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Comments from the Reviewer #1:
Comments to the Author
This paper report a point of view regarding the possible role of diet in thyroid cancer influence.

It is interesting and well-structured

Author’s response: We are very grateful to the Reviewer for his/her appreciation of our findings and
his/her most positive report. We are hopeful that the constructive suggestions and the proposed
corrections will improve our exposition in the updated manuscript. All the corrections in-the revised

manuscript are made in yellow for the Reviewer’s convenience.

I suggest to change the word “nutrizionist” in “nutritionist”.

Author’s response: We are apologize for the typing error. The term “nutrizionist” has been correctly

changed to “nutritionist”.

I suggest an English revision made by a native-spokenenglish.

Author’s response: We thank the reviewer for. the-important observations, and we have done a
thorough English grammar revision of the manuscript. Therefore, we have changed several lines that
have highlighted in red for those deleted words and written in red for those added words for the

Reviewer’s convenience.

Some repetitions should he aveided. For example, pag 7/44, the first sentence should be deleted.

Author’s response! We appreciate the réviewer’s suggestion, and we have deleted that sentence. We

have highlighted itv red the deleted part for the Reviewer’s convenience.

Please verify. that all acronyms are correctly reported. Example: pag 8/44, line 18 PUFAs should be
reported as (PUFAS).

Author’s response: We thank the reviewer for that observation, and we have modified the text as
suggested. We have verified that all acronyms are correctly reported and modified several lines (Page
9 lines 7, 9) that we have highlighted in yellow the added words and red the deleted ones for the

Reviewer’s convenience.

Regarding the study EPIC, could the authors specify if it evaluated quantity and/or

quality of fish consumption?
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Author’s response: We value the reviewers’ significant observation, and we have modified the text

reporting detailed information on the quantity and quality of the fish analysed.

Pag 6/45, after the description of a meta-analysis (line 43) there is no reference.

Author’s response: We have added the specific reference.

Pag 11/44, line 7: the sentence “In conclusion, the association between hypovitaminosis
D and TC is still controversial” should be placed at the end of the section (line 23) as a
conclusive remark.

Author’s response: We appreciate the reviewer’s important-observation, and we have modified the

text as his/her request. We have highlighted in yellow for-the Reviewer’s cofivenience.

Pag 14/44, line 16 Wie should be Wie et al.
Author’s response: We thank the reviewer. for-that observdtion, and we have modified the text as

his/her request (Page 15 line 16). We have highlighted i-yellow for the Reviewer’s convenience.

When reported “etc” should be removed
Author’s responser We-thank the revieiwer for that observation, and we have modified the text as
his/her request (Page 8 lines 14,15, Page 19 line 10). We have highlighted in red the deleted parts for

the Reviewer's cowoenience.

Section “Conclusion”. On the basis of the evidence described in the text the sentence
“Significant associations between single nutrients or food and TC risk have been
observed.” seems too optimistic. I think that this sentence should be moderate.

Author’s response: We value the reviewers’ significant observation, and we have modified the text.
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Page 15/44, line 27. The reference 114 should be associated with the more appropriate (in
this context) “Hyun, Tae KyungRoles of polyphenols as dietary epigenetic modulators.

MINERVA BIOTECNOLOGICA Volume: 31 Issue:?2

Author’s response: As suggested by the Reviewer, we have added the appropriate reference.

Since there are too much references I suggest to remove the following numbers:

-19

Please, remove "PubMed PMID: . Pubmed Central PMCID: .Epub

" from the references list.

Author’s response: Done.
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Abstract

The incidence of differentiated thyroid cancer has [J88H increased il in the last decades
all over the world. Different environmental factors are possible perpetrators of this
exponential growthilBIGE8E. The nutritional factors are among the main environmental
factors studied for thyroid cancer in recent years. The review aims [Siliuhngg to SN
B overview BEIBEE of the main dietary factors involved @llin thyroid cancer risk,
providing I8 specific nutrition recommendations NN W WBoI oM the
endocrinological Nutritionist point of view. Among single food, fish and shellfish are
the [ii@lBlprimary natural source of iodine in the human diet, ancESINUGINEE selenium
and vitamin DJ@ll. These nutrients are essential for the synthesis of thyroid hormones;
however, their consumption sl not consistently relaied to’ thyroid cancer risk. The
high EORSHMBEBNIntake of fruit and vegetables probably due to their vitamin and
antioxidant content, shows a weak inverse association with thyroid cancer risk. [§i
iR N Ak B~ cohol, meat, or other food-
groups/nutrients k“showed Ao significant effect on thyroid cancer. In
conclusion§, to-date, no definite flll association among dietary factors, specific dietary
patterns-and thyroid cancer, ESIMGIIESINANd its clinical severity and aggressiveness
hiave been found.

However, it is [ifiBOI@Messential to underline that in the future, prospective studies
should be carried out to SEECIMGEINP ccisely evaluate the qualitative and quantitative
intake of nutrients by patientsl in order to establish with more confidence a potential

correlation between food intake and the occurrence and development of thyroid cancer.

Keywords: Diet; Thyroid Cancer Risk; Mediterranean Diet, Vitamin D, Nutritionist.
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TEXT

Introduction

Thyroid cancer (TC) is considered a rare disease since it constitutes <1% of all cancers *.
However, it represents the most frequent endocrine cancer, affecting 5% of thyroid nodules, which
have a prevalence of 20-50% in the general population, increasing due to [NEHINPROVARNRLi 1 proved

B diagnostic techniques and early diagnosis 2

. In particular, Ultrasound (lJS) and fine-needle
aspiration are the most important diagnostic tool for [lEICHGINGHOMI: /2| iating thyroid nodules 3.

TC has a greater prevalence in the female sex, with a 3;1 female-to-male ratio in most
geographic regions and demographic groups. Although these tumors. are @lirare in children, they
affect a younger population than most malignancies, with.a:maximum incidence between 25 and 60
years ©. Survival is very high, exceeding 90% at 5 years indifferentiated forms 6. Moreover, since the
TC prognosis is excellent in most cases and thé mortality rate remaifis very low, to date, there is gk
Bimuch interest in the personalized risk<based treatment .

TC generally originates from follicitar cells§arid @lis divided into papillary, follicular,
anaplastic and medullary carcinoma &, Papillary-carcinoma is the most frequent form of differentiated
TC (DTC), comprising about 80% °. It hasslow growth and can [FillEIISeRBCcause loco-regional lymph
node metastases.. in sorne-patients, the tumor is multifocal and can affect both lobes of the thyroid
gland 1°. Follicular carcinoma represents about 15% of [iliiiciemtiaiesl D TC and can HiNEIISeRgroduce
distant metastases. Anaplastic carcinoma is a rare type of tumor, <1% of thyroid tumors, but it is
particularly aggressive already at diagnosis with inadequate[J8Bil response to conventional therapies
11 Medullary carcinoma originates from parafollicular cells (or C cells), and the diagnosis is based
on the basal or stimulated calcitonin dosage *2. This tumor can occur in familial forms as the
manifestation of genetic syndromes, such as multiple neoplastic syndrome type 2.

In the [iCIGNTIGEE D TC, some recurrent genetic mutations have been found that specifically

affect receptors with tyrosine kinase activity and their pathways: in particular BRAF (V600E)

mutation, RET/PTC rearrangements RAS and pTERT mutations in papillary carcinoma and PAX8—
7
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PPARy rearrangements or RAS and pTERT mutations in follicular carcinoma 83, Thesel§ mutations
also justifyfl8§ the known relationship between exposure to ionizing radiation and increasefl TC
incidencefll@ since radiation induces double-stranded DNA breaks and genetic rearrangements .
As reported in clinical studies, the thyroid is particularly sensitive to the long-term effects of
radiation exposure °. This association was evaluated in population-based case-control studies both
of adolescents exposed to radiation following the Chernobyl accident and [Bf subjects exposed to the
atomic bombings of Hiroshima and Nagasaki, [ilINMBMGHhere an increased-incidence of TC was
demonstrated 6. The adverse effects of radiation in inducing TC have been reported in atomic bomb
survivors from 62 to 66 years after exposure during their childhood *"/ [BiIGIESIRemarkably,
Mesrine et al. prospectively analyzedli 86.960 women" foliowed-up over 1990-2008, finding
associations between nevi, baseline residential ultraviolet exposure, arid thyroid cancer risk 8. Results
BUBRIEESHovved that ultraviolet exposure level and the number of\nevi were associated with nodules
or histories of [N EHMEOIGISHhy roid disturbances, and the ridmber of nevi was positively associated
with TC risk (HR=1.7, 95% CI=1,0, 2.8; p=0.01). This visk was restricted to females with dietary
iodine below the median intake. The authors ceficitided that TC risk was associated with the number
of nevi and residential tltraviolet exposure 4.
In addition to_ionizing radiation, the main risk factors known for TC are family history,
female gender, and ebesity ** 2. A family history of TC in first-degree relatives is associated with a
10-fold increased risk of non-medullary TC based on a large case-control study . Although il
WRGIBIBRBENSE this cancer incidence is significantly higher in women, no clear pathophysiological and
hormonal mechanisms have been identified?2. Some observational studies have shown an association
between excess weight and increased TC risk [iflll@, both well-differentiated and anaplastic. In
particular, a meta-analysis of 22 prospective studies showed that a high body mass index (BMI) is
associated with an increased TC risk - and that this association is even stronger in younger
subjects than in elderly ones. The presence of obesity would also seem to be associated with TC with

a worse prognosis (PMID: 26756356).
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Beyond ionizing radiation, family history of TC, female gender, and obesity, other
environmental factors seem to play a potential role in [llTC’s pathogenesis of TC, such as single
foods or dietary patterns, including fish, vegetables, vitamin D, selenium and Mediterranean diet
(MD) 2°. [BMIESHESH I is noteworthy that] nutritional and dietary patterns in recent years have gained
high interest as possible promoters and modifiable risk factors for TC 2. | ESRUGIIES They represent a
&8l ignificant objective of the dietetic and metabolic multidisciplinary rehabilitation in-patients
with obesity, aimingfll to achieveilEGIIEMINE a Weight loss and the improvement of obesity-related
cardiovascular and metabolic diseases 2%; beyond the drug therapy for obesity 242,

In particular, the low dietary iodine intake was negatively associated Bwith increased
TC risk Bflll@, favoring the development of more aggressive histotypes 2. Also|iliGGIEON, the low
dietary intake of selenium and vitamin D waslliBlg associated with TC. However, [ll the evidence
Bis scarcellCTMIMIRE, despite their well-known anticancer poatertials of these nutrients, and the
clinical usefulness of their dietary ~suppiementation'/is still uncertain in this setting.
DespitcBONGItenng thatf single foods, fish, vegetables; and fruits might exert protective effects on
TC risk; [l the evidence is limited even in this case. HiCHCHIGCHCERcIccatcenand RIBSINRE e
relationship between singie foeds-and TG §remains difficult to examine. Although no clear linkjiglg
between dietary factorsand TC has been firmly established so far, some dietary patterns, in particular
MD are suppaosed to-play a role in thyroid carcinogenesis as well as in its stage and aggressiveness.
IREEBERNNE U like the study of individual foods or nutrients, diet FEGENSEM is a complex interaction
of single nutrients, foods and phytonutrients, and numerous individual compounds 6. For this reason,
the benefit§ of the dietary pattern HGHOMENEIs a synergistic and/or accumulative effect of nutrients
and foods [HICHNOUCIREINCONICIOVCIGIMBEREE 2. In this context, INNPIOMOHNG: 0 promote the
reduction of TC risk, the focus should be on a healthy dietary pattern, l particularly the MD and not,
on individual nutrients.

The present review summarizes the current epidemiological evidence on TC’s nutritional risk

factors I, with particular attention to MD, and provides the nutrition and dietetics guidance to
9



1

Page 10 of 82

be followed by nutritionists [ETMCMEHUCHOMoIo reduce TC risk, paying particular attention to the

MD.

10
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Nutrition and Thyroid fCancer Risk

As we have seen previously, TC is among common endocrine carcinoma, and it increased
rapidly worldwide during the past three decades ?’. Beyond genetic predisposition, TC risk is related
to different factors such as radiation, thyroid disorders, hormonal and growth factors, obesity, and
nutritional factor 272829,

Environmental carcinogens, probably higher in the last decades, including nutritional factors,
may explain the high incidence of TC 3. Previous evidence reported that some nutritional factors
could [IBSSIBNY affect TC risk, but most of these data were inconsistent due ta diverse dietary patterns,
eating habits, lifestyles, and other environmental risk factors in the different populations studied. Of
interest, the populations living in iodine sufficient regioris with high fish cofsimption [Biliighl showed
either no relationship or lowered TC risk 273, Therefore, populations exposed to certain food types
can have an increased or reduced TC risk compared with those:who are not 2’. Most of the studies
conducted [lllthat evaluated the relationiship between TG risk and nutrition] have focused on single
dietary factors, such as food items (fish, vegetablesj $&) or nutrients (vitamin D, selenium, among
others Bl) %°. In particular; some foods, including fish and other iodine-rich foods 27 28, vegetables,
and fruits and other polyphenols-rich foods/?" 28 323 might have potential protective effects on TC
risk. Contrariwise, high intake of meat, lf particularly chicken, mutton, lamb 33, pork, and poultry 3*

3 \were associated-with a higher TC risk Sill.

11
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The Mlimain evidence for a single food
Fish and shellfish consumption

Fish and shellfish are an essential[iiJOREM source off@l different nutrients, such as iodine,
selenium, and vitamin D, all crucialESSemigl factors for il synthesizing§ B thyroid hormones 37

ONEREENE O of the well-established risk-modifying factors for TC is the dietary exposures
27.28,38  Among these have been suggested intake of iodine-rich seafood 349, goitrogenic vegetables
3L 41 poly-Unsaturated Fatty Acids (PUFAs) #?, and alcohol *3. Fish and, shelifish are considered
healthy foods in different dietary patterns, including MD **, because of-their’ content in iodine,
selenium, the good fat n-3 EINIIEININACIEINPUFAs) (eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA)) and lipid-soluble vitamins, inciuding retinol,-vitamin D, and vitamin
E %,

In a recent EPIC (European Prospective Investigation intc’ Cancer and Nutrition) study,
Zamora-Ros et al. prospectively evaluated the association between quantity and quality of fish
consumption and TC risk in a cohort of >500,000 men@nd women recruited in 10 European countries.
In particular, based on quality, the fish was classified as: lean fish with <4 g/100 g of fat (e.g., cod,
haddock, and plaice), and faity fish with fai coentent between 4 and 14 g/100 g (e.g., salmon, tuna, and
trout). While the amount of fish consumed was classified into: shellfish intake (including seafood
such as prawn, crab, and mussels), fish and fish product intake (sum of lean and fatty fish and fish
products), and total fish and shellfish intake, which was defined as the sum of intakes of fish, fish
products, and shellfish. Dietary data were collected with quantitative or semiquantitative food
frequency questionnaires that were developed and locally validated in EPIC previously. The results
of the study reported no significant association between fish consumption and TC risk; likewise, no
significant correlation was reported with the intake of any specific type of fish, fish product, or
shellfish 4.

Thishl large study’s results [BENICHETGCISIIEY are also in agreement with a previous cohort

study (24), a systematic review 4’, a meta-analysis %, and a pooled analysis of case-control studies
12
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from the United States, Europe, Japan, and China *°. |ISRIBMMBAB sices, fish is a rich source of -3
PUFAs (EPA and DHA), that through their impact on prostaglandin synthesis, have anti-
inflammatory properties and have been reported to be a protective factor in TC risk 8, in particular,

an inverse association between PUFA intake and TC risk was showed in the EPIC study 2.

Vitamin D

Vitamin D, in addition to its [{l@llicentral role in calcium homeostasis; can regulate (directly
or indirectly), multiple signalling pathways involved in cellular proliferation-and differentiation,
apoptosis, inflammation, invasion, angiogenesis, and metastasis, with the-potential to affect cancer
development and growth °, as well as reduce tumor-induced angiogenesis and invasiveness *°. The
most recognized anti-neoplastic effect of vitamin D-is4ts ability to inhibitcefl proliferation °1. Besides
its anti-proliferative effects, vitamin D also regulates-inhibiting anti-apoptotic proteins (BCL-2 and
BCL-XL) and inducing the expression of pro-apoptotic prgteins (BAX, BAK, and BAD), the key
mediators of apoptosis “°. Beyond the importance of vitariin D in inflammatory processes associated
8vith several chronic diseases, including obesiti %%, polycystic ovary syndrome 5% %, and psoriasis
57 HNGHIOIEIBH itamin D s role has been determined in autoimmune and malignant thyroid diseases
58 Different preclinical studies have shown@ll growth arrest of TC after the administration of
pharmacological.doses of vitamin D in differentiated TC cell lines °. The main form of vitamin D,
the vitamir. D (subscript 3) (or cholecalciferol), is synthesized in the skin by 7-dehydrocholesterol
reductase upon exposure to ultraviolet B (UVB) radiation] and can also be Bll§l obtained from a few
dietary sources (mainly fatty fish) 4° and meat . In addition to the production of vitamin D, the
indices of solar UVB irradiance can be associated with the genesis of some cancers. In particular,
Grant has evaluated the cancer mortality rates for 48 continental Spanish provinces for 1978-1992
concerning- mortality rates for latitude (an index of solar UVB levels), reporting that nine
cancers were significantly correlated with latitude, including TCijicichcancer. Mg~ dditionally, TC

was associated with non-melanoma skin cancer, highlighting that [ll§TC’s development Bilill@ can a
13
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have different etiology ®*. In this context, an inverse association between UV-B exposure and non-
skin cancer mortality, including TC, has been reported, probably through vitamin D, produced of
exposure to the sun via the skin. Boscoe and Schymural showed the inverse relationships between
UV-B exposure and TC (only in females), suggesting the vital iR role in maintainingg B
adequate vitamin D levels linked to sun exposure 2.

Beyond TC risk, vitamin D also plays an indispensablciiiijORea role in- thyroid
autoimmunity, improving the innate immune response and exerting an’ inibitory> action on the
adaptive immune system *°. Calcitriol, the activated (or hormonal metabolite of) vitamin D, has been
reported to modulate the cytokine mileau to a more tolerogenic immune status ®3. Dutta et al.
confirmed that anti-thyroid peroxidase antibody positivity. is_imore prevalent in individuals with
hypovitaminosis D and reported a negative correlation between anti-thyroid peroxidase antibody and
serum 25-hydroxyvitamin D (25(OH)D). However, Wdespite the \§ farge volume of evidence linking
vitamin D with thyroid autoimmunity and cancer; meaningfulclinical studies on the impact of vitamin
D supplementation are needed 4,

Hashimoto's thyroiditis (HT) and [PEGSNamigied DTC represent] the most common
autoimmune and malignant thyroid diseases>®, and hypovitaminosis D represents a prevalentjigilll
risk factor for HT % and Pascichiiaied D'TC ©.

Sirtuins-are the histone deacetylases [i@liglg involved in several metabolic pathways ® and
regulate post-translational modification of cellular regulator proteins on the energy status of the cell
69 Recently, Sirtuin 1 has been shown to be regulated by vitamin D by deacetylation of forkhead box
protein O3a (FOX03a) ° [The latter wasli@l reported as an important risk factor for TC 72, [iSleloIe
suggesting a potential key role of vitamin D-SIRT1-FOX0O3a signalling in immune regulation and
TC. Recently, Roehlen et al. have genotyped the SNP's FOXO3a in 257 subjects with
DT CHifeIetiacoRIOIICAGINBIE, 139 individuals with Hashimoto thyroiditis compared to 463
healthy controls . The lauthors have found that SNP's of FOXO3a, in particular rs9400239T and

rs4945816C, independent of the vitamin D status, may constitute risk factors for Hashimoto
14
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thyroiditis, indicating the implication of FOXO3a in the pathogenesis of autoimmune thyroid
diseases. [IIIGGGNEON T he anti-proliferative vitamin D effects on SIRT1 activity] show a R@critical
role of the vitamin D-SIRT1-FOXO3a axis for protective vitamin D effects °. [ ERICIHONMGISOR S0 Me
alterations of genetic variantsfiflll encode crucial enzymes for the synthesis, metabolism and
degradation (DHCR7 rs12785878, CYP2R1 rs2060793, CYP24A1 rs6013897, respectively) of
vitamin D, and they have been associated with serum levels of 25(OH)D and on the susceptibility to
TC 2. ISR 1 he case-control study done by Carvalho et al. IO en N investigated
the effect of these variants in the vitamin D pathway and susceptibiiity-to T7C in 500 patients
withiifCIentigied D TC and 500 controls. THEHCSHISIOMNis study showed the association between
DHCRY 512785878 and TC [, suggesting that DHCR7-polymorphisms due to its effect on
circulating 25(OH)D levels, may be associated with an increased risk'of.TC 72,

OFNRRIESI ~cmarkbly, vitamin D has'proven. uséful also as a prognostic tool for TC, as
examined in 334 patients in a study of Sulibhavi et al. 3, Aihis study, 25(OH)D levels showed no
significant association to cancer stage, but subjects witivhypovitaminosis D were more likely to have
advanced disease. TIHCHICSUMGRBN this study suggests that hypovitaminosis D may have value as a
negative prognostic indicator-in papillary G5

Although sonme studies have shownf@ll that higher 25(OH)D levels might protect against TC,
other studies do riot-confirm this association] or have even indicated the opposite to be the case ™.
Very receritly, in a meta-analysis of 14 articles, Zhao et al. investigated the association between [HEHGH
B vitamin D deficiency and TC. These metanalysis results EilICHNCIENANGE have shown 8l that
25(0OH)D levels were lower in patients with TC preoperatively _than controls, concluding
that lower 25(OH)D levels were associated with increased risk for TC and that hypovitaminosis D
may act as a risk factor for TC "*. In conclusion, the association between hypovitaminosis D and TC

is still controversial.

Fruits and vegetables consumption
15



OCoOoONOULTEA,WNE
w

4019

4220
43
44 21
45

46 22

48
49
50
o124

52
5325

54
5526

23

Page 16 of 82

B8N uits and vegetables EONBUMPEBNiNtake have been associated with a reduced risk of
several tumors in case-control studies, but these relationships become weak or even null in cohort§
studies 7> 76, Nevertheless, the question of [llllélli§ the optimal amount and type of fruit and vegetable
consumption to reduce [ilcancer risk BElGaMGeN is still unanswered 7. This issue is reflected by the
fact that recommendations for dietary consumption vary globally. A weak one association between
fruit and vegetable consumption or specific subtypes of fruits and vegetables and cancer risk cannot
yet be excluded ¢, but the current evidence is scarce . Some studies reported inverse associations
577 whereas other studies found no clear association ™ 8 7°, Howeyer; sorne of these may have had
statistical power too low to detect a modest association.

Fruit and vegetables contain ENGHCIEON 2 ious nutrients and phytochemicals, such as
vitamins, antioxidants, flavonoids, and other unidentified compounds.-Ati‘these nutrients could act
alone or in synergy [NilICaGHIOMg] through several biclogical méshanisms to reduce [iSkIBIthe cancer
risk®. In particular, the mechanisms by ‘which fruits and vegetables could reduce the cancer risk are
different: neutralization of reactive-oxygen species (ROS) and reduce DNA damage through their
antioxidants [EROINGNGRVEREIEBIES ©*; detoxifying enzymef action by glucosinolates in cruciferous
vegetables 8 among others:

Of interest, fruits and vegetables consumption through its fiber content FERICHNOMMDIE May
modulate the production of short-chain fatty acids (SCFAS) in the gut with a beneficial effect on gut
microbiota ®* 8 and steroid hormone concentrations and hormone metabolism 8.

Currently, little is known about the association [llillllbetween fruit and vegetables consumption
and TC risk, particularly in prospective studies. Very recently, Zamora-Ros et al., in the EPIC study,
evaluated the fruit and vegetable consumption and TC risk in over half a million participants,
recruited between 1991 and 2000 with a mean follow-up period of 14 years. [ iCHCSUNSION | his large
study did not report a significant association between fruit and vegetable consumption and TC risk
4 -Interestingly, the cruciferous vegetables have been studied more closely due .to containing

glucosinolates, a diet source of thiocyanates and isothiocyanates that act as goitrogens 8 promoting
16
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thyroid tumofllr growth in rats 887, Nevertheless, in two recent meta-analyses of retrospective studies,
either no relationship or a positive association between cruciferous vegetables consumption and TC

risk were evident 3888,

Alcohol consumption

eI A Icono! BORBUMBEBR is another important dietary factor on TC risk) In particular,
evidence from several prospective 8% and case—control studies % *° has reported a protective
association between current moderate alcohol consumption and TC risk.

In a recent large study within the EPIC study, Sen et-al. investigated baseline and lifetime
alcohol consumption and risk of TC among 477.263 subjects {70% women),.and 556 (90% women).
The authors of this study observed that moderate alcehei consumption-atrecruitment was associated
with a statistically significant lower risk of TC\*. “The potentigh rriechanisms explaining the link
between alcohol intake and TC risk are-not weit-known and‘are complex. The Bldirect toxic effect of
alcohol on the thyroid] has been suggested @by some stiidies % 7.

Nevertheless, the potential effects of -alcshol intake on [l thyroid function should be
considered speculative as-there -are muchiless studied. The free radicals generated by alcohol
metabolism [B@Bcause oxidative stress in tissues poorly metabolifizing alcohol, including thyroid, Bl
leading to_hypothalamus—pituitary—thyroid axis dysfunction and reducedfil@li of peripheral thyroid

hormone. concentrations %,

Impact of resveratrol
There is an increasing interest in Phytochemical and TC treatment and other types of cancer

Bsince there are still limitations for thisBllil@ treatment, such as drug resistance or the unfavorable

side effects from some treatment options | GICHSHMMNCICASINGNNICICSIMNONINYIOCHEIICANARONIG
RO IREESIOMeaRes] . The important anti-inflammation, anti-oxidation, and anti-

cancer effects found in the Phytochemical (chemical substances produced by plants) have allowed
17
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them to impact [E8BMIprofoundly in decreasing cell proliferation, angiogenesis, and invasiveness .

Resveratrol (3,5,4'-trihydroxy-trans-stilbene) is a phytochemical and a natural stilbenoid [iEEIgg Vith

two aromatic rings with a methylene bridge. It can be found in grapes, blueberries, raspberries, Bl

red wines Bl peanuts, pomegranates, and soybeans % 1*2. [ ESGIGIONNASISHOWNNOICIGIDIUINN

Additionally, it has shown to be helpful in radioiodine therapy 1% %] die to)its capacity to

protect normal cells from [EECINCIORVUCIISDECIEaROS) induced cytotoxicity by reducing them
through the hydroxyl groups in the resveratrol’s chemical structure.) AP NEICUOMCNONE /0

publications [INEIGHEMMES highlighted the use of resveratrol as'co-treatmerit with radioactive iodine
therapy 19> 1% Moreover, [HIROCISCAVCHOINOICHERH <s\cratiol has anti-thyroid cancer activities
by regulating TC-specific signaling pathways to its RO@Sscavenging effect.Zheng et al. demonstrated
that intragastric and intraperitoneal resveratrol administration SSNScderamel cfficiently reduced the
frequency and severity of TC-related lesions such as hyperplasia and adenomas 1%, Resveratrol also
influences thyroid function by enharicing-iodide trapping andjlill increasing thyroid-stimulating
hormone (TSH) secretion via activation of sirtuiis.and the phosphatidylinositol- 4-phosphate 5 kinase
vy (PIP5KYy) pathway, positively affects metabolism 1%, These results imply that resveratrol improves
retinoic acid sensitivity; entiances [llradiotherapy’s efficacy iGUIOMEIaNY, induces apoptosis or re-

differentiation, and induces cancer stem cellf differentiation %.

White meat and Red meat

While cooking red meat at a high temperature, carcinogenic compounds such as heterocyclic
amines (HCA), polycyclic aromatic hydrocarbons (PAH), N-nitroso compounds, or heme iron are
formed 1°°,

From Wie et al.’s study done among 26,815 participants in cancer screening examinations

from September 2004 to December 2008, there were selected 8,024 subjects who completed a self-

administered questionnaire [HEICISCIGBIEN. n September 2013, BETNCANCCHCASCICICICIassitien from

18
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the National Cancer Registry System, 387 cancer cases were classified, and the remaining individuals
were included in the control group. From this study it was concluded that red meat consumption, Na
intake and obesity (BMI > 25 kg/m?) were positively associated with overall cancer incidence in men
(HR 1.41, 95% CI 1.02, 1.94; P=0.04), gastric cancer (HR 2.34, 95% CI 1.06, 5.19; P= 0.0365) and
TC (HR 1.56, 95% CI 1.05, 2.31; P= 0.0270), respectively . Also, an increased risk of TC
associated with nitrate intake was reported in a cohort study of older women in lowa, This study was
a large prospective cohort of 490,194 men and women, ages 50-71 years, in"1995-1996. A 124-item
food frequency questionnaire was used to determine the dietary intakes. During an average of 7 years
of follow-up, they identified 370 incident TC cases (170 men;, 200 women) with complete dietary
information. Among men, increasing nitrate intake was positively associated with TC risk (relative
risk [RR] for the highest quintile versus lowest quintile RR= 2.28,.95% CI. 1.29-4.04; p-trend
<0.001). However, no trend with intake among woimen was observed (p-trend = 0.61). Nitrite intake
was not associated with TC risk [Jilll® foi either men or woren 1. A systematic review and meta-
analysis published Bllin 2015 conciuded that ro significant association was observed between nitrate
exposure and [l TC risk Blil@, hyper¥@hllor hypothyroidism. Additional research is needed to clarify
the association between nitrate/nitrite exposures and [§8Hll thyroid function and cancer 2. On the other
hand, high consumption of fresh fish seemed to have a protective effect against TC (OR=0.6; 95%
Cl: 0.3-1.0; P-trend <0.05). BlNevertheless, when fish products were processed, canned, or frozen,
there was a strong positive association with TC (OR=3.0; 95% CI: 1.6-5.3; P-trend <0.01). Among
other types of meat, high consumption of chicken (OR=3.0; 95% CI: 1.3-6.8; P-trend <0.01) as well
as mutton and lamb (OR=1.8; 95% CI: 1.1-2.8; P-trend <0.01) showed a positive association with
TC *. These studies suggestl that several components like red meat, canned or frozen fish, high

consumption of chicken, and processed meats like sausages, may influence TC risk.

Coffee and tea and other drinks

19
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Coffee and tea are beverages consumed [l daily B&8I8 worldwide in adults. Both of them
are rich sources of flavonoids and phenolic acids '%. Polyphenols may play a role in cancer
prevention, including TC, through the modulation of enzyme activities and signal transduction
pathways related to cellular proliferation, differentiation, apoptosis, inflammation, angiogenesis, and
metastasis (DOI: 10.23736/S1120-4826.19.02522-9) '*. FOWENEEN here is muchEICENGE
CORMONEISY for M@ caffeine and theophylline because of their negative and positive effects in
carcinogenesis °.

In the report by Alicandro et al., where they reviewed available-evidence on coffee drinking
and the risk of all cancers updated to May 2016, they concluded that coffee consumption is not
associated with overall cancer risk °. The EPIC cohort, which included 476,108 adult men and
women, coffee and tea intakes were assessed< through “validated —country-specific dietary
questionnaires, and during a mean follow-up of 14 years, 748 first incident iffCIntlaed D TC cases
were identified. Coffee consumption(per 100 mL/day)/mwas not correlated either with total
CIFSIERERgE DTC risk (HR: 1.00, 95%-Ci 0.97-1:04) or with the risk of TC subtypes. Tea
consumption (per 100 mL/day) was not associatéd with the risk of total ifichenmiaied O TC (HR: 0.98,
95% CI 0.95-1.02). An inverse association was found with follicular tumor risk (HR: 0.90, 95% CI
0.81-0.99), but this association was based on a sub-analysis with a small number of cancer cases. In
conclusion, in this large prospective study, coffee and tea consumptionf were not associated with TC
risk (PMID: 80535794) 114, Hashibe et al | observed in the PLCO trial a decreased risk of endometrial
cancer for coffee intake (RR=0.69, 95% CI=0.52-0.91 for >2 cups per day), and a decreased risk of
cancer overall with tea intake (RR=0.95, 95% CI1=0.94-0.96 for 1+ cups per day vs. <1 cup per
day). This trial started in 1992 and ended enrollment in 2001. Approximately 155,000 women and
men between the ages of 55 and 74 participate in this randomized study 7. Michikawa et aI.| analyzed
data from a prospective cohort of 100,507 persons, where green tea and coffee consumption were
assessed via a self-administered questionnaire. During a mean 14.2-year follow-up, they documented

159 TC cases. They inferred that high green tea consumption could be associated with premenopausal

—_—
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TC risk] but inversely correlatecSSOGIIeH with postmenopausal TC risk 8. Finally, Riza et al., in
their study, [ll@ concluded that drinking herbal teas, especially chamomile (P < 0.001), protects from
TC as well as other benign thyroid diseases. From these studies, it can be suggested to drink tea,

especially chamomile, to prevent TC 1°,

Soy Foods

BOVINBBEE ey have been considered BB excellent replaceménts- for dairy products,
BORSIBRIRE <cognized as sources of high-quality protein and healthful fat and uriquely-rich sources
of isoflavones (classified as phytoestrogens and selective estrogen receptor modulators). Soy foods
were widely accepted because of the potential effects ontheaith, such as the effectiveness in
cardiovascular risk reduction, antioxidative effect of fiavonoids may protect from cancer 2% 121,
preventive roles in hypertension, hypercholesterolemia ?, bodyweight loss 123, Nonetheless, there
are reports of possible disruption of thyraid function and sexual hormones. A cross-sectional study
of 11,688 women aged 30-50 years-of North American /Adventist church showed that high intake of
isoflavones was related to increased risk of nultiparity and [iINGRENARINul! gravity %4, There are also
reports of soy products-inf§ infant diet before 4 months of age and a 25% higher risk of menarche
before 12 years-of age %>, About the thyroid gland disturbance, more long-term epidemiological
studies are needed to verify soy-thyroid interaction in real conditions since in clinical trials; isolated
isoflavones_are used with a wide range of concentrations and heterogenic conditions 1%. In the
multiethnic population-based case-control study of thyroid cancer conducted from the San Francisco
Bay Area with 817 cases diagnosed between 1995 and 1998, 608 (74%) were examined.
Phytoestrogen consumption was determined via a food-frequency questionnaire and a newly
developed nutrient database. They reported that the consumption of traditional and nontraditional
soy-based foods and alfalfa sprouts were associated with a reduced TC risk - 127 In a recent
study by Xiao et al., the association between dietary flavonoid intake and TC risk in 491,840

participants was investigated. It was reported that TC risk was not associated with the dietary intake
21
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of isoflavones 128, After analyzing EEIGIUMN the results from these few studies carefully, it remains

inconclusive the potential influence of isoflavones on TC risk.

22
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Mediterranean diet

This dietary pattern is commonly used by the people living onflil the Mediterranean coasts 12°.
It is characterized by a higher intake of the majority of plant-derived foods, including vegetable and
fruits, legumes, whole-grains, and extra virgin olive oil as the only source of fat, moderate alcohol
consumption (especially red wine), moderate intake of animal protein (most represented by fish and
dairy products), and [EHMMMMEEinimal consumption of meat and highly<processed foods 2°.
Additionally, it is low in saturated fatty acids and provides high amounts of monounsaturated fatty
acids and n-3 PUFAs, mainly derived from olive oil as alpha-linolenic acid and long-chain PUFASs
BB fish 12°. The foods and beverages of plant origins are widely rich in-polyphenols, il particularly
fruits, vegetables, spices, nuts. [JEHB 3" 1%2. The MD’s bereficial effects’ SNCIMIB are the high
content in antioxidants and anti-inflammatory compounds; including potyphenols, to play a role in
B8 preventing Bl cancer 12% 133 and other diseases such as-eardio-metabolic, neurodegenerative
disorders'?®, among others. [IHICICHEEEESc eral papers-showlllll the antitumor effects of natural
polyphenols **2, including anthocyanins. from blueberries, epigallocatechin gallate from green tea,
and resveratrol from red wine. Bl These furiciions are associated with cell survival, proliferation,
differentiation, migration, angiogenesis, tiormone activities, detoxification enzymes, and immune
responses 2. JiPEBIRBE D espite all the existing robust evidence regarding the MD and its advantages,
more studies are heeded to show a direct causal relationship Bfbetween this diet and the reduction offi
TC risk. As WllBR reported by the EPIC cohort, which included 476,108 men and women from 10
European countries, no associations between dietary polyphenol consumption and TC risk werefl§
demonstrated 34,

The MD was associated with a lower risk of breast cancer *> ¥ gastroenteropancreatic
neuroendocrine tumors aggressiveness 1% and other cancers > 141, Nonetheless, [lElclag only a

few studies [lf@ll link dietary patterns to TC 234142 |n a case-control study of 113 subjects, Markaki

23
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et al.  found that dietary patterns of fruits, raw vegetables, and mixed raw vegetables and fruits were
negatively associated with TC (ORs 0.68, 0.71, 0.73, respectively).

Another study did not report any difference between traditional Polynesian diet (characterized by
high consumption of fish, seafood, and fruits) and Western diet (characterized by high consumption
of meat and starchy food), in 229 cases of [iffCleltiaied O TC diagnosed, and 371 controls 2. Very
recently, Sangsefidi ZS et al., in a case-control study among 309 clinic-based participants in the
northeast of Iran, evaluated the role of major dietary patterns on [ifidzaaaR® DTC. The only
association reported in this study was that the western diet had 2.85 times more chance for

CIFISIeRERE D TC (OR=2.85, 95% CI=1.15-7.06) 2.

24
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Dietary indications as Medical Prescription in the Reduction of Thyroid Cancer Risk: The Point

of View of the Endocrinological Nutritionist

The current state of the dietary recommendations for the prevention| of TC HiCHGGRINGcMains

controversial, as the clinical studies’ results ICICHMICANSINGIES 2re inconsistent. However, based

on current scientific evidence, we can give some dietary indications as a medical prescription to

reduce [iNCHEONCHOMOI TC risk, considering that the choice of food must be made by analyzing

BORSIBREIRE the presence of beneficial nutrients 2°. The principal dietary-indications are summarized

as follows:

1.

lodine intake and fish: Correction of iodine deficiency has shifted thyroid cancer subtypes
toward less aggressive forms| without affecting fllcancer’s overall risk [OilGaneel. High
iodine intake seems to exert a protective-effect against cancer;

Fruits and vegetables: They may provide a pretective role for combiningiCICOMBINGHON Of
bioactive components with. antioxidant -activity, such as selenium and vitamin D,
micronutrients, and-phytochemicais. Eat 2 servings of fruits and at least 7.5 servings per day
(600 g/d).of green-yeilow and cruciferous vegetables (salads) per day;

Seleniurn, vitamin D: Despite the well-known anti-cancer activities and potentials, there is
limited evidence on the association between either selenium or vitamin D deficiency and TC,
as well as on the clinical usefulness of their supplementation in these patients;

Bodyweight: Obesity is associated with the incidence of various tumors, including
CIFFSISNEREE D 1C. An association between excessive weight and TC risk [Bill@, with more

aggressive behavior, emerges from most of the studies.

. Alcohol, red meat and dairy: To limit excess consumption of alcohol, meat, and dairy food

even if no clear associations were found among the consumption of these foods on TC risk;

Don’t consume processed food,;
25
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7. Don’t consume frozen or canned fish or seafood;
8. Drink daily chamomile tea and herbal tea to prevent TC;
9. Adopt healthy lifestyle habits: Exercise 30 minutes daily or 1 hour every 2 days.

Most of these suggestions are potentially useful also for patients with thyroid cancer (Table 1)

26
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Conclusion

Interesting SIGMIMGAN associations between single nutrients or food and TC risk have been
described [SBIMEE. Understanding the bidirectional relationships between dietary patterns and TC
risk is also essential for delineating the risk profile from obesity (Figure 1). Adopting a healthy
lifestyle and [l education regarding modifiable environmental factors (diet, nutrition, and-physical
activity) could have beneficial effects per se on reducing B TC risk. For achieving dietary-related
goals, the skilled Endocrinological Nutritionist should play a central rele during the EltOCHNOIOGICE
EXEIRREN 2sscssment considering dietary recommendations.as [l a real Bl medical prescription
for the prevention of TC risk. (SIINNCHDESIONON Based oni-its beneficial antioxidants and anti-
inflammatories components, the MD could also present healtt benefits §i4l in TC’s [ll§l prevention
BEE. The advantageous EHEHIGIE effects of hutritional interventions promoting the Mediterranean
food pattern could be extended to patients.at risk-of develgping TC. Future well-designed dietary

intervention trials on larger population-sainples are dieeded to define specific dietary guidelines

forliCUENMIOMel reducing TC risk:

27
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Figure 1: picture describing the known and potential factors involved
in the correlation between Wlifestyle patients and the development of
thyroid cancer

TABLE

Table 1: Most of these suggestions are potentially useful also for

patients with thyroid cancer
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Table 1: Dietary suggestions for a correct lifestyle in thyroid cancer patients

v" lodine intake and fish

A correct intake of iodine with the diet plays a protective
role in the development of nodules and, therefore,
potentially also thyroid carcinomas

High iodine intake seems to exert a protective effect against
cancer

v" Fruits and vegetables

They may provide a protective role for the-combination of
bioactive components with antioxidant activity

Eat 2 servings of fruits and at least 7.5 servings per day (600
g/d) of green-yellow and cruciferous vegetables (salads) per
day

v" Selenium, vitamin D

|There .is limited evidence! on tne association between
either selenium or vitamin D deficiency and TC

v Obesity

Obesity is associated with the incidgence of various tumors,

including [ZZRRSREN DTC
Weight loss is Me recomimiended for patients with
thyroid cancer

v Alcohol, red meat, and dairy

No-clear associations were found among the consumption of
these foods on TCrisk

Inany case, it is-advisable not to exceed with these foods l
QN%#% to reduce; the risk of obesity.

v Adopt healthy lifestyle habits

It is recemmiended to perform physical exercise 30 minutes
daily or 3 hour every 2 days

v Nutritional status inpatients
treated with Tyrosine Kinase
Inhibitors (TKd)

A<lose monitoring and management of weight loss is
crucial to avoid withdrawal and to limit the need for dose
reduction

lExpert nutritionist interventions are needed in patients
affected with advanced TC treated with TKI
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Abstract
The incidence of differentiated thyroid cancer has increased in the last decades all over
the world. Different environmental factors are possible perpetrators of this exponential
growth. Nutritional factors are among the main environmental factors studied for
thyroid cancer in recent years. This review aims to overview the main dietary factors
involved in thyroid cancer risk, providing specific nutrition recomimendations-from the
endocrinological Nutritionist point of view. Among the single feod, fish and shellfish
are the primary natural source of iodine, selenium and-vitamin D"in the human diet.
These nutrients are essential for the synthesis of thyroid hormones; however, their
consumption is not consistently related to thyraid cancer risk..The high intake of fruit
and vegetables, probably due to their vitamin and antioxidant content, shows a weak
inverse association with thyroid - cancer riski/Alcohol, meat, or other food
groups/nutrients showed no significant effect‘@n-thyroid cancer. In conclusion, to date,
no definite associatien amorig dietary factors, specific dietary patterns, and thyroid
cancer, and its clinical severity and-aggressiveness have been found. However, it is
essential to-underiine that/n-the future, prospective studies should be carried out to
precisely evaluate the qualitative and quantitative intake of nutrients by patients to
establish with more confidence a potential correlation between food intake and the

occurrence and development of thyroid cancer.

Keywords: Diet; Thyroid Cancer Risk; Mediterranean Diet, Vitamin D, Nutritionist.
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TEXT

Introduction

Thyroid cancer (TC) is considered a rare disease since it constitutes <1% of all cancer *.
However, it represents the most frequent endocrine cancer, affecting 5% of thyroid nodules, which
have a prevalence of 20-50% in the general population, increasing due to improved 'diagnostic
techniques and early diagnosis 2. In particular, ultrasound and fine-needle aspiration are the most
important diagnostic tools for evaluating thyroid nodules 3°.

TC has a greater prevalence in the female sex, with a 3;1 female-to-male ratio in most
geographic regions and demographic groups. Although these tamors-are rare in children, they affect
a younger population than most malignancies, with a maximum iricidence between 25 and 60 years
6 Survival is very high, exceeding 90% at 5 yearsin differentiated forn . Moreover, since the TC
prognosis is excellent in most cases and the mortality. rate remains very low, to date, there is much
interest in the personalized risk-based treatment .

TC generally originates from foilicular ceils»and is divided into papillary, follicular,
anaplastic, and medullary carcinoma®. Papillary/carcinoma is the most frequent form of differentiated
TC (DTC), comprising-aboUt-80% °. It has: slow growth and can cause loco-regional lymph node
metastases. In some patients, the tumor is multifocal and can affect both lobes of the thyroid gland °.
Follicular carcinoma represents about 15% of DTC and can produce distant metastases. Anaplastic
carcinoma-is’a rare type of tumor, <1% of TC, but it is particularly aggressive already at diagnosis
with inadequate response to conventional therapies . Medullary carcinoma originates from
parafollicular cells (or C cells), and the diagnosis is based on the basal or stimulated calcitonin dosage
12 This tumor can occur in familial forms as the manifestation of genetic syndromes, such as multiple
neoplastic syndrome type 2.

In DTC some recurrent genetic mutations have been found that specifically affect receptors
with tyrosine kinase activity and their pathways, such as BRAF (V600E) mutation, RET/PTC

rearrangements RAS and pTERT mutations in papillary carcinoma and PAX8-PPARy
4
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rearrangements or RAS and pTERT mutations in follicular carcinoma 2. These mutations also
justify the known relationship between exposure to ionizing radiation and increased TC incidence
since radiation induces double-stranded DNA breaks and genetic rearrangement 4.

As reported in clinical studies, the thyroid is particularly sensitive to the long-term effects of
radiation exposure '°. This association was evaluated in population-based case-control studies of
adolescents exposed to radiation following the Chernobyl accident and subjects exposed to the atomic
bombings of Hiroshima and Nagasaki, where an increased incidence of TC was.dernonstrated 6. The
adverse effects of radiation in inducing TC have been reported in atomic’bomb survivors from 62 to
66 years after exposure during their childhood *’. Remarkably Mesrine et al. prospectively analyzed
86.960 women followed up over 1990-2008, finding asseciations between nevi, baseline residential
ultraviolet exposure, and TC risk *. Results showed-that ultraviolet exposure level and the number
of nevi were associated with thyroid nodules or histery.of thyroid disturbances, and the number of
nevi was positively associated with TC risk (HR=1.7, 95% C1=1.0, 2.8; p=0.01). This risk was
restricted to females with dietary todine below the median‘intake. The authors concluded that TC risk
was associated with the number of-nevi and residential ultraviolet exposure 8,

In addition to lonizing. radiation; ithe main risk factors known for TC are family history,
female gender, and obesity '°. A family tistory of TC in first-degree relatives is associated with a 10-
fold increased. risk of non-medullary TC based on a large case-control study 2°. Although this cancer
incidence is significantly higher in women, no clear pathophysiological and hormonal mechanisms
have been identified?:. Some observational studies have shown an association between excess weight
and increased TC risk, both well-differentiated and anaplastic. In particular, a meta-analysis of 22
prospective studies showed that a high body mass index (BMI) is associated with an increased TC
risk, and that this association is even stronger in younger subjects than in elderly ones. The presence
of obesity would also seem to be associated with TC with a worse prognosis 22 .

Beyond ionizing radiation, family history of TC, female gender, and obesity, other

environmental factors seem to play a potential role in the pathogenesis of TC, such as single foods or
5
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dietary patterns, including fish, vegetables, vitamin D, selenium and adherence to the Mediterranean
diet (MD) *°. It is noteworthy that nutritional and dietary patterns have recently gained high interest
as possible promoters and modifiable risk factors for TC °. They represent a significant objective of
the dietetic and metabolic multidisciplinary rehabilitation in patients with obesity, aiming to achieve
a weight loss and the improvement of obesity-related cardiovascular and metabolic'diseases 23,
beyond the drug therapy for obesity 24 2°,

In particular, the low dietary iodine intake was negatively associated with. increased TC risk,
favoring the development of more aggressive histotype °. Moreover; the iow dietary intake of
selenium and vitamin D was associated with TC. However, the-evidence is-scarce, despite their well-
known anticancer potential of these nutrients, and-the “clinical usefulness of their dietary
supplementation is still uncertain in this setting. The relationship beiween single foods and TC
remains difficult to examine. Although no clear link between dietary factors and TC has been firmly
established so far, some dietary patterns, in. particular, adhérence to the MD are supposed to play a
role in thyroid carcinogenesis as well as in its stage and-aggressiveness. Unlike the study of individual
foods or nutrients, diet is a compiex.interaction-of single nutrients, foods and phytonutrients, and
numerous individual compounds 8. For this reason, the benefit of the dietary pattern is a synergistic
and/or accumulative effect of nutrients and foods 2%. In this context, to promote the reduction of TC
risk, the focus should be on a healthy dietary pattern, particularly the adherence to the MD and not,
on individuat nutrients.

The present review summarizes the current epidemiological evidence on TC’s nutritional risk
factors, with particular attention to adherence to the MD, and provides nutrition and dietetics guidance

to be followed by nutritionists to reduce TC risk, paying particular attention to adherence to the MD.
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Nutrition and TC risk

As previously reported, TC is among the common endocrine carcinoma, and it increased
rapidly worldwide during the past three decades 2’. Beyond genetic predisposition, TC risk is related
to different factors such as radiation, thyroid disorders, hormonal and growth factors, obesity, and
nutritional factors %,

Environmental carcinogens, probably higher in the last decades, including nutritional factors,
may explain the recent increase in TC incidence 2°. Previous evidence reported that some nutritional
factors could affect TC risk, but most of these data were inconsistent(due to diverse dietary patterns,
eating habits, lifestyles, and other environmental risk factors in the different populations. Of interest,
the populations living in iodine sufficient regions with high fish consumption showed either no
relationship or lowered TC risk 2 %°, Therefore, poputations exposed o certain food types can have
an increased or reduced TC risk compared with those who aré.ngt #’. Most of the studies conducted
that evaluated the relationship between 7 C risk and nutrition-have focused on single dietary factors,
such as food items (fish, vegetabies) or'nutrients (vitamifi D, selenium, among others) *°. In particular,
some foods, including fish-and otheriodine-riciifoods 27, vegetables, and fruits and other polyphenol-
rich foods 27 3133 might -have potential protective effects on TC risk. Contrariwise, high intake of

meat, particularly chicken,mutton, lamb **, pork, and poultry 3335 were associated with a higher TC

risk.
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The main evidence for a single food
Fish and shellfish consumption

Fish and shellfish are an essential source of different nutrients, such as iodine, selenium, and
vitamin D, all crucial factors for the synthesis of thyroid hormones .

One of the well-established risk-modifying factors for TC is the dietary exposures 2" 3.
Among these have been suggested intake of iodine-rich seafood 8, goitrogenic vegetables *%°, poly-
unsaturated fatty acids (PUFAS) °, and alcohol #!. Fish and shellfish are considered healthy foods in
different dietary patterns, including MD %2, because of their content’in-iodine, selenium, healthy fat
omega—3 PUFAs (eicosapentaenoic acid (EPA) and docosahexaenoic-acid(DHA)) and lipid-soluble
vitamins, including retinol, vitamin D, and vitamin E 3,

In a recent European Prospective Investigatiori into Cancerand” Nutrition (EPIC) study,
Zamora-Ros et al. prospectively evaluated the\association betwseen quantity and quality of fish
consumption and TC risk in a cohort of >500,000-men and wamen recruited in 10 European countries.
In particular, based on quality, the fish was classified @s:lean fish with <4 g/100 g of fat (e.g., cod,
haddock, and plaice), and fatty fish-with fat content between 4 and 14 g/100 g (e.g., salmon, tuna, and
trout). While the amount of fish consumed-was classified into: shellfish intake (including seafood
such as prawns, crab; and-mussels), fish'and fish product intake (sum of lean and fatty fish and fish
products), and total fish and shellfish intake, which was defined as the sum of intakes of fish, fish
products, and shellfish. Dietary data were collected with quantitative or semiquantitative food
frequency questionnaires that were developed and locally validated in EPIC. This study reported no
significant association between fish consumption and TC risk; likewise, no significant correlation
was reported with the intake of any specific type of fish, fish product, or shellfish 4.

This large study’s results are also in agreement with a previous cohort study 4, a systematic
review %°, and meta-analysis 3’. Besides, fish is a rich source of omega—3 PUFAs (EPA and DHA),

that, through their impact on prostaglandin synthesis, have anti-inflammatory properties and have
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been reported to be a protective factor in TC risk #’. In particular, an inverse association between

PUFA intake and TC risk was showed in the EPIC study “°.

Vitamin D

Vitamin D, in addition to its central role in calcium homeostasis, can regulate' (directly or
indirectly), multiple signaling pathways involved in cellular proliferation -and, differentiation,
apoptosis, inflammation, invasion, angiogenesis, and metastasis, with the potential to affect cancer
proliferation 8 and invasiveness “°. The most recognized antineopiastic effect’of vitamin D is its
ability to inhibit cell proliferation °°. Besides its antiproliferative effects, vitamin D also regulates
inhibiting antiapoptotic proteins (BCL-2 and BCL-XL) andindticing the expression of proapoptotic
proteins (BAX, BAK, and BAD), the key mediators.0f apoptosis®®. Beyond the importance of vitamin
D in inflammatory processes associated with'severalchronic diseases, including obesity 5153,
polycystic ovary syndrome °* %5 and psoriasis’ 8, vitartin D’s role has been determined in
autoimmune and malignant thyroid diseases >’ Different preclinical studies have shown growth arrest
of TC after the administration of pharmacologicat doses of vitamin D in differentiated TC cell lines
%8 The main form of vitamin D, the cholecaleiferol (or vitamin D3), is synthesized in the skin by 7-
dehydrocholesterol. reductase upon exposure to ultraviolet B (UVB) radiation and can also be
obtained from & few dietary sources (mainly fatty fish) ¢ and meat *°. In addition to the production
of vitamin'D; the index of solar UVB irradiance can be associated with the genesis of some cancers.
In particular, Grant has evaluated the cancer mortality rates for 48 continental Spanish provinces for
1978-1992 concerning mortality rates by latitude (an index of solar UVB levels), reporting that nine
cancers were significantly correlated with latitude, including TC. Additionally, TC was associated
with non-melanoma skin cancer, highlighting that TC’s development can a have different aetiology
60, In this context, an inverse association between UV-B exposure and nonskin cancer mortality,
including TC, has been reported, probably through vitamin D, produced by exposure to the sun via

the skin. Boscoe and Schymura showed inverse relationship between UV-B exposure and TC (only
9
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in females), suggesting a vital role in maintaining adequate vitamin D levels linked to sun exposure
61_

Beyond TC risk, vitamin D also plays an indispensable role in thyroid autoimmunity,
improving the innate immune response and exerting an inhibitory action on the adaptive immune
system “¢, Calcitriol, the activated (or hormonal metabolite of) vitamin D, has been reported to
modulate the cytokine milieu to a more tolerogenic immune status ®2. Dutta et al. confirmed that anti-
thyroid peroxidase antibody positivity is more prevalent in individuals with hypovitaminosis D and
reported a negative correlation between anti-thyroid peroxidase-antibody and serum 25-
hydroxyvitamin D (25(OH)D). However, despite the large volume of evidence linking vitamin D with
thyroid autoimmunity and cancer, meaningful clinical ‘studies on the impact of vitamin D
supplementation are needed 5.

Hashimoto's thyroiditis (HT) and DTC vepresent thenmost common autoimmune and
malignant thyroid disease ®*, and hypovitaminosis D represefits a prevalent risk factor for HT % and
DTC ©,

Sirtuins are histone deacetyiases involved-in several metabolic pathways ¢ and regulate
posttranslational modification of cellular regulator proteins on the energy status of cell %8, Recently,
Sirtuin 1 has been shown to.be regulated by vitamin D by deacetylation of forkhead box protein O3a
(FOX03a) 5. Thelatter was reported as an important risk factor for TC 7, suggesting a potential key
role of vitamin D-SIRT1-FOXO3a signaling in immune regulation and TC. Recently, Roehlen et al.
have genotyped the SNP's FOXO3a in 257 subjects with DTC, 139 individuals with HT compared to
463 healthy controls 4. The authors have found that SNP's of FOXO3a, in particular rs9400239T and
rs4945816C, independent of vitamin D status, may constitute risk factors for HT, indicating the
implication of FOXO3a in the pathogenesis of autoimmune thyroid diseases. The study authors
conclude that, both rs4945816C and FOXO3a rs9400239T may constitute risk factors for TC,
independent of the vitamin D levels. This underlines the role of FOXO3a in pathogenesis of

autoimmune thyroid diseases. In addition, these evidence suggest that SIRT1 to be a crucial mediator
10
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of anti-proliferative action and immune regulatory indicating that SIRT-FOXO3a is a downstream
targets of vitamin D effects. Of interest, a combination of SIRT1 activators and vitamin D, could be
a promising approach for novel anti-proliferative therapies also in TC%. Some alterations of genetic
variants encode crucial enzymes for the synthesis, metabolism, and degradation (DHCR7
rs12785878, CYP2R1 rs2060793, CYP24A1 rs6013897, respectively) of vitamin D, and they have
been associated with serum levels of 25(OH)D and on the susceptibility to TC"X. The case-control
study done by Carvalho et al. investigated the effect of these variants in the vitamin D pathway and
susceptibility to TC in 500 patients with DTC and 500 controls. This-study-showed the association
between DHCR7 rs12785878 and TC, suggesting that DHCR7 polymorphisms due to its effect on
circulating 25(OH)D levels, may be associated with an increased-risk of TC-"2.

Remarkably, vitamin D has proven useful dlso as a prognostic.tooi for TC, as examined in
334 patients the study of Sulibhavi et al. . in\this study, 25(QHD levels showed no significant
association with cancer stage, but subjectswith hypovitamingsis D were more likely to have advanced
disease. This study suggests that hypovitaminasis D may/have value as a negative prognostic indicator
in papillary TC 72,

Although some studies have shown- that higher 25(OH)D levels might protect against TC,
other studies do-not corifirm this association or have even indicated the opposite to be case 3. Very
recently, in a-meta-analysis of 14 articles, Zhao et al. investigated the association between vitamin D
deficiency-and TC. These metanalysis results have shown that 25(OH)D levels were lower in patients
with TC preoperatively than controls, concluding that lower 25(OH)D levels were associated with an
increased risk for TC and that hypovitaminosis D may act as a risk factor for TC . In conclusion,

the association between hypovitaminosis D and TC is still controversial.

Fruits and vegetables consumption
Fruits and vegetables intake have been associated with a reduced risk of several tumors in

case-control studies, but these relationships become weak or even null in cohort studies ™ ™.
11
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Nevertheless, the question of the optimal amount and type of fruit and vegetable consumption to
reduce cancer risk is still unanswered "*. This issue is reflected by the fact that recommendations for
dietary consumption vary globally. A weak association between fruit and vegetable consumption or
specific subtypes of fruits and vegetables and cancer risk cannot yet be excluded 7>, but the current
evidence is scarce 4. Some studies reported inverse associations “*’®, whereas other studies found no
clear association " 7" 8, However, some of these may have had statistical powef too low to detect a
modest association.

Fruit and vegetables contain various nutrients and phytochemicais,“such as vitamins,
antioxidants, flavonoids, and other unidentified compounds. Ad! these nutrients could act alone or in
synergy through several biological mechanisms to reduce: the cancer risk’. In particular, the
mechanisms by which fruits and vegetables could reduce the cancer risk are different: neutralization
of reactive oxygen species (ROS) and reduce DNA damage throtigh their antioxidants &; detoxifying
enzyme action by glucosinolates in cruciferous vegetables 8 among others.

Of interest, fruits and vegetables.consumpticry through its fiber content may modulate the
production of short-chain fatty acids (SCFASs) irrthe gut with a beneficial effect on gut microbiota &
8 and steroid hormone congentrations ang hormone metabolism &,

Currently, littieiis known about the association between fruit and vegetables consumption and
TC risk, particularly in prospective studies. Very recently, Zamora-Ros et al., in the EPIC study,
evaluated the fruit and vegetable consumption and TC risk in over half a million participants,
recruited between 1991 and 2000 with a mean follow-up period of 14 years. This large study did not
report a significant association between fruit and vegetable consumption and TC risk °. Interestingly,
the cruciferous vegetables have been studied more closely due to containing glucosinolates, a diet
source of thiocyanates and isothiocyanates that act as goitrogens 8 promoting TC growth in rats .
Nevertheless, in two recent meta-analyses of retrospective studies, either no relationship or a positive

association between cruciferous vegetables consumption and TC risk were evident 378,

12
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Alcohol consumption

Alcohol is another important dietary factor for TC risk. In particular, evidence from several
prospective 88 and case—control studies ° ! has reported a protective association between current
moderate alcohol consumption and TC risk.

In a recent large study within the EPIC study, Sen et al. investigated baseline and lifetime
alcohol consumption and risk of TC among 477.263 subjects (70% women), and 556 (90% women).
They observed that moderate alcohol consumption at recruitment was associated with a statistically
significant lower risk of TC #L. In particular, compared with participants-consumirig 15 or more grams
(approximately 1-1.5 drinks), subjects consuming 0.1-4.9 g of-alcohel per-day at recruitment, had a
23% lower risk of TC (HR=0.77; 95% CI=0.60-0.98)*'. In addition, at recruitment non-consumers of
alcohol were a similar risk for TC (HR=0.97; 95% {!=0.76-1.25) compared with consumers of 0.1
4.9 g per day. Among consumers for every 10 g of alcehol consurted per day, the risk of TC was
lowered by 9% (HR=0.91; 95% CI=0.84-0.98) *. The potential mechanisms explaining the link
between alcohol intake and TC risk are not-well krigwri. However, have been proposed different
potential explanations for the effect for consumgtion of alcohol on decreased risk of TC. First, light-
to-moderate alcohol intake is correlated with-enhanced insulin sensitivity and reduced type 2 diabetes,
a known risk factor forincreased TC %493, Second, alcohol consumption is correlated with reduced
prevalence of solitary thyroid nodules and goitre % , two important risk factors for TC °°. Third,
alcohol consumption have an effect on thyroid volume, thyroid function and the responsiveness of
hypothalamic-pituitary-thyroid axis ®, which consequently lead to the modification of peripheral
thyroid hormone concentrations. Of interest, alcohol decreases the thyroid-stimulating hormone
(TSH) level since it acts reducing the responsiveness of the hypo—thalamic pituitary-thyroid axis to
central stimulation. Nevertheless, the influence is elusive with regarding to the peripheral thyroid
hormone concentrations on TC *°. Fourth, alcohol intake could also potentially influence TC risk by

altering sex steroid hormone levels *.
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Nevertheless, the potential effects of alcohol intake on thyroid function should be considered

speculative as there are many less studied.

Impact of resveratrol

There is an increasing interest in phytochemical and TC treatment and other types of cancer
since there are still limitations for this treatment, such as drug resistance or the unfavourable side
effects from some treatment options *. The important anti-inflammatory;  anti-oxidative, and anti-
proliferative effects found in the phytochemical (chemical substances” produced by plants) have
allowed them to impact profoundly in decreasing cell proliferation, angiogenesis, and invasiveness
97 Resveratrol (3,5,4'-trihydroxy-trans-stilbene) is a phytochemical and a natural stilbenoid with two
aromatic rings with a methylene bridge. It can be feund ingrapes, blueberries, raspberries, red wines,
peanuts, pomegranates, and soybeans %%,

Additionally, it has been shownto'be helpful in radigiodine therapy % due to its capacity to
protect normal cells from ROS induced cytotoxicity by reducing them through the hydroxyl groups
in resveratrol’s chemical structure.~Two publications highlighted the use of resveratrol as co-
treatment with radioactive iodine therapy.'°*. Moreover, resveratrol has anti-TC activities by
regulating TC-specific” signaling pathways due to its ROS scavenging effect. Zheng et al.
demonstrated- that intragastric and intraperitoneal resveratrol administration efficiently reduced the
frequency “and severity of TC through inhibiting proliferation and suppressing NF-kB mediated
inflammatory reaction. 2,

Resveratrol also influences thyroid function by enhancing iodide trapping and increasing TSH
secretion via activation of sirtuins and the phosphatidylinositol- 4-phosphate 5 kinase y (PIP5KYy)
pathway, which positively affecting metabolism %, In this context, resveratrol would be favorable in
the prevention of TC as it would improve retinoic acid sensitivity, enhance the radiotherapy’s

efficacy, would induce apoptosis, re-differentiation, and cancer stem cell differentiation. .
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White meat and Red meat

While cooking red meat at a high temperature, carcinogenic compounds such as heterocyclic
amines (HCA), polycyclic aromatic hydrocarbons (PAH), N-nitroso compounds, or heme iron are
formed 14,

In Wie et al.’s study done among 26,815 participants in cancer screening examinations from
September 2004 to December 2008, there were selected 8,024 subjects who_completed a self-
administered questionnaire. In September 2013, from the National Cancei Registry System, 387
cancer cases were classified, and the remaining individuals were inctuded in-the control group. From
this study, it was concluded that red meat consumption, sodiumintake, and obesity (BMI > 25 kg/m?)
were positively associated with overall cancer incidence-in. imeri (HR 1.41,95% CI 1.02, 1.94; P=
0.04), gastric cancer (HR 2.34, 95% CI 1.06, 5.19; P=0.0365) and TC {(HR'1.56, 95% CI 1.05, 2.31;
P=0.0270), respectively 1. An increased risk'of TC associated withinitrate intake was reported in a
cohort study of older women in lowa. This study was a largeprospective cohort of 490,194 men and
women, aged 50-71 years, in 1995-1996. A 124-item food frequency questionnaire was used to
determine the dietary intakes. During-an average ©f 7 years of follow-up, they identified 370 TC cases
(170 men, 200 women) with complete dietary information. Among men, increased nitrate intake was
positively associated with-FC risk (relative risk [RR] for the highest quintile versus lowest quintile
RR = 2.28, 95% Cl:71.29-4.04; p-trend <0.001). However, no trend with intake among women was
observed (p-trend = 0.61). Nitrite intake was not associated with TC risk for either men or women
106 A systematic review and meta-analysis published in 2015 concluded that no significant
association was observed between nitrate exposure and TC risk, hyper or hypothyroidism. Additional
research is needed to clarify the association between nitrate/nitrite exposures and thyroid function
and cancer . On the other hand, high consumption of fresh fish seemed to have a protective effect
against TC (OR=0.6; 95% CI: 0.3-1.0; P-trend <0.05). Nevertheless, when fish products were
processed, canned, or frozen, there was a strong positive association with TC (OR=3.0; 95% CI: 1.6—

5.3; P-trend <0.01). Among other types of meat, high consumption of chicken (OR=3.0; 95% CI:
15
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1.3-6.8; P-trend <0.01) as well as mutton and lamb (OR=1.8; 95% CI: 1.1-2.8; P-trend <0.01)
showed a positive association with TC 34 These studies suggest that several components like red
meat, canned or frozen fish, high consumption of chicken, and processed meats like sausages, may

influence TC risk.

Coffee and tea and other drinks

Coffee and tea are beverages consumed daily worldwide in adults: Both of them are rich
sources of flavonoids and phenolic acids 1%, Polyphenols may play & role in‘cancer prevention,
including TC, through the modulation of enzyme activities ana signal transduction pathways related
to cellular proliferation, differentiation, apoptosis, inflammation, angiogenesis, and metastasis %110,
There is much for caffeine and theophylline because of their negative and positive effects in
carcinogenesis 1.

In the report by Alicandro et al.; where they reviewed available evidence on coffee drinking
and the risk of all cancers updated-to May 2016, they concluded that coffee consumption is not
associated with overall cancer risk 2. The EPIC cohort, which included 476,108 adult men and
women, coffee and. teaintakes werg assessed through validated country-specific dietary
questionnaires, and during a mean follow-up of 14 years, 748 DTC cases were identified. Coffee
consumption {per100-mL/day) was not correlated either with total DTC risk (HR: 1.00, 95% CI 0.97-
1.04) orwith the risk of TC subtypes. Tea consumption (per 100 mL/day) was not associated with
the risk of total DTC (HR: 0.98, 95% CI 0.95-1.02). An inverse association was found with follicular
tumor risk (HR: 0.90, 95% CI 0.81-0.99), but this association was based on a sub-analysis with a
small number of cancer cases. In conclusion, in this large prospective study, coffee and tea
consumption were not associated with TC risk °. Hashibe et al. observed in the PLCO trial a
decreased risk of endometrial cancer for coffee intake (RR=0.69, 95% CI1=0.52-0.91 for >2 cups per
day), and a decreased risk of cancer overall with tea intake (RR=0.95, 95% CI1=0.94-0.96 for 1+ cups

per day vs. <1 cup per day). This trial started in 1992 and ended enrollment in 2001. Approximately
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155,000 women and men between the ages of 55 and 74 participated in this randomized study 3.
Michikawa et al. analyzed data from a prospective cohort of 100,507 individuals, where green tea
and coffee consumption were assessed via a self-administered questionnaire. During a mean 14.2-
year follow-up, they documented 159 TC cases. They inferred that high green tea consumption could
be associated with premenopausal TC risk but inversely correlated with postmenopausai TC risk 4.
Finally, Riza et al. reported that drinking herbal teas, especially chamomile (p<0.001), protects from

TC as well as other benign thyroid diseases *°.

Soy Foods

They have been considered excellent replacements for dairy products, recognized as sources
of high-quality protein and healthful fat and uniguely-rich sources of -isoflavones (classified as
phytoestrogens and selective estrogen receptor modulators). Soy foods were widely accepted because
of the potential effects on health, such as the effectiveness in cardiovascular risk reduction,
antioxidative effect of flavonoids may protect from@aricer 16, preventive roles in hypertension,
hypercholesterolemia 7, body weight loss '8, Noretheless, there are reports of possible disruption
of thyroid function and sexual hormones. A ¢ross-sectional study of 11,688 women aged 30-50 years
of North American Adventist church showed that high intake of isoflavones was related to increased
risk of nulliparity and>null gravity **°. There are also reports of soy products in infant diet before 4
months of age and a 25% higher risk of menarche before 12 years of age *?°. About the thyroid gland
disturbance, more long-term epidemiological studies are needed to verify soy-thyroid interaction in
real conditions since in clinical trials; isolated isoflavones are used with a wide range of
concentrations and heterogenic conditions *2. In the multiethnic population-based case-control study
of TC conducted from the San Francisco Bay Area with 817 cases diagnosed between 1995 and 1998,
608 (74%) were examined. Phytoestrogen consumption was determined via a food-frequency
questionnaire and a newly developed nutrient database. They reported that the consumption of

traditional and nontraditional soy-based foods and alfalfa sprouts were associated with a reduced TC
17
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risk 122, In a recent study by Xiao et al., the association between dietary flavonoid intake and TC risk
in 491,840 participants was investigated. It was reported that TC risk was not associated with the
dietary intake of isoflavones 13, After analyzing the results from these few studies carefully, it

remains inconclusive the potential influence of isoflavones on TC risk.
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Mediterranean diet

This dietary pattern is commonly used by people living on the Mediterranean coast 24, It is
characterized by a higher intake of the majority of plant-derived foods, including vegetable and fruits,
legumes, whole-grains, and extra virgin olive oil as the only source of fat, moderate alcohol
consumption (especially red wine), moderate intake of animal protein (most represented by fish and
dairy products), and minimal consumption of meat and highly processed foods#24, Additionally, it is
low in saturated fatty acids and provides high amounts of monounsaturated fatty acids and omega-3
PUFAs, mainly derived from olive oil as alpha-linolenic acid and/long-chain PUFAs fish 1%, The
foods and beverages of plant origins are widely rich in polyphenols, particularly fruits, vegetables,
spices, nuts 2, The MD’s beneficial effects are the high content i antioxidants and anti-
inflammatory compounds, including polyphenols; to.piay a-fole in preventing cancer 124127 and other
diseases such as cardio-metabolic, neurodegenerative disorders4*”among others. Several evidence
show the antitumor effects of naturai polyphenols, dncluding anthocyanins from blueberries,
epigallocatechin gallate from greeri tea, and.resveratrol-from red wine. These functions are associated
with cell survival, proliferation, “differentiation, migration, angiogenesis, hormone activities,
detoxification enzymies, and immune resporises. Despite all the existing robust evidence regarding
the MD and its‘advantages, more studies are needed to show a direct causal relationship between this
diet and the reductiorn of TC risk. As reported by the EPIC cohort, which included 476,108 men and
women from 10 European countries, no associations between dietary polyphenol consumption and
TC risk were demonstrated %8,

The MD was associated with a lower risk of breast cancer 2% 1% gastroenteropancreatic
neuroendocrine tumors aggressiveness 3!, and other cancers 132, Nonetheless, only a few studies link
dietary patterns to TC 283313 |n a case-control study of 113 subjects, Markaki et al. 33 found that
dietary patterns of fruits, raw vegetables, and mixed raw vegetables and fruits were negatively

associated with TC (OR=0.68, 0.71, 0.73, respectively).
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Another study did not report any difference between traditional Polynesian diet (characterized by
high consumption of fish, seafood, and fruits) and Western diet (characterized by high consumption
of meat and starchy food), in 229 cases of DTC diagnosed, and 371 controls 33, Very recently,
Sangsefidi ZS et al., in a case-control study among 309 clinic-based participants in the northeast of
Iran, evaluated the role of major dietary patterns on DTC. The only association reported in this study

was that the western diet had 2.85 times more chance for DTC (OR=2.85, 95% C}=1.15-7.06) %,
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Dietary indications as medical prescription in the reduction of TC Risk: the point of view of the

endocrinological nutritionist

The current state of the dietary recommendations for the prevention of TC remains controversial,

as the clinical studies’ results are inconsistent. However, based on current scientific evidence, we can

give some dietary indications as a medical prescription to reduce TC risk, considering that tie choice

of food must be made by analysing the presence of beneficial nutrients **.-The principal dietary

indications are summarized as follows:

1.

lodine intake and fish: Correction of iodine deficiency-has shifted TC subtypes toward less
aggressive forms without affecting cancer’s cverail risk. Hightfodirie intake seems to exert a
protective effect against cancer;

Fruits and vegetables: They ~may provide a protective role for combining bioactive
components with antioxidant activity, such ascseienium and vitamin D, micronutrients, and
phytochemicals. Eating 2 servings of fruits.and at least 7.5 servings per day (600 g/d) of green-
yellow and cruciferous vegetables {satads) per day;

Selenium, vitamin'D: Despite thie well-known anti-cancer activities and potentials, there is
limited evidence on the association between either selenium or vitamin D deficiency and TC,
as wWell as on the clinical usefulness of their supplementation in these patients;

Body weight: Obesity is associated with the incidence of various tumors, including DTC. An
association between excessive weight and TC risk, with more aggressive behavior, emerges
from most of the studies.

Alcohol, red meat and dairy: To limit excess consumption of alcohol, meat, and dairy food
even if no clear associations were found among the consumption of these foods on TC risk;

Don’"t consume processed food,;

Don’t consume frozen or canned fish or seafood;
21
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8. Drink daily chamomile tea and herbal tea to prevent TC;
9. Adopt healthy lifestyle habits: Exercise 30 minutes daily or 1 hour every 2 days.

Most of these suggestions are potentially useful also for patients with TC (Table 1)
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Conclusion

Interesting associations between single nutrients or food and TC risk have been described.
Understanding the bidirectional relationships between dietary patterns and TC risk is also essential
for delineating the risk profile from obesity (Figure 1). Adopting a healthy lifestyle and education
regarding modifiable environmental factors (diet, nutrition, and physical activity) couid have
beneficial effects per se on reducing TC risk. For achieving dietary-fefated. goals, the skilled
Endocrinological Nutritionist should play a central role during the assessment-considering dietary
recommendations as a real medical prescription for the prevention of TC risk. Based on its beneficial
antioxidants and anti-inflammatories components, the MD_cotild aiso present health benefits in TC’s
prevention. The advantageous effects of nutritiona!iriterventions promaoting the Mediterranean food
pattern could be extended to patients at risk'of deveioping \TC Future well-designed dietary
intervention trials on larger population-samples-are needed to define specific dietary guidelines for

reducing TC risk.
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FIGURE

Figure 1: picture describing the known and potential factors involved
in the correlation between lifestyle patients and the development of
thyroid cancer

TABLE

Table 1: Most of these suggestions are potentialty, useful-also for

patients with thyroid cancer
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Table 1: Dietary suggestions for a correct lifestyle in thyroid cancer patients

v lodine intake and fish

A correct intake of iodine with the diet plays a protective
role in the development of nodules and, therefore,
potentially also thyroid carcinomas

High iodine intake seems to exert a protective effect against
cancer

v" Fruits and vegetables

They may provide a protective role for the-combination of
bioactive components with antioxidant activity

Eat 2 servings of fruits and at least 7.5 servings per day (600
g/d) of green-yellow and cruciferous vegetables (salads) per
day

v" Selenium, vitamin D

There is limited evidence on'the association between either
selenium or vitamin D deficiency and TC

v Obesity

Obesity is associated with the incidgence of various tumors,
including DTC
Weight loss is recommended-for patients with thyroid cancer

v" Alcohol, red meat, and dairy

No clearassociations werefound among the consumption of
these foodson TC risk

In any.case, it is advisable not to exceed with these foods to
reduce the risk8fobesity.

v Adopt healthy lifestyle habits

Itisrecommienided to perform physical exercise 30 minutes
daily or’dchour every 2 days

v Nutritional status in patients
treated with Tyrosine Kinase
Inhibitors (TKF)

A clgse-monitoring and management of weight loss is
crucial to avoid withdrawal and to limit the need for dose
regiuction

Expert nutritionist interventions are needed in patients
affected with advanced TC treated with TKI
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