
Diets that provide 400–600 g fruit and vegetables daily are
associated with a reduced risk of lung and other aerodigestive
epithelial cancers (1). Fruit and vegetables contain a variety of
carotenoids that have been shown to have antioxidant and antitu-
mor effects. Although smoking is the cause of > 90% of all lung
cancers, an increased intake of fruit and vegetables has been
associated with a decreased risk of lung cancer in smokers and
nonsmokers (2). HPLC has enabled the development of the
National Cancer Institute–US Department of Agriculture nutri-
ent database, which specifies the carotenoid contents of com-
monly eaten foods (3). Before the development of this new
database, most epidemiologic studies relied on estimates of total
dietary vitamin A or �-carotene intake, which served as a surro-
gate for fruit and vegetable intake. This led to the erroneous
assumption that �-carotene was responsible for all of the cancer
preventive effects of diets rich in fruit and vegetables.

Michaud et al (4) report in this issue of the Journal that
increased �-carotene intakes were related to a 63% lower risk of
lung cancer in nonsmokers. In addition, inverse risk associations
were noted for �-carotene, lutein, and �-cryptoxanthin, but these
were not statistically significant. Smoking attenuated all of the
risk reduction associations noted except those for lycopene. A
significant reduction in cancer risk was noted in association with
an increased intake of lycopene, even in smokers. Interestingly,
smoking alters the concentrations of most carotenoids, including
�-carotene and �-carotene, but not lycopene (5). Therefore,
lycopene may have a special role in lung cancer prevention.

Studies of the carotenoid contents of frequently consumed foods
have shed light on where �-carotene and lycopene are found in the
typical American diet (2). Carrots consumed in a cooked or raw
form provide �51% of dietary �-carotene. Tomatoes and multi-
component foods containing tomatoes are also an important source
of �-carotene. Tomatoes and tomato products, including juices,
pastas, soups, and ketchup, are the single most important source of
lycopene in the diet, providing >85% of dietary lycopene. Heat
processing increases the bioavailability of lycopene by breaking
cell walls and allowing extraction of the lycopene from the chro-
moplasts, where it is found in raw tomatoes (6).

The study by Michaud et al (4) suggests that several different
carotenoids may be involved in reducing lung cancer risk; there-
fore, increased fruit and vegetable intakes should be recom-
mended for the prevention of lung cancer rather than an
increased intake of a single “drug-like” chemopreventive
carotenoid. Smoking cessation efforts should nonetheless con-
tinue at the same time that dietary changes are advocated
because only 10% of lung cancer is unrelated to smoking.

Although the evidence is building for the association of
increased fruit and vegetable intake with reduced cancer risk,
inadequate attention is still paid to changing dietary patterns. In
1997, my colleagues and I at the University of California Los
Angeles Center for Human Nutrition developed the California
Cuisine Pyramid, which recommends reversing the order of the
2 lowest levels of the US Department of Agriculture pyramid so
that fruit and vegetables form the base of the pyramid rather than
refined and whole breads, cereals, and grains (7). Whole grains
and cereals play an important role on the second level of the Cal-
ifornia Cuisine Pyramid by providing fiber additional to that
found in fruit and vegetables to reach a total goal of 25–35 g/d.
However, the USDA pyramid does not specify a difference
between whole and refined grains. Although a significant source
of energy, refined yeast breads do not provide phytochemicals
thought to be involved in cancer prevention. The primary ration-
ale for having fruit and vegetables at the base of the California
Cuisine Pyramid is to increase the number of phytochemicals
consumed for chronic disease prevention.

Fruit and vegetables are functional foods. The study by
Michaud et al (4) adds further support for the concept that the phy-
tochemicals in fruit and vegetables are important in cancer pre-
vention. A recent study by Broekmans et al (8) showed both the
feasibility of increasing fruit and vegetable intakes and the
effect of fruit and vegetable intake on important biomarkers.
These investigators compared the effects of the daily intake of
100 g fruit and vegetables and 500 g fruit and vegetables in
47 healthy volunteers over a 4-wk period. Concentrations of lutein
were higher by 46%, lycopene by 22%, �-carotene by 45%, and
vitamin C by 64%. The group with the high fruit and vegetable
intake also had a 15% higher serum folate concentration and an
11% lower homocysteine concentration than did the group with
the lower intake. This evidence from a nutritional intervention trial
complements the data from epidemiologic investigations and
strengthens the scientific basis for dietary recommendations that
will significantly increase fruit and vegetable intake to increase
serum carotenoids and other phytochemicals that may prevent
common forms of cancer.
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The recent US Dietary Guidelines provide more encourage-
ment for fruit and vegetable intake than did previous versions
but did not provide consumers with enough information to
allow them to meaningfully increase their intakes of specific
fruit and vegetables. For example, consumers have become
aware of the benefits of lycopene and lutein through informa-
tion about dietary supplements, but inadequate attention has
been paid to enhancing the intake of plant-based foods, such as
tomato products and green or yellow vegetables, which pro-
vide these phytochemicals. Changes in dietary patterns to
emphasize the intake of specific fruit and vegetables, together
with dietary supplementation with combinations of key antiox-
idants and phytochemicals, could provide a powerful strategy
for the reduction of the risk of lung cancer and other common
epithelial cancers (9). More research is needed on the effects
of combinations of individual carotenoids obtained from foods
and dietary supplements using specific and relevant biomark-
ers to strengthen the scientific base for more aggressive and
specific dietary recommendations aimed at reducing the inci-
dence of common forms of cancer, including lung cancers not
related to smoking, gastric cancer, prostate cancer, and other
common forms of cancer in which carotenoids appear to play
an important role.
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