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Abstract

Dietary supplements (DS) are manufactured products consisting of one or more dietary
ingredients; they are intended to supplement the diet and provide additional nutrients or other
beneficial compounds that are lacking or insufficient in a regular diet. Dietary supplements
containing antioxidant compounds have been shown to have positive effects in various
(pato)physiological processes, i.e., any condition that is fundamentally redox imbalanced
(cardiovascular diseases, cancer, aging, intense exercise). The most common antioxidants in
dietary supplements are clearly antioxidant micronutrients such as vitamin C, vitamin E, zinc, and
selenium, but also various secondary plant compounds, including polyphenols and carotenoids.
The dosage of antioxidants administered through dietary supplements may not always be optimal,
so some dietary interventions through supplementation with antioxidant compounds have been
shown to have an effect that it is limited, or completely absent. Therefore, any dietary
supplementation should be done only under appropriate guidance from health care professionals
to ensure that it is safe, effective, and appropriate for the individual's condition and needs.
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Introduction

In promoting human health, nutrition is increasingly recognized as an important
factor in the prevention and treatment of many non-communicable diseases. Although
there is a growing wealth of information available in this field, the trustworthiness of
dietary guidelines is often uncertain due to the prevalence of observational studies as the
primary source of evidence. Moreover, when randomized clinical trials of nutrition
interventions are conducted, the results are often controversial or lack clinical validity
because of inherent design limitations (1).

A nutrition intervention refers to a set of interventions aimed at changing an
aspect of nutrition in individuals or populations. There are different types of
nutrition interventions, and they can be tailored to specific conditions or goals. The
World Health Organization (WHO) divides nutrition interventions into four main
groups:

1. Behavioral interventions: These interventions aim to change dietary habits
through behavior change.

2. Fortification: this involves adding nutrients to the basic foods.

Supplementation: This involves administering specific nutrients to specific
populations.

4. Regulatory interventions: These interventions aim to regulate specific activities to
change diets and improve health (2).

Dietary supplements (DS)

Dietary supplements (DS) are manufactured products that consist of one or more
dietary ingredients; they are intended to supplement the diet and provide additional
nutrients or other beneficial compounds that are lacking or insufficient in a regular diet.
DS are available on the market in a variety of forms, including tablets, capsules, gummy
bears, and powders, as well as beverages and energy bars (3). They can increase the
absorption of nutrients by providing either naturally derived or synthetic versions of
active ingredients. This group of nutrient compounds comprises vitamins, minerals, fatty
acids, amino acids, and fiber. In addition, dietary supplements may contain substances
that are not essential to life but are marketed for their potential positive effects on the
body, such as antioxidant activity. Some of the most common antioxidants found in DS
are listed in Table I.
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Table |

Examples of the most common antioxidants present in dietary supplements

Tabela | Primeri najcescih antioksidanasa prisutnih u dijetetskim suplementima
Antioxidant o
Description Use / Purpose
compound
It is commonly found in various
Vitamin C Vitamin C, also known as ascorbic acid, is a powerful supplements, especially those aimed at
itamin L . .
antioxidant that protects cells from free radical damage. immune system support and overall
antioxidant activity.
Vitamin E refers to a group of fat-soluble products
Vitamin E comprised of tocopherols and tocotrienols. It acts as an It is commonly found in supplements
itamin L .
antioxidant that helps protect cell membranes from that promote heart and skin health.
oxidative stress.
Selenium is a trace element that acts as a cofactor for . . . L
. L . . It is often included in antioxidant
Selenium antioxidant enzymes in the body. It plays a role in L
. . formulas or multivitamin supplements.
neutralizing free radicals.
Zinc is a mineral that has an important function in the . . . L
. . . It is often included in antioxidant
immune system, DNA synthesis, cell division and . i
. . . . . . dietary supplements due to its role in
Zinc wound healing. It is an essential nutrient because it acts . . .
. . . supporting overall immune function
as a cofactor for important enzymes involved in the
L L and cellular health.
proper functioning of the antioxidant defense system.
B-carotene is a naturally occurring pigment found in . . .
. i . It is commonly found in dietary
fruits and vegetables, especially those with an orange or .
fB-carotene . . . supplements that support healthy skin,
yellow color. It is a precursor of vitamin A and is . .
e o L. L vision, and immune function.
classified as a provitamin with antioxidant activity.
. L . . It is commonly supplemented to
Coenzyme Q10 CoQ10 is an endogenous antioxidant involved in energy
. support heart health and as an
(CoQ10) production in cells. L .
antioxidant for overall well-being.
a-lipoic acid is a powerful antioxidant that can act in . .
. It is commonly found in supplements
L both water-soluble and fat-soluble environments. It has .
a-lipoic acid . L. aimed at overall antioxidant support
the ability to regenerate other antioxidants such as .
L and metabolic health.
vitamins C and E.
Polyphenols are a class of natural compounds found They are commonly used in dietary
abundantly in plants. They are known for their supplements because of their ability to
Polyphenols

antioxidant properties and have been associated with
various health benefits.

combat health issues,

including aging and chronic diseases.

numerous
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Antioxidant compounds in dietary supplements

The antioxidant supplement market size is globally predicted to reach $6,876
million by 2027. The report “Antioxidant Supplement Market Forecast (2022-2027)”
covers the antioxidant supplement market in detail from various aspects: by source:
natural and synthetic; by ingredient type: vitamins, minerals, botanicals, and others; by
function: medicinal and sports nutrition; by formulation: tablets, liquid, capsules, and
gummy bears; by distribution channel: supermarket/hypermarket, drugstore, nutrition and
health food store, online retailer, and others; and by geography (4).

The concept of antioxidant supplementation is based on the recognition that reactive
oxygen species (ROS) and other free radicals play a role in the development of various
human diseases by causing oxidative stress. It is believed that reducing oxidative damage
may help prevent these diseases.

Antioxidant dietary supplements in cardiovascular diseases (CVD)

Antioxidant DS are of interest in the context of CVD because of their potential to
combat oxidative stress, inflammation, and other factors involved in the development
of these complex diseases. However, evidence for the efficacy of antioxidant
supplements in preventing or treating CVD is mixed, and some studies have shown
limited or no effect.

In the Women's Health Study, a large-scale clinical trial of initially healthy women,
a group of 39,876 participants took 402 mg of vitamin E from natural sources or a placebo
every other day over a 10-year period. The goal of the study was to examine the effects
of vitamin E supplementation on serious cardiovascular events and cancer. At the end of
the study, results showed that rates of serious cardiovascular events and cancer were not
significantly lower in participants taking vitamin E compared to those taking the placebo.
However, an interesting result emerged, although this was not the primary endpoint of
the study. In the group receiving vitamin E supplementation, all-cause cardiovascular
mortality had decreased by a remarkable 24%. Although the primary outcomes of the
study did not show a significant effect on cardiovascular events or cancer incidence, the
observed reduction in cardiovascular mortality is a significant finding that deserves
attention. It suggests a possible beneficial effect of vitamin E supplementation in reducing
the risk of cardiovascular-related death. However, further research is needed to validate
and understand this finding in detail (5).

Indeed, some studies have indicated potential contributions of vitamin E
supplementation in specific subgroups. One notable study conducted in Israel focused on
individuals with type 2 diabetes who also shared a genetic predisposition to increased
oxidative stress. In this study, vitamin E supplementation (268 mg/day) was shown to
significantly reduce coronary heart disease in this particular subgroup. The results of the
study suggest that in individuals with type 2 diabetes and a genetic predisposition to
increased oxidative stress, vitamin E supplementation may have positive effects in
reducing the risk of coronary heart disease. This highlights the potential role of
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antioxidants such as vitamin E in mitigating the effects of oxidative stress on
cardiovascular health, particularly in vulnerable populations (6).

A recent systematic review analyzed eight studies with a total of 15,445 participants
randomized to receive either vitamin C supplementation or placebo. Results showed that
the composite endpoint of serious CVD events did not differ significantly between the
interventional and placebo groups based on the Physicians Health Study I, which
followed participants for eight years. Consistent findings were noted across various
outcomes, including all-cause mortality, total myocardial infarction, total stroke,
cardiovascular  disease  mortality,  self-reported coronary artery  bypass
grafting/percutaneous transluminal coronary angioplasty, and self-reported angina. The
quality of evidence for these outcomes was generally low or very low because of
indirectness, imprecision, and inconsistency. The authors concluded that there is no
evidence that vitamin C supplementation reduces CVD risk in healthy persons or in
persons at increased risk for cardiovascular disease, based on current evidence (7).

The Supplementation en Vitamines et Mineraux Antioxydants (SU.VI.MAX) study
examined the effects of a combination of vitamins and minerals with antioxidant
properties on the incidence of cardiovascular disease. The study involved 13,017 French
men and women who were assigned to either a group that received a single capsule daily
containing 120 mg of vitamin C, 30 mg of vitamin E, 6 mg of B-carotene, 100 ug of
selenium, and 20 mg of zinc, or a placebo. Participants were followed for a period of
seven and a half years. The results obtained showed no significant effect of the vitamin
and mineral combination on the overall rate of cardiovascular disease (8).

A recent prospective, randomized, double-blind, placebo-controlled study showed
that eight weeks of pomegranate peel polyphenols supplementation had beneficial effects
on inflammatory status and oxidative stress biomarkers in diabetic patients. It concluded
that polyphenols could be recommended as functional food ingredients that can be
considered as dietary and natural remedies with pharmacological properties for the
prevention and treatment of diabetics with cardiovascular complications (9).

The pathological features of CVD, such as oxidative stress and inflammation, have
been consistently linked to severely suppressed intracellular antioxidant defenses,
including low plasma glutathione (GSH) levels. The available evidence suggests that
antioxidant dietary supplements, such as coenzyme Q10, selenium, curcumin, omega-3
fatty acids, and vitamins E or D, may have the potential to improve cardiometabolic health
in patients with diabetes. The beneficial effects of such dietary interventions seem to be
related to their ability to enhance plasma GSH levels and reduce cholesterol, as well as
other biomarkers of oxidative stress and inflammation (10).

Most research in this area has focused on the use of single antioxidants as dietary
supplements rather than a combination of antioxidants or antioxidants from whole foods.
The synergistic effects of antioxidants consumed as a part of a balanced diet may differ
from those of isolated supplements. In addition, some studies suggest that the overall
dietary pattern, rather than individual antioxidants, may have a greater impact on
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cardiovascular health. A diet rich in fruits, vegetables, whole grains and other antioxidant-
rich foods is consistently associated with a lower risk of CVD.

Antioxidant dietary supplements in cognition

Studies have been conducted on the effects of antioxidant supplements on
cognition. However, similar to CVD, the results are not fully consistent, and further
research is needed to draw as comprehensive conclusions as possible.

Researchers conducting a randomized trial called the Physicians' Health Study 11
administered either a placebo or 50 mg of B-carotene to a group of 5,956 men aged 65
and above. The study revealed that long-term supplementation (at least 15 years) resulted
in cognitive improvements (11).

The results of the PREADVISE (The Prevention of Alzheimer’s Disease by
Vitamin E and Selenium) study suggest that antioxidant supplements with vitamin E (268
mg/day) or selenium (200 pg/day), either alone or in combination, showed no protective
effect against dementia compared with a placebo. The study monitored a cohort of more
than 3,700 men aged 60 and older over a six-year period. This was the first study to
examine the long-term association between antioxidant supplement use and the incidence
of dementia in asymptomatic men (12).

Limited evidence suggests that vitamin C may play a role in maintaining cognitive
function and reducing the risk of cognitive decline. However, more research is needed to
establish a clear link between vitamin C supplementation and cognitive performance.

Regarding cognition, individual response to antioxidant intake may vary, and the
effectiveness of these supplements may depend on factors such as age, health status, and
genetic factors. In addition, supplements should not replace a healthy diet and lifestyle,
which are critical to maintaining cognitive health.

Antioxidant dietary supplements in cancer prevention

Research on the effects of antioxidant supplements on cancer is a complex and ever-
evolving field, but the evidence is inconclusive so far. Antioxidants are a popular group
of complementary therapies used by cancer patients. These therapies involve the
administration of antioxidants through various methods, including dietary interventions,
intravenous infusions, or, more commonly, dietary supplements (13).

While certain studies propose that oral antioxidant intake during chemotherapy
could enhance patient survival, other research indicates that it might impede the
effectiveness of chemotherapeutic treatment. There is a concern that antioxidant therapies
may interact with the cytotoxic effects of chemotherapy, potentially reducing adverse side
effects and enhancing quality of life, but at the same time compromising the efficacy of
cancer treatment (14).

A 2016 review concluded that antioxidant intake may help reduce adverse effects
and chemotoxicity associated with chemotherapy. However, the authors noted
inconsistencies in the literature on this topic (15). One of the best studied oral antioxidant
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preparations is melatonin, which has shown antitumor activity in vitro in conjunction with
irradiation (16).

For example, a recently published randomized controlled trial comparing
chemotherapy regimens in breast cancer found an increased risk of recurrence in women
who took antioxidant supplements (vitamins A, C, and E; carotenoids; coenzyme Q10)
both before and during chemotherapy. These findings underscore the complex and
sometimes contradictory nature of the relationship between antioxidant intake,
chemotherapy, and cancer treatment outcomes (17).

Antioxidant dietary supplements in age-related eye diseases

Slowing down or even remission of age-related eye diseases, such as age-related
macular degeneration (AMD) and cataracts, could often be in good correlation with
antioxidant supplements usage. Antioxidants such as vitamins C and E, beta-carotene,
and zinc have been studied in relation to these eye diseases.

A six-year study, the Age-Related Eye Disease Study (AREDS), conducted by the
National Eye Institute, found that a specific combination of antioxidants (500 mg vitamin
C, 268 mg vitamin E, 15 mg B-carotene, 80 mg zinc, and 2 mg copper; globally known
as the AREDS formulation) provided some protection against the progress of advanced
AMD, but not cataracts, in individuals at high risk for the disease (18).

Subsequent studies, such as the AREDS2 study, have further investigated the role
of antioxidants in AMD. For example, the AREDS2 study examined supplementation of
10 mg of lutein and 2 mg of zeaxanthin in place of B-carotene on late age-related macular
degeneration in men and women for up to five years. It discovered a positive but not
significant effect of the supplements on AMD (19).

The Cochrane review considered 19 randomized controlled trials and evaluated the
efficacy of antioxidant vitamin/mineral supplements (including multivitamins, vitamin E,
lutein, zeaxanthin, and zinc) in preventing AMD progression and vision loss compared
with placebo or no treatment. The overall results suggest that subjects taking the
antioxidant vitamins/minerals were less likely to experience late-stage AMD progression
and vision loss than those not taking the supplements. This suggests an affirmation of
these supplements in reducing the risk of AMD progression in individuals who are
generally well nourished. However, the review also found that individual intake of lutein
and zeaxanthin or vitamin E did not show a positive effect on AMD or vision loss. The
study suggests that the combination of antioxidant vitamins/minerals as examined in the
included studies may be more effective in preventing late-stage AMD and vision loss than
the individual components alone (20).

Antioxidant dietary supplements in athletic performance

From ancient times, participants in the Olympic Games believed that the
consumption of some food could help them win. For decades, athletes of all sport
disciplines have been enthusiastic about the use of antioxidant dietary supplements. Many
athletes supplement with antioxidants, believing in their beneficial effect upon fatigue,
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muscle damage and immunity. Many athletes strongly believe that the use of antioxidants
improves their sports performance, while some evidence suggests that it impairs training
adaptation (21). The reason for this lies in the well-known fact that physical activity
generates free radicals - reactive oxygen and nitrogen species (RONS), and their
production is associated with muscle damage and fatigue, as well as impaired immune
function. For this reason, among many sports supplements, antioxidants never lost their
popularity. Many studies have been conducted in order to prove their efficiency, and
many of them lacked the evidence of efficiency. A clear finding of all these studies is
that, if an athlete is deficient in a single antioxidative nutrient, targeted supplementation
will result in improvements in their sports performance, and overall health. On the other
hand, the interest of manufacturers in the field of sport nutrition has never stopped
growing, resulting in the overproduction of numerous multicomponent supplements.

The attention to vitamin C is based on its importance for the immune system
(especially in the winter period), as well as in collagen synthesis, and both roles are very
important to athletes. Some recommendations go far above RDA values, even up to
several grams. High-dose supplementation with vitamin C during exercise training cannot
be recommended, because there are few affirmative findings. Moreover, there is growing
evidence indicating the potential negative outcomes of antioxidant overuse, and, in
particular, vitamin C supplementation on health and performance (22).

The requirements for nutritive antioxidants, in particular vitamins C and E, during
exercise training are not supposed to be in excess of 200% of the current
recommendations for the general population, dependent on training loads (e.g., intensity,
volume and frequency of the training). The general picture that emerges from the
available data is that antioxidant intake during exercise training to maintain an appropriate
physiological antioxidant status in reference to current recommendations can be achieved
through a balanced and well-diversified diet.

Moreover, results from a large clinical trial show that vitamin E supplementation
over a long period of time, even at doses below the UL (268 mg/day taken for several
years), might increase men’s risk of prostate cancer (23). A very popular antioxidant
supplement, coenzyme Q, showed certain mild side effects among the general as well as
athlete population, which can include fatigue, insomnia, rashes, nausea, upper abdominal
pain, heartburn, sensitivity to light, irritability, dizziness, and headaches (24).

Numerous biological active compounds, besides the well-known antioxidative
micronutrients, are being investigated for their potential beneficial role in sport
performance. Most of them fall into the category of phytonutrients, e.g. phenolic
(resveratrol, quercetin) and carotenoid compounds, as well as N- acetyl-cysteine and
glisodin — SOD rich cantaloupe melon combined with wheat gliadin (25). For instance, a
randomized, double-blind, placebo-controlled study pointed out that polyphenol-rich
chokeberry juice had had an impact on attenuating the effect of intensive training in active
handball players (26). Moreover, athletes commonly utilize plant-derived polyphenol
supplements to counteract the adverse impacts of exercise-induced oxidative stress,
expedite the recovery of muscle function, and improve overall performance (27).
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Lately, astaxanthin, a carotenoid compound, has grown in popularity in the
scientific milieu, as well as among athletes. Orally administrating 4 mg of astaxanthin to
young soccer players had a better effect upon immune system function and muscle
recovery compared to the placebo group. (28). Further investigation proved that this
antioxidative compound could be used in preventing muscle oxidative damage (29).

Should we therefore recommend antioxidant supplementation to athletes? The
answer to this question should be negative, as there is no clear scientific evidence for it.
Moreover, high dose antioxidant supplements could compromise the physiological
adaptation process to stress induced by exercising. Combined antioxidant
supplementation showed no pronounced positive effects either (30). Consequently, we
can conclude that an optimal nutrition strategy could be the best solution.

Athletes should be advised to consume a diet rich in antioxidants containing a broad
variety of fresh fruits, raw and/or steam-cooked vegetables, fruit and vegetable juices,
whole grains and nuts. Similarly to the general population, only in certain situations, such
as a deficiency in a certain antioxidant nutrient, antioxidant supplementation could be
approved by a health care professional.

Caution regarding the antioxidants doses in dietary supplements

Recent research has raised concerns about the routine consumption of antioxidant
supplements. Several reputable studies, including meta-analyses, systematic reviews,
observational studies, and human intervention trials, have shown that antioxidant
multivitamin or multimineral supplements have no beneficial effect on all-cause
mortality, cancer, cardiovascular disease, or cognitive function (31-36).

As a matter of fact, some studies have suggested that consuming high doses of
specific antioxidant supplements, such as -carotene, vitamin E, and potentially high
doses of vitamin A, could be linked to an elevated risk of all-cause mortality. This is due
to the pro-oxidant effects of B-carotene and vitamin E when taken in high doses,
particularly in certain populations (37). The large number of dietary supplements does
not prevent non-communicable diseases or mortality in the general population without
clear evidence of nutrient deficiency (31, 34, 38). These results highlight the limited
advantage of antioxidant supplementation, especially in the healthy general population
that does not show signs of nutrient deficiency.

The dosage of dietary antioxidants administered via supplements may not always
be optimal. Therefore, lower doses or combinations of antioxidants are often more
effective than higher doses of single agents (39, 40).

For example, eating foods naturally rich in vitamin C has been shown to reduce
oxidative damage in the body, whereas high-dose vitamin C in supplement form alone
did not provide the same effect. In one study, daily supplementation with 500 mg of
vitamin C over a 6-week period resulted in a 60% increase in plasma vitamin C levels.
However, it was also observed that this high dosage resulted in pro-oxidant activity of
vitamin C, as evidenced by significantly higher levels of 8-oxoadenine in blood
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lymphocyte DNA (41). It is worth noting that a dosage of 1,000 mg of vitamin C for
optimal health far exceeds the recommended daily dose of 75-90 mg/day (42).

High concentrations of vitamin E (a-tocopherol) can have pro-oxidant effects both
in food and in the body (700 ppm) (43). Similarly, resveratrol, a compound with strong
antioxidant capacity, may have pro-oxidant effects in the presence of copper (44). Like
any substance, antioxidants can have negative effects when taken in excess. Ingestion of
high doses of antioxidants is associated with increased toxicity, leading to pro-oxidant
effects or “antioxidant stress” (45).

Conclusion

Certain antioxidant supplements have shown positive effects and efficacy, but it is
important to pay attention to appropriate dosing. Many dietary supplements, including
vitamins, minerals, and functional ingredients, play an important role in modern health
care. However, it is common for supplements to be overused by the general population
as a means of improving or maintaining health. Therefore, careful attention must be paid
to the dosage of all supplements taken. In conclusion, it should be emphasized that any
dietary intervention should only be undertaken under appropriate guidance from
healthcare professionals to ensure that it is safe, effective and appropriate for the
individual's condition and needs. It is generally recommended to focus primarily on an
adequate and balanced diet that includes a variety of antioxidant-rich foods as part of a
comprehensive approach to overall health.
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Kratak sadrzaj

Dijetetski suplementi (DS) ili dodaci ishrani su proizvodi koji sadrzZe jedan ili vise sastojaka
i primenjuju se kao dopuna ishrani, odnosno imaju posebnu nutritivnu namenu. Brojni su nau¢ni
dokazi koji sugeriSu da DS koji sadrZe antioksidativna jedinjenja imaju blagotvorno dejstvo u
razlicitim (pato)fizioloSkim procesima, odnosno bilo kom stanju koje u osnovi ima narusenu
redoks ravnotezu (kardiovaskularne bolesti, rak, starenje, intenzivno vezbanje). Najcesc¢i
antioksidansi u dodacima ishrani su antioksidativni mikronutrijenti kao sto su vitamin C, vitamin
E, selen, i cink, ali i razli¢iti sekundarni biljni metaboliti, uklju¢ujuci polifenole i karotenoide.
Posebna paznja mora biti usmerena na doze i duzinu suplementacije. Neadekvatna primena
antioksidanasa putem dijetetskih suplemenata Cesto ishoduje time da dijetarne intervencije
suplementacijom antioksidativnim jedinjenjima imaju ogranicen efekat ili on kompletno izostane.
Stoga ove ali i sve druge dijetarne suplementacije treba sprovoditi isklju¢ivo u skladu sa
uputstvima zdravstvenih radnika kako bi se osigurali njihova efikasnost i bezbednost, ali i
prikladnost za stanje i potrebe pojedinca.

Kljuéne reci: dijetarna intervencija, dijetetski suplementi, antioksidativna aktivnost,
bolesti, starenje, sportisti
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