This article was downloaded by: [Laurentian University]

On: 09 December 2014, At: 01:09

Publisher: Routledge

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Journal of the American College of Nutrition

Publication details, including instructions for authors and subscription information:
American College http://www.tandfonline.com/loi/uacn20

of Nutrition

Applying the Precautionary Principle to Nutrition and

Cancer

Joseph F. Gonzales R.D.?, Neal D. Barnard M.D.?, David J.A. Jenkins M.D., Ph.D.”, Amy J.
Lanou Ph.D.¢, Brenda Davis R.D.%, Gordon Saxe M.D., Ph.D.® & Susan Levin M.S., R.D.?

& physicians Committee for Responsible Medicine, Clinical Research, Washington, D.C.

b Department of Medicine and Nutritional Sciences, University of Toronto, Toronto, CANADA
¢ Department of Health and Wellness, University of North Carolina, Asheville, North Carolina
4 personal Consultant, Kelowna, CANADA

€ University of California, San Diego, California
Published online: 28 May 2014.

To cite this article: Joseph F. Gonzales R.D., Neal D. Barnard M.D., David J.A. Jenkins M.D., Ph.D., Amy J. Lanou Ph.D.,
Brenda Davis R.D., Gordon Saxe M.D., Ph.D. & Susan Levin M.S., R.D. (2014) Applying the Precautionary Principle to Nutrition
and Cancer, Journal of the American College of Nutrition, 33:3, 239-246, DOI: 10.1080/07315724.2013.866527

To link to this article: http://dx.doi.org/10.1080/07315724.2013.866527

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained

in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and
should be independently verified with primary sources of information. Taylor and Francis shall not be liable for
any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the use of
the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any

form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions



http://www.tandfonline.com/loi/uacn20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/07315724.2013.866527
http://dx.doi.org/10.1080/07315724.2013.866527
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Laurentian University] at 01:09 09 December 2014

Review

Applying the Precautionary Principle to Nutrition

and Cancer

Joseph F. Gonzales, R.D., Neal D. Barnard, M.D., David J.A. Jenkins, M.D., Ph.D., Amy J. Lanou, Ph.D., Brenda Davis, R.D.,

Gordon Saxe, M.D., Ph.D., Susan Levin, M.S., R.D.

Physicians Committee for Responsible Medicine, Clinical Research, Washington, D.C. (J.E.G., N.D.B., S.L.); Department of Medicine
and Nutritional Sciences, University of Toronto, Toronto, CANADA (D.J.A.J.); Department of Health and Wellness, University of
North Carolina, Asheville, North Carolina (A.J.L.); Personal Consultant, Kelowna, CANADA (B.D.); University of California, San

Diego, California (G.S.)

Key words: cancer, risk, diet, meat, milk, dairy, soy, alcohol

Primary Objective: Research has identified certain foods and dietary patterns that are associated with reduced
cancer risk and improved survival after cancer diagnosis. This research has formed the basis for dietary guidance
issued by cancer organizations. Unfortunately, gaps within nutrition research have made it difficult to make
recommendations in some areas. This review specifies suggested dietary guidance in which evidence of a dietary
influence on cancer risk is substantial, even if not conclusive. Evidence summaries within the review are based
on the 2007 report of the World Cancer Research Fund/American Institute for Cancer Research. This review
also describes advantages and disadvantages of following the suggested dietary guidance and includes putative
mechanisms involved in cancer progression.

Main Outcomes and Results: Suggested dietary guidance where evidence is sufficiently compelling include
(1) limiting or avoiding dairy products to reduce the risk of prostate cancer; (2) limiting or avoiding alcohol to
reduce the risk of cancers of the mouth, pharynx, larynx, esophagus, colon, rectum, and breast; (3) avoiding red and
processed meat to reduce the risk of cancers of the colon and rectum; (4) avoiding grilled, fried, and broiled meats
to reduce the risk of cancers of the colon, rectum, breast, prostate, kidney, and pancreas; (5) consumption of soy
products during adolescence to reduce the risk of breast cancer in adulthood and to reduce the risk of recurrence
and mortality for women previously treated for breast cancer; and (6) emphasizing fruits and vegetables to reduce
risk of several common forms of cancer.

Conclusion: By adopting the precautionary principle for nutrition research, this review aims to serve as a

useful tool for practitioners and patients.

INTRODUCTION

Scientific studies have clarified many aspects of how foods
affect cancer risk, prompting leading organizations to issue rec-
ommendations for cancer prevention [1]. There are, however, a
number of areas in nutritional science in which scientific evi-
dence has been insufficient for authorities to issue guidance with
confidence. However, individuals making dietary decisions from
day to day cannot wait for the evolution of scientific consensus.
To protect themselves and their families, they have to act on the
best available evidence.

The concept of the precautionary principle is commonly un-
derstood in toxicology and environmental health. For example,
the European Union invokes the precautionary principle “when
there are reasonable grounds for concern that potential hazards

may affect the environment or human, animal or plant health,
and when at the same time the available data preclude a detailed
risk evaluation” [2, p. 9].

This approach is not as familiar in nutritional sciences but
may play a useful role in cases in cancer prevention, due to
the limited practicality of randomized controlled trials in cer-
tain areas and the long latency period from exposure to cancer
diagnoses [3].

We have therefore developed a set of dietary principles to
be used in 6 areas in which evidence of a dietary influence on
cancer risk is substantial, even if not conclusive.

In the sections below, evidence summaries are based on
the 2007 report of the World Cancer Research Fund/American
Institute for Cancer Research (WCRF/AICR), Food, Nutrition,
Physical Activity, and the Prevention of Cancer: A Global
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Perspective, and on additional evidence sources not mentioned
by WCRF/AICR [6]. These evidence sources were either
published after the WCRF/AICR 2007 publication or contain
information regarding potential advantages and disadvantages
of suggested dietary guidance aside from their potential effect
on cancer risk. For each topic we used available meta-analyses
on cohort studies provided by the WCRF/AICR and listed the
number of studies reviewed by their 2007 report.

Overall, evidence suggests that diets emphasizing foods from
plant sources—vegetables, fruits, whole grains, and legumes—
are associated with lower cancer risk, as well as reduced risk for
cardiovascular disease, diabetes, and hypertension [4]. Plant-
based diets tend to promote a healthy body weight [5], which, in
turn, is associated with reduced risk of certain common forms
of cancer [6].

These suggested dietary recommendations are not a compre-
hensive dietary plan. Rather, they relate to specific areas where
evidence is sufficiently compelling to merit dietary changes.

MILK AND DAIRY PRODUCTS

Suggested Dietary Guidance

Limiting or avoiding dairy products may reduce the risk of
prostate cancer.

Evidence Summary

The WCRF/AICR findings linking milk and dairy product
consumption to prostate cancer risk were based on 10 cohort
studies, 13 case-control studies, and 2 ecological studies. A
meta-analysis was possible on 8 cohort studies, giving a sum-
mary effect estimate of 1.06 (95% confidence interval [CI], 1.01-
1.11) per serving/day with moderate heterogeneity. Although the
evidence is inconsistent, the WCRF/AICR concludes that diets
high in calcium are a probable cause of prostate cancer and that
limited data suggest that milk and dairy products cause prostate
cancer through actions of high calcium intake and/or increased
levels of insulin-like growth factor-1 (IGF-I) [6].

In the Health Professionals Follow-Up Study, relative risk
(RR) was 60% higher for men consuming 2 milk servings per
day compared to zero servings per day (RR = 1.60, 95% CI,
1.2-2.1) [7]. A meta-analysis of 11 case-control studies found
that the combined odds ratio (OR) for the highest consumption
of milk products was 1.68 (OR = 1.68, 95% CI, 1.34-2.12) [8].

The European Prospective Investigation into Cancer and Nu-
trition [EPIC] study, involving 142,251 men, showed a 22%
increased risk of prostate cancer for men consuming a mean of
27 g of dairy protein per day, compared to those consuming a
mean of 10 g per day (hazard ratio 1.22, 95% CI, 1.07-1.41).
One glass of skim milk contains 8.4 g of protein. The researchers
estimated that every 35 g of dairy protein consumed daily can
increase prostate cancer risk by 32% (hazard ratio 1.32,95% CI,
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1.01-1.72) [9]. Calcium from dairy products was also positively
associated with risk, supporting the hypothesis that high intake
of protein or calcium from dairy products may increase prostate
cancer risk.

Putative mechanisms by which milk contributes to increased
prostate cancer risk include the ability of a large oral calcium
dose to suppress vitamin D activation [7, 10] and the tendency
of milk to increase serum IGF-I concentrations [11, 12].

The possibility that dietary calcium plays a role in prostate
cancer risk is supported by the observation that calcium supple-
ments apparently increase risk, just as milk does [10]. The Heath
Professionals Follow-Up Study found a 51% increased risk for
fatal prostate cancer among men supplementing >401 mg of
calcium per day compared to those who used no calcium sup-
plements (RR = 1.51, 95% CI, 1.09-2.10) [10].

Vitamin D has been shown in some [13] but not all studies
[14] to play a protective role in relation to prostate cancer. Pro-
duced through the action of sunlight on the skin (or ingested),
vitamin D requires activation in the liver and kidneys. A high
oral calcium load suppresses this activation process. In addi-
tion, high intake of phosphate from dairy products can decrease
vitamin D activation [15].

Milk ingestion also increases the concentration of IGF-I in
the bloodstream [16]. In men and women aged 55 to 85 years the
ingestion of 3 8-o0z. servings of milk daily for 12 weeks has been
shown to increase serum IGF-I concentration by approximately
10% [17]. An analysis from the EPIC study, involving 4731
participants, showed that ingested dairy protein increased serum
IGF-I concentrations, whereas non-dairy calcium and protein
sources had no significant effect on IGF-I concentrations [11].

Advantages

Limiting saturated fat and cholesterol intake from dairy prod-
ucts may decrease cardiovascular disease risk [18]. Most people
(approximately 70% of the world’s population) are hypolacta-
sic after weaning and therefore have difficulty digesting lactose
[19]. For affected individuals, especially those with other gas-
trointestinal disorders, avoiding milk products may reduce the
symptoms associated with digestive problems.

Disadvantages

Limiting or avoiding milk and dairy products may reduce
calcium intake if individuals rely on milk and dairy products as
a primary calcium source. This is relevant not only for bone in-
tegrity but also for prevention of colorectal cancer, a malignancy
shown to be reduced in individuals consuming more calcium
[20]. High levels of calcium (or milk) consumption have not
been shown to significantly improve bone health [21]. However,
dietary calcium is essential and can be obtained through green
leafy vegetables, legumes, and calcium-fortified foods, such as
non-dairy milks.

VOL. 33, NO. 3
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ALCOHOL

Suggested Dietary Guidance

Limiting or avoiding alcohol may reduce the risk of cancers
of the mouth, pharynx, larynx, esophagus, colon and rectum,
and breast.

Evidence Summary

The WCRF/AICR investigated the role of alcohol in cancer
risk. For cancers of the mouth, pharynx, and larynx, findings
were based on 5 cohort studies on total alcoholic drinks, 89
case-control studies, and 4 ecological studies. A quantification
of the degree of risk came from a meta-analysis of 2 cohort stud-
ies, showing a consistent and dose-related effect, with one drink
consumed per week increasing risk by 24% (OR = 1.24, 95%
CI, 1.18-1.30) [22]. The EPIC study produced similar findings
that were consistent and dose related. Every 10 g of alcohol
consumed per day increased risk of squamous cell carcinoma
of the upper aero-digestive tract by approximately 10-15%, re-
spectively (RR = 1.10, 95% CI, 1.08-1.13; RR = 1.15, 95%
CI, 1.12-1.18) [23]. One standard drink holds 13.7 g of alcohol.
Women were at higher risk than men.

For esophageal cancer, findings from the WCRF/AICR report
were based on 8 cohort studies on total alcoholic drinks, 56
case-control studies, and 10 ecological studies [6]. Six of the
8 cohort studies found an increased risk for those drinking the
most alcohol compared to the least; however, only 4 of the studies
found statistically significant relationships. A meta-analysis was
possible on 20 case-control studies, showing that 1 drink per
week increased risk by approximately 4% (OR = 1.04, 95% CI,
1.03-1.05) [24].

For colorectal cancer, findings were based on 24 cohort stud-
ies investigating total alcoholic drinks, 13 cohort studies, and 41
case-control studies specifically investigating ethanol intake. Al-
though a meta-analysis on total alcoholic drinks failed to show an
increased colorectal risk, a meta-analysis on alcohol (as ethanol)
found a consistent and dose-related relationship, with 10 g of
ethanol consumed on a daily basis increasing risk by approxi-
mately 9% (OR = 1.09, 95% CI, 1.03-1.14) [25].

A recent review of 27 cohort and 34 case-control studies by
the International Agency for Research on Cancer showed that
moderate drinkers (2-3 drinks per day) had a 21% increased risk
of colorectal cancer risk compared to nondrinkers or occasional
alcohol drinkers (RR = 1.21, 95% CI, 1.13-1.28). Risk was
higher still for heavier drinkers. This meta-analysis concludes
that consumption of more than 1 alcoholic drink per day has a
strong relationship with increased colorectal cancer risk [26].

For breast cancer, findings were based on 11 cohort studies,
31 case-control studies, and 2 ecological studies investigating
total alcoholic drinks and breast cancer at all ages, among other
analyses. Additionally, studies reviewed on alcohol intake (as
ethanol) and breast cancer risk include 25 cohort studies, 29
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case-control studies, and 4 ecological studies. The findings were
generally consistent and dose related. A meta-analysis of 9 co-
hort studies showed a 10% increased risk per 10 g of ethanol
consumed on a daily basis percent (OR = 1.10, 95% CI, 1.06—
1.14) [27]. Later studies support these findings. For example,
the Million Women Study showed that every additional 10 g of
alcohol consumed per day increased risk by 12% (RR = 1.12,
95% CI, 1.09-1.14) [28].

Most evidence suggests that the type of alcoholic beverage
is not an important factor in cancer risk; the casual factor is
evidently ethanol itself. However, the degree of risk varies, de-
pending on cancer type. One drink per day increases breast
cancer risk but the same amount has a weaker association with
cancers arising in other sites. Men appear to be at greater risk
than women.

Putative mechanisms by which alcohol contributes to cancer
risk include reactive metabolites of alcohol, such as acetalde-
hyde, lipid peroxidation, and generation of free-radical oxygen
species [29, 30]. Alcohol may also disrupt folate metabolism
[31].

Advantages

Avoiding alcohol prevents the problems associated with more
than moderate use. These problems include cirrhosis of the liver
and hepatocellular carcinoma [32], pancreatitis [33], pregnancy
complications [34], obesity [35], accidents [36], and suicide
[36].

Disadvantages

Moderate alcohol use (up to 1 drink for women and 2 drinks
for men per day) is associated with reduced risk of cardiovascular
events and Alzheimer’s disease [37, 38]. The effect of alcohol
abstinence on these conditions is uncertain [39].

RED AND PROCESSED MEAT

Suggested Dietary Guidance

Avoiding red and processed meat may reduce the risk of
cancers of the colon and rectum.

Evidence Summary

For the relationship between colorectal cancer and red meat
intake, the WCRF/AICR report based its findings on 16 cohort
studies and 71 case-control studies [6]. In a meta-analysis of
prospective studies, findings were consistent and dose related,
with every 120 g of red meat consumed on a daily basis increas-
ing risk by an estimated 28% (RR = 1.28, 95% ClI, 1.18-1.39)
[40]. For processed meat, findings were based on 14 cohort
studies and 44 case-control studies. From a meta-analysis of 5
cohort studies, the findings were consistent and dose related,

241



Downloaded by [Laurentian University] at 01:09 09 December 2014

Nutrition and Cancer

with every 50 g consumed on a daily basis increasing risk by
21% (RR = 1.21, 95% CI, 1.04-1.42) [41]. In May of 2011,
the WCRF/AICR’s Continuous Update Project held that red and
processed meats are convincingly associated with an increased
colorectal cancer risk [42].

Putative mechanisms by which red and processed meat con-
tribute to cancer risk include the abundance of heme iron [43],
nitrites [44], heterocyclic amine formation [45], and the over-
abundance of essential amino acids and other nutrients that
promote cell growth [46].

Advantages

Aside from effects on colorectal cancer risk, avoiding red
and processed meat may reduce the risk of diabetes [47], hyper-
tension [48], and stroke and cardiovascular disease [49, 50].

Disadvantages

Red meat is a concentrated source of protein, iron, and zinc.
However, adequate intakes of these nutrients can easily be ob-
tained in varied plant-based diets.

MEATS COOKED AT HIGH
TEMPERATURE

Suggested Dietary Guidance

Avoiding grilled, fried, and broiled meats may reduce the
risk of cancers of the colon, rectum, breast, prostate, kidney, and
pancreas. In this context, meat refers to red meat, poultry, and
fish.

Evidence Summary

The National Toxicology Program lists 4 heterocyclic amines
(HCA?s) as reasonably anticipated to be a human carcinogen in
the 11th Report on Carcinogens from the US Department of
Health and Human Services [51]. The 4 identifiable HCAs are 2-
amino-3-methylimidazo[4,5-f]quinoline,2-amino-3,4-dimethy-
limidazo[4,5-f]quinoline, = 2-amino-3,8-dimethylimazo[4,5-f]
quinoxaline, and 2-amino-1-methyl-6-phenylimidazo(4,5-b]
pyridine. These compounds are associated with cancer of the
colon and rectum, with weaker associations with cancers of the
breast, prostate, kidney, and pancreas [51].

HCAs are genotoxic, mutagenic compounds, which form
from creatine and amino acids in cooked skeletal muscle, in-
creasing in concentration with longer cooking times and higher
temperatures [52]. When ingested, HCAs can disrupt DNA syn-
thesis. Some meats may also contain polycyclic aromatic hy-
drocarbons, which form when organic substances are burned
incompletely. For example, when grilling meat over a direct
flame, droplets of fat come in contact with the flame, causing
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a reaction where PAHs stick to the surface of the cooked prod-
uct. Similar to HCAs, concentration of PAHs increase as the
temperature rises [53].

Advantages

Avoiding grilled, broiled, and fried meats can reduce satu-
rated fat and cholesterol intake, reducing the risk of cardiovas-
cular disease [4].

Disadvantages

There are no disadvantages to avoiding meats cooked at high
temperatures.

SOY PRODUCTS

Suggested Dietary Guidance

Consumption of soy products during adolescence may reduce
the risk of breast cancer arising in adulthood. Soy products
may also reduce the risk of recurrence and mortality for women
previously treated for breast cancer.

Evidence Summary

Recent studies have examined the effects of soy products on
breast cancer risk. Chinese women who consumed more than
11.3 g of soy protein on a daily basis during adolescence, com-
pared to less than 2.7 g, had a 43% reduced risk of developing
premenopausal breast cancer (RR = 0.57, 95% CI, 0.34-0.97)
[54]. The equivalent of 1 cup of fortified soymilk, a !/, cup of
tofu, or a !/, cup of cooked soybeans is approximately 10 g of
soy protein. The same study found a significant association for
women who consumed more than 12.8 g of soy protein on a daily
basis throughout adulthood, compared to 4.9 g or less, showing
a 59% reduced risk of developing premenopausal breast cancer
(RR =0.41, 95% CI, 0.25-0.70). In a case-control study, find-
ings were consistent and dose related, with >122.2 g of total soy
consumed per day (compared to <45.7 g per day) reducing pre-
menopausal and postmenopausal breast cancer risk by 64% (OR
=0.36,95% CI, 0.20-0.64). The risk reduction was 92% for de-
veloping estrogen- and progesterone receptor—positive tumors
in postmenopausal Korean women (OR = 0.08, 95% CI, 0.03—
0.22) [55]. One-half cup of tofu weighs approximately 125 g
[56].

An earlier study investigating the role of tofu on breast cancer
risk in Asian Americans showed that each additional serving of
tofu consumed per week reduced the risk of premenopausal or
postmenopausal breast cancer by 15% (OR = 0.85, 95% CI,
0.74-0.99) [57].

A large prospective study of the effect of soy products
on breast cancer recurrence and survival showed that 11 g

VOL. 33, NO. 3
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of soy protein consumed on a daily basis reduced mortality
and recurrence by approximately 30% in both pre- and post-
menopausal Chinese women with either estrogen-positive or
estrogen-negative cancer (hazard ratio = 0.71, 95% CI, 0.54—
0.92 for total mortality and hazard ratio = 0.68, 95% CI, 0.54—
0.87 for recurrence) [58].

In Western populations observation of 3088 breast cancer
survivors of the Women and Healthy Eating and Living study
showed that as isoflavone intake increased the risk of overall
mortality decreased [59]. Another Western cohort (Life After
Cancer Epidemiology) observing 1954 postmenopausal women
with breast cancer showed a reduced risk of cancer recurrence
with increasing amounts of the isoflavones daidzein and glycetin,
compared to those who did not consume isoflavones. There
was an approximate 60% reduction in recurrence for women
treated with tamoxifen in the highest category of daidzein intake
(>1453 pg/day) compared to the lowest (<7.7 pug/day; hazard
ratio = 0.48, 95% CI, 0.21-0.79) [60].

Putative mechanisms by which soy products contribute to
decreased cancer risk include the ability of genistein to in-
crease apoptosis and to reduce cell proliferation and blood vessel
growth and to modulate sex hormone effects and to the antioxi-
dant content of legumes [61, 62].

Advantages

Soy products often serve as replacements for meat and dairy
products and may therefore reduce the risk of coronary heart
disease [63, 64].

Soy products have also been linked to improved bone health
and reduced fracture risk in women [65].

Disadvantages

When used in large amounts, soy protein concentrates and
isolates have been shown to increase insulin-like growth factor I
[66—68], an effect also seen with dairy products [18], suggesting
that traditional soy foods should be favored over soy protein
concentrates and isolates (e.g., pills and powders).

FRUITS AND VEGETABLES

Suggested Dietary Guidance

Emphasizing fruits and vegetables in your diet will likely
reduce the risk of several common forms of cancer.

Evidence Summary

Fruits and vegetables contain fiber and phytochemicals (in-
cluding antioxidants) that have been shown to reduce cancer
risk. According to the WCRF/AICR, several types of vegetables
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and fruits can reduce the risk of cancer at multiple sites, although
with weak associations [69].

The EPIC study followed 25,623 men and women in the
Greek cohort for a median of 7.9 years, finding statistically
significant inverse relationships with cancer risk overall (hazard
ratio per quintile = 0.94, 95% CI, 0.88-0.99) [70]. The lowest to
highest quintiles for fruit and vegetable consumption in women
were 567-1314 g/day and 522-1371 g/day for men.

A large meta-analysis of 32 observational studies and 10,057
cases of esophageal squamous cell carcinoma found that higher
intake of vegetables was associated with a 64% decreased risk
of developing esophageal cancer (summary RR = 0.56, 95%
CI, 0.45-0.69), whereas higher intake of fruits led to a 67%
decreased risk (summary RR = 0.53, 95% CI, 0.44-0.64) [71]
compared to low intake.

Often fruits and vegetables are studied by their genus in the
plant kingdom (i.e., cruciferous/Brassicaceae vegetables, such
as broccoli and cabbage, or allium vegetables, such as garlic
and onions) or by individual constituents such as beta-carotene,
folate, and certain vitamins.

A meta-analysis of 35 studies found that higher intakes of
cruciferous vegetables are associated with an 18% reduction in
the risk of colorectal cancer (RR = 0.82, 95% CI, 0.75-0.90)
[72]. Other research suggests that cruciferous vegetables can re-
duce the risk many cancers, some including cancer of the lung
[73] and stomach [74]. A pooled analysis of 8 cohort studies in-
cluding many US-based cohorts observed how carotenoid con-
tent may lower breast cancer risk. Women consuming more total
carotenoids lowered their risk of breast cancer by 19% (RR =
0.81, 95% CI, 0.68-0.96) compared to women who consumed
lower amounts [75]. For fruit and vegetable intake and breast
cancer risk, a meta-analysis on 15 prospective studies found that
a higher intake of fruits and vegetables combined led to a 11%
decreased breast cancer risk (RR = 0.89, 95% CI, 0.80-0.99)
[76].

For gastric cancer, those eating large amounts of tomato prod-
ucts reduced their risk of gastric cancer by 27% (OR = 0.73,
95% CI, 0.60-0.90) compared to those who ate the least, ac-
cording to a meta-analysis of 21 cohort and case-control studies
[77]. Controlling for specific nutrients presents a challenge in
nutritional research due to the synergistic role of the abundant
nutrients in fruits and vegetables. Therefore, observing dietary
patterns is often important. A review on dietary patterns and
gastric cancer found that participants whose diets reflect high
amounts of meat and fat (i.e., Western diet with low amounts
of fruits and vegetables) showed a 2-fold increased risk com-
pared to those who ate a healthy/prudent diet full of fruits and
vegetable [78]. Garlic and other allium vegetables also have a
significant effect on reducing gastric cancer risk [79].

Several putative mechanisms have been suggested for the re-
duction in cancer risk associated with fruit and vegetable intake.
Antioxidants limit reactive oxygen species. Some components of
vegetables may have antitumor properties, such as glycosylates
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(a precursor to isothiocyanates) and indole-3-carbonol (precur-
sor to 3,3’-diindolylmethane), which have been shown to induce
phase II enzymes responsible for eliminating reactive oxygen
species and repairing DNA systems [80, 81]. Some components
in soybeans, green tea, turmeric, grapes, tomatoes, and other
plant foods have the ability to regulate apoptosis, an important
pathway for cancer prevention [82].

Advantages

Fruits and vegetables have health effects beyond cancer pre-
vention. A total of 71,910 female participants in the Nurses’
Health Study and 37,725 male participants in the Health Profes-
sionals Follow-Up Study who were free of major chronic disease
completed baseline semiquantitative food-frequency question-
airres in 1984 and 1986, respectively. Total fruit and vegetable
intake was inversely associated with risk of cardiovascular dis-
ease but not with overall cancer incidence, with relative risk
for an increment of five servings daily of 0.88 (95% CI = 0.81
to 0.95) for cardiovascular disease [83]. Green leafy vegetables
had the greatest effect. Furthermore, a meta-analysis of 12 cohort
studies found that eating more than 5 servings of fruits and veg-
etables daily reduces the risk of coronary heart disease by 17%
(RR =0.83,95% CI, 0.77-0.89) compared to less than 3 serv-
ings per day [84]. This study included 278,459 individuals with
amedian follow-up of 11 years. In general, fruits and vegetables
have been linked to reduced risk of stroke [85], hypertension
[86], and type 2 diabetes [87, 88].

Disadvantages

There are no disadvantages for healthy people eating more
fruits and vegetables.
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