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Diet can play a major role in cancer prevention. The interna-
tional differences in cancer incidence are largely accounted for by
lifestyle practices that include nutrition, exercise, and alcohol and
tobacco use. About 50% of cancer incidence and 35% of cancer
mortality in the U.S., represented by cancers of the breast, pros-
tate, pancreas, ovary, endometrium, and colon, are associated with
Western dietary habits. Cancer of the stomach, currently a major
disease in the Far East, relates to distinct, specific nutritional
elements such as excessive salt intake. For these cancers, informa-
tion is available on possible initiating genotoxic factors, promoting
elements, and prophylactic agents. In general, the typical diet in
the United States contains low levels of the potent carcinogenic
agents, heterocyclic amines, formed during the cooking of meats.
It provides only about half the potent appropriate fiber intake and
is high in calories. About twice as many calories as would be
desirable come from fat, certain kinds of which enhance the
development of cancers. Other foods with functional properties,
such as soy products and tea, can be beneficial. To achieve reduc-
tion in risk of certain cancers, diet must be optimized, primarily to
reduce caloric intake and the fat component. The latter should be
20% or less of total caloric intake and fiber should be increased to
25–35 g per day for adults. One approach to achieving these goals
is the Fiber First Diet,r a diet designed around adequate fiber
intake from grains, especially cereals, vegetables, legumes, and
fruits, which thereby reduces both calorie and fat intake. Such
dietary improvements will not only reduce cancer and other
chronic disease risks, but will contribute to a healthy life to an
advanced age. A corollary benefit is a lower cost of medical care.
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For centuries, it has been known that food contains a variety
of specific healthful or harmful components. The specific con-
tribution of diet to cancer was highlighted at the beginning of
this century in a major treatise on cancer, in which W. R.
Williams (1908) concluded, “The incidence of cancer is largely
conditioned by nutrition.” This insight was extended by a
remarkable statistician, E. L. Hoffman (1937), who in an
extensive review came to the conclusion that “the underlying
cause of cancer is to be found in an excessive intake of foods
. . . ” Experimental exploration of the relationship of nutrition
to cancer began to be pursued in depth, beginning only in the

late 1940s and 1950s, with the pioneering work of Tannen-
baum (1959). The substantial influence of nutrition on cancer
has become increasingly evident, as this group of diseases,
together with cardiovascular disease and stroke, have sup-
planted infectious disease as the most important cause of
premature mortality in Western societies. Knowledge of the
role of nutrition in the pathogenesis of cancer has continued to
accrue (Clifford and Kramer, 1993; Micozzi and Moon, 1992;
Miller et al., 1994; Weisburger and Williams, 1995; Williams
and Wynder, 1996; World Cancer Research Fund, 1997), with
major evidence coming from ecological correlation, particu-
larly between countries such as the U.S. and Japan, where
specific cancers differ greatly in incidence. The first food-
borne cancer-causing agents to be identified were benzo-
[a]pyrene and related polycyclic aromatic hydrocarbons,
formed during grilling of meats and fishes. It is not known,
however, whether the amounts so-formed constitute a human
cancer risk upon oral intake. A subsequently discovered food
contaminant from fungi, aflatoxin B1, causes liver cancer in
humans, and especially in persons carrying the hepatitis virus
(International Agency for Research on Cancer, 1987). In this
paper, we review the nutritional and food-borne factors for
which substantial evidence exists concerning their influence on
cancer incidence. We suggest appropriate actions for cancer
reduction through adjustment in dietary practices and adoption
of a healthful diet and exercise plan, beginning in childhood.

Diet and Cancer

In 1998, 1,228,600 new cases of cancer, excluding skin
cancer, were estimated to have occurred in the United States
(Landiset al., 1998). As in our previous reviews (Weisburger
and Williams, 1995; Williams and Wynder, 1996), we have
estimated the contribution of known etiologic agents on each
specific cancer. From the proportion of the total cases repre-
sented by that type of cancer, we arrived at an estimate of the
contribution of causative agents to cancer incidence. As shown
in Table 1, our analysis leads to the conclusion that about 50%
of the anticipated cancer incidence and 30–35% of mortality in
Americans in 1998 is related to diet and excessive alcohol use.
While there are certainly genetic conditions that predispose to
cancer (Bradlowet al., 1997), diet and the other major lifestyle
factor, smoking, exert a critical influence on cancer risk, in
addition to whatever intrinsic susceptibility exists. That is also
the case for risk of coronary artery disease.
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Elements in the diet, including both naturally occurring and
synthetic components and nutritional factors, can either inhibit
or facilitate the oncogenic process (National Research Council,
1996). Dietary elements that facilitate oncogenesis can do so
either by initiating the process, usually through genotoxic
effects, or enhancing tumor development through epigenetic
promotional activity (Williams, 1993a). Information on the
contribution of diet constituents to specific cancers, as regards
mechanisms of action, are reviewed herein.

A conventional definition of a nutrient is “a substance ob-
tained from food and used in the body to promote growth,
maintenance, and/or repair” (Whitney and Hamilton, 1981).
The generally recognized broad classes of nutrients are carbo-
hydrates, fats, proteins, vitamins, minerals, and water. Imbal-
ances in nutrients, either inadequacies or excesses, as well as in

other food components, are one of the major ways in which
diet contributes to cancer etiology (Table 2). The mechanisms
and chemicals involved are diverse, involving effects on hor-
mones and other physiological functions, modulation of en-
zymes, and perturbation of cell kinetics. Ultimately, cancer is
the result of a fundamental mutation in cellular DNA and, as
will be discussed, diet can convey the genotoxic as well as
modulating factors.

Nutritional Inadequacies

One of the most significant nutrient inadequacies in the
Western diet is insufficient consumption of fiber. There is no
precise definition of fiber, but it may be considered to be the
remnants of ingested plant cells that are resistant to digestion
by alimentary enzymes (Trowell, 1974). Some of the compo-
nents of fiber are lignin, cellulose, and hemicellulose. There are
soluble and insoluble fibers, both involved in inhibition of
cancer risks by specific mechanisms. Fiber has a number of
physiologic effects, including its water-holding capacity,
which contributes to fecal bulk (Eastwood, 1992).

A protective effect of dietary fiber against colon cancer has
been established by numerous negative associations between
colon cancer rates and intake of food groups rich in fiber
(Freudenheimet al., 1990; Hill, 1998; Howeet al., 1992; Negri
et al., 1998; Potter, 1996). The evidence is particularly strong
for fiber in cereals and vegetables (Caygilet al., 1998). Some
studies do not report an important protective effect of fiber
(Fuchset al., 1999) because of the low intake of cereal fiber.
The human data are even less clear for breast cancer (Howeet
al., 1990), although several studies have found a protective
effect, particularly by cereal fiber and soluble fibers of vege-
table origin (Caygilet al., 1998; La Vecchiaet al., 1997). In
support of the epidemiological observations, animal studies
have revealed a protective effect of fiber, particularly of wheat-
bran fiber, for colon and breast cancer (Reddy, 1996; Rose,

TABLE 2
Dietary Impacts on Cancer in 1998

Factor

Estimated importancea

Western
communities

Asian/African
communities

Nutritional excesses 111 1b

Nutritional inadequacies 1 1
Other dietary inadequacies 11 11
Carcinogens formed in food 11 11
Food contaminants and additives 0 11c

a O, no impact;1, some impact;11, strong impact;111, very strong
impact.

b In Japan, dietary habits are progressively more Western, and the corre-
sponding cancers are increasing.

c Mostly aflatoxin and related mycotoxins, and also traditional high salt use.

TABLE 1
Estimated Causes of Cancer Mortality in the United

States, 1998

Type of cause % of total

Lifestyle cancers
Diet-related

High fat, low fiber, low in vegetables and fruits,
high in broiled or fried foods: large bowel,
breast, pancreas, prostate, ovary, endometrium 30–35

Salted pickled foods, low in vegetables and fruits:
stomacha 2–3

Tobacco-related: Lung, larynx, oral cavity, bladder,
pancreas, kidneys, stomach 30–35

Tobacco and alcohol-related: oral cavity, esophagus 2–3
Alcohol-related: liver, esophagus 1–2
Sunlight-related: melanoma of skina 1–2

Bacteria
Helicobacter pylori:stomach 1–2

Viruses 2–5
Human papilloma: cervix, penis, anus; hepatitis B, C:

liver; HTLV-1: adult T-cell leukemia;
Epstein-Barr: B-cell lymphoma

Lifestyle and occupational exposures
Tobacco and asbestos, tobacco and mining, tobacco

and uranium, tobacco and radium: lung,
respiratory tract 2–3

Genetic 2–3
Tumor suppressor gene mutations, including APC,

familial adenomatous polyposis: colon; BRCA1,
2: breast; RB1: retinoblastoma; WT 1: Wilms
tumor

Occupational cancers, various carcinogens: bladder and
other organs 1

Iatrogenic 1–2
Radiation, drugs: diverse organs, leukemia

Unknown 3–25b

Note.Landiset al, 1998. Basal cell and squamous cell cancers of the skin
(which account for about 700,00 cases) were excluded from the data.

a Helicobactor pylorihas an interactive role.
b This large variation is a function of the broad range calculated for the main

diet and tobacco-associated cancers.
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1990). The mechanism for the protective effect of fiber against
colon cancer involves an increase in stool bulk, thereby dilut-
ing fecal bile acids, which are promoters of colon cancer. Other
effects may also be involved, such as complexing of bile acids
(Klurfeld, 1992; Reddy, 1996).

Low intake of fruits and vegetables, i.e., less than 2 servings
per day, has been identified epidemiologically to be associated
with risk for cancers of the oral cavity (Takezakiet al., 1996),
stomach (Neugutet al., 1996; Trichopouloset al., 1985), lung
(Colditz et al., 1987; Le Marchand,et al., 1989), and breast
(Chyouet al., 1990; Trichopoulouet al., 1995). Diets low in
fruits and vegetables are, of course, usually low in fiber and
high in fat, which may confound the interpretation of associ-
ations. Nevertheless, the risks associated with such diets have
been attributed to inadequate levels of antioxidants, including
vitamin C (ascorbic acid), vitamin A, vitamin E, and carote-
noids (Byers and Guerro, 1995; Garewal, 1995; Hwanget al.,
1994; Nomuraet al., 1997; van Poppel and Goldbohm, 1995;
Willett and Hunter, 1994; Zhanget al., 1999), although the
evidence is not conclusive (Vainio and Rautalahti, 1999). Nev-
ertheless, it is plausible that Vitamin A could be protective
since it influences the differentiation of cells in certain tissues.
In addition, the protective effects of carotenoids may relate to
their function as precursors of vitamin A, in addition to their
antioxidant activity. Some carotenoids, such as lycopene, are
superior antioxidants in singlet oxygen quenching. Lycopene is
present at high levels in tomatoes, and inadequate consumption
could increase some cancer risks (Giovannucci, 1999; Grannet
al., 1999; Le Marchandet al., 1989). Importantly, lycopene is
well absorbed from tomato juice (Pool-Zobelet al., 1998) or
cooked tomato products, with small amounts of olive oil, as
typically used in Greece and Italy (Weisburger, 1998c). Vita-
min C is an antioxidant and its inhibition of formation of
N-nitroso compounds from secondary amines has been postu-
lated to be the basis for its protective effect against stomach
cancer (Correa, 1992; Mirvish, 1994). However, its role as a
free radical scavenger may be equally important. The normal
stomach has an active ascorbic acid secretion mechanism
which is impaired by infection withHelicobacter pylori, a
bacterial agent linked to gastric cancer (De Kosteret al., 1994;
Hwanget al., 1994). Intake of at least 200 mg/day of vitamin
C is desirable. Vegetables and fruits are also rich in flavonoids
such as quercitin, which have antioxidant activity (see below).

Although the content of fat in the U.S. diet is high, around
35–40% of calories, intake of certain fatty acids may be
suboptimal. Fatty acids as nutrients are metabolically incorpo-
rated into glycerolipids and processed into phospholipids,
which are components of all cells. They are also oxidized by
cyclooxygenase and lipoxygenase to eicosanoids, which are
key mediators of biochemical processes, such as prostaglan-
dins. The n-3 polyunsaturated fatty acids have 3 carbons sep-
arating the methyl end from the first unsaturated bond and
include linolenic (C18:3, n-3), eicosapentanoic acid (C20:5,
n-3) and docasahexanoic acid (C22:6, n-3). These have been

found to have a protective effect against breast and colon
cancer (Carroll, 1992; Cave, 1996; Singhet al., 1997). Also,
the growth and metastasis of a transplantable human breast
tumor in a mouse model system was suppressed by high levels
of n-3 fatty acids, but enhanced by n-6-polyunsaturated oils
(Rose and Connolly, 1993). The protective mechanisms might
involve a metabolic effect (Sardesai, 1992) such as increased
biosynthesis of the 3-series prostaglandins (PGE3) and throm-
boxanes (TXA3). These compete with the 2-series compounds,
which are biologically active as cancer promoters. Also, n-3
fatty acids inhibit the synthesis of arachidonic acid from lino-
leic acid, and compete with arachidonic acid as a substrate for
cyclooxygenase. In addition, fatty acids are ligands for the
peroxisome proliferator-activated receptors (PPARs) (Kreyet
al., 1997), which are gene transcription factors belonging to the
nuclear hormone receptor superfamily.

Deficiencies in specific micronutrients have been related to
increases in several cancers under certain circumstances. Im-
balances in dietary iodine intake can, to some extent, be the
basis for geographic differences in thyroid cancer (Franceschi
et al., 1993). The minerals calcium and selenium are anticar-
cinogenic in animal models, especially as regards the large
intestine. Calcium lowers the rate of cell cycling, particularly
in the intestinal tract (Lipkin and Newmark, 1995). Several
epidemiological studies have found an inverse association be-
tween calcium intake and the risk of colorectal cancer (Garland
et al., 1985), but not in all (Martinez and Willett, 1998). In
addition, calcium is important for other aspects of good health,
such as bone strength. Some epidemiological studies suggest
that vitamin D intake is inversely associated with colon cancer
risk (Martinez and Willett, 1998), but the data are sparse. Such
a protective effect could stem from an action on absorption and
metabolism of calcium.

Asian countries historically have had low rates of breast,
colon, and prostate cancers, which was largely attributable to
low-fat diets (see Nutritional Excesses). Current dietary habits
in Japan are changing to a Western pattern, with concomitant
increase in Western-type cancers (Tominaga and Kuroishi,
1997). These findings provide strong evidence for an associa-
tion of the Western dietary pattern with the types of cancers
frequent in North America. In addition, the traditional diets in
Far Eastern countries are comprised of many soy products.
These are rich in isoflavones (Fournieret al., 1998; McLaugh-
lin et al., 1995) such as genistein, a functional agent with
anticarcinogenic properties, which has been observed in exper-
imental models (see below). Typical Western diets are quite
low in isoflavones, and hence, this may constitute a sub-
optimal condition that could also develop in Asian countries as
a shift to Western-type diets progresses.

Nutritional Excesses

Over-nutrition is well established as a cause of increased risk
for a number of cancers (Kritchevsky, 1995). This has been
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corroborated in animal models (Pariza and Boutwell, 1987) in
which caloric restriction strongly inhibits carcinogenesis. For
some cancers, as will be discussed, the contribution of over-
nutrition relates to specific dietary excesses, while for others
such as renal cell cancer (Wolket al., 1996), a general energy
effect appears to be involved. Also, obesity, which reflects
excess energy intake, is associated with greater risk for endo-
metrial neoplasia (Schottenfeld, 1995).

In the United States, fat intake from both plant and animal
sources averages about 100 g/day for males and 60g/day for
females, accounting for about 35% of total energy (Rolls and
Hill, 1998). About 25% of this is contributed by animal prod-
ucts, which are high in saturated fatty acids (Grundy, 1996;
Micozzi and Moon, 1992). Substantial evidence is available
that excess consumption of total calories or specific food
components creates a condition of metabolic overload that
leads to increases in cancer (Kritchevsky, 1995; Williams and
Wynder, 1996; Wynder and Williams, 1993). In population or
ecological studies, high-fat intake is strongly associated with
an increased prevalence of colon cancer (Potteret al., 1993),
breast cancer (Boydet al., 1993; Carroll, 1992), and, possibly,
cancer of the prostate (Mettlin, 1997) and lung (Swansonet al.,
1997). This relationship is sometimes (Hayeset al., 1999), but
not always, evident in cohort or case-control studies (Kamp-
manet al., 1999; Martin-Morenoet al., 1994), the latter per-
haps because even the lowest intake group is also overexposed
(i.e., .25% calories from fat) in populations with traditional
high fat consumption. Nevertheless, case-control studies gen-
erally support a positive association for saturated or animal fat
intake and breast cancer in postmenopausal women (Howe,
1994). Importantly, the rates in postmenopausal women differ
most between countries of high and low fat intake. The amount
of fat intake may affect serum estradiol levels (Wuet al, 1999).
For prostate cancer risk, case-control studies support an asso-
ciation of greater intake of dietary fat, especially saturated fat,
whereas all cohort studies have not shown consistency (No-
mura and Kolonel, 1991), although some do provide support
(Le Marchandet al., 1994). Likewise, increased risk for pan-
creas cancer has been linked to high-fat intake (Lyonet al.,
1993), particularly via meat consumption (Gold and Goldin,
1998; Howe and Burch, 1996; Soleret al., 1998). Studies in
animal models generally demonstrate that fat influences cancer
development in the breast (Welsch, 1992), colon (Reddy,
1996), and pancreas (Birtet al., 1989), although specific ex-
ceptions have been observed. Less experimental evidence is
available for prostate cancer, perhaps in part because a good
laboratory model to investigate dietary modulation of prostate
cancer is not available. The enhancing effects of high-fat diets
have been attributed to increased caloric intake, which cer-
tainly increases tumor development (Keenanet al., 1997), but
analysis of the collective literature reveals an enhancing effect
by specific dietary fats (Freedmanet al., 1990) as well as a
general effect from excessive calories (Birtet al., 1989).

One element in the role of high fat intake appears to be in

levels of certain fatty acids. In contrast to the low levels of n-3
fatty acids previously discussed, most plant oils are high in n-6
fatty acids such as linoleic acid (C18: 2nB6), which is posi-
tively associated with prostate, breast (postmenopausal), colon
(distal), and pancreatic cancer risk (Godleyet al., 1996; Mi-
cozzi and Moon, 1992). In rodent models, n-6 polyunsaturated
oils are stronger promoters than monounsaturated oils, such as
olive oil, or n-3 polyunsaturated oils (Carroll, 1992; Cave,
1996), yet, they all provide an identical caloric load. The
mechanisms of action of specific oils as regards biosynthesis
and degradation of bile acids or estrogen are distinct, and
parallel their enhancing action, or lack thereof. Corresponding
to the experimental findings, the rates of breast and colon
cancer in Mediterranean countries with a high intake of olive
oil are appreciably lower than in North America or the United
Kingdom (Martin-Morenoet al. 1994; Trichopoulouet al.,
1995). A further contributing element in the Mediterranean
region, however, might be the high intake of vegetables and
tomatoes, with protective actions, as discussed above.

Nevertheless, caloric intake and possibly nutrient density
may be of importance in humans, especially where over-
nutrition leads to obesity. It is noteworthy that in animal
models, the only modulation of diet that consistently maintains
maximal longevity is caloric restriction (Masoro, 1991). In
part, this is due to an effect on cell cycling, itself a key factor
in carcinogenesis and longevity. No conclusive association,
however, has been established between sugar intake and any
cancer (Burley 1997, 1998).

Excess salting of foods has been associated with increased
risk of stomach cancer (Hwanget al., 1994; Knelleret al.,
1992), for which laboratory studies provide support (Chenet
al., 1996; Sugimura, 1996; Takahashiet al., 1983). Similar
considerations may hold for cancer of the esophagus in China.

Thus, overall, there is strong evidence that nutritional ex-
cesses have a significant impact on the occurrence of a number
of important types of cancer in Western societies and others
(Table 2), as was concluded by W. R. Williams as long ago as
1908. There is also evidence for a role of exercise in reducing
cancer risk (Friedenreich and Rohan, 1995), which may relate
to diet.

Cancer-Modulating Food Components

Chemicals with carcinogenic activity in animals can be
present in food through several different sources (Table 3).
These include carcinogens of the type that have the ability to
react with DNA and hence are mutagenic, and those that are
not chemically reactive but produce other epigenetic cellular
effects which bear on cancer development (Williams and Weis-
burger, 1991).

Food-borne carcinogenic chemicals can be detected by a
variety of highly sensitive analytical techniques, and generally,
such exposures are currently held to very low levels. Aflatox-
ins, which are potent carcinogenic mycotoxins produced by
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fungi, were not discovered until 1960, but probably were at
significant levels in certain crops such as corn or peanuts prior
to that time (Williams, 1994). Aflatoxin has been associated
with liver cancer in Asian and African countries, where expo-
sure is high, and chronic hepatitis contributes also. In the
United States, reduced mycotoxin exposure, subsequent to its
recognition, and/or increased anticarcinogens in the diet, may
be speculated to underlie the decline in liver cancer deaths
(Williams, 1994). They have diminished from about 12 per
100,000 in males in 1930 to about 5 per 100,000 in 1990
(Landis et al., 1998). Also in the past, nitrate (saltpeter) and
salt were used at high levels for food preservation (Jones,
1992), and these may have contributed to the formation of
carcinogens suspected to have been involved in the high inci-
dence of stomach cancer prevalent in the early part of this
century (Chenet al., 1996; Correa, 1992; Howsonet al., 1986;
Weisburger and Williams, 1995). However, the evidence has
been considered inconclusive (Eichholzer and Gutzwiller,
1998).

A large number of substances that produce liver tumors in
rodents, such as organochlorine pesticides, have been present
at trace levels in food since their introduction in the 1940s for
agricultural use. Obviously, these have not led to an increase in
human liver cancer in the U.S., since, as noted, this cancer has
declined over the past 50 years.

During the cooking of food, a variety of heterocyclic amines
is formed in the browning reaction (Adamsonet al., 1995;
Felton and Gentile, 1997; Weisburgeret al., 1998). Prominent
among these is 2-amino-1-methyl-6-phenylimidazo{4,5-
b}pyridine (PhIP). These DNA-reactive agents are potent mul-
tiorgan and multispecies carcinogens, including in primates. It
has been postulated that they may be the initiating agents for
breast, prostate, pancreas, and colon cancers in Western soci-
eties (Weisburger and Williams, 1995), with PhIP estimated to
account for half of the incremental cancer risk (Laytonet al.,

1995). Recently, consumption of well done red meat, a source
of heterocyclic amines, has been associated with an increased
risk of colorectal adenomas, precursors of carcinomas (Sinhaet
al., 1999)

In the stomach, nitrosation reactions involving nitrates and
other components in the diet give rise to nitrosamides and
nitrosamines These carcinogens are postulated to be the initi-
ating agents for stomach and esophageal cancer (Correa, 1992;
Craddock, 1992), a concept which is supported by the demon-
stration that certain nitroso compounds induce gastric and
esophageal cancer in rodents (Correa, 1992; Craddock, 1992;
Mirvish, 1994). A novel direct-acting mutagen, 2-chloro-4-
methylbutanoic acid and possible carcinogen for the stomach,
was isolated from fish preserved with salt and saltpeter (Chen
et al., 1996; Furihataet al., 1996).

Food also can be the source of infectious agents, such as the
hepatitis B virus in shellfish and liver flukes in raw fish, which
cause chronic tissue injury leading to increases in specific
cancers.

Among beverages, alcohol consumed in excessive amounts
is clearly associated with liver disease and increased risk of
liver cancer, as well as esophageal cancer in association with
cigarette smoking (International Agency for Research on Can-
cer, 1988). Weak and inconsistent positive associations be-
tween alcohol consumption and breast cancer have been re-
ported in many epidemiologic studies (Rosenberget al., 1993),
and current observations continue to show weak or absent
association (Freudenheimet al., 1995; Holmberget al., 1995;
Longneckeret al., 1995). Increased risk of cancer of the colon
is also reported to be associated with alcohol consumption
(Kune and Vatetta, 1992; Le Marchandet al., 1997). Also,
rectal cancer may be associated with alcohol intake, and me-
tabolism to acetaldehyde has been postulated (Seitz, 1990).
These epidemiological observations have not been corrobo-
rated in experimental studies and no mechanism has been
elucidated. Coffee has also been discussed as a risk factor,
particularly for bladder cancer, but a causal association has not
been established (International Agency for Research on Can-
cer, 1991). In fact, caffeine may possibly be antimutagenic
(Weisburger,et al., 1998). As discussed below, tea appears to
be anticarcinogenic.

Although several synthetic food additives are established
experimental carcinogens when administered chronically at
high doses, none has been associated with cancer in humans
(Williams and Weisburger, 1991). To the contrary, antioxi-
dants such as butylated hydroxyanisole and butylated hy-
droxytoluene may be functioning as anticarcinogens in the
diet (Williams, 1993b, 1994). Generally, carcinogenic
agents are not allowed as food additives. However, saccha-
rin, a well-documented rodent bladder carcinogen at high
dietary levels, operating through an epigenetic mechanism
with a sharp dose-response displaying a no-effect threshold
(Whysner and Williams, 1996), has been permitted as an
exception. Its unrestricted use for many decades has pro-

TABLE 3
Sources of Detectable Laboratory Carcinogens in Food

Source Example

Naturally occurring
Plant Cycasin
Microbial Mycotoxins

Contaminant
Introduced before processing DDT
Introduced during processing Trichloroethylene, methylene chloride

Additive Butylated hydroxyanisole, saccharin
Formed from food components

During processing Nitrosamides/nitrosamines

During cooking
Benzo(a)pyrene and related

hydrocarbons, heterocyclic amines
In the body Nitrosamides/nitrosamines

Note.Many of the agents listed are detectable only at minute levels (i.e.,,1
ppm) by highly sensitive analytical techniques.
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vided evidence that the cancer risks from epigenetic agents
are negligible under actual, realistic conditions of use. Nev-
ertheless, one natural food “additive,” salt, when used in
excess, appears to play a role in stomach cancer (Chenet al.,
1996; Kneller et al., 1992; Takahashiet al., 1983). This
indicates that high-level exposures to some agents can en-
hance risk. High salt intake also relates to hypertension.
Low consumption of some of these protective components is
associated with increased cancer risks, as discussed in Nu-
tritional Inadequacies.

Foods also contain a variety of components that have been
demonstrated in animal models to inhibit specific chemical-
induced cancers (Table 4). These agents can function as car-
cinogen-reducing agents, reducing formation or absorption of
carcinogens; carcinogenesis-blocking agents, blocking carcin-
ogen reactions with cellular macromolecules; or cancer-sup-
pressing agents, suppressing neoplastic development. Low
consumption of some of these protective components is asso-
ciated with increased cancer risks, as discussed in Nutritional
Inadequacies.

TABLE 4
Food-Borne Inhibitors of Experimental Cancer

Food component Food Experimental cancer inhibited

Bifidobacterium longumcultures Fermented dairy products Large intestine, liver
Calcium Dairy products Large intestine
Carotenoids,b-carotene Green/yellow vegetables, fruits Large intestine, stomach
Conjugated linoleic acid Cheese, cooked meats, oils(?) Breast, forestomach, skin
Diallyl sulfide Garlic, onions Esophagus, forestomach, large intestine, liver
Fiber Bran cereal and bread, vegetables Breast, large intestine, pancreas
Fructans Chicory, garlic, onion, asparagus Large intestine
Indole-3-carbinol (glucobrassicin) Cruciferous vegetables Breast, endometrium, forestomach, liver, lung
Minerals

Calcium Dairy products Large intestine, breast
Selenium Vegetables, meat Breast, skin, large intestine, liver, lung

Monoterpenes
D-carvone Caraway seed Forestomach, lung
D-limonene Citrus fruits Breast, forestomach, lung

Myoinositol (phytate) Bran cereals and bread Large intestine, breast
Phenolics (glycosides)

Catechins Fruits, vegetables Large intestine, breast
(-)-epigallocatechin-3-gallate Tea Lung, esophagus, skin, breast, small and large intestine

Flavonoids Vegetables
Quercetin Vegetables Breast, large intestine
Naringenin Citrus Breast

Isoflavones Soy products Breast, large intestine
Genistein

Hydroxycinnamic acids Fruits, vegetables, Forestomach
Caffeic acid Soy, cereals
Chlorogenic acid Large intestine, liver
Ferulic acid Forestomach

Tannins Vegetables Forestomach, lung
Tannic acid
Ellagic acid Fruits Esophagus, liver, skin

Protease inhibitors
Bowman-Birk Soy Liver
Edi ProA soy protein Soy Liver

Soy protein isolate Soy Breast, large intestine
Thiocyanates (glucosinolates): Broccoli, cabbage Breast, forestomach

Benzyl isothiocyanate Watercress Liver, lung
Benzyl thiocyanate Breast, liver
Phenethyl isothiocyanate Breast, esophagus, forestomach, lung
Sulforaphane Broccoli Breast, large intestine

Vitamins
Vitamin A Liver, milk, eggs, vegetables Liver, lung
Vitamin C (ascorbic acid) Citrus fruits, vegetables Kidney, large intestine, lung, stomach

Vitamin E (a-tocopherol)a Seeds, nuts, vegetable and seed oils Breast, forestomach, large intestine, oral, skin

a Foods listed do not provide optimal amounts, and supplementation with 100–200 international units, with the main meal of the day is suggested.
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Specific Human Cancers Influenced by Food-Borne
Components

Patterns of food consumption are well established as being
associated with incidences of certain cancers, as discussed
above, and foods have been documented to contain cancer-
modulating agents from a variety of sources (Weisburger,
1998b). The contribution to the main human cancers of specific
carcinogens, enhancing or inhibiting factors conveyed in food,
is summarized in Table 5. These agents in aggregate account
for the 50% of cancer attributable to diet (Table 1).

The potential for modification of diet to determine cancer
rates is illustrated strikingly by the decline of stomach cancer
in most populations (Correa and Chen, 1994; Howsonet al.,
1986). Stomach cancer rates in the United States have de-
creased from about 38 deaths per 100,000 males in 1930 to
about 6 per 100,000 in 1990, and from about 28 deaths per
100,000 females to about 4 per 100,000 (Landiset al., 1998).
A consistent factor associated with reduced risk was intake of
vegetables and fruit (Boeing, 1991, postulated to provide pro-
tective vitamin C andb-carotene (Hanssonet al., 1994; Stein-
metz and Potter, 1991). As described above, vitamin C may
inhibit the nitrosation reaction in the stomach that leads to
carcinogen formation. Another possible contributor to this dra-
matic decline is changes in methods of food preservation. The
use of salting and nitrates has diminished (Hwanget al., 1994;
Weisburger, 1998b; Weisburger and Williams, 1995) in favor
of canning, freezing, and refrigeration. Salt and nitrates pro-
vide substrates for the formation of carcinogens, and salt is a
promoter of stomach cancer in animal models. Thus, reduction
of these elements could lessen carcinogenic effects in the
stomach.

Another cancer that has declined in the United States in both
genders is liver cancer (Landiset al., 1998). This reduction has
occurred in spite of increased exposures to food-borne animal
liver carcinogens such as organochlorine pesticides. As noted

above, one genotoxic liver carcinogen that has been carefully
controlled over the past 30 years is aflatoxin, a major contrib-
utor to liver cancer in parts of the world with high contamina-
tion, and hence this reduction may be in part responsible for the
decline. Regardless of the basis for the decline of stomach and
liver cancers, their reduction clearly demonstrates that specific
cancers can be reduced through effective prophylaxis. The
current knowledge of the role of nutrition and other food
components in the etiology of major cancers such as colon,
breast, pancreas, and prostate (Table 4) offers an attractive
opportunity for cancer control.

Strategies for Cancer Prophylaxis

Nutrition

Cancer prevention must focus, beginning in childhood, on
managerial approaches to assuring optimal nutrition and bal-
ance of food components (Williams, C. L., 1996; Williams,
C. L. et al., 1993), since cancer is a “chronic” condition that
develops over a long period of time, and certain cancers may
have their inception during childhood. In addition, food pref-
erences are established in childhood. As a general guide, an
attainable goal after adolescence is a diet comprising 25%or
lessof calories from fat (no more than 40 g per day for an
adult) and 25–35 g of fiber (Wynderet al., 1992; Williams and
Wynder, 1996). For children, fat consumption after the age of
2 should also be no more than 30% of calories consumed
(range 20–30%), and an adequate total fiber intake in g per day
should follow the “age plus 5” formula, eventually reaching the
minimally desirable adult level of 25g/day by age 20 (Wil-
liams, C. L.et al., 1995). A balanced diet should consist of 6
or more servings per day from the grain group (whole grain
bread, cereal, rice, and pasta items), 3–5 servings of green and
yellow vegetables, 2–4 servings of fruits, and 2 or 3 servings
of low-fat or fat-free dairy products, as recommended by

TABLE 5
Food-Borne Agents That Influence Human Cancers

Cancer DNA-reactive carcinogen Enhancing or promoting factor Protective factor

Breast Heterocyclic amines High-fat dieta Adequate fiber, soy, tea, ?calcium, ?vitamin D
Prostate ?Heterocyclic amines High fat dieta Soy, lycopene, cooked tomatoes
Lung (Tobacco smoke)a ?High fat dieta Fruits and vegetables, soy, tea

(Occupational exposures) (Tobacco smoke)
Large intestine Heterocyclic amines High fat dieta Adequate fiber, calcium, vitamin D, soy, tea
Pancreas (Tobacco smoke) ?High fat, meat diet Soy, tea

?Heterocyclic amines ?vegetables and fruits
Stomach ?Reactive chloro- or

nitroso- compounds
High intake of salted and preserved foods

(alsoHelicobacter pylori)
Fruits and vegetables, soy, tea

Liver Aflatoxins Alcohol (hepatitis)
Esophagus ?Nitrosamines Alcohol Tea, ?soy

(Tobacco smoke)

Note.Agents in parentheses are not food-borne.
a Monounsaturated oils, olive or canola oils, do not promote; n-3-polyunsaturated oils are protective.

78 WILLIAMS, WILLIAMS, AND WEISBURGER



various authorities (Dwyer, 1993). Whole-grain products are
an excellent source of insoluble fiber (Jacobset al., 1998). As
an animal protein source, fish is preferable, because of its
content of protective n-3 fatty acids and might be consumed 3
or more times per week. Meat and poultry should be limited to
2–3 small servings, preferably low fat versions, per week.
These foods will deliver the desirable daily intakes of 200 mg
of vitamin C, 400 units of vitamin D, and 1.0–1.5 g of calcium,
which Lachance (1994) proposes as an appropriate Recom-
mended Daily Allowance based upon an “ideal” content. A
well-balanced diet should not require supplementation, except
perhaps for vitamin E, which is delivered at only about 25 IU
in recommended diets. Daily use of multivitamins has been
reported to be associated with reduced colon cancer risk (White
et al., 1997) although evidence for anticancer activity has not
been established (Byers and Guerro, 1995; Greenberget al.,
1994). Nevertheless, use of a multivitamin with at least 200 IU
of vitamin E is recommended for reduction of risk of cardio-
vascular disease. These dietary recommendations will also
provide reduced risk for other major diseases, particularly
coronary heart disease and stroke (Shilset al., 1994; Sugimura,
1996; Weisburger, 1998b; Weisburger and Williams, 1995;
Willett, 1994), and certainly are not expected to do harm.

To achieve these goals, an attractive approach is the Fiber
First Dietr (FFD) (Table 6), which emphasizes that fiber be
consumed first in the day and first in each meal. The desirable
fiber intake for adults is 25–35 g/day. For children, minimal
intake is achieved by the “age plus 5” principle, i.e., the g per
day is calculated by adding 5 to the child5s age (Williams,
1995a,b; Williams and Bollella, 1995). This results in a pro-
gressive intake to age 20 when the adult goal is reached. A
healthy range of dietary-fiber intake for children is age1 5 to
age 1 10 grams per day. The source of fiber should be
approximately 50% from grains, including wheat bran, 30%
from vegetables and legumes, and 20% from fruits (Fig. 1).
This must be accompanied by adequate water and fluid intake
to hydrate the fiber in the gut. A desirable source of fluid is
fruit and vegetable juices, which, respectively, are sources of
bioavailable vitamin C (Weberet al., 1996) andb-carotene or
lycopene (Pool-Zobelet al., 1998). These, like tea, discussed
below, provide valuable functional effects.

The basic elements of the FFD are given in Table 7, and a
comparison with typical meals is provided in Table 8. Most

individuals will be able to achieve the fiber-first diet by consum-
ing a high-fiber breakfast cereal, using whole wheat bread in a
sandwich at lunchtime, and consuming 3 to 5 vegetables and 2
fruits throughout each day. In addition to providing adequate fiber
and displacing fat in the diet, key components of the FFD (grains,
vegetables, legumes, and fruit) furnish important vitamins and
minerals. In addition, the FFD provides other functional compo-
nents that have been associated with reduced cancer risk (Stein-
metz and Potter, 1991), discussed below. The FFD should slightly

FIG. 1. Adult fiber pyramid.

TABLE 7
Guidelines for Dietary Fiber Intake on Fiber First Dietr

Adulta Childb

Breakfast Breakfast
Wheat bran cerealc (8 g) 2 cup wheat bran cerealc (4 g)
1 fruit (4 g) 2 fruit (2 g)
1 slice whole wheat toast (2 g)

Lunchc Lunchc

2 slices whole wheat breadd (4 g) 2 slices whole wheat breadd (4 g)
1 fruit (3 g) 1 fruit (3 g)

Snack
1/2 cup fruit (2 g)

Dinnere Dinnerc,e

1 cup vegetable or legume (4 g) 1/4 cup vegetable or legume (1 g)
1 baked potato w/skin (4 g) 1 baked potato– no skin (2 g)
2 tomato (1 g) 2 cup fruit (2 g)
1 cup lettuce (1 g)

Total dietary fiber5 31 grams Total dietary fiber5 20 grams

Note. The listed foods are fiber-containing foods which would be chosen
“first” to achieve fiber goal. Other foods and drinks would accompany these to
complete dietary requirements.

a Adult recommendation for dietary fiber: 25–35 grams per day.
b Child, age 10 (recommended range of fiber intake based on age1 5 to 10

guideline5 15–20 g/day).
c Include a cup of low fat milk.
d Bread as part of a sandwich.
e Dinner would also include a serving of lean meat, fish or other source of

protein.

TABLE 6
Fiber First Dietr

Dietary fiber intake per day
2–19 years old, age1 5 in g
$ 20 years old, 25–35g

50% from grains
30% from vegetables and legumes
20% from fruits

Fluid intake per day: 8–12 glasses (8-ounce)
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reduce daily energy intake (Table 8), especially since consump-
tion of high-fiber foods reduces food intake at the next meal (Rolls
and Hill, 1998). While adoption of the FFD will usually lower fat
intake, wherever possible, reduced fat products such as skim milk
should be used. Snacks, especially, should be low in fat. Fruits
make wholesome, tasty between-meal snacks. Even potato chips
are available in low-fat versions, prepared by baking or frying in
non-digestible fat substitutes such as olean.

Functional Foods

In addition to the importance of nutrition in cancer preven-
tion, recognition is growing that foods contain components that
have specific effects on genomic, cellular, biochemical, or
physiological function, which can protect against disease pro-

cesses, including cancer and cardiovascular disease. Epidemi-
ological studies reveal that reduced risk of some cancers is
associated with consumption of foods such as vegetables
(Block et al., 1992), whole grain cereals and breads (Caygillet
al., 1998), and soy products (Fournieret al., 1998; Mclaughlin
et al., 1995). Specific constituents of these foods that are
believed to be responsible for the protective effects have been
identified. Those food components that have been demon-
strated to have anticarcinogenic effects in experimental sys-
tems are listed in Table 5. Among these are phenolics, which
occur usually as glycosides in a wide array of foods; carote-
noids; phytoestrogens; and minor nutrients such as minerals
and vitamins (Wattenberg, 1992). Foods rich in such compo-
nents have been referred to as “functional foods.”

TABLE 8
Fiber First Dietr Versus Usual U.S. Diet

Typical U.S. diet 13 g fiber; 1950 calories 34% energy from fat Fiber First Dietr 31.5 g fiber; 1800 calories 24% energy from fat

Meal
Fiber
(g)

Fat
(g) KCAL

Calcium
(mg) Meal

Fiber
(g)

Fat
(g) KCAL

Calcium
(mg)

Breakfast: Breakfast:
1 corn muffin (112 oz.) 1 5 125 1 cup Raisin Bran 8 1.5 200
1 tsp. butter 0 5 45 1 cup strawberries, fresh 3.5 0 40
1 cup beveragea 0 0 5 1 cup milk, 1% 0 2.5 100 300
1 tbsp. half and half 0 2 20

Lunch: Lunch:
1 cheeseburger 2 14 310 200 2 oz turkey breast 0 2 70
1 small French fries 2 12 220 2 slices whole wheat bread 4 2 160
1 small choc. shake 0 5 350 581 1 tbsp lite mayo 0 5 45

1
2 large tomato 1 0 25
1 cup garden salad 2 0 25
1 tsp. olive oil1 vinegar 0 5 45
seltzer with lemon 0 0 0
1 apple, small 3 0 60

Snack: Snack:
banana 4 0 120 1 Nutrigrain barc 1 3 140 200

1 cup milk, 1% 0 2.5 100 300

Dinner: Dinner:
salad: 1 cup iceburg lettuce 1 0 25 3 oz. broiled salmon 0 9 165
1
2 large tomato 1 0 25 1

2 cup broccoli sauteed 2 0 25
2 tbsp regular dressing 0 10 90 with 1 tsp. olive oil1 garlic 0 5 45
11

2 cup white rice 2 0 240 6 oz. baked potato1 skin 4 1 180
3 oz. fried chickenb 0 15 225 3 tbsp. low-fat sour cream 0 5 45 50
1 cup regular soda 0 0 150 1 cup milk, 1% fat 0 2.5 100 300

Snack:
1
2 cup peaches, fresh 2 0 60
1
2 cup frozen yogurt 0 0 90 450
3 graham crackers, (21

2 in.
squares) 1 2 80

DAILY TOTALS 13 68 1950 781 31.5 48 1800 1600

a Tea, coffee.
b All white-meat, no skin.
c Kellogg.
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Prominent among functional components of food are anti-
oxidants (Aruoma, 1994). The antioxidants in whole grains
have been suggested as contributors to the anticarcinogenicity
of these foods (Johnson, 1998), in addition to their fiber effect.
An important type of antioxidant in plants is polyphenols,
which have properties similar to the synthetic antioxidant phe-
nolics BHA and BHT. The polyphenols present in tea have
exhibited anticarcinogenic activity in experimental models
(Katiyar and Mukhtar, 1996; Weisburger, 1997b, 1998a; Yang
and Wang, 1993) (Table 4). In addition to its antioxidant
content, tea is, of course, mainly water, which is an important
essential nutrient. Epidemiological studies have not yet yielded
strong evidence of cancer risk reduction. However, green-tea
drinking in China and Japan is associated with lower rates of
esophageal and gastric cancers, which are highly prevalent in
these countries, and also of pancreatic, colorectal, and bladder
cancers (reviewed by Blotet al., 1996, and Bushman, 1998).
Laboratory research showed that green and black teas have
similar protective properties as antimutagens and anticarcino-
gens (Weisburger, 1998a). The known underlying mecha-
nisms, therefore, suggest that tea should be health promoting.
Also, several epidemiological studies on tea use have noted a
reduced mortality from heart disease, with similar risk factors
to those related to the nutritionally-linked cancers. Cocoa is
another plant source of polyphenols (Zumbe´, 1998). Antioxi-
dants such as polyphenols and flavonoids (Williamsonet al.,
1998) are also free-radical scavengers, and this activity may be
involved in their anticarcinogenicity (Aruoma, 1994).

Carotenoids comprise about 600 pigmented chemicals
formed in plants. Some have activity as provitamin A, and
most have some antioxidant potential. The association of re-
duced cancer risks with consumption of fruits and vegetables
has been attributed to carotenoids, particularlyb-carotene,
which has shown anticancer activity in animal models (Toma
et al., 1995).

Over 90 plants have been identified as possessing some
estrogenic activity (Farnsworthet al., 1975) due to their con-
tent of phytoestrogens, which include isoflavones, coumestans,
and lignans (Kurzer and Xu, 1997; Reinli and Block 1996).
Epidemiologic studies suggest reduced risks of prostate and
gastric cancers with consumption of soy foods (Adlercreutzet
al., 1993; Fournieret al., 1998), which are the richest dietary
source of isoflavones, and include the aglycones: genistein,
daidzein, and glycitein. In animal studies, genistein has been
reported to inhibit mammary carcinogenesis in rats, but this has
not been substantiated, and the biologic properties appear to be
quite complex (Barnes, 1997). Oilseeds, such as flaxseed, are
the richest plant sources of lignans, such as secoisolaricires-
inol.

Plants belonging to the genusAllium include garlic, onion,
leek, and shallot, which contain large amounts of organosulfur
compounds, as well as glutathione and flavonols.Allium veg-
etable consumption has been associated, in case-control stud-
ies, with reduced cancer risk (Steinmetz and Potter, 1991),

although this was not confirmed for lung cancer in a prospec-
tive cohort study (Dorantet al., 1994).

Another category of functional foods consists of prebiotics
that stimulate the growth in the gut and/or activity of types of
bacteria, such asLactobacillus acidophilusand Bifidobacte-
rium species, which are beneficial (Gibson and Roberfroid,
1995). Theb (2–1)D fructans, inulin and oligofructose, are
soluble fibers that are fermented by colonic microflora and
stimulate the growth of bifidobacteria. These fructans inhibited
the induction of preneoplastic lesions in rat colon (Reddyet al.,
1997). Foods such as yogurt are considered probiotics because
they contain the beneficial live microbes. While several studies
have shown that administration of bifidobacteria or lactobacilli
to carcinogen-exposed animals reduced colon preneoplastic or
neoplastic lesions, results have not been consistent (Gallaheret
al., 1996).

In order for functional components to produce a biological
effect, they must, of course, be bioavailable in sufficient
amounts. The richest sources of vitamin E are vegetable oils
(Sokol, 1996), but since these should be limited in the diet,
supplementation is the only practical way to achieve sufficient
intake. Vitamin E, and the other fat-soluble vitamins A and D,
must be consumed as part of a fat-containing meal to be
absorbed. Other components, such as quercitin (Gugleret al.,
1975), also are not well absorbed.

Intervention trials are currently underway, in which some
of these functional food components, such asb-carotene and
vitamin A, are being administered as supplements to various
study populations (Booneet al., 1997; Greenwaldet al.,
1995). Some early results have been disappointing (Vainio
and Rautalahti, 1998), and it would be remarkable if change
in single minor components of diet could alter the risk of a
major cancer, such as lung cancer due to continuing smok-
ing that provides an overpowering carcinogenic stimulus. In
fact, the trials withb-carotene have shown increases in lung
cancer (The Alpha-Tocopherol, Beta Carotene Cancer Pre-
vention Study Group, 1994; Omennet al., 1996). As dis-
cussed by Olson (1996), antioxidants in some situations can
exert prooxidant effects, and large doses ofb-carotene can
inhibit the absorption of other carotenoids, leading to nutri-
tional imbalances.

Synthetic chemicals with functional properties superior to
those of natural food components are also available. These
include antioxidants such as butylated hydroxyanisole and
butylated hydroxytoluene, isothiocyanates, and organosele-
nium compounds. The potential of such agents for cancer
prevention deserves attention. Moreover, consideration needs
to be given to combined modification of both nutritional and
functional components of the diet, and to the adoption of new
dietary patterns, starting in childhood, and based on detailed
research in the field of nutrition and health and an understand-
ing of the underlying mechanisms.
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CONCLUSIONS

Genetic predisposition is clearly important in the etiology of
cancer in some individuals, notably with breast and colon
cancer, for which inherited mutations in cancer suppressor
genes have been identified. Nevertheless, genetic predisposi-
tion as a major determinant is calculated to account for only
2–3%, at most, of the current cancer burden (Table 1). Indi-
viduals in any population have varying susceptibilities to can-
cer, but nutrition and food-borne components clearly affect
cancer risk in the majority of populations of the world. Prac-
tical approaches to reducing cancer risk through dietary
modification are available, including the Fiber First Diet,r
described herein, which is compatible with other recommen-
dations. Improved nutrition will also serve to reduce risk of
other important chronic diseases. Research will help to further
define the optimal diet and lifestyle, both in terms of nutritional
and functional components throughout the life span, to best
promote and maintain good health.
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