2022 International Conference on Green Environmental Materials and Food Engineering (GEMFE 2022)

Breast cancer prevention: role of the Mediterranean Diet and its components
Jiaxin Lai*
Purdue University, West Lafayette
*Corresponding author: lai129@purdue.edu

Keywords: Mediterranean diet, breast cancer, components, prevention.
Abstract: Breast cancer affects billions of people all over the world.Many factors contribute to the
development of breast cancer, such as hormones, lifestyles, environmental factors, and diet
patterns.According to the World Cancer Research Fund (WCRF), high consumption of fruits,
vegetables and whole grains, as well as low intake of red and processed meat can lower cancer risk.
As food items and nutrients are consumed in combination, dietary patterns have been successfully
implemented as a tool to assess the additive or synergistic effect of food in nutritional
epidemiology.The Mediterranean diet is a plant-based pattern characterized by high amounts of
fruits,vegetables,nuts,legumes,fish,cereals including whole grains,and extra-virgin olive
oil.Numerous studies have shown that the Mediterranean diet reduces the risk of breast cancer.Given
the increasing severity and incidence of breast cancer,there is increasing interest in promoting
prevention strategies to reduce incidence.The purpose of this paper is to provide an overview of the
current evidence on the association between breast cancer and Mediterranean diet.
1. Introduction
According to Centers for Disease Control and Prevention (CDC), female breast cancer has become
the top 1 cancer by rates of new cancer cases in 2018 (126.8%), also the top 2 cancer by rates of cancer
deaths (19.8%) [1]. How to effectively prevent the increasing amount of breast cancer cases has
become one of the major research areas nowadays. Most of the recognized risk factors for breast
cancer, such as family history, age at menarche, age at menopause, and reproductive history, such as
age at first birth and number of births, are generally not easily changed[2]. According to National
Cancer Institute, long-term exposure of estrogen and progesterone are linked to the increased risk of
breast cancer in women [3]. Many other factors also influence breast cancer development, such as
exogenous hormone intake, diet, lifestyle, and alcohol [4, 5].
According to the World Cancer Research Fund (WCRF), high consumption of fruits, vegetables
and whole grains, as well as low intake of red and processed meat can lower cancer risk. Dietary
patterns are also associated greatly with the overall cancer risk and survival rate [6].
2. Dietaty Pattern And Breast Cancer Risk
A meta-analysis involving 32 studies confirmed that there was a significant lower risk of breast
cancer when the individual consumes a healthy dietary pattern (PR=0.93, 95%CI: 0.88, 0.98)[6]. Much
research showed that the intake of dietary bioactive phytochemicals can have an effect in lowering the
risk of breast cancer, as well as management of each stage of breast carcinogenesis [7].
Bioactive phytochemicals are found greatly in plant-based foods, such as vegetables, fruits, whole
grains, and seeds. Among all the bioactive phytochemicals, food-derived polyphenols are found to be
able to weaken the formation and virulence of breast cancer stem cells, which are the cells that are
primarily responsible for tumor relapse, treatment-resistance, and metastasis [8]. Many
phytochemicals have been linked with the potential anti-cancer activities, such as capsaicin from chili
pepper, catechins from green tea, lycopene from tomatoes/papaya/pink guava/red carrots, isoflavone
from soy/lentils/beans/chickpeas, piperlongumine from roots of long peppers, etc[15].In a 10-year
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prospective cohort study,result showed drinking 10 cups (120 mL/cup) of green tea everyday can
respectively delay cancer onset by 7.3 years and 3.2 years in females and males[12].
3. THE Mediterranean diet PatternS
The Mediterranean diet is known to be one of the healthiest eating patterns in the world,which is
the diet based on traditional cuisines of countries that border the Mediterranean Sea,such as Greece
and Italy.Mediterranean diet emphasizes the intake of plant-based foods,such as olive oils,fruits and
vegetables,whole grains,legumes and nuts,etc. Seafood and other lean-protein sources are consumed
on weekly basis [9].
Due to the high consumption of plant-based foods, the Mediterranean diet include a high intake of
polyphenols and other bioactive phytochemicals. These compounds are known to have antiinflammatory and anti-thrombotic actions that can protect the cells from oxidative stress and potential
mutations[10].A hospital-based case-control study conducted in Italy and Switzerland also showed
that the Mediterranean diet may lower the risk of breast cancer [16].In this experiment,3034 breast
cancer cases and 3392 controls admitted to the same network of hospitals for acute and nonneoplastic,non-gynecologic diseases were studied,and using the Mediterranean Diet Score (MDS) to
measure the adherence to the Mediterranean diet,which the score ranged from 0 (lowest adherence) to
9 (highest adherence). The estimated odds ratios (ORs) were conducted by using multiple logistic
regression models. The result showed that for a MDS of 4-5, the ORs for breast cancer were 0.86
(95%CI, 0.76-0.98), when comparing to a MDS of 0-3; for a MDS of 6-9, the ORs were 0.82 (95%
CI, 0.71-0.95) [16].As a result, the Mediterranean diet was associated with a reduced breast cancer
risk.
3.1 Olive Oil
Olive oil is the principal source of fat in the Mediterranean diet, which has been shown to be linked
with lowering the risk of coronary heart disease and certain cancers.Extra-virgin olive oil also contains
powerful antioxidants that can have potential biological activities that account for the health benefits
of the Mediterranean diet.
The healthful properties of olive oils were thought to be related to the high monounsaturated fatty
acid (MFA) content,mostly in the form of oleic acid,which ranges from 56 to 84% of total fatty
acids.While oleic acid is largely found in animal products,such as pork and poultry;and the percentage
of oleic acid intake in the Mediterranean diet is only slightly higher than the Western diets.As a
result,oleic acid might not be the main contributor for the healthful effect of olive oils.Researchers
then move their focus to the phytochemicals in olive oils.
Olives naturally contain a high number of phytochemicals.Plants obtain their phytochemicals from
the stimulation of environmental stress,such as UV radiation and high temperature,which is a
characteristic of the Mediterranean climate.These exposures stimulated the plants’ need for different
types of compounds to protect themselves,for example, they synthesize antioxidants in order to
preserve their integrity from high UV radiation and high temperature environments.As a result, these
highly bioactive phytochemicals help reduce the risk of several chronic diseases, such as cancer.
The main phytochemicals that contribute to the benefits of olive oils are phenols,which also
contribute to a bitter and pungent taste of the olive oils.Olive oil phenolics have been associated with
human health in both vitro and vivo studies.In vitro studies have showed that the antioxidant activity
of olive oil phenolics,both hydroxytyrosol (HT) and oleuropein (OE) may inhibit copper sulfateinduced oxidation of LDL.HT and OE showed potential protection from DNA and amino acid
modification.In vivo studies have showed an increased plasma antioxidant capacity after the
administration of HT to rats [11].
3.2 Fruits and Vegetables
The Mediterranean diet also has a great focus on fresh fruits and vegetables daily.Numerous studies
have concluded that potentially harmful chemicals that we are surrounded by everyday can have a
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carcinogens effect on human bodies [13].Fresh fruits and vegetables are naturally high in
phytochemicals, and the active antioxidant activities can have crucial impact as primary chemopreventive agents in the initiation phase of carcinogenesis [14]. Resveratrol (RSV) is also a powerful
antioxidant that is mainly found in grape skins and seeds,and red wines[18].RSV has been shown to
target steroid receptors,which is a potent inhibitor of quinone reductase 2 activity.RSV triggers the
expression of a wide range of antioxidant enzymes,which may reduce the overall oxidative stress[17].
Another study documented 10911 invasive breast cancer cases,and the greater intake of total fruits
and vegetables were associated with a lower breast cancer risk,especially the high intake of cruciferous
and yellow/orange vegetables(>5.5 vs. <2.5 servings/day,HR=0.89,95%CI=0.83-0.96; p=
0.006).Intake of total vegetables was associated with lower risk of estrogen receptor negative tumors
(HR per 2 additional servings/day as a continuous variable =0.84, 95%CI=0.77–0.93; p=0.02).Among
molecular subtypes,higher consumption of total fruits and vegetables was most strongly associated
with lower risk of human epidermal growth factor receptor 2 (HER2)-enriched (HR=0.79,
95%CI=0.67–0.93),basal-like (HR=0.84, 95%CI=0.72–0.97) and luminal A (HR=0.94,95%CI=0.89–
0.99),but not with luminal B tumors(p= 0.03)[28].
3.3 Whole Grains
Whole grains are also emphasized in the Mediterranean diet[19].A meta-analysis that includers four
cohort and seven case-control studies suggested that high consumptions of whole grains are inversely
associated with the risk of breast cancer (RR=0.84;95%CI=0.74-0.96; P=0.009; I2=63.8%)[20].A
case-controlled study from Greece also suggested that for women between 44-68 years old,eating more
than seven servings of whole grains per week was associated with a 51 percent lower risk of breast
cancer (OR=0.49; 95%CI=0.29-0.82)[21]. The whole grain phytochemicals and fibers may be the
main contributors for the anti-breast-cancer property[7].Whole grains are a rich source of many
phytochemicals,such as phenolic acids,carotenoids,alkylresorcinols,phytosterols, lignans,
anthocyanins, vitamin E members, and polysaccharides[7,22].
Different whole grains may have different effects on types of breast cancers due to the specific
mechanisms.For example,germinated wheat flour can reduce the risk of human breast cancer (ERpositive, MCF-7 & TNBC, MDA-MB-231) because of the up-regulation of apoptosis; young barley
and its methanolic effect on human breast cancer MCF-7 also shows a reduced risk of breast cancer
because of the up-regulation of apoptosis,through lower metabolic activity,inhibition of
proliferation,and cell cycle arrest in S phase;total phenolic extracts reduce the risk of human breast
cancer (MDA-MB-231) through proliferation inhibition [23-25].
Whole grains may contribute to the reduced breast risk in multiple ways.Firstly,the dietary fiber in
whole grains promotes satiation and satiety,as a result,may improve the obese situation.Fibers also
control insulin resistance and insulin-like growth factors expression,which can reduce the risk for
cancers.Dietary fiber in whole grains may also decrease circulating estrogen concentration by
suppressing bacterial beta-glucuronidase activity,raising transient time and peristaltic activities in the
gut,which inhibits the reabsorption of estrogens in the colon and increases the excretion of estrogens
in feces[7].
3.4 Fish
In the Mediterranean diet, fishes are emphasized and consumed weekly.Regular intake of fishes
and other seafoods provide abundant omega-3 fatty acids, which is an essential fatty acid that human
body can’t synthesize,and must be obtained from diet.Omega-3 polyunsaturated fatty acids
consumption are a lot higher when comparing to the Western diet due to the high seafood intake.
Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are common types of omega-3 fatty
acids found abundantly in cold-water fishes,such as tuna and salmon.Daily intake of EPA and DHA
have been shown to have cardioprotective,anti-inflammatory,immunoregulatory,antioxidant and
anticancer activities[18].Omega-3 fatty acids show a strong anti-inflammatory and anti-cancer
properties,which are crucial in breast cancer preventions.A study that investigated the role of DHA in
triggering pyroptosis activation in breast cancer cells showed that DHA induces pyroptosis
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programmed cell death in breast cancer cells[26].Moreover,the combination of omega-3 fatty caids
with hydroxytyrosol and curcumin may also potentially reduce the inflammation in patients with breast
cancers and can reduce their pain with aromatase-induced musculoskeletal symptoms.The clinical trial
study involved 45 post-menopausal breast cancer patients with elevated C-reactive protein (CRP)
taking predominantly aromatase inhibitors to receive a combination of hydroxytyrosol,omega-3 fatty
acids,and curcumin for 1month.CRP,other inflammation-associated cytokines,and pain scores on the
Brief Pain Inventory were measured before,at the end of the therapy,and 1 month after completion of
the therapy [27].
3.5 Legumes and Nuts
Legumes,nuts,and seeds are encouraged in theMediterranean diet.They can not only bring
deliciousness to the cuisines,but also provide plant-based proteins and other healthful nutrients.In a
population-based case-control study,350 newly developed breast cancer and 700 controls were
matched with cases in terms of age and socioeconomic status.Dietary intake of the participants was
assessed using the food frequency questionnaire.Legume intake included the consumption of
lentils,peas,chickpeas,red beans,and pinto beans;while nuts intake included the consumption of mixed
nuts,almond,peanut,walnut,and hazelnut.Mean consumption of legume and nuts among cases and
controls were 14.7±15.0 and 2.3±5.6, respectively.A significant inverse association was found
between legume intake and breast cancer (OR=0.41,95%CI: 0.30–0.57);participants in the top tertial
of legume intake had 46% lower odds of breast cancer compared with those in the bottom tertial
(OR=0.54,95%CI: 0.36–0.88).For nuts intake,it was also inversely associated with odds of breast
cancer (OR=0.16,95%CI: 0.11–0.23).The result of the study suggests an inverse association of legume
and nuts intake with odds of breast cancer [29].
4. Conclusions
Breast cancer is a fast-developing disease that affects billions of people around the world. While
the treatments are being researched, using medical nutrition therapy to lower the risk of breast cancer
is critical in lowering the population with breast cancer and improve the overall quality of life of cancer
patients.A large body of clinical and epidemiological studies have observed the protective effect of the
MedDiet on cardiovascular disease, diabetes, obesity as well as cancer.The reason may be that the
Mediterranean diet reduces the risk of breast cancer by providing powerful antioxidants,such as
phenols, from various plant-based foods,and also acts as an anti-inflammatory diet by providing high
levels of omega-3 fatty acids combined with other plant-based foods.The Mediterranean diet should
be advocated clinically to reduce the risk of breast cancer.
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