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ABSTRACT

Cardiovascular disease (CVD) is the main cause of death in Western
countries. Nutrition has a significant role in the prevention of many
chronic diseases such as CVD, cancers, and degenerative brain dis-
eases. The major risk and protective factors in the diet are well
recognized, but interesting new candidates continue to appear. It is
well known that a greater intake of fruit and vegetables can help
prevent heart diseases and mortality. Because fruit, berries, and
vegetables are chemically complex foods, it is difficult to pinpoint
any single nutrient that contributes the most to the cardioprotective
effects. Several potential components that are found in fruit, berries,
and vegetables are probably involved in the protective effects against
CVD. Potential beneficial substances include antioxidant vitamins,
folate, fiber, and potassium. Antioxidant compounds found in fruit
and vegetables, such as vitamin C, carotenoids, and flavonoids, may
influence the risk of CVD by preventing the oxidation of cholesterol
in arteries. In this review, the role of main dietary carotenoids, ie,
lycopene, B-carotene, a-carotene, (3-cryptoxanthin, lutein, and ze-
axanthin, in the prevention of heart diseases is discussed. Although
itis clear that a higher intake of fruit and vegetables can help prevent
the morbidity and mortality associated with heart diseases, more
information is needed to ascertain the association between the intake
of single nutrients, such as carotenoids, and the risk of CVD. Cur-
rently, the consumption of carotenoids in pharmaceutical forms for
the treatment or prevention of heart diseases cannot be
recommended. Am J Clin Nutr 2006;83:1265-71.
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INTRODUCTION

Cardiovascular disease (CVD) is the main cause of death in
Western countries. Although CVD mortality has decreased in the
past decades in many countries, these diseases still account for
>40% of total mortality. Diets vary extensively between differ-
ent populations (1). In the eastern part of Finland, the mortality
rate was 10 times that found in Crete, where the population
consumes a typical Mediterranean diet that is rich in plant foods
and relatively poor in animal foods. A plant-dominated diet
likely promotes health through multiple nutrients and mecha-
nisms. Carotenoids, the pigments responsible for the yellow to
red color of some fruit and vegetables, have been implicated as
beneficial substances.

Carotenoids found in the human diet are primarily derived
from plants and are found in roots, leaves, shoots, seeds, fruit, and
flowers. More than 600 carotenoid compounds have been char-
acterized; =50 of these are consumed in the human diet (2, 3).
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Approximately 12 carotenoids account for most of the dietary
intake, and they are found in measurable concentrations in hu-
man blood and tissues (3, 4); the most common are lycopene,
lutein, a-carotene, 3-carotene, B-cryptoxanthin, and zeaxanthin
(4). Carotenoids can also be present, to a lesser extent, in eggs,
poultry, and fish because the animals are typically fed plant and
algal products; eg, the zeaxanthin in chicken originates from
maize in the poultry feed.

Various biological effects have been attributed to carotenoids.
One possible mechanism of action of carotenoids is via their
antioxidant activity, but other mechanisms may also contribute
to their beneficial effects (5). Plasma concentrations of carote-
noids are considered useful biomarkers of total dietary intake of
vegetables and fruit (6).

Because carotenoids are a complex group of chemicals, and
studies of the health effects of carotenoids are very heteroge-
neous, it is difficult to undertake a meta-analysis or even a de-
tailed systematic review about the health effects of carotenoids.
In the present review article, we collected all epidemiologic
studies and clinical trials on the effects of carotenoids with CVD
as a clinical endpoint.

CAROTENOIDS IN HUMAN HEALTH

Chemistry, metabolism, and bioavailability of main
carotenoids

Most carotenoids, such as a-carotene, [-carotene, and
B-cryptoxanthin, have provitamin A activity. In addition to their
provitamin A activity, carotenoids have been considered to have
many other biological functions (7, 8). They are proposed to be
efficient scavengers of free radicals (7), and they have also been
shown to protect low density lipoproteins (LDLs) against oxida-
tion in vitro. Some (9, 10), but not all (11), dietary intervention
studies of either lycopene-containing foods or lycopene supple-
mentation have shown potential short-term improvementin LDL
resistance to oxidation. However, the results are inconsistent,
and some recent in vitro experiments have shown not only a loss
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of antioxidant effectiveness, but also prooxidant effects of caro-
tenoids at high concentrations (12). Other carotenoid functions,
eg, enhancement of gap junctions, tumor-suppressive activity,
immunomodulation, carcinogenesis, and protection of DNA
against peroxidation have been described (8). To date, the pro-
vitamin A function is the only physiologic function of carote-
noids clearly demonstrated in humans.

The bioavailability of carotenoids appears to be dependent on
several factors (13). In general, the absorption of carotenoids
depends on their bioavailability from the food matrix and their
solubility in micelles (2, 14). Many carotenoids are absorbed
better in the presence of dietary fats and from heat processed
foods than from unprocessed sources (15, 16). The nature of the
isoforms of carotenoids also affects their bioavailability and ab-
sorption; ie, trans-isomers of lycopene are absorbed more poorly
than are cis-isomers (16). Other factors that influence the absorp-
tion of carotenoids include the presence of dietary fiber, the
health status of the person, and the physical form of the carot-
enoid (17).

Carotenoids share the same chylomicron absorption pathway
as other lipid-soluble compounds. The blood concentration of
carotenoid varies between persons. In a study conducted in 400
male and female participants in the United States, low serum
concentrations of a-carotene, (3-carotene, 3-cryptoxanthin, and
lutein plus zeaxanthin were generally associated with male sex,
smoking, young age, high non-HDL cholesterol, high alcohol
consumption, and high body mass index (18).

In addition to diet, carotenoid intake can be assessed by mea-
suring biomarkers of carotenoid intake. Because adipose tissue is
the major storage site for carotenoids in the human body, carot-
enoid concentrations in adipose tissue are supposed to be a better
predictor of long-term intake than are concentrations in plasma or
serum (19). It was also proposed that the usefulness of adipose
tissue and plasma carotenoids as biomarkers of carotenoid intake
is similar, although correlations for individual carotenoids vary
substantially (20).

No recommended dietary allowances for carotenoids exist in
the United States or in Europe. The amount of carotenoids in the
diet is difficult to estimate, partly because the methods used to in
preparation of food composition tables are not sufficiently spe-
cific or sensitive. The main sources of some carotenoids are
presented in Table 1.

Although carotenoids are not essential for human health, they
have biological actions that may be important in maintaining
health and preventing the appearance of serious diseases such as
cancer, pulmonary disorders, and cataract (8). Epidemiologic
studies have also shown that a high intake of carotenoids is
associated with a reduced risk of CVD, although the results of
these studies are somewhat conflicting.

Epidemiologic studies of carotenoids and cardiovascular
health

Many epidemiologic studies have detected an association be-
tween carotenoids and the risk of heart diseases or atherosclerosis
(Table 2). In the present review, we categorized studies into 3
groups according to the source of carotenoids measured: dietary
intake, serum or plasma concentrations, and adipose tissue con-
centration of carotenoids.
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TABLE 1
Main sources of dietary carotenoids’

Carotenoid Source

Lycopene Tomato and tomato products
Watermelon
Pink grapefruit
Papaya

Guava

Rose hip
Carrots
Apricots
Mangoes

Red pepper
Kale

Spinach
Broccoli
Carrots
Collard greens
Pumpkin

Corn

Yellow pepper
Cloudberry
Lutein plus zeaxanthin Kale

Spinach
Broccoli

Peas

Brussels sprouts
Collard greens
Lettuce

Corn

Egg yolk
Avocado
Oranges
Papaya
Passion fruit
Pepper
Persimmon

B-Carotene

a-Carotene

B-Cryptoxanthin

! From Osganian et al (22).

Dietary intake of carotenoids

Osganian et al (22) studied prospectively the relation between
dietary intake of carotenoids and the risk of coronary artery
disease (CAD) in 73 286 female nurses by using a semiquanti-
tative food-frequency questionnaire. During the 12-y follow-up
(803 590 person-years), they identified 998 incident cases of
CAD. After adjustment for age, smoking, and other CAD risk
factors, they observed modest, but significant, inverse associa-
tions between the highest fifths of B-carotene and «-carotene
intakes and the risk of CAD, but not with lutein plus zeaxanthin,
lycopene, or B-cryptoxanthin intakes. The association between
the specific carotenoids and CAD risk did not vary significantly
according to smoking status.

Several prospective and case-control studies have shown an
association between low intakes of B-carotene and the risk of
CVD, although the results of the studies are inconsistent (Table
2). In the Rotterdam Study (n = 4802), there was a significantly
reduced risk of myocardial infarction (MI) after a 4-y follow-up
in the subjects in the highest third of 3-carotene intake compared
with the subjects in the lowest third (23). In a case-control study
conducted in Italy with 433 cases and 869 paired controls, the risk
of nonfatal acute MI in women was inversely related to the intake
of B-carotene—containing foods (24).
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1267

Study setting,

Assay or source of carotenoid Study and nationality of subjects follow-up Sex n Outcome Main results
Dietary intake
a- and B-Carotene, lutein plus  Nurses Health Study, American Prospective, 12y  F 73 286 CAD Inverse significant associations between the
zeaxanthin, lycopene, and (22 highest quintiles of intake of B-carotene and
B-cryptoxanthin a-carotene and risk of CAD
B-Carotene The Rotterdan Study, Dutch (23)  Prospective, 4 y F,M 4802 MI Significantly decreased risk of MI in highest
B-carotene intake quartile
B-Carotene Ttalian (24) Case-control F 433 4+ 869°  AMI The risk of nonfatal AMI in women was
inversely related to intake of B-carotene—
containing foods
Carotenoids with provitamin Finnish Mobile Clinic Study, Prospective, 14y  F,M 5133 Coronary mortality Nonsignificant inverse association between
A activity Finnish (25) dietary intake of carotenoids with
provitamin A activity and the risk of
coronary mortality in women
B-Carotene Western Electric Study, American Prospective, 30y ~ F,M 1843 Stroke A modest decrease in the risk of stroke with
(26) higher intake of 3-carotene
a- and B-Carotene, lutein, and  The Health Professionals Follow-  Prospective, 8 y 43738 Stroke High dietary intake of lutein was associated
lycopene up Study, American (27) with a reduced risk of ischemic stroke
B-Carotene, lutein plus ATBC Study, Finnish (28) Prospective, 6.1y M 26593 Stroke Dietary intake of 3-carotene was inversely
zeaxanthin, and lycopene associated with the risk of cerebral
infarction
Carotenoids with provitamin ~ ARIC Study, American (29) Cross-sectional EM 12773 Prevalence of carotid Those in the highest quintile of carotenoid
A activity plaques consumption had a lower prevalence of
plaques
Plasma or serum
Serum total carotenoids LRC-CPPT Study, American (31)  Prospective, 13y M 1883 CHD Participants in the highest quartile of total
(placebo carotene had the lowest risk of incident
group) CHD
Plasma - and B-carotene, Physicians’ Health Study, Nested case- M 531 +531 MI No evidence for a protective effect of a higher
B-cryptoxanthin, lutein, and American (32) control, 13 y baseline plasma con centration of any of the
lycopene carotenoids measured
Plasma o- and B-carotene, Physicians’ Health Study, Nested case- M 297 + 297  Stroke Baseline plasma a- and B-carotene and
B-cryptoxanthin, lutein, and American (33) control, 13y lycopene tende d to be inversely related to
lycopene risk of ischemic stroke
Serum lycopene, B-carotene, ~ American (34) Nested case- F,M 123 +246  MI Low concentration of carotenoids were
lutein, and zeaxanthin control, 14y associated with increased risk of MIs in
smokers
Plasma lycopene ‘Women'’s Health Study, Nested case- F 483 + 483 CVD Higher plasma concentrations of lycopene
American, 1994 (35) control, 4.8 y were associated with a significantly lower
risk of CVD
Serum lycopene KIHD Study, Finnish (36) Prospective, 53y M 725 AMLI, stroke Men in the lowest quartile of serum lycopene
had a risk of AMI or stroke 3.3-fold that of
the other men
Plasma a- and B-carotene Basel Prospective Study, German  Prospective, 12y M 2974 CVD and stroke Significantly increased mortality in subjects
concentration (37) mortality with initially low plasma carotenoid
concentrations
Serum B-cryptoxanthin, lutein ~ ARIC Study, American (38) Cross-sectional, F,M 321 +321 IMT Serum B-cryptoxanthin and lutein plus
plus zeaxanthin, lycopene, case-control zeaxanthin were inversely related to the
and a-carotene extent of atherosclerosis
Plasma - and B-carotene, Bruneck Study, Italian (39) Cross-sectional M 392 Prevalence and incidence  «- and 3 -Carotene were inversely associated
lutein, lycopene, and of carotid plaques with the prevalence of atherosclerosis in the
zeaxanthin, and 3- prospective, 5y carotid and femoral arteries and with the
cryptoxanthin 5-y incidence of atherosclerotic lesions
Serum a- and -carotene, 3- The Rotterdan Study, Dutch (40)  Case-control F,M 108 + 108  Plaques of the abdominal ~Serum lycopene was inversely associated with
cryptoxanthin, lutein, aorta t he risk of atherosclerosis
lycopene, and zeaxanthin
Serum lycopene KIHD Study, Finnish (41) Cross-sectional M 1028 CCA-IMT The mean and maximal CCA-IMT increased
linearly across quartiles of serum lycopene
concentration
Plasma lycopene ASAP Study, Finnish (42) Cross-sectional F,M 520 IMT Low plasma lycopene concentrations were
associated with early atherosclerosis in men
Adipose tissue
B-Carotene EURAMIC Study, Multicenter Case-control 638 +727 MI High B-carotene concentrations within the
(43 normal range reduce the risk of a first MI
a- and B-Carotene and EURAMIC Study, Multicenter Case-control 1379 MI 48% lower risk of MI in highest 10th

lycopene

(44

percentile of lycopene than in the other
subjects

! CAD, coronary artery disease; MI, myocardial infarction; AMI, acute MI; CHD, coronary heart disease; CCA-IMT, intima-media thickness of common carotid arteries; ATBC, The
Alpha-Tocopherol, Beta-Carotene Cancer Prevention; ARIC, Atherosclerosis Risk in Communities; LRC-CPPT Study, Lipid Research Clinics Coronary Primary Prevention Trial and Follow-up;
KIHD, Kuopio Ischaemic Heart Disease Risk Factor; ASAP, Antioxidant Supplementation in Atherosclerosis Prevention; EURAMIC, European Community Multicentre Study on Antioxidants,
Myocardial Infarction, and Breast Cancer.

2 Case subjects + control subjects (all such values).

In 1994, Knekt et al (25) found an inverse nonsignificant
association between dietary intake of carotenoids with provita-
min A activity and the risk of coronary mortality in women in
their longitudinal cohort study of 5133 Finnish men and women
aged 30-69 y. Similar findings were published in 1997 for
B-carotenoid intake and the risk of stroke in the Chicago Western
Electric Study, which evaluated 1843 middle-aged men (26). In
the prospective Health Professionals Study (27), a high dietary

intake of lutein had a modest association with a reduced risk of
ischemic stroke, whereas the dietary intake of lycopene and a- or
B-carotene measured by food-frequency questionnaire had no
association with stroke risk. In the a-Tocopherol, 3-Carotene
Cancer Prevention (ATBC) Study conducted in Finland, the di-
etary intake of 3-carotene was inversely associated with the risk
of cerebral infarction [relative risk (RR) of highest compared
with the lowest quartile: 0.74; 95% CI: 0.60, 0.91], lutein plus
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zeaxanthin was associated with the risk of subarachnoid hemor-
rhage (RR: 0.47; 95% CI: 0.24, 0.93), and lycopene was associ-
ated with the risk of cerebral infarction (RR: 0.74; 95% CI: 0.59,
0.92) and intracerebral hemorrhage (RR: 0.45; 95% CI: 0.24,
0.86) (28). This Finnish study cohort consisted of 26 593 male
smokers aged 50—69 y with no previous history of stroke.

In 1998, Kritchevsky et al (29) published results from a cross-
sectional study assessing intake of carotenoids with provitamin
A activity and size of carotid artery plaques in 12 773 participants
of the Atherosclerosis Risk in Communities cohort. They noted
that both women and men in the highest fifth of carotenoid
consumption had a lower prevalence of plaques than did those in
the lowest fifth. In women, this inverse association was partic-
ularly strong for current smokers; in men, no such effect modi-
fication by smoking was seen. The inverse association was some-
what stronger in men aged 55—64 y than in men aged 45-54 y,
whereas age made little difference in the women.

Recently, Knekt et al (30) published results of a cohort study
pooling 9 prospective studies that included information on in-
takes of vitamin E, carotenoids, and vitamin C. During a 10-y
follow-up, a major incident coronary heart disease (CHD) event
occurred in 4647 of the 293 172 subjects who were free of CHD
at baseline. The investigators found a lower risk of major CHD
events at higher total intakes of B-carotene and at higher dietary
intakes of several carotenoids after adjustment for only age and
energy intake. The relations were considerably reduced after
additional adjustment for potential nondietary confounding fac-
tors, and the investigators concluded that the CHD risk reduc-
tions at high carotenoid intakes appeared to be small.

Plasma or serum concentrations of carotenoids

In 1994, Morris et al (31) examined the relation between total
serum carotenoid concentrations and the risk of subsequent CHD
events in a cohort from the Lipid Research Clinics Coronary
Primary Prevention Trial and Follow-up Study. They found that
men in the highest quartile of serum carotenoids had an adjusted
RR of 0.64 (95% CI: 0.44, 0.92) compared with those in the
lowest quartile. For men who never smoked, the RR was 0.28.

The large prospective Physicians’ Health Study found no ev-
idence for a protective effect of higher baseline plasma concen-
trations of a- and (-carotene, B-cryptoxanthin, lutein, or lyco-
pene against MI (32). In current and former smokers, but not in
persons who never smoked, higher baseline plasma concentra-
tions of 3-carotene tended to be associated with a reduced risk of
MI. In the same study, baseline plasma concentrations of
a-carotene and (3-carotene and lycopene tended to be inversely
related to the risk of ischemic stroke (33). In a nested case-control
study from Washington County (34), low serum concentrations
of B-carotene, lycopene, lutein and zeaxanthin were associated
with an increased risk of subsequent MI in smokers but not in
nonsmokers.

Few studies have examined the associations between higher
circulating concentrations of lycopene and the risk of heart dis-
eases. Sesso et al (35) recently described an association between
plasma lycopene and the risk of CVD in middle-aged and elderly
women in their prospective, nested, case-control Women’s
Health Study, which was conducted in 39 876 women who were
free of CVD at study baseline. For CVD, the women in the upper
3 quartiles of lycopene concentration had a significant 50% risk
reduction compared with those in the lowest quartile. The Kuo-
pio Ischemic Heart Disease Risk Factor Study also examined the

VOUTILAINEN ET AL

role of serum lycopene with regard to the risk of acute coronary
events and ischemic strokes (36). The subjects were 725 middle-
aged men free of CHD disease and stroke at the study baseline.
Men with a low serum concentration of lycopene (ie, the lowest
quarter) had a >3-fold risk of experiencing an acute coronary
event or stroke compared with the other men. After 12 y of
follow-up in the Basel Prospective Study, CVD and stroke mor-
talities were significantly increased in the subjects who initially
had low plasma concentrations of carotene, vitamin C, or both
independent of vitamin E concentrations and the traditional CVD
risk factors (37).

In their observational study conducted in 231 asymptomatic,
age-, sex-, race-, and field center—matched case-control pairs
from the Atherosclerosis Risks in Communities Study, Iribarren
et al (38) observed an association between concentrations of
serum B-cryptoxanthin, lutein plus zeaxanthin, lycopene, and -
and B-carotene and carotid atherosclerosis. They noted that se-
rum SB-cryptoxanthin and lutein plus zeaxanthin concentrations
were inversely related to the extent of atherosclerosis. Increases
in a-carotene and lycopene were associated with nonsignificant
lower odds of being a case subject. In the Bruneck study (39),
high plasma concentrations of «- and B-carotene were also as-
sociated with a reduced risk of atherosclerosis. The Dutch Rot-
terdam Study provided evidence of a modest inverse association
between the concentration of serum lycopene and the presence of
atherosclerosis, with the association being most pronounced in
current and former smokers (40). They found no association
between other carotenoids and atherosclerosis.

The Kuopio Ischemic Heart Disease Risk Factor Study also
examined the association between serum concentration of lyco-
pene and the intima-media thickness of the common carotid
artery wall (CCA-IMT) in 1028 middle-aged men (41). Men with
low serum lycopene concentrations (ie, the lowest quarter) had
the greatest increment in the adjusted mean CCA-IMT as well as
in maximal CCA-IMT compared with the other subjects. An-
other Finnish study also examined the role of blood concentra-
tions of lycopene with regard to cardiovascular health in women
and men living in the eastern part of Finland (42). The study
examined the association between the plasma concentration of
lycopene and CCA-IMT in a cross-sectional analysis of 520 high
risk men and women in the Antioxidant Supplementation in the
Atherosclerosis Prevention Study. A low plasma concentration
(ie, lower than the median) of lycopene was associated with an
18% increase in the IMT in men compared with the men whose
plasma concentrations of lycopene were higher. In the women,
the difference in the increase in IMT was not significant.

Adipose tissue concentration of carotenoids

In the European Study of Antioxidants, Myocardial Infarction
and Cancer of the Breast (EURAMIC), which was a European,
multicenter, case-control study, a-tocopherol and [3-carotene
concentrations were measured in adipose-tissue samples that
were collected from 1991 to 1992 from 683 persons with acute
MI and from 727 control subjects (43). The age-adjusted and
center-adjusted odds ratio (OR) for the risk of MI in the lowest
compared with the highest fifth of adipose tissue [-carotene
concentrations was 2.62 (95% CI: 1.79, 3.83). Additional control
for body mass index and smoking reduced the OR to 1.78 (95%
CI: 1.17, 2.71), whereas other established risk factors did not
substantially change this ratio. The increased risk was mainly
confined to current smokers: the multivariate OR in the lowest
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TABLE 3
Clinical trials of carotenoids in cardiovascular disease (CVD)’
Source and dose of Study and nationality Sex and
carotenoids of subjects Follow-up characteristics n Outcome Main results
Primary prevention studies
B-Carotene, 20 mg/d The Alpha-Tocopherol, 6.5y M; smokers 29133 IHD and stroke Nonsignificant increase in IHD and stroke mortality
Beta-Carotene mortality in the B-carotene—supplemented group
Cancer Prevention
Study, Finnish (46)
B-Carotene, 20 mg/d The Alpha-Tocopherol, 6.0y M; smokers 29133 First major B-Carotene supplementation increased the post-trial
Beta-Carotene coronary risk of a first-ever nonfatal MI
Cancer Prevention event
Study, Finnish (48)
B-Carotene, 50 mg/d The Physicians’ Health 120y M 22071 CVD mortality No evidence for CVD mortality in the 3-carotene—
Study, American supplemented group
(49)
B-Carotene, 30 mg/d The Beta-Carotene and 40y M; smokers and 18314 CVD mortality B-Carotene supplementation had an adverse effect
Retinol Efficacy asbestos workers on the incidence of CVD mortality
Cancer Prevention
Trial, American (50)
B-Carotene, 50 mg/d Skin Cancer Prevention 82y F,.M 532 + 11882 CVD mortality No evidence for increased CVD mortality in the
Study, American B-carotene group
(51
Secondary prevention studies
B-Carotene, 20 mg/d Heart Protection Study, 50y F, M; CHD, occlusive 20 536 Fatal or nonfatal No evidence for an association between [3-carotene
British (52) arterial disease, or vascular event intake and the 5-y mortality from, or incidence
diabetes of, any type of CVD
B-Carotene, 20 mg/d The Alpha-Tocopherol, 53y 1862 Major coronary Significantly increased risk of fatal coronary event

Beta-Carotene
Cancer Prevention
Study, Finnish (53)

M; smokers, previous
MI

event in the B-carotene—supplemented group

! IHD, ischemic heart disease; CHD, coronary heart disease; MI, myocardial infarction.
2 Case subjects + control subjects.

fifth of 3-carotene intake in smokers was 2.39 (95% CI: 1.35,
4.25), whereas it was 1.07 for people who had never smoked.

In the same EURAMIC study, researchers examined the as-
sociation between the lycopene concentration in fat tissue and the
risk of MI in ten countries (44). They found that men with the
highest concentrations of lycopene in adipose tissue had a 48%
reductionin therisk of developing CVD compared with men with
the lowest lycopene concentrations. The model was adjusted for
CVD risk factors and adipose tissue concentrations of «- and
B-carotene. In a part of the EURAMIC study conducted in the
Malaga center (45), there was a 60% lower risk of MI in the
participants in the highest compared with those in the lowest fifth
of lycopene concentration in adipose tissue.

Clinical trials on carotenoids and CVD health

Although a higher plasma -carotene concentration has been
associated with a reduced risk of heart disease in several cross-
sectional and prospective studies, 4 large randomized trials did
not reveal any reduction in cardiovascular events with
B-carotene use, and, in fact, there may even be an increase
in heart disease and total mortality in male smokers (Table 3)
(46, 49).

In the ATBC Study, 29 133 male smokers aged 50 to 69 y
received a-tocopherol (50 mg), B-carotene (20 mg), both «- and
B-carotene, or placebo daily for 5 to 8 y (46). Total mortality was
8% higher in the participants who received B-carotene than in
those who did not, primarily because there were more deaths
from lung cancer and ischemic heart disease. The beneficial and
adverse effects of supplemental a-tocopherol and [-carotene
disappeared during the postintervention follow-up (47). The au-
thors concluded that smokers should avoid 3-carotene supple-
mentation. A recently published article in which the 6-y post-trial
effects of a-tocopherol and 3-carotene supplementation on CHD
in the ATBC study was evaluated concluded that 3-carotene
seemed to increase the post-trial risk of a first-ever nonfatal MI,

although there is no plausible mechanism to explain this finding
(48).

In a randomized, double-blind, placebo-controlled trial of
B-carotene (50 mg on alternate days), Hennekens et al (49) en-
rolled 22 071 male physicians aged 40 to 84 y in the United
States; 11% of participants were current smokers and 39% were
former smokers at the beginning of the study. They concluded
that 12 y of supplementation with 3-carotene produced neither
benefit nor harm in the incidence of malignant neoplasms, CVD,
or death from all causes.

The effects of a combination of 3-carotene and vitamin A on
lung cancer and heart disease were studied in the Beta Carotene
and Retinol Efficacy Trial, which was a multicenter, random-
ized, double-blind, placebo-controlled primary prevention trial
that involved a total of 18 314 smokers, former smokers, and
workers who were exposed to asbestos (50). The authors found
thatin the active treatment group, the risk of death from any cause
was 1.17 (95% CI: 1.03, 1.33), that of death from lung cancer was
1.46 (95% CI: 1.07, 2.00), and that of death from CVD was 1.26
(95% CI: 0.99, 1.61). On the basis of these findings, the random-
ized trial was stopped 21 mo earlier than planned.

Greenberg etal (51) examined the relation between 3-carotene
supplementation and risk of death from major disease causes in
the randomized, placebo-controlled Skin Cancer Prevention
Study, which used supplementation with 50 mg 3-carotene/d for
a median of 4.3 y. During a median follow-up period of 8.2 y,
there were 285 all-cause deaths. No evidence of lower mortality
was observed after supplementation in patients with initial
B-carotene concentrations below the median for the study group.
The subjects that were randomly assigned to 3-carotene supple-
mentation showed no reduction in relative mortality rates from
all causes (adjusted RR: 1.03; 95% CI: 0.82, 1.30) or from CVD
(adjusted RR: 1.16; 95% CI: 0.82, 1.64).

In the Heart Protection Study, a secondary prevention trial,
20 536 British adults aged 40—80 y with CHD, other occlusive
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arterial disease, or diabetes were randomly assigned to receive
antioxidant vitamin supplementation (600 mg vitamin E, 250 mg
vitamin C, and 20 mg B-carotene daily) or placebo (52). Al-
though this regimen increased blood vitamin concentrations sub-
stantially, it did not produce any significant reductions in the 5-y
mortality or in the incidence of any type of vascular disease,
cancer, or any other major outcome. In the ATBC Study, which
was conducted in 1862 male smokers aged between 50 and 69
who had had a previous MI, the risk of fatal CHD increased in the
groups that received either B-carotene or the combination of
a-tocopherol and B-carotene compared with the group that re-
ceived placebo (53).

Clinical trials have only focused on the effects of B-carotene
among the carotenoids thus far; additionally, doses of 3-carotene
and compliance varied and the risk factor profiles of subjects
were very different across studies. B-carotene and other carote-
noids are often found in the same foods, and it is possible that the
serum or adipose tissue (3-carotene concentration is only an in-
dicator of the consumption of other carotenoids or vitamins.
Thus, B-carotene can be a marker of favorable dietary or lifestyle
factors associated with a reduced risk of CVD. As mentioned
before, however, it is also possible that high doses of carotenoids
could have a prooxidant effect (12). Thus, it is possible that
carotenoids could prevent cellular damage at physiologic con-
centrations, but that their ability to protect against cellular dam-
age disappears at the higher doses used in the supplementation
studies.

FUTURE DIRECTIONS AND CONCLUSIONS

A higher intake of fruit and vegetables can help prevent heart
diseases and their associated mortality (54). More information is
needed to clarify the relation between the intake of single nutri-
ents, such as carotenoids, and the risk of heart diseases. Because
carotenoids are a complex group of nutrients with different
chemical structures and biological actions and because studies of
the health effects of carotenoids are heterogeneous, it is difficult
to undertake a meta-analysis or conduct a detailed systematic
review about the health effects of carotenoids.

Note that all the evidence from clinical trials on the effects of
carotenoids on heart diseases is based only on (3-carotene. Al-
though there have been null findings for (3-carotene in these
clinical trials, many observational studies investigating single or
total carotenoids have shown that carotenoids are associated with
areduced risk of heart diseases.

Clinical trials are also warranted to evaluate the antioxidative
and other health effects of other carotenoids, such as lycopene.
Despite a plausible theory that antioxidants can prevent diseases
triggered by oxidative damage, trials thus far have not substan-
tiated this theory. At the moment, no reason exists to recommend
carotenoids in pharmaceutical form for the treatment or preven-
tion of CHD. When studying associations between nutrients and
diseases, it is important to include not only traditional risk fac-
tors, but also other factors which are a part of a healthy lifestyle
such as exercise and nonsmoking, into the statistical models.

SV wrote the first draft of the review. JM, TN, and THR
contributed to the data interpretation and editing of the manu-
script. None of the authors had any conflicts of interest. [ ]

VOUTILAINEN ET AL

REFERENCES

L.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Menotti A, Kromhout D, Blackburn H, Fidanza F, Buzina R, Nissinen A.
Food intake patterns and 25 year mortality from coronary heart disease:
cross-cultural correlations in the Seven Countries Study. The Seven
Countries Study Research Group. Eur J Epidemiol 1999;15:507-15.

. Krinsky NI. Actions of carotenoids in biological systems. Annu Rev

Nutr 1993;13:561-87.

. Crews H, Alink G, Andersen R, et al. A critical assessment of some

biomarker approaches linked with dietary intake. Br J Nutr 2001;86:S5—
35

. Stahl W, Sies H. Lycopene: a biologically important carotenoid for

humans? Arch Biochem Biophys 1996;336:1-9.

. Bendich A, Olson JA. Biological actions of carotenoids. FASEB J 1989;

3:1927-32.

. Campbell DR, Gross MD, Martini MC, Grandits GA, Slavin JL, Potter

JD. Plasma carotenoids as biomarkers of vegetable and fruit intake.
Cancer Epidemiol Biomarkers Prev 1994;3:493-500.

. Di Mascio P, Kaiser S, Sies H. Lycopene as the most efficient biological

carotenoid singlet oxygen quencher. Arch Biochem Biophys 1989;274:
532-8.

. Tapiero H, Townsend DM, Tew KD. The role of carotenoids in the

prevention of human pathologies. Biomed Pharmacother 2004;58:100—
10.

. Agarwal S, Rao AV. Tomato lycopene and low density lipoprotein

oxidation: a human dietary intervention study. Lipids 1998;33:981-4.

. Bub A, Watzl B, Abrahamse L, et al. Moderate intervention with

carotenoid-rich vegetable products reduces lipid peroxidation in men. J
Nutr 2000;130:2200-6.

. Dugas TR, Morel DW, Harrison EH. Dietary supplementation with

beta-carotene, but not with lycopene, inhibits endothelial cell-mediated
oxidation of low-density lipoprotein. Free Radic Biol Med 1999;26:
1238-44.

. El-Agamey A, Lowe GM, McGarvey DJ, et al. Carotenoid radical chem-

istry and antioxidant/pro-oxidant properties. Arch Biochem Biophys
2004;430:37-48.

. Parker RS, Swanson JE, You CS, Edwards AJ, Huang T. Bioavailability

of carotenoids in human subjects. Proc Nutr Soc 1999;58:155-62.
Boileau TW, Boileau AC, Erdman JW Jr. Bioavailability of all-trans and
cis-isomers of lycopene. Exp Biol Med 2002;227:914-9.

Stahl W, Schwarz W, Sundquist AR, Sies H. Cis-trans isomers of lyco-
pene and beta-carotene in human serum and tissues. Arch Biochem
Biophys 1992;294:173-7.

Bohm V, Bitsch R. Intestinal absorption of lycopene from different
matrices and interactions to other carotenoids, the lipid status, and the
antioxidant capacity of human plasma. Eur J Nutr 1999;38:118-25.
van het Hof KH, West CE, Weststrate JA, Hautvast JG. Dietary factors
that affect the bioavailability of carotenoids. J Nutr 2000;130:503—6.

. Brady WE, Mares-Perlman JA, Bowen P, Stacewicz-Sapuntzakis M.

Human serum carotenoid concentrations are related to physiologic and
lifestyle factors. J Nutr 1996;126:129-37.

Parker RS. Carotenoids in human blood and tissues. J Nutr 1989;119:
101-4.

El-Sohemy A, Baylin A, Kabagambe E, Ascherio A, Spiegelman D,
Campos H. Individual carotenoid concentrations in adipose tissue and
plasma as biomarkers of dietary intake. Am J Clin Nutr 2002;76:172-9.
Mangels AR, Holden JM, Beecher GR, Forman MR, Lanza E. Carot-
enoid content of fruits and vegetables: an evaluation of analytic data.
J Am Diet Assoc 1993;93:284-96.

Osganian SK, Stampfer MJ, Rimm E, Spiegelman D, Manson JAE,
Willett WC. Dietary carotenoids and risk of coronary artery disease in
women. Am J Clin Nutr 2003;77:1390-9.

Klipstein-Grobusch K, Geleijnse JM, den Breeijen JH, et al. Dietary
antioxidants and risk of myocardial infarction in the elderly: the Rotter-
dam Study. Am J Clin Nutr 1999;69:261-6.

Tavani A, Negri E, D’ Avanzo B, La Vecchia C. Beta-carotene intake and
risk of nonfatal acute myocardial infarction in women. Eur J Epidemiol
1997;13:631-7.

Knekt P, Reunanen A, Jarvinen R, Seppanen R, Heliovaara M, Aromaa
A. Antioxidant vitamin intake and coronary mortality in a longitudinal
population study. Am J Epidemiol 1994;139:1180-9.

Daviglus ML, Orencia AJ, Dyer AR, et al. Dietary vitamin C, beta-
carotene and 30-year risk of stroke: results from the Western Electric
Study. Neuroepidemiology 1997;16:69—77.

Ascherio A, Rimm EB, Hernan MA, et al. Relation of consumption of

900Z ‘TT 1eqwiardas uo z09T g1 PaN [endsoH Alun 1e Bio usle:mmm wolj papeojumoq


http://www.ajcn.org

@ The American Journal of Clinical Nutrition

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

CAROTENOIDS AND CARDIOVASCULAR HEALTH

vitamin E, vitamin C, and carotenoids to risk for stroke among men in the
United States. Ann Intern Med 1999;130:963-70.

Hirvonen T, Virtamo J, Korhonen P, Albanes D, Pietinen P. Intake of
flavonoids, carotenoids, vitamins C and E, and risk of stroke in male
smokers. Stroke 2000;31:2301-6.

Kritchevsky SB, Tell GS, Shimakawa T, et al. Provitamin A carotenoid
intake and carotid artery plaques: the Atherosclerosis Risk in Commu-
nities Study. Am J Clin Nutr 1998;68:726-33.

Knekt P, Ritz J, Pereira MA, et al. Antioxidant vitamins and coronary
heart disease risk: a pooled analysis of 9 cohorts. Am J Clin Nutr 2004;
80:1508-20.

Morris DL, Kritchevsky SB, Davis CE. Serum carotenoids and coronary
heart disease. The Lipid Research Clinics Coronary Primary Prevention
Trial and Follow-up Study. JAMA 1994;272:1439-41.

Hak AE, Stampfer MJ, Campos H, et al. Plasma carotenoids and toco-
pherols and risk of myocardial infarction in a low-risk population of US
male physicians. Circulation 2003;108:802—7.

Hak AE,Mal, Powell CB, et al. Prospective study of plasma carotenoids
and tocopherols in relation to risk of ischemic stroke. Stroke 2004;35:
1584-8.

Street DA, Comstock GW, Salkeld RM, Schuep W, Klag MJ. Serum
antioxidants and myocardial infarction. Are low levels of carotenoids
and alpha-tocopherol risk factors for myocardial infarction? Circulation
1994;90:1154-61.

Sesso HD, Buring JE, Norkus EP, Gaziano JM. Plasma lycopene, other
carotenoids, and retinol and the risk of cardiovascular disease in women.
Am J Clin Nutr 2004;79:47-53.

Rissanen T, Voutilainen S, Nyyssonen K, et al. Low serum lycopene is
associated with excess risk of acute coronary events and stroke: The
Kuopio Ischaemic Risk Factor Study. Br J Nutr 2001;85:749-54.

Gey KF, Stahelin HB, Eichholzer M. Poor plasma status of carotene and
vitamin C is associated with higher mortality from ischemic heart disease
and stroke: Basel Prospective Study. Clin Investig 1993;71:3-6.
Iribarren C, Folsom AR, Jacobs DR Jr, Gross MD, Belcher JD, Eckfeldt
JH. Association of serum vitamin levels, LDL susceptibility to oxida-
tion, and autoantibodies against MDA-LDL with carotid atherosclerosis.
A case-control study. The ARIC Study Investigators Atherosclerosis
Risk in Communities. Arterioscler Thromb Vasc Biol 1997;17:1171-7.
D’Odorico A, Martines D, Kiechl S, et al. High plasma levels of alpha-
and beta-carotene are associated with a lower risk of atherosclerosis:
results from the Bruneck study. Atherosclerosis 2000;153:231-9.
Klipstein-Grobusch K, Launer LJ, Geleijnse JM, Boeing H, Hofman A,
Witteman JC. Serum carotenoids and atherosclerosis. The Rotterdam
Study. Atherosclerosis 2000;148:49-56.

Rissanen T, Voutilainen S, Nyyssonen K, Salonen R, Kaplan GA, Sa-
lonen JT. Serum lycopene level and carotid atherosclerosis: the Kuopio

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

1271

Ischaemic Heart Disease Risk Factor Study. Am J Clin Nutr 2003;77:
133-8.

Rissanen T, Voutilainen S, Nyyssonen K, Salonen R, Salonen JT. Low
plasma lycopene concentration is associated with increased intima-
media thickness of the carotid artery wall. Arterioscler Thromb Vasc
Biol 2000;20:2677-81.

Kardinaal AF, Kok FJ, Ringstad J, et al. Antioxidants in adipose tissue
and risk of myocardial infarction: the EURAMIC Study. Lancet 1993;
342:1379-84.

Kohlmeier L, Kark JD, Gomez-GraciaE, et al. Lycopene and myocardial
infarction risk in the EURAMIC Study. Am J Epidemiol 1997;146:618—
26.

Gomez-Aracena J, Sloots J, Garcia-Rodriguez A. Antioxidants in adi-
pose tissue and myocardial infarction in a Mediterranean area. The
EURAMIC Study in Malaga. Nutr Metab Cardiovasc Dis 1997;7:376—
82.

The Alpha-Tocopherol, Beta Carotene Cancer Prevention Study Group.
The effect of vitamin E and beta carotene on the incidence of lung cancer
and other cancers in male smokers. N Engl ] Med 1994;330:1029-35.
Virtamo J, Pietinen P, Huttunen JK, et al. Incidence of cancer and
mortality following alpha-tocopherol and beta-carotene supplementa-
tion: a postintervention follow-up. JAMA 2003;290:476—85.
Tornwall ME, Virtamo J, Korhonen PA, et al. Effect of alpha-tocopherol
and beta-carotene supplementation on coronary heart disease during the
6-year post-trial follow-up in the ATBC study. Eur Heart J 2004;25:
1171-8.

Hennekens CH, Buring JE, Manson JE, et al. Lack of effect of long-term
supplementation with beta carotene on the incidence of malignant neo-
plasms and cardiovascular disease. N Engl J Med 1996;334:1145-9.
Omenn GS, Goodman GE, Thornquist MD, et al. Effects of a combina-
tion of beta carotene and vitamin A on lung cancer and cardiovascular
disease. N Engl J Med 1996;334:1150-5.

Greenberg ER, Baron JA, Karagas MR, et al. Mortality associated with
low plasma concentration of beta carotene and the effect of oral supple-
mentation. JAMA 1996;275:699-703.

Heart Protection Study Collaborative Group. MRC/BHF Heart Protec-
tion Study of antioxidant vitamin supplementation in 20,536 high-risk
individuals: a randomised placebo-controlled trial. Lancet 2002;360:
23-33.

Rapola JM, Virtamo J, Ripatti S, et al. Randomised trial of alpha-
tocopherol and beta-carotene supplements on incidence of major coro-
nary events in men with previous myocardial infarction. Lancet 1997;
349:1715-20.

Hu FB, Willett WC. Optimal diets for prevention of coronary heart
disease. JAMA 2002;288:2569-78.

900Z ‘TT 1eqwiardas uo zo9T g1 PaN [endsoH Alun 1e Bio usle mmm wol) papeojumoq


http://www.ajcn.org

