
Abstract
Recent studies have suggested that beta-

carotene supplements can increase the risk of
lung cancer among current, long-term smok-
ers. However, these studies may have been con-
ceived and executed on a number of faulty
assumptions. There was no evidence to suggest
that beta-carotene would protect specifically
against lung cancer, particularly in high-risk
populations. There are significant isomeric and
other differences between the synthetic beta-
carotene used in these negative studies and
natural beta-carotene supplements; these iso-
meric differences would suggest different
behaviors. Researchers ignored the likely roles
of other carotenoids in health and the possi-
bility that carotenoids, as a group, function
synergistically. The evidence supporting the
antioxidant and disease-preventive roles of
beta-carotene remains strong, but other asso-
ciated dietary carotenoids, such as alpha-caro-
tene, lycopene, lutein, zeaxanthin, and cryp-
toxanthin, also play important and likely com-
plementary roles in health. The use of a single
synthetic carotenoid in clinical studies reflects
a single-drug, magic-bullet approach, whereas
the evidence suggests that nutrients work as a
biochemical team.

Introduction
Although a generic “carotene” was first

identified in carrots in 1831, the correct
chemical formula for beta-carotene was
not determined until 1907, and research-
ers did not discover that the body con-
verted it to vitamin A until 1920. For most
of the next 61 years, researchers believed
beta-carotene’s role in human health was
strictly that of a precursor to vitamin A.
Until the mid-1980s, relatively little re-
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search had been conducted on the nutri-
tional and health roles of other carotenoids,
such as alpha-carotene, lycopene, lutein,
zeaxanthin, and cryptoxanthin.

Based on epidemiological data, it was
hypothesized in 1981 that beta-carotene,
apart from its role as provitamin A, might
reduce the risk of cancer.1 Indeed, the evi-
dence seemed strong. Beta-carotene was
well established as an antioxidant, and di-
ets high in beta-carotene appeared protec-
tive against various types of cancers. As
with studies on virtually every nutrient,
research suggested a protective role for
beta-carotene in some types of cancer and
a null effect on other types of cancer.

Confidence in the supplemental and
chemopreventive roles of beta-carotene
was shaken in 1994 and again in 1996 with
the publication of two studies in which
current, long-term tobacco smokers or as-
bestos workers (as well as users of alcoholic
beverages) had a slightly increased risk of
lung cancer after taking beta-carotene for
several years.

Hindsight, as the bromide goes, is al-
ways superior to foresight. It now appears
that researchers made at least four major
errors in embracing beta-carotene as a can-
cer-preventive agent. First, researchers as-
sumed that synthetic beta-carotene sup-
plements would behave like natural beta-
carotene supplements, although the two
differ isomerically. Second, researchers
made the mistake of studying a popula-
tion at high-risk for lung cancer when there
had been no evidence in published peer-
reviewed journals that beta-carotene pro-
tected specifically against lung cancer.2

Third, researchers were unknowingly the
victims of their own technical limitations.
They could only measure what they could
measure. As a consequence, researchers
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focused on easy-to-measure beta-carotene,
while largely ignoring other so-called
“mixed” carotenoids found in foods.
Fourth, there is evidence that antioxidants,
including the carotenoids, function
synergistically. Thus, many trials that in-
vestigate individual nutrients, as if they were
pharmaceuticals, may be doomed to fail-
ure. Nutrients generally work best as a
team—an idea that, given the nature of bio-
chemistry, should not be at all surprising.

These four errors would misguide
many researchers and ultimately lead to re-
ports that beta-carotene supplements in-
creased the risk of lung cancer among cur-
rent, long-term smokers. This review arti-
cle will relate some of the evidence support-
ing beta-carotene’s role as an antioxidant,
analyze aspects of the studies showing an
increased risk of lung cancer associated with
synthetic beta-carotene supplements, and
suggest a new context in which to interpret
these and other carotenoid studies.

Beta-Carotene as an Antioxidant
Beta-carotene is one of approximately

600 fat-soluble carotenoids found in plants.
Despite the large number of carotenoids in
nature, only about 40-50 are found in the
average American diet, and just 14 of these
dietary carotenoids appear to play any role
in human health, based on their presence
in the bloodstream.3

In the early to mid-1980s, research-
ers focused on beta-carotene for a number
of reasons. Epidemiological evidence
strongly suggested that foods high in beta-
carotene, specifically vegetables and fruit,
protected against many types of cancer and
cardiovascular disease. Nutritional
databases at that time noted the presence
of beta-carotene but not other carotenoids.
The studies were also biased toward beta-
carotene in that it could be measured rela-
tively easily in serum, whereas other
carotenoids could not.4 Researchers also felt
they had developed a reasonable understand-
ing beta-carotene, in part because it was a
well-known precursor to vitamin A. Beta-

carotene was recognized as an antioxidant
capable of preventing cellular damage, sug-
gesting that supplements could prevent and
successful treat precancerous oral
leukoplakias.

Indeed, beta-carotene looked–and still
looks–extremely promising as a potent
antioxidant. The literature supporting
beta-carotene’s role as an antioxidant is too
extensive to  cite comprehensively  here,
except for several brief examples.5

One molecule of beta-carotene is ca-
pable of quenching up to 1,000 free radi-
cals.6 In a study that measured exhaled
pentane as a marker of oxidative stress,
researchers reported that beta-carotene re-
duced pentane levels in smokers.7 Another
team of researchers found that beta-caro-
tene prevented chromosomal damage in
human lymphocytes exposed to x-ray ra-
diation.8

Beta-carotene also reduces inflamma-
tion and erythema associated with expo-
sure to sunlight. Long-term exposure to
ultraviolet-B in sunlight is well established
as a source of free radical damage and skin
cancer.9 In addition, studies have found
that beta-carotene supplementation (30
mg/d) substantially increases the prolifera-
tion of lymphocytes, a marker of immune
function and immune cell surveillance.10

The strongest evidence of likely anti-
cancer properties comes from research on oral
leukoplakia, a precancerous condition often
found in long-term smokers and alcoholics.
At least five clinical trials have demonstrated
that beta-carotene supplements can reverse
oral leukoplakias. Laboratory models, ani-
mal studies, epidemiological surveys, and
clinical trials with human cancer patients all
confirm that beta-carotene can prevent oral
cancer and even prompt the regression of
existing premalignant lesions.11

Beta-Carotene Called into Question
Because the whole of beta-carotene

research suggested a cancer-preventive role,
the negative findings of the Alpha-Toco-
pherol, Beta-Carotene Cancer Prevention
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Study Group (ATBC), published in 1994,
were completely unexpected. Known gen-
erally as the “Finnish study,” ATBC was a
placebo-controlled study of 29,133 Finn-
ish male smokers aged 50-69. The experi-
mental group received 20 mg/d of beta-
carotene with follow-up for five to eight
years.  The relative risk (RR) of lung can-
cer in the beta-carotene group was initially
determined to be 1.18, or an 18 percent
increase in risk compared with the con-
trol group. Smokers taking beta-carotene
supplements were also 8 percent more
likely to die during the study period. The
increase in risk, based on a calculation of
person-years, was considered of only mar-
ginal statistical significance.12

A subsequent analysis of the ATBC
data found the RR among smokers taking
beta-carotene to be 1.16, and that con-
sumption of about one alcoholic drink
daily (11 grams of alcohol, or just under
one drink ) increased the RR to 1.35.13

Subjects who smoked less than a pack of
cigarettes daily, took beta-carotene, but
rarely if ever consumed alcohol had an RR
of 1.03, which is a statistically insignifi-
cant increase. Other research suggests that
the combination of alcohol and vitamin
A (to which some beta-carotene is con-
verted in the body) may increase the risk
of cancer.14

As in the ATBC trial, the Beta-Caro-
tene and Retinol Efficacy Trial (CARET),
also found an increased risk of lung cancer
among current, long-term smokers taking
both beta-carotene and retinol (vitamin A)
supplements. The CARET study included
18,314 men and women at risk of lung can-
cer because they had smoked or had occu-
pational exposure to asbestos, an established
lung carcinogen. The experimental group
in this trial consumed supplements contain-
ing a combination of 30 mg/d of beta-caro-
tene and 25,000 IU/d of retinol.

The premature conclusion of the
study and a partial release of data were
announced at a press conference on Janu-
ary 18, 1996. The CARET researchers re-

ported that the beta-carotene and retinol
supplements resulted in a 28 percent increase
in the risk lung cancer and a 17 percent in-
crease in the risk of death, but that these find-
ings were not statistically significant! The RR
for lung cancer was 1.28. However, former
smokers taking the beta-carotene and reti-
nol had a RR of 0.80, or a 20 percent de-
crease in lung cancer risk, which was also
described as insignificant. Results of the study
were eventually published in the New Eng-
land Journal of Medicine.15

How could a 28 percent increase in
lung cancer risk not be considered signifi-
cant? Again, it was a statistical risk based
on a calculation of person-years. The in-
creased risk was equivalent to six people
developing lung cancer instead of an ex-
pected five people in every thousand. If
the reference point was the five people who
would develop lung cancer anyway, one
more case of lung cancer would be signifi-
cant. However, if your reference point was
a group of 1,000 people, the increased risk
would be only 0.001.

On the positive side, the CARET
study reported that subjects with the high-
est serum beta-carotene levels at the start
of the study had a significant 40 percent
decrease in lung cancer risk. These initial
high beta-carotene levels presumably re-
flected a high long-term consumption of
vegetables and fruit and, it is generally as-
sumed, a high life-long consumption of
beta-carotene. It is probable that the base-
line beta-carotene levels served as a marker
of mixed carotenoid consumption.

In a re-analysis of the data, CARET
investigators found a particularly high risk
of lung cancer among subjects who
smoked, took beta-carotene supplements,
and consumed about three alcoholic drinks
daily. Subjects in the highest quartile of
alcohol intake has an RR of 1.99 for lung
cancer–virtually double the risk.16

The third study, described at the Janu-
ary 18 press conference and subsequently
published, showed a null effect of beta-
carotene in a lower risk group of men. The
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Physician’s Health Study (PHS) involved
22,071 relatively health male physicians.
Fifty-one percent of the physicians had
smoked at one time, and 11 percent were
current smokers. The experimental group
received 50 mg of beta-carotene on al-
ternate days for 12 years. There were no
statistically significant differences in can-
cer, heart disease, or mortality between
the subjects receiving beta-carotene and
those receiving a placebo.17 Among the
current smokers, there was a slight but
insignificant decrease in lung cancer in-
cidence (38 vs 41) among subjects tak-
ing beta-carotene.18

Natural Versus Synthetic Beta-Carotene
Relatively few researchers have noted

that each of these disappointing studies
used synthetic beta-carotene, which may
have affected their results. The synthetic
beta-carotene (supplied by Hoffman-La
Roche) consists of only the all-trans iso-
mer of beta-carotene, which is readily con-
verted by the body to retinol.19 To be fair,
synthetic beta-carotene has been helpful
in a number of conditions, including oral
leukoplaka. However, a combination of
retinol and high alcohol intake may in-
crease the risk of liver disorders and pre-
cancerous cell changes.20

Why did CARET researchers find a
higher risk of lung cancer than did the
ATBC researchers? It is conceivable that
the combination of all-trans beta-carotene
and retinol in the CARET study
potentiated the risk of lung cancer in
smokers. As much as 70 percent of the all-
trans isomer is converted to retinol.21

CARET subjects received 30 mg of syn-
thetic beta-carotene and 25,000 IU daily
of vitamin E, the equivalent of 60,000 IU
of vitamin A, an enormous amount that is
rarely recommended for any condition.
Given the known risks of a combination
of high-dose vitamin A and alcohol, this
hypothesis is plausible.22

In contrast to synthetic all-trans beta-
carotene, the most common type of natu-

ral beta-carotene supplement (derived
primarily from Dunaliella species of al-
gae) contains 30-50 percent of the 9-cis
isomer in addition to the all-trans. (These
isomers are analogous to anagrams, in
which the letters of one word can be re-
arranged to form another, such as “star”
and “rats.” Just as “star” and “rats” have
different meanings, the different isomers
appear to have different activities in the
body.) There is evidence that the 9-cis
isomer is a potent antioxidant. Consist-
ent identification of the 9-cis isomer in
serum has been difficult, but researchers
recently measured its oxidative degration
products. The suggestion was that the 9-
cis isomer is rapidly used up quenching
free radicals.23

The Value of Other Carotenoids
There may be yet another explanation

for why synthetic all-trans beta-carotene
increased the risk of lung cancer among
long-term smokers. The all-trans isomer
is but one of many isomers. Natural beta-
carotene can, theoretically, form 272 dif-
ferent isomers. Furthermore, all of the 600
known carotenoids could, theoretically,
form more than 200,000 different isomers.
Experiments using synthetic all-trans iso-
mer of beta-carotene may have suffered
from a lack of other isomers.

Dunaliella algae, the principal source
of natural beta-carotene supplements, ac-
tually contains a mix of carotenoids and
carotenoid isomers, include 9-cis. This
means that the effects, and apparent ben-
efits, of natural beta-carotene may be due
in part to the presence of mixed
carotenoids and not just the 9-cis isomer.
These other carotenoids, which include
alpha-carotene, lutein, zeaxanthin, and
cryptoxanthin, could confound experi-
ments meant to study beta-carotene.

Most epidemiological studies in the
1980s assumed beta-carotene was the prin-
cipal active carotenoid, whereas in retro-
spect most of these studies are better in-
terpreted as “mixed carotenoid” studies.
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For example, in one epidemiological study,
researchers reported that beta-carotene
protected against lung cancer. A reanalysis,
using a more comprehensive carotenoid
database, showed that alpha-carotene ap-
peared to exert a more protective effect
than did beta-carotene.24

Similarly, diets high in beta-carotene
have been associated with a reduced risk
of lung cancer among Hawaiian men and
women. Several years later, using an ex-
panded database of carotenoid levels in
foods, it became clear that beta-carotene,
alpha-carotene, and lutein were the most
protective carotenoids.25

The carotenoid picture could be fur-
ther complicated by the chemically kalei-
doscopic nature of the carotenoids: there
may be several hundred isomers formed by
the five carotenoids found in Dunaliella.
Biochemically, multiple carotenoids and
isomers probably provide a toolbox of mol-
ecules and may be more advantageous bio-
logically than any single isomer.

This situation is illustrated by com-
paring several studies on the roles of
carotenoids and coronary heart disease.
One study found no benefit from 50 mg/
d of beta-carotene, and another reported
a slight increase in the risk of angina with
20 mg/d.26,27 In contrast, a study that
measured total blood carotenoid levels re-
ported an overall 36 percent risk reduc-
tion in myocardial infarction and 72 per-
cent risk reduction among nonsmokers.28

Given these findings, it is worthwhile
to briefly review some of the research on
other common dietary carotenoids.

Alpha-carotene
In cell-culture studies, alpha-carotene

inhibits the growth of neuroblastoma cells,
with suppression of cell growth occurring
in 18 hours.29 In mice, alpha-carotene sub-
stantially reduces the incidence of liver,
lung, and skins cancers. Tumor numbers
and sizes are smaller among animals receiv-
ing supplemental alpha-carotene, and in
terms of tumor suppression, alpha-caro-

tene appears substantially more potent
than beta-carotene.30

Lycopene
A red-pigmented carotenoid, lycopene

may be the most potent free radical scav-
enger among the carotenoids.31,32 Recent
research has focused on lycopene’s role in
preventing prostate cancer. However, it
may play a protective role in preventing
breast and stomach cancers as well.

The richest dietary source of lycopene
is tomatoes and tomato products, particu-
larly tomato sauces. Cooked tomatoes pro-
vide more lycopene than raw tomatoes, prob-
ably because heat breaks down the fruit’s cel-
lular matrix and releases more of the carote-
noid. Furthermore, tomatoes are often
cooked with oil (e.g. spaghetti or pizza sauce),
which would increase the bioavailability of
the fat-soluble carotenoid.33

Researchers have also found that men
eating diets high in tomato sauces were 45
percent less likely to develop prostate can-
cer than were men eating few or no tomato
products. Tomato juice, which is neither
cooked nor prepared with oil, provided no
reduction in risk.34 Two additional analyses
showed the same reduction in prostate can-
cer risk among men eating large quantities
of tomatoes.35 Another study found that
people eating diets high in tomatoes, and
therefore lycopene, had about one-half the
risk of stomach cancer, compared with peo-
ple eating few tomatoes.36

In animal experiments, researchers
have reported that lycopene-supplemented
diet significantly suppressed the develop-
ment of breast cancers. Mice consuming
supplemental lycopene benefited from an
increase in the number of T4 helper cells
and improving immune function.37

Lutein and Zeaxanthin
 Lutein is often associated with zeax-

anthin in food, and the body readily con-
verts some lutein to zeaxanthin. These
carotenoids are often referred to as the yel-
lowish “macular pigment.” Thin macular
pigment appears to be a major contribut-
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ing factor in macular degeneration, a lead-
ing cause of blindness. The macula is the
central part of the retina in primates and
humans and is responsible for sharp and
detailed vision.

In comparing the diets of 356 pa-
tients with macular degeneration to 520
controls, researchers found that high di-
etary consumption of carotenoids was as-
sociated with a 43 percent reduction in
the risk of disease. A further analysis of
the diet found that lutein and zeaxanthin
were the principal carotenoids associated
with this lower risk of macular degenera-
tion. The scientific rationale for a pro-
tective role of lutein and zeaxanthin is
very strong. The retina is rich in polyun-
saturated fatty acids (PUFAs), which are
susceptible for free radical damage. These
PUFAs may be protected by lutein and
zeaxanthin. Furthermore, as yellow pig-
ments, lutein and zeaxanthin, would fil-
ter out visible blue light, a principal
source of free-radical damage in the eye.38

In studies of identical twins, research-
ers noted that differences in the thickness of
the macular pigment was strongly influenced
by diet.39 Monkeys fed carotenoid-free diets
lose the yellow color of the macular and suf-
fer degenerative changes to the eyes.40 Diets
high in lutein and lutein supplements can
thicken the macular pigment.41

Cryptoxanthin
Cryptoxanthin, one of the more ob-

scure dietary carotenoids, also appears to
possess some anti-cancer properties. Al-
though research on this carotenoid is lim-
ited, cryptoxanthin may reduce the risk of
cervical cancer and may inhibit growth of
the Epstein-Barr virus.42,43

Carotenoid Antioxidant Hierarchy and
Synergism

A recent experiment comparing the
antioxidant properties of carotenoids
found that lycopene had the greatest abil-
ity to scavenge free radicals. The complete
antioxidant hierarchy of carotenoids was:

lycopene

beta-cryptoxanthin and beta-carotene (equal)

lutein and zeaxanthin (equal)

alpha-carotene

echinenone

cantaxanthin and astaxanthin.44

Evidence suggests that antioxidants in
general, and carotenoids specifically, func-
tion synergistically and that a diversity of
antioxidants potentiates their benefits. For
example, a diverse combination of anti-
oxidants, including beta-carotene, is far
more effective in quenching free radicals
than are only one of two antioxidants.45

The synergistic effect of carotenoids is sug-
gested by animal studies showing that beta-
carotene supplements increase blood lev-
els of both beta- and alpha-carotene.46

Noting such synergism among nutri-
ents, a leading nutritional epidemiologist
recently argued that clinical studies may
not the ideal method for assessing their
health benefits: “If anything is well estab-
lished in biochemistry, it is that nutrients
interact with one another...Probably no
single agent exists that is completely suffi-
cient; rather, nutrients act optimally in
conjunction with other agents. Further-
more, it is possible, even probably, that the
effective amount of an agent is different
for different conditions. For example, a
dose or an agent that is ineffective at pre-
venting lung cancer may be effective at
preventing cataracts.”47

This sentiment has been echoed by
other researchers, who have written that
“not all antioxidants are created equal. A
variety of nutrients have antioxidant ac-
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tivity or are integral to the function of
antioxidant enzymes. However, the sub-
stantial differences in the structure and
biologic properties of specific antioxidants
are likely to influence their ability to pre-
vent a specific disease...Therefore, a null
finding for one antioxidant on disease risk
does not mean that other antioxidants
could not be effective.”48

Conclusion
In retrospect, researchers invested con-

siderable resources to demonstrate that
beta-carotene supplements could prevent
lung cancer when no clear evidence had
suggested that it would be of value in pre-
venting this condition. They compounded
this error with others, including the as-
sumption that synthetic beta-carotene was
equivalent to natural beta-carotene supple-
ments, that other carotenoids had no sig-
nificant biological value, and that carote-
noid synergism played no role in health.
In one instance, researchers also rushed to
judgment, presenting their findings at a
press conference rather than in a scientific
journal and causing a panic among beta-
carotene users.

However, the negative findings related
to beta-carotene may have a positive out-
come and lead to a new vision of the
carotenoids as a family of beneficial nutri-
ents. These studies appear to be fueling
studies on other carotenoids and caroten-
oid isomers. Further experiments and evalu-
ation of the ATBC and CARET studies
have suggested that the increased risk of
lung cancer with beta-carotene supplemen-
tation may be related to the use of a syn-
thetic beta-carotene isomer and alcohol.

This review has focused on the anti-
oxidant and some of the disease-prevent-
ing properties of beta-carotene and other
carotenoids, as well as questions raised about
the safety of beta-carotene in recent stud-
ies. It has not attempted to discuss the pro-
vitamin A properties of carotenoids. Nor
has it discussed the potential interactions
between carotenoids and steroids, which

could also influence the risk of cancer, coro-
nary heart disease, and other diseases.

In conclusion, evidence supports the
idea that natural beta-carotene and mixed
carotenoid supplements are antioxidants
with health-preserving properties, but that
synthetic beta-carotene may have both
risks as well as benefits. It also appears that
antioxidants and carotenoids likely func-
tion in a synergistic manner, and a larger
number of antioxidants are superior to a
smaller number. In essence, the sum of
carotenoids and other antioxidants is
greater than their parts.
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