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ARTICLE INFO ABSTRACT

Keywords: Several studies have investigated the role of diet as a risk and/or protective factor against thyroid cancer, both

Thyroid cancer considering individual foods, groups of foods and dietary patterns, but the results are not consistent. The aim of

FD‘_)Od ltems the study was to investigate the relationship between dietary habits and thyroid cancer. Cases and controls were
iet

recruited at the University Hospital “G. Rodolico” of Catania. The dietary habits were defined through the
“Lifestyle Assessment Questionnaire”. The frequency of consumption of each food item was reported on a 4-level
scale (never, one time a week, 2-3 times a week, every day of the week). We computed the odds ratios (ORs) of
thyroid cancer and the corresponding 95% confidence intervals (CIs) according to the median of control group
daily intake of each food group, using multiple logistic regression models adjusted for major confounding factors.
Starchy foods (OR = 1.39, 95% CI 0.83-2.32), sweets (OR = 1.39, 95% CI 0.81-2.40) and products rich in salt
and fat showed a positive association with thyroid cancer risk. Conversely, an inverse association with disease
risk was found for vegetables (cruciferous OR = 0.30, 95% CI 0.10-0.92, non cruciferous OR = 0.57 (0.20-1.57)
milk and dairy products (OR = 0.68, 95% CI 0.40-1.13) and seafood (OR = 0.68, 95% CI 0.34-1.22). An
increased risk was observed for consumption of iodized salts (OR 2.06, 95% CI 1.21-3.51), tea (OR = 1.42, 95%
CI 0.84-2.41) and coca-cola (OR = 3.08, 95% CI 1.53-6.20). Finally, our results confirm the protective effect of a
daily water intake of 1-2 L, but unfortunately this quantity is usually consumed by about a quarter of the sample.
Dietary habits appear to modify the risk of thyroid carcinoma. A diet with a limited consumption of starchy
foods, products rich in salt, fat and sugar and a higher consumption of, cruciferous/non-cruciferous vegetables,
milk and dairy products and seafood could be protective towards thyroid cancer. Moreover, the water intake
should be increased and the actual need to consume iodized salt should be verified for each subject/area. These
results warrant further investigations and, if confirmed, they might have important public health implications for
the reduction of thyroid cancer through the improvement of dietary habits.

Risk factors

1. Introduction

According to GLOBOCAN 2018 (Global Cancer Statistics 2018) es-
timates of cancer incidence and mortality, produced by the International
Agency for Research on Cancer (IARC), thyroid cancer is responsible for
567 000 cases worldwide. In particular, the global incidence rate
calculated for women in 2018 was 10.2 per 100 000 three times higher
than in men. Mortality rates are much lower with rates from 0.4 to 0.5
per 100 000 in men and women respectively, and an estimated 41 000
deaths (Bray et al., 2018).

The etiology of thyroid cancer is not well established. The only well
confirmed risk factor for thyroid cancer is ionizing radiation (Ron et al.,

2012), although there is evidence that other factors may play a role
(Kitahara et al., 2018). History of benign thyroid nodules/adenoma or
goiter, sex (women), a diet low in iodine (follicular thyroid cancer) and
obesity are known to increase the risk of thyroid cancer (Choi et al.,
2014; Dal Maso et al., 2009; Bray et al., 2018; Fiore et al., 2019a; Memon
et al., 2002; Zhang et al., 2013; Franceschi et al., 1999; Peterson et al.,
2012). On the contrary, unlike other cancers, cigarette smoking and
alcohol consumption were associated with a decreased risk of thyroid
cancer (Kitahara et al., 2012).

Several authors investigated the role of the dietary factors on thyroid
cancer risk (Choi et al., 2014; Dal Maso et al., 2009; Franceschi et al.,
1991). In particular, goitrogenic foods such as cruciferous vegetables
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(cabbage, broccoli, cauliflower, etc.), cassava (Higdon et al., 2007;
Bosetti et al., 2002), other iodine-rich foods (Choi et al., 2014; Dal Maso
et al., 2009), vegetables and fruits (Choi et al., 2014; Dal Maso L, 2009;
Bosetti et al., 2002;

Jung et al., 2013;

Markaki et al., 2003), seem to have protective effects on thyroid cancer
(Antognelli et al., 2019). Conversely, starchy food have been found
associated positively with thyroid cancer (Markaki et al., 2003).
Nevertheless the evidence on the relationship between some food items
or nutrients and the risk of thyroid cancer is not yet conclusive. For
example although different studies investigated the relationship be-
tween fish consumption and thyroid cancer, the results were inconsis-
tent (Choi et al., 2014). Others studies examined the relationship
between meat and dairy consumption and thyroid cancer, and the re-
sults were either positive or insignificant (Choi et al., 2014). In this
study, we aimed to assess the relationship between dietary habits and
thyroid cancer.

2. Material and methods
2.1. Study setting and data collection

Study population and methods have been reported previously (Fiore
et al., 2019b). In brief, the study was conducted with subjects diagnosed
with thyroid cancer between January 1st 2009 and July 31st 2018 at the
Endocrine-Surgery operative unit of the University Hospital “Policlinico
— Vittorio Emanuele” of Catania (Sicily, Italy). Of 118 cases initially
notified, 12 patients refused to participate, leaving 106 subjects eligible
for the study. The response rate from the cases was 89,8%.

Controls were enrolled at the laboratory of clinical analysis of the
same university hospital. Eligible criteria for controls were not to have
thyroid cancer or other ones, as well hormonal and gynecological dis-
eases within two years prior to interview. The negative history of pre-
vious diseases was auto-refered and validation by medical records was
unfeasible. Of 241 eligible controls, 24 refused to participate. Finally,
217 controls (response rate 90.0%) were included in the analysis.

The study was approved by the Ethics Committee of the University
Hospital “Policlinico — Vittorio Emanuele” of Catania (agreement no.
553). Written informed consent was obtained from all participants.

Between January 2015 and July 2018, two trained investigators
interviewed the cases and control participants using a structured ques-
tionnaire. The questionnaire included items on socio-demographic
characteristics (age, residence, education level and occupation),
anthropometric parameters, reproductive and hormonal history, smok-
ing status, alcohol consumption, exposure to radiation or chemicals,
personal and family medical history. The subject who answered “yes” to
the question “smokes daily” (daily smoker = who smokes at least one
cigarette a day) has been considered “smoker”, and was considered
“alcohol consumer” who reported to consume at least one glass a day of
wine, beer, alcohol or spirits.

Data on food items and water consumption, food supplements,
vitamin and caffeinated beverages use, relating to the year preceding the
thyroid cancer diagnosis, were collected using the Lifestyle Assessment
Questionnaire of the Italian Health Institute (Istituto Superiore di Sanita.
Osservatorio Fumo, Alcol e Droga-OSSFAD. Available online: http://o
1d.iss.it/binary/ofad/cont/questionario%20giovani%20in%20fo
rma.1225957648.pdf (accessed on 20 February 2019).

2.2. Data analysis

Food items were categorized into major food groups and sub-groups,
based on chemical composition criteria and hypothetical association
with thyroid cancer,. as follows reported: Starchy foods (bread, pasta,
rice, pizza, rusks, crackers/breadsticks, potatoes, cereal flakes and ce-
reals); Sweets (biscuits, brioches, croissants, chocolate, others sweets);
Products rich in salt and fat (packaged snacks, sandwiches, ready-made
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foods and sauces as mayonnaise and ketchup;, Cruciferous vegetables
(cabbage, broccoli, cauliflower.), Non-cruciferous vegetables: (rocket,
soy, spinach, lettuce and others vegetables), Legumes. and Fruit; Meat
and meat products (red meats, eggs, cold cuts); Milk and diary products
(milk, fresh and aged cheeses); Fish and seafood (fish, mollusks and
crustaceans).

The frequency of consumption of each food item was reported on a 4-
level scale (never = 1, one-time a week = 2, two—three times a week = 3,
every day of the week = 4) (Table S2).

The values of the Likert scale assigned to each individual food item
were added by group of foods (higher number corresponded to higher
consumption), then we created two categories (higher and less con-
sumption) using as cut off the median consumption of the controls. The
“Products rich in salt and fat”, “legumes” and “fruit” were analyzed
individually using cut off 2 (<2 = never + 1 time a week and >2 = 2-3
times a week + every day).

Type (tap water, bottled water) and quantity of drinking water
consumed (1/2 L, 1 L, 2 or more liters) were investigated. Food sup-
plements, iodized salt and vitamin were inquired both for use (yes/no)
and for at least weakly consumption time (0-2 years, > 2 - >10 years).
Caffeinated drinks consumption was reported on a 3-level scale (never,
1-3 cups/die, 4->6 cups/dies).

Univariate and multivariate unconditional logistic regression were
performed to estimate odds ratios (ORs) and 95% confidence intervals
(CIs) of thyroid cancer both for each food item (Table S2) and food
groups consumption with “never” and “< median of control group”
categories as a reference, respectively. We included age, BMI and
educational attainment as possible confounders; moreover in the anal-
ysis in women only we included irregular period (yes/no) and number of
pregnancy (continuous variables) as hormonal confounding factors.
Others variables were not included in the final analysis because they did
not meet criteria for confounding and hence did not substantially alter
odd ratio estimates. We also carried out stratified analysis by sex and
BMI as potential effect modifier. We did not perform a stratified analysis
by thyroid cancer histology because of small sample size. Statistical
analyses were performed using statistical software SPSS for Windows
(Statistical Package for the Social Science, version 21.0; SPSS Inc.,
Chicago, IL, USA).

3. Results
3.1. Baseline characteristics of study participants

A total of 106 patients (mean age at diagnosis 47 + 14 years, females:
78.3%) and 217 controls (mean age 42 + 17 years, females: 70.0%) were
included in the study. Papillary carcinoma was the most frequent his-
tological type (97 cases; 91.5%), followed by five (4.7%) cases with a
follicular carcinoma and 4 (3.8%) cases with medullary type. Baseline
characteristics of cases and controls are shown in Table S1. Most cases
were diagnosed among women (83/106, 78.3%), with a slightly higher
frequency in the age group >50 years (61/106, 57.5%).

No clear association emerged for smoking status (OR = 0.28, 95% CI
0.06-1.25). We observed a slightly positive association with alcohol
habits (yes/no) (OR = 1.38, 95%CI 0.77-2.48). However, considering
the alcohol daily consumption (glass/day) by wine (21% cases vs 12%
controls), beer (10% cases vs 5% controls) and spirits (0% case vs 1.5%
controls), we observed a decreased risk for wine (OR = 0.43, 95% CI
0.15-1.20) and an increased risk for beer (OR = 1.61 95% CI 0.18-15)
though statistically unstable risks due to small sample size. The risk for
the consumption of spirits was not calculated due to the zero con-
sumption of the cases. Finally, about median daily alcohol consumption
it must be highlighted how for neither cases nor for controls it was more
than 1 glass/day.
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3.2. Frequency of food items consumption by cases and controls and risk
associated with food item consumptions

Table 1 shows the frequency of food items consumption within case
and control groups. The cases had a daily consumption of bread (82.5%
cases vs 63.0% controls) and rusks (31.8% cases vs 12.9% controls)
higher than the controls. Almost 80% of cases consumed pizza 2-3 times
a week. Cases, more than controls, had a daily consumption for most of
Sweet group (biscuits, brioches/croissants, chocolate, packaged snacks,
sandwiches, ready-made foods, sauces like mayonnaise and ketchup).
Also the consumption of 2-3 times a week of sauces was more frequent
in cases than in controls. Controls more than cases consumed daily most
of the cruciferous vegetables (cabbage, broccoli, cauliflower), non-
cruciferous vegetables (rocket, soy and spinach), legumes and fruit.
Cauliflower was consumed 2-3 times a week more frequently from cases
than controls (65.0% vs 54.4%, respectively). More than 90% of cases
and controls did not consume soy. Cases consumed red meat, eggs and
cold cuts 2-3 times a week more frequently than controls, conversely
controls consumed 2-3 times week milk and cheeses more than the
cases. Controls consumed 2-3 times a week most fish and seafood items
(breeding fish, caught fish, freshwater fish, molluscs) more than cases.

The ORs and 95% ClIs associated with each food item consumptions
highlighted an increased risk for some foods (e.g. bread, pizza, choco-
late, sweet, eggs and cold cuts) and a potential protective effect for le-
gumes, fruit and vegetables as cabbage, broccoli rocket and lettuce;
while for some food items we could not estimate the risk due to the small
sample size (Supplementary Table S2).

3.3. Risk of thyroid cancer associated with food group consumptions

Table 2 shows the risk of thyroid cancer associated with food group
consumption and the analysis in women only including irregular period
(yes/no) and number of pregnancy (continuous variables) as hormonal
confounding factors. Stratified analysis by sex and BMI is reported in
Table S3. We have found a positive association with thyroid cancer risk
for “Starchy foods” consumption above the median, particularly in men
(OR = 1.39, 95% CI 0.83-2.32; Female OR = 1.13, 95% CI 0.62-2.08;
Male OR = 3.21, 95% CI 1.04-9.91) and in subjects with higher BMI
(BMI <24.9 OR = 1.21, 95% CI 0.69-2.13, BMI 24.9->30 OR = 1.98,
95% CI 0.57-6.89).

Moreover, the analysis only on women including hormonal con-
founding factors showed an increasing risk associated with a greater
consumption of starchy foods (OR = 1.77, 95% CI 0.95-1.02) (Table 2
and S3).

Consumption of “Sweets” foods showed an increased risk, particu-
larly in women (OR = 1.39, 95% CI 0.81-2.40; Female OR = 1.40, 95%
CI 0.75-2.62; Male OR = 1.06, 95% CI 0.31-3.65) and in subjects with
higher BML In the model including only women and adjusted also for
hormonal confounding factors we observed an increased risk associated
with “sweet” consumption (OR = 1.95, 95% CI 0.83-4.58) (Table 2 and
S3).

Consumption of “Products rich in salt and fat” showed an increased
risk for all items, particularly in men and in subjects with higher BMI
and in the model including only women and adjusted also for hormonal
confounding factors (Table 2 and S3).

Consumption of cruciferous and non-cruciferous foods showed a not
clear risk (OR = 0.30, 95% CI 0.10-0.92; OR = 0.57, 95% CI 0.20-1.57);
conversely non-cruciferous foods in sex stratified analysis showed an
increased risk for men (Male OR = 1.46, 95% CI 0.21-10; Female OR =
0.55, 95% CI 0.13-2.29), though statistically unstable risks. A negative
association was found with thyroid cancer risk for “Legumes” con-
sumption (OR = 0.81, 95% CI 0.49-1.34) (Table 2 and S3).

“Fruit” consumption showed no risk (OR = 0.99, 95% CI 0.54-1.86),
the sex and BMI stratified analysis showed a higher risk for men (OR =
5.89, 95% CI 0.70-49), and for higher BMI (OR = 8.63, 95% CI
0.94-79). The model including only women and adjusted also for
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hormonal confounding factors highlighted a protective effect associate
with a higher consumption of fruit (OR = 0.65, 95% CI 0.28-1.51)
(Table 2 and S3).

Consumption of “Meat and meat products” showed an increased risk
(OR = 1.35, 95% CI 0.78-2.34); sex and BMI stratified analysis high-
lighted a slightly increased risk for women (Female OR = 1.44, 95% CI
0.75-2.78 Male OR = 1.31, 95% CI 0.40-4.29) and for higher BMI (OR
= 1.53, 95% CI 0.42-5.49), though statistically unstable risks (Table 2
and S3).

Consumption of “Milk and diary products” showed a decreased risk
(OR = 0.68, 95% CI 0.40-1.13); sex stratifies analysis highlighted no
association only for men (Male OR = 1.02, 95% CI 0.37-2.84; Female
OR = 0.52, 95% CI 0.28-0.95), though statistically unstable risks.

Finally, we have found a negative association with thyroid cancer
risk for “Fish and seafood” consumption under the median (OR = 0.68,
95% CI 0.34-1.22). The analysis only on women including hormonal
confounding factors showed a decreasing risk associated with a greater
consumption of “Milk and dairy products” (OR = 0.37, 95% CI
0.18-0.79) and “Fish and seafood” (OR = 0.31, 95% CI 0.12-0.80)
(Table 2 and S3).

3.4. Risk of thyroid cancer associated with consumption of water, food
supplements, iodized food and vitamins use

Table 3 provides OR and 95% CI for developing thyroid cancer ac-
cording to water consumption, food supplements, iodized salt and vit-
amine use. No substantial difference was detected between bottled vs
tap water consumption (OR = 1.03, 95% CI 0.55-1.91). Conversely, an
inverse association with the amount of water consumed was observed,
with odd ratio 0.42 (95% CI 0.22-0.81) for consuming of at least 1 L and
odd ratio 0.40 (95% CI 0.19-0.83) for consuming two or more liters
compared with a consume of half liter, slightly higher in men (Male OR
= 0.21, 95% CI 0.04-1.11; Female OR = 0.50, 95% CI 0.24-1.03). The
latest ORs remained constant even for consuming two or more liters
compared with half liter.

No clear association emerged both for food supplements (yes/no)
(OR = 0.87, 95% CI 0.45-1.66) and the duration of their use between 2
and 10+ years (OR = 1.14, 95% CI 0.28-4.69); the stratified analysis by
sex highlighted similar results for food supplements (yes/no) (Male OR
=0.59, 95% CI 0.11-3.35; Female OR = 0.78, 95% CI 0.37-1.65) and an
increasing risk for the duration of their use between 2 and 10+ years
(Female OR = 2.74, 95% CI 0.45-16; Male have no risk measure because
of zero frequencies). A positive association with thyroid cancer risk was
observed for consumption of iodized salt (yes/no) (OR 2.06, 95% CI
1.21-3.51), higher in women (Female OR = 2.24, 95% CI 1.19-4.20;
Male OR = 1.16, 95% CI 0.38-3.58), no clear association emerged for
the duration of their use between 2 and 10+ years (OR = 1.11, 95% CI
0.50-2.44), the stratified analysis by sex highlighted an increasing risk
for the duration of their use between 2 and 10+ years (Male OR = 2.44,
95% CI 0.21-29; Female OR = 0.95, 95% CI 0.39-2.31), though statis-
tically unstable risks.

No clear association emerged for both vitamin (yes/no) (OR = 0.91,
95% CI 0.43-1.93) and the duration of their use between 2 and 10+
years (OR = 0.28, 95% CI 0.05-1.75). The stratified analysis by sex
highlighted similar results for vitamine (yes/no) (Male OR = 1.08, 95%
CI 0.24-4.98; Female OR = 0.78, 95% CI 0.31-1.92) and a decreasing
risk for the duration of their use between 2 and 10+ years (Female OR =
0.19, 95% CI 0.01-2.92; Male have no risk measure because of zero
frequencies), though statistically unstable risks.

3.5. Risk of thyroid cancer associated with consumption of caffeinated
beverage

Table 4 presents the ORs and 95% ClIs for developing thyroid cancer
according to daily intake for each caffeinated beverages (coffee, tea,
coca-cola, Red bull). We observed a direct association for higher
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Table 1

Frequency of food item consumptions according to case and control groups.
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Food groups

Cases n (%)

Controls n (%)

Never 1 time a 2-3 times a Every day of the Never 1 time a 2-3 times a Every day of the
week week week week week week
Starchy foods
Bread 1(1.0) 6 (5.8) 16 (16.5) 80 (82.5) 11 (5.8) 21 (10.0) 59 (31.2) 119 (63.0)
pasta and/or rice 1(1.1) 7 (6.9) 35 (36.8) 59 (62.1) 1(0.5) 21 (10.0) 79 (42.0) 108 (57.4)
Pizza 8(21.1) 65 (63.1) 30 (78.9) 0 (0) 22(32.8) 137 (67.2) 42 (62.7) 3(4.5)
Rusks 42 18 (17.5) 16 (18.8) 27 (31.8) 92 (62.6) 51 (25.8) 36 (24.5) 19 (12.9)
(49.4)
crackers/breadsticks 50 25 (24.3) 18 (23.1) 10 (12.8) 104 35 (17.7) 44 (27.0) 15 (9.2)
(64.1) (63.8)
Potatoes 9 (17.0) 50 (48.5) 42 (79.2) 2(3.8) 16 (14.5) 89 (44.7) 92 (83.6) 2(1.8)
cereal flakes 74(80.4) 11 (10.7) 8(8.7) 10 (10.9) 110 30 (15.1) 41 (24.3) 18 (10.7)
(65.1)
cereals 58 23 (22.3) 21 (26.3) 1(1.3) 53 (42.4) 75 (37.5) 68 (54.4) 4(3.2)
(72.5)
Sweets
biscuits, 29 30 (29.1) 20 (27.4) 24 (32.9) 36 (22.5) 49 (23.49) 83 (51.9) 41 (25.6)
(39.7)
Brioches/croissants 53 24 (23.8) 9(11.7) 15 (19.5) 63 (47.7) 70 (34.7) 48 (36.4) 21 (15.9)
(68.8)
chocolate 28 45 (43.7) 22 (37.9) 8(13.8) 74 (53.6) 63 (31.3) 50 (36.2) 14 (10.1)
(48.3)
Others sweets 12 53 (51.5) 25 (50.0) 13 (26.0) 46 (34.8) 74 (35.9) 60 (45.5) 26 (19.7)
(24.0)
Products rich in salt and fat
packaged snacks 71 14 (13.6) 9(10.1) 9(10.1) 119 44 (22.0) 23 (14.7) 14 (9.0)
(79.8) (76.3)
sandwiches 58 24 (23.3) 16 (20.3) 5(6.3) 97 (71.3) 64 (32.0) 34 (25.0) 5(3.7)
(73.4)
ready-made foods 89 10 (9.7) 3(3.2) 1(1.1) 164 31 (15.3) 7 (4.1) 0 (0)
(95.7) (95.9)
Sauces (mayonnaise, 80 15 (14.6) 8(9.1) 0 (0) 138 54 (26.6) 11 (7.4) 0(0)
ketchup) (90.9) (92.6)
Cruciferous
Cabbage 32 30 (29.1) 35 (47.9) 6(8.2) 31 (24.8) 72 (36.5) 69 (55.2) 25 (20.0)
(43.8)
Broccoli 18 40 (38.8) 37 (58.7) 8(12.7) 29 (24.0) 77 (38.9) 68 (56.2) 24 (19.8)
(28.6)
cauliflower 14 43 (41.7) 39 (65.0) 7 (11.7) 33 (26.4) 73 (36.9) 68 (54.4) 24 (19.2)
(23.3)
Non cruciferous
Rocket 49 32(31.1) 17 (23.9) 5(7.0) 59 (47.6) 76 (38.0) 51 (41.1) 14 (11.3)
(69.0)
Soy 97 4(3.9 0 (0) 2(2.0) 162 19 (9.6) 12 (6.7) 4(2.2)
(98.0) (91.0)
Spinach 20 48 (46.6) 34 (61.8) 1(1.8) 38 (33.6) 87 (43.5) 67 (59.3) 8(7.1)
(36.4)
Lettuce 9(11.7) 25(24.5) 49 (63.6) 19 (24.7) 16 (10.6) 52 (25.6) 105 (69.5) 30 (19.9)
Others vegetables 4 (4.5) 14 (13.6) 44 (49.4) 41 (46.1) 12 (7.1) 37 (18.0) 106 (62.7) 51 (30.2)
Legumes 19 41 (40.2) 40 (65.6) 2(3.3) 14 (11.9) 89 (43.0) 102 (86.4) 2(1.7)
(31.1)
Fruit 7(7.5) 10 (9.7) 16 (17.2) 70 (75.3) 15 (8.5) 28 (13.7) 52 (29.4) 110 (62.1)
Meat and meat products
red meat 6 (10.0) 43 (41.7) 50 (83.3) 4(6.7) 15 (13.5) 96 (46.4) 85 (76.6) 11 (9.9)
cold cuts 18 40 (38.8) 41 (65.1) 4(6.3) 43 (35.5) 84 (41.0) 69 (57.0) 8(6.6)
(28.6)
Eggs 10 55 (53.9) 36 (76.6) 121 24 (23.5) 105(50.7) 74 (72.5) 4(3.9)
(21.3)
Milk and dairy products
Milk 35 9(8.7) 13 (13.8) 46 (48.9) 59 (31.6) 20 (9.7) 57 (30.5) 71 (38.0)
(37.2)
Fresh cheeses 13 42 (40.8) 40 (65.6) 8(13.1) 26 (18.1) 57 (24.8) 101 (70.1) 17 (11.8)
(21.3)
Aged cheeses 32 31 (30.4) 30 (42.3) 9(12.7) 33 (25.0) 64 (32.7) 83 (62.9) 16 (12.1)
(45.1)
Fish and seafood
breeding fish 41 39 (37.9) 22 (34.4) 1(1.6) 58 (58.6) 102(50.7) 41 (41.4) 0(0)
(64.1)
caught fish 32 38 (36.9) 32 (49.2) 1(1.5) 57 (51.8) 94 (46.1) 53 (48.2) 0(0)
(49.2)
Freshwater fish 92 9(8.7) 2(21) 0(0) 104 62 (31.3) 32(23.5) 0 (0)
(97.9) (76.5)
Mollusks 72 27 (26.2) 4(5.3) 0 (0) 127 58 (29.1) 14 (9.9) 0(0)
(94.7) (90.1)
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Table 2
Odds ratios (OR) and 95% confidence interval (CI) for developing thyroid cancer according to food group consumptions.
Food groups Categories below (<) and Case n Control n OR* OR" (95% CI) OR® (95% CI)
above (>) the median (%) (%)
Starchy foods (Bread, pasta, pizza, rice, rusks, crackers, <16 44 98 (50.8) d d d
breadsticks, potatoes, cereal flakes, cereals) (43.1)
>16 58 95 (49.2) 1.36 1.39 (0.83-2.32) 1.77 (0.95-1.02)
(56.9)
Sweets (Biscuits, brioches, croissants, chocolate, others <9 68 131 (60.4) d d d
sweets) (64.2)
>9 38 86 (39.6) 0.85 1.39 (0.81-2.40) 1.95 (0.83-4.58)
(35.8)
Products rich in salt and fat®
Packaged snacks <2 88 180 (82.9) d d d
(83.0)
>2 18 37 (17.1) 0.99 1.42 (0.72-2.82) 2.60 (0.91-7.43)
(17.0)
Sandwiches <2 85 178 (82.0) ¢ d d
(80.2)
>2 21 39 (18.0) 1.13 1.77 (0.91-3.46) 2.73 (0.95-7.81)
(19.8)
Ready-made foods <2 102 210 (96.8) ¢ d d
(96.2)
>2 4 (3.8) 7 (3.2) 1.18 1.79 (0.44-7.20) 1.37 (0.11-17)
Sauces (mayonnaise, ketchup) <2 98 206 (94.9) d d d
(92.5)
>2 8(7.5) 11 (5.1) 1.53 2.57 (0.92-7.23) 2.92 (0.45-19)
Cruciferous vegetables (Cabbage, broccoli, cauliflower) <9 43 88 (78.6) d d d
(87.8)
>9 6(12.2) 24 (21.4) 0.51 0.30 (0.10-0.92) 0.46 (0.08-2.69)
Non cruciferous vegetables (rocket, soy, spinach, lettuce, <13 28 41 (66.1) d d d
others vegetables) (77.8)
>13 8(22.2) 21 (33.9) 0.56 0.57 (0.20-1.57) 0.52 (0.08-3.53)
Legumes® <2 104 215(99.1) ¢ d d
(98.1)
>2 2(1.9 2(0.9) 0.71 0.81 (0.49-1.34) 0.78 (0.37-1.65)
Fruit® <2 20 55(25.3) ¢ d d
(18.9)
>2 86 162 (74.7) 1.46 0.99 (0.54-1.86) 0.65 (0.28-1.51)
(81.1)
Meat and meat products (Red meat, cold cuts, eggs) <7 66 133 (66.2) d d d
(64.7)
>7 36 68 (33.8) 1.07 1.35 (0.78-2.34) 1.58 (0.69-3.62)
(35.3)
Milk and diary products (milk, fresh cheeses and aged <7 61 111 (51.2) ¢ d d
cheeses) (57.5)
>7 45 106 (48.8) 0.77 0.68 (0.40-1.13) 0.37 (0.18-0.79)
(42.5)
Fish and seafood (Breeding fish, caught fish, freshwater fish, <7 78 128 (66.7) d d d
mollusks and crustaceans) (75.7)
>7 25 64 (33.3) 0.64 0.68 (0.34-1.22) 0.31 (0.12-0.80)
(24.3)

@ Crude model.
b Model adjusted by age, BMI and educational attainment.

¢ Model with women only adjusted by age, BMI, educational attainment and hormonal confounding factors (irregular period and number of pregnancy).

d Reference category.

¢ Cut off <2 (Never + once time a week) vs > 2 (2-3 times a week + everyday).

consumers of the following caffeinated beverages: tea (OR = 1.42, 95%
CI 0.84-2.41), coca-cola (OR = 3.08, 95% CI 1.53-6.20 medium con-
sumption vs never and OR = 2.42, 95% CI 0.20-28 highest consumption
vs never), and Red bull (OR = 2.57, 95% CI 0.56-12); the latest two had
instable associations (e.g. highest consumption of coca-cola vs never),
probably because of the small sample size. Finally, we found an unclear
association for coffee (OR = 0.65, 95% CI 0.32-1.31 and OR = 0.97,
95% CI 0.34-2.77 for a consumption of 1-3 cups/day vs never and 4->6
cups/day vs never).

4. Discussion

This study highlighted an increased risk of thyroid cancer associated
with the consumption of some food items (starchy foods/refined cereal,
products rich in salt and fat, and sweets), caffeinated drinks and iodized
salt. On the contrary a decreased risk was associated to higher

consumption of fish, cruciferous vegetables and not, legumes, milk and
diary products and fruit.

The consumption of refined cereal and higher sugar foods has been
associated with the risk of thyroid cancer because of their high glycemic
index (Sieri et al., 2015, 2017). The main mechanism for these associ-
ations is thought to be due to chronic hyperinsulinemia. Insulin is itself a
mitogen and increases the bioactivity of insulin-like growth factor,
which can promote cancer by inhibiting apoptosis and stimulating cell
proliferation (Sieri et al., 2017; Wu et al., 2018; Turati et al., 2019;
Antognelli et al., 2019). Moreover, it was demonstrated that leptin, a
factor involved in glucose metabolism and directly associated with
obesity, insulin levels and female sex, may plays an important role in
papillary thyroid cancer pathogenesis (Hedayati et al., 2011). Accord-
ingly, our results highlighted that a high intake of high sugar foods could
increase thyroid cancer risk especially in women.

In agreement with previous findings, our results highlighted a
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Table 3

Odds ratios (OR) and 95% confidence intervals (CI) for developing thyroid
cancer according to water consumption, food supplements, iodized salt and
vitamin use.

Case n(%) Control n(%) OR* OR" (95% CI)
You normally drink
Tap water 23 (21.9) 40 (18.7) ¢ ¢
Bottled water 82 (78.1) 174 (81.3) 0.82 1.03 (0.55-1.91)
How many liters?
Half liter 29 (27.6) 37 (17.3) ¢ ¢
One liter 48 (45.7) 114 (53.3) 0.54 0.42 (0.22-0.81)
Two or more liters 28 (26.7) 63 (29.4) 0.57 0.40 (0.19-0.83)
Do you use food supplements?
No 18 (17.1) 42 (19.5) ¢ ¢
Yes 87 (82.9) 173 (80.5) 0.85 0.87 (0.45-1.66)
How many years have you used food supplement at least weekly for?
0-2 years 13 (72.2) 31 (73.8) ¢ ¢
>2-10+ years 5(27.8) 11 (26.2) 1.08 1.14 (0.28-4.69)
Do you consume iodized salt?
No 58 (55.2) 96 (46.6) ¢ ¢
Yes 47 (44.8) 110 (53.4) 1.47 2.06 (1.21-3.51)
How many years have you used iodized food weekly for?
0-2 years 15 (25.4) 29 (30.2) ¢ ¢
>2-10+ years 44 (74.6) 67 (69.8) 1.27 111 (0.51-2.44)
Do you use vitamine?
No 14 (13.6) 27 (13.0) ¢ ¢
Yes 89 (86.4) 181 (87.0) 1.06 0.91 (0.43-1.93)
How many years have you used vitamin at least weekly for?
0-2 years 11 (78.6) 16 (59.3) ¢ ¢
>2-10+ years 3(21.4) 11 (40.7) 0.40 0.28 (0.05-1.75)

NA: not applicable, because one of category had 0 frequencies.
# Crude model.
b Model adjusted by age, BMI and educational attainment.
¢ Reference category.

Table 4
Odds ratios (OR) and 95% confidence interval (CI) for developing thyroid cancer
according to caffeinated beverages.

Case Control OR® OR” (95% CI)
Coffee
Never 18 (17.3) 43 (19.8) ¢ ¢
1-3 cup/day 74 (71.2) 160 (73.7) 1.11 0.65 (0.32-1.31)
4 - >6 cups/day 12 (11.5) 14 (6.5) 2.05 0.97 (0.34-2.77)
Tea
Never 63 (61.2) 144 (67.0) ¢ ¢
1-3 cup/day 40(38.8) 71 (33.0) 1.29 1.42 (0.84-2.41)
Coca-Cola
Never 78 (75.7) 182 (84.7) ¢ ¢
1-3 glass/day 24 (23.3) 31 (14.4) 1.81 3.08 (1.53-6.20)
4 - >6 glass/day 1(1.0) 2(0.9) 1.17 2.42 (0.20-28)
Red bull energy drink
Never 100 (97.1) 209 (97.2) ¢ ¢
1-3 glass/day 3.9 6(2.8) 1.05 2.57 (0.56-12)

@ Crude model.
b Model adjusted by age, BMI and educational attainment.
¢ Reference category.

possible protective role of cruciferous vegetables (cabbage, broccoli,
cauliflower, rocket, soy, spinach and lettuce) consumption. Cruciferous
vegetables may affect the risk of thyroid cancer via multiple pathways:
by a goitrogenous effect due to thyocyanates production (Gaitan et al.,
1988; Verhoeven et al., 1997; Zhang et al., 2012), by an anticarcino-
genic effect (Beecher et al., 1994), and also a weak estro-
genic/antiestrogenic effect (Liu et al., 1994) and by their interaction
with other dietary components, above all iodine intake (Higdon et al.,
2007).

We have analyzed the relationship between thyroid cancer risk and
the consumption of legumes and fruit revealing a protective effect.
Fruit and vegetable intake are considered as probably protective against
overall cancer risk, but results in previous studies are not consistent for
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thyroid cancer (Jung et al., 2013; Zamora-Ros et al., 2018). Legumes
represent an important source of folate, phytochemicals, sterols and
various substances with presumed antioxidant properties and anticancer
properties such as glutathione, tocopherols and phenolic compounds
(Kouris-Blazos et al., 2016; Antognelli et al., 2019).

According to some previous studies we found an unstable negative
association of thyroid cancer risk with fish consumption (Choi et al.,
2014; Del Maso et al., 2009). However, other authors reported increased
risk with seafood (Memon et al., 2002; Peterson et al., 2012) while,
other authors reported no risk (Mack et al., 2002; Zamora-Ros et al.,
2017) or no relationship with fish consumption (Dal Maso et al., 2009).
Unfortunately, the comparison of studies is difficult due to the
geographical variability of iodine exposure levels; in particular high
consumption is protective in areas with severe iodine deficiency, dele-
terious in areas where iodine is readily available, and has no effect in
areas where iodine intake is adequate (Bosetti et al., 2001). Iodine
deficiency may lead to reduced thyroid hormone (T3 and T4) production
and consequent hypersecretion of thyroid stimulating hormone (TSH).
This induces hypertrophy and hyperplasia of thyroid follicular cells and
promotes the onset of cancer (Knobel et al., 2007). The lack of influence
of iodine from fish is not surprising because there are currently few
mildly iodine-deficient areas in Europe and iodized salt is widely
available (Andersson et al., 2012). Moreover, our results highlighted a
greater risk of thyroid cancer associated with the use of iodized salt, and
an unstable positive association with, fresh cheeses and aged cheeses
(van der Reijden OL et al., 2017). The association between iodine
exposure levels and the histology of thyroid cancer is well known: in
particular, iodine deficiency is associated with an increased risk of
follicular thyroid cancer, whereas chronically high iodine intake may
increase the risk of papillary thyroid cancer (Vuong et al., 2016; Dijkstra
et al., 2007; Zimmermann et al., 2015). In our cases group the most
frequent histological type was the papillary type (91.5%) and our study
area is not at severe iodine deficiency (Moleti et al., 2016; Vermiglio
et al., 1989), therefore considering that high iodine consumption is
protective in areas with severe iodine deficiency, deleterious in areas
where iodine is readily available, and has no effect in areas where iodine
intake is adequate, future studies should investigate the iodine exposure
level in order to verify for example whether the consumption of iodized
salt is still necessary indiscriminately for all or for some subjects such as
pregnant women. Our results showed a protective effect associated with
a daily water consumption of 1-2 L. However, we observed that about in
a quarter of the cases the water daily intake was equal to one third of the
quantity deemed necessary to satisfy the daily needs of the human or-
ganism (1.5-2.0 L/day) (EFBW Guidelines). Water consumption as a
vital component of the human is under-researched in dietary studies. Sui
et al. (2016), found water consumption below recommendations,
particularly for the elderly population, and an association of higher in-
takes of total water with positive dietary features.

The role of excessive sugar intake on health and disease is currently
an active area of scientific and policy debate; WHO recommends
reducing the free sugar intake to less than 10% of total energy intake for
children and adults (WHO, 2015). The review of Azais-Braesco et al.
(2017), found that a large proportion of the European population,
especially, but not only children, appears to exceed the 10% threshold
recommended by WHO.

We found an increasing risk for tea, coca-cola and Red bull con-
sumption, conversely an unclear effect was observed for coffee con-
sumption (Papetti et al., 2014). The greater risk associated with the
consumption of coca cola and Red bull might be associated with the high
sugar content. Moreover, other chemicals than sugar might be associ-
ated with the increased risk of caffeinated beverages, for example
Taurine whose effects are not yet fully known, especially those affecting
the adolescents (Perdan Curran et al., 2017).

A recent large prospective study and a meta-analysis suggest that
coffee consumption has no effect on the thyroid cancer risk, though the
latest fails to give final conclusions because of potential biases and
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confounding variables (Zamora-Ros et al., 2019; Mi Ah Han et al., 2017).
The hypothesized mechanism for coffee and cancer risk relationship lays
in the observation that caffeine increases intracellular cyclic adenosine
monophosphate (AMP), which has an inhibitory effect on cell (tumor)
growth (Mack et al., 2003). It is important to emphasize that in adults,
coffee is the most important source of caffeine and sugar, accounting for
40-94% of daily caffeine intake (Verster et al., 2018; Demura et al.,
2013). So, coffee and tea consumption should also be of concern because
of their contribute to sugar intake; the greatest contribution to total
sugar intakes was observed in Southern European centers (up to ~ 20%)
(Landais et al., 2018).

Limitations of this study must be noted. The first limitation is the
small sample size. Second, recall bias cannot be excluded, as in most
case-control studies. Third, the type and quantity of vitamine and sup-
plements were not investigated. Fourth, the questionnaire referred to
cured meats and meat without distinguishing between red meat and
white meat. Fifth, about the representativeness of the controls of the
general population we cannot rule out that such a difference may exist.
Sixth, the information about medical history are self-reported so we
cannot exclude information bias Our study has some strength. The
diagnosis of thyroid cancer was validated through extensive histopa-
thology review, and responce rate close to 90% among eligible cases and
controls. Further, the repeatability of the food items consumption
assessment was been guaranteed by the use of a validated questionnaire.

Finally, our findings must be carefully evaluated due to the limited
precision of the risk estimates; in addition it is necessary to carry out
studies with a larger sample and for a longer time.

5. Conclusions

Dietary habits appear to modify the risk of thyroid carcinoma. A diet
with a limited consumption of starchy foods, products rich in salt, fat
and sugar and a higher consumption of, cruciferous/non-cruciferous
vegetables, milk and dairy products and seafood could be protective
towards thyroid cancer. Moreover, the water intake should be increased
and the actual need to consume iodized salt should be verified for each
subject/area. These results warrant further investigations and, if
confirmed, they might have important public health implications for the
reduction of thyroid cancer through the improvement of dietary habits.
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