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~— ABSTRACT N

After diagnosis, many breast cancer patients start consuming high quantities of beetroot and carrot juice,
in the hope of improving the outcome of their treatment. However, these foods are very high in nitrate, which
can competitively inhibit the uptake of iodine by the thyroid, potentially leading to hypothyroidism or thy-
roid nodules. We applied a nitrate and iodine food frequency questionnare (asking about dairy, fish, seafood
and iodized salt for iodine intake and spinach, carrots, beetroot, lettuce and arugula for nitrate intake) to 353
ER+/PR+/HER2-luminal A and B breast cancer patients during antiestrogenic treatment. We excluded
patients with a thyroid disease diagnosis prior to the cancer diagnosis, smokers, ex-smokers and those with
renal disease or bipolar disorder.

The only correlations found between dietary intake of iodine and nitrate and the incidence of de novo
thyroid nodules were: decreased risk for a daily intake of minimum 250ml dairy; and increased risk for daily
intakes of over 200g spinach, 250g carrots or 250¢ beetroot.

The correlations between dietary intake of nitrate and the incidence of de novo hypothyroidism were: de-
creased risk for a daily intake of iodized salt 2.5¢ and minimum of 100g fish or 250ml dairy; and increased
risk for daily intakes of over 250¢ carrots or 250g beetroot.

The results of this study support the hypothesis that the increased intake of nitrate-rich foods — particu-
larly beetroot and carrot juice —is a risk factor for de novo hypothyroidism or thyroid nodules, after a breast

| cancer diagnosis.
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INTRODUCTION

lodine bioavailability is directly influenced
by Na*/lI" symporter functionality. But this is
not only simport thyroid level, but also in the
salivary glands, gastric mucosa, kidney, placen-
ta, ovary and mammary glands ut also in the
salivary glands, kidneys, ovaries and mamary
glands (1).

Studies show that optimal functioning of the
Na*/I" symporter is particularly important for
women'’s health, through preventing fibro-cystic
dysplasia and hyperplasia of the mammary

gland. Based on their findings, Kilbane et al
proposed the introduce the Na*/I" symporter
dysfunction among breast cancer etiological
mechanisms, as they proved that both in fi-
broadenoma and in malignant cells, breast io-
dine is very low (2).

Moreover, IGF-1 and TGF-B inhibit the trans-
membrane expression of the Na*/I" symporter,
further argument that supports the relationship
between breast cancer and breast atypia and
this symporter functionality (3).

lodine deficiency — either by low iodine in-
take or by excessive intake of nitrate that may
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competitively inhibit the uptake of iodine by the
thyroid gland — is common in both developed
and in developing countries.

Most healthy people do not consume ex-
cessive quantities of nitrate rich foods (such
as beets, carrots, spinach, cabbage, lettuce
or arugula), but many breast cancer patients
change their diets after their diagnosis —and the
main food they believe will help them towards
curing their cancer is the freshly squeezed juice
of carrots and beetroot — beet juice represent-
ing the nitrate source of choice in the majority
of studies done on nitrate’s health impact, due
to its average content of 1.5g nitrate per Kg of
beetroot.

The anticancer effect of beetroot juice is
based on its high antioxidant content (beta-
nine, isobetaine and ferulic acid esters) (4) — but
breast cancer patients either completely ignore,
or do not know that beet does not only contain
nitrate, while scientists look for denitrification
ways for this food (5).

Firstly, even though antioxidants are impor-
tant in preventing de novo tumorigenesis, cur-
rent scientific literature does not support that
fact that the excessive intake of food or dietary
supplements high in antioxidants leads to a
better cancer prognosis (6). For instance, even
though betanine has a cytotoxic potential com-
parable to that of doxorubicin (7), antioxidant
intake during chemotherapy is descuraged by
most oncologists, based on studies that prove
that antioxidants’ protective action extends to
both healthy cells and malign cells, thus de-
creasing adjuvant treatments efficacy (8).

Secondly, malign cells uses glucose as their
main nutrient, and beet is very high in glucose,
which can be readily used by such type of cells
to survive and multiply (9).

Consequently, if we take into account not
only its antioxidant content, but also the nitrate
and glucose ones, beetroot ceases to be the
universal panacea considered by most cancer
patients.

For healthy women, the main consequenc-
es of iodine deficiency are thyroid hypertrophy
and the emergence of single or multiple nod-
ules. Additionally, as iodine contributes to the
maintenance of normal estrogen blood levels,
through stimulating the secretion of estriol and
by decreasing the secretion of estrone and es-
tradiol (10) —iodine deficiency increases the risk
of fibrocystic breast disesase, ER+/PR+/HER*
breast cancers, ovarian cancer, hyperestrogen-
ism, and obesity with gynoid adyposity (11).

For ER+/PR+/HERZ breast cancer patients, in
addition to the risks mentioned above, iodine
deficiency further contributes to:

e Decreased sensitivity for testosterone — a
mechanism involved in sarcopenia during
chemotherapy and osteosarcopenia dur-
ing antiestrogenic treatment — both in-
creasing the risk of sarcopenic obesity,
which, in turn, indirectly increases the
risk of recurrence or de novo carcinogen-
esis.

e Increased sensitivity of estrogen — a
mechanism that can decrease antiestro-
genic treatment efficacy, along with an
posing an increased risk of endometrial
hyperplasia.

Based on the aformentioned facts, this study

aims to answer two questions:

1. Is there any correlation between the
occurrence of thyroid disease after breast
cancer dtiagnosis, and patients’ weight
gain during the oncological treatment?

2. Is there any correlation between the
occurrence of thyroid disease, after
breast cancer diagnosis, and the intake of
foods high in iodine and nitrate?

METHODS

The study was conducted between Decem-
ber 2015 and February 2016, at the Depart-
ment of Surgical Oncology Il of ,Prof. Dr. Al
Trestioreanu” Institute of Oncology, Bucharest,
Romania, with the approval of the Ethics
Committee of the Institute.

The study has been conducted in accordance
with the ethical standards laid out in the 1964
Declaration of Helsinki and its later amend-
ments. We declare no conflict of interest.

We selected 353 patients that complied
with our study inclusion criteria: ER+/PR%/
HER2-breast cancer patients under antiestro-
genic treatment. We excluded smokers and
ex-smokers, those with triple negative or HER2+
tumors, metastases, recurrences, de novo car-
cinogenesis, and those kidney disease or bipolar
disorder treated with lithium.

We used a food frequency questionnaire to
asses dietary intake of iodine and nitrate and
we analysed the results in SPSS, using a Fisher
exact test for establishing the relevance of sta-
tistical correlations (p<0,05) between the intake
of foods high in iodine and nitrate, consider-
ing the immunohistochemical diagnosis and
the antiestrogenic treatment received by the
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patients (Tamoxifen, Anastozole, Letrozole or
Exemestane).

Food frequency questionnaire

Date:

Name:

Age:

Height:

Waist circumference:

Weight:
Immunohistochemical diagnosis:
Endocrinological diagnosis:
Oncology treatment stage:
Comorbidity:

Medication:

Food supplements:

Weight gain during treatment:

1. Do you consume iodized salt?
¢ Yes — how much iodized salt do you con-
sume per day:
¢ No — how much non-iodized salt do you
consume per day:

2. Do you eat fish?
e Yes:
e What quantity do you eat per serving:
¢ How often do you eat that amount:
e | do not eat fish.

3. Do you eat seafood?
e Yes:
e What quantity do you eat per serving:
¢ How often do you eat that amount:
¢ | do not eat seafood.

4. Do you eat dairy (milk, yogurt, buttermilk,
kefir)?
e Yes:
¢ What quantity do you eat per serving:
¢ How often do you eat that amount:
¢ | do not eat dairy.

5. Do you eat cruciferous vegetables (white
cabbage, red cabbage, Brussels sprouts)?
e Yes:
e What quantity do you eat per serving:
¢ How often do you eat that amount:
e | do not eat cabbage.

6. Do you eat lettuce?
e Yes:
e What quantity do you eat per serving:
¢ How often do you eat that amount:
e | do not eat lettuce.

7. Do you eat arungula?
e Yes:
e What quantity do you eat per serving:
e How often do you eat that amount:
¢ |do not eat arungula.

8. Do you eat spinach?
e Yes:
e What quantity do you eat per serving:
e How often do you eat that amount:
¢ | do not eat spinach.

9. Do you eat carrots?
e Yes:
e What quantity do you eat per serving:
e How often do you eat that amount:
¢ | do not eat carrots.

10.Do you eat beetroot?
e Yes:
e What quantity do you eat per serving:
e How often do you eat that amount:
¢ | do not eat beetroot.

RESULTS AND DISCUSSION

The current study supports what is already
known in the scientific literature studying the
connection between breast cancer and thyroid
disease: aproximatly a quarter of patients de-
velop de novo thyroid disease after the breast
cancer diagnosis.
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L

FIGURE 1. De novo thyroid disease incidence after
breast cancer diagnosis

The current study proves a direct correlation
between patients BMI and de novo thyroid dis-
ease occurred after breast cancer diagnosis.
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FIGURE 2. Comparative BMI during breast cancer treatment
correlated with de novo thyroid disease

Weight gain during breast cancer treatment
worsens prognosis, increasing recurrence and
de novo carcinogenesis risks. In our study, pa-
tients diagnosed with thyroid nodules and hy-
pothyroidism also had the greatest weight gain.
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FIGURE 3. Comparative weight gain during breast cancer
treatment correlated with de novo thyroid disease

To establish the correlation between the in-
take of foods high in iodine and nitrate and de
novo thyroid disease diagnosis in breast cancer
patients, the questionnaires were analyzed us-
ing SPSS, Fisher exact test (p <0.05).

Spearman correlation coefficient (rS) can
range between -1 and 1, -1 signifying a negative
correlation (representing protection against
thyroid disease, after breast cancer diagnosis)
and +1 positive correlation (representing risk
factor for thyroid disease, after breast cancer
diagnosis).

Since an 0 value of rS indicates no correla-
tion, rS values very close to 0 indicate no statis-
tical correlation.

In our study, the only correlations between

dietary intake of foods high in nitrate and:

e De novo thyroid nodules after breast can-
cer diagnosis — were: protection by a mi-
nimum intake of 250ml dairy/day; and an
increased risk by consuming more than
200g spinach, 250g carrots and 250g bee-
troot/day.

e De novo thypothyroidism after breast
cancer diagnosis — were: protection by a
minimum intake of 2.5g iodized salt, 100g
fish and 250g dairy/ day; and an increa-
sed risk by consuming more than 250g
carrots and 250g beetroot/day.

Due to the small number of patients with hy-
perthyroidism or autoimmune thyroiditis, inter-
pretation of results in these two types of thyroid
pathology had no statistical significance, thus
requiring further studies, which will utilize the
appropriate number of breast cancer patients
with those thyroid pathologies (Table 1).

Among the questionned breast cancer pa-
tients, dairy consumption was inversely associ-
ated with the risk of developing hypothyroidism
and thyroid nodules.

TABLE 1. Comparative Fisher Exact Test results between food intake and de novo thyroid disease diagnosis in breast cancer

patients
. " - Autoimmune
Content Thyroid Nodules Hypothyroidism Hyperthyroidism Thyroiditis
Food/day - -
lodine | Nitrate 'S 0 b 'S 0 'S 0
(g) (g)
2.5g iodized .
salt 50 - -0.07 0.6025 -0.56 0.0082 -0.57 0.0820 0.39 0.4194
100g fish 200 - -0.08 0.7275 -0.67 0.0024" -0.22 0.7177 0 1.0000
250ml dairy 125 - -0.38 | 0.0137" | -0.64 0.0015" -0.64 0.0831 0.21 0.7139
200g lettuce - 0.8 0.08 0.6933 -0.13 0.5573 0.40 0.6000 0.15 0.8028
2'00g - 0.4 0.40 0.0189" 0.20 0.4256 0.31 0.6838 - -
spinach
250g carrots - 0.2 0.75 0.0001" 0.66 0.0011" 0.35 0.3888 -0.67 0.1361
2508 - 04 | 074 | 00001 | 046 | 00302 | 040 | 06000 | -0.37 | 0.4972
beetroot
200g
- 0.15 0.09 0.5217 0.27 0.2102 0.27 0.2102 -0.19 | 0.4693
cabbage
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FIGURE 4. Comparative dairy intake in patients
without thyroid disease or with thyroid nodules or
hypothyroidism

In the questionned breast cancer patients, a
daily consumption of 2.5g iodized salt is protec-
tive against thyroid nodules and hypothyroid-
ism. Most patients with thyroid nodules are not
consuming too little salt, but non-iodized salt.

ledized salt (g/day)
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FIGURE 5. Comparative iodized-salt intake in patients
without thyroid disease or with thyroid nodules or
hypothyroidism

In the questionned breast cancer patients,
we found a minimal difference between the fish
intake of patients without thyroid disease and
that of those with hypothyroidism, however,
the fish intake of patients with thyroid nodules
was deemed insufficient.
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FIGURE 6. Comparative fish intake in patients
without thyroid disease or with thyroid nodules or
hypothyroidism

Despite representing annual minimal intake
— because the study was performed during win-
ter months — carrot and beetroot consumption
above the limits presented in Table 1 is a risk
factor for de novo thyroid nodules and hypothy-
roidism, after the diagnosis of breast cancer.

Thyroid nodules
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FIGURE 7. Comparative beetroot and carrot intake
in patients without thyroid disease or with thyroid
nodules or hypothyroidism

STUDY LIMITATIONS

Due to the fact that most of the questionned
patients did not consumed seafood or arungula,
we consider the statistic correlation correlation
between these foods’ intake and de novo thy-
roid disease, after breast cancer diagnosis, as
equivocal.

In addition, because the study was per-
formed between December and February win-
ter months, the food intake and consumption
frequency cannot be extrapolated for spring or
summer months, while we consider this intake
as the minimum intake these patients have dur-
ing the year.

Also, because this study is based only on pa-
tients’ answers to the food frequency question-
naire, we need to validate our findings through
conductng further studies with toxicology ana-
lisys of iodine and nitrate urinary levels.

CONCLUSION

Our results support the hypothesis that an
excessive intake of foods high in nitrate — in par-
ticular, beetroot and carrot juice — represents a
risk factor for developing de novo thyroid nod-
ules or hypothyroidism, after a breast cancer di-
agnosis, through the inhibition of iodine uptake
through the Na*/I symporter by nitrates.
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