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Abstract: Atherosclerotic cardiovascular diseases (CVD) are a major source of mortality and morbidity
in the general population. Oxidative modification of low-density lipoprotein cholesterol (LDL-C) re-
presents the most important determinant factor in the development and progression of atherosclerotic
lesions. Oxidative damage and the production of free radicals (FRs) in the endothelium are some of the
main factors involved in the pathogenesis of the atherosclerotic process that causes CVD. Appropriate
nutritional practices are of central importance in managing risk and treatment of CVD; in fact, many
current guidelines for a healthy general population contain nutritional recommendations to reduce the
risk of these diseases. Observational studies of vitamins C and E, the most prevalent natural antioxi-
dant vitamins, suggest that supplemental use of these vitamins may lower the risk for coronary events.
Despite these data, several large, randomized controlled trials have failed to confirm the benefits of
vitamin C and E in cardiovascular prevention. The aim of this review is to examine the published studies
regarding the effect of vitamins (C and E) and p-carotene supplementation in the prevention of CVD
due to atherosclerosis.
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Introduction

Cardiovascular disease (CVD), involving atheroscle-
rosis and hypertension, is one of the leading causes
of death in advanced countries [1]. The natural an-
tioxidant system of our bodies consists of a series
of antioxidant enzymes [e.g., superoxide dismutase
(SOD) and glutathione peroxidase (GSX)], numerous
endogenous antioxidant molecules (e. g., glutathione
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mins C and E) [2]. Antioxidants can also be obtained
from the diet in the form of vegetables, fruits, green
tea, and chocolates [3].

Observational and clinical studies have demon-
strated that plant-based foods play a role in prevent-
ing CVD, since they provide dietary fiber that helps
lower blood cholesterol, and antioxidants that help in
preventing lipoprotein oxidation; elevated cholesterol
levels and lipoprotein oxidation are both strong risk
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factors for the development of atherosclerosis and
consequently, CVD [4].

In vitro studies have shown that vitamins C or E
and polyphenols inhibit the generation of free radicals
(FRs), as well as lipid peroxidation and DN A damage
[S]- Observational prospective human cohort studies
suggest that higher dietary intake or supplementation
of antioxidants (vitamins C and E, folic acid, niacin,
B-carotene, selenium, zinc) is associated with a lower
risk of CVD and mortality [6]. Administration of mod-
erate doses of vitamins E (400 IU/day) and C (1 g/
day) in another study, restored endothelial function,
assessed as flow-mediated vasodilation during reactive
hyperemia, in children with hyperlipidemia, implicat-
ing a protective role of the antioxidants against early
atherosclerosis progression [7]. These findings sup-
port the notion that antioxidants might be effective in
inhibiting the initial stages of human atherosclerosis,
even in moderate doses, and less effective in reducing
cardiovascular events.

Oxidative stress arises from an imbalance between
the production of reactive oxygen and nitrogen spe-
cies (ROS and RNS) and the capability of biological
systems to readily detoxify reactive intermediates
[8]. Several studies have reported beneficial effects
of therapy with antioxidant agents, including trace ele-
ments and other antioxidants, against cardiovascular
system dysfunction due to diabetes [9]. Antioxidants
act through different mechanisms to prevent oxidant-
induced cell damage, acting either directly or indirect-
ly. They can reduce the generation of ROS, scavenge
ROS, or interfere with ROS-induced alterations [10].
Increased oxidative stress occurs during an acute myo-
cardial infarction (AMI) and after re-perfusion with a
fibrinolytic agent. This increase in oxidative stress may
contribute to the pathogenesis of both AMI-related
myocardial damage and re-perfusion injury [11]. Nu-
merous clinical trials have evaluated the use of nutri-
tional supplements such as f-carotene, selenium, and
vitamins A, C, and E in the prevention of coronary
heart disease (CHD) and stroke, yielding conflicting
results (positive, neutral, and negative). In many of
these clinical trials there are enormous clinical design
problems, methodological flaws, varied patient popula-
tions, variable dose and types of vitamin use, improper
selection of vitamins used, and many other issues that
make the studies difficult to interpret [12-13].

Oxidative damage and
atherosclerosis

Oxidative stress is involved in the pathogenesis of ath-
erosclerosis [17]. During the past few years, a variety
of antioxidants have been used in clinical studies for
the prevention and treatment of atherosclerosis [14].
The American Heart Association does not support
the use of vitamin E supplements to prevent CVD,
but does recommend the consumption of foods rich
in antioxidant vitamins and other nutrients [15].

It has been amply demonstrated that both apoli-
poprotein and lipid peroxidation are the main causes
of the conformational changes in both low-density
lipoprotein cholesterol (LDL-C) and high-density
lipoprotein cholesterol (HDL-C), and that these ox-
ides are a major factor contributing to the formation
of atherosclerotic lesions [18—20]. It has also been
demonstrated that asymptomatic, non-smoking, non-
drinking adults with normal levels of total cholesterol
and LDL-C may be at risk of vascular disease if high
levels of FRs exists. The amount of the radical be-
comes crucial for early detection of atherosclerotic
risk [21]. The body's ability to defend itself from oxi-
dative damage caused by FRs is then important. It is
important, therefore, that the body strikes the right
balance between the number of FRs and the defense
and repair mechanisms available.

Antioxidants can be divided into two main cat-
egories: endogenous antioxidants, which are directly
synthesized by the body, including enzymes such as
SOD and catalase (CAT), and exogenous antioxidants,
taken through food, including vitamins C and E, and
B-carotenoids [22, 23]. Previous research on animal
and physiological models suggest that antioxidant
supplements have beneficial effects that may prolong
life. Some observational studies also suggest that anti-
oxidant supplements may prolong life, whereas other
observational studies demonstrate neutral or harmful
effects [24]. Randomized trials have largely been neu-
tral. However at this time, scientific evidence supports
a diet rich in food sources of antioxidants and other
heart-protecting nutrients such as fruits, vegetables,
whole grains, and nuts instead of antioxidant supple-
ments to reduce risk of CVD [25].

Nutrition and atherosclerotic plaque

Atherosclerosis is a chronic inflammatory process
characterized by the formation of fibro-lipid plaques
(atheromas) in arterial walls of large/medium size [26].
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Over the decades, the gradual growth of the lesion,
due to the accumulation of material that is responsive
to the proliferation of cellular elements, may cause the
protrusion of the same with a progressive reduction
of the lumen diameter and of the blood perfusion in
tissues located downstream of the affected vessel, with
both morphological (atrophy/remodeling) and func-
tional (failure) consequences in the ischemic tissue
[27]. The relationship between low levels of HDL-C
and the development of CHD can be inferred from
epidemiological studies, where even small differences
in the level of HDL-C are associated with substantial
variations in the risk of major coronary events. This
is clear evidence that oxidative stress plays a role in
development of atherosclerotic plaque [28].

Numerous studies confirm the relationship between
diet and arteriosclerosis, it was found that the satu-
rated fat content in animal tissues mainly increase
the level of those fractions of cholesterol heavily in-
volved in the formation of atherosclerotic plaques and
are therefore listed among the main risk factors for
cardiovascular accidents. Epidemiological data show
that half the populations of industrialized countries
have levels of circulating LDL that predispose them
to atherosclerosis [29, 30].

Antioxidant vitamins

Itis now widely accepted that oxidative stress induced
by reactive oxygen and nitrogen species is involved
in the pathogenesis of various diseases such as ath-
erosclerosis and CVD; consequently, the role of anti-
oxidants in the prevention and treatment of diseases
has received much attention from scientists, clinicians,
and the general public [30-31]. Antioxidant vitamins
E and C, and B-carotene (a form of vitamin A), have
potentially health-promoting properties. Although the
data are incomplete, about 30 percent of Americans
are taking some form of antioxidant supplementa-
tion [32].

Vitamins are classified as antioxidants for their abil-
ity to scavenge lipid radicals and terminate oxidative
chain reactions. Antioxidant vitamins can terminate
radical chain reactions by interacting with the lipid per-
oxyl radical, preventing it from generating a new radical
and perpetuating the chain reaction by oxidizing other
lipids [33]. The potential benefits of these vitamins are
therefore mainly attributed to their antioxidant activ-
ity in the oxidation of LDL-C, which is considered an
important step in the development and progression of
atherosclerosis characteristic of CVD [4].

Carotenoids

Carotenoids have many biological functions, and some
are precursors of vitamin A, among which the most
important is S-carotene [34]. Lutein and zeaxanthin
are needed for the healthy function of the macula of
the retina. Carotenoids are also lipophilic antioxidants
that protect biomolecules from FRs [35]. Carotenoids,
in synergy with vitamin E and selenium, prevent the
oxidation of cell membranes by inhibiting lipid perox-
ide radicals. There are interesting studies on the ability
of such substances to protect LDL-C from oxidation,
since this plays an important role in the etiology and
pathogenesis of atherosclerosis [36].

Among the carotenoids, lycopene is an important
antioxidant. Recent studies have shown that compared
to other carotenoids, lycopenes have antioxidant and
anti-radical properties, especially to deactivate sin-
glet oxygen [37]. Lycopene reduces oxidation of lipids
and hence the formation of atherosclerotic plaque,
responsible for many cardiovascular diseases, where
traditional antioxidants, such as vitamin C and vitamin
E cannot serve this function [38]. Researchers have
reported a drop in blood pressure from a minimum
of 4 mmHg to a maximum of 13 mmHg, in hyperten-
sive patients treated for six weeks with an extract of
lycopene [39].

Pro

Epidemiological studies suggest that carotenoids ex-
ert an important protective role against CVD and
certain cancers, although the protective mechanism
has not been fully elucidated [40—42]. Other actions,
such as their involvement in regulating cell growth and
gene expression may also be related to its protective
effect [43]. In primary prevention, randomized con-
trolled studies showed that supplementation of 50 mg
B-carotene on alternate days for 12 years was not effec-
tive in preventing certain cancers, CVD, or deaths from
all causes in 22,071 apparently healthy men (4084
years), including smokers and former smokers [44].
Another study of secondary prevention, involving the
same supplementation to 8171 women (minimum age
40 years) with preexisting CVD or at least three risk
factors, there was no effect after 9.4 years of follow-up.
The results of the B-Carotene And Retinol Efficacy
Trial (CARET) study, obtained from 18,314 individu-
als of both sexes (45-74 years), including smokers,
recent ex-smokers, and men exposed to asbestos, were
more favorable. These were divided into control and
intervention groups, where the second group received

Int.J. Vitam. Nutr. Res. 82 (1) © 2012 Hans Huber Publishers, Hogrefe AG, Bern



18 G. Riccioni et al.: Carotenoids and Cardiovascular Disease

supplementation with 30 mg -carotene and 25,000 TU
of retinyl palmitate (retinol). After four years, there
was a 28 % increase in the incidence of lung cancer,
17 % in mortality from all causes, and 26 % in cardio-
vascular mortality in the supplemented group [45].

Contra

The MRC/BHF Heart Protection Study examined the
effects of a cocktail of antioxidant vitamins (600 mg
vitamin E, 250 mg vitamin C, and 20 mg B-carotene)
or placebo in 20,536 UK adults aged 40—-80 years with
coronary artery disease (CAD), other occlusive arte-
rial disease, or diabetes mellitus who took supplements
for 5 years. Although this supplementation resulted in
an increase of antioxidant vitamins in blood, it did not
produce a significant reduction in mortality at 5 years
[46]. The Alfa Tocopherol p-carotene (ATBC) study
demonstrated no effect of B-carotene or vitamin E
supplementation on the incidence of large abdominal
aortic aneurysm. Supplemental B-carotene actually
increased the incidence of cerebral hemorrhage and
lead to an increase in deaths from AMI [47].

Vitamin C

Vitamin C is mainly found in fruits and vegetables.
Rich fruit sources include cantaloupe, grapefruit,
honeydew, kiwi, mango, orange, papaya, strawberries,
tangelo, tangerine, and watermelon [48]. Fruit juices
containing vitamin Cin abundance include grapefruit
and orange juices. Several fruit juices are fortified with
vitamin C, including apple, cranberry, and grape juices.
Rich vegetable sources of vitamin C include asparagus,
brussels sprouts, cabbage, cauliflower, kale, mustard
greens, pepper (red or green), plantains, potatoes, snow
peas, sweet potatoes, and tomatoes and tomato juices.
Variables that affect vitamin C content of fruits and
vegetables are harvesting season, duration of transport
to the marketplace, period of storage, and cooking
practices [49].

Ascorbic acid is considered the most important an-
tioxidant in cellular fluids. It can function as a scav-
enger of several ROS in the aqueous phase, such as
superoxide, hydrogen peroxide, hydroxyl radicals and
peroxides, and singlet oxygen, and is the first line of
antioxidant defense in human plasma against oxidative
stress [50]. In vitro studies have shown that ascorbate,
blocking the FRs in the aqueous phase before they
start lipid peroxidation, can protect biomembranes
from damage, and this also appears to exert protec-

tive action against LDL [51]. Ascorbate protects the
membranes and LDL from oxidative modification and
may also regenerate the reduced form of -tocopherol,
although this synergistic activity has not been fully
demonstrated in biological systems. Ascorbate com-
bined with vitamin E constitutes a powerful system of
protection against oxidative damage by FRs [52]. An
inadequate daily intake of vitamin C triggers progres-
sive devastating damage caused by FRs on the cell
walls; progressive impoverishment and breakdown of
collagen in the vascular wall being buffered by deriva-
tives of alpha-lipoproteins leads to the progression of
atherosclerosis [53].

Pro

A cross-sectional study of 979 non-smoking women
and men aged 20-29 years in the Toronto Nutrig-
enomics and Health Study was conducted from 2004
to 2008 to determine the prevalence of serum ascor-
bic acid (vitamin C) deficiency and its association
with markers of chronic disease in a population of
young Canadian adults. In this cross-sectional study
of Canadian men and women aged 20-29 years, 1 of
7 of the young Canadian adults had serum ascorbic
acid deficiency, and only 53 % had adequate serum
ascorbic acid [54, 55].

Aninverse association between serum ascorbic acid
and markers of chronic disease was already present
in these young adults, suggesting potential adverse
health effects [56]. The implications of these findings
underscore the importance of obtaining the recom-
mended daily allowance (RDA) for dietary vitamin C
in order to decrease the prevalence of serum ascorbic
acid deficiency in young Canadians and to potentially
decrease the risk of long-term adverse health effects.
Vitamin C may increase endothelial nitric oxide (NO)
by protecting it from oxidation and increasing its syn-
thesis. Vitamin C and the other antioxidant vitamin,
vitamin E, appear to have beneficial effects on vascular
endothelial function in healthy subjects and in patients
with CVD [57].

Contra

A study led by Sesso et al. [58] examined the ability
of long-term supplementation with vitamins E and C
in reducing the risk of major cardiovascular events
among men. The analysis was performed on partici-
pants of the Physician's Health Study II, begun in 1997
and completed in mid-2007. Enrolled were 14,641 male
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doctors aged 50 and above; 5.1 % (754) of them suf-
fered from CVD. The participants took vitamin E 400
IU on alternate days and 500 mg vitamin C daily. The
composite endpoint of major cardiovascular events
included: non-fatal myocardial infarction, non-fatal
stroke, and death from CVD. During an 8-year pe-
riod follow-up there were 1,244 major cardiovascular
events. Compared with placebo, vitamin E had no ef-
fect on the incidence of major cardiovascular events.
There was no significant effect of vitamin C on major
cardiovascular events either. Neither vitamin C nor
vitamin E showed an effect on total mortality, the
vitamin E was associated with an increased risk of
hemorrhagic stroke (RR 1.74; p=0.04).

The Women's Antioxidant Cardiovascular Study
evaluated the effects of ascorbic acid (500 mg/day),
vitamin E (600 IU every other day), and p-carotene
(50 mg every other day). The composite endpoint was
myocardial infarction, stroke, coronary revascular-
ization, or cardiovascular death among 8,171 female
health workers at increased risk [60]. The women who
took part in the study were aged 40 years and older,
with a history of CVD or three or more cardiovascular
risk factors, and were followed for a median duration
of 9.4 years, from 1995-1996 to 2005. A total of 1,450
women had one or more cardiovascular events. There
was no effect of ascorbic acid (RR 1.02), vitamin E
(RR 0.94), or B-carotene (RR 1.02), or in the primary
composite endpoint individual events (AMI, stroke,
coronary revascularization, or cardiovascular death).
A marginally significant reduction in the primary end-
point was observed among women with previous CVD
who took vitamin E. There were no significant inter-
actions between antioxidant vitamins on the primary
endpoint, but the women assigned to ascorbic acid and
vitamin E had a significantly lower incidence of stroke.
The study data did not reveal any effect of ascorbic
acid, vitamin E, or B-carotene on cardiovascular events
among women at high risk of CVD [44].

Vitamin E

The term vitamin E is used to describe a group of natu-
rally occurring compounds with antioxidant activity,
having eight chemical forms (o-, -, y-, 8-tocopherols
and a-, -, y-, 8-tocotrienols) with different levels of
biological activity. The a-tocopherol form is the only
form that can meet human needs [61]. Vitamin E is a
lipid-soluble antioxidant best known for its ability to
inhibit lipid peroxidation and to act as a scavenger of
ROS [62]. The role of vitamin E in the human body is
not clearly established, but it is known to be an essen-

tial compound in some vertebrate species, including
humans [63].

CVD is largely attributable to atherosclerosis, and
lipid peroxidation plays a central role in the forma-
tion of atherosclerotic plaque [64]. This allowed us to
hypothesize that antioxidants, including vitamin E,
may protect against CVD. To support this view several
clinical studies that have suggested a role of vitamin
E in the pathophysiology of CVD were performed.
Supplementation with vitamins has become popular,
and more than half of the adult population in the U.S.
is taking nutritional supplements, including 12.7 %
that are taking vitamin E [65]. Vegetable oils, nuts
(almonds), and green leafy vegetables are the best
sources of vitamin E [49].

When taken only from food sources, vitamin E has
no documented toxicity. However, in very high doses
vitamin E supplements have been shown to have toxic
effects [66]. For this the research on vitamin E toxicity
is controversial. The recognition of oxidized LDL’s
participation in the development of atherosclerosis
has intensified interest in vitamin E supplementa-
tion in preventing CVD [67]. Several meta-analyses
of randomized trials were performed to investigate
the effects of vitamin E on CVD. The results were
largely disappointing, and it was found that there was
no overall effect of vitamin E on AMI, stroke, or death
due to CVD [68-70]. In fact, study trials conducted
on 118,765 participants (59,357 randomized to vitamin
E and 59,408 to placebo) demonstrated evidence that
vitamin E treatment increased the risk for hemor-
rhagic stroke by 22 % and reduced the risk of ischemic
stroke by 10 %, therefore the results are contrasting
[32]. However, it has been suggested that the increased
mortality odds ratio in certain trials is not due to the
higher dose of vitamin E supplementation. Rather the
effect can be explained by a higher proportion of male
patients that were included in these trials compared to
other trials. The causal relationship of vitamin E sup-
plementation and increased mortality is questionable.
Different methodological approaches of meta-analysis
yield contradictory results. In particular, high-dose
vitamin E supplementation cannot be regarded as
conclusively proven to increase mortality [69].

Pro

The evaluation and the association between vitamin
E intake and cardiovascular risk have been executed
in several observational studies. Among these publi-
cations there is the Nurse's Health Study, in which
about 90,000 women without CVD, aged 34 to 59
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years, were followed for eight years. The results of this
study concluded that those who consumed vitamin E
supplements (>100 IU) for more than two years had
a lower risk of CHD (RR 0.59), after adjusting for
age, smoking, other cardiovascular risk factors and
nutrients with antioxidant properties [71]. In the same
vein, about 40,000 health professional males were
followed for four years, and a lower risk of CHD was
observed in those who had higher intake of vitamin
E (60 IU per day versus 7.5) [72]. Doses of up to
1,000 mg/day in adults appear to be safe, although
data are limited and are based on small groups of
people who consumed at least 2000 IU per day for a
few weeks or months. Finally, some researchers have
speculated that antioxidants are more effective in
inhibiting the early stages of atherosclerosis, such as
fatty-streak formation, than preventing sequelae in
the advanced stages experienced by most patients par-
ticipating in clinical trials [73]. The observed benefits
of an antioxidant combination containing vitamin E
in the prevention of early stages of cardiac transplant
vascular disease is consistent with this hypothesis. The
Cambridge Heart Antioxidant Study (CHAOS) was
a double-blind, randomized trial evaluating the effect
of vitamin E in patients with atherosclerosis. Alpha-
tocopherol treatment in patients with angiographi-
cally proven symptomatic coronary atherosclerosis
substantially reduces the rate of non-fatal AMI, with
beneficial effects apparent after one year of treatment
[74]. Currently, researchers are in agreement on the
antioxidant properties of vitamin E and its involve-
ment in lipid peroxidation, which plays a central role
in atherogenesis.

In a recent meta-analysis in individuals with both
diabetes mellitus and the haptoglobin (Hp) 2-2 geno-
type, the antioxidant function of vitamin E supple-
mentation was postulated to provide cardiovascular
protection to Hp 2—-2 DM [75]. However, it is not
known whether the dosages of vitamin E administered
in clinical trials are adequate to prevent the peroxida-
tion of lipids in all subjects [32]. In addition to these
effects on lipids, vitamin E has important functions in
the regulation of membrane enzymes, gene expres-
sion, and inflammatory responses. Further studies are
needed to explain the essentialness of the vitamin for
its ability to scavenge FRs.

Contra
Research has found no negative effects from the con-

sumption of vitamin E in food; however, high doses
of a-tocopherol supplements can cause bleeding and

stop blood clotting in animals, and in vitro tests sug-
gest that high doses inhibit platelet aggregation [76].

Several clinical trials found an increased risk of hem-
orrhagic stroke in participants receiving a-tocopherol.
One was a study comprised of male smokers in Finland
who consumed 50 mg/day for an average of 6 years,
while another study involved a large group of male
doctors in the United States who consumed about
400 TU every other day for 8 years. Therefore, fre-
quent use of a-tocopherol may have adverse effects
on health [77].

A meta-analysis performed on 81,788 patients by
researchers at the Cleveland Clinic on the evalua-
tion of the effects of antioxidants in CVD showed
that when used as secondary prevention, vitamin E
did not significantly reduce the risk of cardiovascular
events. Furthermore, their results do not support the
continued use of vitamin E treatment and discour-
age the inclusion of vitamin E in future primary and
secondary prevention trials in patients at high risk
of CVD [68].

Experimental and epidemiological data have shown
that supplementation of vitamin E can prevent the
onset of cancer and cardiovascular events. Research-
ers of the Heart Outcomes Prevention Evaluation
(HOPE) and Heart Outcomes Prevention Evalua-
tion, and the Ongoing Outcomes (HOPE-TOO) trial,
examined whether long-term supplementation with
vitamin E was able to reduce the risk of cancer, can-
cer death, and major cardiovascular events [78]. A
cohort of 9,541 patients, mean age 55 years, with a
high risk for cardiovascular events, suffering from
heart disease or diabetes, were randomized to receive
vitamin E (400 IU/day) or placebo for an average of
4.5 years. The results showed that there was no differ-
ence between vitamins and placebo in the number of
heart attacks, stroke, and death from CHD. Vitamin
E had no effect either on secondary targets: unstable
angina, congestive heart failure, and complications of
diabetes [79].

Conclusion

In the light of what is reported in this review, it can
be said that a diet rich in antioxidants may be recom-
mended for all ages, because the prevention of certain
diseases is strongly conditioned by a balanced diet
which can provide those necessary nutrients and pro-
tective substances that participate to improve health
and physical well-being, and thus the quality of life of
every individual.
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Epidemiological studies in recent years suggest
that low levels of antioxidants are associated with an
increased risk for CVD. Studies of dietary supple-
mentation of antioxidant vitamins to combat vascu-
lar damage and reduce the deleterious effects of FRs
are rather different. To date, the results are conflict-
ing, and most likely this is due to the fact that not all
antioxidants exert equal activity against free radical
molecules. Chronic inflammation is known to have a
pivotal role in the atherosclerotic process [80].

Recent studies have shown that inflammation leads
to an aggravation of oxidative stress, through the inter-
action and subsequent activation of several transcrip-
tion factors such as nuclear factor-kappa B (NF-kB), a
regulator of several genes involved in atherosclerosis,
such as adhesion molecules (ICAM-1, V-CAM) and
cytokines [81].

Some studies have found that supplementation with
a-tocopherol results in anti-inflammatory effects in
vivo and in vitro since it leads to a reduction of C-
reactive protein (CRP), plasminogen activator, and
a number of cytokines and interleukins [82]. Several
plausible mechanisms have been suggested. Beta-car-
otene, in particular, is a poor inhibitor of in vivo LDL
oxidation [83]. Moreover, cigarette smoke destabilizes
the B-carotene molecule, resulting in abnormal signal
transduction and the up-regulation of growth factors
associated with tumorigenesis [84].

The use of vitamin supplements containing
B-carotene and vitamin A, B-carotene's biologically
active metabolite, should be actively discouraged be-
cause this family of agents is associated with a small
but significant excess of all-cause mortality and car-
diovascular death [68]. It has been recommended that
clinical studies of B-carotene should be discontinued
because of its risks. When used in secondary preven-
tion, vitamin E did not reduce the risk of cardiovascu-
lar endpoints [85]. Furthermore, given our results and
the lack of mechanistic data supporting the efficacy
of vitamin E as a potent antioxidant in vivo, we do
not support the continued use of vitamin E treatment
and discourage the inclusion of vitamin E in future
primary and secondary prevention trials in patients
at high risk of CAD [68§].

As for the vitamin supplements that have proven
effective in vitro antioxidant properties, in vivo, for
example, the National Health and Nutrition Exami-
nation Surveys (II and III) and the Eastern Finland
Study both supported a protective role for vitamin
C in risk reduction for several endpoints that repre-
sent CVD and CAD, in separate models. In contrast,
the Health Professionals Follow-up Study, the Nurses
Health Study, and the Iowa Women’s Health Study

did not find a protective effect for vitamin C against
CVD [86-89]. Researchers from the Cardiovascular
Division of Brigham and Women’s Hospital of Boston
and the Linus Pauling Institute of Oregon State Uni-
versity, Corwallis, conducted a double-blind study of
40 patients who underwent heart transplantation over
the past two years and concluded that an additional
intake of antioxidant vitamins C and E may delay the
progression of early coronary atherosclerosis associ-
ated with cardiac transplantation [90, 91].

While we can conclude that diet is a valuable ally in
the fight against atherosclerosis in primary prevention,
the strategy must be aimed at both the population
as a whole, with comprehensive education, change
in lifestyle and environmental factors that increase
cardiovascular risk, as well as to subjects already at
high risk. An apple a day keeps the doctor away, as a
well-known proverb promises. There are several stud-
ies that have more or less confirmed or questioned the
theory that vitamins protect against cardiovascular
risk as well as against cancer or other diseases. It is
obvious that some of the above studies reach markedly
different conclusions. The reasons for these discrepan-
cies are different. Firstly, antioxidants may be useful
only for the primary prevention of CVD, i.e. before
the disease occurs, while if atherosclerosis has already
developed there is no protective action. However, the
methodology of these studies, criteria for selection of
patients, the uncertain extent of progression of the
disease when initiating supplementation, the lack of
mechanistic studies containing basic scientific aspects,
such as the bioavailability, pharmacokinetic properties,
and the nature of the antioxidant sources of vitamins,
could account for the inconsistency of the various clini-
cal trials and meta-analyses assessing the efficacy of
these vitamins to prevent human diseases.

In addition, it is not always easy to have equivalent
dosing regimens in one study and another in order to
have comparable results. Finally, there is also a prob-
lem with time: randomized trials are often not long
enough to observe real benefits. Another possible
explanation for inconsistency in observational stud-
ies may be that the association between antioxidants
and disease exists in addition to social and behavioral
factors acting throughout the lifespan.

References

1. Huerta, J.M., Tormo, M.J., Gavrila, D. and Navarro,
C. (2010) Cardiovascular risk estimated after 13 years
of follow-up in a low-incidence Mediterranean region

Int.J. Vitam. Nutr. Res. 82 (1) © 2012 Hans Huber Publishers, Hogrefe AG, Bern



22

10.

11.

12.

G. Riccioni et al.: Carotenoids and Cardiovascular Disease

with high-prevalence of cardiovascular risk factors.
BMC Public Health 10, 640.

Wojcik, M., Burzynska-Pedziwiatr, I. and Wozniak,
L.A. (2010) A review of natural and synthetic anti-
oxidants important for health and longevity. Curr.
Med. Chem. 17, 3262.

Wannamethee, S.G., Lowe, G.D., Rumley, A.,
Bruckdorfer, K.R. and Whincup, P.H. (2006) Asso-
ciations of vitamin C status, fruit and vegetable in-
takes, and markers of inflammation and hemostasis.
Am. J. Clin. Nutr. 83, 567.

Hu, F.B. (2003) Plant-based foods and prevention
of cardiovascular disease: an overview. Am. J. Clin.
Nutr. 78, 544.

Watters, J.L., Satia, J.A. and Kupper, L.L. (2008)
Correlates of antioxidant nutrients and oxidative
DNA damage differ by race in a cross-sectional study
of healthy African American and white adults. Nutr.
Res. 28, 565.

Kizhakekuttu, T.J. and Widlansky, M. E. (2010) Na-
tural antioxidants and hypertension: promise and
challenges. Cardiovasc. Ther. 28, 20.

Plantinga, Y., Ghiadoni, L., Magagna, A., Giannarel-
li, C., Franzoni, F., Taddei, S. and Salvetti, A. (2007)
Supplementation with vitamins C and E improves
arterial stiffness and endothelial function in essential
hypertensive patients. Am. J. Hypertens. 20, 392.

Roberts, R. A., Smith, R. A., Safe, S., Szabo, C., Tjal-
kens, R.B. and Robertson, F. M. (2010) Toxicological
and pathophysiological roles of reactive oxygen and
nitrogen species. Toxicology 276, 85.

Song, Y., Cook, N.R., Albert, C.M., Van Denburgh,
M. and Manson, J. E. (2009) Effects of vitamins C and
E and beta-carotene on the risk of type 2 diabetes in
women at high risk of cardiovascular disease: a ran-
domized controlled trial. Am. J. Clin. Nutr. 90, 429.

Valdecantos, M.P., Pérez-Matute, P., Quintero, P.
and Martnez, J. A. (2010) Vitamin C, resveratrol and
lipoic acid actions on isolated rat liver mitochondria:
all antioxidants but different. Redox Rep. 15, 207.

Bagatini, M.D., Martins, C.C., Battisti, V., Gaspa-
retto, D., da Rosa, C.S., Spanevello, R.M., Ahmed,
M., Schmatz, R., Schetinger, M. R. and Morsch, V.M.
(2010) Oxidative stress versus antioxidant defenses in
patients with acute myocardial infarction. Heart Ves-
sels Oct 27 (PMID: 20978900).

Hercberg, S., Preziosi, P., Galan, P.,Faure, H., Arnaud,
J., Duport, N., Malvy, D., Roussel, A.M., Briangon,
S. and Favier, A. (1999) "The SU.VL.MAX Study”:
a primary prevention trial using nutritional doses of

13.

14.

15.

16.

17.

18.

19.

20.

antioxidant vitamins and minerals in cardiovascular
diseases and cancers. SUpplementation on VItamines
et Minéraux AntioXydants. Food Chem. Toxicol. 37,
925.

Bleys, J., Miller, E.R. 3rd, Pastor-Barriuso, R., Ap-
pel, L.J. and Guallar, E. (2006) Vitamin-mineral sup-
plementation and the progression of atherosclerosis:
a meta-analysis of randomized controlled trials. Am.
J. Clin. Nutr. 84, 880.

Salonen, J., Nyyssonen, K., Kaikkonen, J., Porkkala-
Sarataho, E., Voutilainen, S., Rissanen, T.H., Rissa-
nen, T.H., Tuomainen, T.P., Valkonen, V.P., Riston-
maa, U., Lakka, H.M., Vanharanta, M., Salonen, J.T.
and Poulsen, H.E. (2003) Antioxidant Supplemen-
tation in Atherosclerosis Prevention Study. Six-year
effect of combined vitamin C and E supplementation
on atherosclerotic progression: the antioxidant sup-
plementation in atherosclerosis prevention (ASAP)
study. Circulation 107, 947.

Shelton, R.J., Velavan, P., Nikitin, N.P., Coletta,
A.P., Clark, A.L., Rigby, A.S., Freemantle, N. and
Cleland, J.G. (2005) American Heart Association.
Clinical trials update from the American Heart As-
sociation meeting: ACORN-CSD, primary care trial
of chronic disease management, PEACE, CREATE,
SHIELD, A-HeFT, GEMINI, vitamin E meta-ana-
lysis, ESCAPE, CARP, and SCD-HeFT cost-effec-
tiveness study. Eur. J. Heart. Fail. 7, 127.

Behrendt, D., Beltrame, J., Hikiti, H., Wainstein,
M., Kinlay, S., Selwyn, A.P., Ganz, P. and Fang, J.C.
(2006) Impact of coronary endothelial function on
the progression of cardiac transplant-associated arte-
riosclerosis: effect of anti-oxidant vitamins C and E.J.
Heart. Lung. Transplant. 25, 426.

Lee, Y.W., Kim, P.H., Lee, W.H. and Hirani, A. A.
(2010) Interleukin-4, Oxidative Stress, Vascular In-
flammation and Atherosclerosis. Biomol. Ther. 18,
135.

Oztiirk, Z., Sonmez, H., Gorgiin, F.M., Ekmekei, H.,
Bilgen, D.,Ozen, N., Sozer, V., Altug, T. and Kokoglu,
E. (2007) The relationship between lipid peroxidation
and LDL desialylation in experimental atherosclero-
sis. Toxicol. Mech. Methods. 17, 265.

Kakkar, R., Kalra, J., Mantha, S.V. and Prasad, K.
(1995) Lipid peroxidation and activity of antioxidant
enzymes in diabetic rats. Mol. Cell. Biochem. 151,
113.

Jacobs, M., Plane, F. and Bruckdorfer, K.R. (1990)
Native and oxidised LDL have differential inhibitory
effects on endothelium derived relaxing factor in rab-
bit aorta. Br. J. Pharmacol. 100, 21.

Int. J. Vitam. Nutr. Res. 82 (1) © 2012 Hans Huber Publishers, Hogrefe AG, Bern



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

G. Riccioni et al.: Carotenoids and Cardiovascular Disease 23

Ridker, P.M., Brown, N.J., Vaughan, D. E., Harrison,
D.G. and Mehta, J.L. (2004) Established and emer-
ging plasma biomarkers in the prediction of first athe-
rothrombotic events. Circulation 29, 109.

Riccioni, G., Bucciarelli, T., D'Orazio, N., Palumbo, N.,
di Ilio, E., Corradi, F., Pennelli, A. and Bazzano, L. A.
(2008) Plasma antioxidants and asymptomatic carotid
atherosclerotic disease. Ann. Nutr. Metab. 53, 86.

Tornwall, M. E., Virtamo,J.,Haukka,J. K., Albanes, D.
and Huttunen, J. K. (2001) Alpha-tocopherol (vitamin
E) and beta-carotene supplementation does not af-
fect the risk for large abdominal aortic aneurysm in a
controlled trial. Atherosclerosis 157, 167.

Bouayed, J. and Bohn, T. (2010) Exogenous anti-
oxidants — Double-edged swords in cellular redox
state: health beneficial effects at physiologic doses
versus deleterious effects at high doses. Oxid. Med.
Cell. Longev. 3, 228.

Franzini, L., Ardigo, D., Valtuena, S., Pellegrini, N., Del
Rio, D., Bianchi, M. A., Scazzina, F., Piatti, P. M., Brig-
henti, F. and Zavaroni, 1. (2010) Food selection based
on high total antioxidant capacity improves endothe-
lial function in a low cardiovascular risk population.
Nutr. Metab. Cardiovasc. Dis. Jul 29 (PMID: 20674303).

Aikawa, M. and Libby, P. (2004) The vulnerable athe-
rosclerotic plaque: pathogenesis and therapeutic ap-
proach. Cardiovasc. Pathol. 13, 125.

Padera, R.F., Jr. and Schoen, F.J. (2008) Pathology of
Cardiac Surgery. Cardiac Surgery in the Adult. (Cohn,
L.H.,, ed.) pp. 111-178, McGraw-Hill, New York.

Muntner,P.,Lee,F.and Astor,B. C.(2010) Association
of high-density lipoprotein cholesterol with coronary
heart disease risk across categories of low-density
lipoprotein cholesterol: the Atherosclerosis Risk In
Communities Study. Am. J. Med. Sci. Oct 29.

Mahe, G.,Ronziere, T.,Laviolle,B.,Golfier,V.,Coche-
ry, T.,DeBray, J. M. and Paillard, F. (2010) An unfavo-
rable dietary pattern is associated with symptomatic
ischemic stroke and carotid atherosclerosis. J. Vasc.
Surg. 52, 62.

Siri-Tarino, P. W., Sun, Q., Hu, F. B. and Krauss, R. M.
(2010) Saturated fatty acids and risk of coronary
heart disease: modulation by replacement nutrients.
Curr. Atheroscler. Rep. 12, 384.

Niki, E. (2010) Assessment of antioxidant capacity of
natural products. Curr. Pharm. Biotechnol. 28, 30.

Schiirks, M., Glynn, R.J., Rist, P.M., Tzourio, C. and
Kurth, T. (2010) Effects of vitamin E on stroke sub-
types: meta-analysis of randomised controlled trials.
BM1J 4, 341.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Traber, M. G. and Atkinson, J. (2007) Vitamin E, anti-
oxidant and nothing more. Free Radic. Biol. Med. 43, 4.

Riccioni, G., Bucciarelli, T., Mancini, B., Di Ilio, C.,
Capra, V.and D'Orazio, N. (2007) The role of the anti-
oxidant vitamin supplementation in the prevention of
cardiovascular diseases. Expert Opin. Investig. Drugs
16, 25.

Marchioli, R., Schweiger, C., Levantesi, G., Tavazzi,
L. and Valagussa, F. (2001) Antioxidant vitamins and
prevention of cardiovascular disease: epidemiological
and clinical trial data. Lipids 36, S53.

Li, B., Vachali, P. and Bernstein, P.S. (2010) Human
ocular carotenoid-binding proteins. Photochem. Pho-
tobiol. Sci. 9, 1418.

Kang, J.H., Cook, N.R., Manson, J.E., Buring, J.E.,
Albert, C.M. and Grodstein, F. (2009) Vitamin E, vit-
amin C, beta-carotene, and cognitive function among
women with or at risk of cardiovascular disease: The
Women's Antioxidant and Cardiovascular Study. Cir-
culation 119, 2772.

Riccioni, G.,Mancini, B., Dillio, E., Bucciarelli, T. and
D'Orazio, N. (2008) Protective effect of lycopene in
cardiovascular disease. Eur. Rev. Med. Pharmacol.
Sci. 12, 183.

Arab, L. and Steck, S. (2000) Lycopene and cardiova-
scular disease Am. J. Clin. Nutr. 71, 1691.

Paran,E.,Novack, V.,Engelhard, Y.N.and Hazan-Ha-
levy, I. (2009) The effects of natural antioxidants from
tomato extract in treated but uncontrolled hyperten-
sive patients. Cardiovasc. Drugs. Ther. 23, 145.

Knekt, P., Reunanen, A., Jarvinen, R., Seppanen, R.,
Heliovaara, M. and Aromaa, A. (1994) Antioxidant
vitamin intake and coronary mortality in a longitudi-
nal population study. Am. J. Epidemiol. 139, 1180.

Buijsse, B., Feskens, E.J.M., Schlettwein-Gsell, D.,
Ferry, M., Kok, F.J.,Kromhout, D. and de Groot, L. C.
(2005) Plasma carotene and alpha-tocopherol in rela-
tion to 10-y all-cause and cause-specific mortality in
European elderly: the Survey in Europe on Nutrition
and the Elderly, a Concerted Action (SENECA). Am.
J. Clin. Nutr. 82, 879.

Mcnulty, H.,Jacob, R. F.and Mason, R. P.(2008) Biolo-
gic activity of carotenoids related to distinct membra-

ne physicochemical interactions. Am. J. Cardiol. 101,
20.

Hennekens, C. H., Buring, J. E., Manson, J. E., Stamp-
fer,M.,Rosner, B.,Cook,N.R.,Belanger, C.,LaMotte,
F., Gaziano, J.M., Ridker, P. M., Willett, W. and Peto,
R. (1996) Lack of effect of long-term supplementati-
on with beta carotene on the incidence of malignant

Int.J. Vitam. Nutr. Res. 82 (1) © 2012 Hans Huber Publishers, Hogrefe AG, Bern



24

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

G. Riccioni et al.: Carotenoids and Cardiovascular Disease

neoplasms and cardiovascular disease. N. Engl. J.
Med. 334, 1145.

Cook, N.R., Albert, C.M., Gaziano, J.M., Zaharris,
E., Mac, Fadyen, J., Danielson, E., Buring, J.E. and
Manson, J.E. (2007) A randomized factorial trial of
vitamins C and E and beta carotene in the secondary
prevention of cardiovascular events in women: results
from the Women's Antioxidant Cardiovascular Study.
Arch. Intern. Med. 167, 1610.

Goodman, G.E.,Thornquist, M. D.,Balmes,J., Cullen,
M.R.,Meyskens,F.L.,Jr.,Omenn,G.S.,Valanis,B.and
Williams, J. H. (2004) The Beta-Carotene and Retinol
Efficacy Trial: incidence of lung cancer and cardiova-
scular disease mortality during 6-year follow-up after
stopping beta-carotene and retinol supplements. J.
Natl. Cancer Inst. 96, 1743.

Heart Protection Study Collaborative Group. (2002)
MRC/BHF Heart Protection Study of antioxidant vit-
amin supplementation in 20,536 high-risk individuals:
arandomized placebo-controlled trial. Lancet 360, 23.

Tornwall, M. E., Virtamo,J.,Haukka,J. K., Albanes,D.
and Huttunen, J. K. (2001) Alpha-tocopherol (vitamin
E) and beta-carotene supplementation does not af-
fect the risk for large abdominal aortic aneurysm in a
controlled trial. Atherosclerosis 157, 167.

Leppéla,J. M., Virtamo,J.,Fogelholm,R., Albanes,D.,
Taylor,P.R.and Heinonen, O. P. (2000) Vitamin E and
beta carotene supplementation in high risk for stroke:
a subgroup analysis of the Alpha-Tocopherol, Beta-
Carotene Cancer Prevention Study. Arch. Neurol. 57,
1503.

Haytowitz, D.B. (1995) Information from USDA’s
Nutrient Data Bank. J. Nutr. 125, 1952.

Padayatty, S.J., Katz, A., Wang, Y., Eck, P., Kwon, O.,
Lee, J.H., Chen, S., Corpe, C., Dutta, A., Dutta, S.K.
and Levine, M. (2003) Vitamin C as an antioxidant:
evaluation of its role in disease prevention. J. Am.
Coll. Nutr. 22, 18.

Lee,J. W.,Bobst,E. V., Wang, Y.G., Ashraf, M. M.and
Bobst, A.M. (2000) Increased endogenous ascorbyl
free radical formation with singlet oxygen scavengers
in reperfusion injury: an EPR and functional recovery
study in rat hearts. Cell. Mol. Biol. 46, 1383.

Chi, X. and May, J. M. (2009) Oxidized lipoprotein in-
duces the macrophage ascorbate transporter (SVCT2):
protection by intracellular ascorbate against oxidant
stress and apoptosis. Arch. Biochem. Biophys. 485,174.

Anitra, M. C., Ben-Zhan, Z. and Balz, F. (2000) Poten-
tial antiatherogenic mechanisms of ascorbate (Vit-
amin C) and -Tocopherol (Vitamin E). Circ. Res. 87,
349.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Rodriguez, J. A., Nespereira, B., Pérez-Ilzarbe, M.,
Eguinoa, E. and Paramo, J. A. (2005) Vitamins C and
E prevent endothelial VEGF and VEGFR-2 overex-
pression induced by porcine hypercholesterolemic
LDL. Cardiovasc. Res. 65, 665.

Cahill, L., Corey, P.N. and El-Sohemy, A. (2009) Vit-
amin C deficiency in a population of young Canadian
adults. Am. J. Epidemiol. 170, 464.

Heller, R., Unbehaun, A., Schellenberg, B., Mayer,
B., Werner-Felmayer, G. and Werner, E.R. (2001) L-
Ascorbic acid potentiates endothelial nitric oxide
synthesis via a chemical stabilization of tetrahydrobi-
opterin. J. Biol. Chem. 276, 40.

Huang, A., Vita,J. A., Venema, R. C. and Keaney, J. F.
(2000) Ascorbic acid enhances endothelial nitric-oxi-
de synthase activity by increasing intracellular tetra-
hydrobiopterin. J. Biol. Chem. 275, 17399.

Brown, A. A. and Hu, F. B. (2001) Dietary modulation
of endothelial function: implications for cardiovascu-
lar disease. Am. J. Clin. Nutr. 73, 673.

Gaziano,J. M., Glynn, R.J., Christen, W. G., Kurth, T.,
Belanger, C., MacFadyen, J., Bubes, V., Manson, J.E.,
Sesso, H.D. and Buring, J.E. (2009) Vitamins E and
C in the prevention of prostate and total cancer in
men: the Physicians' Health Study II randomized con-
trolled trial. JAMA 301, 52.

Lee, I.M., Cook, N.R., Gaziano, J.M., Gordon, D.,
Ridker,P.M.,Manson,J. E.,Hennekens, C. H.and Bu-
ring, J.E. (2005) Vitamin E in the primary prevention
of cardiovascular disease and cancer: the Women’s
Health Study: a randomized controlled trial. JAMA
294, 56.

Wells, S.R.,Jennings, M. H., Rome, C., Hadjivassiliou,
V., Papas, K. A. and Alexander, J.S. (2010) Alpha-,
gamma- and delta-tocopherols reduce inflammato-
ry angiogenesis in human microvascular endothelial
cells. J. Nutr. Biochem. 21, 589.

Clarke, M. W., Burnett, J.R. and Croft, K.D. (2008)
Vitamin E in human health and disease. Crit. Rev.
Clin. Lab. Sci. 45, 417.

Colombo, M. L. (2010) An update on vitamin E, toco-
pherol and tocotrienol-perspectives. Molecules 15,
2103.

Bayés, B., Pastor, M.C., Bonal, J. and Romero, R.
(2005) ”"New” cardiovascular risk factors in patients
with chronic kidney disease: role of folic acid treat-
ment. Kidney Int. Suppl. 93, 39.

Radimer, K., Bindewald, B., Hughes, J., Ervin, B.,
Swanson, C. and Picciano, M. F. (2004) Dietary supple-
ment use by US adults: data from the National Health

Int. J. Vitam. Nutr. Res. 82 (1) © 2012 Hans Huber Publishers, Hogrefe AG, Bern



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

G. Riccioni et al.: Carotenoids and Cardiovascular Disease 25

and Nutrition Examination Survey, 1999-2000. Am. J.
Epidemiol. 160, 339.

Blé-Castillo,J.L.,D"az-Zagoya,J. C.and Méndez,J. D.
(2008) Is vitamin-E supplementation beneficial or
harmful? Gac. Med. Mex. 144, 147.

Castilla, P., Davalos, A., Teruel, J.L., Cerrato, F.,
Fernandez-Lucas, M., Merino, J. L., Sanchez-Martn,
C.C., Ortuno, J. and Lasuncion, M. A. (2008) Com-
parative effects of dietary supplementation with red
grape juice and vitamin E on production of superoxi-
de by circulating neutrophil NADPH oxidase in he-
modialysis patients. Am. J. Clin. Nutr. 87, 1053.

Vivekananthan, D.P., Penn, M. S., Sapp, S. K., Hsu, A.
and Topol, E.J. (2003) Use of antioxidant vitamins for
the prevention of cardiovascular disease: meta-analy-
sis of randomised trials. Lancet 361, 2017.

Gerss, J. and Kopcke, W. (2009) The questionable
association of vitamin E supplementation and mor-
tality—inconsistent results of different meta-analytic
approaches. Cell Mol. Biol. 55, 1111.

Miller, E.R., Pastor-Barriuso, R., Dalal, D., Riemers-
ma, R.A., Appel, L.J. and Guallar, E. (2005) Meta-
analysis: high-dosage vitamin E supplementation may
increase all-cause mortality. Ann. Intern. Med. 142,37.

Stampfer, M.J., Hennekens, C. H., Manson, J. E., Col-
ditz,G. A.,Rosner,B.and Willett, W. C.(1993) Vitamin
E consumption and the risk of coronary disease in
women. N. Engl. J. Med. 328, 1444.

Rimm, E.B.,Stampfer,M.J., Ascherio, A., Giovannuc-
ci, E., Colditz, G. A. and Willett, W. C. (1993) Vitamin
E consumption and the risk of coronary heart disease
in men. N. Engl. J. Med. 328, 1450.D Steinberg and JL.
Witztum, Is the oxidative modification hypothesis re-
levant to human atherosclerosis? Do the antioxidant
trials conducted to date refute the hypothesis?, Circu-
lation (2002), pp. 210

Kirmizis, D. and Chatzidimitriou, D. (2009) Antiathe-
rogenic effects of vitamin E: the search for the Holy
Grail. Vasc. Health Risk Manag. 5, 767.

Parsons, A., Schofield, P. M., Kelly, F., Cheeseman, K.
and Mitchinson, M.J. (1996) Randomised controlled
trial of vitamin E in patients with coronary disease:
Cambridge Heart Antioxidant Study (CHAOS). Lan-
cet 347, 781.

Blum, S., Vardi, M., Brown, J. B., Russell, A., Milman,
U.,Shapira, C.,Levy, N.S.,Miller-Lotan, R., Asleh, R.
and Levy, A.P. (2010) Vitamin E reduces cardiovascu-
lar disease in individuals with diabetes mellitus and
the haptoglobin 2-2 genotype. Pharmacogenomics
11, 675.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Murohara, T., Ikeda, H., Otsuka, Y., Aoki, M., Hara-
maki,N.,Katoh, A., Takajo, Y.and Imaizumi, T. (2004)
Inhibition of platelet adherence to mononuclear cells
by alpha-tocopherol: role of P-selectin. Circulation
110, 141.

Alpha-Tocopherol, Beta Carotene Cancer Prevention
Study Group. (1994) The effect of vitamin E and beta
carotene on the incidence of lung cancer and other
cancers in male smokers. N. Engl. J. Med. 330, 1029.

Lonn, E., Bosch, J., Yusuf, S., Sheridan, P., Pogue, J.,
Arnold,J.M., Ross, C., Arnold, A., Sleight, P., Probst-
field,J. and Dagenais, G. R. (2005) HOPE and HOPE-
TOO Trial Investigators. Effects of long-term vitamin
E supplementation on cardiovascular events and can-
cer: a randomized controlled trial. JAMA 293, 1338.

Yusuf,S.,Sleight,P.,Pogue,J.,Bosch,J., Davies,R.and
Dagenais, G. (2000) Effects of an angiotensin-con-
verting-enzyme inhibitor, ramipril, on cardiovascu-
lar events in high-risk patients. The Heart Outcomes
Prevention Evaluation Study Investigators. N. Engl. J.
Med. 342, 145.

Adameova, A.,Xu,Y.J.,Duhamel, T. A., Tappia, P.S.,
Shan, L. and Dhalla, N.S. (2009) Anti-atherosclerotic
molecules targeting oxidative stress and inflammati-
on. Curr. Pharm. Des. 15, 3094.

Hu,H.L.,Forsey,R.J.,Blades, T.J.,Barratt, M. E., Par-
mar, P. and Powell, J. R. (2000) Antioxidants may con-
tribute in the fight against ageing: an in vitro model.
Mech. Ageing Dev. 121, 217.

Libinaki, R., Tesanovic, S., Heal, A., Nikolovski, B.,
Vinh, A.,Widdop,R. E.,Gaspari, T. A.,Devaraj,S.and
Ogru, E. (2010) Effect of tocopheryl phosphate on
key biomarkers of inflammation: Implication in the
reduction of atherosclerosis progression in a hyper-
cholesterolaemic rabbit model. Clin. Exp. Pharmacol.
Physiol. 37, 587.

Reaven, P.D.,Khouw, A., Beltz, W.F., Parthasarathy,
S. and Witztum, J.L. (1993) Effect of dietary antioxi-
dant combinations in humans: protection of LDL by
vitamin E but not by beta—carotene. Arterioscler.
Thromb. 13, 590.

Wang, X.D., Liu, C., Bronson, R.T., Smith, D.E.,
Krinsky, N.I. and Russell, M. (1999) Retinoid signa-
ling and activator protein-1 expression in ferrets gi-
ven beta-carotene supplements and exposed to tobac-
co smoke. J. Natl. Cancer Inst. 91, 60.

U.S. Preventive Services Task Force. (2003) Routine
vitamin supplementation to prevent cancer and car-
diovascular disease. Nutr. Clin. Care 6, 102.

Weeks, B.S. and Perez, P.P. (2007) Absorption rates
and free radical scavenging values of vitamin C-lipid

Int.J. Vitam. Nutr. Res. 82 (1) © 2012 Hans Huber Publishers, Hogrefe AG, Bern



26

88.

89.

90.

G. Riccioni et al.: Carotenoids and Cardiovascular Disease

metabolites in human lymphoblastic cells. Med. Sci.
Monit. 13, 205.

Simon,J. A.and Hudes, E. S. (1999) Serum ascorbicacid
and cardiovascular disease prevalence in U.S. adults:
the Third National Health and Nutrition Examination
Survey (NHANES III). Ann. Epidemiol. 9, 358.

Nyyssonen, K., Parviainen, M. T., Salonen, R., Tuomi-
lehto,J. and Salonen, J. T. (2001) Vitamin C deficiency
and risk of myocardial infarction: prospective popula-
tion study of men from eastern Finland. BMJ 314, 634.

Simon,J. A.,Hudes,E.S.andTice,J. A.(2001) Relation
of serum ascorbic acid to mortality among US adults.
J. Am. Coll. Nutr. 20, 255.

91.

92.

Fang, J.C., Kinlay, S., Beltrame, J., Hikiti, H., Wain-
stein, M., Behrendt, D., Suh, J., Frei, B., Mudge, G.H.,
Selwyn, A.P. and Ganz, P. (2002) Effect of vitamins C
and E on progression of transplant-associated arte-
riosclerosis: a randomised trial. Lancet 359, 1108.

Riccioni, G. (2009) Carotenoids and cardiovascular
disease. Curr. Atheroscler. Rep. 11,434.

Graziano Riccioni, MD, PhD

Via G. De Rogatis, 12
71016 San Severo (FG)
Italia

Tel.:+39 0882 227022
griccioni@hotmail.com

Int. J. Vitam. Nutr. Res. 82 (1) © 2012 Hans Huber Publishers, Hogrefe AG, Bern



