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Abstract: Background/Objectives: The most common breast cancer (BRC) in women is
estrogen/progesterone receptor-positive. The first-conventional treatment includes endocrine
therapy either with aromatase inhibitors or tamoxifen to reduce estrogen levels. These treatments
are associated with side effects, the most typical being joint/muscle pain, known as aromatase
inhibitor arthralgia, affecting overall health and quality of life (QoL). The objectives here were to
evaluate interventions examining impact of modified diets, supplements, and/or some food
components on health outcomes in BRC patients undergoing endocrine therapy. Methods:
Literature search was performed in PubMed, Scopus, and Web of Science through the end of
November 2024, with articles reporting intervention with diet/food/supplement intake and the
relevant outcomes. Results: The search uncovered 1028 studies; after the removal of duplicates,
abstracts, and irrelevant studies, 53 studies were closely examined, with 26 evaluated and presented
here. The outcomes were changes in bone and body composition, cardiovascular disease risks,
inflammation, and QoL. Conclusions: Examined evidence suggests that adherence to dietary
patterns such as Mediterranean or low-fat diet, and higher intake of fruits and vegetables were
beneficial for various outcomes. Additionally, supplementation with some foods/components
(dried plum, red clover), contributed to improving/maintaining bone and body composition,
especially in overweight/obese patients. Supplementation with vitamin D or omega-3 improved
lipid and angiogenic parameters and QoL. Although these results are promising, the effects of each
supplement/food cannot be summarized due to the diverse nature of study designs, patients, and
supplement dosage. Further studies are needed to explore the effects of specific nutritional
interventions on various health outcomes in BRC survivors during endocrine therapy and derive
universal recommendations.

Keywords: Breast cancer; Estrogen/progesterone positive breast cancer; Endocrine adjuvant
therapy; Aromatase inhibitors; Tamoxifen; Bone and body composition; Cardiovascular risk factors;
Inflammation; Quality of life

1. Introduction

Breast cancer (BRC) is a prevalent disease affecting women around the globe. It is the most
commonly diagnosed cancer and the leading cause of cancer-related deaths among women. In 2020,
approximately 2.3 million new cases of BRC were diagnosed worldwide, accounting for nearly a
quarter of all cancer cases in females [1-3].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The most common non-modifiable risk factors for BRC include female sex, older age, family
history of BRC, certain genetic mutations, dense breast tissue, and previous radiation exposure.
Women at higher risk for developing BRC are those with early menarche (before age 12), late
menopause (after age 55), those not having children, or having a first pregnancy after age 30 [4,5].
The modifiable risk factors include the use of certain medications, high body mass index (BMI),
alcohol consumption, smoking, exposure to artificial light or environmental pollutants, as well as
physical inactivity, and a nutrient-poor diet, including the consumption of highly processed foods
and low intake of vitamins and minerals [4]. As Western dietary patterns, characterized by increased
consumption of processed, sugary, and high-fat foods, continue to spread globally, the incidence of
BRC may rise in both developed and developing countries. Therefore, addressing these modifiable
factors is essential in the search for preventive or new therapeutic strategies for BRC [4,5].

About 75% of breast tumors express either the estrogen receptor or the progesterone receptor,
classifying them as hormone receptor-positive (HR+) tumors. Adjuvant endocrine therapy is a
fundamental component of treatment for HR+ early BRC, alongside chemotherapy and radiation
therapy [6]. Since estrogen significantly contributes to the proliferation of cancer cells in patients with
estrogen receptor breast cancer, blocking it from binding to its receptors became an effective
treatment. The most common endocrine treatments include tamoxifen (TAM) and/or aromatase
inhibitors (Al). TAM blocks estrogen's ability to attach to breast cancer cells, while Al hinders the
aromatase enzyme that converts other androgens to estrogen. Both treatments result in a reduction
of estrogen levels and slow down the growth of breast cancer cells [7-10]. In early premenopausal
HR+ breast cancer patients receiving Al such as anastrozole, exemestane, or letrozole have shown
lower recurrence rates compared to tamoxifen [11].

Although the side effects from endocrine treatments are less severe compared to chemo or
radiation therapy, there are quite a few side effects that could affect overall health and quality of life,
including a resurgence of menopausal symptoms in women who are postmenopausal, as well as the
development of metabolic syndrome, increased pro-inflammatory C-reactive protein, and non-
alcoholic steatohepatitis [12]. Although the evidence shows the effectiveness of Al treatment in
enabling cancer-free survival for breast cancer patients, its use can be limited because of debilitating,
but otherwise modifiable, side effects. For example, nearly 50% of patients on AI experience
arthralgia, including joint pain, stiffness, and muscle pain (arthralgia and myalgia) often as part of a
broader condition called Al-induced musculoskeletal syndrome, which also includes bone loss,
increased fracture risk, all primarily due to estrogen deficiency. Moreover, Al treatment is associated
with other side effects, such as cognitive dysfunction, anxiety, depression, sleep disturbances, and
fatigue. It can also lead to changes in lipid profile and elevated cardiovascular risk, as well as in the
urogenital system, causing sexual dysfunction and frequent urinary tract infections [13,14].
Regarding TAM therapy, in addition to arthralgia, its long-term use can lead to venous
thromboembolism, secondary cancers (e.g., uterine), central nervous system damage, and bone
growth abnormalities [15]. Consequently, many women undergoing endocrine therapy describe it as
a paradox: “a life-saving treatment that also contributes to premature aging”.

Overall, while both types of treatment provide significant benefits in preventing cancer
recurrence, their side effects can greatly affect a patient's quality of life (QoL) and contribute to
nonadherence to treatment and therapy discontinuation. Therefore, it is crucial to address and
minimize the negative effects of both therapies, particularly Al, to improve the overall health and
QoL for breast cancer patients [13].

Increasing evidence from research on various dietary patterns, macro- and micronutrients, and
bioactive compounds points to the significance of nutrition interventions in improving treatment
outcomes for breast cancer patients and survivors. For example, certain dietary factors like excess
carbohydrates (especially, simple sugars), saturated fats, and red meat may increase breast cancer
risk. Conversely, nutrients that contain fiber, omega-3 fatty acids, vitamins, minerals, and
phytochemicals found in fruits and vegetables may help reduce oxidative stress and chronic
inflammation, both known to contribute to breast cancer development and progression [4,5,16].


https://doi.org/10.20944/preprints202412.1890.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 December 2024 d0i:10.20944/preprints202412.1890.v1

Both scientific and clinical communities and patient advocacy groups emphasize the importance
of lifestyle changes post-diagnosis, particularly regarding diet. In this context, a growing concern is
the increasing number of breast cancer survivors (BRCS) who are overweight or obese. BRCS with
overweight (BMI 25-29.9) or obesity (BMI >30) tend to have worse outcomes compared to those with
a normal BMI (<25), including higher recurrence rates, poorer treatment responses, and an increased
risk of secondary cancers and metastases. The results from a recent meta-analysis revealed that
women with obesity face a 33% higher risk of breast cancer mortality, and a 41% higher risk of overall
mortality compared to those with a normal weight [17]. Research suggests that BRCS who adopt a
healthier lifestyle—such as increasing physical activity and improving diet and overall dietary
habits —may experience better QoL and potentially improve their overall health, thereby prolonging
life, and reducing the healthcare burden [17].

The objectives of this review were to systematically synthesize available evidence of the impact
of the modified whole diet, supplements, and some food components on breast cancer outcomes in
patients undergoing treatment with Al or TAM. By reviewing and evaluating interventional studies,
we identified key findings that could inform clinical practice and guide future research. Our analysis
also highlighted the potential role of nutrition and supplementation in optimizing treatment
outcomes for breast cancer patients, offering insights into how these strategies could complement
conventional cancer therapies, with a focus on body composition, cardiovascular disease risk
parameters, inflammation, and quality of life. These findings could help shape future clinical
guidelines and highlight areas where further investigation is needed to enhance patient care and
survivorship, possibly contributing to the universal treatment in alleviating endocrine treatment side
effects.

2. Materials and Methods

2.1. Search Strategy

The literature search was performed across three scientific databases: PubMed, Scopus, and Web
of Science from the article's inception to the end of September 2024 using a combination of the
following MeSH keywords: breast cancer AND food OR diet OR supplement AND aromatase
inhibitors OR tamoxifen. The bibliography section of the included studies was also manually
screened to find additional relevant studies, as well as the applicable articles that were in print or
published after the search was completed extending to the end of November 2024.

2.2. Eligibility Criteria

The studies included in this review were intervention studies that reported the effects of
diet/food/supplement intake on the health outcomes of adult female BRC patients who took Al or
TAM as a treatment. Only studies published in the English language were used, and no time
limitation was applied. The exclusion criteria were as follows: case reports, review articles, book
chapters, conference abstracts or abstracts-only, letters, and articles with unusable information. The
screening was performed independently by two authors (M.Z.P., B.P.) who screened the titles and
abstracts and evaluated the full-text articles for relevance. Based on the predefined inclusion and
exclusion criteria, the authors selected potentially eligible articles, with a 10% double-checking. Two
independent authors (M.Z.P., B.P.) extracted the data from the included articles.

3. Results

The selection process is presented in Figure 1, with 26 eligible articles evaluated and discussed.
Each study’s characteristics and main findings are summarized in Table 1.
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Articles identified from three databases; PubMed
(n=104), Scopus (n=490), Web of Science (n=434)
Total, n=1028

Duplicate articles removed, n=327

Title and abstract screening,
n=701

Excluded reviews, book chapters,
abstracts, letters, n=648

Full text screening,
n=53

Excluded articles without full
text, n=5, out of topic, n=24,
Total, n=29

Articles included from manual
search, n=2

Articles included in qualitative
synthesis,
n=26

Figure 1. Flowchart of the search process.

3.1. General Characteristics of the Studies

Most of the studies were conducted in the USA (n=9), followed by India (n=4), Iran, Spain and
Italy, each (n=2), Greece, Iraq, Mexico, South Korea, The Netherlands, Taiwan and the United
Kingdom, each (n=1) (Table 1).

The intervention included specialized diets [18-20], omega-3 fatty acids supplements [21-24],
vitamins and minerals [25-31]. Also, some of the included studies investigated plant based-food
(dried plum) [32] and soy milk (isoflavones) [33], as well as supplements, mostly rich in polyphenols,
such as resveratrol, curcuminoids, lignans [34], red clover isoflavones [34,35], soy isoflavones [36]
and green tea epigallocatechin gallate [37], as well as a combination of compounds with anti-
inflammatory potential (a-lipoic acid, Boswellia serrata, methylsulfonylmethane, and bromelain)
[38].
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Other studies investigated supplements based on immunomodulatory protein from medicinal
fungi Ganoderma [39] and coenzyme Q1o (CoQuo), [40—43].

Only three studies included intervention with physical activity/exercise [19,20,32], namely
resistance and aerobic activity [19], strength training and resistance [32], and incorporation of the
physical activity guidelines [20].

All included studies are described in Table 1, providing comprehensive information on the
kind/design of research, number and characteristics of subjects, previous or current therapy,
duration, food components, the whole diet or supplements used, and the main results. However,

only parameters analyzed in two or more studies are discussed below.

Table 1. Characteristics and results of studies sorted by the type of intervention.

Author; Country Participants: Groups: Main results
Year Mean/median n of analyzed
age; BRC stage; | samples;
Use of AI/TAM; | Duration of the
Menopausal study
status
Modified Diet
Brown et al. | Pennsylvani | Mean, 59.4 y; 1. Exercise plus | Physical health summary
(2021) [19] | a USA Stage I-IIIA BRC; | diet (E+D) (n=87) | score
Completed 2. Exercise only | 1 E+D vs Cend,
chemotherapy, (E) (n=87) NS E/DvsC
radiotherapy, 3. Diet only (D)
and targeted | (n=87) Body pain subscale score
therapy for 26 | 4. Control (C) | NSE+D/E/DvsC
months  before | (n=87)
baseline data | D: General health subscale
collection; Weeks 0-20 | score
AI/TAM weeks: meal | NS E+D/E/D vs C
replacement
program (7 | Mental health subscales
servings of fruits | Vitality subscale score; 1
and vegetables | D+Evs C,D vs C
daily) Weeks 21- | Mental health subscale
24: behavioral | score, social functioning
modification subscale score, role—
regarding emotional subscale score
shopping and | NS E+D/E/D vs C
preparation of
food
Weeks 24-52:
behavioral
modification
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regarding
problem-solving
and prevention of
relapse

E:

Weeks: 0-6
exercise

(resistance  and

generated by the
Clinical Decision
Support
(CDSSI)

System

aerobic  activity)
instructions
Weeks 7-52 diet
instructions
Murillo Mexico Mean, 1. Diet (D) (n=50) | Body composition
Ortiz et al Diet, 50.5y, 12% fat, 68% | BMIJWC | D end vs
(2017) [18] Control, 52.3 y; carbohydrates, baseline, C end s
TAM; and 20% protein; | baseline
Postmenopausal | Written BMI| D vs Cend
instructions Muscle mass % NS D vs C
end
2. Control (C) | Blood parameters
(n=50) Estradiol, adiponectin,
30% fat, 50% | glucose | D end vs
carbohydrates baseline
and 20% protein | IGF-1 NS D end vs
Written baseline
instructions Estradiol, adiponectin,
IGF-1 NS control end vs
Duration: 6 | baseline
months
Papandreou | Greece Mean, 49.7 y; 1. Diet (D) (n=22) | Body composition
et al. (2021) Stage I-1IIA BRC; | Personalized daily | BW|, BMI|, BEFM%], and
[20] Al/TAM; dietary planbased | WC| D end vs baseline,
Postmenopausal | on the | D vs Cend
Mediterranean physical activity levels 1
diet + physical | in D end vs baseline, D vs
activity Cend
guidelines, Blood parameters

TAG

concentrations 1 C end vs

Glucose and

baseline, C vs D end,
NS D end vs baseline,
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Written

instructions

2. Control
(n=22)

General

©

lifestyle

advice

Duration: 3

months

Total cholesterol and
LDL?T C end vs baseline,
NSCvsDend

HDL 1 D end vs baseline,
Oxidative stress

MDA levels 1 C vs D end,
C end vs baseline

Plasma vit C 1 D baseline
vs end, D vs C end
Quality of life
EORTC-QLQ-C30 global
life
scalet D end vs baseline
EORTC-QLQ-C30

functioning subscale 1

health-quality  of

role

D end vs baseline
EORTC-QLQ-C30
emotional

subscalet D

functioning
end vs

baseline

HADS depression scale|

D end vs baseline

HADS anxiety scale | D

end vs baseline

MedDiet score 1 D end vs

baseline, D vs C end

Omega-3 Fatty Acids

Hershman et | Multicenter,
al. (2015) | USA
[21]

Mean,

59.2;

Stage

I-11T

BRC;

Al for at least 90
days before
baseline;

Postmenopausal

1. Omega-3 (560
mg of EPA +

DHA) (n=102)

2. Placebo
(soybean + corn
oil) (n=107)
Duration: 24
weeks

Blood parameters

TAG| Omega-3 Vs
placebo end

HDL, LDL NS between
groups

Blood markers of
inflammation

CRP NS between groups
Quality of life/Pain
outcomes

Al arthralgia improved in
both groups, NS between

groups

reprints202412.1890.v1
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Hutchins-
Wiese et al.
(2014) [22]

Connecticut,
USA

Mean,

Omega-3, 60.9 y;
Placebo, 63.6 y;
Al for at least 6

1. Omega-3 (n=17)
4 ¢ EPA+DHA

(2520 mg EPA,
1680 mg DHA) +

Fatty acids

total and LC omega-3
PUFA?

total and LC omega-6

baseline;

Postmenopausal

(n=45)

Duration: 30 days

months  before | calcium carbonate | PUFA levels|
baseline (1000 mg/day) + Omega-3 vs placebo end
cholecalciferol Bone turnover markers
(800 IU/day) DPD, PINP, and BAP |
Omega-3 end vs baseline
2. Placebo (n=17) Bone resorption marker
safflower oil (9% | sCTX levels |
linoleic acid, 83% | Omega-3 responders vs
oleic acid). placebo end
+ calcium | Fattyacid and  bone
carbonate (1000 | marker associations
mg/day)+ Inverse association
cholecalciferol between changes in
(800 IU/day) sCTX and changes in
EPA and DHA
Duration: 3 | Positive association
months between sCTX and change
in arachidonic acid and
the LC omega-6/omega-3
PUFA ratio
Blood markers of
inflammation
IL-6, IL-1 NS, hsCRP 1
Omega-3 end vs baseline
Martinez et | Spain Median, 57.3 y; 1. Omega-3 (460 | Blood parameters
al. (2019) Stage 0-1IIA | mg) +| TAG |
[23] BRG; hydroxytyrosol LDL NS 1t
AI/TAM for at| (125 mg) | HDL NS
least +curcumin  (47.5 | Blood markers of
3 months before | mg curcuminoids) | inflammation

CRP | end vs baseline,
more  pronounced in
subjects  with  higher
baseline CRP

IL-6, SAA, TNFa, IL-10,
TGEFp, and IGF-1 NS

Musculoskeletal pain
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| end vs baseline

Lustberg et | Ohio, USA | Mean, 59.5y; 1. Omega-3 (4.3 | Fatty acids status
al. (2018) Stage I-1II BRC; g) (n=22) EPA and DHA in RBCs 1,
[24] Al for less than | 2. Placebo (n=22) | total omega-6 PUFA |
21 days before Omega-3 end vs baseline
enrollment; Duration: 24 | NS in placebo
Postmenopausal | \/cals Quality of life/Pain
outcomes

Pain severity NS
Omega-3 end vs baseline,
NS placebo, NS between
groups

tdue to Al use over time,
for both groups

FACT-ES score|
placebo 12 weeks vs
baseline, NS at end vs
baseline

NS end Dbetween
groups

Functional well-being
and social well-being

1

Omega-3 vs placebo

at week 12, NS at
week 24

PUFA and FACT
scores association
positive

relationships

between

FACT-ES

functional well-
being subscale and

RBC omega-3
PUFA levels,

at 12 weeks

Blood markers of
inflammation

IL-6, TNFR-2, IL-17, | end
in both groups, NS

between groups.
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Vitamins and Minerals Supplements
Campbel et | Texas, USA | Stage I-IIl BRC; | 1.Vitamin B12 | Quality of life
al. (2017) AJL; (2500 mcg) Average pain scores |
[29] Postmenopausal | (n=41) FACT-ES all scales 1
Correlation between
Duration: 3 | decrease in pain score and
months increased serum B2 levels
Khan et al. | Kansas, Median, 61 y 1. Vitamin D | Grip strength, NS
(2017) [27] | USA Stage I-1II BRC, (n=70) Blood parameters
scheduled to | 30,000 IU oral | 25(OH)D levelst Vitamin
start treatment | vitamin D3/week | D over 12 weeks vs
with Al + calcium 1200 | baseline,  placebo 12
Postmenopausal | mg + 600 IU of | weeks vs baseline
vitamin D Quality of life
Al-associated
2. Placebo (n=77) | musculoskeletal
matched capsules | symptoms NS
+ Pain, disability, fatigue,
calcium 1200 mg + | quality of life NS
600 IU of vitamin
D
Duration: 24
weeks
Niravath et | Texas and | Median, 64 y; 1. Standard-dose | Blood parameters
al. (2019) | Washington | Stage I-1II BRC; vitamin serum 25 (OH) vitamin D1
[30] , USA Scheduled to | D3 (800 IU daily) + | high-dose arm
start treatment | calcium carbonate
with AL 600 mg (n=47) Quality of life
Postmenopausal | 2. High-dose | Alinduced arthralgia
vitamin D3 | NS Dbetween groups,
(50,000 IU weekly | developed in both in ~50%
for 12 weeks, | of patients
followed by 2000
IU daily for 40
weeks) + calcium
carbonate 600 mg
(n=46)
Duration: 52
weeks
Park et al. | Virginia, Mean, 53.5y; 1. Magnesium | Quality of life-
(2011) [26] | USA TAM/AL (n=25) Menopausal symptoms
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Placebo 41.1y;
Stage I-1I1 RBG;
TAM;
Premenopausal
and

postmenopausal

weekly) (n=22)
2. Placebo (n=22)

Duration: 8 weeks

11
Postmenopausal | (400 mg once a | hot flash score, fatigue,
day first 2 weeks, | perceived distress level
the ones whose | due to hot flashes, and
symptoms did not | severity of abnormal
improve used 2 x | sweating
day next 2 weeks) | all |end vs baseline
Degree of sleep
Duration: 4 weeks | disturbance, NS
Overall quality of life,
NS
Rhee et al. | South Korea | Mean: 1. Supplement | BMD and fracture risk
(2013) [25] Supplement, (n=45) 5-mg of | assessment
57.1y; alendronate and | Lumbar BMD | placebo
Placebo 58.5 y; 0.5-pug of active | end vs baseline (more
AL metabolite of | pronounced in recently
Postmenopausal | vitamin D | menopausal women)
(Maxmarvil®)+ NS in supplement end vs
500 mg | baseline,
elementary total hip and femur neck
calcium with 400 | BMD NS
IU cholecalciferol
(vitamin D). Blood markers of bone
2. Placebo (n=46) | serum CTX and OCN 1
Placebo +500 mg | placebo end vs baseline,
elementary placebo vs supplement
calcium with 400 | end
IU cholecalciferol | Serum  calcium  and
(vitamin D). phosphate NS
Duration: 24
weeks
Shahveghara | Iran Mean: 1. Vitamin D | Inflammatory markers
sl et al. (2020 Intervention, group (50000 IU | hsCRP NS tVitamin D
[31]) 449y; vitamin D3 | end vs baseline, NS “in

placebo end vs baseline,
Angiogenic biomarkers
in serum

premenopausal women
Ang-2|, Vitamin D end vs
baseline

VEGF-A| Vitamin D vs

placebo end;
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Women with the absence
of vascular invasion

Ang-2]
placebo end

Vitamin D vs

Women with the
infiltration of tumors into
vascular or lymphatic

vessels

Hif-11 Vitamin D wvs
placebo end

Vani et al.
(2016) [28]

India

Mean, 55.8 y,
Al

Postmenopausal

1. Control (had
adequate
baseline serum
vitamin D
concentrations)
no
supplementatio
n during study
(n=11)

2. Group 1 (had
insufficient
baseline serum
vitamin D
concentrations)
(n=60)
supplementatio
n with 2000 IU
vitamin D3 +
1000 mg of
calcium

3. Group 2 (had
deficient serum
vitamin D
concentrations)
(n=11)
supplementatio
n with 4000 IU
vitamin D3+
1000 mg of

calcium

Blood parameters

Serum 25 (OH) vitamin

Dt, calciumf,
phosphorust,
PTHY, alkaline

phosphatase activity| end
Vs baseline in
supplementation groups
Serum 25 (OH) vitamin
D|
PTH,

phosphorus, and alkaline

calcium,

phosphatase activity NS
in control group end vs
baseline

Serum 25 (OH) vitamin D
NS between groups
Health

Questionnaire

Assessment
Negative correlation
between score
(musculoskeletal

symptoms) and serum
25 (OH)

concentration

vitamin D



https://doi.org/10.20944/preprints202412.1890.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 December 2024

doi:10.20944/preprints202412.1890.v1

13
Duration: 12
weeks
Plant/fungi food and Supplements
Avila- Spain Mean: 1. Supplement Metabolites
Galvez et al. Intervention, 54 | (turmeric + red | phase-II metabolites
(2021) [34] y, clover + flaxseed | detected in urine, plasma,
Placebo, 55 y; extracts + | normal and malignant
No neoadjuvant | resveratrol; 296.4 | mammary tissue
treatment; mg phenolics per | Free curcumin detected
some of them | capsule) 3 x day | in tissues in supplement
menopausal (n=26) group
2. Control (n = 13).
Duration: 5 + 2
days
Braal et al. | The Mean, 58.5y 1. Green tea (1 g | Pharmacokinetic
(2020) [37] | Netherlands | TAM twice daily; | interaction between green
containing 300 | tea supplements and
mg EGCG) TAM.
+ TAM (n=7), 14 | Not detected
days
2. Control (TAM)
(n=7)
28 days.
Cross-over, n=14,
Duration: 42 days
Desidieri et | Italy Mean, 59 y; 1. Supplement | Quality of life
al., (2022) Stage [a-1Ib | (n=46) Al-induced  arthralgia|
[38] BRC; a-Lipoic acid | end vs baseline
AJL; (240 mg)+
Postmenopausal | Boswellia serrate
(40 mg)+
methylsulfonyl
methane (200 mg)
+Bromelain
(20 mg)] OPERA®
Duration: 6
months
Ferraris et | Italy Mean: 1. Red clover | Body composition
al., (2019) Supplement, 44.4 | (n=42) BMI|, WC |, HC| red
[35] y (Promensil® clover vs placebo end, red
Placebo 44.6 y,
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TAM/TAM+LHR

Forte, 80 mg red

clover extract)

clover end vs baseline,

placebo end vs baseline

H analogues; +recommended Blood parameters
Premenopausal | Mediterranean HDL 1 red clover end vs
diet baseline, placebo end vs
2. Placebo (n=39) | baseline, NS red clover
+recommended vs placebo
Mediterranean LDL, TAG, HOMA-IR NS
diet Estradiol, testosterone
levels, insulin resistance
Duration: 24 | NS
months Cancer-related
parameters
Endometrial  thickness
NS
Breast density | both
groups end vs baseline,
NS between groups
Menopausal rating
score|
Red <clover end wvs
baseline, placebo end vs
baseline, NS red clover vs
placebo end
MacGregor | United Median, 51 y; 1. Soy extract | Quality of life
et al. (2005) | Kingdom TAM/adjuvant (235 mg with 17.5 | Menopausal symptoms
[36] chemo; mg of isoflavones) | scores
With (n=33) NS between groups end
menopausal 2. Placebo (n=35)
symptoms Duration: 12
weeks
Radi et al. | Iraq Mean, 1. month all 2 cup | Urinary level of
(2023) [33] Premenopausal, | of soymilk daily- | estradiol
379y; 35 mg of soy |l in PreM and PostM
Postmenopausal | isoflavones women after 1 and 2
55.2y; 2. month all one | months
TAM/AI cup of soymilk NS preM vs  postM
daily 70 mg women
of soy Urinary level of estrone 1
isoflavones high dose soy vs baseline,

n=120

NS for low dose
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Duration: 2

months

NS PreM vs PostM
women,

Urinary level of genistein
tin PreM and PostM
women after one-month
Urinary level of
daidzein 1 in PostM vs
PreM for both doses

NS correlations between

urinary genistein and
daidzein levels  with
urinary estradiol and

estrone levels

Simonavice | Georgia, Mean, 64 y; 1. Dried plum | Body strength
et al, (2014) | USA Stage O-III BRC; | (90g) + exercise | Upper and lower { both
[32] Finished/ still on | (2 days/ week of | groups end vs baseline
hormone 10 strength and | Body composition
suppressant resistance NS both groups
therapies training) (DP+E)
(n=11) Blood markers of bone
2. Exercise (E) | TRAP-5b |in both groups
strength training | end vs baseline
and resistance | Blood markers of
(n=12) inflammation
Duration: 6 | BAP and CRP NS
months
Wen Su et | Taiwan Median, 57 .4, 1. Supplement | Cognitive function
al., (2024) Stage I-11I BRC; Ganoderma 1 3 months vs baseline
[39] TAM/AI Microsporum Quality of life
immunomodulato | Fatigue, insomnia levels |

ry protein (n=18)
Once a day
Duration: 6

months

6 months vs baseline, 3
months vs baseline

global health/QoL NS
week 4 vs baseline
Inflammatory
parameters

CD19+
lymphocytest 3 and 6

Proportion  of

months vs baseline,
Proportion of NKG2A+
and NKp30+ NK cells|



https://doi.org/10.20944/preprints202412.1890.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 December 2024

d0i:10.20944/preprints202412.1890.v1

16
Fatigue positively
correlated  with  the
proportion of NKp30+ NK
cells.

Coenzyme Q1o

Premkumar | India Median, 57 y; 1. BRC. untreated | Serum cytokine levels
et al. (2007) TAM (n=84) IL-1B, IL-6, IL-8, TNF-a ,
[41] 2. TAM + CoQuw | VEGF
(100 mg)+ | supplement end (90
riboflavin (10 mg) | days) vs  baseline,
+ niacin (50 mg) supplement (45 days) vs
(n=84) baseline, supplement vs
Duration: 90 days | BRC untreated
Premkumar | India Median, 57 y; 1. BRC, untreated | Pro-angiogenic levels
et al. (2008) TAM (n=84) | supplement end (90
[40] 2. TAM + CoQ10 | days) Vs baseline,
(100 mg)+ supplement (45 days) vs
riboflavin (10 mg+ | baseline, supplement vs
niacin (50 mg) BRC untreated
(n=84)
Duration: 90 days
Yuvaraj et al. | India Mean, 49 y; 1. BRC, untreated | Blood parameters
(2009) [42] TAM,; (n=78) Activity of LPL and LCAT
Postmenopausal | 2. TAM + CoQuo | Tsupplement end vs
(100 mg)+ baseline
riboflavin (10 mg)
+ niacin (50 mg)
(n=78)
Duration: 90 days
Zahrooni et | Iran Mean, 1. CoQuo 100 mg | Blood markers of
al. (2019) CoQuo, 40.7 y; (n=15) inflammation
[43] Placebo, 36.3y | 2.Placebo (n=15) |IL-8 and IL-6 serum|
Stage I-II BRC CoQ10
Duration: 2 | vsplacebo end
months Serum VEGF, NS

Abbreviations: Al: aromatase inhibitors; BAP: bone specific alkaline phosphatase; BFM: body fat mass; BMD:

bone mineral density; BMI: body mass index; BRC: breast cancer; BW: body weight; CoQio: coenzyme Qio; CRP:
C-reactive protein, DHA: docosahexaenoic acid; DPD: deoxypyridinoline, EORTC QLQ-C30: European
Organization for Research and Treatment of Cancer-Quality of life of cancer patients; EPA: eicosapentaenoic
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acid; FACT-ES: functional assessment of cancer therapy - endocrine symptoms; HADS: hospital anxiety and
depression scale; HC: hip circumference; HDL: high-density lipoprotein; hsCRP: high sensitivity C-reactive
protein; IGF-1: insulin-like growth factor 1; IL-1 3: interleukin-1 beta; IL-6: interleukin-6; IL-8: interleukin-8; IL-
10: interleukin-10; IL-17: interleukin-17; LC omega-6/omega-3: long chain omega-6/omega-3; LCAT: lecithin—
cholesterol acyltransferase; LDL: low-density lipoprotein; LPL: lipoprotein lipase; NKG2A+: natural killer group
2 member A; NKp30+: natural cytotoxicity receptor 3; NS: not statistically significant; PINP: procollagen type 1
N-terminal propeptide; PTH: parathyroid hormone; QLQ-C: quality of life of cancer patients; RBCs: red blood
cells; SAA: serum amyloid A; sCTX: serum C-terminal telopeptide; TAG: triglycerides; TAM: tamoxifen; TGFf:
transforming growth factor beta; TNFR-2: tumor necrosis factor receptor 2; TNFa: tumor necrosis factor alpha;
TRAP-5b: tartrate-resistant acid phosphatase isoform 5b (TRACP 5b); USA: United States of America; VEGEF:
vascular endothelial growth factor; WC: waist circumference.

4. Discussion

The objectives of this review were to apply a systematic approach and synthesize available
evidence of the impact of various components of food, the whole diet, and supplements on breast
cancer health outcomes in patients undergoing adjuvant endocrine therapy with Al or TAM. As is
well established, all cancer survivors commonly experience a wide range of chronic health problems
associated with both initial cancers and the consequences of cancer therapy. This is particularly
applicable to breast cancer patients, as their survival rate is high, and life expectancy continues to rise
[44]. However, the side effects of therapy and subsequent chronic health issues drastically impact
patients” physical, psychological, and social functions [45]. Therefore, any dietary intervention (as
modifiable factors) to alleviate these side effects needs to be investigated and critically evaluated —
the main purpose of our study.

Body Composition and Weight as Outcomes

Long-term estrogen deprivation, such as that induced by antiestrogen therapy in BRC patients,
significantly affects body composition, resulting in increased body weight and fat mass, and reduced
muscle and bone mass, eventually leading to osteosarcopenic adiposity syndrome - the most
detrimental stage in body composition deterioration [46,47]. The impairments in body composition
may trigger or exacerbate other medical conditions, including hyperlipidemia, hypertension,
diabetes, and cardiovascular disease, thus attention to those is of utmost importance.

Among the four nutritional intervention studies [18,20,32,35] Table 1 (evaluated in this review)
that examined changes in body composition parameters with diet or additions to food, two
incorporated concurrent exercise interventions to improve body composition [20,32]. For example,
Papandreou et al., demonstrated that adherence to the Mediterranean diet with concurrent exercise
decreased BMI, waist circumference (WC), body weight, and body fat in a group of women with
antiestrogen therapy [20]. That study demonstrated for the first time that a diet plan generated by the
Clinical Decision Support System (CDSS) and by creating personalized Mediterranean diet plans and
physical activity guidelines could assist BRC patients, particularly during challenges like the COVID-
19 pandemic. In another study [35], decreases in BMI and WC were significant in women following
the Mediterranean diet and taking either red clover extract (80 mg of isoflavones daily) or placebo for
24 months. The benefits were more pronounced in the red clover group. The anti-obesity effect of red
clover isoflavones, presumably formonectin, could be due to the inhibitory effects on a-glucosidase,
preventing a rise in serum glucose [48] and thus inhibiting the signal for adipose tissue lipogenesis
[49]. It is worth mentioning that apart from formonectin, other isoflavones of red clovers, such as
genistein, daidzein, and biochanin A, have been shown to have estrogenic activity via binding to
estrogen receptors [50]. As it is well known, lack of estrogen, such as in menopausal women, is
associated with higher indices of obesity, while estrogen replacement therapy contributes to lowering
visceral adipose tissue, as well as exerting benefits to bone and muscle [51,52].

However, such findings might not always align with the mainstay literature on weight loss,
given that a decrease in weight/BMI leads to a decrease in estradiol and adiponectin levels [18]. Such
effects were shown in a study of postmenopausal Mexican women (reviewed here, Table 1) who were
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in a group receiving a high carbohydrate (68%), low-fat (12%) diet, compared to the control group
receiving a standard diet with about 30% of fat [18]. The decrease of adiponectin (secreted by
adipocytes), otherwise important for energy homeostasis, was related to an overall decrease in
adipose tissue resulting from the lower intake of fatty foods during six months.

In the study by Simonavice et al., interventions with dried plum (DP) (90 g/day) along with the
resistant exercise training in BRCS on endocrine therapy, did not show improvement in body
composition, including bones, but were effective in maintaining it during the 6 month period [32].
This was the first study to evaluate the combination of exercise and DP on both body composition
and bone mineral density (BMD) in this population. Although DP did not enhance bone health in
women with breast cancer as it did in healthy women [53], the study is significant as it highlights the
positive impact of physical activity on bone health via a decrease in bone resorption, thus preventing
unfavorable changes in body composition, which women could have experienced during the active
disease [32]. The lack of positive results is probably due to the small sample size and lack of statistical
power. Dried plums (prunes) are rich in phenolic compounds such as chlorogenic and
neochlorogenic acids, exerting high antioxidative capacities. Despite the small sample size, this is a
valuable study as it showed some additional beneficial outcomes of the dried plums/exercise
intervention (discssed below). Further research is needed to explore the potential of some novel plant-
based compounds, such as red clover extract, and dried plum, and their ability to benefit body
composition in BRCS.

It is well established that estrogen cessation in general, but particularly induced by estrogen
deprivation therapy, alters bone turnover, reducing bone formation and increasing bone resorption,
thereby increasing the risk of osteoporosis and subsequent fractures [54]. The results from the studies
reviewed here [22,25] (Table 1) showed that supplementation with eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) and vitamin D can inhibit bone resorption in women undergoing Al
treatment, suggesting that such supplementations may help reduce the risk of fractures in these
patients. There was a noted decrease in bone resorption marker and serum C-terminal telopeptide
(sCTX) levels in patients who were receiving 4 g of omega-3 (2520 mg EPA + 1680 mg DHA) daily for
3 months compared to those receiving placebo (safflower oil) [22]. Although both groups received
calcium carbonate (1000 mg/day) and cholecalciferol (800 IU/day), whose effects on bones cannot be
ruled out, there are indicators of the unique effects of omega-3 fat acids, including the inverse
association of serum EPA and DHA with CTX. Both EPA and DHA can act as anti-inflammatory
agents, however, there were no changes in markers of inflammation in this study. The authors
suggest that the effects of the resolvins (final anti-inflammatory metabolites) derived from EPA and
DHA might have reduced bone resorption and osteoclastogenesis [22]. Positive effects of omega-3 on
bone have already been reported in postmenopausal women, and among possible mechanisms, it
was suggested that omega-3 fatty acids can improve circulation in the bone marrow and improve
bone marrow cell health [54].

The commonly used supplement among breast cancer patients is vitamin D, also frequently
consumed in the general population for its numerous potential benefits. In line with this, the results
from another study analyzed here [25], revealed that lumbar bone mineral density was decreased in
the placebo, but not in the intervention group. Both groups received active metabolite of vitamin D
(calcitriol) for 24 weeks, but the intervention group also received alendronate (an anti-bone
resorption medication). There was no change in total hip and femur neck BMD in either group.
However, serum bone turnover markers (CTX and osteocalcin) were elevated in placebo compared
to the intervention group [25]. These effects could be attributed to alendronate in the intervention
group, although calcitriol might have diminished and slowed the bone loss in the placebo group.

Overall, the studies on body composition demonstrated diverse effects of dietary and
supplement interventions in BRC patients undergoing endocrine therapy. Variations in intervention
type, dosage, duration, and sample sizes likely influenced outcomes. Nonetheless, evidence supports
that, beyond a low-fat diet, other nutritional strategies, like bioactive food components (prunes, red
clover) with their antioxidative and anti-inflammatory properties, along with exercise regimens, can
positively affect body composition and survival in these patients. Additionally, these studies


https://doi.org/10.20944/preprints202412.1890.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 December 2024 d0i:10.20944/preprints202412.1890.v1

19

underscore the importance of bone health in this population, emphasizing that proactive measures
can and should be taken if not to enhance it, but at least to preserve it.

Cardiovascular Disease Risk Factors as Outcomes

The risk of CVD in women undergoing Al therapy is twofold. First is the treatment itself, as the
reduction in estrogen increases the likelihood of cardiovascular events [55]. Second, women in
menopause are already at an elevated risk for CVD due to hormonal changes [56]. It has been
reported that endocrine adjuvant therapy in BRCS is associated with changes in important
cardiovascular parameters including total cholesterol and low-density lipoprotein cholesterol (LDL-
cholesterol) [57]. Several studies evaluated here (Table 1) have examined the impact of various diets
and supplements on lipid parameters and other CVD risk factors in this population
[21,23,31,35,40,42].

For example, adherence to the Mediterranean diet together with physical activity maintained
the levels of triglycerides (TG), total cholesterol (TC), and LDL-cholesterol, and increased the level of
high-density lipoprotein (HDL) cholesterol in women during hormonal therapy [20]. This diet
provided higher levels of monounsaturated fatty acids, fiber, and vitamin C, which, along with
exercise, improved blood glucose and lipid profiles and confirmed the beneficial effects of lifestyle
modifications (including the addition of physical activity) in breast cancer management. On the other
hand, supplementation with isoflavones from red clover [35], as well as with omega-3 fatty acids for
30 days [23] and 24 weeks [21], showed no significant changes in TC, HDL-cholesterol, or LDL-
cholesterol.

However, combined supplementation with CoQuo, riboflavin, and niacin favorably altered
enzymes involved in lipid metabolism: lipoprotein lipase (LPL) and lecithin:cholesterol acyl
transferase (LCAT) and significantly decreased pro-angiogenic factors (Fibroblast Growth Factor,
Hepatocyte Growth Factor, Epidermal Growth Factor Receptor, Transforming Growth Factor-beta,
Thymidine Phosphorylase, Prostaglandin E2) and increased anti-angiogenic marker levels
(Endostatin, Trombospondin-1) in postmenopausal women during TAM therapy [40,42].
Hypertriglyceridemia, hypovitaminosis, and cancer all contribute to a deficiency in LPL activity.
Additionally, TAM treatment also influences lipid metabolism by decreasing LPL and LCAT
activities. An increase in both enzyme activities in this study may have resulted from an interaction
of CoQuo with vitamin E, which regenerates it from its phenoxyl radical form enabling its action in
both LPL and LCAT activity. Other studies also suggested that TAM treatment in BRC patients
elevates apo Al concentrations, which could further stimulate an increase in LCAT activity [58].
Additionally, CoQio may promote fatty acid oxidation through adenosine 5 monophosphate-
activated protein kinase (AMPK) mediated stimulation of peroxisome proliferator-activated receptor
a (PPARa), which in turn increases the expression of LPL and apo A1, potentially reducing TG and
very-low-density lipoprotein levels in patients with diabetes type 2 [59]. This suggests the potential
benefits of such supplements and interventions for the cardiovascular health of BRCS on TAM.

Additionally, supplementation with 50000 IU/week of cholecalciferol during 8 weeks reduced
serum levels of angiogenic biomarkers like vascular endothelial growth factor (VEGF)-A,
angiopoietin (Ang)-2, and hypoxia-inducible factor (Hif)-1 in BRCS. The beneficial effects varied by
tumor invasiveness to the vasclar tissue [31]. In patients without vascular invasion (the presence of
tumor cells within the lumen of blood and/or lymph vessels), cholecalciferol significantly lowered
Ang-2 levels. At the same time, cholecalciferol significantly increased Hif-1 in those with vascular or
lymphatic invasion (the presence of tumor cells within the lumen of blood and/or lymph vessels).
These findings suggest that cholecalciferol can decrease angiogenic biomarkers in BRCS depending
on the tumor invasiveness to vessels, but further studies with larger cohorts are needed to confirm
these effects [31]. In contrast, high-dose of oral cholecalciferol supplementation in non-diabetic
patients with chronic kidney disease stages 3—4, showed insignificantly reduced levels of Ang-2 and
no changes in other angiogenic markers, including Ang-1, vascular endothelial growth factor
receptor (VEGFR), VEGF, and tyrosine kinase receptor-2, after 16 weeks [60]. The dissimilar reslts
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between the studies suggest that the effects of supplementation may depend on several factors,
including the duration of the intervention and the specific characteristics of the disease.

Taken together, these findings highlight the importance of analyzing dietary and supplement
interventions as a means of mitigating CVD risk in women with breast cancer history undergoing
endocrine therapy and further examining products and food that can contribute to their
cardiovascular health improvement.

Inflammation as Outcome

Cancer and its treatments are closely linked to elevated inflammatory processes [61]. Numerous
inflammatory factors, including interleukins, tumor necrosis factor-alpha (TNF-a), interferon, varios
chemokines, transcription factors, and lipid metabolites such as leukotrienes, prostaglandins,
thromboxanes, and pro-resolving molecules, play pivotal roles in regulating the initiation,
progression, and resolution of inflammation [61]. C-reactive protein (CRP) is released in response to
proinflammatory cytokines like interleukine-6 (IL-6) and is often elevated in cancer patients thus,
serving as a marker of inflammation [62]. The impact of some dietary supplementation on these
inflammatory markers was observed in several studies evaluated in this review [21-24,32,39,41,43]
Table 1.

A reduction in mean serum CRP concentration (-2.8 mg/L) was noted after 30 days of treatment
with EPA/DHA /hydroxytyrosol/curcumin capsules [23]. Conversely, supplementation with omega-
3 fatty acids alone for 3 months resulted in an increase in CRP levels in women on Al therapy [22] or
had no significant impact on CRP after 24 weeks of supplementation [21]. Hutchins-Wiese et al. [22]
speculated that the increase in CRP could be attributed to acute phase response, however further
research is necessary to clarify this effect. One of the differences between the studies with no effect
and those with the beneficial impact on CRP is that the latter was conducted with the addition of
hydroxytyrosol/curcumin [23]. The in silico approaches (studies performed via computer simulation)
also reported that both hydroxytyrosol [63] and curcumin [64] can directly interact with CRP.
Additionally, a recent meta-analysis reported no effect of omega-3 supplementation on CRP in
hospitalized cancer and other patients [65]. Similarly, vitamin D supplementation for 8 weeks also
did not show a decrease in CRP [31]. The reasons are beyond the scope of this review, however, the
authors point out the small sample size and the fact that most of the women were in an advanced
stage of BRC.

In the study with DP consumption (discussed above with regard to bone and body composition)
with and without resistance exercise, there was no significant influence on CRP levels, but both
groups moved from high- to moderate-risk categories (CRP level decreased from 3 mg/L to 1-3 mg/L)
for cardiovascular disease which is clinically significant due to CRP’s association with CVD risks and
mortality [32].

In two studies applying the intervention with CoQuo, there was a serum IL-6 reduction after 2
months [43] and also after 3 months [41] in BRCS receiving TAM therapy. This is in line with the
conclusions from the recent meta-analysis of randomized clinical trials reporting that CoQ1o reduced
levels of IL-6 in the general population [66]. This effect could be explained by various mechanisms,
such as the downregulation of nuclear factor-kappa B or activation of PPAR-mediated anti-
inflammatory response [66].

The results from the Lustberg et al. [24] study showed that supplementation with a high dose of
EPA+DHA for 12 and 24 weeks, had minimal effect on serum IL-6 levels in BRC patients undergoing
Al Authors pointed out the lack of a control healthy group for comparison and suggested possible
inhibitory effects of AI on omega-3 effects [24].

The results of the Taiwanese pilot study conducted over 6 months, demonstrated an
improvement in circulating immune cell composition following supplementation with medicinal
fungi Ganoderma Microsporum immunomodulatory protein, suggesting potential benefits in
modulating immune responses [39]. Possible mechanisms (shown in vitro), include the modulation
of the nuclear factor E-2 related factor 2 (Nrf2) signal pathways. Both Nrfl and Nrf2 mitigate
oxidative stress, enhance cellular resilience, and induce new mitochondrial synthesis [67].
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The variation in the type of therapy received by patients (Al and TAM), differences in the anti-
inflammatory properties of the supplements and foods used, and baseline differences in
inflammatory status among participants, are all factors that potentially influenced the observed
outcomes. Further research, including larger and longer clinical trials with higher, but safe, doses, is
needed to validate and generalize these findings and explore the broader impact of these
interventions on inflammation and immune function in cancer patients undergoing hormonal
therapy.

Quality of Life as an Outcome

The largest number of studies reviewed here examined the impact of nutritional intervention on
changes in the quality of life (QoL) in BRC patients. The European Organization for Research and
Treatment of Cancer (EORTC) Quality of Life Questionnaire (EORTC QLQ-C30) and EORTC
questionnaire for assessing the quality of life in breast cancer patients (EORTC QLQ-BR23) were the
most frequently used tools for assessing QoL in breast cancer survivors [68]. Other commonly used
questionnaires included the Functional Assessment of Cancer Therapy—General (FACT-ES),
addressing the endocrine symptoms related to cancer treatment; Brief Pain Intensity Score (BPI-SF)
questionnaire addressing the pain severity and its impact on functioning; and the general survey for
all, as known as 36-Item Short-Form Survey (SF-36). Additionally, the Cancer Fatigue Scale (CFS) was
often used to assess the severity of fatigue, a common symptom in cancer patients. Although fatigue
is also prevalent in the general population and linked to stressful lifestyle, it is notably more intense
and persistent in cancer patients throughout all phases of cancer treatment [69]. A poor QoL in cancer
survivors is may lead to termination of therapy, as well as an increased risk of cancer recurrence and
mortality. Interventions such as exercise, diet, and lifestyle changes can help manage fatigue and
improve QoL, as evaluated here, Table 1, and discussed below.

In a study conducted by Papandreou et al., the Mediterranean diet and physical activity
improved the quality of life for BRC patients during the COVID-19 pandemic through positive effects
on global health, role functioning, and emotional functioning, assessed by EORTC-QLQ-C30
questionnaire (Table 1) [20]. Similarly, a diet rich in vegetables and fruits in combination with
resistance and aerobic exercise improved some aspects of physical functioning and vitality in
overweight/obese patients while ndergoing endocrine therapy [19]. However, neither diet only nor
exercise only, showed improvement compared to the control group. It needs to be noted that this
was a complex study as it included various interventions, either with food only, or exercise only, and
lasted up to 52 weeks. The findings suggest that combining exercise and diet may be the optimal
lifestyle intervention for improving QoL, particularly in overweight or obese BRC survivors.

Results from the study on magnesium supplementation for 4 weeks also demonstrated
reductions in fatigue, as well as in abnormal sweating, hot flashes, and distress, all associated with
menopausal symptoms [26]. The precise mechanism by which magnesium reduces hot flashes
remains unclear. However, magnesium is known to exhibit neuroprotective and vasoprotective
properties and may contribute to increased serotonin levels in the brain [26]. Hot flashes are
associated with imbalances in serotonin and norepinephrine. An increase in serotonin levels has been
shown to improve these symptoms [70]. Evidence also suggests that magnesium deficiency is linked
to depression and supplements may enhance the efficacy of antidepressant medications, which also
elevate serotonin levels, thereby further improving symptoms in depressive patients [71].

Numerous studies suggest that soy isoflavones exhibit multiple health benefits (similar to
estradiol). These include reducing cholesterol levels and providing cardioprotective benefits [72],
enhancing bone health [73], reducing hot flash frequency and severity [74], improving menopausal
symptoms in both perimenopausal and postmenopausal women [75], and lowering the risk of lung
and prostate cancers [76], and breast cancers [77]. Nevertheless, the results from the study
investigating the supplementations of 70 mg of isoflavones daily from soy extract, in soy capsule
form, showed no significant effects on menopausal symptoms after 12 weeks [36]. This study was
conducted in relatively young women (median 51 years) with early onset of breast cancer, which
might have concealed the outcomes.
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Among the various side effects associated with Al therapy, joint pain and stiffness are the most
frequent, generally named Al-induced arthralgia (AIA) [44]. Supplementation with omega-3 fatty
acids commonly used by BRC patients [78,79], as well as vitamin D, and other supplements, shows
varying effects on AIA. As evaluated here, Martinez et al. (2019), Table 1, found that supplementation
with EPA, DHA, hydroxytyrosol, and curcumin (460 mg+12.5 mg+47.5mg/day, respectively) reduced
pain by 21.5% during Al therapy [23]. However, Lustberg et al. [24] reported that supplementation
with a high dose of omega-3 fatty acids (4.3 g/day) showed no significant influences on pain severity
after 12 and 24 weeks of intervention. Similar results were also reported earlier [80]. Furthermore,
Lustberg et al. [81] group reported that quality of life, assessed with FACT-ES scores, decreased
significantly in the placebo group and remained unchanged in the omega-3 group at 12 weeks, but
not at 24 weeks [81]. Similarly, in a study conducted by Hershman et al. (2015), 560 mg EPA+DHA
did not significantly improve arthralgia at weeks 6, 12, and 24 in BRC patients on Al [21]. However,
Shen et al. (2018) found that this supplementation was associated with a significant reduction in AIA
in obese breast cancer patients compared to a placebo [82]. Overall, while omega-3 fatty acid
supplementation may offer modest relief from the side effects of Al therapy, its effectiveness may
vary based on other unique factors, including obesity. The potential short-term benefits of high doses
of (EPA+DHA) early in Al treatment might have a limited impact as side effects progress [24].

Other studies presented here also highlight the benefits of supplementation for pain
management. For example, Campbell et al. (2018) reported a 34% average improvement in pain, as
assessed by the BPI-SF questionnaire, following 90 days of daily supplementation with 2.5 g of
vitamin Bi2. Furthermore, analysis of FACT-ES scores demonstrated improvements in all scales,
indicating that vitamin B12 could be a safe and effective option for mitigating side effects associated
with Al treatment [29]. Such results are reasonable to expect, as it is well known that Bi2 has a crucial
role in muscular regeneration, and nervous system functioning (through myelin sheet repair), as well
as in red blood cells and DNA synthesis.

Similar benefits, but studying different supplements, were shown in other studies. For example,
Desideri et al. (2022) found that a combination of alpha-lipoic acid, Boswellia serrata,
methylsulfonylmethane, and bromelain led to significant reductions in arthralgia-related pain after
24 weeks of use [38]. In this conext, alpha-lipoic acid neutralizes reactive oxygen species, inhibits their
generation, and improves functioning of other key antioxidants such as vitamin E, vitamin C, and
glutathione. These interactions mitigate oxidative stress and may indirectly contribute to pain
reduction [83]. Boswellic acids exert anti-inflammatory effects by inhibiting enzymes like 5-
lipoxygenase; methylsulfonylmethane has chondroprotective properties by promoting cartilage
synthesis; while bromelain, as a proteolytic enzyme, reduces edema [38]. Additionally, Desideri et al.
(2017) also reported that this supplement improves chemotherapy-induced peripheral neuropathy in
patients previously treated with neurotoxic chemotherapy agents [84]. However, given the variation
in results, additional randomized, double-blind studies are needed to further confirm the
effectiveness of these dietary supplements in patients undergoing endocrine therapy.

Regarding vitamin D, there is some evidence supporting high-dose vitamin D as a potential
therapeutic option, but the overall findings remain mixed. For instance, Vani et al. (2016) Table 1,
reported that 12 weeks of vitamin D3 and calcium supplementation led to a reduction in arthralgia
symptoms in postmenopausal, estrogen receptor-positive breast cancer patients receiving letrozole
for more than two months [28]. Based on these findings, they recommended adjusting the
supplementation dose according to serum 25(OH) vitamin D levels at 6 and 12 weeks to optimize
vitamin D status and alleviate musculoskeletal symptoms. Also, a vitamin D (30000 IU/week) for 24
weeks, significantly prevented joint pain from worsening in women also receiving letrosol [27] Table
1. However, in a study by Niravath et al. (2019) Table 1, neither high nor standard doses of vitamin
D and calcium over 52 weeks were found to prevent the development of AIA or diminish joint/muscle
pain [30]. The authors emphasize that vitamin D likely does not play a significant role in AIA for the
majority of patients, as well as that the reasons for discrepancies between studies remain unclear.
However, a host of factors, most importantly, individual patient characteristics, may contribute to
the variability in responses to vitamin D. Given the mixed results of existing trials examining vitamin
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D as a treatment for Al-induced arthralgia, further research is needed to determine the optimal
dosing and target levels of vitamin D. Continued research is essential to better understand the
etiology and treatment of AIA, as it remains a significant cause of non-compliance with Al therapy
in breast cancer survivors.

In summary, improving QoL in breast cancer survivors involves a holistic approach and
integration of dietary and physical activity interventions, alongside targeted nutritional
supplementation. These interventions can alleviate fatigue, enhance physical functioning, and
improve overall vitality, ultimately contributing to better QoL and potentially reducing the risk of
recurrence and mortality.

Limitations

This review presents a comprehensive evaluation of the current literature regarding the effects
of food and supplements on anthropometric and biochemical parameters, bone health, inflammation
markers, and quality of life among breast cancer survivors. Many studies have been evaluated, each
with certain limitations -- that have been to some extent reflected in this review. It is important to
note that the studies varied in duration, and there were discrepancies in the use of TAM or Al before
the baseline data collection in some studies. Additionally, some of the studies were conducted
without a control group and/or involved a limited number of participants. Furthermore, ethnicity or
race was not reported in most of the studies. Consequently, the results should be interpreted with
caution.

The heterogeneity in the types of supplements used (animal, herbal, fungal, vitamins, minerals)
as well as doses of the same supplements (omega-3 fatty acids from 460 mg to 4.3 g), different
intervention durations (from 5 days to 24 months) a small sample size (from 13 to 107 participants),
as well as different duration women were on endocrine therapy and differences in menopausal status
among participants, are reasons contributing to variability in the outcomes of the evaluated studies.
Each of those was mentioned in the Discussion when appropriate, or are listed in Table 1.

5. Conclusions

This review examined the effects of the different types of nutritional intervention and physical
activity (just three studies) in breast cancer survivors during endocrine therapy. Different outcome
measures were evaluated as well. In general, the evidence suggests that adherence to dietary patterns
such as the Mediterranean diet, a low-fat diet, and a high intake of fruit and vegetables were
beneficial for several outcomes, in addition to physical activity, although only three studies
incorporated it. Specifically, supplementation with some foods (dried plum, red clover extract),
adherence to the Mediterranean diet, and a low-fat diet contributed to improving or maintaining
body composition, including body weight, WC, and bone health, especially in overweight or obese
patients. Furthermore, supplementation with vitamin D or omega-3 fatty acids improved lipid and
angiogenic parameters, and QoL. In some instances, these supplementations were not effective, but
they also did not exert any negative consequences even when added in considerable amounts. While
all these results are promising, it is hard to summarize the outcomes of each supplement, come to a
unified conclusion for each, and possibly propose a universal treatment. This is due to the diverse
nature of the study designs, patients, and dosage of supplements, as elaborated throughout the
Discussion and summarized in the Limitations. Therefore, further well-designed research with large
sample size is needed to explore the effects of specific nutritional interventions and dietary adherence
on body composition, metabolic parameters, and QoL in BRC survivors during endocrine therapy.
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The following abbreviations are used in this manuscript:

Al aromatase inhibitors

BMD bone mineral density

BMI body mass index

BPI-SF Brief Pain Intensity Score

BRC breast cancer

BRCS breast cancer survivors

CDSS Clinical Decision Support System

CoQuo coenzyme Qo

CRP C-reactive protein

DHA docosahexaenoic acid

DP dried plum

EORTC  The European Organization for Research and Treatment of Cancer

EPA eicosapentaenoic acid

ER estrogen receptor

FACT-ES Functional Assessment of Cancer Therapy—General

HR+ hormone receptor-positive

11-6 interleukine-6

LCAT lecithin:cholesterol acyl transferase

LPL Lipoprotein lipase

Nrf2 nuclear factor E-2 related factor 2

QoL quality of life

TAM tamoxifen

TNF-a tumor necrosis factor-alpha

WC waist circumference
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