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ABSTRACT Much progress has been achieved by exploringdentifying causative factors, particularly nutritional patterns
the causes of the main human cancers and of cardiovascular atiét influence the risk of various types of cancer. Each kind of
cerebrovascular diseases. Even more important has been tbancer involves carcinogens that may or may not be genotoxic;
knowledge acquired about the mechanisms underlying the devethose that are genotoxic yield covalent interactions with DNA
opment of these diseases. In many parts of the world, particularlgnd the genetic material. The effect of genotoxic carcinogens
in the West, the major cancers associated with dietary habits involven DNA, oncogenes, and tumor suppressor genes is the basis of
the postmenopausal breast, distal colon, prostate, pancreas, ovamgoplastic transformation, or faulty translation of the genetic
and endometrium. Current evidence suggests that the genotoxdode, which is typical of neoplasia (1, 2). Exposure to such car-
carcinogens for all but the last 2 of these diseases stem from tkkéhogens can also yield hydroxy radicals or peroxides, which
traditional intake of fried and broiled foods such as meats. Thgenerate abnormal DNA and also play a role in the develop-
surface of these foods contains a class of powerful mutagens, hetental aspects of neoplasia.
erocyclic amines, which are carcinogenic to the target organs in Promoters and similar substances include a set of agents
animal models. Fish-eating populations have lower incidences afivolved in carcinogenesis that operate by distinct mechanisms.
heart disease and of many types of cancers than do other populdiey do not alter the structure of oncogenes or of tumor suppres-
tions, which may be the result of the-8 polyunsaturated oils sor genes, but they play a key role in neoplastic development, ie,
found in fish. Among other dietary practices that may reduce théhe growth of cells transformed by genotoxic carcinogens and by
risk of cancer and cardiovascular disease are consuming 5-9 sehaving abnormal DNA. The mechanism of action implies that the
ings of fruits and vegetables daily, which provides antioxidantsffect of promoters depends heavily on dose. In part, the effect
such as quercetin and isothiocyanates; having a high fiber intakivolves regulation of cell duplication rates, an important variable
including bran cereal; and drinking 1.5-2.5 L of fluids daily. Teabecause the rate of cell duplication controls the rate of develop-
polyphenols found in black and green tea may have a protectivaent of cells containing abnormal DNA. A high rate of cell dupli-
effect against heart disease and some cancers. Concentratescafion curtails the operation of DNA repair systems, thus locking
such desirable products have been made available in pill form tato cells the abnormal codons that reflect neoplasia. Distinction
complement health-promoting personal lifestyles. Biomedicabetween mechanisms operating in neoplastic transformation and
research funded by The National Institutes of Health and organthose operating in neoplastic growth and development is the key
zations such as the American Cancer Society has produced souedproviding a rational basis for cancer prevention, especially as
results that could lead to prevention of chronic disease. The pulbegards quantitative effects and reversibility. The fact that growth
lic must heed this information to achieve long-term health.of neoplastic cells requires essential nutritional elements, ulti-
Am J Clin Nutr2000;71(suppl):1710S-4S. mately derived from an adequate supply in the blood, provides
another approach to controlling cancer development, in this case
KEY WORDS Cancer prevention, 16 polyunsaturated by restricting cellular nutrition (3).
oils, tea polyphenols, genotoxic carcinogen Distinctions in the mechanism of action bear on risk assess-
ment. With genotoxic carcinogens, the usual interpretation is that
the effect is theoretically proportional to the dose and the dose
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limited threshold (1). For example, in most of the Western world, TABLE 1

there is some intake of foods that affect the liver, such as corTypes of cancer associated with tobacco smoking
contaminated with the genotoxic liver carcinogen aflatoxin B Organ
but primary liver cancer has a low incidence in the West. Thus
there is evidence for a practical level of “no effect” with afla-
toxin B;. On the other hand, in African countries such as Sene
gal, primary liver cancer is a major neoplasm because of a

Additional factors

Oral cavity Alcohol, chewing tobacco

Upper gastrointestinal tract Inadequate quality of nutrition, alcohol, salt

Respiratory tract and lung  Air pollution, asbestos, mineral and
radioactive dusts

appreciable intake of aflatoxin, mainly from the use of contami-pgncreas High-fat diet, heterocyclic amines, others?
nated peanuts (4). Moreover, populations in Africa often havekidneys, bladder Diet (high protein)
hepatitis antigens that enhance the efficiency of carcinogenescCervix Human papilloma virus, poor nutritional status

by increasing liver cell duplication rates; in contrast, hepatitis is
relatively uncommon in the Western world.
Promoting substances usually display a threshold (1). For exantunately, there are now more women smokef88%, and lung
ple, in rats, sodium saccharin requires extraordinarily high dosesancer now kills more women than breast cancer. Since the dis-
5-7.5% in the diet, to yield a relatively small number of urinarycovery of the tobacco-related nitrosamines formed during the pro-
bladder cancers, mainly in males after a long latent period (5). Aessing of tobacco, the mechanisms underlying cancer of the oral
dose of 1% is ineffective. Human use of saccharin for almost 90 gavity and esophagus in people who chew tobacco have been clar-
has not been incriminated as a cause of bladder cancer. ified (8). This habit is prevalent in India and other Southeast Asian
Another example of promotion is provided by dietary fats,countries, leading to a high incidence of these cancers there.
specifically the r-6 polyunsaturated oils, which are powerful pro-
moters in both human and animal models of cancer of the breaﬁ!COhoI use
colon, prostate, and pancreas (6). This promotion is observed The combination of cigarette smoking and drinking alcoholic
when the diet contains 40% of energy as fat but not with 15—-20%everages constitutes a high-risk situation for cancers of the oral
Among other promoters (in rats) are DDT (dichlorodiphenyl-cavity and even more so for the esophagus. Heavy drinking alone,
trichloroethane) and other halogenated pesticide compoundparticularly of hard liquors, also induces these cancers through
which can induce liver cancers in rats when ingested at high dosemechanisms that may involve acetaldehyde (10). Both cirrhosis of
Lower doses that can be readily and accurately measured llge liver and liver cancer are found in chronic alcohol users (11).
chemical analytic techniques are not a cancer risk for humans (7).
Unfortunately, the media often misinterpret results of bioassays
pesticides with uninformed allegations of environmental hazard. In many parts of the world, particular types of cancers are
It is important to determine whether a given product can act byssociated with specific dietary patterns. As noted, in some parts
a genotoxic mechanism, in which case frequent intake or exposur# Africa, primary liver cancer can result from a high dietary
of humans should be controlled, especially if the effect of such #ntake of foods containing aflatoxin,Bespecially in persons
genotoxic carcinogen is also subject to promotion in specific tarinfected with the hepatitis virus.
get organs. Also, advantage can be taken of the sharp dose-In the United States, the incidence of cancer of the glandular
response relation typical of promoting substances to minimizetomach and mortality from that disease were high during the
human risk. Agents associated with the etiology of human canceesarly part of the 20th centuryigble 2). Fortunately, beginning
are classified as followst) genotoxic carcinogens or mixtures inthe 1920s, the incidence began a dramatic decline in this coun-
(chemical, viral, or associated with radiation) a2)dnongeno- try as well as in other countries such as Japan, China, and Rus-
toxic-promoting or -enhancing stimuli (chemical or viral). It is sia (12). We associated the occurrence of this disease with the
essential to establish the amount and duration of exposure for earhditional use of salt and saltpeter to preserve food before
kind of agent and to develop methods of inhibiting the action ofefrigerated storage became available (13). Vegetables and fruits
the agents and the risks associated with chemicals of type 1 or are protective, but before refrigeration was introduced, they were
available only seasonallyHelicobacter pylorialso plays an
enhancing role in stomach cancer.
CAUSES OF HUMAN CANCERS High salt intake contributes to the occurrence of hypertension
as well, and the incidence of this condition has also begun to
decline, particularly in the United States. Certain subgroups have
Tobacco use is estimated to account for 30-40% of human caa- higher incidence, however, including African Americans,
cers in most parts of the worl@gble 1). Wynder in the United whose higher rate has been attributed to extensive salt use and to
States and Doll in the United Kingdom, who performed the earligenetic susceptibility (14).
est analyses (around 1950) of the causes of cancer in men,In Belgium, Joossens and Kesteloot (15) reported that they
reported that >90% of lung cancers were associated with smokingpnvinced the public, as well as bakeries, to decrease salt use and
(8, 9). At that time,=70% of men were regular cigarette users.that the incidence of hypertension and stomach cancer in that
Lung cancer has increased epidemically in the United States sinceuntry has declined more rapidly than elsewhere in Europe. We
the 1930s, when its incidence was quite low. Incidentally, thadentified a novel type of chemical, 2-chloro-4-methylthiobu-
lower rate before 1930 suggests that air pollution plays a minailanoate, to be a powerful direct-acting mutagen in salted, pickled
role in respiratory tract cancer. Fortunately, in the United Stateslapanese fisfSanma hiraki(16). We are testing this chemical
cigarette smoking has dropped sharply in the past 30 y and onfgr carcinogenicity, with emphasis on stomach cancer. Furihata
~23% of men currently smoke. In men, the rate of lung canceet al (17) noted that this chemical induces DNA repair in gastric
stabilized around 1982 and began to decline around 1988. Unfomucosa, similar to the effect of the classic gastric carcinogen

ietary habits

Tobacco use
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TABLE 2
Nutritionally linked cancers
Promoter
Site Carcinogen from From Mechanism Inhibitors
Esophagus Pickled, salted foods, alcohol Alcohol Carcinogen activation  Yellow-green vegetables, tea
Stomach Pickled, smoked foods, nitrate Salt,Helicobacter pylori Atrophic gastritis Yellow-green vegetables,‘tea
Liver Hepatitis antigen, mycotoxins, Hepatitis antigen Cytotoxicity Vaccine (possible)
nitrosamines,
Liver Senecio alkaloids Alcohol Cytotoxicity —
Color? Fried foods, heterocyclic amines Fats Bile acids Bran fiber, calcium, vegetables tea
Breast Fried foods, heterocyclic amines Fats Hormonal balances  Vegetables, fruit, soyfoods! tea
Prostate Fried foods, heterocyclic amines, Fats Hormonal balances  Vegetables, fruit, cooked tomatoes,
hydroxy radicals soyfoods
Endometrium and ovary  Hydroxy radicals Fats Obesity, estrogen Vegetables, fruit, weight loss

LEffective tea polyphenols, the active antioxidant components of black or green tea, have begun to be marketed as capsules or pill

2Distal colon and rectum. For rectum, alcohol is an additional factor; for proximal colon, causes not clear.

3Mostly mixed fats as prevalent in Western diets, with 30-40% of energy as fats; monounsaturated oils such as olive gilths tediterranean
area have little promoting action.

“Perimenopausal and postmenopausal breast cancer, where obesity-generated estrogen also promotes. Causes of premenapaesarbreast
tinct, whereBRCAlandBRCA2may play a role; for such early cancers, obesity does not increase risk and soy proteins may lower risk.

N-methylN"-nitro-N-methylnitrosoguanidine, but less strikingly 3—-4 capsules with the main meal each day seems to be beneficial
so. These facts indicate that it is important to minimize salt usen controlling serum cholesterol concentrations, especially in
and to avoid salted and pickled foods in general (18). conjunction with an otherwise low-fat diet.

The major cancers associated with dietary habits in many parts
of the world, particularly the West, are those of the post-
menopausal breast, distal colon, prostate, pancreas, ovary, addPPROACHES TO CHEMOPREVENTION
endometrium. Current evidence suggests that the genotoxic car- )
cinogens for all but the last 2 of these diseases stem from the tryg9etables and fruit
ditional intake of fried and broiled foods such as meats (6, 19). Extensive intake of vegetables and fruit is usually associated
The surface of these foods contains a new class of powerful mutaith a lower risk not only of nutritionally linked cancers but
gens, heterocyclic amines, that are carcinogenic to these targaiso of coronary heart disease (5, 23-26). Studies in animal
organs in animal models. Several studies showed that populationsodels for various types of cancers have strengthened the case
that eat fried or broiled meats have a relative risk of >2 for colorior high intakes of vegetables and fruits. It is recommended
and breast cancer. Nineteen such chemicals have been identifiegdat 5-9 servings of such foods be part of daily nutrition (26).
They are present in fairly small amounts, but their action is potenfhese foods are considered beneficial not so much because of
tiated by a promoting effect associated with@polyunsaturated their content of essential vitamins and minerals but because
oils such as corn or safflower oil at 30-40% of energy in animathey provide antioxidants such as quercetin, isothiocyanates,
and human studies (6, 13). This amount efénpolyunsaturated and other protective chemical entities.
oils regulates the development of neoplasms through specific
dose-related mechanisms. A lower fat intake, 15-22% of energy,
dramatically decreases those effects. Unfortunately, there has Burkitt was surprised by the frequency of intestinal diseases,
been a change in dietary traditions in Japan, leading to increasé@ttluding colon cancer, in British subjects living in Uganda (27).
intake of Western-style foods. At the same time, the incidence dh sharp contrast, he rarely saw this condition in native Africans.
distal colon cancer in that country has increased (6, 13). In corlavestigations showed that the Africans consumed large amounts
trast, monounsaturated oils such as olive oil do not have suchdd high-fiber foods, yielding a rapid intestinal transit time and,
promoting effect, and the incidence of these cancers is lower imore important, a large stool in one or more passes per day. A
the Mediterranean region, where such oils are mainly used. Theparallel discovery was made in studies accounting for a lower
is also a habit of eating vegetables and fruit with most meals. Epiisk of colon cancer and, in part, breast cancer in Finland, a
demiologic and nutrition data plus laboratory studies in animalgountry where people suffer from one of the highest risks of
show that olive and canola oils do not increase the incidence dfeart disease, which is associated with a high intake of saturated
coronary heart disease and nutrition-linked cancers. Even mofats (6). It was also observed that the Finish diet included whole-
interesting are 13 polyunsaturated oils (ie, fish oils). Fish-eat- grain and rye breads, which have a high fiber content, also lead-
ing populations have a lower incidence of both heart disease andg to large stools. Thus, the effectors of colon cancer and, in
many types of cancers than do other populations (6, 20—22). fart, breast cancer may have been diluted by stool bulk to the
should be emphasized that these lower rates occur only with linpoint where they made no impact.
ited salt intake and with enough vegetables in the diet, where the =
main energy intake, balanced by energy use, is from complex calr:-IUId intake: tea
bohydrates such as rice, pasta, or potatoes. For persons who canin the past 15 y, research has shown that we need to consider
not consume fish, fish oils in gel capsules are available. Takingeverages as well as solid foods in health maintenance. It has

ran cereal fiber
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TABLE 3 type and amount of fat are important, and lower risk can be
Health-promoting lifestyle recommendations secured by using specific kinds of fats such as olive or canola oil
1) Don't use tobacco in any form: smoking, chewing, or snuff dipping. and by limiting total dietary fat. Bran cereal fiber can protect

2) Lower total fat intake and use lipids with less risk for heart disease against cancer of the colon and possibly cancer of the breast.
or cancer, such as monounsaturated oils. Consume fish several ~ Daily intake of vegetables, fruit, and tea is part of a health-

times a week. promoting dietary tradition. Exercise and avoidance of obesity
3) Avoid obesity and adjust overall energy intake to energy needs; contribute to good health. Reduction in the risk of difficult and
exercise (see number 12). expensive-to-treat chronic diseases can be achieved with the

4) Ir_1crea_lse intake of cereal bran fiber foods, including whole-grain, knowledge acquired through carefully coordinated worldwide
high-fiber bread. research. Prevention is the definitive way to lower medical care
5) Consume more vegetables, cooked tomato and soy products, and . . .
costs due to degenerative diseas&asble 3). Sugimura (19)

fruit, as excellent sources of vitamins, minerals, fiber, antioxidants, ; . .
and other anticancer agents (5-10 daily recommended). coined the phrasenju ganncancer at the end of a long life. We

6) Avoid salted, pickled, or smoked foods; use salt sparingly (3-5 g/d). Suggest it is poss_ible to re_aCh old age and to eve_ntually “die old
7) Limit the intake of fried or broiled foods or pretreat to decrease the and healthy” by simply falling asleep and not waking up.

formation of carcinogens during cooking. Major advances were achieved through mechanistic research on
8) Increase intake of calcium with low-fat, or better, skim dairy the causes of heart diseases, stroke, many types of cancer, and dia-

products, milk, or yogurt, or certain vegetables. betes. In the Far East, major health problems are hypertension and
9) Use alcoholic beverages in moderation, if at all. stroke and cancer of the stomach, associated with excessive use of

10) D_rlil?k 1'tl'_5 ';]WT‘tt:r or f'“‘tf,’s pert‘_jaYéjgr?e”Aa”?hb'aikLte?' a”td SO%alt and salted, pickled foods and relatively low intakes of protec-
ins“ea(t:s: v?/li?h fiids_promo ing antioxidants. Another OTWaler tive fruit and vegetables. We identified a possible gastric carcino-
' en, 2-chloro-4-methylthiobutanoate, in salted, pickled Japanese

11) Be careful about exposure to sunlight and use sunscreens, especially .
if you are of Celtic ancestry. ish. In the West, heart disease and cancer of the breast, colon, rec-

12) Exercise regularly, but only after health check certifying normal blood (UM, prostate, pancreas, ovary, and endometrium are associated
pressure and serum cholesterol concentrations to ensure with consumption of a diet high in total fat (30-40% of energy) and
cardiovascular patency. too little fiber, vegetables, and fruit. Cooked meats can contain

genotoxic chemicals and heterocyclic amines, elements associated

with heart disease and the nutritionally linked cancers. Decreasing
been suggested that adults consume 1.5-2.5 L of fluids per dawptal fat intake; using mainly monounsaturated oils; eating more
including fluids that are drunk and those in solid foods. Severastarches, such as rice, pasta, potatoes, and whole-grain bread; and
reports indicate that black or green tea contains antioxidannaintaining a daily intake of 5-10 servings of vegetables (includ-
polyphenols that have a protective effect against heart disease aing cooked tomatoes and soy products) would be beneficial.
several lifestyle-related cancers, including cancer of the esopha- Adults should consume 2.5 L of fluids per day. Green or black
gus and lung as well as cancer of the colon, breast, and pancrdas, fruit juice, and soy milk have health-promoting properties,

(28-30). Tea selectively induces cytochrome P450 enzymes anisicluding antioxidants. Regular exercise contributes to good

importantly, glucoronyl transferases, which are involved in thehealth and to the avoidance of obesity, a major problem in the

detoxification of carcinogens. In addition, tea decreases the ratésnited States and of increasing importance elsewhere. Avoid-
of duplication of neoplastic cells and tumor growth. Outgrowth ofance of a poor lifestyle, as described herein, would likely reduce

a health-promoting intestinal bacterial flora, lactobacilli, and ofthe risk of diseases important for individuals and their families

bifidobacteria is achieved by tea. Concentrates of tea polyphenoénd also have a major impact on lowering medical care costs.

are available in capsule form. Research in this area is active and Tobacco and cigarette use, particularly in the West, is associ-
is bound to extend practical knowledge about the use of vegetated with a high risk of heart attacks and cancers of the lung,
bles, fruit, and tea to prevent chronic disease. In fact, diets rich ipancreas, kidney, urinary bladder, and cervix, accounting for
antioxidants may help people avoid neoplastic and coronary hea86% of medical care expenditures. Smoking creates major health
diseases and other major chronic disabilities and are thought to peoblems in other parts of the world as well. Tobacco farmers
beneficial for reaching an old age in good health. should be paidot to grow this crop because the clinical man-
agement of diseases caused by tobacco is expensive.
Biomedical research funded by the National Institutes of Health
CONCLUSION and organizations such as the American Cancer Society has pro-
Intensive research has provided much information about thduced sound results that could lead to prevention of chronic disease.
mechanisms underlying the occurrence of the main types of caivhat is still missing is a broad application by the public of this
cer, of heart disease, and of hypertension. This has requiredigformation for the long-term health of the nation and the world.
multidisciplinary approach involving epidemiology, laboratory Today, more health-promoting nutraceuticals are available in pill or
research in animal models, and in vitro studies. Personal and treapsule form at low cost. They could be valuable additions to state
ditional lifestyles are considered to contribute strongly to theand federal nutritional support programs or to those provided by
development of most of these diseases. Food processing or coololuntary agencies such as the Red Cross and CARE.

ing can yield genotoxic carcinogens. Tobacco and alcohol have

carcinogenic effects; their actions can and should be controlled

or minimized. In addition, customary food habits supply specificREFERENCES
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