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ABSTRACT: Breast cancer (BC) is the second most common cancer worldwide, with over 2,300,000 new cases estimated per year. 
Diet has been identified as a modifiable risk factor for BC development and prognosis. The Mediterranean diet (MD) has shown to 
be inversely associated with chronic diseases including BC. The aim of the present study was to assess dietary patterns according 
to BC molecular subtypes in a subgroup of patients at their baseline visit of a lifestyle trial conducted by our institute. A principal 
component analysis (PCA) was conducted to assess the best dimensional space where to summarize dietary information. An 
explorative unsupervised automatic clustering technique was performed to identify diet-risks groups. Final groups were analyzed 
as dietary patterns and comparisons made by synthetic statistics with univariable analysis. The first PCA factor was characterized 
mainly by vegetables (27.6%), nuts & extra-virgin olive oil (EVOO) (16.7%), and sweet & sugars (11.8%). Legumes and fats separately 
represented just over 10% of the first PCA factor. The second factorial axis was represented mainly by cereals (40.9%), sweet & sugars 
(20.2%) and nuts & EVOO (15.4%). PCA showed different behaviors between dietary variables in each molecular subtype, especially 
among patients with triple negative TNBC (n = 37) the strongest contribution to the first PCA factor was given by sweet & sugars (20.7%), 
then vegetables (17.1%), fruits (11.9%) and legumes (11.0%) while animal proteins (24.3%), nuts & EVOO (16.0%), fruits (14.1%) and 
fish (12.1%) determined the second factor. From k- means, three clusters of patients were found. Cluster 1 (Healthy pattern) was 
associated with healthier dietary habits compared with the other two groups, with approximately twice the vegetables (204 grams vs. 
119 grams for cluster 2 and 95 grams for cluster 3, p < 0.01). Cluster 2 (Western pattern) was characterized by greater refined cereals 
and animal protein, sedentary behavior and higher body mass index (BMI) and central obesity (35% with ≥30 kg/m2 compared with 13% 
in cluster 1 and 25% in cluster 3. Cluster 3 (Ultraprocessed pattern) was characterized by greater intakes of sweet & sugars and non-
EVOO fat, cluster 2 was composed mainly of Luminal BC subtype, while TNBC were found mostly in cluster 1 and cluster 3.	  
Our findings revealed three main dietary risk group by BC patients at the baseline visit of a lifestyle Trial: a healthy dietary group 
(cluster 1), a western diet group (cluster 2) and an ultra-processed food diet group (cluster 3). The former is considered part of a 
healthy Mediterranean diet which is known to improve the metabolic and hormonal risk factors for BC and reduce total mortality. 
A concern emerged for the high-risk group of TNBC patients who tend to be younger and appeared to consume more sweets and 
fats which are known risk factors for chronic diseases and poor cancer prognosis.
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Impact statement: Different dietary patterns emerged 
according to Breast Cancer molecular subtypes 
through a principal component analysis (PCA) that 
analyzed dietary information in a lifestyle trial con-
ducted by our institute; moreover, an explorative 
unsupervised automatic clustering technique was 
performed to identify diet-risks groups.

INTRODUCTION
Breast cancer (BC) is the second most common 
cancer worldwide, with over 2,300,000 new cases 
estimated in 2020 (1) and the fifth cause of cancer 
death globally (683,100 deaths estimated in 2020). 
In women, it is the most common neoplasm over-
all and the leading cause of cancer death. Since the 
1990s, a gradual and constant reduction in mortal-
ity has been observed due to the implementation 
of screening programs and the availability of effec-
tive diagnostic-therapeutic approaches. 
In Italy, approximately 55,700 new cases of BC are 
estimated each year (2). The risk of developing BC 
increases exponentially with age, particularly in the 
post-menopausal period. Recent data showed an in-
crease in BC incidence in Italy (+0.5% compared to 
2020) due to a higher life expectancy and early detec-
tion due to screening (2). The incidence is higher in 
the Northern than in Central Italy and the Islands due 
to different implementation and diffusion of screen-
ing programs and distribution of risk factors. In Italy 
as well BC represents the leading cause of cancer 
death in women with 12,500 deaths in 2021 although 
there has been a constant reduction in mortality over 
the last decade (estimated -2.2% per year) (2). 
BC can be classified into the following four sub-
types according to the expression of estrogen re-
ceptors (ER), progesterone receptors (PgR), cellular 
proliferation index (Ki67) and overexpression/am-
plification of the human epidermal growth factor 
receptor 2 (HER2):
1.	Luminal A-like: low grade, with high expression 

level of ER/PgR, HER2 negative and Ki67;
2.	Luminal B-like: high grade, variable ER/PgR ex-

pression, high Ki67, further divided into HER2 
positive or negative; 

3.	HER2 positive tumors: ER/PgR negative and 
HER2 positive; 

4.	Triple negative breast cancer (TNBC): ER, PgR 
and HER2 negative (none expressed).

TNBC accounts for approximately 15% of BC cas-
es is more frequent in young and obese women, 
often carries BRCA1 mutations and has the worst 
prognosis among all BC subtypes.
The absence of a targeted therapy, the tendency 
to metastasize to the central nervous system and 
visceral organs (3, 4) and the higher risk of relapse 
and distant recurrence represent the main factors 
explaining poor prognosis of TNBC (4).
Among modifiable risk factors for BC morbidity 
and mortality, diet plays a key role. It has been es-
timated that 30-50% of BC deaths could be avoid-
ed by dietary modifications alone (5). The dietary 
recommendations from international cancer insti-
tutions such as the World Cancer Research Fund 
(WCRF) suggest for the primary and secondary 
prevention of BC a diet rich in whole grains, vege-
tables, fruits, and legumes, while limiting the con-
sumption of fast foods and processed foods, red 
and processed meat, sweets, sugar-sweetened 
drinks, and alcohol (6). Specifically for BC survivors 
the guidelines recommend a diet rich in soy foods 
and fiber as they have been significantly inverse-
ly associated with BC outcomes (recurrence, can-
cer-specific mortality, and all-cause mortality) (6, 
7). The Mediterranean diet is one of the healthiest 
dietary patterns. The Mediterranean diet is con-
sidered by high consumption of plant-based foods 
(i.e., vegetables, fruits, whole grains, legumes, nuts, 
olives and olive oli as the main source of fat); low 
intake of red and processed meat, saturated fats, 
and refined sugars; low to moderate consumption 
of dairy products; moderate consumption of fish; 
and moderate intake of alcohol (mostly red wine) 
with meals (8). Adherence to the Mediterranean 
diet has been inversely associated with multiple 
chronic disease, including cardiovascular disease 
and its risk factors, diabetes, and cancer, in epide-
miological investigations and clinical trial (9-13). In 
the Nurses’ Health Study, a healthy diet reach in 
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fruits and vegetables has been inversely associat-
ed with decreased BC risk particularly for the most 
aggressive BC subtypes (14). 
The aim of the present study was to assess base-
line dietary patterns by principal component anal-
ysis (PCA) overall and according to molecular sub-
types in BC patients participating in a lifestyle trial 
in Italy (15).

MATERIALS AND METHODS

Patients

This study included 223 women (age range 30-70 
years) with a BC diagnosis (stages I-III) participating 
in an ongoing multicenter randomized controlled 
trial of the effect of a treatment program of die-
tary modification, physical activity, and vitamin D 
supplementation (DEDiCa Study) on BC recurrence 
(21). The study protocol was approved by the Ital-
ian Ministry of Health, Italian Medicine Agency 
(AIFA) and the Ethic Boards of each recruiting hos-
pital (ClinicalTrials.gov NCT02786875). Participants 
were recruited and followed up in national cancer 
institutes or oncologic departments of hospitals 
located in Southern and Northern Italy: Istituto Na-
zionale Tumori IRCCS Fondazione G. Pascale (Na-
ples), Clinica Mediterranea (Naples), Villa Betania 
(Naples), Ospedale dei Colli Monaldi (Naples), Can-
nizzaro Hospital (Catania), San Vincenzo Hospital 
(Taormina), Istituto Nazionale Tumori IRCCS CRO 
(Aviano). Eligible participants were found through 
surgical lists of participating hospitals. Patients 
were contacted by phone and offered to learn 
more about the study during group information 
sessions. Informed consent was obtained at base-
line from all participants randomized in the study. 
The main inclusion criteria were women with pri-
mary diagnosis of histologically confirmed BC with-
in 12 months from diagnosis and no history of any 
cancer except non-melanoma skin cancer. The de-
mographic characteristics of the 223 participants 
are shown in Table 1.

Dietary variables
Dietary data were derived from 7-day food re-
cords completed by participants 7 days before 
their baseline study visit, reviewed by trained di-
etitians and analyzed with the nutritional analysis 
software Winfood. Food and food groups were 
calculated in grams per 1000 Kilo calorie (Kcal) of 

Table 1. Distribution of main BC patients’ characteristics. 

CHARACTERISTICS N = 223
Age 
(years)

Mean (SD) 52 (9)
Cancer stage

IA-2A 166 (74%)
2B 25 (11%)
3A-3B 32 (14%)

Molecular subtypes
Luminal 145 (65%)
Her2+ 41 (18%)
Triple Negative 37 (17%)

Waist circumference 
(cm)

Mean (SD) 94 (14)
Body mass index, BMI 
(kg/m2) 

Mean (SD) 27.2 (5.8)

<25 95 (43%)

25-29 70 (31%)

≥30 58 (26%)

Education (years)
Mean (SD) 12.7 (4.6)

PREDIMED score
(out of 14 points)

Mean (SD) 8.21 (1.92)
Potatoes 
(grams/1000 Kcal/day)

Mean (SD) 14 (12)
Fish 
(grams/1000 Kcal/day)

Mean (SD) 31 (24)
Vegetables 
(grams/1000 Kcal/day)

Mean (SD) 131 (72)
Fats and oil dressings 
(grams/1000 Kcal/day)

Mean (SD) 1.35 (1.79)
Animal protein 
(grams/1000 Kcal/day)

Mean (SD) 49 (26)
Cereals and pizza 
(grams/1000 Kcal/day)

Mean (SD) 110 (32)
Legumes 
(grams/1000 Kcal/day)

Mean (SD) 19 (25)
Fruits, fruit drinks and jams 
(grams/1000 Kcal/day)

Mean (SD) 226 (105)
Sweets and sugars 
(grams/1000 Kcal/day)

Mean (SD) 32 (31)
Nuts and EVOO 
(grams/1000 Kcal/day)

Mean (SD) 14 (9)

Abbreviations: EVOO: extra virgin olive oil; HER2: human epidermal 
receptor-2; PREDIMED: Prevencion con Dieta Mediterranea (Spanish 
study); SD: standard deviation.
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total energy intake and included animal proteins 
(meat, processed meat, eggs); cereals and piz-
za (whole and refined grains); fats and dressings 
(butter, lard, vegetable oils but not olive oil); fish 
and seafood; fresh fruit, fruit jams and fruit juic-
es; legumes (including soya beans); nuts and extra 
virgin olive oil (EVOO); potatoes; sugar and sweets 
(including commercial sweet beverages); and veg-
etables (non-starchy vegetables).
Adherence to the Mediterranean diet (MD) was also 
summarized by the 14-item PREDIMED (Prevencion 
con Dieta Mediterranea) questionnaire administered 
by the study staff. This questionnaire was created by 
the PREDIMED study group in Spain to investigate 
adherence to the MD of participants in the dietary 
intervention trial (16). The PREDIMED questionnaire 
consists of 14 questions in total: 12 questions on 
food quantities and frequency of consumption (ex-
tra-virgin olive oil, vegetables, fruit, red or processed 
meats, butter, soda drinks, legumes, fish, commer-
cial sweets, nuts, wine, sofrito sauce) and 2 general 
questions on intake habits regarding olive oil and 
meat. Each question included two possible answers 
and scores: 1 score for “yes” answer, indicating great-
er adherence to the MD and 0 for “no” answer. The 
PREDIMED final score ranges from 0 to 14 where 14 
represented the highest adherence to MD. 

Statistical analysis 
Main BC patients’ characteristics were analyzed as 
means and standard deviation (SD) for numerical 
variables and count (with percentages) for categorical 
variables. A univariable analysis was performed be-
tween molecular subtypes and the main variables in-
vestigated in the present analysis by Chi-Square test.
A multiple correlation matrix was performed be-
tween food groups (heat map, Figure 1) and a PCA 
was conducted to summarize dietary information 
about many food groups into a small set of princi-
pal components or dietary patterns. This analysis 
was performed in the overall sample and by molec-
ular subtypes with the aim of assessing potential 
differences in dietary patterns among subgroup 
(Figure 2). An explorative unsupervised automatic 
clustering technique by k-means methodology was 
performed to identify diet-risks groups (Figure 3). 
A Cluster tendency statistic (Hopkins’ statistic) was 
reported as index of goodness of cluster perfor-
mance for the data. A value more far than 0.5 was 
considered as an indication of good performances 
(17). This technique reduces the number of ob-
servations by classifying them into homogeneous 

Figure 1. Correlation matrix as heat-map of food groups.

clusters, identifying the groups without previous-
ly knowing group memberships or the number of 
possible groups. Final groups were analyzed as die-
tary profiles and characterized with main synthetic 
statistics comparisons by univariate analysis. 

RESULTS
Patients’ characteristics are reported in Table 1. 
Participants’ mean age was 52 ± 9 years, BMI was 
27.2 ± 5.8 kg/m2, waist circumference was 94 ± 
14 cm, 74% had low cancer stage (I or IIA), 65% 
had hormonal-dependent BC and reported me-
dium adherence to the MD diet. Table 2 shows 
patients’ distribution according to BC molecular 
subtypes. No significant differences emerged be-
tween food groups and molecular subtypes. Pear-
son’s correlation matrix was plotted in Figure 
2. Statistically linear correlations were reported 
if the correlation coefficient ρ was greater than 
0.3: vegetables with legumes (ρ = 0.36, p < 0.01) 
and with nuts & EVOO (ρ = 0.31, p < 0.01), nuts & 
EVOO with cereals (ρ = 0.39, p < 0.01). Overall PCA 
showed that the total variance explained 35.2% 
for the first two dimensions (Figure 2, whole 
data graph). The first factorial axis (or first PCA 
factor or dimension) was mainly built by vegeta-
bles (27.6%), nuts & EVOO (16.7%), and sweet & 
sugars (11.8%). Legumes and fats were just over 
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10%. Similarly, cereals (40.9%), sugars & sweets 
(20.2%) and nuts & EVOO (15.4%) were main de-
terminants of the second factorial axis. The third 
factorial axis was mainly composed of legumes 
(26.7%), potatoes (23.4%), animal protein (24.4%) 
and fish (16.7%). The fourth dimension was repre-
sented by fruits (34.5%), animal proteins (24.1%) 
and potatoes (19.3%), and the fifth dimension by 

potatoes (42.6%), fish (17.1%) and fruits (16.6%). 
In the analysis of molecular subtypes, the first and 
second dimensions explained >34% of the total 
variance. In the luminal subtype (Figure 2, Luminal 
graph) the main contribution was similar to that of 
the overall dataset. The first factorial axis was char-
acterized mainly by vegetables (30.0%) and nuts 
& EVOO (17.5%); the second component by cere-

Figure 2. Principal component analysis (PCA) results for the overall sample and by molecular subtypes.

Figure 3. K- means clusters in 2D-representation.
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Table 2. Distribution of patients’ characteristics according to BC molecular subtypes.

CHARACTERISTICS LUMINAL
N = 1451

HER2+ 
N = 411

TRIPLE NEGATIVE 
N = 371 P-VALUE2

Age
(years) 0.803

Mean (SD) 52 (9) 52 (9) 51 (10)

Cancer stage 0.203

IA-2A 108 (74%) 26 (63%) 32 (86%)
2B 16 (11%) 6 (15%) 3 (8.1%)
3A-3B 21 (14%) 9 (22%) 2 (5.4%)

Waist circumference 
(cm) 0.636

Mean (SD) 93 (15) 95 (14) 94 (11)
Body mass index, BMI 
(kg/m2) 0.405

Mean (SD) 27.0 (5.9) 28.1 (6.1) 26.9 (5.4)
BMI class 
(kg/m2) 0.522

<25 61 (42%) 15 (37%) 19 (51%)
25-29.9 49 (34%) 12 (29%) 9 (24%)
≥30 35 (24%) 14 (34%) 9 (24%)

Education 
(years) 0.915

Mean (SD) 12.6 (4.5) 12.6 (4.6) 12.9 (4.8)
PREDIMED score 
(out of 14 points) 0.530

Mean (SD) 8.10 (2.01) 8.49 (1.57) 8.30 (1.94)

Steps (n/day) 0.302

Mean (SD) 6,004 (2,856) 5,099 (2,514) 5,801 (2,700)
Potatoes 
(grams/1000 Kcal/day) 0.459

Mean (SD) 13 (11) 15 (14) 16 (14)
Fish 
(grams/1000 Kcal/day) 0.168

Mean (SD) 28 (21) 36 (28) 37 (31)
Vegetables 
(grams/1000 Kcal/day) 0.242

Mean (SD) 124 (67) 140 (78) 146 (79)
Fats and oil dressings 
(grams/1000 Kcal/day) 0.665

Mean (SD) 1.44 (1.95) 1.22 (1.42) 1.19 (1.50)
Animal Proteins
(grams/1000 Kcal/day) 0.354

Mean (SD) 50 (27) 46 (28) 48 (22)
Cereals and Pizza 
(grams/1000 Kcal/day) >0.999

Mean (SD) 109 (32) 111 (35) 110 (29)
Legumes 
(grams/1000 Kcal/day) 0.593

Mean (SD) 18 (23) 22 (35) 17 (23)
Fruits, fruit drinks and jams
(grams/1000 Kcal/day) 0.209

Mean (SD) 219 (109) 243 (100) 233 (93)
Sweets and sugars 
(grams/1000 Kcal/day) 0.805

Mean (SD) 32 (30) 33 (36) 33 (28)
Nuts and EVOO
(grams/1000 Kcal/day) 0.114

Mean (SD) 14 (10) 15 (7) 14 (6)

1n (%); 2Kruskal-Wallis rank sum test; Fisher’s exact test; Pearson’s Chi-squared test. 
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tients were found mostly in cluster 3 (51% of all 
TNBC) and cluster 1 (32% of all TNBC).

DISCUSSION
Our cluster analysis found three distinct dietary pat-
terns: cluster 1-Healthy pattern characterized by 
vegetables, extra-virgin olive oil, tree nuts, fruits and 
legumes, cluster 2-Western pattern characterized by 
cereals and animal proteins and cluster 3-Ultrapro-
cessed pattern characterized by sweets, sugars, and 
non-olive oil fats. The first cluster included more peo-
ple with normal body weight and waist circumfer-
ence. The second and third clusters included more 
people with higher body weight and waist circum-
ference compared to cluster 1. Patients with hor-
mone-related (luminal) BC tended to be older and 
were found mostly in cluster 2 while TNBC patients 
were found mostly in the Ultra-processed cluster 3. 
Considering that two thirds of our patients had hor-
mone-related BC (luminal) it is discouraging to find 
that most women living in a Mediterranean country 
followed a Western dietary pattern. Moreover, the 
baseline diet is generally representative of patients’ 
habitual diet suggesting a possible causal link with 
the development of this type of cancer. In a Spanish 
case-control study that used PCA analysis to derive 
three main dietary patterns, the Western dietary pat-
tern, which is characterized by high intakes of refined 
cereals, animal sources of food, saturated fatty acids, 
and cholesterol, was associated with 46% increased 
risk in BC which increased to 75% in premenopau-
sal women while the Mediterranean dietary pattern 
with a 44% protection (18). In this Mediterranean 
population the BC risk reduction with a Mediterrane-
an diet was particularly strong in patients with TNBC 
(68%). This knowledge makes it even more relevant 
to strongly advise a Mediterranean diet to women 
with TNBC which is the most aggressive subtype and 
who tend to be younger women and high consumers 
of sweets and sugars and non-EVOO fats (ultra-pro-
cessed pattern) in our study.
In the 2018 meta-analysis of international studies, 
the Mediterranean diet has been significantly and 
inversely associated with total mo rtality, cardio-
vascular and cancer mortality and with incidence 
of total cancer including BC (9).  Case-control and 
cohort studies conducted in Italy after the 2018 me-
ta-analysis indicate that a higher adherence to the 
Mediterranean diet was associated with 18% lower 
risk of BC (19) and with 63% higher 15-year surviv-

als (38.7%), sugars & sweets (26.3%), nuts & EVOO 
(15.9%) and fats (11.2%). 
In the HER2+ subtype (n = 41) the first factorial axis 
was characterized mainly by nuts & EVOO (26.8%) 
and vegetables (22.4%), legumes (13.6%) and fish 
(11.7%) and the second factorial axis by animal 
proteins (27.6%), fruits (24.3%), legumes (18.5%) 
and fats (14.6%). Finally, in the TNBC subtype (n = 
37) the strongest contribution to the first factorial 
axis was from sweet & sugars (20.7%), then vege-
tables (17.1%), fruits (11.9%) and legumes (11.0%) 
while animal proteins (24.3%), nuts & EVOO 
(16.0%), fruits (14.1%) and fish (12.1%) determined 
the second factor (Figure 2).
Three clusters of patients were found: cluster 1, 
Healthy (N = 54), cluster 2, Western (N = 79), and 
cluster 3 Ultra-processed (N = 85) (Figure 3). BC 
patients from cluster 1 (Table 3) were associated 
with healthier dietary habits compared to the other 
two groups, with approximately twice the vegeta-
ble intake compared with cluster 2 (204 grams vs. 
119 grams for cluster 2 and 95 grams for cluster 
3, p < 0.01). Cluster 1 also consumed more fish (44 
grams vs. 29 grams and 24 grams, p < 0.01), fruits 
(296 grams vs. 208 grams and 201 grams, p < 0.01), 
legumes (34 grams vs. 18 grams and 10 grams, p < 
0.01). BC patients from cluster 2 were more seden-
tary and with a higher BMI and central obesity (35% 
≥30 kg/m2 compared with 13% in cluster 1 and 
25% in cluster 3, p ≤ 0.05 for both comparisons), 
consumed more animal proteins (62 grams vs. 44 
grams and 42 grams, p < 0.01) and cereals (135 
grams vs. 91 for cluster 1 and 99 grams for cluster 
3, p < 0.01 for both comparisons) the majority of 
which were refined (84%). BC patients belonging to 
cluster 1 were less overweight (25.2 kg/m2 vs. 28.5 
and 27.2, p < 0.01), with a higher adherence to the 
Mediterranean diet (PREDIMED score 9.2 vs. 7.9, 
out of 14) and with higher physical activity (8840 
vs. 5121 steps/day for cluster 2 and 5796 steps/
day for cluster 3, overall p < 0.01). Finally, cluster 
3 consumed more than twice the amount of sweet 
& sugars (46 grams vs. 21 grams cluster 1 and 19 
grams for cluster 2, p < 0.01) and four times the 
amount of fats compared with cluster 1 (2.0 grams 
vs. 0.5 grams and 1.0 grams, p < 0.01). BC molec-
ular subtypes were equally distributed in cluster 
1 and 3, while cluster 2 was mainly composed of 
luminal BC patients (72%) vs. 56% in cluster 1 and 
64% in cluster 3, p < 0.04 for both while TNBC were 
little represented. HER2+ were distributed evenly 
among clusters (15-22%). Conversely, TNBC pa-
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inflammation, ROS and insulin levels. Insulin is 
an anabolic hormone with high homology for in-
sulin-like growth factor 1 (IGF1), which stimulates 
cell proliferation (34). This type of diet was found 
directly associated with the risk of developing can-
cers at various sites (19) including BC (29). Foods 
with a protective role include: 1) whole grains, rich 
in fiber, phenolic compounds, minerals, vitamins 
and other trace elements, which in addition to in-
creasing the sense of satiety, reduce the glycemic 
response and improve insulin sensitivity; 2) nuts, 
characterized by a rich mono/polyunsaturated fat-
ty acid profile and by a high content of fiber and 
polyphenols, which contribute to the reduction of 
the risk of cardiovascular diseases and diabetes; 3) 
extra-virgin olive oil, characterized by a high con-
tent of polyphenols, mono-unsaturated fatty acids, 
vitamin E and chlorophyll which together concur to 
reduce cellular and DNA oxidation.
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CONCLUSIONS
Our findings revealed three main dietary risk group 
by BC patients at the baseline visit of a lifestyle Trial: a 
healthy dietary group (cluster 1), a western diet group 
(cluster 2) and an ultra-processed food diet group 
(cluster 3). 
The largest European Epidemiologic Investigation 
on Diet and Cancer (EPIC) study showed that the 
consumption of fresh fruit and vegetables, es-
pecially green leafy vegetables (lettuce, spinach, 
chard) reduced the risk of developing BC (35). Part 
of the protective role of this type of dietary pattern 
comes from dietary fiber, vitamins, and minerals, 
flavonoids which act as antioxidants, immune en-
hancers, and hormone regulators.
A healthy diet, based on a Mediterranean dietary 
pattern and regular daily physical activity, as rec-
ommended by the international guidelines for the 
primary and secondary prevention of cancer (6), 
could improve the metabolic and hormonal pro-
file, support immune function and limit inflamma-
tion thereby reducing the risk of BC and improving 
disease outcomes (6, 7).

al (20). Oncologic treatment and side effects can 
be more challenging in women with overweight/
obesity and metabolic diseases. Also, obesity is a 
known risk factor for BC, linked to excess adipose 
tissue which can increase circulating estrogen lev-
els by higher aromatase activity, especially in the 
postmenopausal status, with consequent exces-
sive hormonal stimulation to the mammary gland. 
However, interventions with the Mediterranean 
diet have been effective in reducing body weight 
(21) and cardiovascular events (22) in Mediterrane-
an populations. Features of the Mediterranean diet 
(i.e., high vegetable and fruit intakes) have shown 
beneficial effects on BC survival in the clinical tri-
als WINS and WHEL conducted in the USA (23, 24). 
Furthermore, within the Mediterranean diet, a less 
glycemic dietary pattern that induces insulin econ-
omy, may contribute not only to lower diabetes 
risk but also BC risk: observational studies showed 
that a diabetes-risk reduction diet (DRRD) reduced 
BC risk by 24% in an Italian population (25) and 
reduced BC-specific mortality by 20% and overall 
mortality by 34% in an American population (26). 
A low glycemic index diet has shown to reduce BC 
risk by 6-8% in international studies (27, 28) and 
by 40% in an Italian population (29). Consuming 
a large amount of the daily caloric requirements 
in the form of sweets and refined carbohydrates 
may increase both the dietary glycemic index (GI) 
and the DRRD, however adhering to the tradition-
al Mediterranean diet helps to reduce the dietary 
GI and the inflammatory potential of the diet (30). 
Furthermore, diets rich in ultra-processed foods 
which include processed meats, soft drinks, bis-
cuits, and commercial sweets (our clusters 2 and 
3), have been associated with higher risk of cardio-
metabolic diseases and cancer (31, 32). Ultra-pro-
cessed foods represent 58% of the total calories 
consumed in a typical Western diet (33) although 
in our study sample it was 3-fold lower. The po-
tential mechanisms of action of the Mediterranean 
diet, low GI diets, DRRD, and ultra-processed foods 
are several and could be distinguished into two 
main pathways: an oxidant/inflammation path-
way and a glycemic/insulinemic pathway. A high 
intake of saturated fatty acids, such as red and 
processed meat, increase inflammatory processes 
and may generate more reactive oxygen species 
(ROS) which can damage cell membranes and in-
crease DNA mutations (34). A diet rich in refined 
carbohydrates, sugars and sweets is character-
ized by a high GI index which may also increase 
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