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ABSTRACT

Breast cancer is the most diagnosed cancer worldwide, with a significant increase in
incidence. It poses a global health concern, as survivors continue to face challenges
long after their initial diagnosis, being at a heightened risk of cancer recurrence and
susceptible to developing other health issues such as cardiovascular diseases or
metabolic disorders. The development of breast cancer is often influenced by complex
interactions among genetic predisposition, hormonal factors, environmental
exposures, and lifestyle choices. One important lifestyle factor, as shown by numerous
studies, is the maintenance of a healthy body weight. The purpose of this review is to
examine the impact of interventions promoting healthy dietary patterns, single
nutrients, and supplements. The goal is to identify any gaps or inconsistencies in
existing studies and provide a basis for clearer further investigation so that it could be
possible to propose the optimal and most effective intervention for breast cancer

survivors within the scope of secondary prevention.

Keywords: breast cancer (BC), dietary patterns, obesity.



INTRODUCTION

1. Epidemiology

Breast cancer (BC) represents the most globally diagnosed cancer, with over 2 million
new cases reported in 2020. Over the last twenty years, there has been a significant
increase in the global cancer diagnosis rate, nearly doubling from approximately 10
million cases in 2000 to 19.3 million cases in 2020, which stands as the primary cause
of mortality among women aged 20 to 50 years [1]. It is estimated that one out of every
five individuals worldwide will experience a cancer diagnosis at some point in their life.
Predictions indicate that this trend will continue, with the number of cancer diagnoses
expected to rise by almost 50% by the year 2040 compared to 2020 [2]. BC is a global
health concern, yet its occurrence, death rates, and chances of survival differ
significantly across regions. These variations are influenced by demographics, lifestyle
choices, genetic predisposition, and environmental conditions. Alterations in these risk
factors have contributed to the growing prevalence of breast cancer, a trend that
continues to rise steadily [3, 4].

While BC rates have historically been elevated in Western Europe and North America,
there is a noticeable upward trend in developing nations. This rise can be attributed to
factors like longer life expectancy, urbanization, and the adoption of Western habits
[5]. According to data from the American Cancer Society, the five-year survival rate
has significantly progressed from 63% in 1960 to 90% as of 2019 thanks to earlier
diagnosis with mammogram screening, and improved surgery and adjuvant treatment
[6].

However, survivors face ongoing challenges even long after their initial diagnosis.
Specifically, they are at a heightened risk of cancer recurrence, which can occur for up

to two decades following their initial diagnosis. Additionally, breast cancer survivors



are at risk of weight gain and are more susceptible to developing other health issues
such as cardiovascular diseases or metabolic disorders. These risks highlight the
importance of ongoing checking and complete healthcare support for BC survivors to
address their long-term health needs [7].

BC is more prevalent in Western European countries compared to regions like West
Africa, having a five times higher incidence. The incidence rates of BC in Central and
Eastern Europe are reported to be similar. In the year 2020, nearly half (45.4%) of all
BC diagnoses worldwide occurred in Asia [7, 8].

There are differences in the age at which BC typically occurs in Asian women
compared to Western women. In Asian countries, the peak age for BC diagnosis is
typically between 40 and 50 years old, while in Western countries, it tends to occur
later, between 60 and 70 years old. One explanation could be that younger generations
in Asian countries may be exposed to risk factors associated with BC at an earlier age
than those in Western countries. Also, Western countries generally have longer
average lifespans compared to many Asian countries. As a result, women in Western
countries may have more years of life during which they are at risk of developing BC,
leading to a later peak age of diagnosis [8, 9].

The mortality-to-incidence ratio (M/l) is calculated by dividing the number of deaths
from a particular cancer by the number of new cases (incidence) of that cancer within
a given period, usually one year. It provides insight into the proportion of diagnosed
cases that result in death. This ratio is higher in Asia (0.32) than the global average
(0.28), suggesting relatively poorer outcomes in terms of BC mortality compared to
incidence. Oceania, Northern America, Europe, Latin America, and the Caribbean
have lower M/I ratios for breast cancer, ranging from 0.15 to 0.26 [10].

The variation in BC incidence rates across regions reflects disparities in healthcare



infrastructure, access to screening and diagnostic services, as well as socio-economic
factors such as income levels and education. Regions with higher income levels, such
as North America, report higher incidence rates of BC, with 92 cases per 100,000
women, in contrast to Middle Africa and Eastern Asia which have incidence rates of 27
cases per 100,000 women. The highest percentage of BC diagnoses in the US occurs
in the 55—64 age group, highlighting the significance of age as a risk factor for BC

development [11, 12].

2. Risk factors

Differences in lifestyle and dietary habits are believed to contribute to the observed
gradient distribution of BC in Europe, with higher prevalence documented in Northern
countries compared to Southern regions. For instance, Northern European countries
may have distinct dietary patterns and lifestyle behaviors that could potentially increase
BC risk, while Southern European countries, historically following a Mediterranean-
style diet characterized by high consumption of fruits, vegetables, and olive oil, may
experience lower incidence rates. Approximately 30% of cancers are believed by The
World Cancer Research Fund (WCRF) to be preventable through lifestyle changes,
including adopting a healthy diet, maintaining a healthy weight, regular physical
activity, and avoiding tobacco and alcohol consumption [13, 14].

The development of BC is often influenced by complex interactions among genetic
predisposition, for instance, certain genes, such as BRCA1 and BRCAZ2, can increase
the risk of developing BC if inherited, hormonal factors, environmental exposures, and
lifestyle choices. These interactions can vary widely among individuals and may
contribute to differences in BC risk. Both endogenous (produced within the body) and

exogenous (from external sources) hormones can impact BC risk. For example, higher



levels of estrogen over a prolonged period, whether naturally produced or obtained
through hormone therapy, may increase the risk of BC [15, 16]. Various environmental
factors, such as radiation exposure and dietary patterns, can influence BC risk. For
instance, exposure to ionizing radiation, particularly at a young age, is a known risk
factor for BC [17, 18]. Exposure to ionizing radiation and genetic factors both play
significant roles in BC development. lonizing radiation can cause DNA mutations in
breast cells, increasing the risk of cancer, while genetic variations may determine an
individual's sensitivity to environmental carcinogens, influencing their likelihood of
developing BC upon exposure to substances like exogenous estrogens and alcohol
[19].

BC is described as heterogeneous, meaning it exhibits diversity in its biological
features and behavior. Gene-expression profiling has identified two main groups of
breast tumors based on the presence or absence of estrogen receptor expression.
Tumors that express estrogen receptor (ER+) are more influenced by hormone-related
factors compared to tumors that do not express it (ER-). BC is also classified based on
the types of cells from which it originates, specifically Iluminal cells or
basal/myoepithelial cells. This classification divides BC into two main subtypes: basal-
like and non-basal-like. Basal-like BC is sometimes referred to as "triple-negative" BC.
This subtype constitutes approximately 10% of all breast cancers. It is characterized
by the absence of three hormonal receptors: estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor receptor 2 (Her2). Additionally,
basal-like BC typically exhibits high expression of basal cytokeratins, which are
proteins found in the basal cells of the breast epithelium. Understanding of BC
subtypes is crucial for treatment approaches and predicting patient outcomes [20, 21].

While BC can occur in men, it is significantly more common in women accounting for

10



less than 1% of all cancer cases in men. The incidence of BC increases significantly
with age, peaking around the time of menopause. After menopause, the incidence may
either decrease or remain relatively stable. Tumors in younger women are often larger,
diagnosed at more advanced stages, have positive lymph node involvement, and may
be associated with poorer survival outcomes [22, 23]. The likelihood of developing BC
reduces with higher parity, particularly when childbirth occurs at a younger age and is
full-term. Conversely, the use of oral contraceptive pills is linked to an elevated risk of
BC [24]. Also, breastfeeding lowers the likelihood of developing BC in women and is a
significant behavior that can be changed to reduce risk. The longer a woman
breastfeeds, the more her risk of BC decreases [25]. Furthermore, around 40% of
hereditary BC cases are linked to mutations in the BRCA1 and BRCA2 genes, which
are inherited in a dominant autosomal manner. This means that a mutation in only one
copy of the gene (inherited from either parent) is enough to increase the risk of
developing BC. However, it should also be noted that even women without mutations
in these genes can be at high risk if there is a strong family history of BC [26]. This
suggests that other genetic factors beyond BRCA mutations may also play a role in
increasing the risk in some individuals [27]. Breast density also stands out as a
significant risk factor. The use of combined hormone therapy tends to increase
mammographic breast density [28].

Lifestyle factors and their effects on weight management play significant roles in both
the development and management of BC. Obesity, lack of physical activity, and
excessive alcohol consumption have been established as significant risk factors for
both the incidence and mortality of BC.

Alcohol consumption is associated with an increased risk, and this relationship tends

to follow a linear dose-response pattern. One potential biological mechanism
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underlying this association is alcohol's influence on circulating estrogen levels, which
are known to be involved in breast cancer pathogenesis[29]. Smoking increases the
risk too, particularly among postmenopausal women, as well as smoking during

pregnancy[30, 31].

3. BC and excess body weight

After being diagnosed with BC, having obesity o overweight is associated with a higher
risk of various adverse outcomes, including cancer recurrence, death, or the
development of a second primary contralateral breast cancer. Many women
undergoing treatment for BC experience weight gain [32]. This weight gain is often
attributed to changes in hormone levels and body composition resulting from the
treatment process. On average, women may gain between 2 to 6 kilograms in the first
year following diagnosis, although some may experience greater weight gains. [33,
34]. Figure 1 illustrates the interaction of breast cancer risk factors and the impact of
weight loss[35].

Chemotherapy can lead to a decrease in metabolism. This reduction in metabolism
may occur due to various reasons, including the impact of chemotherapy drugs on
metabolic processes in the body. Chemotherapy can induce menopause in women
who have not yet reached this stage or accelerate menopause in those who are
already peri-menopausal. Menopause is associated with hormonal changes,
particularly a decline in estrogen levels. These hormonal changes can affect
metabolism, fat distribution, and energy balance in the body, making weight gain more
likely. High BMI is associated with increased production of hormones such as
estrogens, insulin, and leptin. Estrogenic stimulation plays a significant role in

promoting the development and growth of breast cancer cells. Insulin and leptin also

12



contribute to tumor progression by exerting proliferative, mitogenic, and anti-apoptotic
effects on mammary cells, further supporting tumor growth and survival. Together,
these factors contribute to weight gain during chemotherapy treatment, posing
challenges for individuals undergoing cancer therapy [36, 37].

Several factors can influence weight gain and body composition changes during
cancer treatment. The side effects of cancer treatments, such as chemotherapy,
radiation therapy, and hormonal therapy, can impact appetite, digestion, and taste
perception. These effects may lead to changes in dietary habits and physical activity
levels, ultimately affecting energy balance and potentially promoting weight gain. The
length of cancer treatments can vary depending on the type and stage of cancer.
Prolonged treatment durations may exacerbate treatment-related side effects on diet
and physical activity, further affecting energy balance and contributing to weight gain.
Dealing with a cancer diagnosis and undergoing treatment can lead to psychological
distress, including anxiety, depression, and stress. These psychological factors may
influence eating behaviors and physical activity levels, potentially leading to changes
in energy balance and weight gain [33, 38, 39].

Obesity triggers systemic and local changes in the body, particularly in adipose tissue,
that are thought to support cancer growth. Excessive calorie intake linked with obesity

can raise blood sugar and insulin levels, along with fat accumulation [40].

4. Pathogenesis

The growth of fat cells requires the development of new blood vessels, a process
known as angiogenesis, facilitated by factors like vascular endothelial growth factor
(VEGF). While the exact mechanisms linking obesity and cancer are not fully

understood, hormones like estrogen and insulin are elevated in individuals with
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obesity, potentially fostering a tumor-friendly environment characterized by
inflammation and increased blood vessel formation. Interestingly, while obesity and
hypoxia (low oxygen) in fat cells activate VEGF production, they also trigger fibrotic
and inflammatory responses, indicating a complex relationship between VEGF
regulation and adipose tissue dynamics [41, 42]. When fat cells experience low oxygen
levels, they release substances called chemokines, like monocyte chemoattractant
protein 1 (MCP1), which attract immune cells such as macrophages. These immune
cells then produce inflammatory molecules. High levels of inflammatory markers such
as C-reactive protein (CRP), serum amyloid A (SAA), IL-6, and prostaglandin E2
(PGE2) in the blood have been associated with an increased risk of BC, as well as
higher chances of cancer recurrence and mortality. Additionally, dysfunctional fat cells
release other substances like leptin, CCL2, IL-1b, IL-6, and TNF-a, which also
contribute to inflammation and attract and transform immune cells [43, 44]. Chronic
inflammation has been implicated in various stages of cancer development, including
metastasis [45].

Another explanation of the pathogenesis of BC and the contribution of excessive
weight is that excessive fat tissue contributes to oxidative stress, which occurs when
there's an imbalance between oxidants (like reactive oxygen species or ROS) and
antioxidants in the body [46]. This imbalance can lead to damage to lipids, proteins,
and DNA. DNA damage is thought to be a significant factor in the development of
cancer. Oxidative stress also activates signalling pathways in cells, promoting tumor
cell growth, migration, and the development of new blood vessels to nourish the tumor
(angiogenesis) [47]. Additionally, oxidative stress plays a role in programmed cell
death (apoptosis), impacting cancer progression and spread. Some cancer treatments,

including certain chemotherapy drugs and radiotherapy, work by inducing oxidative
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stress to kill cancer cells [48, 49].

Intentional weight loss achieved through increased physical activity and caloric
restriction can improve hormonal balance. Hormonal imbalances, such as elevated
levels of estrogen, have been associated with an increased risk of BC recurrence.
Estrogen promotes cell proliferation in breast tissue and can stimulate the growth of
hormone-sensitive tumors. By promoting weight loss, these interventions may help
restore hormonal balance, reducing the risk of cancer recurrence [34]. Weight loss
interventions can also contribute to improvements in quality of life among breast cancer
survivors. Achieving a healthier weight and engaging in regular physical activity can
enhance overall well-being, alleviate symptoms of fatigue and discomfort, and improve
psychological outlook and self-esteem. There is also an improvement in physical
functioning and mobility among breast cancer survivors who have obesity or
overweight. This may include improvements in cardiovascular fitness, strength,
flexibility, and endurance, leading to enhanced functional capacity and independence
in daily activities. Despite the potential benefits, there have been relatively few
intervention trials specifically targeting weight loss and lifestyle modification among
breast cancer survivors. This highlights the need for further research to explore the
efficacy and feasibility of integrating physical activity and dietary interventions as part

of care plans for breast cancer survivors. [35].

5. Treatment

As for treatment modalities, they include chemotherapy, radiation therapy, surgery
(mastectomy or lumpectomy), and hormonal therapies, depending on the stage of the
cancer. For BC at stages | to Ill, surgery and radiation therapy are commonly used,

often in combination with chemotherapy or other drug therapies before or after surgery.
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Stage IV BC and distant recurrence typically require systemic therapy, which may
include chemotherapy, hormone therapy, and antibody therapy. Chemotherapy
regimens commonly used include CMF (cyclophosphamide, methotrexate, 5-
fluorouracil) or anthracyclines (epirubicin or doxorubicin), which have been shown to
reduce mortality by 35%. Chemotherapy typically lasts for 3 to 6 months and can lead
to side effects such as nausea, vomiting, loss of appetite, dry mouth, and changes in
taste or smell perception. These treatment options aim to effectively manage BC but

can also pose risks and side effects that need to be carefully managed [50].

6. The aim

Breast cancer survivors (BCS) represent a significant portion of cancer survivors
worldwide, and it's crucial to find lifestyle changes that can lower the risk of cancer
returning and reduce the chances of developing other health issues after surviving
cancer. Dietary interventions are primarily aimed at weight loss or management due to
the association of excess weight and body fat with disease recurrence as well as
various other complications such as cardiovascular disease. However, as reported by
Zahebi et al.,, several studies have highlighted the correlation between diets
exacerbating inflammation and the risk of developing BC, whereas an anti-
inflammatory diet has been associated with a lower risk of cardiovascular events, thus
creating the need for various dietary patterns that could act supportively in reducing
the risk of recurrence [7, 51].

So far, few clinical studies have focused on the association between different types of
diets and BC [19]. Most have concentrated on weight loss diets without sufficient
clinical outcomes. The present literature review aims to search for clinical studies

published in a specific time frame from 2000 to 2024 that have examined various types
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of diets or food groups or some modifiable lifestyle factors applied to BCS, their impact
on disease progression, to identify potential gaps and create prospects for new clinical

studies and data.

Change in
inflammatory Change in Change in
factors: IL-6, insulin SHBG
CRP, TNF-a

Change in
estradiol

Figure 1 The interaction of breast cancer risk factors and the impact of weight loss (IL-6, interleukin-6, CRP, C-
reactive protein; TNF-a, tumor necrosis factor-a; SHBG, sex hormone binding globulin). Adapted from " Reducing
breast cancer recurrence with weight loss, a vanguard trial: the Exercise and Nutrition to Enhance Recovery and
Good Health for You (ENERGY) Trial” by Rock CL, Byers TE, Colditz GA, Demark-Wahnefried W, Ganz PA, Wolin
KY, etal., 2013
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METHODS

The literature was searched using PubMed, Google Scholar, and SCOPUS databases.
The combinations of keywords were “breast cancer” and “dietary patterns” (i.e. alcohol,
fruits, vegetables, meat, Mediterranean diet) or “lifestyle factors” (i.e. BMI, inactivity,
obesity) and “incidence” or “survival” or “recurrence” or “chemotherapy”. We have
included randomized controlled trials and clinical trials between 1 January 2000 and
31 March 2024. Only studies published in English and conducted with humans
(females) have been considered. The evaluation of the studies was carried out through
a structured method, beginning with the title and then with the abstract, and the entire
manuscript. References from the extracted articles were also used as well as meta-
analyses, systematic reviews, and other epidemiological studies were utilized for
additional information.

We included studies referring to breast cancer incidence, recurrence, survival, or
studies focusing on women at high risk for breast cancer. Studies referring to the
postmenopausal period or lifestyle interventions, such as physical activity, were not
excluded. However, studies discussing metastasis were excluded. In all, 2085 studies
were found. Out of these studies, 86 were duplicates, and several ultimately did not
meet the criteria for clinical studies with the result of the decrease of their number to

19 studies.
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RESULTS

a/a | Ref. | Dietary pattern Design Biomarker Effect
1 | [52] DER [liquid randomized, Body weight, body fat %
diet, 3,656 kJ/d placebo-controlled (BIA), resting metabolic
(864 kcal/d) 2 subequal rate, waist, hip & bust
menstrual cycles, measurements, breast and
19 premenopausal, | abdominal epithelial cells, d
parous, 35-45y, genes involved in glycolytic
sedentary lifestyle, | & lipid synthesis, (insulin,
BMI 28-40 kg/m? | leptin, total and low-
density lipoprotein
cholesterol, and
triglycerides)
2 | [53] intermittent During Fasting glucose, fasting
energy restriction chemotherapy insulin, HOMA-IR,
(IER) (2 cycles, Metabolic biomarkers
consecutive days randomized, Body weight, FFM, body N
650-1000 kcal, controlled two- fat, waist & hip
low-50g arm, adjuvant or circumference, trunk fat,
carbohydrate, neoadjuvant
50-70 g protein, chemotherapy, blood pressure, fasting PN
30-40 g fat) (vs stages 1-3, insulin, exploratory
continuous 218 years, metabolic (adiponectin,
energy restriction | haemoglobin >110 | receptors for IGF-I, insulin
(CER) g/L, 172 & leptin, CRP, oxidative
Mediterranean participants (non- markers
diet (30%fat, 25% insulin or non-Sus
pr, 45% therapy, BMI 192
carbohydrates) kg/m?)
The ability of diet
& PA tolead to
weight loss,
pre-/peri- or post-
menopausal
3 [54] i)Caloric 12 months, Body weight, BMI, body NJ
restriction 1200- randomized-four- composition
2000 kcal/day, armed trial, post- | (VO2max)
<30% Kcal from menopausal 438 Glucose, insulin, and c-
fat ii) exercise 45’ overweight or peptide glucose, insulin
moderate to obese, sedentary and HbAlc
vigorous 5 women aged 50-75 Blood lipid profile
d/week years
iii) diet+exercise (no>100 estradiol & testosterone, &
iv)control min/week IL-6, CRP
moderate,
diabetes or other inflammation-related N
medical biomarkers (IL-1B, IL-4,
conditions) TNF-a), serum amyloid
protein A [SAA], ghrelin,
leptin, angiogenesis
markers, VEGF
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[55] | Dietincreased in 3088 previously risk of developing
vegetables, fruit, treated for BC, 18- additional breast cancer
fiber & decreased 70y.0. women, events
in fat randomized-

(5 vegetable controlled, stages
servings +16 oz of I to A
vegetable juice; 3 | 4 years, treatment
fruit servings; with axillary
30 g of fiber; & dissection and
15% to 20% of total mastectomy
energy intake) or lumpectomy
from fat. followed

by primary breast

radiation
[56] total 9 years, BMI, anthropometric
fat to20%, fruit + randomized measurements, blood
vegetables at controlled, 48835 pressure, glucose, insulin,
least 5 servings & postmenopausal LDL
grains 6 servings women, 50-79 y.o.
min. Chol. Total, HDL, TGA, a-
carotene, B-carotene,
total carotenoids,
a-tocopherol, y-
tocopherol, _-
cryptoxanthin, lycopene,
circulating hormones
[57] high fat, low 6 months, fasting glucose,
carbohydrate nonrandomized,
versus low fat, controlled LDL, Chol total, TGA
high study,142 obese or
carbohydrate overweight BMI, Weight, % Fat mass
participants
[58] | Low-Fat (15% of randomized 8-isoprostane-F2 in
energy from fat), controlled plasma, BMI
and/or High Fruit- 122
and-Vegetable premenopausal Chol. Total, HDL, LDL, TGA
Diets (9 women, 12 mo
servings/d)
[59] | 8 servings of fruit 48 months, Body weight, waist:hip
and vegetables, randomized, ratio (WHR), body mass
30 g fiber, <20% controlled, 52 index (BMI) and body
total postmenopausal composition
energy from women From
fat/day Arizona site (WHEL
study)
[60] 5 vegetable 12 months, carotenoid concentrations
servings, 16 randomized
ounces of Controlled, 3088
vegetable juice, 3 postmenopausal
fruit servings, 30 women (WHEL
g of fiber (18 study)

g/1000 kcal)
and 15-20%
energy from fat
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10 | [61] | Soy protein intake double-blind, Mammographic density &
with 99 mg randomized,
isoflavones daily controlled trial, 1
S year, 126 Dutch,
of milk protein postmenopausal
(placebo) women, 60-75 y.o.
11 | [62] phase 1, an sequential, 2- IGF-1, IGFBP1 and IGFBP3 &
isocaloric low-fat, | phase randomized (phase 1)
high-fiber (LFHF) trial, 154
vs. usual diet, premenopausal IGF-I, IGFBP1 &~
phase 2, a soy women 20-40 IGFBP3 J
supplement years (phase 2)
either with or
without IGF-1:BP3 N (phase 2)
isoflavones
(soy+IF vs. soy—IF)
12 | [63] 4 six servings of 3 months, EPA & DHA in breast P
canned/pouched randomized, adipose tissue, plasma and
fish per week controlled, 26 erythrocyte membrane
(1.68g_1.68g adult women at BMI
per day high risk of BC waist hip circumference
of EPA + DHA) ratio
Breast adipose tissue
samples
13 | [64] habitual diets randomized, estrone sulfate, 17- )
plus0,5,0rl10g crossover trial, estradiol,
of ground three seven-week
flaxseed feeding periods, 28 sex hormone-binding &
postmenopausal globulin, progesterone,
women 52-82 yo dehydroepiandrosterone
sulfate,
dehydroepiandrosterone,
androstenedione,
testosterone, and free
testosterone
prolactin ™
14 | [65] 2 tablespoons 7 week two-arm, Sex hormones &~
(15 g) of ground parallel,
flaxseed daily for randomized 2-hydroxy-estrone ™
7 weeks controlled trial
(RCT), 99
postmenopausal
women, 57-64 yo,
Canada
15 | [66] (1) isocaloric 24-month four-arm Leptin, resistin, J
dietary randomized IL-1a, IL-6 (arms 2 & 3)
intervention control trial, 234
mainly based on healthy
plant foods (2) postmenopausal Adiponectin <~
moderate- women with high
intensity PA breast density, 50-
intervention (3) 69 yo Leptin, resistin, &
both adiponectin (in diet
interventions (4) intervention)
general
recommendations
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Interleukins (IL)-1a, -1B, -6,
tumor necrosis factor-a
and C-reactive protein
&
Body weight
16 | [67] (1) eating five 12 months, BMI &~
servings of fruit double-blind
and vegetables randomized
daily; (2) eating controlled trial,
wholemeal bread three-arm, 492
and cereals; and women
(3) limiting the
amount of animal
fats
17 | [68] Anti- two-arm Anthropometric measures N
inflammatory diet randomized C-reactive protein (CRP)
(multiple spices controlled trial
and herbs, (RCT)153 Interleukins -3, -6, and -8 “
increased marine overweight and (IL-3, IL-6, IL-8), and Tumor
fish intake, obese (BMI > 25 Necrosis Factor (TNF)—a
cruciferous and kg/m2), 12 fraction)
colorful months, > 18 yo
vegetables and
fruit, olive oil, and
green and black
tea)
18 | [69] aerobic and 16-week Body composition
resistance randomized pilot blood glucose, insulin,
exercise (EX) (3 trial, 20 obese HOMA-IR, total
times/week) (BMI =30 kg/m2), cholesterol, LDL,
postmenopausal triglycerides, HgAlc, and N
breast cancer increased HDL-C, CRP,
survivors leptin, IL-6, IL-8
adipose tissue
macrophages (ATMs)
adiponectin
pro-inflammatory
cytokines IL-6 and TNF- a
19 | [70] water-based 6 week- malondialdehyde (MDA), N
exercise and/or Randomized
oral ginger controlled, 40 nitric oxide (NO), ™
supplement women glutathione peroxidase
(GPx),adiponectin

Table 1 Selection of trials that examined the impact of dietary patterns and lifestyle interventions on breast

cancer

| lowering effect; 1 increasing effect, <> no change

PA: physical activity SUs: sulfonylureas VEGF: vascular endothelial growth factor, HOMA-IR:
Homeostatic Model Assessment for Insulin Resistance, FEM: fat-free mass, IGF-1: Insulin-like growth

factor 1, CRP: C-reactive protein, TNF- o : Tumor necrosis factor a, EPA & DHA: eicosapentaenoic &

docosahexaenoic acid, IGFBP: insulin-like growth factor binding protein, WHR: waist:hip ratio,

BMI: body mass index
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DISCUSSION

Excessive weight and adiposity upon BC diagnosis, as well as weight gain during
treatment, have been correlated with unfavorable prognoses. Many women diagnosed
with BC experience weight gain and an increase in body fat, coupled with a loss of
lean body mass. These alterations are linked to heightened chemotherapy toxicity,
often leading to dose reductions, which may exacerbate treatment outcomes [6].
Some clinical studies have examined the impact of reduced energy intake on body
weight and anthropometric indices, extending the analysis to other parameters directly
linked to breast cancer and its potential recurrence.

The randomized study by Kai et al., [52] investigated the effect of dietary energy
restriction through a liquid diet over two menstrual cycles. Nineteen premenopausal
women, meeting the criteria for overweight or obesity, aged 35 to 45 years, and parous,
participated in the study. Before the intervention, biopsies were conducted on both the
breast and abdomen, and blood and urine samples were collected to study markers
associated with cancer risk such as insulin, leptin, total cholesterol, low-density
cholesterol, and triglycerides, along with anthropometric measurements. Genes
involved in the glycolytic pathway and lipid synthesis pathways were studied from
abdominal and breast cancer tissues, as well as from breast epithelial cells. The control
group followed their usual dietary and physical activity habits, while the intervention
group received 4 cans of 325 mL fortified beverages and supplemented with 2-3 L of
other clear fluids providing adequate electrolyte intake but low in calories (tea, coffee,
and others), resulting in a daily energy intake of 846 Kcal. The clinical intervention was
well tolerated with constipation being the main side effect. The intervention group
showed a reduction in body weight as well as other anthropometric data, as well as

biochemical markers such as cholesterol, leptin, and triglycerides. An increase in
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certain markers such as urea and ketone bodies indicates a state of ketosis, attributed
to low calorie intake. Regarding gene expression, no difference was observed between
the baseline and repeat biopsy in the control group. However, in the intervention group,
DER resulted in changes in gene expression primarily related to metabolism and
energy pathways, and these changes were observed in both breast and abdominal
tissues, indicating a systemic response to the dietary intervention. In general, gene
expression changes observed in breast and abdominal tissues following DER may
provide insights into how short-term energy restriction could potentially impact BC risk
through molecular mechanisms.

The study conducted by Michelle Harvie et al., [53], investigated the effect of reduced
energy intake on weight management and toxicity during chemotherapy. Weight gain
during diagnosis and chemotherapy has been associated with increased chances of
disease recurrence and treatment toxicity. Energy restriction was implemented in two
ways, in a randomized two-armed clinical trial, with one group undergoing intermittent
energy restriction (IER) and the other continuous energy restriction (CER). Inclusion
criteria were women aged >18, with hemoglobin>110 g/L and body mass index (BMI)
> 19 kg/m2, allowing for weight loss in healthy volunteers through a combination of
diet and exercise. Diabetic women were not excluded from the intervention unless their
medication included insulin or sulfonylureas due to the risk of hypoglycemia. The IER
group received 650-1000 kcal, 50g carbohydrates, 50-70g protein, and 30-40g fat, with
an emphasis on monounsaturated (MUFA) and polyunsaturated fat (PUFA) with 5
servings of vegetables and 1 fruit. This dietary pattern was followed for 2 consecutive
days per week, with the remaining days consisting of a Mediterranean diet tailored to
each patient's needs for weight loss or maintenance. The low-energy days occurred

just before chemotherapy, while on the day of treatment, patients were instructed to
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return to the Mediterranean diet. In the CER group, patients followed a Mediterranean
diet according to their energy needs for weight loss or maintenance. In addition to diet,
emphasis was placed on physical activity. Measurements of the studied biomarkers
were taken before the start of chemotherapy and 3 weeks after completion. Various
indicators were studied, such as anthropometric, metabolic, inflammation, and
oxidative stress markers such as CRP. Additionally, specific biomarkers related to
epithelial and bone marrow toxicity were assessed, including serum cytokeratin 18
(CK18) and plasma FMS-like tyrosine kinase 3 ligand (FLT3 ligand) measured
respectively.

Toxicity from previous chemotherapy cycles was recorded. The study involved 86
volunteers in each intervention group. Both the IER and CER groups experienced
similar reductions in waist circumference, hip circumference, and trunk fat assessed
by DXA (dual-energy X-ray absorptiometry) and increased lean mass in appendages.
There were no changes in HOMA or total and LDL cholesterol levels in either group,
but both groups saw a decrease in HDL cholesterol. Serum triglyceride levels
increased in the CER group but remained stable in the IER group. The mean change
in triglyceride levels between IER and CER was slightly negative but not statistically
significant. Both groups showed reductions in systolic blood pressure and forced vital
capacity (FVC) while maintaining forced expiratory volume in one second (FEV1) and
hand-grip strength. There was no significant difference in the change in the distance
walked in six minutes between the two groups. Regarding the outcomes assessed by
FACT-TOI-ES, TOI-F, and TOI-BC, the intervention had a similar effect on both
groups. FACT-TOI-ES (Functional Assessment of Cancer Therapy - Treatment
Outcome Index - Endocrine Symptoms) is a questionnaire designed to assess the

impact of cancer treatment on patients' quality of life and symptoms specifically related
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to endocrine cancers, while TOI-F (Trial Outcome Index — Fatigue) refers to a
guestionnaire used to assess fatigue levels and TOI-BC to the "Trial Outcome Index -
Breast Cancer" questionnaire. The IER group adhered well to the prescribed low-
energy days and exhibited specific dietary changes compared to the CER group.
Hormonal and receptor changes occurred in both groups, but there were no significant
changes in markers of inflammation, oxidative stress, or antioxidant capacity. Both
groups showed comparable increases in serum CK18 levels and plasma FLT3 ligands.
IER is feasible but did not demonstrate significant reductions in weight and body fat
compared to CER. There were no differences in grade 3/4 toxicity overall. The greater
reductions in weight and body fat with IER likely indicate this group achieved an overall
greater energy restriction through better dietary adherence compared to CER over the
5-month chemotherapy period. FLT3 levels remained relatively stable before the sixth
cycle of chemotherapy in the IER group, which was not reflected in the self-reported
clinical data on side effects. This discrepancy could suggest that the observed FLT3
levels were incidental or, alternatively, that IER helped preserve healthy bone marrow
stem cells during chemotherapy.

In the study of Duggan C., et. al. [54] The Dietary Inflammatory Index (DIl) and its
energy-adjusted counterpart (E-DIITM) scores were computed based on responses
from food frequency questionnaires (FFQ). The biomarkers that were examined are:
1) markers related to inflammation (such as CRP, IL-6, TNF-a, and serum amyloid
protein A [SAA]), 2) sex hormones (including estradiol, estrone, testosterone, and
androstenedione), hormones and proteins involved in metabolism (insulin, glucose,
and HOMA), hormones associated with obesity and satiety (ghrelin and leptin), and
markers of angiogenesis (such as pigment epithelium-derived factor [PEDF], vascular

endothelial growth factor [VEGF], and plasminogen activator inhibitor type-1 [PAI-1]).

26



This study suggests that weight change has a stronger influence on biomarkers
compared to changes in the dietary inflammatory index (E-DII). Specifically, changes
in E-DII after 12 months were inversely correlated with variations in ghrelin levels, a
hormone involved in appetite regulation, and positively correlated with levels of
vascular endothelial growth factor (VEGF) and red blood cell counts. However, no
significant relationships were observed between changes in E-DII and levels of C-
reactive protein (CRP) or Interleukin (IL)-6, which are markers of inflammation.
Adopting a low-calorie, low-fat diet appears to diminish the inflammatory potential of
the diet, thereby influencing biomarkers associated with tumorigenesis, such as VEGF,
while not significantly affecting CRP or IL-6 levels.

As some studies specifically focus on reduced energy intake by decreasing the amount
of fat consumed, it is of interest to examine whether this reduction in fat intake affects
the intake of other nutrients and its impact.

A study that examined this is the one by Winters BL et. al. [71], which analyzed the
data from the WINS randomized clinical trial. The Women's Intervention Nutrition Study
(WINS) was conducted in the 1990s, with recruitment starting in 1994 and the study
concluding in 2001. The WINS study showed that a low-fat diet can reduce the risk of
breast cancer recurrence in postmenopausal women who have been diagnosed with
early-stage breast cancer. The study found that women who followed a low-fat diet
experienced a lower rate of breast cancer recurrence compared to those who did not
change their diet [72]. So, what Winters BL et. al. analyzed is that in the 12-month
study, women were divided into two groups, where in the first intervention group, the
percentage of fat in daily energy intake should be around 15%, specifically up to 20%,
while in the second group, it should be above 20%. Indeed, a reduction in fat intake

was observed in the first group; however, no difference was observed in the adequacy
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of other nutrients. It is noteworthy, however, that only 40% of the participants managed
to adhere to a low-fat diet.

The first study that examined the benefits of fat reduction in the diet was the WHI
(Women's Health Initiative) [56], where fat restriction up to 20% was also implemented
along with an increase in the consumption of fruits and vegetables. Ross L. Prentice
et al. describe the study conducted, focusing on cancer incidence risk relative to prior
studies. Unlike previously referred studies, this clinical trial did not aim to reduce
energy intake or promote weight loss. Some patrticipants continued hormone therapy
concurrently with dietary study. Regarding dietary intervention, a marginal decrease in
energy consumption was noted in the intervention group compared to the control
group. Overall, minimal changes were observed in the blood concentration levels of
biomarkers such as cholesterol, carotenoids, tocopherols, and circulating hormones. .
The intervention group exhibited a more significant decline in y-tocopherol levels and
slight positive variances in a-carotene, (3-carotene, and B-cryptoxanthin levels. LDL
cholesterol levels modestly decreased in the intervention group compared to the
control group, while differences in levels of HDL cholesterol, triglycerides, insulin, and
glucose were not statistically significant between the two groups. Comparable
biomarker shifts were observed at other assessment points (year 1 and year 6), with
disparities between groups slightly more pronounced at year 1. After an approximately
8-year follow-up, BC incidence was 9% lower among women in the dietary intervention
group compared to those in the control group, although overall incidence rates did not
diverge significantly. One interpretation of these findings is that the difference in fat
energy percentage between intervention and control groups was only approximately
70% of the intended target, with few women meeting the dietary fat goal of 20% energy

intake. In conclusion, among postmenopausal women, adherence to a low-fat dietary
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pattern did not yield a statistically significant reduction in the risk of invasive BC over
an average 8.1-year follow-up period.

Motivated by the fact that excess body fat increases inflammatory response in the body
and maintaining a healthy body weight is a significant factor in preventing disease
recurrence, Thomson et al. [57] aimed to investigate the role of dietary design targeting
weight loss. Thus, the study involved two intervention groups in addition to the control
group. Both groups had the same protein ratio, with differences in fat and carbohydrate
percentages. One intervention group had a higher proportion of carbohydrates, while
the other intervention group had a higher proportion of fat. Both groups showed a
decrease in total cholesterol and LDL, with a more significant reduction observed in
the low-fat diet group, while a decrease in triglycerides and an increase in HDL were
observed in the other intervention group with a low carbohydrate percentage. The
percentage of body fat loss did not appear to differ significantly between the two
intervention groups. It was observed that the decrease in fasting glucose was relative
to weight loss and not to the type of diet, although the results were not statistically
significant.

The study by Chen G. et al. [58] examined the effect of dietary plans on levels of 8-
isoprostane-F2a, which is a product of lipid oxidation, with dietary plans including low-
fat and/or high-fiber content. The intervention that showed a reduction in 8-
isoprostane-F2a levels was the low-fat one, which was also the only intervention where
weight loss was observed. However, neither in this intervention group nor in the others
was there a decrease in lipid levels such as LDL, total cholesterol or triglycerides. In
conclusion, it appeared that its levels were not positively affected by a low-fat dietary
plan or by one with a high fiber content.

Pierce et al. also analyzed the levels of carotenoids in the blood from the WHEL study.
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As this clinical trial investigates a diet rich in fruits and vegetables and low in fat,
carotenoids serve as a biomarker indicative of fruit and vegetable consumption, and
their potential anticancer properties have been reported in other studies [60, 73]. The
analysis of results, following a 12-month intervention, revealed an increase in the levels
of carotenoids that are more associated with reduced risk of disease recurrence like
a-carotene, B-carotene and lutein. These outcomes were primarily attributed to the
consumption of vegetable juice, without diminishing the importance of consuming
vegetable servings.

So far, the impact of reduced energy intake has been analyzed, focusing on the
outcome of weight loss resulting from it. In addition to low-calorie dietary plans, some
studies have attempted to examine the effect of increased dietary fiber from fruits and
vegetables, sometimes in combination with reduced fat and sometimes without. Few
studies have been found to investigate various other nutritional components as a
means of prevention or adjunctive factors in the management of BC.

In the study by Verheus M. et al. [61], the effect of daily supplementation with soy
products on breast density which is one of the main indicators of BC risk was
investigated. This study was based on the observation of higher soy product
consumption in Asian countries and the lower incidence of the disease compared to
Western countries [74]. For isoflavones in soy, which are a type of phytoestrogens,
there are no clear conclusions yet. Phytoestrogens, on the one hand, compete with
estrogens for binding to specific receptors, potentially increasing the risk of disease
development; on the other hand, this competition against endogenous estrogens could
be considered a protective factor [75].

This study utilized data from another double-blind, randomized study, initially aiming

to investigate the effect of soy supplementation on bone density and other factors such
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as cardiovascular disease. The intervention group received soy supplements,
containing a certain amount of specific isoflavones, while the control group received
another protein supplement with similar physicochemical characteristics. Both types of
supplements were enriched with vitamins and trace elements. The intervention took
place between two mammography examinations, a period corresponding to 2 years.
Overall, no differences were observed in tissue density between the two groups. The
slight decrease in density observed in both groups, with a slightly greater reduction in
the intervention group, was attributed to aging, as tissue density tends to decrease
over time. The intervention had a long duration, the volunteers received a significant
amount of supplementation, and compliance was evident in blood tests as well.
However, the long interval between the end of the intervention and the examination
may not provide clear data.

The second study examining the effect of soy on disease risk was conducted by Gann
PH et al.[62], in a two-phase study. Initially, the volunteers followed a low-fat, high-fiber
diet for 12 months, followed by 3 months of either receiving a full soy protein
supplement containing all isoflavones or a soy supplement lacking two isoflavones,
genistein and daidzein. The biomarkers that were studied were IGF-1 and two proteins
binding to it, IGFBP1 and IGFBP3, aiming to understand if IGF-1 could be a marker
that could be altered by dietary modification as it has been associated in some way
with the risk of certain types of cancer, although nothing is clear yet. This study, as the
previous one, assumed that the lower BC incidence in some parts of Asia may be due
to diets low in fat and more soy protein enriched. It is worth noting that calorie intake
and body weight remained stable in both phases, from the beginning to the end of the
study. In the intervention group, as expected, there was an increase in protein intake

in both the first and second phases. The weight stability suggests that it is due to
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reduced fat intake, despite the protein increase, thus emphasizing the importance of
the energy balance in weight fluctuations.

Regarding the biomarkers studied, in the first phase, the IGF-1, IGFBP1, and IGFBP3
did not show any change from baseline. No statistically significant change was
observed in the second phase either, except for IGFBP3, where the decrease was very
small (2.3%) but statistically significant. In individuals who followed a regular diet in
phase 1 and received the soy supplement in phase 2, an increase in IGF-1 was
observed, which was correlated with increased protein intake from plant sources and
increased calcium intake, suggesting that an increase in soy or calcium intake from the
diet could increase bioavailable IGF-1 levels by suppressing its binding protein,
IGFBP3.

This study showed that a low-fat, high-fiber diet through increased fruit and vegetable
intake and whole-grain foods did not cause any change in IGF-1 levels after one year
of intervention. However, what could cause its variation is the soy supplement through
the effect of protein or calcium intake and not so much the soy isoflavones. This
provides an opportunity for further and more detailed study of the action of individual
nutrients such as calcium or protein or food groups such as dairy products.

Among the few dietary components that have been subject to clinical studies are
omega-3 fatty acids (EPA and DHA). For the timeframe covered by this literature
review, just one clinical trial was found investigating the effect of omega-3 fatty acids
on various parameters potentially related to the disease.

The omega-3 fatty acids, known as eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), have been shown to exert some effect on cancer.
Omega-3 fatty acids appear to modulate various biological processes involved in

cancer development and treatment, potentially offering benefits such as reducing
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inflammation, slowing tumor growth, and improving treatment outcomes [76, 77].
EPA and DHA have been shown to possess properties that reduce inflammation in the
body by influencing the production of eicosanoids, which are signalling molecules
involved in inflammation and immune response. EPA and DHA can change the
composition of lipids (fats) in cell membranes. This alteration affects the structure and
function of the cell membrane, influencing its interactions with other molecules and
signalling pathways leading to downstream effects on cellular functions related to
inflammation. Furthermore, they can influence the expression of genes involved in
inflammation. By altering gene expression, they can regulate the production of proteins
and other molecules involved in the inflammatory response [78].

The clinical trial of Straka et. Al. [63] was designed to compare the effects of n-3 fatty
acids consuming fish versus n-3 fatty acid supplements on EPA + DHA composition of
breast adipose tissue. 25 women were randomly assigned to one of two intervention
groups. One arm of the study received 4 six-ounce servings of canned or pouched fish
per week and the second one received two capsules per day of an n-3 fatty acid
supplement. The n-3 fatty acid supplement provided a daily dose of at least 1.68 grams
of EPA + DHA combined. Breast adipose tissue samples and fasting blood samples
were collected, and total lipids were extracted from plasma and breast adipose
samples. Additionally, tissue samples were collected for RNA-level analysis. After the
intervention, an increase in EPA and DHA levels was observed in both plasma and
erythrocyte membranes, with a more significant increase in EPA in the supplement
group. Changes in EPA levels were also correlated with weight and BMI, with smaller
changes observed in higher weights. Increased BMI and weight also correlated with
smaller changes in EPA-DHA levels in breast adipose tissue. Statistically significant

changes were observed in both intervention groups. Furthermore, the analysis of
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breast tissues focused on genes associated with inflammation, namely IL-6, CD68,
and COX-2. The findings indicated that there were no significant differences observed
in gene expression over time or between the study arms. The small sample size, short
intervention duration, and perhaps the dosage of fatty acids may not be sufficient to
induce changes in gene expression levels.

One of the few foods studied for their contribution to the outcome or prevention of BC
is flaxseed, and specifically, for the period from 2000 to 2024, two clinical studies
examined its association with sex hormone concentrations.

Postmenopausal women have less fluctuation in hormone levels compared to those
who are premenopausal. High estrogen levels in the bloodstream are closely linked to
an increased risk of BC, particularly when looking at the portion of estradiol that is not
bound to sex hormone-binding globulin (SHBG). This unbound fraction is believed to
be the most potent form of estrogen [79].

This trial [64] aimed to assess the impact of consuming a plant-based food rich in
lignans (flaxseed) on the levels of various hormones and a binding protein in the
bloodstream of postmenopausal women. Lignans are thought to have a similar
structure to endogenous steroid sex hormones. Hormones that were studied included
estrone, estrone sulfate, 17B-estradiol, SHBG, progesterone, prolactin,
dehydroepiandrosterone sulfate (DHEAS), dehydroepiandrosterone (DHEA),
androstenedione, testosterone, and free testosterone.

The volunteers received an additional 5g of flaxseed in their usual diet for 7 weeks,
followed by a wash-out period, and then received an additional 10g of flaxseed in their
usual diet. It is worth noting that they were asked to maintain their weight stable.
Moreover, no statistically significant changes were observed in energy or

macronutrient composition in the diet between the baseline and the end of the
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intervention.

Heightened concentrations of estrone sulphate, the primary form of estrogen found in
postmenopausal women, and 17-estradiol, which is acknowledged as the most potent
estrogen in both pre-and postmenopausal women, may elevate the risk of BC onset in
women [80].

The intake of either 5 or 10 g of flaxseed daily for seven weeks affected the levels of
estrogen and prolactin but did not impact androgen or binding protein levels in this
study. The reductions observed in 17-estradiol and estrone sulphate levels indicate a
potential protective effect of flaxseed consumption against BC. Consequently, a
decrease in estrogen levels, as observed with 17-estradiol and estrone sulphate in this
trial, would logically lead to a decline in prolactin production. However, the rise in
prolactin levels might counteract the beneficial outcomes associated with flaxseed
consumption concerning BC, especially if prolactin is identified as a promoter of the
disease.

The three significant clinical trials were the following, upon which additional studies
relied to analyze specific outcomes.

The WHEL (Women's Healthy Eating and Living) study was a clinical trial that
examined the effects of a plant-based, low-fat diet on the recurrence of BC among
women who had previously been treated for early-stage BC. It aimed to determine
whether dietary changes, specifically reducing fat intake and increasing fruit and
vegetable consumption, could lower the risk of cancer recurrence and improve overall
health outcomes. The trial took place between 1995 and 2006. [17].

The clinical trial WINS (Women's Intervention Nutrition Study) was another study
focusing on dietary interventions among women with BC. The WINS clinical trial also

included postmenopausal women with a similar aim to the WHEL study. The trial was
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conducted in the late 1980s and early 1990s.

And the third one in this area is the Women's Health Initiative Dietary Modification Trial
(WHI-DMT). This trial also examined the effects of dietary interventions, including
reducing fat intake and increasing fruit and vegetable consumption, on various health
outcomes among postmenopausal women, including BC risk. The Women's Health
Initiative Dietary Modification Trial (WHI-DMT) was conducted between 1993 and
2005.

Few clinical studies have focused on investigating the contribution of individual foods,
components, or food groups. Among the various dietary elements investigated were
soy, which assesses the influence of isoflavones, omega-3 fatty acids derived from fish
or flaxseed consumption, and an "anti-inflammatory" diet. Additionally, what has been
observed is that most studies examined in this literature review placed significant
emphasis on qualitative measures. There were studies, but not enough, that included
inflammation-related biomarkers in their intervention assessments.

In general, notable observations were made in interventions where significant weight
loss was achieved. In those studies, changes in inflammation markers were evident,
as seen in the study by Duggan et al. [54], where reductions in anthropometric
measurements and improvements in lipid profiles were associated with improvements
in various inflammation markers such as interleukins and vascular endothelial growth
factor (VEGF).

Furthermore, conflicting results were noted. Contradictory results regarding the
previously mentioned study are highlighted in the trial conducted by Ramirez AG et al.
[68]. Here improvements in anthropometric indices and CRP levels following an anti-
inflammatory dietary intervention did not appear to affect inflammation markers.

Additionally, the age group exhibited heterogeneity. Some interventions were applied
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to premenopausal women, others to postmenopausal women, while certain studies did
not specify such criteria, such as the study by Michelle Harvie et al. [53].

Among the limitations identified, it was noted that not all clinical trials identified were
both double-blinded and randomized, potentially affecting the generalizability of the
results. Additionally, the study population consists of individuals living independently,
which introduces challenges related to compliance and accurately quantifying dietary
intake and physical activity.

Most of them provided grounds for further investigation. This was the purpose of the
present literature review. To shed light on what has been implemented as a dietary
intervention in the last 24 years, to identify any gaps or inconsistencies in existing

studies, and to provide a basis for a clearer further investigation.
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