
Introduction

Cancer is the second leading killer in the USA, accounting for
25% of all deaths. Prostate cancer is the most common cancer in
males, followed by lung and colorectal. For women breast can-
cer is the most common, followed by lung and colorectal.
However, it should be noted that lung cancer is the number one
cancer killer for both men and women (1). An abundance of evi-
dence suggests that lifestyle factors, including exposure to
chemical carcinogens (smoking, etc.), diet and inactivity play a
major role in the development of these common cancers. In
order to understand how lifestyle changes might reduce the risk
for the most common cancers we must first understand how can-
cer develops. Figure 1 shows a model explaining the develop-
ment of cancer. We start with a normal cell with intact DNA.
During the initiation stage something damages the DNA result-
ing in pre-neoplastic cells. Unfortunately, many chemicals in the
environment are capable of inducing free radical formation to
damage DNA in the body. Normal metabolism in the body may
also generate free radicals. Thus, at any given time most, if not
all, of us might have a number of pre-neoplastic cells. If we are

fortunate, the damaged DNA sends a signal to genes such as p53
announcing the damage and increasing the protein products of
these genes to stop the pre-neoplastic cell from dividing and
hopefully repair the damaged DNA. If the repair does not work,
the cell should be directed to apoptosis or programmed cell
death. Since cancer is so common in the USA, the destruction of
pre-neoplastic cells obviously does not always occur. This might
be the result of defects in the p53 gene or the fact that the gene
is suppressed by certain factors. Defects in the p53 gene have
been identified in about half of all cancers, but these defects are
usually observed in end-stage cancer. For prostate cancer all
early-stage cancer has an intact p53 gene that is suppressed from
acting, as we will discuss later. If the p53 gene does not elimi-
nate the defective pre-neoplastic cell, the cell is stimulated to
divide (promotion stage) by certain co-carcinogens, leading to
the formation of a tumor.

Thus, to avoid cancer we should try to reduce the initiation
stage by reducing exposure to many of the noxious chemical
carcinogens present in our environment such as cigarette
smoke, pesticides and many other commonly used household
products. According to Ames (2), the typical Western diet also
contains a variety of mutagens and carcinogens that may act
through the generation of oxygen radicals and lead to the initi-
ation of cancer as well as other degenerative diseases. A diet
high in fat and/or refined sugar has been shown to induce
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oxidative stress (3–5). Consumption of red meat has been asso-
ciated with cancers of the colon and rectum, breast and
prostate. Whether it is the meat itself or the associated fat
content is not known. Cooking meat at moderate to high
temperatures forms carcinogenic heterocyclic amines, shown in
animal studies to induce colon, breast and prostate cancer (6).
Conversely, a diet high in whole grains, fruits and vegetables
would contain large amounts of natural antioxidants that might
play an important role in preventing free radical formation and
cancer (2). This type of diet has been shown to reduce oxidative
stress in the body (7). A diet high in whole grains, fruits and
vegetables, especially if it includes an abundance of soy prod-
ucts would increase the intake of isoflavones, thought to reduce
the risk of cancer (8). Genistein, the most abundant isoflavone
in soy, has been shown in cell culture experiments to increase
p21 and caspase 3 to cause cell cycle arrest and induce apopto-
sis of tumor cells (8). Consumption of soy might explain the
large difference in many cancers between Western and Eastern
cultures. Another factor that has been suggested to explain the
difference is the consumption of green tea by Eastern cultures.
Green tea contains epigallocatechin gallate, also shown to be
protective in cell culture and animal studies (8). Attention has
also been focused on the value of omega-3 fatty acids found
primarily in fish and certain nuts and seeds. These fatty acids
block COX-2 expression and reduce inflammation that has been
implicated in the early stages and/or progression of prostate,
breast and colon cancers (9–11). Conversely, omega-6 fatty
acids found in meat and many vegetable oils increases COX-2
expression. Recent studies have shown that non-steroidal anti-
inflammatory drugs (NSAIDs) that block the COX pathway
reduce the development of adenomas, precursors of colon can-
cer, and reduce the risk for prostate cancer (12–14). Regular
exercise has also been shown to increase the body’s antioxidant
mechanisms (15). In addition to preventing the initiation of
cancer, diet and exercise may play an important role in reduc-
ing the promotion of cancer and inducing apoptosis by altering
hormones such as insulin, testosterone and estrogen or growth
factors such as insulin-like growth factor-I (IGF-I).

Lung Cancer

The link between smoking and lung cancer was established in
the first Surgeon General’s Report in 1964. However, a number
of epidemiological studies have reported that exercise lowers
the risk for lung cancer as reviewed by Lee (16). The large
Norwegian study of 81 516 men and women followed for
19 years reported a 25% reduction in lung cancer risk for men
who walked or cycled for at least 4 h per week, after control-
ling for smoking habits and the number of cigarettes smoked
(17). The mechanism by which exercise might reduce the risk
for lung cancer has not been investigated but may be related to
the ability of exercise to reduce serum insulin and subse-
quently IGF-I. This mechanism will be discussed in the section
covering prostate cancer. IGF-I has been reported to be a risk
factor for lung cancer (18). A high consumption of fruit and
vegetables has also been associated with a reduced risk for
lung cancer (19).

Prostate Cancer

Prostate cancer is the most common male cancer in the USA,
but has a very low incidence in Asia. However, when Asian
men migrate to the USA and adopt the US lifestyle the incid-
ence of prostate cancer approaches that of US men, suggesting
the involvement of lifestyle factors as opposed to a genetic dif-
ference (20). In addition, as the developing countries with a
low incidence of prostate cancer become more Westernized,
prostate cancer increases (21). The two lifestyle factors that
have received the most attention are diet, especially the fat
content, and being sedentary. The international data show a
positive correlation between dietary fat and prostate cancer
mortality with the lowest rates found in East Asian men and
the highest rates found in US and European men (22). Most of
the prospective cohort studies within a given population,
however, have failed to show a relationship between dietary fat
or fatty food consumption and prostate cancer risk as
discussed by Moyad (23). The negative results from the cohort
studies may be due to the fact that in any given population
there is little variation in the dietary fat consumption, or may
be due to the inability of questionnaires to accurately measure
habitual fat consumption. Another possibility is a variation in
the type of fat consumed. Current evidence implicates omega-6
fatty acids in the promotion of cancers and omega-3 polyun-
saturated fatty acids and omega-9 monounsaturated fatty acids
as being protective (24). It may also be that in the international
data not only do men with a low incidence of prostate cancer
mortality consume much lower fat diets, they also tend to be
more physically active. Epidemiological studies have reported
that increased physical activity can reduce the risk for prostate,
and other forms of cancer, in US and European men. In a
recent review of the literature on physical activity and the risk
for prostate cancer, Thune and Furberg (25) found that 14 of
28 epidemiological studies reported that increased occupa-
tional or leisure-time activity reduced the risk for prostate
cancer by 10–70%.
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Figure 1. A model showing steps in the development of cancer.
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In order to investigate possible mechanisms involved in the
roles that diet and exercise play in the progression of prostate
cancer, Tymchuk et al. (26) developed a bioassay using serum
to stimulate prostate cancer cells in culture. By placing men on
a low-fat diet consisting primarily of grains, fruits and vegeta-
bles, and regular, supervised exercise they examined serum
changes in vivo and their effect on prostate cancer cell growth
in vitro. The subjects were participants or employees from the
Pritikin Longevity Center Residential Program. During their
stay at the Center, food was prepared and served buffet style to
the participants and consisted of 10–15% of calories from fat
(polyunsaturated/saturated fatty acid ratio � 1.24), 15–20% of
calories from protein, and 65–75% of calories from carbohy-
drates, primarily unrefined. Carbohydrates were in the form 
of high-fiber whole grains and other complex carbohydrates
(�5 servings/day), vegetables (�4 servings/day), and fruits
(�3 servings/day). Protein was primarily derived from plant
sources with non-fat dairy allowed for up to 2 servings/day.
Fish or fowl was served in 3.5 ounce portions 1 day/week and
in soups or casseroles 2 days/week. The diet contained �100 mg
of cholesterol per day and alcohol, tobacco and caffeinated
beverages were not allowed during the program. Prior to
starting the exercise training, subjects underwent a graded
treadmill stress test. Based on the results, the subjects were
provided with an appropriate training heart rate value and
given an individualized walking program. The exercise
regimen consisted of daily walking at the training heart rate for
45–60 min.

In the initial study Tymchuk et al. (26) found that just 11 days
of the low-fat diet and exercise program reduced serum-stimu-
lated LNCaP prostate cancer cell growth by 30%. Serum sam-
ples obtained from men (employees) who had adhered to the
low-fat diet and exercise program for an average of 14 years
showed an additional 15% reduction in LNCaP cell growth.
LNCaP is a well-established, androgen-dependent cell line,
developed from a patient with prostate cancer. When the serum
samples from the men following the low-fat diet and exercise
program were used to stimulate PC-3 cells, an androgen-
independent cell line typical of advanced prostate cancer, no
reduction in cell growth was found (26). In a subsequent study
Ngo et al. (27) confirmed the diet and exercise reduction in
LNCaP cell growth using another androgen-dependent, patient-
derived cell line, LAPC-4. A control group of similar aged men
without any intervention were studied over an 11-day period
and no change in LNCaP cell growth was found.

In an earlier study Tymchuk et al. (28) had reported that men
attending the Pritikin Longevity Center low-fat diet and exer-
cise program had significant reductions in serum insulin and
significant elevations in sex hormone-binding globulin. The
increase in SHBG should lower the serum levels of free testo-
sterone and estradiol, and might be a factor in the reduction in
LNCaP cell growth observed following diet and exercise as
this cell line is androgen dependent and has a mutated androgen
receptor that binds both testosterone and estradiol. Tymchuk
et al. (26,29) confirmed the reduction in serum free testo-
sterone in the Pritikin participants and subsequently reported

that insulin, testosterone and estradiol could individually
stimulate the growth of LNCaP cells. However, when these
hormones were added individually, or in combination, to the
post diet and exercise serum they could only account for half
of the reduction in LNCaP cell growth, indicating the involve-
ment of other important factors.

Barnard et al. (30) developed a model similar to Figure 2 and
started to investigate IGF-1 and its binding proteins. The IGF
axis consists of IGF-I, IGF-II, six different binding proteins
(IGFBP 1–6) and two receptors, IGF-IR and IGF-IIR. IGF-I is
a peptide growth factor produced by the liver and other tissues,
and is known to play a pivotal role in regulating cell growth,
differentiation and apoptosis (programmed cell death) (18,31).
It is also a potent mitogen for most tissues including the
prostate (18,31). According to Yarak et al. (32) 75% of the
circulating IGF-I comes from the liver. IGF-I activity is regu-
lated by the six different binding proteins. IGFBP-3 is the most
abundant and binds 90% of the circulating IGF-I but is not
affected by different metabolic states and Ngo et al. (33) found
no change in IGFBP-3 with the diet and exercise program.
Conversely, IGFBP-1 is regulated by the metabolic state, being
highest following fasting.

Ngo et al. (33) found that the low-fat diet and exercise
program decreased not only the fasting serum level of insulin,
but also IGF-I while increasing IGFBP-1. These changes in
serum levels of IGF-I and IGFBP-1 are thought to be due to
the changes in serum insulin and its impact on the liver.
Phillips et al. (34) reported that insulin stimulated the production
of IGF-I by hepatocytes. When Ngo et al. (27) added IGF-I
back to the diet and exercise serum, the reduction in LNCaP
cell growth was completely eliminated. When IGFBP-1 was
added to the baseline serum, they observed a significant reduc-
tion in LNCaP cell growth. In addition to being a regulator of
cell growth, IGF-I has been reported to be a suppressor of
apoptosis in several different studies (35). Ngo et al. (27) stud-
ied apoptosis in their cell culture system using two different
methods, Annexin-V and TUNEL. They also used propidium
iodide stain to detect necrotic cells. Almost no apoptotic or

Figure 2. A model explaining the role of diet and a sedentary lifestyle in the
development of prostate cancer [after Barnard et al. (30)].



necrotic cells were found in the fetal bovine serum (FBS)
control or the pre diet and exercise samples. However, both the
Annexin-V and TUNEL staining methods showed a signific-
ant increase in apoptosis in the post diet and exercise-serum-
stimulated samples. The fact that very little apoptosis was
observed in the control serum-stimulated LNCaP cells may be
the result of the high levels of IGF-I and low levels of IGFBP-1
in the control serum and may help to explain why prostate can-
cer is so prevalent in the USA.

In an attempt to separate out the individual effects of diet
versus exercise observed in their earlier studies with the
androgen-dependent prostate cancer cell lines, Barnard et al.
(36) obtained serum samples from men who had been involved
in the Adult Fitness Program at the University of Nevada, Las
Vegas. The men were matched in age with a control group of
men on no diet or exercise program, and for age and duration
of participation to the long-term diet and exercise subjects
previously studied. Volunteers were requested who had partic-
ipated in the program for at least 10 years; the average was
14.7 years. The program was held 5 days per week for 1 h and
consisted of warm-up and flexibility activities followed by
45–50 min of continuous, strenuous exercise including calis-
thenics and swimming laps in the pool. There was no dietary
intervention in the UNLV Adult Fitness Program. Serum
insulin and IGF-I were lower in the exercise and diet � exer-
cise groups compared to controls, but were not significantly
different from each other. IGFBP-1 was higher in both the
exercise and the diet � exercise groups compared to controls
and was significantly higher in the diet � exercise group
compared to the exercise group.

When the serum was used to stimulate the LNCaP cells in
culture, growth was reduced in both the exercise (65% FBS
control) and diet � exercise (55% FBS control) groups com-
pared to the control group where the growth was 99% of the
FBS. They then examined apoptosis in the cell cultures using
Annexin-V and TUNEL. The staining results from the two
methods demonstrated that exercise as well as diet and
exercise intervention increases apoptosis in the LNCaP cells.
When the slides from the TUNEL staining were quantitatively
analyzed, almost twice as much apoptosis was found in the
diet and exercise samples compared to the exercise-only
samples. The fact that apoptosis was higher in the diet � exercise
subjects is in agreement with the significantly higher IGFBP-1
levels compared to the exercise-only group.

In an attempt to focus on the possible mechanisms involved
in the reduction in LNCaP cell growth and increased apoptosis
observed in the exercise-serum-stimulated samples, Leung
et al. (37) turned their attention to the action of the p53 gene.
Several studies have shown that IGF-1 suppresses the action of
p53 that is phosphorylated and stabilized when defects are
found in DNA. The increase in p53 protein normally activates
other genes or factors to cause cell cycle arrest, DNA repair or
to induce apoptosis (34). The serum-stimulated cell cultures
were lysed, centrifuged and the supernatant analyzed for p53
protein and was found to be significantly increased in the
lysates from the exercise-serum-stimulated LNCaP cells

compared to controls. These results also demonstrate that the
LNCaP cells have an intact p53 pathway that is suppressed
with serum from control subjects. According to Gurumurthy
et al. (35) an intact p53 pathway is characteristic of all early
stage prostate cancer. In end-stage prostate cancer defects have
been reported in the p53 gene.

To further investigate the involvement of the p53 pathway in
the exercise-serum-stimulated LNCaP cell growth reduction
and induction of apoptosis, Leung et al. (37) utilized another
cell line, LN-56. LN-56 is a LNCaP-derived cell line in which
p53 was rendered non-functional by expression of a dominant
negative fragment of p53, known as genetic suppressor element
56. The results from the growth assay showed no significant
difference between the control and exercise groups when the
serum was used to stimulate the cells. The exercise-serum-
stimulated growth in the LN-56 cells was 91% of the FBS
control compared to 65% of FBS control for the LNCaP cells.
When they examined apoptosis in the LN-56 cells, the exercise-
serum-stimulated cells showed half the apoptosis observed with
the control-serum-stimulated cells. This was opposite to the
response observed in the LNCaP cells where apoptosis was
greatly increased in the exercise-serum-stimulated cells.
Collectively, the results from these experiments indicate that
the reduction in serum IGF-I and increase in IGFBP-1 resulting
from adopting a very-low-fat diet and/or regular exercise allows
the prostate tumor cells to stabilize the p53 protein and activate
downstream effectors to reduce cell growth and induce apopto-
sis. These data also provide a mechanism to explain the epi-
demiological data showing a reduction in the risk for prostate
cancer in men who take part in regular exercise (25).

If the observations of reduced cell growth and the induction
of apoptosis reported for the cell culture studies with androgen-
dependent prostate cancer cell lines also occur in the body,
then a very-low-fat diet and exercise program might be of
value in the treatment of prostate cancer patients, especially
those with early-stage cancer. In order to investigate the possi-
ble effectiveness of a very-low-fat diet and exercise program
on prostate cancer patients, Ornish and colleagues (38,39)
randomized a group of men on ‘watchful waiting’ to control or
to diet and exercise intervention. Both groups received
standard medical care from their personal physicians. The
patient all had biopsy-documented prostate cancer, PSA rang-
ing from 4 to 10 ng/ml, and a Gleason sum of �7 prostate
adenocarcinoma. The men in the diet and exercise intervention
group were prescribed a vegan diet with 10% of calories from
fat supplemented with soy, 3 g/day fish oil (omega-3 fatty
acid) and 400 IU/day vitamin E. The exercise was to be
aerobic (walking, jogging etc.) for 30–60 min 6 days/week.
Patients were also encouraged to practice stress management
techniques including yoga, breathing, imagery etc. for 1 h/day.

After 1 year, changes in serum PSA were small but statistically
significant, with the control group showing an increase and the
diet and exercise group showing a drop. Also, at the end of
1 year, six of 43 in the control group had gone on for conven-
tional treatment due to rising PSA while none of the 41 in the
diet and exercise group had treatment. There was very high
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adherence to the diet and exercise program and even some in
the control group had made significant lifestyle changes.
Serum samples from these patients were used in the LNCaP
cell bioassay. Compared to baseline, cell growth was reduced
by 9% in the control group and by 60% in the diet and exercise
group. The growth rate in the baseline samples was not signif-
icantly different from what had previously been observed with
serum from men without prostate cancer. The study is
progressing with a plan to follow the patients for 5 years.

Breast Cancer

Breast cancer is the most common female cancer in the USA
and, like prostate cancer, is hormone-dependent in the early
stages. The influence of lifestyle factors in breast cancer is
supported by the large international variation and the migra-
tion studies (40,41). Even though breast cancer is initially an
estrogen-dependent cancer, most breast cancer occurs in post-
menopausal women. With the menopause estrogen levels drop
but do not completely disappear as estrogen is produced via
aromatase activity, primarily in fat cells. Thus, it is not
surprising that obesity is a risk factor for postmenopausal
breast cancer. Elevated serum estradiol has also been shown to
be a risk factor for breast cancer in postmenopausal women
(42). Like prostate cancer, the international data show a strong,
positive correlation between per capita fat consumption and
breast cancer incidence and mortality (40). Epidemiological
studies in countries with a high incidence of breast cancer,
such as the USA, have shown that regular exercise reduces the
risk for breast cancer. In their review, Thune and Furberg (25)
reported that occupational or leisure time physical activity
reduced the risk for breast cancer in 26 of 41 studies by 30%
in pre-, peri- and postmenopausal women. In 16 of 28 studies
a graded dose–response relationship was reported.

Heber et al. (43) studied postmenopausal women attending
the Pritikin Center and reported that the 3-week, low-fat diet
and exercise program lowered serum estradiol from 18.1 � 3.6
to 9.4 � 2.4 pg/ml. In a subsequent study (44) they reported
serum changes in premenopausal women placed on the Pritikin
diet for 2 months at the UCLA Clinical Research Center. There
was no change in menstrual cycle duration or the phases of the
cycle. However, serum estradiol was reduced by 25% during the
follicular phase and by 22% during the leuteal phase while
serum estrone was reduced by 19 and 18%, respectively, during
the two phases. Progesterone and sex hormone-binding globu-
lin (SHBG) were unchanged. SHBG, produced primarily in the
liver, regulates the amount of free hormone available to interact
with the hormone receptors. Insulin suppresses the production
of SHBG by the liver. In a more recent study (45) with post-
menopausal women attending the Pritikin 3-week diet and exer-
cise program, serum insulin was reduced by 39% and SHBG
increased by 39% in women on hormone replacement therapy
(HRT). In women not on HRT, insulin was reduced by 19% and
SHBG increased by 42%. The drop in insulin may be very
important as insulin has been reported to be a risk factor for both
estrogen positive and negative breast cancer (46). Barnard RS,
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Liva M, Ngo TM, Varr BC and Hong J (unpublished) recently
studied changes in the IGF axis in postmenopausal women
attending the Pritikin Program. In 18 women on HRT, IGF-I
was reduced from 170 � 22 to 142 � 13 pg/ml and IGFBP-1
was increased from 55 � 8 to 71 � 10 pg/ml while insulin was
reduced from 14.5 � 2 to 9.1 � 1 �IU/ml. These changes in
the IGF axis are important as IGF-I has been reported to be a
risk factor for breast cancer and it is now well established that
there is interaction between the IGF and estrogen receptor
pathways in breast cancer (18,47).

Colorectal Cancer

Cancer of the colon and/or rectum is the second leading cause
of cancer deaths in the USA and is the third most common
cancer in both men and women. Over the years there has been
a lot of controversy regarding the involvement of lifestyle
factors in intestinal cancer. This may be due, in part, to different
site-specific etiologies of the cancer. Like the previous two
cancers, colorectal cancer shows a large international variation
that Armstrong and Doll (40) attributed to the variation in
dietary fat consumption. Prior to this, Burkitt (48) suggested
that other dietary factors such as fiber and refined sugar played
a more important role. He suggested that the removal of fiber
by refining carbohydrates reduced stool bulk and increased
transit time as well as adversely affecting intestional flora.

Adenomas are precursor lesions of colorectal cancer and are
informative endpoints for assessing cancer risk. Ten case-control
studies reviewed by Peters et al. (49) showed inverse associa-
tions between fiber intake and colorectal adenoma. On the
other hand, large cohort studies have been less convincing.
Studies in the USA, Finland and Sweden reported no protective
effect of fiber (50–52). One large cohort study in US men, the
Health Professionals Follow-up Study, did find a significant
inverse association of distal adenomas and soluble but not
insoluble fiber intake (53). The exact reason for the inconsist-
ency in the cohort studies is not known but may be due to the
fact that the populations have been rather homogeneous with
relatively low fiber intakes or may be due to the inability of
food questionnaires to accurately predict habitual fiber intake.
The recent European Prospective Investigation into Cancer and
Nutrition (EPIC) study involved 519 978 individuals with fiber
intakes that ranged from 13 g/day for the lowest quintile to
34 g/day for the highest quintile (54). Comparing the highest
to the lowest quintile of fiber intake they found a relative risk
for large bowel cancer of 0.75. Even this intake of 34 g/day
was lower that the 50� g/day originally described by Burkitt.
After evaluating the scientific evidence, the European Cancer
Prevention Consensus Panel concluded in 1998 that there was
good evidence to support the protective effect of fiber against
colon (and breast) cancer (55).

Burkitt originally suggested that removing fiber by process-
ing carbohydrates would affect bowel function. This would
also lead to insulin resistance and hyperinsulinemia. Two
recent papers have suggested that hyperinsulinemia resulting
from consumption of high-fat, refined-sugar diets may be an



important factor in the etiology of colorectal cancer (56,57).
This might be related to our proposed model for prostate
cancer as IGF-I has also been found to be a risk factor for
colon cancer (18). A high-fat diet (corn oil) has also been
reported to increase colon mucosa IGF-I receptors in rats (58).
The involvement of hyperinsulinemia and elevated IGF-I
might also be related to the epidemiological studies showing a
reduction in intestinal cancer with increased physical activity.
According to Friedenreich and Orenstein (59), the most defin-
itive evidence for an association between physical activity and
cancer exists for colon cancer. Of 51 studies on colon or
colorectal cancer, 43 demonstrated a reduction in risk in the
most physically active men and women with an average reduc-
tion of 40–50% and values as high as 70% for the most phys-
ically active. Slattery et al. (60) recently examined the
relationship between lifestyle factors and p53 mutations in
colon tumors. They concluded that a Western-style diet high in
refined sugar and red meat was correlated with p53 mutations
while no association was found with physical activity. This, to
our knowledge, is the first study to show a relationship
between diet and p53 mutations, Whether or not a Western-
style diet can cause p53 mutations remains to be demonstrated.

Reddy et al. (61) studied colon cancer risk factors in eight
women attending the Pritikin Program by collecting stool sam-
ples over 2 days and diet records over 3 days before the start
and at the end of the 3-week program. Dietary fat intake
decreased from 34 to 7% of calories and fiber increased from
17 to 37 g/day during the residential program. Stool weight
increased from 86 to 145 g/day. Total stool bile acid was
reduced from 9.7 � 2 to 4.5 � 1 mg/g dry weight. More impor-
tant was the very significant reduction in the secondary bile
acids, deoxycholic and lithocholic acid that suggests a change
in the intestinal flora. The reduction in secondary bile acids
should be important as they are thought to be the most carcino-
genic bile acids (62). Intervention trials with bran, soluble fiber
or vegetables have not reduced recurrence rates of adenomatous
colorectal polyps (63–65). Going back to Burkitt’s original
work, not only did the African natives have a very low inci-
dence of colorectal cancer with a high fiber intake, they also
consumed a very-low-fat diet and were very physically active.
Thus, it may be that total lifestyle modification is needed to
reduce cancer risk, not simply modification of one aspect.

Conclusion

In his presidential address to the American Cancer Society in
1966, Joseph Burchenal (66) suggested that the study of one
form of cancer might provide guide-posts to the understanding
of another related form of cancer. This suggestion seems to
relate to hyperinsulinemia, the IGF axis and their associations
with several forms of cancer. However, the true unifying factor
for most cancers seems to be lifestyle: smoking, a high-fat and
refined-sugar diet along with a lack of physical activity. These
lifestyle factors can easily be changed and may prevent most
types of cancer. By adopting a diet consisting primarily of
whole grains, fruits and vegetables with limited amounts of

meat, primarily chicken or cold-water fish, and doing 45–60 min
of daily exercise, one could achieve significant changes in
hormones and growth factors known to be associated with
cancer as shown in Figure 3. Primary prevention trials to test
this hypothesis are difficult to conduct due to the large number
of subjects, the prolonged time required and the cost. However,
secondary prevention trials like the Ornish study (38,39) with
prostate cancer or the colorectal adenoma recurrence studies
may provide important scientific evidence for the value of
these lifestyle changes.

Dr James Barnard is a consultant at the Pritikin Longevity
Center.
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