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Abstract

The global market for supplementary antioxidants, currently valued at approximately USD 4.88 billion, is projected
to double by 2030. Despite this growing investment, the clinical efficacy and safety of these supplements in cancer
prevention remain contentious. This review evaluates the evidence for key antioxidant supplements, including
beta-carotene, coenzyme Q10, folic acid, glutathione, selenium, vitamin C, vitamin E, and zinc, examining their
roles in cancer prevention based on randomized controlled trials, systematic reviews, and experimental studies.
While dietary antioxidants consistently show protective effects, supplemental forms often fail to replicate these
benefits and, in some cases, increase cancer risk. For instance, beta-carotene and vitamin E are associated with
increased cancer incidence in certain populations. Conversely, limited evidence suggests potential benefits of
zinc, glutathione, and coenzyme Q10, though further high-quality research is needed. This review underscores
the complexity of antioxidant supplementation and emphasizes prioritizing dietary sources for cancer prevention.

It calls for rigorous studies to clarify the clinical and molecular impacts of these widely used supplements.
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Introduction

The role of antioxidants in cancer prevention has
garnered significant attention, particularly given the
well-documented benefits of fresh fruits and vegetables
in reducing different cancers risk [1-5]. These foods
are rich in naturally occurring antioxidants, which help
mitigate oxidative damage, a key factor in carcinogenesis
[6]. Motivated by these findings, researchers and the
supplement industry have sought to replicate these benefits
through antioxidant supplements.

Despite their promise, concerns persist about the
clinical efficacy and potential detrimental effects of these
supplements. While some studies suggest that specific
supplements may confer protective effects [7], more
others highlight risks, such as increased cancer incidence
in certain populations [8-10]. This controversy is further
compounded by the vast and heterogeneous literature
on the topic, encompassing varying study designs,
populations, and outcomes.
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In addition to clinical uncertainties, the economic
burden of antioxidant supplements is non-trivial, with
billions spent annually worldwide despite inconsistent
evidence supporting their benefits [11]. This review
aims to provide a comprehensive analysis of the clinical
and mechanistic evidence surrounding antioxidant
supplements in cancer prevention, evaluating their
potential benefits and risks while emphasizing the need
for evidence-based recommendations. By examining the
literature critically, we hope to clarify the complexities of
this topic and inform better health decisions.

Materials and Methods

To provide a comprehensive overview of the clinical
impacts of antioxidant supplements in cancer prevention,
a systematic literature search was conducted across
PubMed, MEDLINE, Embase, and Web of Science
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databases. The search included studies published up to
January 2025, with results limited to articles written in
English. The keywords used in the search encompassed
“antioxidant supplements,” “cancer prevention,”
“randomized controlled trials,” “systematic review”, and
their equivalent terms.

The retrieved studies were evaluated and categorized
based on the Oxford Centre for Evidence-Based Medicine
(OCEBM) 2011 Levels of Evidence [12]. Each selected
study was critically assessed for quality, relevance, and
findings to synthesize evidence on the benefits or risks of
supplementary antioxidants.

This mini-review primarily focuses on key antioxidant
supplements, including beta-carotene, coenzyme Q10,
folic acid, glutathione, selenium, vitamin C, vitamin E,
and zinc. Priority was given to randomized controlled
trials (RCTs) and systematic reviews of RCTs as the
highest levels of evidence. In cases where such studies
were unavailable, lower levels of evidence, including
observational studies and case-control studies, were
considered to ensure comprehensive data collection and
conclusions.

Clinical Evidence

Supplementary [3-Carotene: Detrimental (level of
evidence. 1)

Evidence does not support the preventive role
of supplementary B-carotene in preventing cancer.
Nevertheless, clinical evidence has demonstrated its
carcinogenic effect in specific contexts. The CARET
study was conducted on a hypothesis that -carotene-
rich fruits and vegetables can reduce cancer incidence.
This study examined the preventive role of daily 30 mg
B-carotene and 25,000 IU vitamin A in preventing lung
cancer. Surprisingly, the study was terminated due to 28%
more cancer incidence in the experimental arm (relative
risk [RR] 1.36; 95%CI: 1.07-1.73) [9]. A similar study,
the ATBC trial, investigated the preventive role of lower
dose of B-carotene in lung cancer. This phase III clinical
trial demonstrated that B-carotene supplementation
(20 mg per day) significantly increased the risk of lung
cancer development (RR 1.16, 95%CI 1.02—-1.33),
particularly among heavy smokers (RR 1.25, 95%CI
1.07-1.46) and individuals with high alcohol consumption
(RR 1.35,95%CI 1.01-1.81) [10]. A recent met-analysis
on eight RCTs confirmed that supplementary B-carotene
increases the risk of lung cancer (RR 1.19, 95%CI
1.08-1.32). This negative effect was not found for other
cancer types [13].

Supplementary Coenzyme QI10: Beneficial (level of
evidence. 2)

Clinical evidence evaluating the role of coenzyme Q10
(CoQ10) supplementation in cancer prevention is limited.
In arandomized controlled trial involving 120 participants
with precancerous lesions identified through Pap smears,
Modarres Gilani et al. reported that a three-month
supplementation regimen with multivitamins, minerals,
and CoQ10 significantly reduced the risk of cervical
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cancer. The Pap smear normalization rate was 83% in
the experimental group compared to 53% in the placebo
group [14]. However, the exact composition of the
multivitamin and mineral supplements used in the study
was not disclosed, complicating the interpretation of these
results and making it difficult to isolate the role of CoQ10.

Conversely, Chai et al. reported an association
between higher pre-diagnostic serum CoQ10 levels and
an increased incidence of breast cancer in postmenopausal
women [15]. However, these observations must be
interpreted cautiously because of potential confounding
by higher rate of smoking and alcohol consumption in the
case group. Smoking- and ethanol-induced oxidative stress
could lead to increased consumption of CoQ10, potentially
distorting the results by reducing serum CoQ10 levels in
the case group [16-18].

These conflicting findings highlight the need for
more robust clinical trials to clarify the role of CoQ10
supplementation in cancer prevention and to determine
whether its effects are beneficial, detrimental, or
potentially context-dependent.

Supplementary Folic Acid: No Effect (level of evidence: 1)

Clinical evidence indicates no preventive effect
of folic acid supplements on cancer development.
A comprehensive meta-analysis of 49,621 participants
across 13 clinical trials demonstrated that folic acid
supplementation has no significant impact on the incidence
of site-specific cancers within the first 5 years of treatment
(RR 1.06, 95% CI 0.99-1.13) [19]. Similarly, another
meta-analysis of 11 clinical trials found that folic acid
supplements did not reduce colorectal cancer (CRC)
incidence (RR 1.07, 95% CI 0.86—1.43) [20]. In contrast,
dietary folate appears to play a protective role in CRC
prevention. A recent meta-analysis of 931,469 participants
revealed that for every 100 pg increase in dietary folate
intake, the risk of CRC significantly decreases (RR 0.97,
95% CI 0.95-0.99). This protective effect was sustained
with a daily dietary folate intake of up to 500 pg [21].
Therefore, while folic acid supplementation offers no
significant cancer prevention benefits, dietary folate intake
may help reduce CRC.

Supplementary Glutathione: Beneficial (level of evidence: 3)

The clinical benefits of supplemental glutathione in
cancer prevention remain largely unexplored, with, to
our knowledge, the study by Fan et al. being the only
investigation on this topic. In this study, a six-month
course of supplemental glutathione prevented the
progression of lung nodules to lung tumors in all 30
participants and reduced the size of lung nodules in 13
participants (43.3%) [7].

Supplementary Selenium: No Effect (level of evidence: 1)

According to the most recent Cochrane review,
selenium supplementation neither decreases nor increases
the overall risk of cancer. This meta-analysis, which
included 27,232 participants across 83 studies, reported an
overall RR for selenium intake and all cancer types of 1.01
(95% C10.93—-1.10). Similarly, no significant benefit was
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observed for specific cancer types, including colorectal
cancer (RR 0.99, 95% CI0.69-1.43), non-melanoma skin
cancer (RR 1.16, 95% CI 0.30-4.42), lung cancer (RR
1.16,95% CI 0.89—1.50), breast cancer (RR 2.04, 95% CI
0.44-9.55), bladder cancer (RR 1.07,95% C10.76-1.52),
and prostate cancer (RR 1.01, 95% CI 0.90-1.14) [22].

Supplementary Vitamin C: No Effect (level of evidence. 1)
The role of vitamin C in cancer prevention has been
extensively studied, with a clear distinction between its
effects when consumed through dietary sources, mainly
fresh fruits and vegetables, versus supplementation.
Dietary sources of vitamin C consistently demonstrate
strong associations with reduced cancer risk. A recent
meta-analysis reported significant reductions in the risk
of breast cancer (RR 0.72, 95% CI 0.60-0.85), colorectal
cancer (RR 0.55, 95% CI 0.42—-0.73), and prostate cancer
(RR 0.88,95% CI 0.77-1.00) with higher intake of vitamin
C-rich foods. However, no clinical benefit was found for
supplemental vitamin C [23]. Another meta-analysis on
seven RCTs including 62,619 participants did not found
clinical benefit for vitamin C supplements in cancer
prevention (RR 1.00, 95% CI 0.95-1.05) [24]. A recent
umbrella review concluded that higher dietary vitamin
C intake is associated with a reduced risk of several
cancer types, including breast, endometrial, esophageal,
gastric, prostate, and total cancer risk. This benefit was
not demonstrated in case of supplemental vitamin C [25].
In summary, while vitamin C from dietary sources
provides a protective effect against various cancers,
supplementation has not demonstrated similar efficacy.

Supplementary Vitamin E: Detrimental (level of evidence: 2)

In contrast to the protective effects of dietary
vitamin E in cancer prevention [26], supplemental
vitamin E has been associated with an increased risk
of cancer development. In August 2001, the SELECT
trial was initiated to evaluate the preventive efficacy of
supplemental vitamin E and selenium in reducing the risk
of prostate cancer. Surprisingly, after a 10-year follow-up
of 35,533 participants, the study revealed a significant
increase in prostate cancer incidence among those in the
experimental group receiving only vitamin E supplements
(hazard ratio [HR] 1.17,99% CI 1.004—1.36) [8]. Another
RCT found no clinical benefit in reducing the risk of total
cancer, as well as breast, colon, and lung cancers, with the
administration of 600 IU of vitamin E supplements [27].

Supplementary Zinc: Beneficial (level of evidence 4)
Emerging evidence suggests that zinc supplementation
may have a protective role against certain cancers. In two
retrospective cohort studies, Hosui et al. demonstrated
that zinc supplementation significantly reduced the
incidence of hepatocellular carcinoma (HCC) in patients
with chronic liver disease (3-year HCC incidence: 7.6%
in the zinc group vs. 19.2% in the non-zinc group) and
in patients with treated HCV-positive infections (3-year
HCC incidence: 0% in the zinc group vs. 5.6% in the
non-zinc group) [28, 29]. Additionally, two case-control
studies reported an association between high serum zinc
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Figure 1. Overview of the Beneficial and Detrimental
Effects of Supplementary Antioxidants on Cellular
Pathwaysand CancerProgression. Beneficialantioxidants,
such as CoQ10, glutathione, and zinc, enhance immune
responses, inhibit epithelial-mesenchymal transition
(EMT), activate apoptosis, and support mitochondrial
metabolism and DNA repair. Conversely, detrimental
antioxidants, including p-carotene and vitamin E, can
disrupt cellular homeostasis by depleting mild-to-mod-
erate reactive oxygen species (ROS) levels, generating
pro-oxidant tocopheroxyl radicals, and suppressing
immune functions, potentially leading to DNA mutations,
mitochondrial dysfunction, and cancer development.
Neutral antioxidants, such as vitamin C, folic acid,
and selenium, exhibit neither significant beneficial nor
harmful effects on cancer-related pathways.

levels and a reduced risk of lung [30] and breast cancers,
particularly in BRCA1 mutation carriers [31].

Experimental Evidence

This section discusses on how different supplementary
antioxidants prevent or even increase cancer formation
(Figure 1).

B-Carotene: Mitochondria are the primary source of
ATP in eukaryotic cells. Emerging evidence has linked
mitochondrial dysfunction in human cells to cancer
formation [32]. Routine daily activities can expose
normal cells to various carcinogens, including radiation,
chemicals, and biological agents, which can lead to genetic
mutations. Under physiologic conditions, human cells
maintain DNA integrity through the activity of several
ATP-dependent enzymes such as XRCCI1, PARP-1,
ATM, and DNA ligases [33]. As such, factors impairing
mitochondrial function can potentially enhance the risk
of carcinogenesis.

Studies have shown that carotenoid breakdown
products (CBPs) can disrupt mitochondrial function.
Siems et al. demonstrated that CBPs impair mitochondrial
membrane potential, leading to dysfunction of the
adenine nucleotide translocator (ANT). This dysfunction
hinders ATP export to the cytosol, reducing nuclear
ATP levels and thereby impairing the activity of DNA
integrity enzymes [34]. 3-Carotene can be degraded
into CBPs either enzymatically or non-enzymatically
through interactions with reactive oxygen species (ROS)
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[35]. This non-enzymatic degradation may explain why
B-carotene has more detrimental effects in smokers and
individuals with high alcohol consumption [10], as both
smoking and alcohol induce oxidative stress [36, 37].

Coenzyme Q10: Modarres Gilani et al. demonstrated
that oral supplements containing CoQ10 effectively
contributed to the regression of precancerous cervical
lesions [14]. This beneficial outcome may be attributed
to the immune-enhancing properties of CoQ10, which
potentially support cancer regression by protecting
tumor-associated lymphocytes from oxidative DNA
damage [38, 39].

Glutathione: Fan et al. demonstrated that glutathione
supplementation effectively prevents the progression
of lung nodules to lung tumors. The study showed that
glutathione restores mitochondrial metabolism and lowers
serum [L-6 levels by reducing cellular ROS and inhibiting
the PI3K/AKT/FoxO signaling pathway [7].

Additionally, glutathione may aid in nodule regression
by activating anti-tumor immune cells. Within the tumor
microenvironment (TME), myeloid-derived suppressor
cells (MDSCs) and tumor-associated macrophages
(TAMs) can suppress the anti-tumor immune response
by releasing ROS [40]. This suppression occurs through
the nitration of T-cell receptors by MDSCs and the
downregulation of the CD3{ chain on T cells by TAMs
[41, 42]. High levels of glutathione can counteract these
effects, creating an environment conducive to a robust
anti-tumor immune response. Therefore, similar to CoQ10,
supplementary glutathione can prevent the progression
of preliminary cancer by boosting the immune system.
Therefore, similar to CoQ10, supplemental glutathione
may help prevent the progression of early-stage cancer
by enhancing the immune system.

Vitamin E: While vitamin E is widely recognized
for its antioxidant properties, excessive intake may
paradoxically promote cancer formation through several
mechanisms. Low-to-moderate levels of ROS are
essential for normal cellular physiology, contributing to
key processes such as signaling and metabolism. These
include the Nrf2/Notch pathway, which regulates the
physiological antioxidant response [43], the AMPK/PGC-
la signaling pathway, which helps restore ATP levels to
preserve DNA integrity [44, 45], and pathways involved
in immune regulation [46]. As such, excessive vitamin E
intake can disrupt these regulatory pathways, leading to
DNA mutations and mitochondrial dysfunction, thereby
increasing the risk of cancer formation (see above).

Furthermore, excess vitamin E can act as a pro-oxidant
by generating tocopheroxyl radicals during interactions
with ROS [47]. These radicals can damage critical
cellular components, such as DNA and mitochondria.
This disruption undermines the cell’s ability to maintain
metabolic homeostasis and DNA stability, fostering
conditions that promote cancerous transformations.

Zinc: Valenzano et al. showed that oral zinc
gluconate influenced gene expression, favoring reduced
inflammation, suppression of epithelial-mesenchymal
transition (EMT), activation of apoptosis, and inhibition
of angiogenesis in the context of Barrett’s esophagus in
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humans [48]. In another study, Bai et al. demonstrated that
zinc can prevent lung cancer formation through slowing
telomere attrition and interaction with 8 cancer-related
genes [30].

In conclusions, this review highlights the varying
effects of supplementary antioxidants on cancer
prevention, ranging from no overall benefits to potential
detrimental effects or context-dependent protective roles.
Supplements like beta-carotene and vitamin E have shown
increased risks of cancer in specific contexts, supported
by high levels of evidence. Others, such as folic acid and
selenium, demonstrate no significant impact. In contrast,
supplements like CoQ10, glutathione, and zinc suggest
beneficial effects, albeit with limited or lower-quality
evidence.

Notably, the protective effects of dietary antioxidants
are consistently supported, emphasizing the importance
of obtaining these nutrients through natural sources.
The findings underscore the complexity of antioxidant
interactions in cancer prevention and the critical need
for high-quality research to guide evidence-based
recommendations. Prioritizing whole-food dietary sources
over supplementation remains the most reliable approach
to optimize health benefits.
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