170. [CrossRef] [PubMed]

Sooriyaarachchi, P; Jeyakumar, D.T.; King, N.; Jayawardena, R. Impact of Vitamin D Deficiency on COVID-19. Clin. Nutr. ESPEN
2021, 44, 372-378. [CrossRef] [PubMed]

Ma, H.; Zhou, T.; Heianza, Y.; Qi, L. Habitual Use of Vitamin D Supplements and Risk of Coronavirus Disease 2019 (COVID-19)
Infection: A Prospective Study in UK Biobank. Am. J. Clin. Nutr. 2021, 113, 1275-1281. [CrossRef]

Holford, P.,; Carr, A.C.; Jovic, T.H.; Ali, S.R.; Whitaker, 1.S.; Marik, P.E.; Smith, A.D. Vitamin C—An Adjunctive Therapy for
Respiratory Infection, Sepsis and COVID-19. Nutrients 2020, 12, 3760. [CrossRef]

Milani, G.P,; Macchi, M.; Guz-Mark, A. Vitamin c in the Treatment of COVID-19. Nutrients 2021, 13, 1172. [CrossRef] [PubMed]

Kamarli Altun, H.; Karacil Ermumcu, M.S.; Seremet Kurklu, N. Evaluation of Dietary Supplement, Functional Food and Herbal
Medicine Use by Dietitians during the COVID-19 Pandemic. Public Health Nutr. 2021, 24, 861-869. [CrossRef]

Ayer, C.; Celep, A.G.S. Assessment of Dietary Habits and Use of Nutritional Supplements in COVID-19: A Cross-Sectional Study.
PharmaNutrition 2022, 22, 100309. [CrossRef]

Radwan, H.; Hasan, H.; Jaafar, Z.; Abbas, N.; Rashed Saif, E.; Al Kitbi, M.; Al Hilali, M.; Naja, F. Diets and Dietary Supplements
Used during the COVID-19 Pandemic in the United Arab Emirates: A Cross-Sectional Survey. Saudi Pharm. |. 2022, 30, 421-432.
[CrossRef]

Puscion-Jakubik, A.; Bielecka, J.; Grabia, M.; Mielech, A.; Markiewicz-zukowska, R.; Mielcarek, K.; Moskwa, J.; Naliwajko, S.K,;
Soroczytiska, J.; Gromkowska-Kepka, K.J.; et al. Consumption of Food Supplements during the Three Covid-19 Waves in
Poland—Focus on Zinc and Vitamin D. Nutrients 2021, 13, 3361. [CrossRef] [PubMed]

Bagheri, M.; Haghollahi, F.; Shariat, M.; Jafarabadi, M.; Aryamloo, P.; Rezayof, E. Supplement Usage Pattern in a Group of
COVID- 19 Patients in Tehran. J. Fam. Reprod. Health 2020, 14, 158-165. [CrossRef] [PubMed]

Taha, S H.N.; Moawad, A.M.; Ghazy, RM.; Abdelhalim, W.A. Assessment of Self-Treatment Knowledge, Beliefs and Practice
during COVID-19 Pandemic among Egyptian Population: A Cross Sectional Study. Egypt. ]. Hosp. Med. 2022, 89, 4516-4525.
[CrossRef]

Cerullo, G.; Negro, M.; Parimbelli, M.; Pecoraro, M.; Perna, S.; Liguori, G.; Rondanelli, M.; Cena, H.; D’Antona, G. The Long
History of Vitamin C: From Prevention of the Common Cold to Potential Aid in the Treatment of COVID-19. Front. Immunol.
2020, 11, 574029. [CrossRef]

Arvinte, C.; Singh, M.; Marik, P.E. Serum Levels OfVitamin C and Vitamin D in a Cohort of Critically Ill COVID-19 Patients of
a North American Community Hospital Intensive Care Unit in May 2020: A Pilot Study. Med. Drug Discov. ]. 2020, 8, 100064.
[CrossRef]

Costagliola, G.; Spada, E.; Comberiati, P.; Peroni, D.G. Could Nutritional Supplements Act as Therapeutic Adjuvants in COVID-19?
Ital. |. Pediatr. 2021, 47, 32. [CrossRef]

Celik, C.; Gencay, A.; Ocsoy, I. Can Food and Food Supplements Be Deployed in the Fight against the COVID 19 Pandemic? BBA
Gen. Subj. 2020, 1895, 129801. [CrossRef] [PubMed]

Wessels, I; Rolles, B.; Rink, L. The Potential Impact of Zinc Supplementation on COVID-19 Pathogenesis. Front. Immunol. 2020,
11, 1712. [CrossRef]

Jothimani, D.; Kailasam, E.; Danielraj, S.; Nallathambi, B.; Ramachandran, H.; Sekar, P; Manoharan, S.; Ramani, V.;
Narasimhan, G.; Kaliamoorthy, L; et al. COVID-19: Poor Outcomes in Patients with Zinc Deficiency. Int. J. Infect. Dis. 2020, 100,
343-349. [CrossRef]

Razzaque, M.S. COVID-19 Pandemic: Can Zinc Supplementation Provide an Additional Shield against the Infection? Comput.
Struct. Biotechnol. J. 2021, 19, 1371-1378. [CrossRef]


https://doi.org/10.1177/1060028020928052
https://doi.org/10.3389/fimmu.2020.570122
https://doi.org/10.1007/978-3-030-63761-3_29
https://doi.org/10.3390/foods9111701
https://doi.org/10.1016/j.maturitas.2020.06.003
https://doi.org/10.18632/aging.202307
https://doi.org/10.3390/nu12051359
https://doi.org/10.1016/j.medidd.2020.100051
https://www.ncbi.nlm.nih.gov/pubmed/32835212
https://doi.org/10.3390/nu13072170
https://www.ncbi.nlm.nih.gov/pubmed/34202578
https://doi.org/10.1016/j.clnesp.2021.05.011
https://www.ncbi.nlm.nih.gov/pubmed/34330492
https://doi.org/10.1093/ajcn/nqaa381
https://doi.org/10.3390/nu12123760
https://doi.org/10.3390/nu13041172
https://www.ncbi.nlm.nih.gov/pubmed/33916257
https://doi.org/10.1017/S1368980020005297
https://doi.org/10.1016/j.phanu.2022.100309
https://doi.org/10.1016/j.jsps.2022.01.019
https://doi.org/10.3390/nu13103361
https://www.ncbi.nlm.nih.gov/pubmed/34684363
https://doi.org/10.18502/jfrh.v14i3.4668
https://www.ncbi.nlm.nih.gov/pubmed/33603807
https://doi.org/10.21608/ejhm.2022.258482
https://doi.org/10.3389/fimmu.2020.574029
https://doi.org/10.1016/j.medidd.2020.100064
https://doi.org/10.1186/s13052-021-00990-0
https://doi.org/10.1016/j.bbagen.2020.129801
https://www.ncbi.nlm.nih.gov/pubmed/33238195
https://doi.org/10.3389/fimmu.2020.01712
https://doi.org/10.1016/j.ijid.2020.09.014
https://doi.org/10.1016/j.csbj.2021.02.015

Nutrients 2023, 15, 3320 23 of 24

80.

81.

82.

83.

84.

85.
86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Finzi, E. Treatment of SARS-CoV-2 with High Dose Oral Zinc Salts: A Report on Four Patients. Int. J. Infect. Dis. 2020, 99, 307-309.
[CrossRef]

Aratjo, T.S.S.; Santos, C.S.; Soares, ] K.B.; Freitas, ].C.R. Vitamin D: A Potentially Important Secosteroid for Coping with COVID-19.
An. Acad. Bras. Cienc. 2022, 94, 1-25. [CrossRef] [PubMed]

Moscatelli, F.; Sessa, F.; Valenzano, A.; Polito, R.; Monda, V.; Cibelli, G.; Villano, I.; Pisanelli, D.; Perrella, M.; Daniele, A.; et al.
Covid-19: Role of Nutrition and Supplementation. Nutrients 2021, 13, 976. [CrossRef] [PubMed]

Grant, W.B.; Lahore, H.; McDonnell, S.L.; Baggerly, C.A.; French, C.B.; Aliano, J.L.; Bhattoa, H.P. Evidence That Vitamin d
Supplementation Could Reduce Risk of Influenza and Covid-19 Infections and Deaths. Nutrients 2020, 12, 988. [CrossRef]
[PubMed]

Mohan, M.; Cherian, J.].; Sharma, A. Exploring Links between Vitamin D Deficiency and Covid-19. PLoS Pathog. 2020, 16, e1008874.
[CrossRef]

Mercola, J.; Grant, W.B. Evidence Regarding Vitamin D and Risk of COVID-19 and Its Severity. Nutrients 2020, 12, 3361. [CrossRef]
Bae, M.; Kim, H. The Role of Vitamin C, Vitamin D, and Selenium in Immune System against COVID-19. Molecules 2020, 25, 5346.
[CrossRef]

Kumar, A.; Kubota, Y.; Chernov, M.; Kasuya, H. Potential Role of Zinc Supplementation in Prophylaxis and Treatment of
COVID-19. Med. Hypotheses 2020, 144, 109848. [CrossRef]

Morgovan, C.; Ghibu, S.; Juncan, A.M.; Rus, L.L.; Butuca, A.; Vonica, L.; Muntean, A.; Mos, L.; Gligor, E,; Olah, N.K. Nutrivigilance:
A New Activity in the Field of Dietary Supplements. Farmacia 2019, 67, 537-544. [CrossRef]

Mahdavi-Roshan, M.; Rezazadeh, A.; Joukar, E; Khorshidi, Y.; Naghipour, M.; Mansour-Ghanaei, F. Dietary Supplements
Consumption and Its Association with Socioeconomic Factors, Obesity and Main Non-Communicable Chronic Diseases in the
North of Iran: The PERSIAN Guilan Cohort Study (PGCS). BMC Nutr. 2021, 7, 84. [CrossRef] [PubMed]

Dietary Supplements Market—Growth, Trends, Covid-19 Impact, and Forecasts (2022-2027). Available online: https://www.
mordorintelligence.com/industry-reports/dietary-supplement-market (accessed on 11 November 2022).

Hegazy, N.; Sayed, H.A.; Hasan, A.A.; Salem, M.R. Popularity of the Consumption of Dietary Supplements and Its Associated
Factors among Students in an Egyptian University: A Cross-Sectional Study. Open Access Maced. ]. Med. Sci. 2020, 8, 566-573.
[CrossRef]

Altamimi, ].Z. Awareness of the Consumption of Dietary Supplements among Students in a University in Saudi Arabia. J. Nutr.
Metab. 2019, 2019, 4641768. [CrossRef]

Lordan, R. Dietary Supplements and Nutraceuticals Market Growth during the Coronavirus Pandemic—Implications for
Consumers and Regulatory Oversight. PharmaNutrition 2021, 18, 2020-2022. [CrossRef]

Total Dietary Supplements Market Size Worldwide from 2016 to 2028. Available online: https://www.statista.com/statistics /82
8514 /total-dietary-supplements-market-size-globally/ (accessed on 20 November 2022).

Europe Dietary Supplements Market Size, Share and COVID-19 Impact Analysis, by Type (Vitamins, Minerals, Enzymes, Fatty
Acids, Proteins, and Others) from (Tables, Capsules, Powder, and Liquid) and Regional Forecasts, 2020-2027. 2022. Available
online: https:/ /www.fortunebusinessinsights.com/industry-reports/europe-dietary-supplements-market-101918 (accessed
on 11 November 2022).

Alhomoud, FK,; Basil, M.; Bondarev, A. Knowledge, Attitudes and Practices (KAP) Relating to Dietary Supplements among
Health Sciences and Non-Health Sciences Students in One of the Universities of United Arab Emirates (UAE). J. Clin. Diagn. Res.
2016, 10, JC05-JC09. [CrossRef]

El-Dahiyat, F.; Rashrash, M.; Abuhamdah, S.; Abu Farha, R.; Babar, Z.U.D. Herbal Medicines: A Cross-Sectional Study to Evaluate
the Prevalence and Predictors of Use among Jordanian Adults. J. Pharm. Policy Pract. 2020, 13, 2. [CrossRef]

Economic Impact of the Dietary Supplement Industry. Available online: https:/ /www.crnusa.org/resources/economic-impact-
dietary-supplement-industry (accessed on 5 November 2022).

Hauguel, V. L'avenir Du Marché Des Probiotiques Dans Le Domaine de La Santé; Université de Borgeaux: Bordeaux, France, 2021.
Sundararaman, A.; Ray, M.; Ravindra, P.V.; Halami, PM. Role of Probiotics to Combat Viral Infections with Emphasis on
COVID-19. Appl. Microbiol. Biotechnol. 2020, 2, 8089-8104. [CrossRef]

Knapik, J.J.; Trone, D.W.; Steelman, R.A.; Farina, E.K.; Lieberman, H.R. Prevalence of and Factors Associated with Dietary
Supplement Use in a Stratified, Random Sample of US Military Personnel: The US Military Dietary Supplement Use Study. J.
Nutr. 2021, 151, 3495-3506. [CrossRef]

Bardou-Boisnier, S.; Caillaud, K. Les Dispositifs Informationnels Sur Les Compléments Alimentaires: Une Affaire de Sante
Publique. Quest. Commun. 2015, 27, 79-104. [CrossRef]

Bernard, D. Recherche Scientifique et Impératif de Croissance: Observations, Questionnements et Pistes de Réflexion. Rev.
Interdiscip. D’études Jurid. 2017, 78, 173. [CrossRef]

Industrie de La Production Algérienne Des Compléments Alimentaire: Un Secteur d’avenir Farouchement Attaqué. Available
online: https:/ /www.lexpressiondz.com/info-en-continu/industrie-de-la-production-algerienne-des-complements-alimentaire-
un-secteur-d-avenir-farouchement-attaque-322749 (accessed on 16 November 2022).

Jun, S.; Gahche, ].J.; Potischman, N.; Dwyer, J.T.; Guenther, PM.; Sauder, K.A.; Bailey, R.L. Dietary Supplement Use and Its
Micronutrient Contribution During Pregnancy and Lactation in the United States. Obstet. Gynecol. 2020, 135, 623-633. [CrossRef]
[PubMed]


https://doi.org/10.1016/j.ijid.2020.06.006
https://doi.org/10.1590/0001-3765202220201545
https://www.ncbi.nlm.nih.gov/pubmed/36000671
https://doi.org/10.3390/nu13030976
https://www.ncbi.nlm.nih.gov/pubmed/33803015
https://doi.org/10.3390/nu12040988
https://www.ncbi.nlm.nih.gov/pubmed/32252338
https://doi.org/10.1371/journal.ppat.1008874
https://doi.org/10.3390/nu12113361
https://doi.org/10.3390/molecules25225346
https://doi.org/10.1016/j.mehy.2020.109848
https://doi.org/10.31925/farmacia.2019.3.24
https://doi.org/10.1186/s40795-021-00488-2
https://www.ncbi.nlm.nih.gov/pubmed/34906216
https://www.mordorintelligence.com/industry-reports/dietary-supplement-market
https://www.mordorintelligence.com/industry-reports/dietary-supplement-market
https://doi.org/10.3889/oamjms.2020.5371
https://doi.org/10.1155/2019/4641768
https://doi.org/10.1016/j.phanu.2021.100282
https://www.statista.com/statistics/828514/total-dietary-supplements-market-size-globally/
https://www.statista.com/statistics/828514/total-dietary-supplements-market-size-globally/
https://www.fortunebusinessinsights.com/industry-reports/europe-dietary-supplements-market-101918
https://doi.org/10.7860/JCDR/2016/19300.8439
https://doi.org/10.1186/s40545-019-0200-3
https://www.crnusa.org/resources/economic-impact-dietary-supplement-industry
https://www.crnusa.org/resources/economic-impact-dietary-supplement-industry
https://doi.org/10.1007/s00253-020-10832-4
https://doi.org/10.1093/jn/nxab239
https://doi.org/10.4000/questionsdecommunication.9705
https://doi.org/10.3917/riej.078.0173
https://www.lexpressiondz.com/info-en-continu/industrie-de-la-production-algerienne-des-complements-alimentaire-un-secteur-d-avenir-farouchement-attaque-322749
https://www.lexpressiondz.com/info-en-continu/industrie-de-la-production-algerienne-des-complements-alimentaire-un-secteur-d-avenir-farouchement-attaque-322749
https://doi.org/10.1097/AOG.0000000000003657
https://www.ncbi.nlm.nih.gov/pubmed/32028492

Nutrients 2023, 15, 3320 24 of 24

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Brown, B.; Wright, C. Safety and Efficacy of Supplements in Pregnancy. Nutr. Rev. 2020, 78, 813-826. [CrossRef] [PubMed]
Nevins, J.E.H.; Donovan, S.M.; Snetselaar, L.; Dewey, K.G.; Novotny, R.; Stang, J.; Taveras, E.M.; Kleinman, R.E.; Bailey, R.L,;
Raghavan, R.; et al. Omega-3 Fatty Acid Dietary Supplements Consumed during Pregnancy and Lactation and Child Neurode-
velopment: A Systematic Review. . Nutr. 2021, 151, 3483-3494. [CrossRef]

Tang, L.; Lee, A.H.; Yau, KK.W.; Hui, Y.V,; Binns, C.W. Consumption of Dietary Supplements by Chinese Women during
Pregnancy and Postpartum: A Prospective Cohort Study. Matern. Child Nutr. 2017, 13, e12435. [CrossRef]

Walrand, S. Dietary Supplement Intake among the Elderly: Hazards and Benefits. Curr. Opin. Clin. Nutr. Metab. Care 2018, 21,
465-470. [CrossRef]

Smolinske, S.C. Dietary Supplements in Children. Pediatr. Clin. N. Am. 2017, 64, 1243-1255. [CrossRef] [PubMed]

Alonso, M.R,; Fernandez-Garcia, B. Evolution of the Use of Sports Supplements. PharmaNutrition 2020, 14, 100239. [CrossRef]
Maughan, R.J.; Shirreffs, S.M.; Vernec, A. Making Decisions about Supplement Use. Int. J. Sport Nutr. Exerc. Metab. 2018, 28,
212-219. [CrossRef]

Cannataro, R.; Straface, N.; Cione, E. Nutritional Supplements in Combat Sports: What We Know and What We Do. Hum. Nutr.
Metab. 2022, 29, 200155. [CrossRef]

Vitale, K.; Getzin, A. Nutrition and Supplement Update for the Endurance Athlete: Review and Recommendations. Nutrients
2019, 11, 1289. [CrossRef]

Dini, I; Laneri, S. Nutricosmetics: A Brief Overview. Phyther. Res. 2019, 33, 3054-3063. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1093/nutrit/nuz101
https://www.ncbi.nlm.nih.gov/pubmed/31925443
https://doi.org/10.1093/jn/nxab238
https://doi.org/10.1111/mcn.12435
https://doi.org/10.1097/MCO.0000000000000512
https://doi.org/10.1016/j.pcl.2017.09.001
https://www.ncbi.nlm.nih.gov/pubmed/29173783
https://doi.org/10.1016/j.phanu.2020.100239
https://doi.org/10.1123/ijsnem.2018-0009
https://doi.org/10.1016/j.hnm.2022.200155
https://doi.org/10.3390/nu11061289
https://doi.org/10.1002/ptr.6494
https://www.ncbi.nlm.nih.gov/pubmed/31478301
https://www.researchgate.net/publication/372657898

	Introduction 
	Overview of Dietary Supplements (DS) 
	Quantitative Research Literature Analysis 
	Characteristics of DS 
	Consumer Interest in DS and Uptake 
	Safety Issues, Efficacy, and Quality of DS 
	Regulation in the United States of America (USA) 
	Regulation in China 
	Regulation in European Union (EU) 
	Regulation in Algeria 

	Trends in the Use of DS before and during the Emergence of the COVID-19 Pandemic 
	Characteristics of the Consumption of DS 
	Consumption of Supplements According to Pandemic Status 

	The Market for Dietary Supplements in Producer and Consumer Countries and the Impact of the COVD-19 Pandemic 
	Distribution Channel 
	DS Global Market 
	Market Size of DS in USA and EU 
	Market Size of DS in the Middle East and Africa 
	Economic Impact of DS 

	Consumer Profile of DS 
	Pregnant and Lactating Women 
	Older Adults 
	Children and Infants 
	Athletes 
	Others 

	Conclusions and Prospects 
	References

