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1.1.1 HISTOLOGIC TYPES 1.1.1.1 Papillary thyroid cancer (PTC)

PTC is referred to as follicular cell-derived differentiated thyroid cancer (DTC). PTC is the most common type, making up about 70% to 80% of all thyroid cancers in iodine sufficient areas. PTC can occur at any age and its incidence is maximal between 30 to 50 years of age (mean age: 45 years). The female to male ratio is 2:1. It tends to grow slowly and often spreads to lymph nodes in the neck. However, unlike many other cancers, papillary cancer has a generally excellent prognosis with 30 year disease specific survivals in excess of 95% (5,6).

Follicular thyroid cancer (FTC)

FTC is also referred to as follicular cell-derived differentiated thyroid cancer (DTC), with capsular and/or vascular invasion or invasion of adjacent structures in the absence of nuclear features of papillary thyroid cancer (7). In epidemiological surveys, FTC tends to be more common in areas with iodine deficiency. Owing to a combination of changing diagnostic criteria and an increase in the incidence of PTC associated with dietary iodine supplementation, the diagnosis of FTC is less frequent. While usually a sporadic disease, FTC is more likely than PTC to spread to distant organs, particularly the lungs and bones (8).

1. 1.1.3 Poorly differentiated thyroid cancer (PDTC)

PDTC is a concept proposed to include carcinomas of follicular thyroid epithelium that retain sufficient differentiation to produce scattered small follicular structures and some thyroglobulin, but generally lack the usual morphologic characteristics of papillary and follicular carcinoma (9,[START_REF] Livolsi | Surgical Pathology of the Thyroid[END_REF], it comprises a small subset of heterogeneous thyroid tumors, occupying an intermediate area between well differentiated follicular or papillary carcinoma and anaplastic carcinomas, from both a histopathogenetic and a clinical point of view, accounting for less than 5% of all thyroid cancer cases, includes the following 3 features: (11) a solid, trabecular or insular growth pattern, (11) lack of classic PTC nuclear features, and (12) tumor necrosis, 3 or more mitoses per 10 high power fields, or convoluted nuclei which is evidence for loss of differentiation in PTC (13). Using this definition, clinical outcomes of PDTCs are significantly worse than seen in PTC and FTC with 10 year survival rates of approximately 50% (13,14).

Medullary thyroid cancer (MTC)

MTC arises from parafollicular or C-cells of the thyroid that produce calcitonin (CTN), and accounts for 3%-5% of all thyroid cancers. Approximately 25% of all MTC runs in families and is associated with other endocrine tumors. In family members of an affected person, a test for a genetic mutation in the RET proto-oncogene can lead to an early diagnosis of medullary thyroid cancer and, as a result, to curative surgery (8).

1.1.1.5 Anaplastic thyroid cancer (ATC, undifferentiated thyroid cancer)

ATC is a rare undifferentiated tumor derived from follicular cells. It is found in less than 2% of patients with thyroid cancer (8). ATC is the most advanced and aggressive thyroid cancer and the least likely to respond to treatment.

My PhD subject only deals with differentiated thyroid cancers (PTC and FTC).

INCIDENCE AND MORTALITY

The incidence of thyroid cancer is quite various worldwide. GLOBOCAN 2012 (15) In most parts of the world, the incidence of thyroid cancer was 2 to 6 cases per 10 5 personyears in women and 1 to 2 cases per 10 5 person-years in men. High-risk areas (areas whose incidence of men and women is more than 10 per 10 5 person-years), are mainly from the North America (Canada and the United States), Pacific Islands: Polynesia (French Polynesia and Samoa), Australia / New Zealand and Melanesia (Fiji, New Caledonia, Papua New Guinea, Solomon Islands and Vanuatu) (Figure 1-1, Figure 12).

Worldwide variations in thyroid cancer incidence may reflect not only true variations in incidence, but also variations of economic level, convenience of access to medical diagnosis, and health insurance system among countries. In general, people from high-income countries pay more attention to their health care, have easier access to the successive new imaging techniques of thyroid disease diagnosis, such as ultrasound guided fine needle aspiration. This may introduce overdiagnosis. Figure 1-1 and Figure 1-2 show that the "high-risk areas" are mainly from the more developed countries rather than the less developed countries.

Vaccarella et al. provided a measure of thyroid-cancer overdiagnosis over the past two decades in 12 selected high-income countries. These authors estimated that between 2003 and 2007, overdiagnosis in women accounted for 90% of thyroid-cancer cases in South Korea; 70 to 80% in the United States, Italy, France, and Australia; and 50% in Japan, the Nordic countries, England and Scotland. In men, overdiagnosis was approximately 70% in France, Italy, and South Korea; 45% in the United States and Australia; and less than 25% in all other countries they examined (16). Among the 10 countries with the highest incidence rates of thyroid cancer (ASR) all around the world (Table 1-1), we can see that South Korea was on the top, followed by New Caledonia, Puerto Rico and French Polynesia. Incidence in these two French overseas territorial divisions (22/10 5 person-years in New Caledonia and 15/10 5 person-years in French Polynesia) were twice higher than it was in metropolitan France (8.4 / 10 5 person-years). If we compare the incidence (ASR) of these 3 areas in 2008 (14) with that in 2012, they all decreased (24/10 5 person-years in New Caledonia, 21/10 5 person-years in French Polynesia and 10/10 5 person-years in metropolitan France in 2008), especially for the one in French

Polynesia. This may be due to the current recommendation to avoid fine-needle aspiration cytology (FNAC) for tumors that are less than 10 mm in diameter when there is no evidence of extension beyond the thyroid capsule and of lymph node metastases (18).

In Northern America, especially the USA, which was also among the top 10 countries with the highest thyroid cancer incidence (ASR) for both sexes (Table 1-1), the annual incidence of thyroid cancer varies in different registries. The epidemiological data of Surveillance Epidemiology and End Results (SEER) reported an annual incidence of thyroid cancer of 5.3 and 17.3 cases per 10 5 person-years in men and women from 2009 through 2013, respectively (19). In South Korea, since 2000 when screening became frequently performed, the annual incidence increased from 10 up to 70 cases per 10 5 person-years [START_REF] Livolsi | Surgical Pathology of the Thyroid[END_REF]. The global mortality from thyroid cancer did not decrease with screening, confirming overdiagnosis (12). Around 10% of patients with a clinical papillary or follicular thyroid cancer will die from thyroid cancer, but in countries like South Korea, where screening permits the discovery of multiple small thyroid cancers, less than 1% of patients with thyroid cancer will die from thyroid cancer.

The mortality rate from papillary thyroid cancer ranges from very low rates for small tumors detected by screening up to 20% of cancers among older patients who often have large, fixed or invasive cervical lesions or distant metastases at the time of diagnosis, and the initial risk of dying from thyroid cancer is estimated by the tumor, node, metastases (TNM) staging system (19,20).

If we look at the chronological trend from 1980 to 2010, the observed incidence of thyroid cancer for both sex increased in France, but mortality decreased (21,.

Figure 1-3 -Incidence and mortality of thyroid cancer chronological trend in France (10 5 person-years) [START_REF] Colonna | Estimation nationale de l'incidence et de la mortalité par cancer en France entre 1980 et 2012. Partie 1 Ŕ Tumeurs solides[END_REF] 1

.1.3 THYROID MICROCARCINOMAS

Microcarcinomas are cancers that measure less than 10 mm in diameter. They often have the features of a classic papillary carcinoma even though aggressive variants have been described

(diffuse sclerosing variant, tall cell variant) (22). The majority of these tumors would probably remain undiscovered without screening. This is confirmed by the high prevalence of thyroid microcarcinomas in autopsy series (ranging from 2.7% to 30% depending from the selected population) (22,24,25,26,27). In an observational study in Japan, it appeared that only 16% of non-operated microcarcinomas progressed after 10 years; the outcome of these tumors when operated at progression was similar to that of tumors that were initially operated (28). This is the basis for the current recommendation to avoid FNAC for tumors that are <1cm in diameter when there is no evidence of extension beyond the thyroid capsule and of Men Women lymph node metastases. Also the name of papillary "microcarcinoma" may be changed to papillary "microtumor" (the Porto consensus) (29).

ETHNIC DIFFERENCES

The differences of incidence of thyroid cancer according to ethnic origins allow the study of the pathogenic role of genetic and environmental factors including dietary habits and their combination. In general, thyroid cancer is more frequent in males and females of Caucasian than that of African and Puerto Rican Hispanics (15,20).

RISK FACTORS FOR DIFFERENTIATED THYROID CANCER

Several risk factors for thyroid carcinoma have emerged from epidemiological studies (30,31), but the only clearly demonstrated etiologic factor is a history of radiation exposure during childhood. In most patients, and as for most other cancers, no risk factor is identified.

FAMILY HISTORY

Epidemiological studies have suggested that about 3 to 10% of PTC occur as familial cancers (32,33). DTC may have a greater familial component than other nonhereditary cancers, with relative risk estimates of 3-4 (or higher) for first-degree relatives of persons with DTC (34,35,36,37). PTC is the highest heritable cancer among all cancers and has been shown to be the only cancer for which the contribution of inherited genetic factors more than that of environmental factors (38). If three or more first degree relatives are diagnosed with DTC, there is a greater than 94% chance that this represents a hereditary familial syndrome (39).

Thyroid cancers are present in several familial syndromes. Patients with familial adenomatous polyposis coli (FAP) and its subtype the Gardner's syndrome caused by inherited mutations of APC (adenomatous polyposis coli) at chromosome 5q21, have a 5-to 10-fold increased risk of PTC compared to the general population, and its prevalence is about 2% of affected individuals (40,41). These PTCs are mainly found in females less than 35 years of age.

Genome-wide association studies (GWAS) of SNPs with large cohorts of patients with DTC and controls have been performed. Associations between DTC and SNPs have been found at 9q22.33 located near FOXE1 (Forkhead factor E1, also called TTF2 for Thyroid Transcription Factor 2) gene and 14q13.3 located near the NKX2-1 (NK2 homeobox 1, also called TTF1 for Thyroid Transcription Factor 1) gene (42,43). Also, studies focusing on radiation induced PTC confirmed the association with the 9q22.33 SNPs (rs925489, rs7850258, rs965513 and rs10759944) (44). These associations were confirmed in several studies (45,46,47,48,49) and also associations with other loci were found including 2q35, 3q25, 7q21, 8p12, 9q34. The conclusion drawn from these studies is that predisposition to DTC is complex and is most likely due to low and moderate risk mutations (50,51).

EXPOSURE TO IONIZING RADIATION DURING CHILDHOOD

Exposure to external irradiation to the neck during childhood and adolescence increases the risk for PTC (30,31,52,53,54,55). The latency period between exposure and diagnosis is at least 5 years. In children exposed to a dose of 1 Gy (100 rad) to the thyroid, excess risk for thyroid cancer is 7.7-fold (55). The risk decreases with older age at exposure and is low or even not significant when radiation exposure occurs in adults. Similarly, diagnostic or therapeutic administration of I 131 to adults does not seem to be associated with an increased risk for thyroid cancer (31,55). However, the increased incidence of PTC in children in the Marshall Islands after atomic bomb testing and more recently in Belarus and Ukraine after the Chernobyl nuclear reactor accident indicates a direct carcinogenic effect of radioactive isotopes, both I 131 and/or short-lived isotopes, on the thyroid gland during childhood (56,57,58,59,[START_REF] Tronko | Thyroid cancer in children and adolescents in Ukraine after the Chernobyl accident (1986-1995[END_REF].

PRE-EXISTING BENIGN THYROID DISEASES

Thyroid cancer is often preceded by other thyroid abnormalities, such as benign thyroid nodules or goiter [START_REF] Belfiore | Cancer risk in patients with cold thyroid nodules: relevance of iodine intake, sex, age, and multinodularity[END_REF]. Franceschi et al. (62) did a pooled analysis of case-control studies of benign nodules and goiter and thyroid cancer, including 2519 cases (2008 were PTC) and 4176 controls from 11 studies of goiter and 8 studies of benign nodules/adenomas. The studies of goiter included populations from five regions with sufficient to excessive iodine intakes (four studies from the U.S. in the early 1980s, and one from Japan) and six populations with sufficient to mildly deficient intakes (one from coastal China before the introduction of iodized salt and five from Europe). For women, ORs for a goiter history for all thyroid cancer were 5.9 , and for PTC and FTC were 5.5 and 6.9 , respectively. For men, the OR for all thyroid cancer was . In that review, with the exception of a Japanese study where the OR for thyroid cancer was very high for women (26.5), the individual ORs from the other ten studies did not vary widely. For women, OR for a benign nodules/adenomas history for all thyroid cancer were 29.9 (95 % CI: 14.5-62.0), and for PTC and FTC were 28.9 and , respectively. The excess risk for goiter and benign nodules/adenomas was greatest within 4 years prior to thyroid cancer diagnosis, but a significantly elevated OR was still present more than 10 years before diagnosis. Case-control and cohort studies published since this analysis [START_REF] Franceschi | A pooled analysis of caseŔcontrol studies of thyroid cancer. IV. Benign thyroid diseases[END_REF] have supported a link between goiter and/or thyroid nodules and an increased risk of developing thyroid cancer [START_REF] Horn-Ross | Iodine and thyroid cancer risk among women in a multiethnic population: the Bay Area Thyroid Cancer Study[END_REF][START_REF] Memon | Benign thyroid disease and dietary factors in thyroid cancer: a caseŔcontrol study in Kuwait[END_REF][START_REF] Iribarren | Cohort study of thyroid cancer in a San Francisco Bay area population[END_REF].

However, biases cannot be excluded, one thyroid disease paving the way for the discovery of another. Also nodules considered benign at FNAC and therefore not operated do not progress into a malignant tumor.

Higher risk for DTC has been noted in patients with Graves' disease and cold thyroid nodules, and increased aggressiveness of such Graves' disease-associated thyroid cancer has been proposed [START_REF] Farbota | Thyroid carcinoma in Graves' disease[END_REF][START_REF] Pacini | Thyroid carcinoma in thyrotoxic patients treated by surgery[END_REF][START_REF] Shapiro | Incidence of thyroid carcinoma in Graves' disease[END_REF][START_REF] Pellegriti | Increased mortality in patients with differentiated thyroid cancer associated with Graves' disease[END_REF].

The global rate of malignancy is similar in case of single or multiple nodules, suggesting that the risk of malignancy for each individual nodule is lower in case of multiple nodules than that of a solitary nodule [START_REF] Frates | Prevalence and distribution of carcinoma in patients with solitary and multiple thyroid nodules on sonography[END_REF]. A meta-analysis of 14 cross-sectional or retrospective cohort studies [START_REF] Brito | Prevalence of thyroid cancer in multinodular goiter versus single nodule: a systematic review and meta-analysis[END_REF] found the risk of thyroid cancer was significantly lower in multi-nodular goiter than in single nodules (OR = 0.8; 95 % CI: 0.67-0.96). However, there was moderate inconsistency across studies (I 2 = 35 %): studies in iodine sufficient areas (U.S., Saudi Arabia, Nigeria, Croatia) found risk was lower in multi-nodular goiter than in single nodules (OR = 0.77; 95 % CI: 0.65-0.92), while studies in mildly iodine deficient areas (Italy, Turkey),

where multi-nodular goiter would be expected to be more common, found no significant association (OR = 0.88; 95 % CI: 0.68-1.14).

Occasionally, thyroid cancer has been found in patients with congenital goiter, suggesting that prolonged and sustained stimulation by TSH may promote the clinical appearance of DTC.

This association has been proposed by various authors [START_REF] Boelaert | Serum thyrotropin concentration as a novel predictor of malignancy in thyroid nodules investigated by fine-needle aspiration[END_REF][START_REF] Fiore | Lower levels of TSH are associated with a lower risk of papillary thyroid cancer in patients with thyroid nodular disease: thyroid autonomy may play a protective role[END_REF], while some others did not [START_REF] Castro | Predictors of malignancy in patients with cytologically suspicious thyroid nodules[END_REF][START_REF] Kim | Elevated risk of papillary thyroid cancer in Korean patients with Hashimoto's thyroiditis[END_REF].

HORMONAL AND REPRODUCTIVE FACTORS

The incidence of thyroid cancer is approximately the same for males and females before puberty and after the menopause; the female to male ratio is highest during puberty and declines thereafter. Various studies demonstrated that thyroid volume increases during puberty and pregnancy and fluctuates during the menstrual cycle [START_REF] Fleury | Sex-dependent variations and timing of thyroid growth during puberty[END_REF][START_REF] Berghout | Thyroid size and thyroid function during pregnancy: an analysis[END_REF][START_REF] Hegedüs | Evidence of cyclic alterations of thyroid size during the menstrual cycle in healthy women[END_REF]. In in vitro studies, it has been demonstrated that estrogen receptors are present on thyroid cancer cell lines and can stimulate proliferation [START_REF] Chen | Regulation of cell growth by estrogen signaling and potential targets in thyroid cancer[END_REF]. However, this result was directly opposite of the findings of a pooled analysis (for girls age of 15 years or older vs. those younger than 13 years, OR = 1.2, 95% CI: 1.0-1.4) [START_REF] Negri | A pooled analysis of case-control studies of thyroid cancer. II. Menstrual and reproductive factors[END_REF], and those from a cohort study conducted in California in which the analysis was restricted to women less than 45 years of age (for girls 14 years of age or older vs. those younger than 13 years, relative risk = 1.88, 95% CI: 1.13-3.13) [START_REF] Horn-Ross | Hormonal factors and the risk of papillary thyroid cancer in the California Teachers Study cohort[END_REF]. No such association with age at menarche was observed in several other studies, including one conducted in Serbia on subjects less than 20 years of age ( 83) and 3 in which the analysis was restricted to subjects less than 45 years of age in New Caledonia [START_REF] Truong | Role of goiter and of menstrual and reproductive factors in thyroid cancer: a population-based case-control study in New Caledonia (South Pacific), a very high incidence area[END_REF], French Polynesia [START_REF] Brindel | Menstrual and reproductive factors in the risk of differentiated thyroid carcinoma in native women in French Polynesia: a population-based case-control study[END_REF], and California [START_REF] Sakoda | Reproductive and menstrual history and papillary thyroid cancer risk: the San Francisco Bay Area thyroid cancer study[END_REF]. These differences between age at menarche and DTC risk may be due to the age and ethnicity of subjects [START_REF] Truong | Role of goiter and of menstrual and reproductive factors in thyroid cancer: a population-based case-control study in New Caledonia (South Pacific), a very high incidence area[END_REF][START_REF] Sakoda | Reproductive and menstrual history and papillary thyroid cancer risk: the San Francisco Bay Area thyroid cancer study[END_REF].

The only risk factor for which association has been established is a high parity rate. The casecontrol study performed among younger people in eastern France, showed that having high number of pregnancies was significantly associated with high DTC risk [START_REF] Xhaard | Menstrual and reproductive factors in the risk of differentiated thyroid carcinoma in young women in France: a populationbased case-control study[END_REF]. A meta-analysis with 21 studies including 406,329 thyroid cancer cases suggested a strong association of parity (≥ 3 pregnancies) with the risk of thyroid cancer [START_REF] Zhou | Association of thyroid carcinoma with pregnancy: a meta-analysis[END_REF]. Early population-based casecontrol study of thyroid cancer also demonstrated that among females, the radiogenic risk appeared to be potentiated by the number of subsequent live-births [START_REF] Kleinerman | A population-based case-control study of thyroid cancer[END_REF]. Three case-control studies performed in the USA [START_REF] Preston-Martin | Thyroid cancer among young women related to prior thyroid disease and pregnancy history[END_REF], in China [START_REF] Duda | A case-control study of thyroid cancer in women under age 55 in Shanghai (People's Republic of China)[END_REF] and in New Caledonia [START_REF] Truong | Role of goiter and of menstrual and reproductive factors in thyroid cancer: a population-based case-control study in New Caledonia (South Pacific), a very high incidence area[END_REF] respectively revealed evidence of high risk in women who had been pregnant and who had a high number of pregnancies. A possible explanation for the higher risk of DTC in women who have had a high number of pregnancies, could be the proliferation of thyroid cells, as maternal thyroid activity increases during pregnancy [START_REF] Sack | Thyroid function in pregnancy Ŕ maternal-fetal relationship in health and disease[END_REF]. Estrogens, which are elevated during pregnancy, are associated with elevated serum thyroxin and triiodothyronine levels, which might induce high cell turnover [START_REF] Adami | Textbook of Cancer Epidemiology[END_REF]. The highest levels of serum TSH, even within the normal range, are associated with a subsequent diagnosis of thyroid cancer in individuals with thyroid abnormalities [START_REF] Haymart | Higher serum thyroid stimulating hormone level in thyroid nodule patients is associated with greater risks of differentiated thyroid cancer and advanced tumor stage[END_REF]. Repeated pregnancies may increase the risk of DTC by revealing DNA damage due to carcinogens, such as ionizing radiation, that may have remained silent without pregnancies [START_REF] De Vathaire | Thyroid cancer following nuclear tests in French Polynesia[END_REF].

DIETARY IODINE INTAKE

It is established that in endemic goiter regions with iodine deficiency, incidences of goiter and follicular thyroid cancer are higher than elsewhere [START_REF] Galanti | Is residence in areas of endemic goiter a risk factor for thyroid cancer?[END_REF]. However, the impact of iodine deficiency in the risk of papillary cancer, in most countries, has not achieved a consensus. Some biologically experimental models revealed that under normal conditions, thyroid follicular cells only slowly proliferate, but in iodine deficient animals, serum thyroidstimulating hormone (TSH) increases and the proliferation rate of thyroid cells increases by 5

to 30-fold, leading to marked thyroid hyperplasia and hypertrophy. Rapidly proliferating thyroid cells are likely more vulnerable to mutagens such as radiation, chemical carcinogens and oxidative stress, and may accumulate a higher number of genetic alterations [START_REF] Boltze | Radiationinduced thyroid carcinogenesis as a function of time and dietary iodine supply: An in vivo model of tumorigenesis in the rat[END_REF]. Several authors have suggested that thyroid carcinomas caused by iodine deficiency are due to chronic TSH overstimulation [START_REF] Riesco | Acute and chronic responses to iodine deficiency in rats[END_REF][START_REF] Hill | Thyroid follicular cell carcinogenesis[END_REF][START_REF] Ward | Iodine deficiency and thyroid disorders[END_REF]100), because serum TSH is increased in moderate to severe iodine deficiency in an effort to maintain euthyroidism (101) leading to the increasing of follicular thyroid cancer (FTC) and anaplastic thyroid cancer (ATC) in populations with severe endemic goiter. Excess iodide, by inhibiting thyroid hormone production (the Wolff-Chaikoff effect), can transiently increase TSH. However, in animal studies, chronic iodine excess does not increase serum TSH [START_REF] Boltze | Radiationinduced thyroid carcinogenesis as a function of time and dietary iodine supply: An in vivo model of tumorigenesis in the rat[END_REF], and, in cell studies, moderate doses of iodide inhibit thyroid cell proliferation (102). Moreover, some population-based studies have reported, compared to the populations with mildly deficient iodine intake, populations with adequate or excess iodine intakes had slightly higher mean serum TSH, but this may be due to increased toxic adenomas in mild iodine deficiency (101). Thus, the mechanism by which iodine excess promotes thyroid tumorigenesis is uncertain.

The population-based case-control studies which had been carried out in high iodine intake areas (Hawaii and California), which means 2-3 fold higher than recommended intakes, didn't achieved the consensus about the association between dietary iodine intake and thyroid cancer risk. The case-control study based on 191 cases and 442 controls in Hawaiian adults revealed no association (103), however, another case-control study of 608 women with thyroid cancer and 558 controls in northern California showed that a significant reduction in the papillary thyroid cancer risk was seen in the highest iodine intake quintile (> 537 μg/day) compared with the lowest (< 273 μg/day) (OR = 0.49, 95 % CI: 0.29-0.84). Iodine intake from food alone was not associated with risk, but iodine intake from supplements was [START_REF] Horn-Ross | Iodine and thyroid cancer risk among women in a multiethnic population: the Bay Area Thyroid Cancer Study[END_REF]. with the increasing dietary iodine intake (105). The meta-analysis of publications of animal and human studies about iodine intake and thyroid cancer risk done by Zimmermann et al.

(106) examined the four case-control studies described above, by adjusting OR for the highest iodine intake quartile compared to the lowest quartile, and revealed the odds for thyroid cancer risk are 23 % less in the highest quartile of iodine intake versus the lowest, although this effect was only borderline significant (OR = 0.77; 95 % CI: 0.58-1.02; p = 0.068).

OTHER DIETARY FACTORS

Several epidemiological studies were interested in the relationship between foods rich in iodine, such as fish, shellfish or meat (107,108,109,110), and some other dietary factors such as cruciferous vegetables, and thyroid cancer risk. However, studies showing the association between dietary factors and thyroid cancer risk have been inconsistent. A meta-analysis of 19 observational studies on dietary factors and thyroid cancer risk summarized the ORs for each dietary factor classified by sex, histologic type, located in an iodine deficiency or iodine rich region. Based on the highest level of total consumption versus the lowest level, results

showed by the alimental group were as following (111):

Fish

Ten studies were included in the high vs. low analysis of fish consumption and thyroid cancer risk. The summary OR indicated a significant inverse association with a 21% decreased risk of thyroid cancer (OR = 0.79, 95 % CI: 0.66-0.94). When analysis was restricted to PTC or to women, no significant association between high vs. low fish intake and thyroid cancer risk was found. In the subgroup analysis according to location, the summary OR was 0.74 (95% CI, 0.59-0.92) in iodine deficiency areas while no significant association was found in iodinerich areas (Figure 1 -4, 111). a Study in Sweden. b Study in Norway. [START_REF] Liu | Dietary factors and thyroid cancer risk: a meta-analysis of observational studies[END_REF] 1.2.6.2 Salt Water Fish

Four studies provided information on the association of salt water fish intake with risk of thyroid cancer. The summary OR for the highest versus lowest intake was 0.95 (95% CI, 0. 74-1.23). Subgroup analyses showed this non-significant association was not modified by sex, histological type of thyroid cancer, and location.

Fresh Water Fish

In 5 studies with information about fresh water fish intake, the summary estimate effect did not show association of it with thyroid cancer (OR = 0.86, 95% CI, 0. 63-1.16). When adjusting this association by sex, histological type of thyroid cancer, and location (iodine deficiency areas or iodine-rich areas). The estimates OR was varied a little by them, showing that fresh water fish consumption had no effect on thyroid cancer risk.

Shellfish

A meta-analysis of 9 studies yielded a summary OR of 0.88 (95% CI, 0.72-1.08). When analysis was restricted to PTC or to women, this non-significant association reminded consistent. In the subgroup analysis according to location, a favorable effect was found in iodine deficiency areas (OR = 0.46, 95% CI, 0.27-0.75), whereas the estimate OR in iodinerich areas was not statistically significant.

Vegetables

A total of 5 studies examined the association between vegetables intake and thyroid cancer risk. The pooled OR was 0.76 (95% CI, 0.58-1.00). In subgroup analysis, there was no significant association between vegetables consumption and thyroid cancer whatever adjusted for sex, histologic type or location.

Cruciferous Vegetables

Eight studies provided information on the association between cruciferous vegetable consumption and risk of thyroid cancer. The random effects summary OR was 0.93 (95% CI, 0.66-1.29). Subgroup analyses showed that sex, histological type, and location did not markedly influence the observed null association.

Meat

A meta-analysis of 5 studies for thyroid cancer risk with meat consumption yielded a summary OR of 0.96 (95% CI, 0. 70-1.34). Subgroup analyses showed that histological type and location did not markedly influence this observed non-significant association.

BODY SIZE

Various epidemiological studies documented an increased risk in thyroid cancer in persons with tall height and large body size (measured as either body surface area or body mass index (BMI; weight in kilograms divided by height in meters squared)) (114,115,116,117,118,119).

The mechanisms responsible for this association are still unknown, even if several explanations have been proposed (chronic inflammation (120), higher TSH levels in obese patients (121), cooperation between TSH and insulin-like growth factor 1 in activation of MAP kinase and PI3K pathways ( 122)). The first mission of Ciqual is to collect, evaluate and make available French food composition data.

The three main tasks consist in:

-Input and management of a reference database on food composition and Hiva Oa (Marquesas Islands). Foods were selected so as to cover the typical diet of the French Polynesian population. Each of the composite samples from the seven areas of sampling was composed of up to five sub-samples from five different locations. We also selected some fruit, vegetables, beverages, grains, dairy and canned products, tuberous plant food samples in Havana and its suburb areas in 2013. These samples allowed ANSES to develop a new measurement method to quantify iodine (I), selenium (Se), vanadium (V), copper (Cu), zinc (Zn), arsenic (As), cadmium (Cd), tellurium (Te), mercury (Hg), lead (Pb), uranium (U) in these food samples. For iodine, it is the first table adapted to these populations.

The composition of 124 traditional French Polynesian and 39 traditional Cuban food items were measured by this collaboration.

It is noteworthy that the ANSES used an innovative technology for determining total iodine (100). This technology is based on a European standard (125) that involves alkaline extraction using tetra tetramethylammonium hydroxide (TMAH), optimized with an additional enzymatic treatment for samples containing starch, and followed by inductively coupled plasma mass spectrometry (ICP-MS) analysis. A complete single-laboratory validation was performed according to the accuracy profile approach (126, 127) based on tolerance intervals to select the best calibration function and to determine the validated concentration ranges.

This method was used to determine the iodine, selenium and other trace elements content in the main foods consumed by French Polynesians and Cubans (Supplementary Figs. S1 andS2). French ANSES (CFCT 2014, see 1.3.1.3). Within these food items, the results confirmed that iodine is rich in meats, cheese and egg (Figure 1234567). LOQ = Limit Of Quantification: 2.7 µg/100g (dry weight) for iodine and 2.0 µg/100g (dry weight) for selenium; 3 LOD = Limit Of Detection: 0.4 µg/100g (liquid weight) for iodine and 0.3 µg/100g (liquid weight) for selenium; 4 LOQ = Limit Of Quantification: 0.8 µg/100g (liquid weight) for iodine and 0.6 µg/100g (liquid weight) for selenium; 5 In these calculations, "< LOD" has been arbitrarily replaced by half of the LOD; and "≥ LOD and < LOQ" have been replaced by the mean of LOD and LOQ; * Dietary consumption of iodized salt was not measured in the questionnaire and assumed mean to be 10g per person and per day. 

THE VARIABILITY OF DIETARY IODINE DATA

OBJECTIVES OF THE THESIS

The overall objectives of this thesis is to explore the relation between dietary iodine intake and differentiated thyroid cancer risk in a multiethnic set of case-control studies, to identify environmental and genetic risk factors which interact with this relation, and to investigate the possibility to use selenium present in nails as a potential biomarkers in thyroid cancer casecontrol studies.

The specific objectives are:

-To explore the role of specific food groups or items, especially in regard to iodine intake, in the risk of developing DTC, in case-control study performed in Cuba. It was hypothesized, fish consumption may reduce DTC risk.

-To establish or reestablish dietary iodine, selenium, energy intake for the participants in Epi-Thyr consortium of 5 cases-control studies performed in New Caledonia, French Polynesia, metropolitan France (2 studies), and Cuba, according to different food composition tables.

-To investigate the relationship between dietary iodine status and the risk of DTC in the pooled analysis of Epi-Thyr consortium of the 5 cases-control-studies.

-To assess the possibility of interaction between iodine status and number of pregnancies in DTC risk, in the 5 Epi-Thyr case-control studies. It was hypothesized, iodine deficiency may interact with high number of pregnancies that leads to a high DTC risk.

-To study, in the 5 Epi-Thyr case-control studies, the possible interaction between dietary iodine intake and 4 common variants of the SNPs previously identified in most of GWAS as associated with DTC risk. Two of these variants are on FOXE1, which is a thyroid hormones transcription factor.

-To investigate in a study performed in French Polynesia the possibility to use selenium present in nails as a potential biomarker in thyroid cancer case-control studies.

OBJECTIVE AND HISTORY

In order to identify the genetic and environmental risk factors of thyroid cancer and their 

MATCHING PROCESS

Confounding implies that the confounding factor (which is one of the exposures) is not evenly distributed between cases and controls. Therefore in order to prevent confounding the simplest solution would be to design a study in which cases and controls would have an equal distribution of the confounding factor. This process is called matching. Matching is most often applied into case-control studies.

We usually identify two types of matching process, individual matching and frequency matching. Both individual and frequency matching have the same consequence: matching will have to be taken into account during the analysis (130).

INDIVIDUAL MATCHING

In this first method, matching is performed subject by subject. This is called individual matching. For example, if age is a confounding factor, for each case age 30 years, one control of the same age will be selected, and so far and so on for all cases included in the study. The results are pairs of individuals belonging to the same study population and sharing one common characteristic (in this example, a specific age).

In individual matching, we may also consider to select more than one control per case. Then two or more controls have then the same characteristic of the case. We have then constituted triplets (one case and 2 controls), quadruplets (one case and 3 controls), etc (130).

FREQUENCY MATCHING

In a second type of matching process, matching is no longer done individually but for groups of subjects. In such instance a group of controls is matched to a group of cases with respect to a particular characteristic (the confounding factor). For example if in a case-control study with 50 cases there are 20 men and 30 women, we would select a control group having the same gender distribution. We would first select 20 men from the male study population and then 30 women from the female study population (130).

WHY MATCHING?

Matching controls to cases is nothing more than stratifying in advance of analysis. Instead of constituting strata at the time of the study analysis we prepare them before the study is done, at the time of controls selection. When we select one control per case, each stratum will include one case and one control, when we select two controls per case, each stratum will include one case and two controls, and so on. We will therefore have as many strata as pairs in the study. The objective of matching is to prepare the analysis. Matching optimizes the number of cases and controls per stratum. It avoids having no case or no control in a stratum, as could happen when doing a stratified analysis afterwards (The biggest inefficiency in a stratified analysis done afterward would occur when in a stratum there is either no case or no control). This is why matching is frequently mentioned as a way to improve the efficiency of an analysis by better distributing cases and controls between strata (130). descent. The capital of the territory is Nouméa (135).

Case Selection

All patients with papillary or follicular thyroid cancer diagnosed between January 1, 1993, andDecember 31, 1999, and having resided in New Caledonia for at least 5 years at the time of cancer diagnosis were eligible for the study [START_REF] Truong | Role of goiter and of menstrual and reproductive factors in thyroid cancer: a population-based case-control study in New Caledonia (South Pacific), a very high incidence area[END_REF].

The cases were identified from the pathology records kept by the two histopathology laboratories, one public and one private, operating in New Caledonia. All pathology reports including a diagnosis of thyroid cancer were retrieved by manual or electronic searches. The cancer diagnoses were made by the local pathologists. Most of the histologic slides were also reviewed by the Pathology Department of the Royal Prince Alfred Hospital in Sydney, Australia. The case list was cross-checked with the New Caledonia cancer registry, which collects information on cancer diagnoses from medical facilities throughout the country.

However, no additional case of thyroid cancer was detected. All of the pathology reports were retrieved in order to code the histology, number, and size of the cancerous nodules. Mixed papillary-follicular cases were included in the papillary group (138). If insufficient information had been included in the initial report (e.g., unspecified tumor size), the histologic slide was reviewed to obtain the missing information. The thyroid cancer cases were classified according to histology and size of the largest cancerous nodule [START_REF] Truong | Role of goiter and of menstrual and reproductive factors in thyroid cancer: a population-based case-control study in New Caledonia (South Pacific), a very high incidence area[END_REF].

All cases diagnosed during the 5-year period before the start of data collection in 1998 and all cases newly diagnosed up to the end of the study period in 1999 were recruited for the study.

Good prognosis of differentiated thyroid tumors, residential stability, and enabled subject enrollment were achieved several years after the initial diagnosis [START_REF] Truong | Role of goiter and of menstrual and reproductive factors in thyroid cancer: a population-based case-control study in New Caledonia (South Pacific), a very high incidence area[END_REF].

Among the 369 eligible differentiated thyroid cancer cases, 37 (10%) were not interviewed because they refused to participate (n=10), had died (n=21), could not be contacted (n=5), or was too sick to reply the questionnaire (n=1). The study participants thus consisted of 332 cases.

Control Selection

Controls were randomly selected from updated electoral rolls that included the name, address, and date of birth of all New Caledonia residents aged 18 years or older. The controls were frequency matched to the cases by sex and 5-year age group in order to control the distribution of these two variables in controls was the same as it in cases. The distribution by sex and 5-year age group of the cases diagnosed during the period 1990-1995 was used as a first approximation from the cancer registry data. This distribution was used to constitute a pool of randomly selected controls from the electoral rolls after stratification on sex and age group. From the pool of controls thus constituted, three lists of controls were created at the beginning, in the middle and at the end of the data collection period, by random selection.

Controls were allocated a year of reference equal to the year of diagnosis of the case group for which they were selected. Only those events or exposures that occurred before the reference date were considered in the analyses. Controls were excluded if they had not lived in New Caledonia for at least 5 years before the reference date or if they had had thyroid cancer before that date. For practical reasons, prior to study initiation, the decision was made to restrict the total number of controls to 500 [START_REF] Truong | Role of goiter and of menstrual and reproductive factors in thyroid cancer: a population-based case-control study in New Caledonia (South Pacific), a very high incidence area[END_REF].

Among the 473 eligible controls, 61 (13%) were not interviewed because they refused to participate (n=21), had died (n=13), could not be contacted (n=24), were too sick to reply the questionnaire (n=2), or did not respond with for another reason (n=1). The remaining 412 controls were included in the study.

Data Collection

Trained interviewers conducted a face-to-face interview with the cases and controls at their home, using a structured questionnaire, after having obtained informed consent. The interviewers elicited information on socio-demographic characteristics, diet, alcohol drinking, tobacco smoking, anthropometric factors, gynecologic and reproductive history, medical conditions and medical x-ray exposure, occupational and residential history, personal history of thyroid disease and familial history of thyroid cancer (84).

Dietary Questionnaire

The dietary questionnaire included two parts on the consumption (frequency and quantity) of 11 sub-groups and 5 questions on dietary habit before or at the time of the interview. Overall, the questionnaire provided estimation for daily consumption of 122 food items, 17 of which were fish or shellfish including fresh open-sea fish, fresh water fish, brackish water fish, shellfish, oysters, mussels, octopus, lobster, shrimp, coconut crab, mangrove crab, smoked, dried or salted fish, canned sardines, canned tuna, and canned pilchards.

In the dietary questionnaire, for each food item, the study participants were asked to indicate the frequency of consumption (never or almost never, number of times per day, per week or per month) and the quantity of consumption (in portion or in a standard unit). The We used the FPFCT 2013 (presented above, see 1.3.1.3) to convert the traditional New Caledonian foods into daily dietary iodine intake because these local foods are closed to those of French Polynesian. For the other general food in the study, the French CIQUAL 2013 food composition table (124) was a necessary complement. For each food item in the diet questionnaire, iodine intake was estimated by multiplying the daily consumption of each food by the iodine content in this food based on these composition tables (if iodine content were measured from several similar foods in these food composition tables, the mean of the iodine content in these similar foods was taken), sub-group iodine content by summing the iodine content in each food item in this sub-group. Later, we recreated 21 sub food groups and selected 66 common food items of the 5 case-control studies from Epi-Thyr consortium for the standardization of the next pooled analysis (details see in the supplemental Table1).

We used the FAO Databases (presented above, see 1.3.1.1) to convert the daily food consumption into daily dietary energy intake (kcal/day). For each study participant, we calculated the total energy intake corresponding to the energy sum of all foods consumed per day. obtained from all participants so that we could contact their physician.

Previously, this study reported that a low level of education [START_REF] Brindel | Menstrual and reproductive factors in the risk of differentiated thyroid carcinoma in native women in French Polynesia: a population-based case-control study[END_REF], tallness and a high body mass index (142), a family history of thyroid cancer (34), and, in women, a large number of pregnancies [START_REF] Brindel | Menstrual and reproductive factors in the risk of differentiated thyroid carcinoma in native women in French Polynesia: a population-based case-control study[END_REF] were associated with an increased risk of thyroid cancer in this population. It also estimated the radiation doses received by the study subjects during the atmospheric nuclear tests (143) and concluded that nuclear radiation fallout played a small but significant role in the high incidence of thyroid cancer in French Polynesia [START_REF] De Vathaire | Thyroid cancer following nuclear tests in French Polynesia[END_REF]. Moreover, it showed that traditional Polynesian dietary pattern was associated with a lower thyroid cancer incidence than western pattern (144). French Polynesia is a mild iodine deficiency area in which a higher consumption of food from the sea and a higher dietary iodine intake were significantly associated with a decreased risk of thyroid cancer (105,145). Lastly, among

French Polynesian individuals with sufficient levels of fingernail selenium, there was lack of association between greater long-term exposure to selenium and thyroid cancer risk (112).

Background

French Polynesia is an overseas collectivity of the French Republic, which is located in the South Pacific Ocean, about 5,000 km from east of New Caledonia. It is administratively The Polynesian islands are volcanic origin: the activity of hot spots situated under the oceanic plate gave birth to submarine volcanoes which grew up progressively and emerged to form tall islands that next evolved into Motus (islets) then into atolls (coral rings surrounding a lagoon).

Total population at the August 2012 census was 268,270 inhabitants (146). At the 2012 census, 68.5% of the population of French Polynesia lived on the island of Tahiti (146), which is located within the Society Islands, is the largest and most populous island and the seat of the capital of the collectivity, the urban area of Papeete, the capital city, has 133,627 inhabitants (2012 census). In 2016, the population was estimated at more than 285,000, with a steady population growth rate of 1.1% (147, 148). In 2015, the ethnic makeup of the population was estimated to be 78% native Polynesian, 12% Chinese, 6% French Polynesian (referred to in the source as "local French") and 4% French (referred to in the source as "metropolitan French").

Case Selection

All patients diagnosed with a differentiated thyroid cancer before the age of 56, born and living in French Polynesia, were eligible for the study. This cutoff age was chosen in order to include mainly subjects who were younger than 15 at the time of the atmospheric nuclear tests (between 1966 and 1974). Four patients aged from 56 to 62 years at the time of the diagnosis, one case diagnosed in 1979, and two cases diagnosed in 2004 were included erroneously and were kept in the analysis because their characteristics were close to the inclusion criteria and results were unchanged when these cases and their controls were excluded. The cases were identified from the cancer registry of French Polynesia and medical insurance files and by the four endocrinologists in Tahiti. Histological information was obtained from the two histopathology laboratories (one public and one private) in Tahiti and from the medical files of endocrinologists. The histological slides of 68 patients who had received I 131 treatment at the Institute of Gustave Roussy were reviewed in the institute's pathology department, and the diagnoses were in agreement with those established in French Polynesia for 64 patients (94%).

Of the 255 eligible differentiated thyroid cancer cases, 26 (10%) individuals were not interviewed because they had died (n=14), could not be located (n=6), refused to participate (n=5), or the person was too ill to be interviewed (n=1). Finally, the study population consisted of 229 cases (105).

Control Selection

For each eligible case, two potential controls closest in terms of the date of birth and matched on sex were randomly selected from the registry of births, which records all inhabitants born in French Polynesia. An SAS random number generator (SAS Institute, Inc., Cary, NC) was used for random selection. At the end of the interviews, a few cases had no interviewed controls. Each of those cases was matched with a control initially selected for another case of the same sex and with the same date of birth. Matching on the date of birth was then extended if necessary. Finally, of the 229 interviewed cases, 87 were matched with one control (38%)

and 142 with two controls (62%). Of the 458 randomly selected controls, 85 (19%) were not interviewed because the subjects had died (n=9), could not be located (n=29), refused to participate (n=29), were too ill to be interviewed (n=2), or had left French Polynesia (n=16).

Among interviewed controls, we had no information on dietary consumption for two controls:

overall, 371 controls were considered in the present analysis (105).

Data Collection

The addresses of cases and controls were obtained from the territorial medical insurance plan, which covers all inhabitants, whatever their professional status. Interviews were conducted face-to-face by trained Polynesian interviewers and medical staff using a structured questionnaire. Cases diagnosed between 1979 and 2004 and matched controls answered the questionnaire between 2002 and 2004. Data collection included their ethnicity, education, smoking habits, lifetime weight changes, personal and family history of thyroid disease and cancer, places of residence, gynecologic and reproductive factors, medical X-ray exposure, and diet. For each subject, the total thyroid dose was calculated by summing the thyroid doses reconstructed for each nuclear test, taking into account age, source of drinking water, and data collected in the diet questionnaire (143).

Dietary Questionnaire

The dietary questionnaire was composed of two parts with a booklet of photographs from the E3N cohort validated by the EPIC study, in order to facilitate the estimation of portion sizes.

The two parts included questions on the consumption (frequency and quantity) of seven food groups and one question on dietary habit: the first part concerned consumption at the time of the interview and the second part concerned consumption during childhood. Overall, the questionnaire provided estimation for daily consumption of 66 food items, 5 of which were food from the sea including pelagic fish, lagoon fish, fafaru, and shellfish (giant clams, other shellfish) (105).

In the dietary questionnaire, for each food item, the study participants were asked to indicate the frequency of consumption (never or almost never, number of times per day, per week or per month) and the quantity of consumption (in portion or in a standard unit). The We used the FPFCT 2013 (presented above, see 1.3.1.3) to convert the traditional French Polynesian foods into dietary iodine. For the other general food in the study, the French CIQUAL 2013 food composition table (124) was a necessary complement. The overall iodine intake took into account all the foods of questionnaire, except iodized salt, because we had no precise information on the amount of iodized salt consumption. Later, we recreated 21 sub food groups and selected 66 common food items of the 5 case-control studies from Epi-Thyr consortium for the standardization of the next pooled analysis (details see in the supplemental Table1).

We used the FAO Databases (presented above, see 1.3.1.1) to convert the daily food consumption into daily dietary energy intake (kcal/day). For each study participant, we calculated the total energy intake corresponding to the energy sum of all foods consumed per day.

THE YOUNG-THYR STUDY

After the Chernobyl nuclear power plant accident in April 1986, an increased incidence of DTC was observed in children living in contaminated areas of Belarus, Ukraine, and the Russian Federation (150,151). Although the radioactive fallout was much less severe and the thyroid radiation dose was much lower in France than in the previously mentioned contaminated areas, a case-control study was performed to investigate the role of the fallout and of other potential risk factors in the incidence of DTC in young people who lived through that period in eastern France.

The study was approved by the French Data Protection Authority Commission Nationale de l'Informatique et des Libertés (agreement 05-1120; April 5, 2005). Written consent forms were obtained from all participants.

Each eligible subject who agreed to participate in the study received an information notice about the study's aims and a consent form to be signed and returned. Once consent forms were received, a database of eligible subjects was compiled so that controls could be selected randomly according to the selection criteria, with at least one control per case.

Previously, this study reported that a higher number of pregnancies, used a lactation suppressant, or had early menarche were associated with a higher DTC risk; conversely, breastfeeding, oral contraceptive use, and late age at first pregnancy were associated with a lower DTC risk. No association was observed between thyroid cancer and having irregular menstrual cycle, undergoing treatment for menstrual cycle regularity shortly after menarche, having a cessation of menstruation, use of another contraceptive, history of miscarriage or abortion for the first pregnancy, or having had gestational diabetes. The results support the fact that exposure to estrogens increases thyroid cancer risk [START_REF] Xhaard | Menstrual and reproductive factors in the risk of differentiated thyroid carcinoma in young women in France: a populationbased case-control study[END_REF]. The risk of PTC was higher for participants with a high body surface area (BSA), great height, or excess weight and for women with a high body fat percentage. Conversely, no significant association was found between body mass index and the PTC risk. These results provide further evidence of the role of BSA and excess weight in the risk of thyroid cancer (152). In the pooled analysis of two case-control studies including the present Young-Thyr study focusing on the relationship between recreational physical activity and DTC risk, results showed DTC risk was slightly reduced among subjects who reported recreational physical activity. The weekly frequency (i.e. h/week) seems to be more relevant than the duration (years) (153). Furthermore, a recent paper based on this case-control study discussed about whether dietary reports are biased by risk perception of Chernobyl fallouts, the results shows us that leafy vegetable consumption during the two months after the Chernobyl accident was associated with belief among cases, but not among controls or among all subjects, leafy vegetable consumption had an association with subject status (case or control) but not with beliefs; conversely, fresh dairy products consumption was not correlated to the status or beliefs of subjects (154).

Background

France is a country with territory in western Europe and several overseas regions and territories (French Guiana is located in South America; Guadeloupe and Martinique are in the Of the 1,049 eligible persons with DTC, 223 (21%) were not interviewed, because they refused to participate (n=120), could not be contacted (n=95), were excluded for another raison (n=6), or had died (n=2). Of the 826 cases who were interviewed, 70 were matched with 2 controls; the others were matched to 1 control. One case who did not live in the region in which he was interviewed and 20 cases who were not matched to a control at the end of this process were excluded. In all, the study consisted of 805 cases, 633 of whom were female.

Control Selection

Controls were selected from the general population and individually matched to a single case who was the same sex and had the same date of birth (plus or minus 1 year) and region of residence in the year that the case was diagnosed with cancer. Potentially eligible controls were randomly selected in each region from the landline telephone subscriber directory. This was achieved using an SAS random number generator (SAS Institute, Inc., Cary, North Carolina) and a file from France Telecom containing all landline phone numbers (approximately 100 million) in France. Because a large proportion of the population in the targeted age group (10-40 years old at time of interview) only has mobile phones and because a number of people are not included in the directory, controls included not just those selected from the directory but also relatives of those people. Each established contact was asked whether they knew people who fit the selection criteria (year of birth, sex, and region of residence) and whether they could communicate the phone contact details of these potentially eligible controls. This step was done parallel to but independently of the case selection and interview process. This was possible because we used national incidence data to anticipate the age distribution of the cases and therefore the age distribution of the controls required in each region. Only people without DTC were eligible to serve as controls. At the time of the first phone contact, controls were asked about their lack of thyroid cancer, but they did not undergo a medical examination [START_REF] Xhaard | Menstrual and reproductive factors in the risk of differentiated thyroid carcinoma in young women in France: a populationbased case-control study[END_REF].

Of the 1,045 contacted controls, 164 (16%) were refused to be interviewed. Of the 881 controls who were interviewed, 5 were not matched to a case at the end of this process and were excluded. In all, the study consisted of 876 controls, 679 of whom were female. The median difference in the date of birth between each case and his or her control was 103 (standard deviation, 282) days.

Data Collection

Between July 2005 and October 2010, cases and controls were interviewed face to face by a trained interviewer using a structured questionnaire that was sent to the subjects at least one week before the interview so that they could gather documents (e.g., medical examination and radiography results) and ask their parents questions relating to their youth. Interviews were conducted mostly at each subject's place of residence. The same interviewer systematically interviewed all subjects in the same strata (same sex, same age at the reference year: the year that the case was diagnosed with cancer and same residence region).

The questionnaire included items on ethnicity, lifetime height-weight changes, specific questions during the period (26/04/1986-30/06/1986) when the Chernobyl accident took place, smoking habit, physical activities, personal history of thyroid disease, family history of thyroid disease and cancer, places of residence, education and occupation, gynecologic and reproductive factors, medical x-ray exposure, diet, both at the time of the interview and during childhood, and perception of the risk due to the Chernobyl accident.

Dietary Questionnaire

The dietary questionnaire was composed of two parts. The first part included questions on the consumption (frequency and quantity) of 12 food sub-groups and 6 questions on dietary habit concerned the food consumption one year before the time of the interview, the questionnaire provided estimation for daily consumption of 73 food items, 8 of which were fish or shellfish including open-sea fish, river or lake fish, canned sardines, canned tuna, frozen fish, oysters or mussels, lobster or crab, and shrimp; and the second part included questions on the consumption (frequency and quantity) of 5 food sub-groups and 2 questions on dietary habit concerned the food consumption during childhood of the study participant when the Chernobyl accident took place (26/04/1986-30/06/1986).

In the dietary questionnaire, for each food item, the study participants were asked to indicate the frequency of consumption (never or almost never, number of times per day, per week or per month) and the quantity of consumption (in portion or in a standard unit). The consumption of foods indicated by a portion (mainly marked A, B or C) was estimated with the help of the photo booklet from the E3N cohort validated by the EPIC study (139), which indicating the weight corresponding to each portion according to the different food subgroups, in order to facilitate the estimation of portion sizes. For food consumption in a standard unit (for example, number of yoghurt), the estimation of the unit was from the average weight of the local food in several food markets or super markets. Then, the daily consumption (in g/day) per person was calculated for each food item on multiplying the frequency by the quantity of the portion. Season factor was taken into account for certain seasonal foods as well, in converting the food daily consumption for the whole year into the food consumption only when it is in season (the food daily consumption for the whole year × the proportion of the numbers of available consumption days in 365 days).

We used the French CIQUAL 2013 food composition table (124) to convert the daily foods consumption into daily dietary iodine intake. For each food item in the diet questionnaire, iodine intake was estimated by multiplying the daily consumption of each food by the iodine content in this food based on the French CIQUAL 2013 food composition table (if iodine content were measured from several similar foods in the composition table, the mean of the iodine content in these similar foods was taken), sub-group iodine content by summing the iodine content in each food item in this sub-group. Later, we recreated 21 sub food groups and selected 66 common food items of the 5 case-control studies from Epi-Thyr consortium for the standardization of the next pooled analysis (details see in the supplemental Table1).

We also used the French CIQUAL 2013 food composition table (124) to convert the daily food consumption into daily dietary energy intake (kcal/day) for this French study. For each study participant, we calculated the total energy intake corresponding to the energy sum of all foods consumed per day.

THE CATHY STUDY

The France and Melanesians from New Caledonia by Fine-mapping of two differentiated thyroid carcinoma susceptibility loci at 9q22.33 and 14q13.3, the principal results were that the association with the four SNPs previously identified in GWAS (rs965513, rs1867277 at loci 9q22, and rs944289, rs116909734 at loci 14q13) was replicated in Europeans. Among

Europeans, the two SNPs previously reported at 9q22 were not independently associated to DTC and that rs965513 was the predominant signal; at 14q13, the haplotype rs944289

[C]- rs116909374[C]-rs999460[T]
was significantly associated with DTC risk and that the association with rs116909374 differed by smoking status. Among 853 eligible cases, 232 (27%) could not be interviewed: 148 refused to participate, 29 died at the time of the interview, 52 could not be contacted, and 3 were too sick to respond.

Finally, the study involved 621 cases.

Control Selection

Controls were randomly selected by the survey institute CSA (Conseil-Sondage-Analyse) and who were at least 25 years old, residing in the same area (Calvados, Marne or Ardennes) at the time of cases' diagnoses. The random draw was made from telephone directories, based on telephone numbers incremented by one unit in order to be able to contact the people on the red list as well. A first telephone contact was used to determine whether one of the members of the household met the inclusion criteria of the study. If applicable, the person was proposed to participate in the study by receiving an interviewer at home.

Controls were frequency-matched to cases by sex and 5-year age groups. The randomly selected controls were stratified on the socio-professional category so that the distribution of socio-professional categories among the controls was representative of that of their residence departments.

Therewith, a reference year between 2002 and 2007 was also allocated to the controls. Only exposures that occurred before the reference year were included in the analyses.

Among 943 eligible controls, 236 (25%) could not be interviewed: 232 refused to participate and 4 could not be contacted. Finally, the study involved 707 controls.

Data Collection

Data from the Cathy study were collected using standardized questionnaires by face-to-face interviews at home, conducted by interviewers specially trained for the study. The collected data included the information about socio-demographic, medical history (personal and family medical history), characteristics of hormonal and reproductive life, anthropometric characteristics, lifestyle (physical activity, tobacco and alcohol consumptions), recreation, occupation, and residential history.

Dietary Questionnaire

The dietary questionnaire included two questions on the consumption (frequency and quantity) of 15 sub-groups and 5 questions on dietary habit before or at the time of the interview.

Overall, the questionnaire provided estimation for daily consumption of 161 food items, 15 of which were fish or shellfish including open-sea fish, river or lake fish, breaded fish, natural or oiled canned tuna, natural or oiled canned sardines or anchovies, natural or oiled canned mackerel, mussels, oysters, other shells (whelks, periwinkles, clams…), shrimp, crab, and lobster.

In the dietary questionnaire, for each food item, the study participants were asked to indicate the frequency of consumption (never or almost never, number of times per day, per week or per month) and the quantity of consumption (in portion or in a standard unit). The consumption of foods indicated by a portion (mainly marked A, B or C) was estimated with the help of the photo booklet from the E3N cohort validated by the EPIC study (139), which indicating the weight corresponding to each portion according to the different food subgroups, in order to facilitate the estimation of portion sizes. For food consumption in a standard unit (for example, number of yoghurt), the estimation of the unit was from the average weight of the local food in several food markets or super markets. Then, the daily consumption (in g/day) per person was calculated for each food item on multiplying the frequency by the quantity of the portion. Season factor was taken into account for certain seasonal foods as well, in converting the food daily consumption for the whole year into the food consumption only when it is in season (the food daily consumption for the whole year × the proportion of the numbers of available consumption days in 365 days).

We used the French CIQUAL 2013 food composition table (124) to convert the daily foods consumption into daily dietary iodine intake. For each food item in the diet questionnaire, iodine intake was estimated by multiplying the daily consumption of each food by the iodine content in this food based on the French CIQUAL 2013 food composition table (if iodine content were measured from several similar foods in the composition table, the mean of the iodine content in these similar foods was taken), sub-group iodine content by summing the iodine content in each food item in this sub-group. Later, we recreated 21 sub food groups and selected 66 common food items of the 5 case-control studies from Epi-Thyr consortium for the standardization of the next pooled analysis (details see in the supplemental Table1).

We also used the French CIQUAL 2013 food composition table (124) to convert the daily food consumption into daily dietary energy intake (kcal/day) for this French study. For each study participant, we calculated the total energy intake corresponding to the energy sum of all foods consumed per day.

THE CUBA STUDY

Cuba is an island of 100,000 km 2 where 35% of the population belongs to the African ethnic group (158). Although thyroid cancer is the sixth most common female cancer in Cuba, its incidence is quite low. Indeed, while in North America the world age-standardized rate (ASR) of DTC incidence was 10.0/100,000 in white females during the period 1998Ŕ2002 ( 159), the ASR of DTC incidence in Cuba was around 4.1/100,000 for females and was even six-fold less frequent in males in 2009 (160). For other Latin American countries such as Colombia, the ASR of DTC incidence was 9.4/100,000 in females during the period 1998Ŕ2002 (159).

Why is DTC incidence low in Cuba? Is this situation related to dietary iodine intake or other dietary factors?

Traditional Cuban food includes staple food such as potato, taro, yam, vegetable banana, rice, and spaghetti; meat such as chicken, pork, beef, and ham; eggs; vegetables such as watercress, lettuce, tomato, red bean, and cabbage; fruits such as guava, mango, papaya, and banana; and fish or seafood such as sardine, tuna (canned or fresh), lobster, crab, shrimp, and shellfish.

However, it was not clear whether dietary factors contribute to thyroid cancer risk in the Cuban population. Moreover, no clear explanation for the low incidence of DTC in the Cuban population has been established.

In order to establish the role of environmental and lifestyle factors and to relate some Previously, this study reported that non-African ethnicity, non-smokers, parity, and high body mass index, being rhesus factor-positive, having a personal history of benign thyroid disorder, agricultural occupation, and consumption of artesian well water significantly associated with an increased risk of developing DTC (161). It also found that the thyroid volume was higher in current or former smokers and in persons with AB or B blood type (162). Significant association with DTC risk was found for rs1867277 in the promoter region and the polyalanine tract expansion polymorphism rs71369530 of the FOXE1 gene; Women who had 2 or more pregnancies had a 3.5-fold increase in risk of DTC if they carried the A allele of the SNP rs18015616 in the ATM gene, while 0.8 in those who had fewer than 2 ( 48). This study was involved in a pooled analysis of two case-control studies focusing on the relationship between recreational physical activity and DTC risk, results showed DTC risk was slightly reduced among subjects who reported recreational physical activity. The weekly frequency (i.e. h/week) seems to be more relevant than the duration (years) (153). Furthermore, it observed DTC risk was significantly reduced with increasing fish consumption, but no association with total dietary iodine intake. Nevertheless, DTC risk was significantly associated with the number of copies in the minor allele (A) for SNP rs965513 near FOXE1

among people who consumed less iodine than the median value (113).

Background

Cuba is a country comprising the island of Cuba as well as Isla de la Juventud and several minor archipelagos. It is located in the northern Caribbean where the Caribbean Sea, the Gulf of Mexico, and the Atlantic Ocean meet. Cuba is the largest island in the Caribbean, with an area of 109,884 square kilometres, and the second-most populous after Hispaniola, with over 11 million inhabitants (163, Figure 2345).

Prior to Spanish colonization in the late 15th century, Cuba was inhabited by Amerindian Cuba is one of the world's last planned economies and its economy is dominated by the exports of sugar, tobacco, coffee and skilled labor. According to the Human Development Index, Cuba is described as a country with high human development and is ranked the eighth highest in North America (166). It also ranks highly in some metrics of national performance, including health care and education (167, 168).

Case Selection

Patients aged between 17 and 60 years who were living in Havana and its surrounding municipality of Jaruco ( 30 Register. On average, around 25Ŕ30 patients who fit these criteria were identified for each year of the study period. In order to achieve the estimated sample size, the selection was extended to include incident cases (161).

Of the 240 eligible DTC cases, 37 (15%) individuals were not interviewed because they could not be located (n=32) or refused to participate (n=5). The final study population consisted of 203 cases. 37% of the cases were interviewed just after their cancers diagnoses (either 0 or 1 year of the time lag between diagnosis and interview), while 19% of the cases had a lag time >5 year.

Control Selection

Controls (229) were randomly selected from the general population living in Havana city and its surrounding areas municipality of Jaruco using consultation files from primary care units (family doctors). They were frequency-matched with cases by sex and age at cancer diagnoses of the cases (±5 years). Of the 229 potential controls, 17 refused and 212 agreed to be interviewed.

Data Collection

Both cases and controls were interviewed face-to-face by trained professionals (nursing and medical staff) using a structured questionnaire between January 2009 and December 2011. A standardized questionnaire was used to collect data on demographic characteristics (age, sex, place of residence, and occupation), blood group, rhesus factor status, anthropometric parameters, reproductive and hormonal history, lifestyle (smoking habits, dietary habits), exposure to radiation or chemicals, personal medical history and family medical history in first-degree relatives. Size, blood group and rhesus factor collected by interviewers were compared to those in the national identity card and in medical records for cases.

Interviewers were trained to collect information related to one year before diagnosis for cases and one year before interview for controls. The majority of interviews were conducted in the presence of a parent or relative. Some were conducted at the workplace in the presence of a general practitioner.

Dietary Questionnaire

The dietary questionnaire was composed of two parts which included questions on the consumption (frequency and quantity): the first part concerned general food consumption of 10 sub-groups and 5 questions on dietary habit, and the second part concerned the traditional Cuban food consumption including 2 sub-groups, one year before the time of the interview.

Overall, the questionnaire provided estimation for daily consumption of 87 food items, 8 of which were fish or shellfish including open-sea fish, river or lake fish, canned sardines, canned tuna, frozen fish, oysters or mussels, lobster or crab, and shrimp.

In the dietary questionnaire, for each food item, the study participants were asked to indicate the frequency of consumption (never or almost never, number of times per day, per week or per month) and the quantity of consumption (in portion or in a standard unit). The consumption of foods indicated by a portion (mainly marked A, B or C) was estimated with the help of the photo booklet from the E3N cohort validated by the EPIC study ( 139), which indicating the weight corresponding to each portion according to the different food subgroups, in order to facilitate the estimation of portion sizes. For food consumption in a standard unit (for example, number of yoghurt), the estimation of the unit was from the average weight of the local food in several food markets or super markets. Then, the daily consumption (in g/day) per person was calculated for each food item on multiplying the frequency by the quantity of the portion. Season factor was taken into account for certain seasonal foods as well, in converting the food daily consumption for the whole year into the food consumption only when it is in season (the food daily consumption for the whole year × the proportion of the numbers of available consumption days in 365 days).

We used the CFCT 2014 (presented above, see1. 3.1.3) to convert the 20 traditional Cuban foods into dietary iodine. For the other general food in the study, the French CIQUAL 2013 food composition table (124) was a necessary complement. For each food item in the diet questionnaire, iodine intake was estimated by multiplying the daily consumption of each food by the iodine content in this food based on the two food composition tables mentioned above (if iodine content were measured from several similar foods in the composition tables, the mean of the iodine content in these similar foods was taken), sub-group iodine content by summing the iodine content in each food item in this sub-group.

An item for quantifying iodized salt intake in the questionnaire was only included in this study. In fact, since 2005, Cuba has established compulsory iodization of salt for human consumption for the whole Cuban population, because a global strategy at the national level is the best solution for a cost-effective prevention and control of iodine deficiency (169). A fixed value of 10 g of iodized salt per person per day was included. This value was estimated to be the average consumption of iodized salt per inhabitant per day by the Center for Nutrition and Food Hygiene, the National Institute of Hygiene, Epidemiology, and Microbiology (Inhem) of Cuba. Later, we recreated 21 sub food groups and selected 66 common food items of the 5 case-control studies from Epi-Thyr consortium for the standardization of the next pooled analysis (details see in the supplemental Table1).

We used the FAO Databases (presented above, see 1.3.1.1) to convert the daily food consumption into daily dietary energy intake (kcal/day). For each study participant, we calculated the total energy intake corresponding to the energy sum of all foods consumed per day.

THE HOMOGENEITY AND THE HETEROGENEITY AMONG THE 5 STUDIES

The 5 studies conducted homogeneously in contrasting populations, both genetically and in terms of the environment and life style, using similar questionnaire and DNA collection, study participants were interviewed face-to-face by trained professionals, using the standardized dietary questionnaire and the photo booklet from Epic cohort.

The five different studies of Epi-Thyr consortium are heterogeneous in terms of their size, of the period of diagnosis, of age at diagnosis and of proportion of papillary thyroid cancer. The proportion of papillary thyroid cancer in the French Polynesia study was lower than in the other studies, probably because this study included cases diagnosed much earlier than the other ones. It has also to be noted that the difference in age at diagnosis between studies not only reflect difference in age structure of studied populations and in thyroid cancer incidence, but also restriction in age at diagnosis imposed in the design of studies: no more than 15 years at time of the first atmospheric test, in French Polynesia, i.e. born in 1950 or after, and no more than 15 years at time of Chernobyl accident in the Young-Thyr study, i.e.

born in 1971 or after (Table 2-1). ) 1993-1999 1979-2004 2002-2006 2002-2007 2000-2011 Period of study enrollment 1998-2002 2002-2004 2005-2010 2005-2007 2009-2012 Age at diagnosis (Year), Mean (Min, Max)

49 (17,[START_REF] Xhaard | Menstrual and reproductive factors in the risk of differentiated thyroid carcinoma in young women in France: a populationbased case-control study[END_REF] 38 [START_REF] Livolsi | Surgical Pathology of the Thyroid[END_REF][START_REF] Franceschi | A pooled analysis of caseŔcontrol studies of thyroid cancer. IV. Benign thyroid diseases[END_REF] 27 (9,35) 51 (24,[START_REF] Zivaljevic | Case-control study of anaplastic thyroid cancer: goiter patients as controls[END_REF] 38 (17,[START_REF] Tronko | Thyroid cancer in children and adolescents in Ukraine after the Chernobyl accident (1986-1995[END_REF] Identification 

GENETIC ANALYSES

Both NKX2-1 (NK2 homeobox 1, also called TTF1 for Thyroid Transcription Factor 1) and FOXE1 (Forkhead factor E1, also called TTF2 for Thyroid Transcription Factor 2) encode thyroid-specific transcription factors. They play a crucial role in the development of the thyroid gland and their expression is modified in thyroid tumors (170,171,172,173). In 2009, a GWAS reported the contribution of two SNPs nearby NKX2-1 and FOXE1 to the risk of developing DTC in Icelandic and European populations (42). The first SNP, rs944289, is located 337-kb upstream of the NKX2-1 gene and was described to increase the risk of DTC (42,43). The second SNP, rs965513, is located in an intergenic region, 57-kb upstream of the FOXE1 gene. It has been related to many endocrine and metabolic disorders (174), to changes in the concentration of thyroid hormones (42), and to an increased risk of DTC (42,43,45).

Rs965513 has been reported as a strong genetic factor for both sporadic and radioinduced PTC (44). Located within the 5' untranslated region (UTR) of FOXE1, the SNP rs1867277 has been reported as a risk factor for DTC and has been suggested as the causal SNP (45,46). It has been also proposed that the minor allele A could modulate a transcriptional regulation pathway of the FOXE1 gene, by recruiting USF1/USF2 transcription factors (47). The ATM (Ataxia-Telangiectasia Mutated) gene is involved in the repair of DNA double-strand breaks.

Mutations in this gene have been related to ataxia telangiectasia and other disorders, especially characterized by radiation sensitivity and cancer predisposition (175). Variations in this gene were reported to play a role in hormone cancers (176,177). An association between the missense substitution D1853N (rs1801516) and a reduced risk of PTC was also reported for both sporadic and radiation-induced thyroid cancer (178). Recently, we also showed that this coding SNP in ATM contributes to the risk of PTC in Belarusian children exposed to ionizing radiation from the Chernobyl nuclear power plant accident (179).

We thus sought to investigate the contribution of genetic variations at the NKX2-1, FOXE1

and ATM loci to the risk of DTC in the 5 studies of Epi-Thyr Consortium, especially for the minor allele of the 4 common SNPs of Epi-Thyr Consortium: rs965513, rs1867277, rs1801516 and rs944289.

GENOTYPING

The French Polynesia Study

For SNP rs965516 and rs1867277, 10 ng gDNA were analysed using a specific TaqMan Predesigned SNP Genotyping Assay (Applied Biosystems, Foster City, CA, USA).

Fluorescence readings and data analyses were performed with the ABI PRISM 7900HT

Sequence detection system. For rs944289 and rs1801516, 25ng gDNA were analysed using High-Resolution Melting curve (HRM), with a specific probe. Some representative samples were re-sequenced by dye-terminator to confirm the genotype (180). Fluorescence readings and data analyses were done with the Idaho Technology LightScanner Inc. Hi-Res Melting System.

The proportion of successfully genotyped DNA samples was 95.1% for rs944289, 90.3% for rs965513, 79.4% for rs1867277 and 98.5% for rs1801516. [START_REF] Maillard | Common variants at 9q22.33, 14q13.3, and ATM loci, and risk of differentiated thyroid cancer in the French Polynesian population[END_REF] In A multiplicative effect of allele A was even noted. However, no association was observed with rs1867277 falling in the promoter region of the gene. In contrast, the GWAS SNP rs944289 (NKX2-1) did not show any significant association. Although the missense substitution D1853N (rs1801516) in ATM was rare in the population, carriers of the minor allele (A) also showed an excess risk. The relationships between these four polymorphisms and the risk of DTC were not contingent on the body surface area, body mass index, ethnicity or dietary iodine intake. However, an interaction was evidenced between the thyroid radiation dose and rs944289.

The Cuba Study

For SNPs rs944289, rs965513, rs1867277, and rs1801516, 25 ng of gDNA were analysed using High-Resolution Melting curve (HRM) with a specific probe. Some representative samples were re-sequenced by dye-terminator to confirm the genotype (180). Fluorescence readings and data analyses were done with the Idaho Technology LightScanner Inc. Hi-Res

Melting System (Idaho Technology, Salt Lake City, UT).

The proportion of successfully genotyped DNA samples was 99.0% for rs944289, 96.9% for rs965513, 99.0% for rs1867277, and 97.1% for rs1801516. Quality control analysis showed a concordance rate >99% between duplicate samples. (Pereda et al. 2015) In 2015, Pereda CM et al (48). replicated the same genetic variants as these in the French

Polynesia Study in DTC risk, but within the Cuban population samples. Significant association with DTC risk was found for rs944289 near NKX2-1 (OR per A allele = 1.6, 95% Basing on the scientific background, interesting and the materials that I previously presented in 2.3.5, 2.4.1.2 of the Cuba study, in this part, I will explore the role of specific food groups or items, especially in regard to iodine intake, in the risk of developing DTC, and to assess the possibility of interaction between environmental factors and some common SNPs previously associated with DTC in the Cuban population that we haven't known before.

It was hypothesized, first, that fish consumption may reduce the risk of DTC; second, that dietary iodine deficiency and excess dietary iodine could be associated with an increasing risk of DTC; and third, that dietary iodine deficiency may interact with FOXE1 due to its role in thyroid hormone pathways.

METHOD

ANALYZED PARAMETERS

For quantitative factors, such as fish, shellfish, and total seafood consumption, the study participants were categorized into tertiles according to the consumption value distribution in controls.

Overall, the study participants were classified into three categories according to the Iodine Global Network (IGN) (181): mild iodine deficiency (75Ŕ149 µg/day), optimal iodine intake (150Ŕ299 µg/day), and more than adequate or excess iodine intake (≥300 µg/day).

Furthermore, the study participants were regrouped into quartiles according to the dietary iodine intake in controls.

The possible interaction between dietary iodine intake and the following polymorphisms was investigated: rs944289 (near NKX2-1), rs965513 (near FOXE1), rs1867277 (5' UTR of FOXE1), and rs71369530 (polyalanine length polymorphism in FOXE1), which were significantly associated with the risk of developing DTC in the same Cuban case-control study (48). For this purpose, the values of dietary iodine intake were classified into two categories: either less or more than the median (186 µg/day) value observed in controls.

STATISTICAL ANALYSIS

Nineteen strata were defined on the basis of age and sex: seven for men and twelve for women. For each parameter studied, the OR stratified on age group and sex, and adjusted for dietary energy, smoking status, ethnic group, level of education, number of pregnancies, and body surface area (BSA), was estimated using conditional logistic regression with SAS v9.3

(SAS Institute, Inc., Cary, NC). Linear trend tests were performed by creating a variable that assigned the median value for each category of the studied variable consumption, and this variable was then modeled as a continuous variable. Likelihood ratio tests comparing models with and without multiplicative interaction terms were performed to assess the significance of interactions. Sensitivity analyses were performed by excluding individuals diagnosed more than five years before the interviews.

RESULTS

FOOD CONSUMPTIONS OF THE STUDY PARTICIPANTS

Table 3-1 shows us the average of food consumptions (g/day) in the 20 sub-groups as well as their included detailed food items of the cases, the controls and all the study participants, respectively. Overall, fruits (600 g/day), rice (318 g/day) and other vegetables (261 g/day)

were the first three most consumed foods among all the study participants comparing with cheese (17 g/day), fish (15 g/day) and shellfish (6 g/day) which were the least consumed foods in the studied Cuban population (Figure 3-1). 

DIETARY ENERGY INTAKE OF THE STUDY PARTICIPANTS

Table 3-2 shows us the average of dietary energy intake (kcal/day) in the 20 sub-groups of the cases, the controls and all the study participants, respectively. Overall, rice (447 kcal/day), fruits (370 kcal/day) and meats (171 kcal/day) were the first three food sub-groups which had the most dietary energy intake among all the study participants comparing with fish ( 23kcal/day), cabbages (14 kcal/day) and shellfish (7 kcal/day) which had the least dietary energy intake in the studied Cuban population (Figure 3-2). 

DIETARY IODINE INTAKE OF THE STUDY PARTICIPANTS

DIETARY SELENIUM INTAKE OF THE STUDY PARTICIPANTS

FISH, SHELLFISH CONSUMPTION AND DTC RISK

The risk of DTC reduced significantly with increasing consumption of fish whatever via univariate analysis (p-trend=0.005) or via multivariate analysis (p-trend=0.04; Table 3- 

DIETARY IODINE INTAKE AND DTC RISK

We observed that only 15% of the studied population samples were estimated as having mild iodine deficiency, and the majority (78%) of our studied population had an optimal dietary iodine intake according to the IGN classification. We did not identify a significant association between dietary iodine intake, when classified according to the IGN classification, and DTC risk in the entire Cuban sample (adjusted p-trend=0.5; Table 3 -6). This association was still not significant (p-trend=0.7) when we regrouped the population sample by quartiles of dietary iodine intake in controls (Table 34567). Furthermore, this non-significant association was not modified by age, smoking status, dietary selenium intake, or ethnicity (all p-interactions > 0.05) (Table 34567).

An interaction that was close to significance was identified between dietary iodine intake and BMI (adjusted p-interaction=0.08). Among people whose BMI was equal to or more than 25 kg/m², the risk of DTC was 2.47 times higher (multivariate OR=2.47, 95% CI=0.89Ŕ6.85) in people who were in the lowest quartile of dietary iodine intake compared with those who were in the highest quartile, although this difference was not significant (adjusted p-value for trend=0.1). This increase of DTC risk when decreasing iodine intake was not observed in people with a BMI lower than 25 kg/m2 (Table 34567). 

FOXE1 POLYMORPHISM INTERACTS WITH DIETARY IODINE INTAKE IN DTC RISK

We did not find any interaction between dietary iodine intake and the following polymorphisms, rs944289, rs1867277 and rs71369530 in the risk of developing DTC.

Conversely, a strong interaction (multivariate p-interaction=0.005) was identified between dietary iodine intake and rs965513, near the FOXE1 gene on chromosome 9q22.33 (Table 3- 8). A strong increased DTC risk was observed with the number of copies in the minor allele (A) of rs965513 among people who consumed less iodine than the median (< 186 µg/day).

The risk of DTC was 3.4 times higher (adjusted p-trend=0.0005, 95% CI=1.7Ŕ6.5) for subjects carrying one copy of the A allele, and 6.7 times higher (adjusted p-trend=0.0005, 95% CI=1.6Ŕ27.3) for subjects carrying two copies of the A allele when compared to the reference group of subjects with no copies in the minor allele (A). This dose effect with regard to the DTC risk with the increasing number of copies in the A allele was not observed in subjects consuming more iodine than the median (> 186 µg/day); independent of the number of copies in the minor allele (A), the risk of DTC was around three times higher than that of the reference group whose subjects were not carrying any A allele and had a dietary iodine intake below the median (Table 3- 8). 

DISCUSSION

SUMMARY OF THE RESULTS

We have observed that the risk of DTC significantly decreased with increasing consumption of fish in the Cuban population. In addition, we found a strong increase in DTC risk with the number of copies in the minor allele (A) of rs965513 near FOXE1 on chromosome 9q22.33

among people who consumed less than the median value of iodine in controls. Furthermore, the risk of DTC tended to be higher among people whose BMI was equal to or more than 25 kg/m² and who were in the lowest quartile of dietary iodine intake.

STRENGTHS AND LIMITATIONS OF THE STUDY

The present study is the first case-control study to focus on the risk factors of DTC in the Cuban population. We used the food photo booklet from the E3N cohort (140) in this study in order to estimate the portions of food and drink daily consumption by the study cohort, which complemented the quantificational questionnaire and gave us normative, accurate and qualitative information on which to build the database. Another noteworthy point is that we have constructed a special food composition table to measure the quantity of iodine in typical

Cuban food for this study. However, only 28% of the food items in the questionnaire of this study were measured using this special and innovative table, knowing that until now, no such measurement of iodine has been made by other organizations for typical Cuban or Latino food.

This case-control study has for the first time identified a strong increase in DTC risk associated with the number of copies in the minor allele (A) of SNP rs965513, near FOXE1 at 9q22.33, among people who consumed less iodine than the median, but no variation among people who consumed more (multivariate P-interaction=0.005). To the best of my knowledge, gene-environment interactions in DTC have only been investigated in relation to radiation exposure in a candidate gene approach, but no convincing association has been reported so far.

In particular, no gene-environment interaction study has investigated an association with FOXE1 (at 9q22.33) and dietary iodine intake.

As with any case-control study, this study has some limitations. Self-reported food consumption is associated with imprecise measures and recall bias. Another limitation is that for a large part of the Cuban diet, we estimated iodine content from the CIQUAL 2013 food composition table, which had been established for French food, and may not be applicable to Cuban food. The French CIQUAL 2013 food composition table was used in this study in order to evaluate the iodine content in fish and shellfish. This could introduce some uncertainties. Nevertheless, the iodine content in fish is highly variable even in one country (182). It depends strongly on the species and the places of capture, and most of the sea fish consumed in Cuba are from areas far away from Cuban coasts. Given the low number of fish captured by Cuban boats and low fish consumption in Cuba, the difficulty in measuring the iodine content in fish, and the cost-effectiveness of this study, we did not measure the iodine content in either Cuban fish or shellfish.

Moreover, because cases usually take more care of their health and are more motivated to participate in research studies than controls, the cases may have reported more precise information than the controls did, and this could have introduced a differential bias in the final results and overestimated the risk of DTC. Nevertheless, this potential bias cannot explain the significant relation between the number of copies in the minor allele (A) of rs965513 and the risk of DTC among people who consumed less iodine than the median. Indeed, it is very unlikely that our finding regarding an interaction between SNP rs965513 and iodine intake was due to chance because it remained present when correcting the p-value for the number of SNPs tested, which was four SNPs in the analyses (183). Additionally, this result was almost exactly identical when adjusting or not for other DTC risk factors and stratifying or not for age groups and sex. Lastly, recall bias was probably reduced by the fact that food import and export limitations exist in Cuba, which keeps the typical Cuban food more stable and less diversified than Western food.

According to the IGN classification, an optimal iodine intake corresponds to 150Ŕ299 µg/day (181). The quartiles of the dietary iodine intake in the controls in this study were: < 164.9, 164.9Ŕ186.5, 186.5Ŕ237.5 and ≥ 237.5 µg/day. The last three quartiles cover the optimal iodine intake, as well as more than adequate or excess iodine intake. However, a case-control study using a food frequency questionnaire is not an adequate way to estimate iodine status (because a case-control study without iodine measurement in urine is not designed to estimate the iodine status of a population, but to perform comparisons between the cases and the controls).

COMPARISON RESULTS FROM THE LITERATURE

This study shows that in the Cuban population, the risk of DTC significantly decreased with the increasing consumption of fish at the time of the interview ( 111). Another related review showed that iodine-rich food such as fish and shellfish may provide a protective role in populations with insufficient daily iodine intake (184). In contrast, a Japanese cohort where subjects were followed up for a mean of 14.5 years showed that a high intake of seaweed was positively associated with thyroid cancer risk, although this result was not statistically significant. In addition, a high intake of seaweed was positively associated with papillary thyroid cancer risk in postmenopausal women (especially for papillary carcinoma, the hazard ratio (HR) for almost daily consumption compared with 2 days/week or less was 3.81, 95% CI: 1.67Ŕ8.68; p-trend<0.01) (185).

First-degree relatives of DTC patients have an increased risk for developing thyroid cancer, and a positive family history is reported in approximately 5% of cases (38,186,187,188).

These observations strongly suggest the contribution of genetic factors to the susceptibility to the disease. Six potential regions for harboring a high-risk DTC gene have been identified (196). In a previous study, in the same sample of the Cuban population, we validated the association between DTC risk and variants of genes localized at 9q22.33 (FOXE1) and 14q13.3 (NKX2-1) (48). The FOXE1 locus is the most widely replicated susceptibility locus associated with DTC risk in a number of population-based studies of various ethnic origins, especially associated with sporadic and radiation-related papillary thyroid cancer and also with familial nonmedullary thyroid carcinoma (197,198).

The majority of the studied population had an optimal dietary iodine intake. 

CONCLUSION

In conclusion, the majority of the studied population had an optimal dietary iodine intake.

Although DTC risk was not found to be linked to dietary iodine intake in this study, DTC risk significantly decreased with high fish consumption. Additionally, DTC risk significantly increased with an increasing number of copies in the minor allele (A) of rs965513 near FOXE1 among people who consumed less iodine than the median. Because these findings are based on post-diagnostic measures, studies with pre-diagnostic dietary iodine are needed for confirmation.

PART IV: DIETARY IODINE INTAKE AND DIFFERENTIATED THYROID CANCER RISK: A POOLED ANALYSIS OF THE 5 CASE-CONTROL STUDIES FROM EPI-THYR CONSORTIUM

Basing on the 5 case-control studies which carried out in New Caledonia, French Polynesia, metropolitan France (2 studies) and Cuba from Epi-Thyr Consortium that I presented previously (see 2 PART II), I did a pooled analysis of the individual data on pooling these 5 studies together, to the best of my knowledge, this is the first and the largest pooled analysis of case-control studies to investigate iodine status and thyroid cancer risk in heterogenetic populations. My aim was to explore the role of specific food groups or items, especially in regard to iodine intake, in the risk of developing DTC, to study the specificity for each casecontrol study, and to assess the possibility of interaction between iodine status and number of pregnancies in DTC risk. It was hypothesized, first, fish consumption may reduce DTC risk;

second, dietary iodine deficiency and dietary iodine excess could be associated with an increasing risk of DTC; third, iodine deficiency may interact with high number of pregnancies that leads to a high DTC risk; and fourth, dietary iodine intake may interact with the 4 investigated SNPs in the oncotargeted genes that presented previously (see 2.4), thereby accelerating the risk of developing DTC.

STUDY PARTICIPANTS

Among the 5,914 identified individuals in the study populations, 2,766 eligible subjects with DTC, among them, 555 (20%) were not interviewed, among them, 287 refused to participate the studies, 66 died at the moment of interview, 12 were too sick to response the questionnaire, 190 couldn't be reached. Of the 2,211 cases who were interviewed, one case who did not live in the region where he was interviewed and 20 cases who were not matched with a control at the end of this process were excluded. Of the 2,190 included cases, 28 hadn't had valid dietary information and were excluded from the statistical analyses of this article. Finally, the present study consisted of 2,162 cases, 1,771 of whom were women; Of the 3,148 contacted controls, 563 (18%) were not interviewed, among them, 466 refused to participate the studies, 22 died at the moment of interview, 2 were too sick to response the questionnaire, 73 couldn't be reached. Of the 2,585 controls who were interviewed, 5 were not matched with a case at the end of this process and were excluded. Of the 2,580 included controls, 9 hadn't had valid dietary information and were excluded from the statistical analyses of this article. Finally, the present study consisted of 2,571 controls, 2,031 of whom were women (Figure 4-1). Overall, the study participants were classified according to the classification of dietary iodine intake, OR and 95% CI were calculated corresponding to each scenario: 1) the cases and the controls were classified into four categories according to the Iodine Global Network (IGN) (181): severe or moderate iodine deficiency (≤ 74 µg/day), mild iodine deficiency (75Ŕ149 µg/day), optimal iodine intake (150Ŕ299 µg/day), and more than adequate or excess iodine intake (≥ 300 µg/day). 2) Dietary iodine intake as a continuous variable (µg/day). First, total dietary iodine intake was calculated as the sum of iodine from 66 food items consumption, in which, iodine content in bread presented in the New Caledonia, French Polynesia and Cathy studies, but totally missing in the Young-Thyr and Cuba studies, because bread was the food item that its consumption was not reported homogeneously among the 5 studies, but it was involved in the statistical analysis, both in logit linear model and linear model; second, total dietary iodine intake was calculated as the sum of iodine from 65 food items consumption, in which, iodine intake from bread consumption was excluded for all the 5 studies (virtually, iodine intake from bread consumption was excluded in the New Caledonia, French Polynesia and Cathy studies), in order to make dietary iodine intake homogeneously reported among the 5 studies in the statistical analysis, both in logit linear model and linear model.

3) The cases and the controls were categorized into quartiles according to dietary iodine intake value distribution of the controls in each study. First, total dietary iodine intake was calculated as the sum of iodine from 66 food items consumption, including iodine content in bread presented in the New Caledonia, French Polynesia and Cathy studies, but totally missing in the Young-Thyr and Cuba studies, both in logit linear model and linear model; second, total dietary iodine intake was calculated as the sum of iodine from 65 food items consumption, excluding iodine intake from bread consumption for all the 5 studies, both in logit linear model and linear model. These 3 scenarios were applied to the analyses of heterogeneity between studies, between ethnicity; and the last 2 scenarios were applied to the detailed analyses of interaction between dietary iodine intake and Polynesian ethnicity, in all the cases and their eligible controls; in the cases whose cancer longer diameter was more than 10 millimeters.

For quantitative food group or item factors, such as fish, the study participants were categorized into quartiles according to the food group or item consumption value distribution in controls for each study. The possible interactions between dietary iodine intake and the 4

SNPs cited above (see 2.4), which were significantly associated with the risk of developing DTC in the previous GWAS or functional studies (42,44,46), for estimating these interactions, the values of dietary iodine intake were classified into two categories: either less or more than the median value observed in controls for each study. Furthermore, the possible interaction between dietary iodine intake and number of full term pregnancies was investigated. For this purpose, the values of dietary iodine intake were classified into two categories: either iodine deficiency (< 150 µg/day) or adequate or more iodine intake (≥ 150 µg/day) according to the IGN classification.

We did not impute bread consumption of the participants of the Young-Thyr and the Cuba studies. The main reason was that we evidenced that bread consumption was poorly correlated to other food consumptions. Indeed, within the Cathy study, which was the only study susceptible to be used to predict bread consumption in the Young-Thyr study, and less Sensitivity analysis was also done in order to find the thresholds of iodine consumption that In the two case-control studies (Young-Thyr and French Polynesia), each case was individually matched with one or two controls of the same age and sex, whereas in the other three (New Caledonia, Cathy and Cuba), the cases and the controls were frequency matched, in the present pooled analysis, frequency Matching was used for all the studies. Twenty-six strata were defined on the basis of age class and sex: thirteen for women and thirteen for men. 

Mixed Models

Although I did consider using linear generalized mixed model (using PROC GLIMMIX procedure of SAS® v9.4), in order to take into account possible random effect for study and for dietary iodine intake, I did not use the obtained results with this method and the results presented in this thesis were obtained with conditional logistic regression without random effect.

Indeed, the number of studies in this present pooled analysis is small, only five, and linear generalized mixed model to estimate random effect for dietary iodine intake between studies is not well adapted to such a small number, in particular when using logit link (200).

In our case, the GLIMMIX procedure of SAS® was unable to estimate both a random study effect (intercept in dose-response for iodine) and a random effect for iodine (slope of the dose-response for iodine), this inability whatever the number of qpoints for the quadrature we specified in the GLIMMIX procedure in order to fit the integration which approximates the likelihood (201).

Conditional Logistic Regression

The data were analyzed by conditional logistic regression (202) with the software SAS® v9.4

(Statistical Analysis System, SAS Institute, Inc., Cary, North Carolina), applying the PROC LOGISTIC procedure.

Logistic regression ( 203) is a model used to estimate the probability of a binary response Y based on one or more independent variables X i which can be quantitative or qualitative. It allows one to say that the presence of a risk factor X i increases the probability of a given disease Y (here, differentiated thyroid cancer) by a specific percentage: 

 p X X X D P ,..., , 2 1  .
In the case of a single variable X, the logistic regression model is written:

      X e X f X D P         1 
1 , here f is the logistic function.

For example, the association between the disease D and an exposure X (exposed X 1 / unexposed X 0 ) is measured with the following logistic model:

for the exposed subjects:  

          e P X D P 1 1 1 1 and                e e P 1 1 1 97   1 1 1 1 1 X P P Ln P Logit       -for the unexposed subjects:         e P X D P 1 1 0 0 et        e e P 1 1 0   0 0 0 0 1 X P P Ln P Logit      
We thus obtain the odds ratio (OR) defined by:

        0 1 0 1 X X P Logit P Logit OR Ln      or       0 1 0 0 1 1 1 1 X X e P P P P OR       .
 is estimated by maximum likelihood estimation (MLE) method, which estimating the parameters of a statistical model given observations, by finding the parameter values that maximize the likelihood of making the observations given the parameters.

In case-control studies with matched data, the conditional logistic regression model is used. A matched population sample can be considered as a stratified sample at the extreme, each stratum consisting of the subjects of the same pair. Then, the conditional logistic regression model is written:

    X k e X D P        1 
1 , here k is the number of strata and k  varies from one stratum to another.

To estimate the parameters, the likelihood k V in each stratum was calculated. After simplification, the conditional likelihood for the stratum k is written:

k k k x x x k e e e V 1 0 0         , k V
no longer depends on k  . Then, the product of k V is made to obtain the total likelihood.

The value  ˆ that maximizes this total likelihood makes it possible to calculate    êxp which is an unbiased estimate of the OR.

For potential risk factors, ORs (95% CI) for the risk of DTC were computed by conditional logistic regression models, stratified by age class, sex and study, and they were later adjusting for smoking status, ethnicity, education level, number of full term pregnancies, body surface area (BSA), radiotherapy for previous cancer, first-degree relative thyroid cancer history, and energy intake. 3428 individuals have completed data for all these variables. In addition, to to a previous cancer (excluding thyroid cancer), and only 5.5% of the cases declared that they had had a first-degree relative thyroid cancer history (Table 4-3).

FOOD CONSUMPTIONS OF THE STUDY PARTICIPANTS

Table 4-4 shows us the average of food consumptions (g/day) in the 20 sub-groups by the case, the control, and all the study participants, the detailed food items of the sub-groups were the same as those in the Cuba study that I presented before (see 3.2.1 Table 3-1). Overall, fruits (456 g/day), other vegetables (239 g/day) and yoghurt (148 g/day) were the first three most consumed foods among all the study participants comparing with chips (16 g/day), egg (16 g/day) and shellfish (9 g/day) which were the least consumed foods in the studied pooled populations (Figure 45). 

DIETARY ENERGY INTAKE OF THE STUDY PARTICIPANTS

Table 4-5 shows us the average of dietary energy intake (kcal/day) in the 20 sub-groups of the cases, the controls and all the study participants, respectively. Overall, fruits (260 kcal/day), rice (139 kcal/day) and dessert (134 kcal/day) were the first three food sub-groups which had the most dietary energy intake among all the study participants comparing with tomatoes (23 kcal/day), shellfish (10 kcal/day) and cabbages (9 kcal/day) which had the least dietary energy intake in the studied pooled populations (Figure 456). 

DIETARY IODINE INTAKE OF THE STUDY PARTICIPANTS

Table 4-6 shows us the average of dietary iodine intake (µg/day) in the 20 sub-groups of the cases, the controls and all the study participants, respectively. Overall, yoghurt (23.43 µg/day), fish (13.82 µg/day) and cheese (11.13 µg/day) were the first three food sub-groups which had the most dietary iodine intake among all the study participants comparing with pulses (1.11 µg/day), alcohol (0.86 µg/day) and cabbages (0.30 µg/day) which had the least dietary iodine intake in the studied pooled populations (Figure 4567). Overall, the majority of the cases (n=966, 45%) and the controls (n=1,164, 45%) were considered as being in mild iodine deficiency according to the IGN classification (APPENDIXES 3Supplement Table 2). When considering the pooled analysis of the 5 casecontrol studies from Epi-Thyr consortium, we did not evidence a significant association between dietary iodine intake and DTC risk, either when considering the quartiles of dietary iodine intake of the controls in each study (with or without iodine in bread, Table 4-8, Table 4-12, Table 4-13), or when considering estimated dietary iodine intake (with or without iodine in bread) as a continuous variable in a logit linear or a linear model (Table 4 -11), or when classifying by the IGN classification (Crude p-trend = 0.1, APPENDIXES 3Supplement Table 2).

This no significant association was confirmed when excluding the microcarcinoma cases (Table 4567891011. 

Heterogeneity between Studies

The global heterogeneity between studies in dose-response for estimated dietary iodine intake was significant, when classifying iodine intake by the IGN classification (p-heterogeneity = 0.02), or when dietary iodine intake as a continuous variable in µg/day in a log linear model (p-heterogeneity = 0.02), (Table 456789).

Because of this significant global heterogeneity between studies, we investigated heterogeneity between each study and the four others. Dose-response in the French Polynesia study was significantly different from the other 4 studies, for all the 3 dietary iodine intake variable classifications. For other studies, interaction reaches significance only for 1 or none of these variable classifications (Table 456789).

Overall, these results were confirmed when excluding iodine present in bread, the microcarcinoma cases. 

Heterogeneity between Ethnicity

Because of the heterogeneity observed between studies, and the studies were multiethnic, we thus investigated the interaction between ethnicity and iodine dose-response.

A significant global heterogeneity between ethnicity in dose-response for estimated dietary iodine intake was evidenced when classifying iodine intake by the IGN classification (pheterogeneity = 0.02), or when dietary iodine intake as a continuous variable (µg/day) in a log linear model (p-heterogeneity = 0.02), but onrly near from signification when considering the quartiles of the dietary iodine intake of the controls in each study (p-heterogeneity = 0.08), (Table 45678910).

Overall, these results were confirmed when excluding iodine present in bread, the microcarcinoma cases.

European ethnicity counted for about 64% (3017/4733) of the participants in the pooled analysis, that's why this ethnicity was considered as the reference for ethnicity by ethnicity comparison. When considering dietary iodine intake dose-response in European as the reference, iodine dose-response in Polynesian was significantly different for all the 3 of the dietary iodine intake variable classifications (Table 45678910. Given the significant heterogeneity in dietary iodine intake dose-response by ethnicity was mostly due to the difference between Polynesian ethnicity and the others, we chose to regroup these other ethnicities in one group to investigate in details this dose-response (Table 4567891011.

When considering the dose-response for dietary iodine intake in other ethnicities as the reference, the dose-response in Polynesians was significantly different, when dietary iodine intake was considered as a continuous variable in a logit linear model or in a linear model , or when considering the quartiles of the dietary iodine intake of the controls in each study (Table 456789101112). These results were confirmed when excluding iodine present in bread, near from signification when excluding the microcarcinoma cases (Table 4-11, Table 456789101112. 

Interaction with the 4 Investigated SNPs

For the 4 investigated polymorphisms which had been identified as associated with the risk of developing DTC, the 2 French metropolitan studies have the most Minor Allele Frequencies (MAF) of the SNP rs965513 in both cases and controls comparing with the other studies; For the SNP rs1867277, at the opposite of the other studies, the GG genotype in the cases (22%)

of the Young-Thyr study was less frequent than the AA genotype (27%); In general, the A/A allele comparing with the other alleles of the SNP rs1801516 was very less present in both cases and controls of all these 5 studies, which could be considered as a minor allele of ATM in general population; However, the T/T allele comparing with the other alleles which was less frequent in both cases and controls in the southern Asia-Pacific populations samples, while it was more frequent in the French population samples, whereas it was more frequent in the cases (35%) but less frequent in the controls (19%) of the Cuban population sample (Table 4567891011121314. 
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We would like to reproduce the association between these 4 investigated polymorphisms and the risk of DTC in the pooled analysis. In fact, according to our statistical analyses, the SNP rs965513 (near FOXE1) and the SNP rs944289 (near NKX2-1) significantly associated with DTC risk both in univariate and multivariate analyses (p-trend ≤ 0.0001, in the multivariate analysis, adjusted variable including dietary iodine intake); However, the SNP rs1867277 (FOXE1) significantly associated with DTC risk only in univariate analysis (p-trend < 0.0001); Nevertheless, we did not observe a significant association between the SNP rs1801516 (ATM) and DTC risk, neither in univariate nor in multivariate analyses (p-trend = 0.8) (Table 456789101112131415. 
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In the French Polynesia study, a reduction of DTC risk (p-trend = 0.009) was observed among people who consumed more iodine than the median value (p-interaction = 0.02) and does not carry minor allele (A) of the SNP rs965513 near FOXE1, this reduction of risk when increasing dietary iodine intake was not observed in the rare allele carriers . At the opposite, in the Cuba study, I identified a strong increase of DTC risk associated with the number of copies in the minor allele (A) of this SNP (p-trend = 0.0003), among people who consumed less iodine than the median value, this association did not exist among those who consumed more iodine than the median value (p-interaction=0.01) (Figure 4-10). However, other from the French Polynesia study, the Cuba study didn't have independent effect of iodine intake (Adjusted p-trend = 0.7, Table 45678). No significant interaction was observed in other studies or in ethnicity, and other SNPs (Table 45678910111213141516).

All the above results remained very similar when reanalyzing this pooled analysis on excluding iodine in bread. Moreover, all these results remained very similar when restricting only for papillary thyroid cancer (PTC) patients (88% in this pooled analysis). 

FISH CONSUMPTION

In the pooled analysis, fish consumption provided about 11% of total dietary iodine intake, ranging from 6% in the Cuba study, to 24% in the French Polynesia study. Overall, DTC risk significantly decreased with high fish consumption (Adjusted p-trend = 0.003), the lowest quartile being associated to a DTC risk of 1.33 (95% CI: 1.08-1.64), as compared to the highest quartile , this result was confirmed when excluding the microcarcinoma cases (Adjusted p-trend = 0.0002).

A significant interaction was observed between studies, the reduction in DTC risk per quartile of fish consumption was more important in the Cuba study than it in the other studies. This significant interaction was observed when considering all the DTC cases (Adjusted pinteraction = 0.04), but was not kept when excluding the microcarcinoma cases (Adjusted pinteraction = 0.1), the OR of DTC risk decreases per quartile of fish consumption being 4.1 in this former analysis.

A significant interaction was also observed with the SNP rs944289 near NKX2-1, the reduction in DTC risk per quartile of fish consumption was more important in carrier of at least one minor allele of this SNP. This interaction was almost significant when considering all the DTC cases (Adjusted p-interaction = 0.1), and when excluding the microcarcinoma cases (Adjusted p-interaction = 0.07), the ratio of risk decreases per quartile of fish p-trend < 0.0001 p-trend = 0.02 consumption between carriers of at least 1 minor allele and the others being also 3.9 in this former analysis. 

DISCUSSION

SUMMARY OF THE RESULTS

Overall, the majority of the cases (n=966, 45%) and the controls (n=1,164, 45%) were considered as being in mild iodine deficiency according to the IGN classification. There was non-significant association between dietary iodine intake and DTC risk except in the French Polynesia study, a higher dietary iodine intake was significantly associated with a lower DTC risk. This heterogeneity between studies was due to heterogeneity between ethnic groups, mainly due to a difference in dose-effect relationship between Polynesians and other ethnic groups. Among the Polynesians, a higher dietary iodine intake was significantly associated with a lower DTC risk, whereas this association did not present in other ethnic groups.

A reduction of DTC risk was observed among people who consumed more iodine than the median value and does not carry minor allele (A) of the SNP rs965513 near FOXE1, this reduction of risk when increasing iodine intake was not observed in the minor allele carriers, this effect has been identified only in the French Polynesia study; however, a strong increase of DTC risk associated with the number of minor allele (A) of this SNP among people who consumed less iodine than the median value, this effect has been identified only in the Cuba study.
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DTC risk also significantly increased with increasing number of full term pregnancies among the iodine deficient women.

In the pooled analysis, DTC risk significantly decreased with increasing fish consumption, a significant interaction was observed between studies, the reduction in DTC risk per quartile of fish consumption was more important in the Cuba study than it in the other studies.

STRENGTHS AND LIMITATIONS OF THE STUDY

To the best of the authors' knowledge, this present pool study is the first and the largest casecontrol study to investigate iodine status and thyroid cancer risk in heterogenetic ethnicities across different geographic zone of the world. Another point worth mentioning is that we have elaborated two special food composition tables (FPFCT2013, CFCT 2014, see 1.3.1.3) to measure the quantity of iodine in typically French Polynesian and Cuban food samples for this study, which gave us normative, accurate dietary iodine measurements for the French Polynesian and Cuban populations. Although the two tables have not been applied to all of the food items in the two studies, knowing that until now, no such measurement of iodine has been performed by other organizations for typically French Polynesian, Cuban or Latino food.

As with any case-control study, this pooled analysis of the 5 case-control studies has some limitations. Self-reported food consumptions led to imprecise measures and recall bias. The dietary questionnaires were heterogenetic between each individual study, each study did not have the equal and same food items, because these 5 studies were carried out in 5 different places and the dietary patterns could be different between one and others, in order to solve this problem, we stratified all the statistical analyses by study. Besides, in the daily life, each food item is a dependent variable but in the questionnaire, we inquire the study participant in an independent way, it may over-estimate the daily food consumption, thereby, over-estimate the daily dietary iodine intake. Nevertheless, if this over-estimation exists, it will be systematically applied to both cases and controls in this pooled analysis, so the overall estimation of the DTC risk OR will not be deflective. Additionally, this independent effect was compensated by the frequency of the food consumption (by day, week or month). We agree that urine or blood iodine concentration is regarded as the worldwide standardization to estimate the iodine status of general population. Nevertheless, our case-control studies used food frequency questionnaire rather than urine or blood iodine concentration to measure the dietary iodine intake is not seems like a good way, because they were not designed to estimate the iodine status of general population, but to perform comparisons of certain potential characteristics (in this present study is the dietary iodine intake) between the cases and the controls. In addition, even if we had performed urine iodine measurement, it would have been confused by thyroid hormone replacement therapy received by the DTC cases of our studies due to their previous thyroidectomy. Therefore, iodine measured in urine of the cases would not have any clinical meaning. Another limitation could come from the difficulties to quantify iodine in diet, as iodine is very volatile, and the use of food composition tables in which the different values for different food items have not been assessed using the same iodine quantification methodology, which led to extremely variable value, in particular for fishes, it strongly depends on the species, the places of capture and the laboratory validation method of iodine measurement in this food, for example, in the French CIQUAL 2013 food composition table (124), for fish group, iodine content in natural albacore tuna was 1 µg/100g, but in raw tuna was 36.7 µg/100g. With such a large distribution echelon of iodine measurement among places of capture, laboratories, it did not seem pertinent to propose an average value. This problem only concerns the CIQUAL food composition table, but not the two tables performed by ANSES for our studies.

Another point worth discussing is that, we didn't include iodized salt in the statistical analyses, although we didn't have quantified but qualified information (always; sometimes; no) about iodized salt in our questionnaire, nevertheless, we did have the iodine (10.25 µg/g, 95% CI = 8. 65-11.84) and selenium (0.022 µg/g, 95% CI = 0.013-0.031) content measurement in the iodized salt in CFCT 2014 (see 1.3.1.3) and in the French CIQUAL 2013 food composition table (124). Indeed, it is difficult to take iodized salt into account because firstly, we didn't know exactly when was the systematic iodized salt policy carried out in the countries or regions included in this pooled analysis. If it was carried out prior to the reference year (cancer diagnostic year for the cases and the same year for their eligible matched controls) of the study participants, normally, 100% of the participants had to use iodized salt in their daily life; if it was carried out during interval of their reference years, it is difficult to know how many percent of the study participants using iodized salt in their daily life, in particular, some participants were even not able to make difference between ordinary salt and iodized salt; if it was carried out after the upper bound of their reference years interval, especially for the elder participants in the French Polynesia and the New Caledonia studies, normally, 0% of the participants used iodized salt in their daily life because it hadn't existed at that time.

Moreover, even if we had known the time when launching the iodized salt policy, we would not have had the accurate information about the frequency and the quantity of using iodized salt in their daily life because salt is not an independent variable, it dependents on the cooking patterns and the dietary habits, for example, table salt supplementation is a dietary habit rather for the French than for the French Polynesian, the New Caledonian and the Cuban. Due to these variabilities and uncertainties, the "iodized salt" issue is quite difficulty to interpret because of the possible confusion.

COMPARISON RESULTS FROM THE LITERATURE

In this pooled analysis, dietary iodine intake didn't significantly associated with DTC risk whatever classified by the IGN classification or by the distribution value of the quartiles in the controls of each study, or considering iodine intake as a continuous variable, or considering the ratio between dietary iodine intake and dietary energy intake. A case-control study with the similar method of ours reported the same result as ours based on 191 cases and 442 controls in Hawaiian adults ( 103). Another caseŔcontrol study of 608 women with thyroid cancer and 558 controls in northern California showed that a significant reduction in the papillary thyroid cancer risk was seen in the highest iodine intake quintile (> 537 μg/day) compared with the lowest (< 273 μg/day) (OR = 0.49, 95 % CI: 0.29, 0.84). Iodine intake from food alone was not associated with risk, but iodine intake from supplements was [START_REF] Horn-Ross | Iodine and thyroid cancer risk among women in a multiethnic population: the Bay Area Thyroid Cancer Study[END_REF].

The previous paper of the New Caledonia study about iodine intake and thyroid cancer risk found the same result as the present pooled analysis, but at that time, iodine intake was computed only using the French food composition table CIQUAL 1995 (205), which did not have data for some local seafood, so iodine intakes may have been underestimated (104); However, even the present pooled analysis took this previous study limitation into account and used the new measurements made by French ANSES (FPFCT 2013 andCFCT 2014, see 1.3.1.3) for the local food, and for the other general food, the French CIQUAL 2013 food composition table (124) was as a necessary complement, this non-significant association has not been changed. Nevertheless, the present pooled analysis confirmed with the previous paper of the French Polynesia study about the significant reduction of DTC risk with the increasing dietary iodine intake (105). The meta-analysis of publications of animal and human studies about iodine intake and thyroid cancer risk done by Zimmermann et al. (106) examined the four case-control studies described above, by adjusting OR for the highest iodine intake quartile compared to the lowest quartile, and revealed the odds for thyroid cancer risk were 23 % less in the highest quartile of iodine intake versus the lowest, although this effect was only borderline significant (OR = 0.77; 95 % CI: 0.58-1.02; p = 0.068).

Moderate evidence for between-study heterogeneity (I 2 = 42.6 %; p = 0.058) was reported.

Except the SNP rs944289 near NKX2-1, minor alleles of the other three investigated SNPs were not more frequent in the controls of the French Polynesia, New Caledonia and Cuba studies than in the controls of the two French studies (Table 4567891011121314. That suggests the risk allele of the two SNPs in FOXE1 gene could be more frequent in European populations rather than in Polynesian, Melanesian, Caribbean or other island populations. However, this situation was just reverse for minor allele of the SNP rs944289 near NKX2-1. These results were concordant with the previous findings ( 134).

The result that dietary iodine intake interacts with number of minor allele A of the SNP rs965513 near FOXE1 in the risk of DTC, was valid only for the French Polynesia and Cuba studies, and dietary iodine intake only interacts with this SNP, it may be due to the genetic specificity in these populations. Furthermore, the French Polynesia and the Cuba studies had the more mixed races people compared to the other studies, we assume that being mixed race present less number of minor allele (A) of the SNP rs965513, and less risk of DTC, especially for the half-breeds in French Polynesia who consumed more iodine and for the half-breeds in Cuba who consumed less. To the best of the authors' knowledge, except my previous publication of the Cuba study (113), gene-environment interactions in DTC risk have only been investigated in relation to radiation exposure in two candidate regions approach, in fact, a Chernobyl accident post consequence investigation conducted a genome-wide association study, employing Belarusian patients with PTC aged 0-18 years at the time of accident and age-matched Belarusian control subjects. They identified 4 SNPs (rs925489, rs7850258, rs965513 and rs10759944) at chromosome 9q22.33 showing significant associations with radiation-related PTC (MantelŔHaenszel P: mhp = 1.7×10 -9 to 4.9×10 -9 ). The association was further reinforced by a validation analysis using one of these SNP markers, rs965513 near FOXE1, with a new set of samples (overall mhp = 4.8×10 -12 , OR = 1.65, 95% CI: 1. 43-1.91).

They also tested rs944289 near NKX2-1 at 14p13.3, no association with radiation-related PTC was obtained (mhp = 0.17) (44). However, until now, except the studies of Epi-Thyr consortium, no gene-environment interaction study has investigated an association with FOXE1 and dietary iodine intake.

In this pooled analysis, we found that DTC risk significantly increased with increasing number of full term pregnancies among the iodine deficient women. Moreover, the infants born of the mothers with iodine deficiency have high cretinism risk, characterized by severe delays in physical and mental growth, language disorders, deafness and dwarfism. According to the meta-analysis of Bleichrodt and Born, iodine deficiency is the leading cause of brain damage in infants, and it can lose 13.5 IQ points on average (206). A more recent metaanalysis conducted on studies in China produced a very similar result (207). During the pregnancy, hormone synthesis is increased to maintain both mother and fetus metabolism, and iodine requirements are increased by 150 µg/day to 220 µg/day during pregnancy, and 270 µg/day during breastfeeding (208). In the previous publication of the Young-Thyr study about reproductive factors in DTC risk, Xhaard et al. found that having high number of pregnancies was significantly associated with high DTC risk in women with 35 years old or below who lived in eastern France [START_REF] Xhaard | Menstrual and reproductive factors in the risk of differentiated thyroid carcinoma in young women in France: a populationbased case-control study[END_REF]. A meta-analysis with 21 studies including 406,329 study participants suggested a strong association of parity (≥ 3 pregnancies) with the risk of thyroid cancer [START_REF] Zhou | Association of thyroid carcinoma with pregnancy: a meta-analysis[END_REF]. Early population-based case-control study of thyroid cancer also demonstrated that among females, the radiogenic risk appeared to be potentiated by the number of subsequent live-births [START_REF] Kleinerman | A population-based case-control study of thyroid cancer[END_REF]. Three case-control studies performed in the USA [START_REF] Preston-Martin | Thyroid cancer among young women related to prior thyroid disease and pregnancy history[END_REF], in China [START_REF] Duda | A case-control study of thyroid cancer in women under age 55 in Shanghai (People's Republic of China)[END_REF] and in New Caledonia ( 84) respectively revealed evidence of high risk in women who had been pregnant and who had a high number of pregnancies. However, the results above simply based on the association between number of pregnancies and thyroid cancer risk, in this present pool analysis, we are the first to investigate the interaction between number of pregnancies and iodine status in thyroid cancer risk. A possible explanation for the higher risk of DTC in women who have had a high number of pregnancies and were in iodine deficiency status could be the acceleration on proliferation of thyroid cells, among iodine deficiency people, maybe among pregnant women who were iodine deficiency, the effect of thyroid cells proliferation is accumulate, as maternal thyroid activity increases during pregnancy [START_REF] Sack | Thyroid function in pregnancy Ŕ maternal-fetal relationship in health and disease[END_REF].

Estrogens, which are elevated during pregnancy, are associated with elevated serum thyroxin and triiodothyronine levels, which might induce high cell turnover [START_REF] Adami | Textbook of Cancer Epidemiology[END_REF]. The highest levels of serum TSH, even within the normal range, are associated with a subsequent diagnosis of thyroid cancer in individuals with thyroid abnormalities [START_REF] Haymart | Higher serum thyroid stimulating hormone level in thyroid nodule patients is associated with greater risks of differentiated thyroid cancer and advanced tumor stage[END_REF]. Repeated pregnancies may increase the risk of DTC by revealing DNA damage due to carcinogens, such as ionizing radiation, that may have remained silent without pregnancies [START_REF] De Vathaire | Thyroid cancer following nuclear tests in French Polynesia[END_REF].

DTC risk significantly decreased with increasing fish consumption but there was no association with dietary iodine intake within the pooled analysis, however, in general, iodine is rich in fish. This result could be explained by the presence of protection factors in fish, maybe selenium, maybe omega-3 polyunsaturated fatty acids or others. Several publications showed current evidence for an interaction between genetic polymorphisms and dietary LCn-3 PUFA in the risk of breast, prostate and colorectal cancers, in regards to inflammation and eicosanoid synthesis: Lower activity genotypes of the GSTM1, GSTT1, GSTP1 genes associated with higher breast cancer protection with high intake of marine n-3 FA (209); High intake of n-3 FA associated with low risk of prostate cancer (210); C allele at locus rs5275 correlated with low risk of prostate cancer with high intake of fatty fish (211); Carriers of T allele of rs7873087 of PGES gene with high fish intake have low colorectal cancer risk; Contrarily, carriers of Ile variant of EP4 gene showed correlation between high fish intake but high colorectal cancer risk (212). However, a meta-analysis with systematic review showed that omega-3 polyunsaturated fatty acids has been found to be beneficial for brain development, furthermore, higher fish intake significantly related with lower risk of brain cancer based on nine observational studies, dose-response analysis showed that the RR per 100 g/day increase in fish intake was 0.95 (95% CI: 0.91-0.98) ( 213). In a recent study by Haslam et al. (214), the effects of fish consumption on the risk of thyroid cancer in humans were examined. Prior to this study, there was no report on any association between ingestion of PCBs (Polychlorinated biphenyls from fish consumption) and thyroid cancer, PCBs are known as endocrine disruptors and have potential effects on thyroid functions. The authors recruited participants (135 sports fishermen and their spouses) from the New York State Angler Cohort Study (215). The controls were matched with the same sex ratio of the thyroid cancer cases. The scientists asked the participants about their fish consumption patterns at the beginning of the study in 1991, and then followed the participants for 17 years (from 1991 to 2008), to observe incidences of thyroid cancer and to determine any differences between the fish consumers and non-fish consumers. Using this information, the authors estimated exposure to PCBs and the intake of omega-3 fatty acids from fish consumption. In total, 27 thyroid cancer cases were reported with 108 control participants. Results showed that there was no significant association between total fish consumption or the estimated PCBs intake from Great Lakes fish and the thyroid cancer incidence. Previously reported findings indicate that fish consumption was associated with a higher thyroid cancer risk in areas with an iodinerich diet, but high fish consumption had a protective effect of thyroid cancer in areas with endemic goiters (216). In the analyses of Haslam et al. (214), there were no differences in previous diagnosis of a thyroid goiter between cases and controls, but fish asked about in these analyses did not come from iodine-rich waters. Taken together, this may partially explain why there was no association seen between Great Lake fish consumption and thyroid cancer. Nevertheless, those who had higher long-term estimated omega-3 fatty acids consumption from Great Lakes fish had lower incidence of thyroid cancer than those with lower omega-3 fatty acids consumption. These results suggest that long-term intake of omega-3 fatty acids from Great Lakes fish may protect against the development of thyroid cancer.

Other explanation maybe the inaccuracy in the estimation of dietary iodine intake in this pooled analysis, it did not only depend on the auto-declaration of our dietary questionnaire, but also depended on all the food composition tables we used for dietary iodine intake calculation. Different food species items, different gastronomies and especially, different criterions of laboratory measuring validation (for example, for the same food item which reached the limit of detection or the limit of quantification of iodine, one laboratory chose the average iodine content of the limit of detection value and the limit of quantification value of several different measurements, another laboratory preferred the least restrictive value which could mediate the limit of detection value or the limit of quantification value), all these variations introduce the inaccuracy, that may be more important than the inaccuracy in the estimation of fish consumption which only depended on the auto-declaration of our dietary questionnaire.

CONCLUSION

Overall, in this pooled analysis, the majority of the studied population was considered as being in mild dietary iodine deficiency according to the IGN classification. Although DTC risk was not found to be linked to dietary iodine intake, this risk significantly decreased with high fish consumption, this reduction in DTC risk per quartile of fish consumption was more important in the Cuba study than it in the other studies. Additionally, higher dietary iodine intake may reduce DTC risk only in French Polynesia and in Polynesians. A strong increase in DTC risk associated with the number of the minor allele (A) of the SNP rs965513 near FOXE1, among people who consumed more iodine than the median value in the French Polynesia study, but among people who consumed less iodine than the median value in the Cuba study. For the women who had a high number of full term pregnancies and who were iodine deficient, increasing dietary iodine intake may reduce their risk of suffering from DTC, thus reduce the hereditary risk to their infants.

PART V: FINGERNAIL SELENIUM AND THYROID CANCER RISK: A CASE-CONTROL STUDY IN FRENCH POLYNESIA

133 Selenium is an essential trace element present mainly in grains, meat, fish, eggs, and dairy products, as well as multivitamin supplements (217,218). Like iodine, the selenium content of a given food strongly depends upon the geographic location where it is produced, as plant uptake is largely influenced by the availability and chemical species of selenium in the soil (217). The redox-protective properties of selenium are important during oxidative thyroid hormone production, in which thyroid cells produce excess H 2 O 2 and reactive oxygen species.

Due to its ability to protect the thyroid gland and maintain thyroid hormone production, there is a high concentration of selenium in the thyroid (217), and supply of selenium to the thyroid is prioritized even during periods of selenium deficiency (219).

Although numerous studies have shown that selenium deficiency may be associated with an increased risk for several types of cancer (220,221,222,223), the relationship between selenium and thyroid cancer has been examined in few studies. One in vitro study showed that selenium causes growth inhibition of thyroid cancer cells accompanied by cell-cycle arrest in the S and G2/M phases (224). In addition, a small case-control study of 43 thyroid cancer cases showed a significant increased risk for low compared to high prediagnostic serum selenium concentrations ( 225).

In the present study, we examined the association between fingernail selenium concentrations with thyroid cancer in a case-control study of men and women in French Polynesia, a country who has high incidence of thyroid cancer in females (226) also highly exposed to selenium mainly through fish consumption (227). In contrast to other biomarker measures of selenium, such as blood or urine, nail concentrations represent longer-term exposure, typically the previous three to six months.

MATERIALS AND METHODS

STUDY PARTICIPANTS

The process for selection and interviews of thyroid cancer patients and controls has been extensively described in 2.3.2. In total, the study population included 229 interviewed cases and 373 interviewed controls, with 85 cases (37%) matched to one control and 144 cases (63%) matched to two controls. We further excluded 6 cases and 9 controls for missing data on fingernail selenium, and a batch of 8 cases and 33 controls for which all measures of any inhabitants remained higher than in the other inhabitants of French Polynesia (p = 0.05) (Table 5-1). We did not evidence a significant association between fingernail selenium levels and thyroid cancer risk in models that were conditioned on year of birth and gender and further adjusted for year of birth (highest versus lowest quartile: OR = 1.12, 95%CI: 0.66-1.90; p-trend = 0.30) (Table 5-2). After additional adjustment for age at the moment of the diagnosis of cancer, ethnicity, education, BMI, smoking status and radiotherapy treatment to the head or neck, this association with the risk of thyroid cancer comparing the highest to the lowest quartile was also non-significant (OR = 1.02, 95%CI: 0.56-1.84; p-trend = 0.60) (Table 5-2).

Among the studied population, average fingernail selenium concentration was 0.75 μg/g in smokers and 0.80 μg/g in non-smokers (p < 0.0001). We did not observe evidence for a significant effect modification by sex, smoking status, BMI, histological type, fingernail iodine and dietary iodine (all p-interaction > 0.05; Table 5-2). A significant interaction was evidenced between selenium and tumor size (p = 0.04): when restricting the analysis to differentiated thyroid cancer's longer diameter of 10 mm or more, selenium in nails was nearly significantly positively (p = 0.09) linked to thyroid cancer risk. This relationship was enhanced when restricting the analysis to papillary thyroid cancer's longer diameter of 10 mm or more (p = 0.05). Although no significant interaction was evidenced between iodine in nails and selenium in nails effect (p = 0.70), a nearly significant positive association (p = 0.10) between fingernail selenium and thyroid cancer risk was seen in patients with less than 3 ppm of iodine in nails. A similar result also has been found in which a nearly significant positive association (p = 0.10) between fingernail selenium and thyroid cancer risk was seen in patients with less than 117 mg/1,000 kcal of dietary iodine intake (Table 5-2). 3 One case and one control were excluded from the analysis due to missing data on BMI.

There was no clear association of fingernail selenium for cases who were interviewed and provided fingernail samples less than 3 years, 3 to 7, 7 to 11 or more than 11 years after diagnosis (all p-trend > 0.05; Table 5-3). 

SUMMARY OF THE RESULTS

Our objective was to examine the association between fingernail selenium concentration and thyroid cancer in French Polynesia, a country highly exposed to selenium mainly through fish consumption and characterized by mild iodine deficiency (105).

Overall, we did not evidence a significant association between fingernail selenium levels and thyroid cancer risk. Fingernail selenium levels were higher in subjects with high BMI and in non-smokers, and among controls only, in older subjects. Furthermore, fingernail selenium levels were higher in inhabitants of the Marquises Islands and the Tuamotu-Gambier Archipelago. Selenium in nails was nearly significantly positively linked to the risk of thyroid cancer's longer diameter of 10 mm or more (p = 0.09). Lastly, a nearly significant positive association (p = 0.10) between fingernail selenium and thyroid cancer risk was seen in patients with less than 3 ppm of iodine in nails.

STRENGTHS AND LIMITATIONS OF THE STUDY

This analysis has important strengths including, the population-based design with virtually exhaustive identification of thyroid cancer cases in isolated Pacific Islands and a high participation rate among cases and population control subjects, which were from the population register of French Polynesia (142). Another important strength is that French Polynesia ranks as one of world's leading consumers of fish ( 229), a major dietary source of selenium ( 227), which increased the power of our analysis. Furthermore, despite recent changes in lifestyle and nutrition, an important proportion of inhabitants (at least the ones living outside Tahiti), still have a traditional diet of fish, starchy roots and fruits, and consumed at the time of interview few imported foods that are high in fat and low in fibre ( 230), and thus are more likely to accurately report their dietary intake.

This analysis also has some limitations. In regard to the statistical method, when we conditioned on age and sex using the original matching criteria (year of birth ± 6 months and sex), we observed similar results but reduced statistical power since matched groups that were missing either a case or control were dropped from the analysis.

Because of the transition in diet habits from a traditional Polynesian diet to a more Westernized one, the results of this case-control study about diet in adulthood could be confounded by diet in previous periods.

We did not find a correlation between selenium measured in fingernails and dietary selenium intake, as estimated using dietary questionnaire data and a French food composition. This lack of correlation was not surprising because the concentration of selenium in foods is largely variable and its quantification from food composition table data is uncertain. Indeed, its concentration in vegetables is dependent on the soil content in a particular geographical location (217), and its concentration in fishes is dependent on the type of cooking and variable between species (205). Therefore, our estimation of selenium in diet is probably uncertain.

Thus, biomarker measures are essential in investigating the relationship between selenium exposure and chronic disease risk.

COMPARISON RESULTS FROM THE LITERATURE

Selenium concentration in nails is a highly reproducible value. In a cohort on the investigation of dietary supplement use and cancer risk in Western Washington state, the concentration of toenail selenium without selenium supplement was about six times higher than the concentration of plasma selenium without selenium supplement, mean toenail and plasma concentrations were 1.02 ± 0.21 μg/g and 161 ± 29 μg/L, respectively (231). There are advantages to measure selenium concentration in fingernails rather than blood: the quantity of selenium in nails is more stable, cumulative, and integrates exposure occurring from 12 to 18 months before sampling (232). Additionally, collecting, transporting and storing fingernails are easier than blood.

A previous cross-sectional study, including 195 adults aged 18 years old and over from Tahiti and the Moorea islands, found that serum selenium levels in French Polynesia in 2008 were similar to those observed in Inuit adults in 1992; however, these are four times lower than

France (foods imported to Polynesia come from France), even considering the whole blood/plasma ratio (229).

We found that the highest fingernail selenium concentration of French Polynesia were in the Marquises Islands and in the Tuamotu-Gambier Archipelago, which is similar to observations performed on cord blood selenium concentration in French Polynesian new-borns in 2008 ( 229). These highest values are probably mostly attributable to higher seafood consumption, but the results shown in Table 5-1, in which the higher fingernail selenium values in controls living in the Tuamotu-Gambier Archipelago remained when adjusting for estimated dietary selenium intake, showing that other factors could interact, or that selenium level could be higher in the Tuamotu-Gambier Archipelago fishes. Because most of the fishes eaten in the atolls of the Tuamotu-Gambier Archipelago come from the lagoon, rather than the open sea like other archipelagos of French Polynesia, this result could be due to an under-estimation of selenium contents for lagoon fishes in food composition tables.

Among the studied population, fingernail selenium concentration averages in French Polynesian, 0.75 ppm in smokers and 0.80 ppm in non-smokers (p < 0.0001), are very similar to those measured in other studies, and in particular in a large cohort study of US women, which have shown that toenail selenium was significantly reduced among cigarette smokers (M = 0.75, SD = 0.12, among 146 current smokers; and M = 0.82, SD = 0.16, among 311 never smokers; p < 0.001) (233).

We found a positive relationship between BMI and selenium in fingernails, both in cases and controls (Table 5-1). Our result is in opposition with most European surveys (234,235,236) or US populations (237), in which obese patients have lower serum selenium concentration, but in agreement with Dewailly's survey of a French Polynesian sampling in which selenium concentration in blood was positively linked to BMI (229), the regression coefficient (β) being 0.02, i.e. ten times higher than in our study, among the controls (β = 0.002). A possible explication is that in the general population, BMI has a trend to rise with age, if we do not consider extreme ages. Furthermore, older people have more possibilities to eat traditional food, which is rich in selenium.

There may be a range of selenium that offers optimal protection against cancer development in general, as a deficiency in selenium has been associated with an increased risk of cancer, this association having been evidenced for selenium in hair and nails and prostate cancer in Malaysia ( 238), and selenium in serum and, respectively bladder carcinoma in China ( 223), and breast cancer in India (239). In the latter case-control study, it has been estimated that each increase of one μ mol/l of selenium was associated to decrease in 7% of breast cancer risk (239). Nevertheless, selenium supplementation may reduce cancer risk only in seleniumdeficient individuals.

Few studies have examined the association between selenium and thyroid cancer risk, however, we haven't found association between fingernail selenium and thyroid cancer risk in our results. In a case-control study of 43 cases and 129 matched controls in Norway, prediagnostic serum selenium levels were inversely associated with thyroid cancer; levels ≤ 1.25 and 1.26-1.64 µmol/l were associated with a 7.70-and 6.10-fold increased risk of thyroid cancer compared to levels ≥ 1.65 µmol/l (225). This case-control study also showed, when considering the delay from blood sampling to diagnosis of the case, that the protective effect of high serum selenium concentration was restricted to the seven-year period prior to the diagnosis of thyroid cancer, because the serum selenium concentration of cases tended to decrease, relatively to controls, when the delay from blood sampling to the diagnosis was shorter. Similarly, in an Austrian survey the average selenium blood concentration was 1.14 μmol/l in 554 healthy controls, 0.97 μmol/l in 42 patients with follicular thyroid carcinoma and 1.02 μmol/l in 73 patients with papillary thyroid carcinoma (240).

Our study did not evidence a significant association between fingernail selenium levels and thyroid cancer, even when considering only patients for which the delay between cancer diagnosis and fingernail sample was less than seven or less than three years (Table 5-3). It has to be noted that over a period of six years, selenium in toenails was one of the most reproducible trace elements (241). Therefore, our non-significant results are probably not due to the fact that we investigated post-diagnosis selenium levels rather than prediagnosis ones, except if thyroid cancer, by itself, modifies selenium level in nails. A possible explication for the lack of association could be the iodine status of French Polynesians, who could be less frequently iodine deficient than Norwegians because selenium acts synergistically with iodine.

These results could nevertheless also be due to the fact that fingernail samplings among cases were performed after thyroid cancer diagnosis and therefore during thyroid hormone substitution treatment, such as levothyrox, which could interact with selenium. Indeed, all three mono-deiodinase enzymes are selenium-dependent and are involved in thyroid hormone regulation. In this way, selenium status may affect both thyroid hormone homeostasis and iodine availability (242,243,244). Lastly, we evidenced a nearly significant positive association (p = 0.15) between fingernail selenium and thyroid cancer risk in patients with more than 30 kg/m 2 BMI (Table 5-2). This result has to be considered with caution because it is nearly significant, but it could be due to some specificity of obese patients.

Because cigarette smoking has been shown to be inversely associated with both selenium status (245) and thyroid cancer risk (246), it was important to adequately control for these exposures in our analysis. Despite having evidenced a lower selenium status in smokers than in non-smokers, we failed to show an interaction between fingernail selenium levels, smoking habit and thyroid cancer risk: both in smokers and nonsmokers, selenium status did not influence thyroid cancer risk. Nevertheless, it should be noted that such interaction tests are not very powerful in our study, given the number of patients.

CONCLUSION

In summary, our results do not support, among individuals with sufficient levels of selenium, that greater long-term exposure to selenium may reduce thyroid cancer risk. Because these findings are based on post-diagnostic measures, studies with prediagnostic selenium are needed for corroboration.

There was no significant association between dietary iodine intake and DTC risk in the Cuba study. In the pooled analysis of the five studies, the majority of the cases and the controls was considered as being in mild dietary iodine deficiency according to the IGN classification.

Although DTC risk was not found to be linked to dietary iodine intake, this risk significantly decreased with high fish consumption, this reduction in DTC risk per quartile of fish consumption was more important in the Cuba study than in the other studies. Additionally, higher dietary iodine intake significantly associated with lower DTC risk only in the French Polynesia study and in Polynesians. A strong increase in DTC risk associated with the number of the minor allele (A) of the SNP rs965513 near FOXE1, among participants who consumed less iodine than the median value in the Cuba study. For the women who had a high number of full term pregnancies and who were iodine deficient, increasing dietary iodine intake may reduce their risk of suffering from DTC, thus reduce the hereditary risk to their infants. Moreover, it was not possible to demonstrate an interest in fingernail selenium as a biomarker that predicts DTC risk.

Dietary iodine intake declared by auto-questionnaire and fingernail selenium seem like impossible to predict DTC risk, the next step, maybe we should focalize on urine iodine concentration or thyroid-stimulating hormone (TSH). My publication on FOXE1 interacts with dietary iodine intake in DTC risk within the Cuba study, and this significant interaction has been replicated in the pooled analysis for the French Polynesia and the Cuba studies, which could lead to the future biological investigation on evolution of the interaction between germline mutation and dietary iodine, thus from the dietary source, prevent thyroid cancer risk. This effect could bring big scientific interest in clinical nutrition for the prognosis of thyroid cancer patients if dietary iodine interacts with some somatic mutations as well, thus giving thyroid cancer patients high iodine content diet, may be helpful for their recovery.

Composition of high iodine content diet, as well as the quantity of optimal iodine intake, need further investigations.

Since the early 90s, iodine supplement intake from iodized salt for people in endemic-goiter areas has been compulsively carried out in order to reduce goiter incidence, however, several studies demonstrated that excess iodine intake, especially from iodine supplement may increase the incidence of papillary thyroid cancer, especially in endemic-goiter areas, if future study confirms this result, we should reconsider iodized salt compulsive policy and conditionally apply it according to different iodine status areas. As we don't have enough cases and controls classified in the excess iodine intake class according to the IGN classification, in future study, we'd better to include more study participants regarding the Epi-Thyr consortium still extends, and we will be able to include the Chernobyl post effect case-control study and the case-control study niched in the E3N cohort.

Classification of the colors of food label which indicate high iodine content food will bring some interesting scientific issues for public health.

The main perspective of my work concerns deepening my results about the specificity of the Polynesian population, which can be achieved thanks to an extension of the French Polynesia study on DTC risk associated with high number of pregnancies in women with iodine deficiency. Validation of this result will require specific studies.

Our group is organizing a GWAS on the 7 case-controls studies of the Epi-Thyr consortium in collaboration with Cancer and Environment group of Unit 1018 Inserm, and the colleagues from Curie Institute, IARC, and CNG. We use OncoArray chips (Illumina ®) designed for common cancers (lung cancer, breast cancer, prostate cancer, colon cancer and ovary cancer), composing 570,000 SNPs (including 250,000 tag-SNPs), enriched with 10,000 SNPs specially chosen for thyroid cancer, including thyroid pathway genes (cancer, signaling, synthesis), fine-Mapping at 9q22, 14q13, 2q35 and 8p12, candidate SNPs (linked with thyroid cancer, or tumor size or obesity), and tag-SNPs from candidate genes (HTR1B, LOC727677, MGMT, Mir146a, TSHR, WDR11), in order to replicate and identify common variants that can be related to DTC pathogenesis and potential interaction with environmental risk factors in multiethnic population samples.

APPENDIXES Résumé Substantiel En Français 1

L'apport alimentaire en iode, sélénium dans les ongles, et risque du cancer différencié de la thyroïde: Analyses d'études cas-témoins du consortium Epi-Thyr L'identification des facteurs environnementaux de risque du cancer différencié de la thyroïde, est rendu complexe du fait du sur-diagnostic important car il est très difficile de séparer les facteurs liés à la fréquence des consultations médicales, et donc de diagnostic, des facteurs liés à l'incidence réelle de ces cancers.

Il est établi que, dans les régions d'endémie goitreuse caractérisées par un apport d'iode insuffisant, la fréquence des goitres et des cancers différenciés de la thyroïde de type folliculaire est plus élevée qu'ailleurs. En revanche, l'influence de l'apport alimentaire en iode sur le risque de cancer papillaire, forme représentant actuellement plus de 80% des cancers différenciés de la thyroïde, dans la plupart des pays, ne fait pas l'objet d'un consensus.

Plusieurs auteurs ont affirmé qu'un apport excessif d'iode pouvait augmenter le risque de cancer thyroïdien de type papillaire. Ceci est clairement démontré pour les goitres. Dans tous les pays dans lesquels une supplémentation en iode a été introduite, une réduction de l'incidence des cancers différenciés de la thyroïde a été observée pour les formes vésiculaires et anaplastiques, mais une augmentation a été observée dans certain cas pour les formes papillaires. Il est cependant nécessaire de faire très attention dans l'interprétation de ces données, car, dans un grand nombre de pays, la supplémentation en iode a été initiée durant les années 1990, c'est-à-dire durant la période de généralisation de la biopsie à l'aiguille fine, moyen diagnostic qui a entrainé une augmentation de l'incidence observée, et probablement un sur-diagnostic important.

Une meilleure compréhension du rôle de l'apport alimentaire en iode dans le risque de cancer de la thyroïde, et des facteurs influençant ce rôle est un enjeu important pouvant avoir des applications en santé publique.

Par ailleurs, le sélénium est un oligo-élément essentiel présent principalement dans les céréales, la viande, le poisson, les oeufs et les produits laitiers. De même que pour l'iode, la teneur en sélénium d'un aliment donné dépend fortement de l'emplacement géographique où il est produit. Les propriétés de protection redox du sélénium peuvent jouer un rôle important lors de la production d'hormones thyroïdiennes. En raison de sa capacité à protéger la glande thyroïde et à maintenir la production d'hormones thyroïdiennes, il existe une forte concentration de sélénium dans la thyroïde, et l'approvisionnement en sélénium de la thyroïde est prioritaire même pendant les périodes de carence en sélénium. La carence en sélénium a été associée à un risque accru de plusieurs types de cancer, mais la relation entre le sélénium et le cancer de la thyroïde n'avait été que très peu étudiés. Les objectifs spécifiques étaient les suivants:

Objectifs

1) Estimer la relation entre des groupes d'aliments, ou l'apport alimentaire en iode, et le risque de CDT, dans une étude de cas-témoins réalisée à Cuba.

2) Établir ou de rétablir l'apport alimentaire en iode, en énergie et en sélénium, pour les participants de l'ensemble de 5 études cas-témoins du consortium Epi-Thyr réalisées en Nouvelle Calédonie, en Polynésie Française, en France métropolitaine (2 études) et à Cuba, selon les différentes tables de composition alimentaire.
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Programme de travail

Chronologiquement, dans le cadre de cette thèse de doctorat, mon travail a consisté à:

1) Etudier, à partir des données de l'étude réalisée en Polynésie Française, la différence entre la teneur en sélénium dans les ongles des mains des cas de cancer de la thyroïde et les témoins.

2) Reconstituer à partir des données des questionnaires alimentaires, l'apport alimentaire en iode, en sélénium, à partir de la nouvelle Nous n'avons pas mis en évidence d'association significative entre l'apport alimentaire en iode te le risque de DTC. Ce résultat restait identique après ajustement sur les facteurs suspectés de risque de DTC. En outre, nous n'avons pas mis en évidence d'interaction avec l'âge, le tabagisme, l'apport alimentaire en sélénium ou l'appartenance ethnique (toutes les interactions p> 0,05). Une interaction presque significative avec l'IMC a cependant été mise en évidence, une diminution du risque de DTC avec l'augmentation Nous n'avons trouvé aucune interaction entre l'apport en iode alimentaire et les polymorphismes suivants, rs944289, rs1867277 et rs71369530 dans le risque de développer un DTC. À l'inverse, une forte interaction (p-interaction multivariée = 0,005) a été identifiée entre l'apport en iode alimentaire et le rs965513 (situé près du gène FOXE1 sur le chromosome 9q22.33). Une forte augmentation du risque de cancer différencié de la thyroïde a été observée avec le nombre d'exemplaires de l'allèle mineur (A) de ce SNP parmi les personnes dont l'apport alimentaire en iode était inférieure à la médiane (<186 µg/jour). Le risque était 3,4 fois plus élevé pour les sujets portant une copie de l'allèle A et 6,7 fois plus élevé pour les sujets portant deux copies de l'allèle A, que chez les sujets sans copie de l'allèle mineur (A). J'ai donc décidé valider les analyses portant sur l'iode présent dans tous les items recueillies par des analyses excluant l'iode provenant du pain.

Le tableau 5 présente les principales sources de l'apport alimentaire en iode, chez les 2162 cas et 2571témoins des 5 études du consortium Epi-Thyr. Il montre l'importance des produits laitiers et des produits de la mer dans cet apport. Par ailleurs, sur l'ensemble des femmes de l'analyse globale, une interaction significative (p=0.05) a été mise en évidence entre l'effet de l'apport alimentaire en iode et ceux du nombre de grossesses, facteur connu de risque de cancer différencié de la thyroïde: l'augmentation du risque de cancer thyroïdien avec le nombre de grossesses était nettement plus importante chez les femmes qui avaient un apport alimentaire en iode inférieure à la médiane de cet apport dans leur étude (figure 1). Il n'a pas été possible de mettre en évidence d'interaction significative entre l'apport en sélénium et l'apport en iode dans le risque de cancer de différencié de la thyroïde.

Enfin, Il n'a pas été possible de retrouver, sur l'ensemble des études d'Epi-Thyr le résultat que nous avions mis en évidence dans l'étude réalisée à Cuba, à avoir une interaction entre l'apport alimentaire en iode et les variants du polymorphisme rs965513, ni de mettre en évidence de relation entre l'un des 3 autres SNPs étudiés et l'apport en iode dans le risque de cancer différencié de la thyroïde.

Sélénium présent dans les ongles

Le sélénium, l'iode et 4 polluants métalliques avaient été dosés dans les ongles des sujets de l'étude réalisée en Polynésie Française. Ces dosages avaient été effectués par l'Université du Québec, par spectrographie de masse après digestion dans des conditions basiques utilisant de l'hydroxyde de triméthylammonium pour l'iode, et dans des conditions acides avec de l'acide nitrique pour le sélénium. p-trend < 0.0001 p-trend = 0.02 L'analyse statistique par régression logistique conditionnelle n'a pas permis de mettre en évidence une association significative entre le taux de sélénium dans des ongles et le risque de cancer de la thyroïde. Ce résultat a été confirmé après ajustement sur l'âge au diagnostic du cancer, l'appartenance ethnique, le niveau éducation, l'indice de masse corporelle (IMC), le tabagisme et les antécédents de radiothérapie (tableau 7). Cette absence de relation n'était pas différente selon le sexe, le tabagisme, l'IMC, le taux d'iode des ongles, l'apport alimentaire en iode, ou le type histologique des cancers, (p-interaction> 0,05). 

Introduction

Thyroid cancer, the most common malignancy of the endocrine system, accounts for less than 2% of all cancers diagnosed worldwide [START_REF] Ron | Thyroid cancer[END_REF]. Iodine and selenium are dietary factors for which there is the most information to play a role in the risk of differentiated thyroid cancer. Moreover, these elements and the family of molecules in which they are present (thyroid hormones, isothiocyanates, selenoproteines) are substrates of enzymes encoded by genes whose polymorphisms are most suspected to play a role in the risk of thyroid cancer: FOXE1, FOXE2 for iodine (Gudmundsson et al., 2009), and genetic family of Glutathione-S-transferases for selenium [START_REF] Adjadj | Germ-line DNA polymorphisms and susceptibility to differentiated thyroid cancer[END_REF].

RESEARCH ARTICLE

Lack of Association between Fingernail Selenium and Thyroid Cancer

Selenium is an essential trace element present mainly in grains, meat, fish, eggs, and dairy products, as well as multivitamin supplements (Aaseth et al., 1990;Jung and Seo, 2010). Like iodine, the selenium content of a given food strongly depends upon the geographic location where it is produced, as plant uptake is largely influenced by the availability and chemical species of selenium in the soil (Aaseth et al., 1990). The redox-protective properties of selenium are important during oxidative thyroid hormone production, in which thyroid cells produce excess H 2 O 2 and reactive oxygen species. Due to its ability to protect the thyroid gland and maintain thyroid hormone production, there is a high concentration of selenium in the thyroid (Aaseth et al., 1990), and supply of selenium to the thyroid is prioritized even during periods of selenium deficiency (Fairweather-Tait et al., 2011).

Although numerous studies have shown that selenium deficiency may be associated with an increased risk for several types of cancer (Willett et al., 1983;Clark et al., 1996;Duffield-Lillico et al., 2002;Guo et al., 2012), the relationship between selenium and thyroid cancer has been examined in few studies. One in vitro study showed that selenium causes growth inhibition of thyroid cancer cells accompanied by cell-cycle arrest in the S and G2/M phases (Kato et al., 2010). In addition, a small case-control study of 43 thyroid cancer cases showed a significant increased risk for low compared to high prediagnostic serum selenium concentrations (Glattre et al., 1989).

In the present study, we examined the association between fingernail selenium concentrations with thyroid cancer in a case-control study of men and women in French Polynesia, a country who has high incidence of thyroid cancer in females (Moore et al., 2010) also highly exposed to selenium mainly through fish consumption (Dewailly et al., 2008). In contrast to other biomarker measures of selenium, such as blood or urine, nail concentrations represent longer-term exposure, typically the previous three to six months. This case-control study has already shown that a high number of pregnancies (Brindel et al., 2008), tallness and obesity (Brindel et al., 2009;Clero et al., 2010), familial history of thyroid cancer (Brindel et al., 2010), low dietary intake of iodine [START_REF] Clero | Dietary iodine and thyroid cancer risk in French Polynesia: a case-control study[END_REF], poor economic conditions (De Vathaire et al., 2010), and nuclear radiation fallout (De Vathaire et al., 2010), having a spring as the main source of drinking water (Xhaard et al., 2014) are thyroid cancer risk factors in French Polynesia.

Materials and Methods

Selection of cases and controls

The process for selection and interviews of thyroid cancers and controls has been extensively described elsewhere (De Vathaire et al., 2010). Eligible cases were born and resided in French Polynesia and had been diagnosed with differentiated thyroid cancer before the age of 56 between 1981 and 2003. Four patients between the ages of 56 and 62 at diagnosis, one case diagnosed in 1979, and two cases diagnosed in 2004 were included in the study inadvertently and were retained in the analysis. The cases were identified from the cancer registry in French Polynesia, medical insurance files, and/or four endocrinologists in Tahiti. Information on histology was obtained from the two histopathology laboratories in Tahiti and/or the endocrinologists' medical files. Of the 255 eligible differentiated thyroid cancer cases, 26 (10%) were not interviewed because they had died (n=14), could not be located (n=6), refused to participate (n=5), or were too ill to participate in the interview (n=1).

For each case, two controls were randomly selected from the birth registry in French Polynesia and matched to each case by date of birth (±3 months for the first interviewed controls, increased by ±20 days afterwards) and sex. Of the 458 randomly selected controls, 85 (19%) were not interviewed for the study because they had died (n=9), could not be located (n=29), refused to participate (n=29), were too ill to participate in the interview (n=2), or they no longer resided in French Polynesia (n=16). After these exclusions, 35 cases had one and 25 cases had no matched controls. Each of the 25 cases with no matched control was then matched to a control from among cases that had two matched controls; the matching criteria for date of birth were relaxed if necessary.

In total, the study population included 229 interviewed cases and 373 interviewed controls, with 85 cases (37%) matched to one control and 144 cases (63%) matched to two controls. We further excluded 6 cases and 9 controls for missing data on fingernail selenium, and a batch of 8 cases and 33 controls for which all measures of any elements in the fingernails were returned as null. The final analytic population was 215 cases and 331 controls.

The French Polynesian Ethics Committee approved the study, and written informed consent to participate in the study and to contact his or her physician was obtained from each participant.

Detailed characteristics of cases and controls are, as well as thyroid cancer risk factor estimates are reported elsewhere (de [START_REF] Vathaire | Thyroid cancer following nuclear tests in French Polynesia[END_REF], Xhaard et al., 2014).

Data collection

Home addresses for cases and controls were obtained through the territorial medical insurance plan that offers coverage for all inhabitants. In-person interviews were conducted in the participants' homes (though some cases were interviewed at the hospital on the day of their usual follow-up consultation) by trained interviewers and medical staff using a structured questionnaire which included questions regarding ethnicity, education, smoking, weight at various ages, personal history of thyroid disease and cancer, places of residence, reproductive and hormonal exposures, history of medical X-rays and diet.

We used a French food composition table (Favier et al., 1995) for the calculation of iodine and selenium intake because data were lacking in the Pacific Islands food composition tables [START_REF] Dignan | The Pacific Islands food composition tables -second edition[END_REF]. The overall iodine intake took into account all foods of the questionnaire, except iodized salt because we had no information on the amount of iodized salt consumption.

All participants provided fingernail clippings on the date of the interview. Clippings were stored in paper envelopes at room temperature before being transferred to the toxicology centre of the Institut National de Sante Publique du Quebec (INSPQ).

Fingernail selenium and iodine measurements

Nail samples were digested under basic conditions using trimethylammonium hydroxide for iodine and under acidic conditions with nitric acid for selenium. The digested material was directly analysed by ICP-MS (inductively coupled plasma mass spectrometry, Perkin Elmer Sciex, Elan DRCII with autosampler ESI SC-4 and work station Elan version 3.0) (Elwaer andHintelmann, DOI:http://dx.doi.org/10.7314/APJCP.2014.15.13.5187 Fingernail Selenium andThyroid Cancer Risk in French Polynesia 2007). Certified reference materials used were: Human hair powder GBW 07601 and GBW 09101b.

Statistical analysis

Descriptive statistics and trend tests in univariate analysis were performed using non-parametric Jonckheere-Terpstra test for association between two quantitative variables; non-parametric Wilcoxon rank test for association between a qualitative variable with two classes and a quantitative variable; and non-parametric Kruskal-Wallis rank tests for association between a qualitative variable with more than two classes and a quantitative variable.

The association between selenium in nails and other parameters has been investigated using generalized linear models.

We used conditional logistic regression to estimate OR and 95%CI for thyroid cancer by fingernail selenium concentration. Selenium was categorized into quartiles based on the distribution among the controls. All models were conditioned on year of birth (<1945, 1945-1955, 1955-1965, ≥1965) and sex to reduce the potential bias due to the matching process and adjusted for year of birth (continuous, per year) to control for residual confounding by age. Multivariable models were additionally adjusted for ethnicity (Polynesian, mixed, other), education (primary school or lower vs. middle school or higher), BMI at the moment of cancer (<25, 25-29.9, ≥30 kg/m 2 , missing), current smoking (yes vs. no), and radiotherapy treatment to head or neck (ever vs. never). These associations were also evaluated by sex, smoking status, BMI, thyroid cancer histology, tumour size, fingernail iodine and dietary iodine. Effect modification of selenium levels by sex, smoking status, BMI, thyroid cancer histology, tumour size, fingernail iodine and dietary iodine was evaluated using the likelihood ratio test comparing a model with an interaction term to one without. We also investigated for potential bias due to the delay between thyroid cancer diagnosis and fingernails sampling, by performing separate analysis for various categories of delay.

All statistical analyses were conducted using SAS software (version 9.3, SAS Institute Inc., Cary, NC, USA).

Results

The cases and controls were generally comparable in terms of ethnicity and level of education. Thirty percent of the tumours were less than 10 mm. About 70% of cases had papillary thyroid cancer, and 30% had a follicular type.

Among controls, higher fingernail selenium levels were observed in older people (p<0.001), and people who have higher BMI (p=0.001) and in non-smokers (p<0.0001), but in a multivariate analysis, only age (p=0.01) and smoking (p<0.0001) remained significant (Table 1). The highest fingernail selenium levels were in inhabitants of the Marquises Islands (M=0.87 μg/g) and of the Tuamotu-Gambier Archipelago (M=0.86 μg/g) (Figure 1). Adjusting by other factors, including estimated selenium and iodine in diet, selenium in the fingernails of controls from the Tuamotu-Gambier Archipelago remained significantly higher than in the rest of French Polynesian, but not from the Marquises Islands (Table 1).

On the contrary, among cases, only selenium in fingernails of the Marquises Islands inhabitants remained higher than in the other inhabitants of French Polynesia (p=0.05) (Table 1). We did not evidence a significant association between fingernail selenium levels and thyroid cancer risk in models that were conditioned on year of birth and gender and further adjusted for year of birth (highest versus lowest quartile: OR=1.12, 95%CI: 0.66-1.90; p-trend=0.30) (Table 2). After additional adjustment for age at the moment of the diagnosis of cancer, ethnicity, education, BMI, smoking status and radiotherapy treatment to the head or neck, this association with the risk of thyroid cancer comparing the highest to the lowest quartile was also non-significant (OR=1.02, 95%CI: 0.56-1.84; p-trend=0.60) (Table 2).

Among the studied population, average fingernail selenium concentration was 0.75 µg/g in smokers and 0.80 µg/g in non-smokers (p<0.0001). We did not observe evidence for a significant effect modification by sex, smoking status, BMI, histological type, fingernail iodine and dietary iodine (all p-interaction>0.05; Table 2). A significant interaction was evidenced between selenium and tumour size (p=0.04): when restricting the analysis to differentiated thyroid cancer of 10 mm or more, selenium in nails was nearly significantly positively (p=0.09) linked to thyroid cancer risk. Although no significant interaction DOI:http://dx.doi.org /10.7314/APJCP.2014.15.13.5187 Fingernail Selenium and Thyroid Cancer Risk in French Polynesia was evidenced between iodine in nails and selenium in nails effect (p=0.70), a nearly significant positive association (p=0.10) between selenium and thyroid cancer risk was seen in patients with less than 3 ppm of iodine in nails. A similar result also has been found in which a nearly significant positive association (p=0.10) between selenium and thyroid cancer risk was seen in patients with less than 117 mg/1,000 kcal of dietary iodine (Table 2).

There was no clear association of fingernail selenium for cases who were interviewed and provided fingernail samples less than 3 years, 3 to 7, 7 to 11 or more than 11 years after diagnosis (all p-trend >0.05; Table 3).

Discussion

Our objective was to examine the association between fingernail selenium concentrations and thyroid cancer in French Polynesia, a country highly exposed to selenium mainly through fish consumption and characterized by mild iodine deficiency [START_REF] Clero | Dietary iodine and thyroid cancer risk in French Polynesia: a case-control study[END_REF].

Overall, we did not evidence a significant association between fingernail selenium levels and thyroid cancer risk. Fingernail selenium levels were higher in subjects with high BMI and in non-smokers, and among controls only, in older subjects. Furthermore, fingernail selenium levels were higher in inhabitants of the Marquises Islands and the Tuamotu-Gambier Archipelago. Selenium in nails was nearly significantly positively linked to the risk of thyroid cancer of 10 mm or more (p=0.09). Lastly, a nearly significant positive association (p=0.10) between selenium and thyroid cancer risk was seen in patients with less than 3 ppm of iodine in nails.

This analysis has important strengths including, the population-based design with virtually exhaustive identification of thyroid cancer cases in isolated Pacific Islands and a high participation rate among cases and population control subjects, which were from the population register of French Polynesia (Brindel et al., 2009). Another important strength is that French Polynesia ranks as one of world's leading consumers of fish (Dewailly et al., 2008), a major dietary source of selenium (Dewailly et al., 2008), which increased the power of our analysis. Furthermore, despite recent changes in lifestyle and nutrition, an important proportion of inhabitants (at least the ones living outside Tahiti), still have a traditional diet of fish, starchy roots and fruits, and consumed at the time of interview few imported foods that are high in fat and low in fibre (World Health Organization, 2003), and thus are more likely to accurately report their dietary intake.

This analysis also has some limitations. In regard to the statistical method, when we conditioned on age and sex using the original matching criteria (year of birth±6 months and sex), we observed similar results but reduced statistical power since matched groups that were missing either a case or control were dropped from the analysis.

Because of the transition in diet habits from a traditional Polynesian diet to a more Westernized one, the results of this case-control study about diet in adulthood could be confounded by diet in previous periods.

We did not find a correlation between selenium measured in fingernails and dietary selenium intake, as estimated using dietary questionnaire data and a French food composition. This lack of correlation was not surprising because the concentration of selenium in foods is largely variable and its quantification from food composition table data is uncertain. Indeed, its concentration in vegetables is dependent on the soil content in a particular geographical location (Aaseth et al., 1990), and its concentration in fishes is dependent on the type of cooking and variable between species (Favier et al., 1995). Therefore, our estimation of selenium in diet is probably uncertain. Thus, biomarker measures are essential in investigating the relationship between selenium exposure and chronic disease risk.

Selenium concentration in nails is a highly reproducible value. In a cohort on the investigation of dietary supplement use and cancer risk in Western Washington state, the concentration of toenail selenium without selenium supplement was about six times higher than the concentration of plasma selenium without selenium supplement, mean toenail and plasma concentrations were 1.02±0.21 µg/g and 161±29 µg/L, respectively (Satia et al., 2006). There are advantages to measure selenium concentration in fingernails rather than blood: the quantity of selenium in nails is more stable, cumulative, and integrates exposure occurring from 12 to 18 months before sampling (Fleckman, 1985). Additionally, collecting, transporting and storing fingernails are easier than blood.

A previous cross-sectional study, including 195 adults aged 18 years old and over from Tahiti and the Moorea islands, found that serum selenium levels in French Polynesia in 2008 were similar to those observed in Inuit adults in 1992; however, these are four times lower than France (foods imported to Polynesia come from France), even considering the whole blood/plasma ratio (Dewailly et al., 2008).

We found that the highest fingernail selenium concentrations of French Polynesia were in the Marquises Islands and in the Tuamotu-Gambier Archipelago, which is similar to observations performed on cord blood selenium concentration in French Polynesian new-borns in 2008 (Dewailly et al., 2008). These highest values are probably mostly attributable to higher seafood consumption, but the results shown in Table 1, in which the higher fingernail selenium values in controls living in the Tuamotu-Gambier Archipelago remains when adjusting for estimated dietary selenium intake, showing that other factors could interact, or that selenium level could be higher in the Tuamotu-Gambier Archipelago fishes. Because most of the fishes eaten in the atolls of the Tuamotu-Gambier Archipelago come from the lagoon, rather than the open sea like other archipelagos of French Polynesia, this result could be due to an under-estimation of selenium contents for lagoon fishes in food composition tables.

Among the studied population, fingernail selenium concentration averages in French Polynesian, 0.75 ppm in smokers and 0.80 ppm in non-smokers (p<0.0001), are very similar to those measured in other studies, and in particular in a large cohort study of US women, which have shown that toenail selenium was significantly reduced among cigarette smokers (M=0.75, SD=0.12, among 146 current smokers; and M=0.82, SD=0.16, among 311 never smokers; p<0.001) (Hunter et al., 1990).

We found a positive relationship between BMI and selenium in fingernails, both in cases and controls (Table 1). Our result is in opposition with most European surveys (Arnaud et al., 2006;[START_REF] Meplan | Genetic polymorphisms in the human selenoprotein P gene determine the response of selenoprotein markers to selenium supplementation in a gender-specific manner (the SELGEN study)[END_REF]Ortega et al., 2012) or US populations (Bleys et al., 2009), in which obese patients have lower serum selenium concentration, but in agreement with Dewailly's survey of a French Polynesian sampling in which selenium concentration in blood was positively linked to BMI (Dewailly et al., 2008), the regression coefficient (β) being 0.02, i.e. ten times higher than in our study, among the controls (β=0.002). A possible explication is that in the general population, BMI has a trend to rise with age, if we do not consider extreme ages. Furthermore, older people have more possibilities to eat traditional food, which is rich in selenium.

There may be a range of selenium that offers optimal protection against cancer development in general, as a deficiency in selenium has been associated with an increased risk of cancer, this association having been evidenced for selenium in hair and nails and prostate cancer in Malaysia (Karimi et al., 2012), and selenium in serum and, respectively bladder carcinoma in China (Guo et al., 2012), and breast cancer in India (Singh et al., 2005). In the latter case-control study, it has been estimated that each increase of one μ mol/l of selenium was associated to decrease in 7% of breast cancer risk (Singh et al., 2005). Nevertheless, selenium supplementation may reduce cancer risk only in selenium-deficient individuals.

Few studies have examined the association between selenium and thyroid cancer risk, however, we haven't found association between fingernail selenium and thyroid cancer risk in our results. In a case-control study of 43 cases and 129 matched controls in Norway, prediagnostic serum selenium levels were inversely associated with thyroid cancer; levels ≤1.25 and 1.26-1.64 μmol/l were associated with a 7.70-and 6.10-fold increased risk of thyroid cancer compared to levels ≥1.65 μmol/l (Glattre et al., 1989). This case-control study also showed, when considering the delay from blood sampling to diagnosis of the case, that the protective effect of high serum selenium concentrations was restricted to the seven-year period prior to the diagnosis of thyroid cancer, because the serum selenium concentration of cases tended to decrease, relatively to controls, when the delay from blood sampling to the diagnosis was shorter. Similarly, in an Austrian survey the average selenium blood concentration was 1.14 µmol/l in 554 healthy controls, 0.97 µmol/l in 42 patients with follicular thyroid carcinoma and 1.02 µmol/l in 73 patients with papillary thyroid carcinoma (Moncayo et al., 2008).

Our study did not evidence a significant association between fingernail selenium levels and thyroid cancer, even when considering only patients for which the delay between cancer diagnosis and nails sample was less than seven or less than three years (Table 3). It has to be noted that over a period of six years, selenium in toenails was one of the most reproducible trace elements (Garland et al., 1993). Therefore, our non-significant results are probably not due to the fact that we investigated post-diagnosis selenium levels rather than prediagnosis ones, except if thyroid cancer, by itself, modifies selenium level in nails. A possible explication for the lack of association could be the iodine status of French Polynesians, who could be less frequently iodine deficient than Norwegians because selenium acts synergistically with iodine. These results could nevertheless also be due to the fact that fingernail samplings among cases were performed after thyroid cancer diagnosis and therefore during thyroid hormone substitution treatment, such as levothyrox, which could interact with selenium. Indeed, all three mono-deiodinase enzymes are selenium-dependent and are involved in thyroid hormone regulation. In this way, selenium status may affect both thyroid hormone homeostasis and iodine availability (Cann et al., 2000;Brauer et al., 2006;Köhrle and Gärtner, 2009). Lastly, we evidenced a nearly significant positive association (p=0.15) between fingernail selenium and thyroid cancer risk in patients with more than 30 kg/m 2 BMI (Table 2). This result has to be considered with caution because it is nearly significant, but it could be due to some specificity of obese patients.

Because cigarette smoking has been shown to be inversely associated with both selenium status (Lloyd et al., 1983) and thyroid cancer risk (Meinhold et al., 2010), it was important to adequately control for these exposures in our analysis. Despite having evidenced a lower selenium status in smokers than in non-smokers, we failed to show an interaction between fingernail selenium levels, smoking habit and thyroid cancer risk: both in smokers and nonsmokers, selenium status did not influence thyroid cancer risk. Nevertheless, it should be noted that such interaction tests are not very powerful in our study, given the number of patients.

In summary, our results do not support, among individuals with sufficient levels of selenium, that greater long-term exposure to selenium may reduce thyroid cancer risk. Because these findings are based on post-diagnostic measures, studies with prediagnostic selenium are needed for corroboration.

Introduction

I odine is an important trace element that is needed for the production of thyroid hormones. The body does not make iodine, so it is an essential part of the diet. Iodine is found in various foods, particularly dairy products, seafood, meat, and eggs, which are high in iodine and iodized salt (1)(2)(3)(4)(5). Iodine deficiency and iodine excess can cause or worsen hypothyroidism and hyperthyroidism. However, outside of endemic goiter areas, the association between dietary iodine intake and thyroid cancer is unclear (6,7).

The incidence of differentiated thyroid cancer (DTC) is lower in African populations and higher in island populations, particularly in volcanic regions of islands (8,9). Cuba is an island of 100,000 km 2 where 35% of the population belong to the African ethnic group [START_REF] Livolsi | Surgical Pathology of the Thyroid[END_REF]. Before colonization by Spain, Cuba was occupied by Native Americans who had migrated from the mainland of North, Central, and South America several centuries before (11). Although thyroid cancer is the sixth most common female cancer in Cuba, its incidence is quite low. Indeed, while in North America the world age-standardized rate (ASR) of DTC incidence was 10.0/100,000 in white females during the period 1998-2002 (12), the ASR of DTC incidence in Cuba was around 4.1/ 100,000 for females and was even sixfold less frequent in males in 2009 (13). For other Latin American countries such as Colombia, the ASR of DTC incidence was 9.4/100,000 in females during the period 1998-2002 (12). Why is DTC incidence low in Cuba? Is this situation related to dietary iodine intake or other dietary factors?

Up to now, no clear explanation for the low incidence of DTC in the Cuban population has been established. Globally, the only highlighted risk factors for developing thyroid cancer are radiation exposure, having a family history of thyroid cancer, residing in an iodine-deficient area, large body size, and a high number of pregnancies (14)(15)(16). The effect of alcohol, green tea, coffee, and other food groups or nutrients on the risk of developing thyroid cancer has also been investigated, but no significant associations have been identified (6,17).

It has been established that in endemic goiter areas with insufficient iodine intake, the incidence of follicular thyroid cancer is higher than elsewhere (18). However, this has not been replicated in papillary cancer, which currently represents >80% of DTCs in most countries, and 93% of the cases in this study, although overall goiter prevalence by palpation and inspection was 17.6% in Cuba, which corresponds to a mild endemic goiter area. However, the median urinary iodine concentration (UIC) of Cuban schoolchildren 6-11 years of age was 176 lg/L in 2011 and 2012 (19), which reflects adequate iodine intake (20), attributable to successful salt iodization. Nevertheless, until now, there has been no evidence to prove that iodine supplementation or excess dietary iodine intake in general decrease papillary DTC risk. The debate, however, is complicated because iodine content in food is very variable and, for the same food, depends on soil, agricultural techniques, and meal preparation. In addition, iodine is very volatile, and its measurement is still a challenge (4). For example, iodine content in cabbage was estimated to be 0.000427 mg/100 g in Cuba (ANSES 2014 food composition table), but 0.0007 mg/100 g in France (CIQUAL 2013 table) (21), and between 0.00026 and 0.00037 mg/100 g in Cameroon, depending on the samples (22). These variations exist for all foods, even those rich in iodine such as shellfish. The iodine content ranged from 0.056 mg/100 g depending on the type of shellfish in France (CIQUAL 2013 table) (21) to 0.50 mg/100 g in the Marshall Islands (23). In addition, iodine deficiency may also occur from interaction with other factors such as foods that are rich in isothiocyanates (24).

Traditional Cuban food includes staple food such as potato, taro, yam, vegetable banana, rice, and spaghetti; meat such as chicken, pork, beef, and ham; eggs; vegetables such as watercress, lettuce, tomato, red bean, and cabbage; fruits such as guava, mango, papaya, and banana; and fish or seafood such as sardine, tuna (canned or fresh), lobster, crab, shrimp, and shellfish. However, it is not clear whether dietary factors contribute to thyroid cancer risk in the Cuban population.

Both NK2 homeobox 1 (NKX2-1, also called TTF1 for Thyroid Transcription Factor 1) and Forkhead factor E1 (FOXE1, also called TTF2 for Thyroid Transcription Factor 2) play a crucial role in the development of the thyroid gland, and their expression is modified in thyroid tumors (25)(26)(27)(28). The single nucleotide polymorphism (SNP) rs944289 of the NKX2-1 gene was reported to increase the risk of DTC (29,30). The SNP rs965513, rs1867277, and rs71369530 near or within the FOXE1 gene were identified in previous genome-wide association studies (GWASs) as being associated with an increased risk of DTC (29)(30)(31)(32)(33). This study thus sought to investigate the contribution of genetic variations at the NKX2-1 and FOXE1 loci to the risk of DTC in the Cuban population.

To the best of the authors' knowledge, this observational study is the first to investigate dietary factors in the Cuban population. The aims were to explore the role of specific food groups or items, especially in regard to iodine intake, in the risk of developing DTC, and to assess the possibility of interaction between environmental factors and some common SNPs previously associated with DTC in the Cuban population. It was hypothesized, first, that fish consumption may reduce the risk of DTC; second, that dietary iodine deficiency and excess dietary iodine could be associated with an increasing risk of DTC; and third, that dietary iodine deficiency may interact with FOXE1 due to its role in thyroid hormone pathways.

Materials and Methods

This population-based case-control study was carried out in Havana, Cuba. A detailed methodology and the results of the analysis of non-dietary risk factors have already been published (34).

Consent

The Clinical Research Ethics Committee of the National Institute of Oncology and Radiobiology (INOR; Havana, Cuba) revised and approved this study. Informed written consent was obtained from all the study participants.

Study participants

All patients aged between 17 and 60 years who were living in Havana and its surrounding areas and who were treated for DTC between 2003 and 2010 at INOR and at the Institute of Endocrinology, Havana, were eligible for the study. Potential cases were selected from the National Cancer Registry databases (C73 ICD-10) and were cross-referenced with the INOR Pathology Register. On average, around 25-30 patients corresponding to these criteria were identified for each year of the study period. Among the 240 eligible DTC cases, 37 (15%) individuals were not interviewed because they had an unknown address (n = 32) or refused to participate (n = 5). The final study population consisted of 203 cases.

A total of 229 controls were selected from the general population living in Havana city and its surroundings using consultation files from primary-care units (family doctors) and from workplaces with a general practitioner. Each control was frequency matched with each case by age (-5 years) and sex. Of the 229 potential controls, 17 refused and 212 agreed to be interviewed (Fig. 1).

Between July 2009 and January 2012, both cases and controls were interviewed face-to-face by trained professionals (nursing and medical staff) using a structured questionnaire. A standardized questionnaire was used to collect data on demographic characteristics (age, sex, place of residence, occupation), blood group and rhesus factor, anthropometric parameters, reproductive and hormonal history, lifestyle (smoking habits, alcohol consumption), exposure to radiation or chemicals, personal medical history and family medical history, and dietary intake in first-degree relatives. The dietary intake questionnaire is divided into two parts. The first part focuses on the general dietary intake, and the second part addresses the typical Cuban dietary intake more specifically. This questionnaire quantifies consumption by frequency and portion sizes per food group or food item. In addition, the photo booklet from the E3N cohort was used, which provides more detailed qualitative information on separate items within one food group (35). A saliva sample was also collected from the study participants.

Assuming a prevalence of exposure close to 30%, the size of this study (about 200 cases and 200 controls) allowed us to reach a power of 80% for identifying the role of a risk factor associated with an odds ratio (OR) of 1.8 when accepting a type I error of 5%.

Measures of iodine and selenium in food

The composition of 20 (28%) traditional Cuban food items was measured by the French Agency for Food, Environmental and Occupational Health & Safety (ANSES). It is noteworthy that the ANSES uses an innovative technology for determining total iodine (4). This technology is based on a European standard (36) that involves alkaline extraction using tetra-methylammonium hydroxide (TMAH), optimized with an additional enzymatic treatment for samples containing starch, and followed by inductively coupled plasma mass spectrometry (ICP-MS) analysis. A complete single-laboratory validation was performed according to the accuracy profile approach (37,38) based on tolerance intervals to select the best calibration function and to determine the validated concentration ranges. This method was used to determine the iodine and selenium content in the main foods consumed by Cubans (Supplementary Figs. S1 andS2; Supplementary Data are available online at www.liebertpub.com/thy).

The composition of the remaining 51 (72%) food items of other general food consumed by cases and controls, and included in the diet questionnaire, was estimated using the CIQUAL 2013 table (21).

For each food item in the diet questionnaire, total intake of iodine and selenium consumption were estimated by multiplying the daily consumption of each food by the iodine or selenium content in this food based on ANSES 2014 (Supplementary Table S1) or CIQUAL 2013 food composition tables ( 21) (if iodine or selenium content were measured from several similar foods in the composition tables, the mean of the iodine or selenium content in these similar foods was taken).

An item for quantifying iodized salt intake in the questionnaire was not included. In fact, since 2005, Cuba has established compulsory iodization of salt for human consumption for the whole Cuban population because a global strategy at the national level is the best solution for a cost-effective prevention and control of iodine deficiency (5). A fixed value of 10 g of iodized salt per person per day was included. This value was estimated to be the average consumption of iodized salt per inhabitant per day by the Center for Nutrition and Food Hygiene, the National Institute of Hygiene, Epidemiology, and Microbiology (Inhem) of Cuba. 

Analyzed parameters

For quantitative factors, such as fish, shellfish, and total seafood consumption, the study participants were categorized into tertiles according to the consumption value distribution in controls.

Overall, the study participants were classified into three categories according to the Iodine Global Network (IGN) (39): mild iodine deficiency (75-149 lg/day), optimal iodine intake (150-299 lg/day), and more than adequate or excess iodine intake ( ‡300 lg/day). Furthermore, the study participants were regrouped into quartiles according to the dietary iodine intake in controls.

The possible interaction between dietary iodine intake and the following polymorphisms was investigated: rs944289 (near NKX2-1), rs965513 (near FOXE1), rs1867277 (5¢ UTR of FOXE1), and rs71369530 (polyalanine length polymorphism in FOXE1), which were significantly associated with the risk of developing DTC in the same Cuban case-control study (40). For this purpose, the values of dietary iodine intake were classified into two categories: either less or more than the median (186 lg/day) value observed in controls.

Statistical analysis

Nineteen strata were defined on the basis of age and sex: seven for men and twelve for women. For each parameter studied, the OR stratified on age group and sex, and adjusted for dietary energy, smoking status, ethnic group, level of education, number of pregnancies, and body surface area (BSA), was estimated using conditional logistic regression with SAS v9.3 (SAS Institute, Inc., Cary, NC). Linear trend tests were performed by creating a variable that assigned the median value for each category of the studied variable consumption, and this variable was then modeled as a continuous variable. Likelihood ratio tests comparing models with and without multiplicative interaction terms were performed to assess the significance of interactions. Sensitivity analyses were performed by excluding individuals diagnosed more than five years before the interviews.

Results

The majority of the population in this Cuban case-control study were females (88%) with DTC diagnosed between 2000 and 2011. The mean age at diagnosis was 38 years (range 17-60 years). Almost all (93.1%) DTCs were papillary carcinomas (Table 1). The risk of DTC reduced significantly with increasing consumption of fish ( p = 0.04; Table 2). It was observed that only 15% of the studied population samples were estimated as having mild iodine deficiency, and the majority (78%) of the studied population had an optimal dietary iodine intake according to the IGN classification. No significant association was identified between dietary iodine intake, when classified according to the IGN classification, and DTC risk in the entire Cuban sample ( p = 0.5; Table 3). This association was still not significant ( p = 0.7) when the population sample was regrouped by quartiles of dietary iodine intake in controls (Supplementary Table S2). Furthermore, this non-significant association was not modified by age, smoking status, dietary selenium intake, or ethnicity ( p > 0.05; Supplementary Table S2).

No interaction was found between dietary iodine intake and the polymorphisms rs944289, rs1867277, and rs71369530 in the risk of developing DTC. Conversely, a strong interaction ( p = 0.005) was identified between dietary iodine intake and rs965513, near the FOXE1 gene on chromosome 9q22.33 (Table 4). A strong increased DTC risk was observed with the number of copies in the minor allele (A) of rs965513 among people who consumed less iodine than the median (<186 lg/ day). The risk of DTC was 3.4 times higher ( p = 0.0005 [confidence interval (CI) 1.7-6.5]) for subjects carrying one copy of the A allele, and 6.7 times higher ( p = 0.0005 ) for subjects carrying two copies of the A allele when compared with the reference group of subjects with no copies in the minor allele (A). This dose effect with regard to the DTC risk with the increasing number of copies in the A allele was not observed in subjects consuming more iodine than the median (>186 lg/day). Independent of the number of copies in the minor allele (A), the risk of DTC was around three times higher than that of the reference group whose subjects were not carrying any A allele and had a dietary iodine intake below the median (Table 4).

An interaction that was close to significance was identified between dietary iodine intake and body mass index (BMI; p = 0.08). Among people whose BMI was ‡25 kg/m 2 , the risk of DTC was 2.47 times higher (multivariate odds ratio [OR] = 2.47 ) in people who were in the lowest quartile of dietary iodine intake compared with those who 2.4 [1.3-4.4] 2.4 [1.3-4.5] 3.3 [1.2-8.8] 0.4 d

Missing data: two cases and four controls with dietary iodine intake <median, and four cases and three controls with dietary iodine intake >median due to low quality of samples for genotyping.

p-Value between the number of A allele in FOXE1 and dietary iodine intake (+ or -median), crude = 0.007, stratified = 0.003, multivariate = 0.005. were in the highest quartile, although this difference was not significant ( p = 0.1). This increase of DTC risk when decreasing iodine intake was not observed in people with a BMI <25 kg/m 2 (Supplementary Table S2).

Discussion

It was observed that the risk of DTC significantly decreased with increasing consumption of fish in the Cuban population. In addition, a strong increase in DTC risk was found with the number of copies in the minor allele (A) of rs965513 near FOXE1 on chromosome 9q22.33 among people who consumed less than the median value of iodine in controls. Furthermore, the risk of DTC tended to be higher among people whose BMI ‡25 kg/m 2 and who were in the lowest quartile of dietary iodine intake.

The increasing number of eligible DTC cases in this study from the first six years (n = 50) to the last three years (n = 89) was not related to technical developments in thyroid cancer diagnosis (e.g., fine-needle aspiration). For cases diagnosed closer to the year of their interview (between July 2009 and January 2012), the reason was that their clinical and personal dossiers were more easily obtained. Furthermore, the charts contained more precise information, and therefore these cases were more likely to fulfill the inclusion criteria.

The present study is the first case-control study to focus on the risk factors of DTC in the Cuban population. The food photo booklet from the E3N cohort (35) was used in this study in order to estimate the portions of food and drink daily consumption by the participants, which complemented the quantificational questionnaire and gave us normative, accurate, and qualitative information on which to build the database. Another noteworthy point is that a special food composition table was constructed to measure the quantity of iodine in typical Cuban food for this study. However, only 28% of the food items in the questionnaire of this study were measured using this special and innovative table.

As with any case-control study, this study has some limitations. Self-reported food consumption is associated with imprecise measures and recall bias. Another limitation is that for a large part of the Cuban diet, iodine content was estimated from the CIQUAL 2013 food composition table, which had been established for French food, and may not be applicable to Cuban food. Moreover, because cases usually take more care of their health and are more motivated to participate in research studies than controls, the cases may have reported more precise information than the controls did, and this could have introduced a differential bias in the final results and overestimated the risk of DTC. Nevertheless, this potential bias cannot explain the significant relation between the number of copies in the minor allele (A) of rs965513 and the risk of DTC among people who consumed less iodine than the median. Indeed, it is very unlikely that the finding regarding an interaction between SNP rs965513 and iodine intake was due to chance because it remained present when correcting the p-value for the number of SNPs tested, which was four SNPs in the analyses (41). Additionally, this result was almost exactly identical when adjusting or not for other DTC risk factors and stratifying or not for age groups and sex. Lastly, recall bias was probably reduced by the fact that food import and export limitations exist in Cuba, which keeps the typical Cuban food more stable and less diversified than Western food.

The French CIQUAL 2013 food composition table was used in this study in order to evaluate the iodine content in fish and shellfish. This could introduce some uncertainties. Nevertheless, the iodine content in fish is highly variable even in one country (42). It depends strongly on the species and the places of capture, and most of the sea fish consumed in Cuba are from areas far away from Cuban coasts. Given the low number of fish captured by Cuban boats and low fish consumption in Cuba, the difficulty in measuring the iodine content in fish, and the cost-effectiveness of this study, the iodine content was not measured in either Cuban fish or shellfish. This study shows that in the Cuban population, the risk of DTC significantly decreased with the increasing consumption of fish at the time of the interview (Table 2). This important finding is in line with another case-control study, which was carried out in French Polynesia (43). A meta-analysis of 19 observational studies on dietary factors and thyroid cancer risk summarized the ORs for each risk factor. Based on the highest level of total consumption versus the lowest level, the aggregate OR [CI] of thyroid cancer was 0. 79 [0.66-0.94] for fish consumption. Subgroup analysis showed that fish (OR = 0.74 ) and shellfish (OR = 0.46 ) consumption has a protective effect in iodine-deficient areas (44). Another related review showed that iodine-rich food such as fish and shellfish may provide a protective role in populations with insufficient daily iodine intake (6). In contrast, a Japanese cohort where subjects were followed up for a mean of 14.5 years showed that a high intake of seaweed was positively associated with thyroid cancer risk, although this result was not statistically significant. In addition, a high intake of seaweed was positively associated with papillary thyroid cancer risk in postmenopausal women (especially for papillary carcinoma, the hazard ratio [HR] for almost daily consumption compared with £2 days/week was 3.81 ; p < 0.01) (45).

First-degree relatives of DTC patients have an increased risk for developing thyroid cancer, and a positive family history is reported in approximately 5% of cases (46)(47)(48)(49). These observations strongly suggest the contribution of genetic factors to the susceptibility to the disease. Six potential regions for harboring a high-risk DTC gene have been identified through family-based linkage studies in the early 2000s: MNG1 (14q32) (50), TCO (19p13.2) (51,52), fPTC/ PRN (1q21) (53), NMTC1 (2q21) (54), FTEN (8p23.1-p22) (55), and the telomere-telomerase complex (56). More recently, population-based studies, particularly GWASs, have identified and replicated susceptibility loci at 9q22, 14q13, 2q35, and 8p12 (57). In a previous study, in the same sample of the Cuban population, the association was validated between DTC risk and variants of genes localized at 9q22.33 (FOXE1) and 14q13.3 (NKX2-1) (40). The FOXE1 locus is the most widely replicated susceptibility locus associated with DTC risk in a number of population-based studies of various ethnic origins, especially associated with sporadic and radiation-related papillary thyroid cancer and also with familial nonmedullary thyroid carcinoma (58,59).

This case-control study has for the first time identified a strong increase in DTC risk associated with the number of copies in the minor allele (A) of SNP rs965513, near FOXE1 at 9q22.33, among people who consumed less iodine than the median, but no variation in people who consumed more ( p = 0.005). To the best of the authors' knowledge, gene-environment interactions in DTC have only been investigated in relation to radiation exposure in a candidate gene approach, but no convincing association has been reported so far. In particular, no gene-environment interaction study has investigated an association with FOXE1 (at 9q22.33) and dietary iodine intake.

According to the IGN classification, an optimal iodine intake corresponds to 150-299 lg/day (39). The quartiles of the dietary iodine intake in the controls in this study were: <164.9, 164. 9-186.5, 186.5-237.5, and ‡237.5 lg/day. The last three quartiles cover the optimal iodine intake, as well as more than adequate or excess iodine intake. However, a casecontrol study using a food frequency questionnaire is not an adequate way to estimate iodine status (because a casecontrol study without iodine measurement in urine is not designed to estimate the iodine status of a population, but to perform comparisons between the cases and the controls). Nevertheless, the majority of the studied population had an optimal dietary iodine intake. If this result was confirmed by other studies, it would emphasize the effectiveness of the compulsory public health policy by using iodized salt in urban, rural, and mountainous areas of Cuba. A cross-sectional study to assess the effectiveness of this program through determination of UIC and goiter prevalence has been previously completed in Cuban schoolchildren aged 6-11 years in 2011-2012. The results of this study by Terry-Berro et al. showed that the median UIC was 176.3 lg/L (19). Only 7.6% of the children showed iodine deficiency (2.2% had severe deficiency <50 lg/L) and 15.3% had an UIC >300 lg/L. The prevalence of optimal iodine nutrition was 43.5% (52.5% in mountain areas). The overall goiter prevalence was 17.6%, which reflects mild endemic goiter. However, in mountain areas, the prevalence of goiter was 32.6% (severe endemic goiter). The authors concluded that iodine deficiency is no longer a public health problem in urban and rural areas of Cuba, which is attributable to successful salt iodization. Nevertheless, high goiter rates are still observed in mountain areas.

In a comprehensive synthesis of animal and human studies (7), Zimmermann et al. concluded that iodine deficiency increases DTC risk. However, the present study does not have enough participants in the moderate iodine deficiency group to verify this conclusion with sufficient statistical power.

In conclusion, the majority of the studied population had an optimal dietary iodine intake. Although DTC risk was not found to be linked to dietary iodine intake in this study, DTC risk significantly decreased with high fish consumption. Additionally, DTC risk significantly increased with an increasing number of copies in the minor allele (A) of rs965513 near FOXE1 among people who consumed less iodine than the median. Because these findings are based on postdiagnostic measures, studies with pre-diagnostic dietary iodine are needed for confirmation.
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 11612 Figure 1-1 -World wide Variation in Thyroid Cancer Incidence Age-Standardised Rates (ASR) Worldwide
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 14 Figure 1-4 -Forest plot for the association between thyroid cancer risk and fish consumption stratified by location. 1 = iodine deficiency areas; 2 = iodine-rich areas.a Study in Sweden. b Study in Norway.[START_REF] Liu | Dietary factors and thyroid cancer risk: a meta-analysis of observational studies[END_REF] 
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 15 Figure 1-5 -Variation of iodine content in different food samples measured by different food composition tables
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 17 Figure 1-7 -Measurements of Iodine Content in Typical Cuban Food by the French ANSES (CFCT 2014) (µg/g)

  a special collectivity of France located in the southwest Pacific Ocean, 1,210 km east of Australia and 16,136 km east of Metropolitan France (135). The archipelago, part of the Melanesia sub-region, includes the main island of Grande Terre, the Loyalty Islands, the Chesterfield Islands, the Belep archipelago, the Isle of Pines, and a few remote islets (136). The Chesterfield Islands are in the Coral Sea (Figure 2-1).
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 21 Figure 2-1 -Map of New Caledonia New Caledonia has a land area of 18,576 km 2 . Its population of 268,767 (Aug. 2014 census) (137) consists of a mix of Kanak people (the original inhabitants of New Caledonia), people

  photo booklet), which indicating the weight corresponding to each portion according to the different food sub-groups, in order to facilitate the estimation of portion sizes. Information on the seasonality and weight of local fruits and vegetables was reviewed with a nutritionist from New Caledonia. Then, the daily consumption (in g/day) per person was calculated for each food item on multiplying the frequency by the quantity of the portion. Season factor was taken into account for certain seasonal foods as well, in converting the food daily consumption for the whole year into the food consumption only when it is in season (the food daily consumption for the whole year × the proportion of the numbers of available consumption days in 365 days).
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 22 Figure 2-2 -Photo booklet to help fill out the dietary questionnaire. Example of standard portions of raw vegetables and standard beverages volumes

  divided into 5 archipelagos: The Society Islands archipelago composed of the Windward Islands (Tahiti and Moorea) and the Leeward Islands (including Bora Bora), the Tuamotu Archipelago, the Gambier Islands, the Marquesas Islands and the Austral Islands. It consists of 118 geographically dispersed islands and atolls (67 are inhabited) stretching over an expanse of more than 2,000 kilometers. Its total land area is 4,167 square kilometres equivalent to that of Europe (4,032 km² of land scattered over a maritime area of 5 million km²) (Figure 2-3).
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 23 Figure 2-3 -Map of French Polynesia

  consumption of foods indicated by a portion (mainly marked A, B or C) was estimated with the help of the photo booklet from the E3N cohort validated by the EPIC study (139), which indicating the weight corresponding to each portion according to the different food subgroups, in order to facilitate the estimation of portion sizes. Food consumption in a standard unit (for example, number of yoghurt), was estimated from the data of a dietary survey (149), conducted by the French Polynesian Health Directorate in 1995, indicating the average weight of local foods such as fe'i (cooking banana, typical in French Polynesia) and uru (fruit of the breadfruit tree). Then, the daily consumption (in g/day) per person was calculated for each food item on multiplying the frequency by the quantity of the portion. Season factor was taken into account for certain seasonal foods as well, in converting the food daily consumption for the whole year into the food consumption only when it is in season (the food daily consumption for the whole year × the proportion of the numbers of available consumption days in 365 days).

  Caribbean; and Réunion and Mayotte are in the Indian Ocean, off the coast of Africa. All five are considered integral parts of the republic. France also comprises Saint Pierre and Miquelon in North America; Saint Barthélemy and Saint Martin in the Caribbean; French Polynesia, New Caledonia, Wallis and Futuna and Clipperton Island in the Pacific Ocean; and finally the French Southern and Antarctic Lands.). The metropolitan area of France extends from the Mediterranean Sea to the English Channel and the North Sea, and from the Rhine to the Atlantic Ocean. Overseas France include French Guiana on the South American continent and several island territories in the Atlantic, Pacific and Indian oceans (Figure 2-4). France spans 643,801 square kilometres (155) and had a total population of almost 67 million people as of January 2017.
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 24 Figure 2-4 -Map of constituent lands of the French Republic

  Cathy study is a population-based caseŔcontrol study conducted in metropolitan France, including three French administrative areas (départements): Marne, Ardennes and Calvados, covered by a cancer registry. All participants signed written consent. The study has focused special interest on the role of some environmental factors such as pesticides, dioxin, xenoestrogens, in DTC risk. Up to date, Tcheandjieu et al. (134) selected Europeans ethnicity of this study and pooled them with the people auto-declaring as having European ancestry from the New Caledonia study in order to detect novel candidate functional SNPs in Europeans from metropolitan

  all patients diagnosed with DTC between 01/01/2002 and 31/12/2007 residing in one of the three areas mentioned above, aged 25 years and over at the time of diagnosis. The cases were identified by the general cancers register of Calvados and the specialized thyroid cancers register of Marne-Ardennes. Topography and morphology were coded according to the third version of the International Classification of Diseases for Oncology (ICD-O-3). Thyroid cancers were classified according to the characteristics (size, histology) of the largest cancer nodule. Since the study had begun in 2005, the cases diagnosed between 2002 to 2004 were identified retrospectively. The cases diagnosed from 2005 to 2007 were identified prospectively.

common

  SNPs previously associated with the risk of developing DTC in Cuba, between 2009 and 2011, we established a case-control study in Havana and its surrounding area. This study was revised and approved by the Clinical Research Ethics Committee of the National Institute of Oncology and Radiobiology (INOR), Havana, Cuba. Informed written consent was obtained from all of the participants in the study.

  tribes. It remained a colony of Spain until the Spanish-American War of 1898, which led to nominal independence as a de facto United States protectorate in 1902. Then it was under the dictatorship of Fulgencio Batista in 1952. Further unrest and instability led to Batista's ousting in January 1959 by the July 26 Movement, which afterwards established a government under the leadership of Fidel Castro. A point of contention during the Cold War between the Soviet Union and the United States, a nuclear war nearly broke out during the Cuban Missile Crisis of 1962 (164). Culturally, Cuba is considered part of Latin America (165). It is a multiethnic country whose people, culture and customs derive from diverse origins, including the aboriginal Taíno and Ciboney peoples, the long period of Spanish colonialism, the introduction of African slaves, and a close relationship with the Soviet Union in the Cold War (164).
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 25 Figure 2-5 -Map of Cuba

  km from Havana), and were treated for DTC between 2000 and 50 2011 at Cuban National Institute of Oncology and Radiobiology (INOR) and at the Institute of Endocrinology, were eligible for the study. Potential cases were selected from the National Cancer Registry databases (C73 ICD-10) and were cross-referenced with the INOR Pathology

  2015, Maillard S et al. (49) published a paper about common variants at 9q22.33, 14q13.3, and ATM Loci, in the risk of DTC within the French Polynesia study, he found an association between genotypes G/A and A/A of the GWAS SNP rs965513 near FOXE1, and the risk of DTC.
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 32 Figure 3-2 -Mean of dietary energy intake of the Cuba study participants (by decreasing order of the 20 sub-groups: kcal/day/person)
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 33 Figure 3-3 -Mean of dietary iodine intake of the Cuba study participants (by decreasing order of the 20 sub-groups: µg/day/person)
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 34 Figure 3-4 -Mean of dietary selenium intake of the Cuba study participants (by decreasing order of the 20 sub-groups: µg/day/person)

  through family-based linkage studies in the early 2000s: MNG1 (14q32) (189),TCO (19p13.2) (190,191), fPTC/PRN (1q21) (192), NMTC1 (2q21)(193), FTEN (8p23.1-p22) (194), and the telomere-telomerase complex (195). More recently, population-based studies, particularly GWASs, have identified and replicated susceptibility loci at 9q22, 14q13, 2q35 and 8p12
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 41 Figure 4-1 -Participant flow chart of inclusion criteria, the Pooled Analysis, 1979-2011

  convincing to be used to predict bread consumption in the Cuba study, age at the diagnosis, sex and all the other food items which were significant in correlation tests together permitted to predict only 44% of the variability of bread consumption. Results of the generalized linear model are in Table4-1. Additionally, plotting the predicted values for bread (Figure4-2) and the residuals (Figure4-3) showed a strong bias in prediction, by overestimation of the low reported values and underestimation of the high reported values. That's why it was not possible to impute bread consumption of the participants of the Young-Thyr and the Cuba studies. In fact, such imputed values would decrease the power of the study and skews the predictions.
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 4243 Figure 4-2 -Predicted values for bread consumption in the Cathy study

  developing DTC increased, which can give me a suggestion of iodine consumption classification in the pooled analysis. Nevertheless, from the Figure4-4, we cannot see differences between iodine consumption of the cases and of the controls, so it is difficult to find the thresholds of iodine consumption which increasing DTC risk in these data.
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 44 Figure 4-4 -Dietary iodine intake distributions of the cases and the controls of the pooled analysis
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 45 Figure 4-5 -Mean of food consumptions of the pooled analysis of the 5 studies' participants (by decreasing order of the 20 sub-groups: g/day/person)
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 47 Figure 4-7 -Mean of dietary iodine intake of the pooled analysis of the 5 studies' participants (by decreasing order of the 20 sub-groups: µg/day/person)
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 4 Figure 4-10 -Significant Interaction between Dietary Iodine Intake and The SNP rs965513 near FOXE1 for The French Polynesia and the Cuba Studies
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 411 Figure 4-11 -Significant Interaction between Dietary Iodine Intake and Number of pregnancies in DTC risk (P-interaction=0.05)
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 51 Figure 5-1 -Fingernail selenium concentration in studied population of French Polynesia

  Les objectifs généraux de ce travail de thèse étaient d'explorer la relation entre l'apport alimentaire en iode et le risque de cancer différencié de la thyroïde dans un ensemble d'études cas-témoins, réalisées dans des régions d'incidence très variables, afin d'identifier les facteurs de risque environnementaux et génétiques qui interagissent avec cette relation et d'étudier la possibilité d'utiliser le sélénium présent dans les ongles comme biomarqueur potentiel dans les études de cas-témoins sur le cancer de la thyroïde.
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 52 Apport alimentaire en iode et risque de cancer thyroïdien dans les 5 études du consortium Epi-Thyr Parmi les 2162 cas des 5 études du consortium Epi-Thyr, 762 étaient des microcancers (plus long diamètre inférieur à 10 mm). Il n'avait été réalisé d'échographie thyroïdienne systématique chez les témoins, qui aurait surement permis de mettre en évidence des microcarcinomes, dans aucune des études du consortium. J'ai donc décidé de vérifier les résultats des analyses en éliminant ces microcarcinomes. Il n'a pas été possible d'imputer la consommation de pain pour les études Cuba et Young-Thyr, dans lesquelles elle n'avait pas été collectée. En effet, l'analyse des données de l'étude Cathy (les comportements alimentaires des sujets vivants en Polynésie Française et en Nouvelle Calédonie étant trop différents de celui des ceux vivants en France ou à Cuba) a montré que l'âge, le sexe, et l'ensemble des autres aliments ne permettaient de prédire qu'une faible proportion de la variance de la consommation de pain dans cette étude.
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 1 Figure 1: Interaction entre le nombre de grossesses, l'apport alimentaire en iode et le risque de cancer de la thyroïde
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 1 Figure 1. Fingernail Selenium Concentration in Studied Population of French Polynesia
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 1 FIG. 1. Participant flow chart of inclusion criteria, Cuba, 2009-2012.
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TABLE LIST Table 1 -

 LIST1 1 -Top 10 Countries with the highest ASR of thyroid cancer incidence for both sexes

  Number of new thyroid cancers in 2012 was estimated at about 298,102: 229,923 for women and only 68,179 for men.

, from

International Agency for Research on Cancer (IARC) of World Health Organization shows, thyroid cancer accounted for 2.1% of all cancers worldwide in 2012.

Table 1 -

 1 1 -Top 10 Countries with the highest ASR of thyroid cancer incidence for both sexes

			(GLOBOCAN 2012)	
		Worldwide ASR of Thyroid Cancer Incidence (10 5 person-years)
	Countries	Woman	Man	Total
	South Korea	88.6	17.3	52.8
	New Caledonia	35.8	8.3	22.2
	Puerto Rico	25.4	5.8	16.1
	French Polynesia	24.0	6.8	15.2
	The USA	20.0	6.4	13.2
	Canada	20.6	4.8	12.7
	Lithuania	19.3	3.7	12.2
	Israel	17.2	5.4	11.5
	Turkey	17.8	3.8	10.9
	Italy	14.7	6.7	10.8

  These findings suggest that hormonal or reproductive factors may play a role in the risk of thyroid cancer in females. Various epidemiological studies tried to explain the link between

thyroid cancer and reproductive age of the woman, but the results were contrasting. A younger age at menarche was significantly associated with a higher risk of DTC in a casecontrol study performed among young women (35 years or younger) in eastern France, for girls' age of 11 years or younger vs. those 12-14 years old, OR = 1.3, 95% CI: 1.0-1.8)

[START_REF] Xhaard | Menstrual and reproductive factors in the risk of differentiated thyroid carcinoma in young women in France: a populationbased case-control study[END_REF]

.

  While, the other case-control studies done in Pacific Islands populations with mildly deficient intakes didn't have the same conclusion neither. The case-control study based on 293 cases and 354 controls in New Caledonia demonstrated no association (104), the study launched in French Polynesia with 229 cases and 371 controls evidenced the significant reduction of DTC risk

  Since 2012, Ciqual is part of the Observatory of Food Nutritional Quality (Ciqual-Oqali), unit of ANSES (French Agency for Food, Environmental and Occupational Health & Safety).

	However, these food composition databases haven't included the data on iodine, selenium or
	other trace elements in foods.
	1.3.1.2	French Food Composition Table Centre d'Information sur la
	Qualité des Aliments Ciqual (version 2013) (124)
	1.3 FOOD COMPOSITION TABLES AND IODINE CONTENT
	IN FOOD	
	1.3.1 THE MAIN FOOD COMPOSITION TABLES
	The FAO/INFOODS also provides the Density Database -a tool for researchers and
	professionals to convert volume into weight and vice-versa; the Biodiversity Database; the
	Analytical Food Composition Database -a global compendium of scrutinized analytical data

1.3.1.1 Food and Agriculture Organization of the United Nations (FAO) Databases (123) The FAO/ International Network of Food Data Systems (INFOODS) Global Food Composition Databases provide nutrient values for pulses (a subgroup of legumes that includes dry edible seeds with low fat content), for fish and shellfish, for food supplements. The majority of data are analytical data complemented by data from other published sources covering data for foods in raw, cooked and processed forms on proximates, minerals, vitamins, phytate, amino acids and fatty acids fractions. The data compilation process followed standards and guidelines outlined by FAO/INFOODS, and the species were selected based on the importance of the food and the available data. Emphasize is put on nutrient variations among different species, varieties and origin. The data are presented in Excel format alongside with a comprehensive documentation in PDF format. (without any additional estimations, imputation or calculation of missing values) for commonly consumed foods; and The West African Food Composition Table contains 472 foods and 28 components and presents a compilation of existing compositional data from 9 countries (Benin, Burkina Faso, Gambia, Ghana, Guinea, Mali, Niger, Nigeria and Senegal) which were supplemented with data from other countries.

Table 1 -

 1 measured by theFrench CIQUAL 2013 (124),FPFCT 2013 and CFCT 2014, respectively. These variations exist for all foods, even those rich in iodine such as shellfish. The iodine content ranged from 0.56 µg/g depending on the type of shellfish in France (CIQUAL 2013 table) (124) to 5.0 µg/g in the Marshall Islands (129). 2 also shows us the variation of iodine content in different French Polynesian food samples (100), and Figure1-6 demonstrated iodine content in open-sea or lagoon fish samples from the seven different French Polynesian areas measured by ANSES.

	Dietary iodine has high volatility and strong variability, for the same food item, dietary iodine
	data depend on soil, agricultural techniques, meal preparation, and food composition tables
	measured by different laboratories, for example, iodine content in cabbage was estimated to

be 0.0106 µg/g in France (CIQUAL 2013 table) (124), 0.0160 µg/g in French Polynesia (FPFCT 2013), but 0.00427 µg/g in Cuba (CFCT 2014) (Figure

1-5

), between 0.0026 and 0.0037 µg/g in Cameroon (128). Figure

1

-5 shows us the variations of iodine content in different food samples

Table

  

Table 1 -

 1 3 shows us the results of dietary iodine and selenium intake from typical Cuban food in the cases and in the controls of the Cuba study (see 2.3.5), based on the composition of 20 traditional Cuban food items in the dietary questionnaire of this study, and measured by the

	Food		0.0400 0.0450			
	Different	(µg/g)	0.0300 0.0350			
	Content in	Samples	0.0150 0.0200 0.0250			
	Iodine		0.0050 0.0100			
			0.0000	Banana	Mango	Papaya	Cabbage	Green Bean
	The French CIQUAL 2013	0.0392	0.0114	0.0080	0.0106	0.0047
	FPFCT 2013			0.0042	0.0034	0.0028	0.0160	0.0049
	CFCT 2014			0.0047	0.0074	0.0006	0.0043	0.0070

-2 -The Variation of Iodine Content in Different French Polynesian Food Samples

(Leufroy et al., 2015) 

Table 1 -

 1 3 -Dietary Iodine and Selenium Intake from Typical Cuban Food in the Cases and in the Controls based on the composition of 20 traditional Cuban food items measured by the French ANSES(CFCT 2014) 

	Food Items	Iodine Content	Type	Mean (Min, Max)	Selenium Content	Type	Mean (Min, Max)
		(µg/100 g		(µg/day) 5	(µg/100 g		(µg/day) 5
		fresh weight)			fresh weight)		
		(IC 95%)			(IC 95%)		
	Tomato	0.26	Cases	0.13 (0, 1.16)	< LOD 1	Cases	0.14 (0, 1.31)
		(0.21Ŕ0.31)	Controls	0.11 (0, 0.92)	(-)	Controls	0.12 (0, 1.05)
	Lettuce	4.78	Cases	1.17 ( 0, 15.34)	3.2	Cases	0.78 (0, 10.27)
		(4.00Ŕ5.56)	Controls	0.81 (0, 4.38)	(1.92Ŕ4.48)	Controls	0.54 (0, 2.93)
	Cabbage	0.43	Cases	0.21 (0, 2.69)	2.4	Cases	1.18 (0, 15.12)
		(0.37Ŕ0.49)	Controls	0.16 (0, 1.54)	(1.44Ŕ3.36)	Controls	0.92 (0, 8.64)
	Watercress	3.99	Cases	0.24 (0, 3.99)	3.5	Cases	0.21 (0, 3.50)
		(3.33Ŕ4.65)	Controls	0.09 (0, 3.99)	(2.10Ŕ4.90)	Controls	0.08 (0, 3.50)
	Mango	0.74	Cases	1.00 (0, 9.77)	1.4	Cases	1.89 (0, 18.38)
		(0.63Ŕ0.85)	Controls	0.78 (0, 6.51)	(0.84Ŕ1.96)	Controls	1.47 (0, 12.25)
	Guava	2.03	Cases	2.60 (0, 16.40)	4.2	Cases	5.40 (0, 34.02)
		(1.71Ŕ2.35)	Controls	1.50 (0, 14.58)	(2.94Ŕ5.46)	Controls	3.12 (0, 30.24)
	Banana	<LOD (plantain)	Cases	0.39 (0, 2.82)	<LOD (plantain)	Cases	0.75 (0, 5.40)
		≥ LOD and < LOQ 1, 2	Controls	0.50 (0, 4.70)	≥ LOD and <	Controls	0.96 (0, 9.00)
		(fruit banana)			LOQ 1, 2		
		(-)			(fruit banana)		
					(-)		
	Papaya	< LOD 1	Cases	0.04 (0, 0.83)	≥ LOD and <	Cases	0.59 (0, 11.88)
		(-)	Controls	0.05 (0, 0.32)	LOQ 1, 2	Controls	0.77 (0, 4.50)
					(-)		
	Pasta	< LOD 1	Cases	0.32 (0, 3.78)	≥ LOD and <	Cases	0.68 (0, 8.10)
		(-)	Controls	0.31 (0, 3.78)	LOQ 1, 2	Controls	0.66 (0, 8.10 )
					(-)		
	Rice	≥ LOD and < LOQ 1, 2	Cases	7.04 (0, 12.30)	3.5	Cases	12.02 (0, 21.00)
		(-)	Controls	6.00 (0, 12.30)	(2.10Ŕ4.90)	Controls	10.25 (0, 21.00)
	Potato	≥ LOD and < LOQ 1, 2	Cases	0.14 (0, 3.28)	< LOD 1	Cases	0.13 (0, 3.00)
		(-)	Controls	0.11 (0, 1.31)	(-)	Controls	0.10 (0, 1.20)
	Delicatessen	27.7	Cases	0.46 (0, 11.08)	7.5	Cases	0.12 (0, 3.00)
		(23.32Ŕ32.08)	Controls	0.83 (0, 22.16)	(5.25Ŕ9.75)	Controls	0.22 (0, 6.00)
	Ham	57.89	Cases	4.45 (0, 43.00)	13.7	Cases	1.05 (0, 10.18)
		(50.06Ŕ65.72)	Controls	7.31 (0, 75.26)	(9.55Ŕ17.85)	Controls	1.73 (0, 17.81)
	Sausage	24.71	Cases	2.43 (0, 29.65)	10.2	Cases	1.00 (0, 12.24)
		(20.87Ŕ28.55)	Controls	2.35 (0, 39.54)	(7.15Ŕ13.25)	Controls	0.97 (0, 16.32)
	Poultry	1.19	Cases	0.80 (0.04, 7.84)	35.5	Cases	23.97 (1.05, 234.30)
		(1.00Ŕ1.38)	Controls	0.75 (0, 7.13)	(24.85Ŕ46.15)	Controls	22.39 (0, 213.00)
	Pork	< LOD 1	Cases	0.09 (0, 1.22)	27.4	Cases	11.67 (0, 164.40)
		(-)	Controls	0.11 (0, 1.62)	(19.18Ŕ35.62)	Controls	14.50 (0, 219.20)
	Egg	22.2	Cases	6.67 (0, 35.52)	28.8	Cases	8.66 (0, 46.08)
		(18.77Ŕ25.63)	Controls	8.39 (0, 53.28)	(20.16Ŕ37.44)	Controls	10.89 (0, 69.12)
	Melted cheese	24.98	Cases	1.81 (0, 29.97)	16.8	Cases	1.22 (0, 20.16)
		(21.10Ŕ28.86)	Controls	1.96 (0, 14.99)	(11.76Ŕ21.84)	Controls	1.32 (0, 10.08)
	Beer	< LOD 3	Cases	0.04 (0, 1.01)	≥ LOD and <	Cases	0.10 (0, 2.28)
		(-)	Controls	0.12 (0, 4.26)	LOQ 3, 4	Controls	0.27 (0, 9.59 )
					(-)		
	Iodized salt	1024.6	Cases	102.46 *	2.2	Cases	0.22 *
	(dried)	(865.2Ŕ1184.0)	Controls	102.46 *	(1.30Ŕ3.10)	Controls	0.22 *
	1 LOD = Limit Of Detection: 1.4 µg/100g (dry weight) for iodine and 1.0 µg/100g (dry weight) for selenium;	
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 2 1 -Characteristics of the Studied 5 Case-Control Studies from Epi-Thyr Consortium

		New Caledonia	French Polynesia	French Young-Thyr	French Cathy	Cuba
		(744)	(600)	(1681)	(1293)	(415)
	Cases / Controls, N (%)	332 (44.6)/412 (55.4)	229 (38.2)/371 (61.8)	805 (47.9)/876 (52.1)	593 (45.9)/700 (54.1)	203 (48.9)/212 (51.1)
	Women, cases / controls N (%)	293 (88.3)/354 (85.9)	203 (88.7)/324 (87.3)	633 (78.6)/679 (77.5)	463 (78.1)/501 (71.6)	179 (88.2)/173 (81.6)
	Incidence (10 5 person-years) : W / M	35.8 / 8.3	24.0 / 6.8	12.6 / 4.1		2.4 / 1.0
	Globocan 2012					
	Year of diagnosis (Min, Max					
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-2 gives us a clear description of the five studied polymorphisms in the French Polynesia Study.
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2 -Description of the five studied polymorphisms in the French Polynesia Study
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-3 gives us a clear description of the five studied polymorphisms in the Cuba Study.
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3 -Description of the five studied polymorphisms in the Cuba Study
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	Food item or sub-group	Details	Case Mean (g/day)	Control Mean (g/day)	All the study participants Mean (g/day)
		Orange, grapefruit,			
		mandarin, lemon			
		Mango			
	Fruits	Guava Banana	673	530	600
		Pineapple			
		Papaya			
		Melon			
	Rice	Rice	343	293	318

1 -Food consumptions of the study participants (By decreasing order of the 20 sub-groups)

Table 3 -

 3 2 -Dietary energy intake of the study participants (By decreasing order of the 20 sub-groups)

	Food item or sub-group	Case Mean (kcal/day)	Control Mean (kcal/day)	All study participants Mean (kcal/day)
	Rice	484	413	447
	Fruits	411	331	370
	Meats	164	177	171
	Pulses	154	149	152
	Poultry	131	122	127
	Dessert	142	108	124
	Chips	94	98	96
	Other			
	vegetables	95	96	95
	Yoghurt	91	71	81
	Pasta	61	60	60
	Egg	49	62	56
	Sausage or			
	charcuterie	48	60	54
	Potato	59	48	53
	Cheese	53	45	49
	Milk	53	36	44
	Tomatoes	37	47	42
	Alcohol	18	42	30
	Fish	21	25	23
	Cabbages	16	13	14
	Shellfish	6	7	7
	Total	2185	2009	2095

Table 3 -

 3 

	chips (10.95 µg/day) and milk (9.08 µg/day) were the first three food sub-groups which had
	the most dietary iodine intake among all the study participants comparing with alcohol (0.30
	µg/day), cabbages (0.26 µg/day) and potato (0.12 µg/day) which had the least dietary iodine
	intake in the studied Cuban population (Figure 3-3).

3 

shows us the average of dietary iodine intake (µg/day) in the 20 sub-groups of the cases, the controls and all the study participants, respectively. Overall, yoghurt (12.88 µg/day),
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 3 3 -Dietary iodine intake of the study participants (By decreasing order of the 20 sub-groups)

	Food item or sub-group	Case Mean (µg/day)	Control Mean (µg/day)	All study participants Mean (µg/day)
	Yoghurt	14.44	11.39	12.88
	Chips	10.68	11.20	10.95
	Milk	11.02	7.23	9.08
	Sausage or			
	charcuterie	7.34	10.48	8.95
	Dessert	8.64	6.69	7.64
	Egg	6.67	8.39	7.55
	Rice	7.04	6.00	6.51
	Fish	6.09	6.60	6.35
	Pulses	5.98	5.82	5.90
	Fruits	6.38	4.28	5.31
	Cheese	5.08	4.36	4.71
	Other			
	vegetables	4.86	4.40	4.63
	Shellfish	3.31	3.90	3.61
	Tomatoes	2.33	3.35	2.85
	Meats	2.50	2.09	2.29
	Poultry	0.80	0.75	0.78
	Pasta	0.32	0.31	0.31
	Alcohol	0.17	0.42	0.30
	Cabbages	0.28	0.25	0.26
	Potato	0.14	0.11	0.12
	Total	104.08	98.02	100.99
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	which had the most dietary selenium intake among all the study participants comparing with
	chips (0.37 µg/day), alcohol (0.27 µg/day) and potato (0.11 µg/day) which had the least
	dietary selenium intake in the studied Cuban population (Figure 3-4).

4 

shows us the average of dietary selenium intake (µg/day) in the 20 sub-groups of the cases, the controls and all the study participants, respectively. Overall, poultry

(23.17 

µg/day), meats (15.57 µg/day) and pulses

(11.96 

µg/day) were the first three food sub-groups
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 3 4 -Dietary selenium intake of the study participants (By decreasing order of the 20 sub-groups)

	Food item or sub-group	Case Mean (µg/day)	Control Mean (µg/day)	All study participants Mean (µg/day)
	Poultry	23.97	22.39	23.17
	Meats	14.34	16.75	15.57
	Pulses	12.13	11.79	11.96
	Fruits	13.71	9.48	11.55
	Rice	12.02	10.25	11.11
	Egg	8.66	10.89	9.80
	Other			
	vegetables	7.43	7.29	7.36
	Fish	5.52	6.42	5.98
	Sausage or			
	charcuterie	2.18	2.92	2.56
	Yoghurt	2.40	1.90	2.14
	Shellfish	1.70	1.99	1.85
	Cheese	1.86	1.78	1.82
	Cabbages	1.44	1.23	1.33
	Milk	0.98	0.67	0.82
	Dessert	0.81	0.72	0.77
	Pasta	0.68	0.66	0.67
	Tomatoes	0.42	0.53	0.47
	Chips	0.36	0.37	0.37
	Alcohol	0.14	0.39	0.27
	Potato	0.13	0.10	0.11
	Total	110.88	108.52	109.68

  5).
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 3 5 -Odds Ratios of DTC Associated with Fish and Shellfish Consumption

		Cases/Controls	Age and sex	P for	Multivariate OR 2	P for
		(203/212)	stratified OR	trend 1	(95% CI)	trend 2
			(95% CI)			
	Fish consumption (g/day)				
	< 4	103/77	1.00*	0.005	1.00*	0.04
	4Ŕ14	50/65	0.58 (0.36Ŕ0.95)		0.60 (0.36Ŕ1.00)	
	≥ 15	50/70	0.52 (0.33Ŕ0.84)		0.55 (0.34Ŕ0.92)	
	Shellfish consumption (g/day)				
	0	128/102	1.00*	0.04	1.00*	0.2
	1Ŕ4	21/44	0.38 (0.21Ŕ0.69)		0.31 (0.17Ŕ0.58)	
	≥ 5	54/66	0.68 (0.43Ŕ1.06)		0.70 (0.43Ŕ1.13)	
	Total consumption of seafood (g/day)			
	< 5	89/64	1.00*	0.02	1.00*	0.1
	5Ŕ19	60/81	0.54 (0.34Ŕ0.87)		0.58 (0.36Ŕ0.96)	
	≥ 20	54/67	0.57 (0.35Ŕ0.92)		0.58 (0.35Ŕ0.98)	

1 Mantel-Haenszel Chi-2 trend test stratified on age group and sex; 2 Multivariate logistic regression stratified on age group and sex, and adjusted for dietary energy, smoking status, ethnic group, level of education, number of pregnancies, BSA (body surface area), and, for trend test, calculated by assigning the median value to each category and treating this variable as a continuous variable; * Reference category.
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 3 6 -Odds Ratios of DTC Associated with Dietary Iodine Intake According to IGN Classification in the Studied Cuban Population

		Dietary iodine intake, IGN classification (µg/day)	
		Mild deficiency	Optimal	More than	p-trend 2
				adequate or excess	
		(75Ŕ149)	(150Ŕ299)	(≥ 300)	
	Cases/controls	34/28	147/175	22/9	
	Age and sex stratified OR	1.44 (0.83Ŕ2.51)	1.00*	2.78 (1.24Ŕ6.25)	0.6 a
	(95% CI)				
	Multivariate OR 1 (95% CI) 1.27 (0.70Ŕ2.30)	1.00*	2.32 (0.98Ŕ5.48)	0.5 b

Table 3 -

 3 7 -DTC Risk Associated with Dietary Iodine Intake by Various Confounding Factors in the Studied Cuban PopulationDietary iodine intake in quartile of the value distribution in controls (µg/day)

		< 164.9	(164.9Ŕ186.5)	(186.5Ŕ237.5)	(≥237.5)	p-	p-
						trend 2	interaction 3
	Overall					
	Cases/controls	62/53	27/53	57/53	57/53	
	Age and sex stratified	1.07 (0.62Ŕ1.83)	0.46 (0.26Ŕ0.84) 0.96 (0.56Ŕ1.66)	1.00*	0.7 a
	OR (95% CI)					
	Multivariate	1.12 (0.62Ŕ2.03)	0.56 (0.30Ŕ1.05) 1.23 (0.69Ŕ2.22)	1.00*	0.7 b
	OR 1 (95% CI)					
	By age					
	Age at the diagnosis ≤ 40					
	Cases/controls	30/27	18/30	31/27	39/31	
	Age and sex stratified	0.93 (0.46Ŕ1.90)	0.47 (0.22Ŕ1.00) 0.83 (0.40Ŕ1.70)	1.00*	0.5 a
	OR (95% CI)					
	Multivariate	0.81 (0.35Ŕ1.86)	0.48 (0.20Ŕ1.14) 1.08 (0.47Ŕ2.48)	1.00*	0.3 b
	OR 1 (95% CI)					
	Age at the diagnosis > 40					
	Cases/controls	32/26	9/23	26/26	18/22	
	Age and sex stratified	1.37 (0.59Ŕ3.16)	0.45 (0.17Ŕ1.21) 1.20 (0.51Ŕ2.79)	1.00*	0.8 a	0.5 c
	OR (95% CI)					
	Multivariate	1.59 (0.62Ŕ4.04)	0.48 (0.16Ŕ1.38) 1.35 (0.55Ŕ3.33)	1.00*	0.7 b	0.4 d
	OR 1 (95% CI)					
	BMI (kg/m 2 )					
	<25					
	Cases/controls	31/35	11/36	26/31	30/24	
	Age and sex stratified	0.74 (0.36Ŕ1.53)	0.28 (0.12Ŕ0.66) 0.70 (0.33Ŕ1.50)	1.00*	0.2 a
	OR (95% CI)					
	Multivariate	0.77 (0.34Ŕ1.74)	0.32 (0.13Ŕ0.80) 0.85 (0.37Ŕ1.92)	1.00*	0.2 b
	OR 1 (95% CI)					
	≥25					
	Cases/controls	31/18	16/17	31/22	27/29	

2 

Calculated using the Wald test for dietary iodine intake modeled as a continuous variable (per quartile);

3 

Calculated using the likelihood ratio test comparing a model with an interaction term to one without; * Reference category; ? † Not estimable; a Crude p-trend; b Adjusted p-trend; c Crude p-interaction; d Adjusted p-interaction.
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 3 8 -Odds Ratios of DTC Risk Associated with Dietary Iodine Intake and the Polymorphism of SNP rs965513 near FOXE1

	1 Mantel-Haenszel Chi-2 trend test;
	2 Mantel-Haenszel Chi-2 trend test stratified on age group and sex;
	3 Multivariate logistic regression stratified on age group and sex, and adjusted for dietary energy, smoking status, ethnic group, level of education, number of pregnancies,
	BSA (body surface area), and for trend test, calculated by assigning the number of A allele in FOXE1;
	* Reference category.
	Missing data: 2 cases and 4 controls with dietary iodine intake < median and 4 cases and 3 controls with dietary iodine intake > median due to low quality of samples for
	genotyping;
	P-interaction between the number of A allele in FOXE1 and dietary iodine intake (+ or -median), crude = 0.007, stratified =0.003, multivariate =0.005.
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 3 5). This important finding is in line with another case-control study, which was carried out in French Polynesia (105). A meta-analysis of 19 observational studies on dietary factors and thyroid cancer risk summarized the ORs for each risk factor. Based on the highest level of total consumption versus the lowest level, the aggregate OR (95% CI) of thyroid cancer was 0.79 (0.66, 0.94) 

	for fish consumption. Subgroup analysis showed that fish (OR=0.74, 95% CI=0.59Ŕ0.92) and
	shellfish (OR=0.46, 95% CI=0.27Ŕ0.75) consumption has a protective effect in iodine-
	deficient areas (

  If this result was confirmed by other studies, it would emphasize the effectiveness of the compulsory public health policy by using iodized salt in urban, rural and mountainous areas of Cuba. A crosssectional study to assess the effectiveness of this program through determination of UIC and goiter prevalence has been previously completed in Cuban schoolchildren aged 6 to 11 years in 2011Ŕ2012. The results of this study by Terry-Berro et al. showed that the median UIC was 176.3 µg/L (199). Only 7.6% of the children showed iodine deficiency (2.2% had severe deficiency <50 µg/L) and 15.3% had an UIC above 300 µg/L. The prevalence of optimal iodine nutrition was 43.5% (52.5% in mountain areas). The overall goiter prevalence was 17.6%, which reflects mild endemic goiter. However, in mountain areas, the prevalence of goiter was 32.6% (severe endemic goiter). The authors concluded that iodine deficiency is no longer a public health problem in urban and rural areas of Cuba, which is attributable to successful salt iodization. Nevertheless, high goiter rates are still observed in mountain areas.

In a comprehensive synthesis of animal and human studies (106),

Zimmermann et al. 

concluded that iodine deficiency increases DTC risk. However, the present study does not have enough participants in the moderate iodine deficiency group to verify this conclusion with sufficient statistical power.
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 4 1 -Results of the generalized linear model

	Source of variability	Sum of square	Degree of	F	P > F
			freedom		
	Total	122376952.5	1292		
	Model	23567410.9	11	27.78	<.0001
	Age of diagnosis (year)	458160.781	1	50.59	0.0149
	Sex (W/M)	3799672.168	1	50.59	<.0001
	Meats	4464219.165	1	57.39	<.0001
	Body Surface Area	216730.527	1	2.85	0.0939
	Pasta	926599.026	1	9.40	0.0005
	Sausage and charcuterie	7777.630	1	0.13	0.7509
	Potato	1162063.312	1	17.30	0.0001
	Cheese	1286621.581	1	15.31	<.0001
	Poultry	3234.876	1	0.00	0.8378
	Rice	53102.978	1	1.02	0.4068
	Yoghurt	612965.346	1	8.67	0.0049
	Error	98809541.6	1281	77134.7	
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 4 2 shows the number of the cases and the controls in each stratum by each study, as well as it in each stratum in the pooled analysis of the 5 studies; moreover, mean age at diagnosis (year) in each stratum by each study, as well as it in each stratum in the pooled analysis of the 5 studies. As we can see, the distribution of the cases and the controls among studies is not homogeneous, and the proportion between case and control among the strata for each study is not homogeneous neither, this situation leads me to use conditional logistic regression for the pooled analysis of the 5 studies.

Table 4 -

 4 2 -Description of the strata

		New	French	French	French Cathy	Cuba	Pooled
		Caledonia	Polynesia	Young-Thyr			Study
	Characteristics	(744)	(600)	(1681)	(1293)	(415)	(4733)
		Case /	Case /	Case /	Case /	Case /	Case /
		Control	Control	Control	Control	Control	Control
		N (%)	N (%)	N (%)	N (%)	N (%)	N (%)
	Over all	332	229	805	593	203	2162
		(44.6)/412	(38.2)/371	(47.9)/876	(45.9)/700	(48.9)/21	(45.7)/2571
		(55.4)	(61.8)	(52.1)	(54.1)	2 (51.1)	(54.3)
	Strata						
	F & < 15	0/0	4/6	14/14	0/0	0/0	18/20
	F & 15-19	1/1	4/5	46/50	0/0	7/5	58/61
	F & 20-24	9/12	12/22	136/142	0/2	13/17	170/195
	F & 25-29	24/24	21/36	213/235	13/34	14/17	285/346
	F & 30-34	34/42	29/45	209/221	28/35	21/19	321/362
	F & 35-39	32/38	40/63	15/17	43/49	32/30	162/197
	F & 40-44	29/37	27/45	0/0	42/67	43/42	141/191

F: Female; M: Male.

Table 4 -

 4 4 -Food consumptions of the pooled analysis of the 5 studies' participants (By decreasing order of the 20 sub-groups)

	Food item or sub-group	Case Mean (g/day)	Control Mean (g/day)	All study participants Mean (g/day)
	Fruits	444	466	456
	Other vegetables	238	241	239
	Yoghurt	153	143	148
	Rice	98	91	
	Milk	68	69	
	Meats	68	67	
	Alcohol	46	68	
	Tomatoes	56	56	
	Pasta	52	53	
	Dessert	55	45	
	Potato	49	47	
	Cheese	41	39	
	Poultry	39	37	
	Fish	29	31	
	Pulses	29	27	
	Cabbages	29	26	
	Sausage or charcuterie	20	21	
	Chips	17	16	
	Egg	15	16	
	Shellfish	9	9	9
	Total foods consumption	1554	1569	1562

Table 4 -

 4 5 -Dietary energy intake of the pooled analysis of the 5 studies' participants (By decreasing order of the 20 sub-groups)

	Food item or sub-group	Case (kcal/day)	Control (kcal/day)	All study participants (kcal/day)
	Fruits	248		270		260
	Rice	145		134		139
	Dessert	145		125		134
	Meats	133		134		134
	Yoghurt	135		124		129
	Cheese	125		121		123
	Other vegetables	86		87		
	Pasta	75		78		
	Poultry	76		73		
	Potato	64		62		
	Milk	52		56		
	Sausage or charcuterie	49		52		
	Alcohol	37		53		
	Fish	43		46		
	Chips	44		41		
	Pulses	29		27		
	Egg	26		28		
	Tomatoes	23		23		
	Shellfish	10		10		
	Cabbages	9		9		9
	Total	1556		1551		1553
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Figure 4-6 -Mean of dietary energy intake of the pooled analysis of the 5 studies' participants (by decreasing order of the 20 sub-groups: kcal/day/person)

Table 4 -

 4 6 -Dietary iodine intake of the pooled analysis of the 5 studies' participants (By decreasing order of the20 sub-groups) 

	Food item or sub-group	Case (µg/day)	Control (µg/day)	All study participants (µg/day)
	Yoghurt	24.24	22.74	23.43
	Fish	13.71	13.92	13.82
	Cheese	11.33	10.97	11.13
	Shellfish	8.67	9.73	9.25
	Milk	8.77	8.45	8.60
	Dessert	8.23	6.97	7.55
	Egg	6.89	7.23	7.07
	Other vegetables	5.85	6.73	6.33
	Meats	4.32	4.42	4.38
	Chips	4.61	4.08	4.32
	Fruits	4.49	3.97	4.21
	Sausage or			
	charcuterie	3.21	3.44	3.33
	Rice	3.32	3.31	3.31
	Tomatoes	2.22	2.24	2.23
	Poultry	2.20	2.11	2.15
	Pasta	1.75	1.70	1.72
	Potato	1.46	1.40	1.43
	Pulses	1.15	1.07	1.11
	Alcohol	0.69	1.01	0.86
	Cabbages	0.33	0.27	0.30
	Total	117.45	115.77	116.54

Table 4 -

 4 7 shows us the average of dietary selenium intake (µg/day) in the 20 sub-groups of the cases, the controls and all the study participants, respectively. Overall, fish (17.18 µg/day),

	meats (7.25 µg/day) and poultry (6.50 µg/day) were the first three food sub-groups which had
	the most dietary selenium intake among all the study participants comparing with tomatoes
	(0.35 µg/day), alcohol (0.29 µg/day) and chips (0.14 µg/day) which had the least dietary
	selenium intake in the studied pooled populations (Figure 4-8).

Table 4 -

 4 7 -Dietary selenium intake of the pooled analysis of the 5 studies' participants (By decreasing order of the 20 sub-groups) Mean of the top 3 consumed foods of each study (g/day/person); (2) Mean of dietary energy intake of each study (by order of the first 3 foods which brought the most dietary energy intake: kcal/day/person); (3) Mean ofdietary iodine intake of each study (by order of the first 3 foods which brought the most dietary iodine intake: µg/day/person); (4) Mean of dietary selenium intake of each study (by order of the first 3 foods which brought the most dietary selenium intake: µg/day/person), by case, control and all study participants in the pooled analysis

	Food item or sub-group	Case (µg/day)	Control (µg/day)	All study participants (µg/day)
	Fish	17.00	17.33	17.18
	Meats	7.29	7.22	7.25
	Poultry	6.76	6.29	6.50
	Fruits	5.98	5.43	5.68
	Egg	5.35	5.37	5.36
	Other vegetables	5.05	5.21	5.14
	Yoghurt	3.63	3.40	3.51
	Pasta	3.03	3.41	3.24
	Shellfish	3.29	3.08	3.18
	Rice	3.16	2.66	2.89
	Cheese	2.88	2.74	2.81
	Pulses	2.39	2.16	2.27
	Sausage or charcuterie	2.16	2.30	2.23
	Dessert	1.38	1.18	1.27
	Cabbages	1.33	1.11	1.21
	Milk	0.98	0.97	0.98
	Potato	0.84	0.84	0.84
	Tomatoes	0.35	0.35	0.35
	Alcohol	0.23	0.34	0.29
	Chips	0.15	0.13	0.14
	Total	73.22	71.53	72.30
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Figure 4-8 -Mean of dietary selenium intake of the pooled analysis of the 5 studies' participants (by decreasing order of the 20 sub-groups: µg/day/person)

Table 4 -

 4 8 -Dietary iodine intake and DTC risk, dietary iodine intake classified according to the quartiles of the value distribution of the controls in each study of the pooled analysis(µg/day)

	Dietary iodine intake, in quartiles of the value distribution of the controls in each study
		Q1	Q2	Q3	Q4	p-trend
	Pooled Analysis					
	OR 1 (95% CI)	0.98 (0.78Ŕ1.2)	0.99 (0.81Ŕ1.2)	0.89 (0.73Ŕ1.1)	1.0 *	0.5
	The New Caledonia study					
	OR 1 (95% CI)	0.63 (0.35Ŕ1.1) 0.61 (0.33Ŕ0.95) 0.54 (0.32Ŕ0.93)	1.0 *	0.1
	The French Polynesia study					
	OR 1 (95% CI)	1.7 (0.86Ŕ3.5)	1.6 (0.81Ŕ3.0)	1.2 (0.64Ŕ2.2)	1.0 *	0.05
	The Young-Thyr study					
	OR 1 (95% CI)	1.0 (0.68Ŕ1.6)	1.2 (0.81Ŕ1.7)	0.96 (0.69Ŕ1.3)	1.0 *	0.7
	The Cathy study					
	OR 1 (95% CI)	0.94 (0.56Ŕ1.6)	1.1 (0.72Ŕ1.7)	0.87 (0.60Ŕ1.3)	1.0 *	0.4
	The Cuba study					
	OR 1 (95% CI)	1.1 (0.62Ŕ2.0)	0.56 (0.30Ŕ1.1)	1.2 (0.69Ŕ2.2)	1.0 *	0.7
	Pooled Analysis restricted to to				
	non-microcarcinoma					
	OR 1 (95% CI)	1.0 (0.79Ŕ1.3)	0.98 (0.78Ŕ1.2)	0.87 (0.70Ŕ1.1)	1.0*	0.5

1 

Stratified by age class, sex and study, and adjusted for smoking status, ethnicity, education level, number of full term pregnancies, body surface area, radiotherapy for previous cancer, first-degree relative thyroid cancer history, dietary energy intake; * Reference category.

Table 4 -

 4 9 -Heterogeneity between each study and the other 4 studies, and global heterogeneity

	Dietary iodine intake	The New	The French	The Young-	The Cathy	The Cuba	Global
	classification	Caledonia	Polynesia	Thyr study	study	study	P-
	(µg/day)	study	study				heterogeneity 1, 2
	IGN	0.9	0.003	0.1	0.1	0.5	0.02
	Continuous variable	0.9	0.001	0.04	0.2	0.8	0.02
	Quartiles of the	0.6	0.02	0.2	0.6	0.2	0.09
	controls in each						
	study						

1 Calculated using the likelihood ratio test comparing a model with an interaction term to one without;

2 

Stratified by age class, sex and study, and adjusted for smoking status, ethnicity, education level, number of full term pregnancies, body surface area, radiotherapy for previous cancer, first-degree relative thyroid cancer history, and dietary energy intake.

Table 4 -

 4 10 -Heterogeneity between each ethnical group and European group, and global heterogeneity

	Dietary iodine intake	Melanesian Polynesian	African	Others	Global P-
	classification					heterogeneity 1, 2
	(µg/day)					
	IGN	0.5	0.002	0.1	0.2	0.02
	Continuous variable	0.6	0.002	0.2	0.3	0.02
	Quartiles of the controls	0.6	0.005	0.9	0.04	0.08
	in each study					
	1 Calculated using the likelihood ratio test comparing a model with an interaction term to one without;
	2 Stratified by age class, sex and study, and adjusted for smoking status, ethnicity (Polynesian versus others),
	education level, number of full term pregnancies, body surface area, radiotherapy for previous cancer, first-
	degree relative thyroid cancer history, dietary energy intake.			

Table 4 -

 4 11 -DTC risk associated with dietary iodine intake adjusted by various confounding factors

	Logit linear Model
	Coefficients
	for iodine
	(Continuous
	variable) in
	µg/day * 1000

1 

Stratified by age class, sex and study, and adjusted for smoking status, education level, number of full term pregnancies, body surface area, radiotherapy for previous cancer, first-degree relative thyroid cancer history, dietary energy intake, and ethnicity (Polynesian versus others); a Adjusted p-trend: calculated using the Wald test for dietary iodine intake modeled as a continuous variable; b Adjusted p-interaction: calculated using the likelihood ratio test comparing a model with an interaction term to one without.

Table 4 -

 4 12 -Odds-Ratio Associated with dietary iodine intake adjusted by Various Confounding FactorsDietary iodine intake in quartile of the value distribution of controls in each study

		Logit linear Model 1	P-value	Linear Model 1	P-value
		Coefficient (95% CI)		Coefficient (95% CI)	
		Polynesian	Other		Polynesian	Other	
			Ethnicities			Ethnicities	
	All cases (4733: 2162 cases vs.2571 controls)				
	Without	-0.012 (-0.084, 0.059)	0.7 a	0.0049 (-0.035, 0.045)	0.8 a
	interaction						
	With	-0.31 (-0.53, -	-0.0014 (-	0.005 b	-0.089 (-0.15,	0.0093 (-	0.02 b
	interaction	0.09)	0.073, 0.071)		-0.033)	0.032, 0.050)	
	Cases whose cancer longer diameter > 10 mm (3971: 1400 cases vs.2571 controls)		
	Without	-0.012 (-0.093, 0.070)	0.8 a	-0.00092 (-0.045, 0.043)	0.9 a
	interaction						
	With	-0.27 (-0.56, -	-0.0066 (-	0.06 b	-0.084 (-0.16,	0.0025 (-	0.09 b
	interaction	0.013)	0.089, 0.075)		-0.0052)	0.043, 0.048)	

Table 4 -

 4 13 -Odds-Ratio Associated with dietary iodine intake (all food items, but bread) adjusted by Various Confounding FactorsDietary iodine intake in quartile of the value distribution of controls in each study, without iodine in bread.

		Logit linear Model 1	P-value	Linear Model 1	P-value
		Coefficient (95% CI)		Coefficient (95% CI)	
		Polynesian	Other		Polynesian	Other	
			Ethnicities			Ethnicities	
	All cases (4733: 2162 cases vs.2571 controls)				
	Without	0.00041 (-0.064, 0.065)	0.9 a	0.0075 (-0.063, 0.078)	0.9 a
	interaction						
	With	-0.28 (-0.50, -	0.013 (-0.052,	0.007 b	-0.19 (-0.29, -	0.014 (-0.059, -	0.006 b
	interaction	0.068)	0.078)		0.10)	0.086)	
	Cases whose cancer longer diameter > 10 mm (3971: 1400 cases vs.2571 controls)		
	Without	-0.0016 (-0.076, 0.073)	0.9 a	-0.0014 (-0.081, 0.078)	0.9 a
	interaction						
	With	-0.25 (-0.53,	0.0055 (-	0.07 b	-0.17 (-0.31, -	0.0035 (-0.078,	0.08 b
	interaction	0.029)	0.070, 0.081)		0.029)	0.085)	

1 

Stratified by age class, sex and study, and adjusted for smoking status, education level, number of full term pregnancies, body surface area, radiotherapy for previous cancer, first-degree relative thyroid cancer history, dietary energy intake, and ethnicity (Polynesian versus others); a Adjusted p-trend: calculated using the Wald test for dietary iodine intake modeled as a continuous variable (per quartile); b Adjusted p-interaction: calculated using the likelihood ratio test comparing a model with an interaction term to one without.

Table 4 -

 4 14 -Alleles Frequency of the Four Polymorphisms Which Associated with the Risk of Developing DTC of the Genotyped Participants in each Study

		New Caledonia	French Polynesia	France (Young-Thyr)	France (Cathy)	Cuba	
	Genotypes	Cases	Controls	Cases	Controls	Cases	Controls	Cases	Controls	Cases	Controls
		N (%)	N (%)	N (%)	N (%)	N (%)	N (%)	N (%)	N (%)	N (%)	N (%)
	rs965513 (near FOXE1)	N = 183	N = 194	N = 177	N = 273	N = 697	N = 686	N = 468	N = 540	N = 203	N = 212
	G/G	69 (37.7)	94 (48.4)	89 (50.3)	155 (56.8)	186 (26.7)	278 (40.5)	159 (34.0)	242 (44.8)	81 (39.9)	116 (54.7)
	G/A	85 (46.5)	84 (43.3)	57 (32.2)	81 (29.7)	334 (47.9)	319 (46.5)	211 (45.1)	231 (42.8)	89 (43.8)	77 (36.3)
	A/A	29 (15.9)	16 (8.3)	14 (7.9)	11 (4.0)	170 (24.4)	85 (12.4)	98 (20.9)	66 (12.2)	27 (13.3)	12 (5.7)
	Missing data †	0 (0.0)	0 (0.0)	17 (9.6)	26 (9.5)	7 (1.0)	4 (0.6)	0 (0.0)	1 (0.2)	6 (3.0)	7 (3.3)
	rs1867277 (5'UTR of FOXE1)	N = 183	N = 194	N = 177	N = 273	N = 697	N = 686	N = 468	N = 540	N = 203	N = 212
	G/G	72 (39.3)	88 (45.4)	89 (50.3)	147 (53.9)	152 (21.8)	231 (33.7)	139 (29.7)	190 (35.2)	56 (27.6)	87 (41.1)
	G/A	86 (47.0)	87 (44.9)	41 (23.2)	65 (23.8)	338 (48.5)	320 (46.6)	223 (47.7)	280 (51.8)	104 (51.2)	91 (42.9)
	A/A	24 (13.1)	16 (8.3)	7 (4.0)	9 (3.3)	186 (26.7)	124 (18.1)	102 (21.8)	69 (12.8)	41 (20.2)	32 (15.1)
	Missing data †	1 (0.6)	3 (1.6)	40 (22.6)	52 (19.1)	21 (3.0)	11 (1.6)	4 (0.9)	1 (0.2)	2 (1.0)	2 (0.9)
	rs1801516 (ATM)	N = 183	N = 194	N = 177	N = 273	N = 697	N = 686	N = 468	N = 540	N = 203	N = 212
	G/G	175 (95.6)	176 (90.7)	164 (92.7)	260 (95.3)	526 (75.5)	510 (74.4)	356 (76.1)	413 (76.5)	153 (75.4)	162 (76.4)
	G/A	6 (3.3)	15 (7.7)	11 (6.2)	8 (2.9)	151 (21.7)	156 (22.7)	99 (21.2)	116 (21.5)	44 (21.7)	42 (19.8)
	A/A	2 (1.1)	3 (1.6)	0 (0.0)	0 (0.0)	15 (2.2)	15 (2.2)	13 (2.8)	11 (2.0)	0 (0.0)	2 (1.0)
	Missing data †	0 (0.0)	0 (0.0)	2 (1.1)	5 (1.8)	5 (0.7)	5 (0.7)	0 (0.0)	0 (0.0)	6 (3.0)	6 (2.8)
	rs944289 (near NKX2-1)	N = 183	N = 194	N = 177	N = 273	N = 697	N = 686	N = 468	N = 540	N = 203	N = 212
	T/T	29 (15.9)	37 (19.1)	25 (14.1)	30 (11.0)	287 (41.2)	207 (30.2)	202 (43.2)	183 (33.9)	70 (34.5)	41 (19.4)
	C/T	94 (51.4)	82 (42.3)	59 (33.3)	82 (30.0)	315 (45.2)	346 (50.4)	218 (46.6)	266 (49.3)	85 (41.9)	98 (46.2)
	C/C	60 (32.8)	75 (38.6)	84 (47.5)	149 (54.6)	84 (12.1)	122 (17.8)	47 (10.0)	91 (16.8)	47 (23.2)	70 (33.0)
	Missing data †	0 (0.0)	0 (0.0)	9 (5.1)	12 (4.4)	11 (1.6)	11 (1.6)	1 (0.2)	0 (0.0)	1 (0.5)	3 (1.4)
	† Missing data were due to low quality of samples for genotyping.							

Table 4 -

 4 15 -Association between the Risk of Developing DTC and Investigated 4 SNPs in the Pooled analysis

				Genotyped participants	Odds-Ratios
	Genotypes		Cases	Controls	Stratified OR 1 (95%	Multivariate OR 2
				N (%)	N (%)	CI)	(95% CI)
	rs965513 (near FOXE1)		N = 1728	N = 1905
	G/G			584 (33.8)	885 (46.5)	1.00*	1.00*
	G/A			776 (44.9)	792 (41.6)	1.46 (1.26Ŕ1.69)	1.52 (1.27Ŕ1.82)
	A/A			338 (19.6)	190 (9.9)	2.64 (2.14Ŕ3.26)	2.70 (2.05Ŕ3.55)
	p-trend					<0.0001 a	<0.0001
	Missing data †		30 (1.7)	38 (2.0)
	rs1867277	(5'UTR	of	N = 1728	N = 1905
	FOXE1)				
	G/G			508 (29.4)	743 (39.0)	1.00*	1.00*
	G/A			792 (45.8)	843 (44.3)	1.35 (1.16Ŕ1.57)	1.07 (0.89Ŕ1.29)
	A/A			360 (20.8)	250 (13.1)	2.03 (1.65Ŕ2.49)	1.16 (0.89Ŕ1.51)
	p-trend					<0.0001 a	0.3
	Missing data †		68 (3.9)	69 (3.6)
	rs1801516 (ATM)		N = 1728	N = 1905
	G/G			1374 (79.5)	1521 (79.8)	1.00*	1.00*
	G/A			311 (18.0)	337 (17.7)	0.98 (0.82Ŕ1.16)	1.00 (0.83Ŕ1.21)
	A/A			30 (1.7)	31 (1.6)	0.99 (0.60Ŕ1.66)	1.18 (0.67Ŕ2.08)
	p-trend					0.8 a	0.8
	Missing data †		13 (0.8)	16 (0.8)
	rs944289 (near NKX2-1)		N = 1728	N = 1905
	T/T			613 (35.5)	498 (26.1)	1.00*	1.00*
	C/T			771 (44.6)	874 (45.9)	0.72 (0.61Ŕ0.84)	0.67 (0.57Ŕ0.79)
	C/C			322 (18.6)	507 (26.6)	0.52 (0.43Ŕ0.63)	0.45 (0.36Ŕ0.55)
	p-trend					0.0001 a	<0.0001
	Missing data †		22 (1.3)	26 (1.4)
	1 Stratified by age class, sex and study;	
	2 Stratified by age class, sex and study, and adjusted for smoking status, ethnicity, education level, number of full
	term pregnancies, body surface area, radiotherapy for previous cancer, first-degree relative thyroid cancer
	history, dietary energy intake, dietary iodine intake, and number of minor alleles of SNP rs965513, rs1867277,
	rs1801516, rs944289; 3428 individuals have completed data for all these variables;
	* Reference category;			
	a Crude p-trend, calculated using the conditional maximum likelihood estimation for SNP rs965513; rs1867277;
	rs1801516; rs944289 (per minor allele); dietary iodine intake modeled as a continuous variable (per quartile);
					

† Missing data were due to low quality of samples for genotyping.

Table 4 -

 4 16 -Association between the Risk of Developing DTC and the 4 Investigated SNPs, as well as Their Interactions with Total Dietary Iodine Intake in the Pooled Analysis

	Genotypes	Multivariate Odds-Ratios (95%) 1, 2		p-interaction between SNP and dietary iodine intake 2
			≤ Median Iodine > Median Iodine		By study		By Ethnicity
					Pooled		
					study		
	rs965513	(near				New Caledonia	0.8	Melanesian	0.3
	FOXE1)						
	G/G		1.00*	1.00*		French Polynesia	0.02	Polynesian	0.4
	G/A		1.43 (1.10Ŕ1.86) 1.56 (1.20Ŕ2.01)	0.8	French Young-	0.4	European	0.7
						Thyr	
	A/A		2.87 (1.91Ŕ4.33) 2.42 (1.65Ŕ3.55)		French Cathy	0.3	Others	0.3
	p-trend		<0.0001	<0.0001		Cuba	0.01	African	0.07
	Missing data †					
	rs1867277					New Caledonia	0.4	Melanesian	0.2
	(5'UTR	of			0.9		
	FOXE1)						
	G/G		1.00*	1.00*		French Polynesia	0.7	Polynesian	0.3
	G/A		1.00 (0.77Ŕ1.31) 1.12 (0.85Ŕ1.47)		French Young-	0.7	European	0.5
						Thyr	
	A/A		1.21 (0.82Ŕ1.79) 1.12 (0.77Ŕ1.63)		French Cathy	0.6	Others	0.06
	p-trend		0.4	0.5		Cuba	0.5	African	0.4
	Missing						
	data †						
	rs1801516 (ATM)				New Caledonia	0.96	Melanesian	?
	G/G		1.00*	1.00*		French Polynesia	0.9	Polynesian	0.6
	G/A		0.95 (0.72Ŕ1.26) 1.01 (0.78Ŕ1.32)		French Young-	0.7	European	0.8
					0.5	Thyr	
	A/A		0.91 (0.35Ŕ2.32) 1.40 (0.67Ŕ2.91)		French Cathy	0.9	Others	0.5
	p-trend		0.8	0.6		Cuba	0.1	African	0.1
	Missing						
	data †						
	rs944289	(near				New Caledonia	0.4	Melanesian	0.2
	NKX2-1)						
	C/C		1.00*	1.00*		French Polynesia	0.4	Polynesian	0.6
	C/T		0.73 (0.57Ŕ0.93) 0.61 (0.48Ŕ0.77)	0.08	French Young-	0.4	European	0.7
						Thyr	
	T/T		0.50 (0.37Ŕ0.69) 0.41 (0.30Ŕ0.56)		French Cathy	0.3	Others	0.7
	p-trend		<0.0001	<0.0001		Cuba	0.4	African	0.2
	Missing						
	data †						
	1 Stratified by age class, sex and study;			
	2 Adjusted p-trend, stratified by age class, sex and study, and adjusted for smoking status, ethnicity, education
	level, number of full term pregnancies, body surface area, radiotherapy for previous cancer, first-degree relative
	thyroid cancer history, dietary energy intake and number of minor alleles of SNP rs965513, rs1867277,
	rs1801516, rs944289; 3428 individuals have completed data for all these variables;
	* Reference category;				
							

† Missing data were due to low quality of samples for genotyping. ? Not convertible 122

Table 4 -

 4 17 -DTC Risk Associated with Fish Consumption, Adjusted by Various Confounding Factors in the

			Pooled Analysis			
		Fish Consumption in quartile of the value distribution of the controls in each study
		1 st quartile	2 nd quartile	3 rd quartile	4 th quartile	p-trend 3
	Fish					
	Cases/controls	618/646	511/634	506/660	527/631	
	Stratified OR 1 (95% CI)	1.14 (0.97Ŕ1.33)	0.95 (0.81Ŕ1.12)	0.93 (0.79Ŕ1.10)	1.00 *	0.1 a
	Multivariate OR 2 (95% CI)	1.33 (1.08Ŕ1.64)	1.20 (0.97Ŕ1.48)	1.03 (0.84Ŕ1.26)	1.00 *	0.003 b
	1 Stratified by age class, sex and study;				
	2 Stratified by age class, sex and study, and adjusted for smoking status, ethnicity, education level, number of full
	term pregnancies, body surface area, radiotherapy for previous cancer, first-degree relative thyroid cancer
	history, energy intake;					
	3 Calculated using the Wald test for fish consumption modeled as a continuous variable (per quartile);	
	* Reference category;					

a Crude p-trend; b Adjusted p-trend.

Table 5 -

 5 1 -Predictor of selenium concentration in fingernails in thyroid cancer patients and controls † Standard deviation;

* Regression coefficient t-test

Table 5 -

 5 Calculated using the Wald test for selenium modeled as a continuous variable (per quartile);

		2 -Fingernail selenium and thyroid cancer by various confounding factors in French Polynesia, 1981-
			2003			
			Quartiles of selenium (μg/g)		
		Q1	Q2	Q3	Q4	p-	p-
						trend *	interaction **
		(0.00-0.68)	(0.68-0.76)	(0.76-0.86)	(0.86-1.30)	
	Overall					
	Cases/controls	51/93	56/81	50/79	58/78	
	OR (95% CI) 1	1.00	1.16 (0.70-1.94) 1.06 (0.64-1.77)	1.12 (0.66-1.90)	0.30
	OR (95% CI) 2, 3	1.00	1.08 (0.62-1.90) 1.10 (0.62-1.96)	1.02 (0.56-1.84)	0.60
	Men					
	Cases/controls	2/15	8/9	6/5	7/11	
	OR (95% CI) 2, 3	1.00	? †	? †	752.6(<0.001->? † )	0.99
	Women					
	Cases/controls	49/78	48/72	44/74	51/67	
	OR (95% CI) 2, 3	1.00	0.95 (0.53-1.71) 0.95 (0.51-1.74)	0.90 (0.48-1.70)	0.90	0.20

** Calculated using the likelihood ratio test comparing a model with an interaction term to one without; † Not estimable;

1 

Adjusted for year of birth (continuous);

2 

Adjusted for year of birth (continuous), age at the moment of the diagnosis of cancer (continuous), gender, ethnicity, education, BMI, smoking status, radiotherapy treatment to head or neck;

Table 5 -

 5 3 -Fingernail selenium and thyroid cancer by the time between diagnosis and interview in FrenchPolynesia, 1981Polynesia, -2003 

			Tertiles of selenium (μg/g)	
		Q1 (0.00-0.71)	Q2 (0.71-0.82)	Q3 (0.82-1.30)	p-trend *
	<3 years				
	Cases/controls	17/34	13/24	16/23	
	OR (95% CI) 1	1.00	1.03 (0.38-2.80)	1.24 (0.48-3.23)	0.20
	3-7 years				
	Cases/controls	16/33	18/24	28/38	
	OR (95% CI) 1	1.00	1.15 (0.43-3.04)	1.19 (0.49-2.90)	0.80
	7-11 years				
	Cases/controls	21/37	20/23	18/31	
	OR (95% CI) 1	1.00	1.82 (0.72-4.60)	1.03 (0.41-2.61)	0.50
	≥11 years				
	Cases/controls	13/18	17/27	18/19	
	OR (95% CI) 1	1.00	0.93 (0.30-2.88)	1.75 (0.53-5.77)	0.40

*

Calculated using the Wald test for selenium modeled as a continuous variable (per tertile); 1 Adjusted for year of birth (continuous), age at the moment of the diagnosis of cancer (continuous), gender, ethnicity, education, BMI, smoking status, radiotherapy treatment to head or neck

5.3 DISCUSSION 

  Par ailleurs, une histoire familiale du cancer de la thyroïde, les facteurs anthropométriques, et la résidence dans les régions d'endémie goitreuse caractérisées par un apport d'iode insuffisant, sont des facteurs de risque confirmés dans plusieurs études épidémiologiques. L'apport alimentaire en iode, les perturbateurs endocriniens, l'activité physique, un nombre élevé de grossesses, et certains facteurs génétiques, sont des facteurs de risque potentiels du cancer de la thyroïde.Le cancer différencié de la thyroïde est le type de cancer (hors les rares cancers « héréditaires ») dont l'héritabilité est la plus élevée, il est le seul pour lequel la contribution des facteurs héréditaires est considéré comme plus importante que celle des facteurs environnementaux.Selon certaines études familiales et génétiques, il s'agirait d'une transmission autosomique dominante à pénétrance réduite. Les analyses pan-génomiques réalisées dans les populations européennes depuis 2009 ont permis d'identifier un certain nombre de variants génétiques associés au risque de cancer thyroïdien, et, récemment, d'autres variants dans des études menées chez d'autres ethnies, de nouveaux variants ont été associés au risque de cancer de la thyroïde. Cependant les SNPs mis en évidence dans ces GWAS, même si la signification statistique de leur association était forte, étaient associés à des risques relatifs de cancer différencié de la thyroïde considérés comme modérés à faibles.

	1.1 Contexte

Le cancer différencié de la thyroïde est un cancer à évolution lente et à bon pronostique, qui frappe des individus relativement jeunes. On distingue 5 types histologiques de cancer de la thyroïde: le cancer papillaire, le cancer folliculaire, le cancer peu différencié, le cancer médullaire, et le cancer anaplastique.

L'interprétation des variations temporelles et spatiales des données d'incidence de ce cancer rapportées dans les registres est très difficile car le facteur explicatif le plus important de ces variations est le sur-dépistage. Il semble cependant que cette incidence soit plus élevées dans les îles du pacifique qu'ailleurs.

Plusieurs facteurs de risque de cancer de la thyroïde ont émergé d'études épidémiologiques, mais le seul facteur étiologique clairement démontré est exposition aux rayonnements ionisants durant l'enfance.

  ) Étudier la relation entre l'apport alimentaire en iode et le risque de CDT, ainsi d'évaluer la Évaluer la possibilité d'utiliser le sélénium présent dans les ongles comme bio-marqueur potentiel du risque de CDT, dans l'étude cas-témoins de Polynésie française.Les questionnaires alimentaires de ces 5 études cas-témoins étaient dérivés de celui de l'étude de cohorte E3N. Ils étaient donc relativement homogènes quant à leur méthodologie (fréquence et portions basées sur des photographies). Cependant le pain, source importante d'iode, n'avait pas été pris en compte dans les questionnaires des études réalisées à Cuba et dans l'Est de la France (Young-Thyr).Avant le début de ce travail de thèse, le rôle des facteurs alimentaires et de l'iode avait été étudié pour les études réalisées en Polynésie Française et en Nouvelle Calédonie, mais à en utilisant une table de composition alimentaire élaborée à partir d'aliments collectés en France (TableCiqual 205), et donc peu adaptée à ces régions du Pacifique. Aucune analyse de ces facteurs n'avait encore été réalisée pour les études réalisées à Cuba et en France métropolitaine. Les génotypages des 4 SNPs investigués sont faites par les collaborations avec CIRC et CNG.

	possibilité d'interaction entre cet apport et 4 polymorphismes identifiés dans la plupart des études d'association génomes entier (GWAS) comme associés au risque de CDT, dont deux sur le gène FOXE1, un sur le gène ATM et un sur le gène NKX2-1, et d'explorer l'interaction avec les facteurs de risque environnementaux, dans une méta-analyse sur des données individuelles de l'ensemble des 5 études cas-témoins. Polynésie Françaises et de Cuba ont été effectuées par l'ANSES (FPFCT 2013 et CFCT 2014), à partir d'échantillons collectés par l'IRSN en Polynésie Française, et par nos partenaires à Cuba. Par ailleurs, des mesures de l'iode, du sélénium et d'autres oligoéléments métalliques avaient été réalisées par l'université du Québec dans les ongles des sujets de l'étude réalisée en 4) Des mesures de l'iode, du sélénium et d'autres éléments dans les aliments traditionnels de Polynésie Française.

  Consommation de poisson et de fruits de mer à Cuba et risque de DTC. Régression logistique conditionnelle multivariée stratifiée sur l'âge et le sexe et ajusté sur l'apport énergétique alimentaire, la surface corporelle, le tabagisme, le groupe ethnique, le niveau d'éducation, le nombre de grossesses pour les femmes.

			préalablement que j'effectue un nettoyage et des corrections importantes dans ces questionnaires alimentaires. Tableau 2 -Cas / témoins OR 1 (95% CI) p-tendance
		Poissons (g/ jour) 3) Analyser les données alimentaires de l'étude cas-témoins réalisée à Cuba, et étudier < 4 103/77 1.0 (référence) 0.04
			4Ŕ14 l'interaction avec les 4 SNPs qui avaient été génotypés. 50/65 0.60 (0.36Ŕ1.0) ≥ 15 50/70 0.55 (0.34Ŕ0.92)
		Fruits de mers (g/ jour) 4) Collecter et standardiser les données des questionnaires alimentaires des 5 études cas-0 128/102 1.00 (référence) 0.2
			témoins du consortium Epi-Thyr. 1Ŕ4	21/44	0.31 (0.17Ŕ0.58)
		≥ 5 5) Reconstituer à partir des données des questionnaires alimentaires, des mesures de 54/66 0.70 (0.43Ŕ1.1) Ensemble des produits de la mer (g/jour)
			< 5 l'iode et du sélénium dans les aliments traditionnels polynésiens, pour les études 89/64 1.00 (référence) 0.1 5Ŕ19 60/81 0.58 (0.36Ŕ0.96)
	1	≥ 20	54/67 réalisées en Polynésie Française et en Nouvelle Calédonie, et des données de la table 0.58 (0.35Ŕ0.98)
			de composition alimentaire du CIQUAL pour les autres aliments de ces mêmes études;
			pour tous les aliments pour les études réalisées en France, l'apport alimentaire en iode
			et en sélénium des cas et des témoins des 4 autres études du Consortium Epi-Thyr.
		6) Etudier comment prendre en considération le fait qu'il n'y avait pas d'item Pain, dans
			les questionnaires alimentaire de certaines études.
		7) Analyser le rôle de l'apport alimentaire en iode dans les 5 études cas-témoins du
			Consortium Epi-Thyr, et l'interaction entre ce rôle et celui des 4 SNPs génotypés dans
			les 5 études, ainsi que des facteurs alimentaires.
	1.5 Résultats
	1.5.1 Apport alimentaire en iode et risque de cancer thyroïdien à Cuba
	Le risque de DTC était plus faible chez les sujets qui avaient déclaré une consommation plus
	importante de poisson (p=0,005), ce résultat restant significatif après ajustement sur les
	facteurs suspectés de risque de DTC (p = 0,04). En revanche, il n'a pas été possible de mettre
	en évidence de relation avec la consommation de fruit de mer (Tableau 2).
				table de composition alimentaire des
			mesures dans les aliments traditionnels cubains (CFCT 2014), et en énergie à partir
			des bases de données de FAO, la table de composition alimentaire du CIQUAL pour
			les autres aliments, pour les sujets de l'étude réalisée à Cuba. Ceci a nécessité

  Tableau 3 -Apport alimentaire en iode et risque de DTC dans l'étude réalisée à Cuba.

	Apport alimentaire en Iode, en quartiles de la distribution chez les témoins (µg/jour)	
		< 164.9	(164.9Ŕ186.5)	(186.5Ŕ237.5)	(≥237.5) p-tendance
	Cas /témoins	62/53	27/53	57/53	57/53	
	OR 1 (95% CI)	1.1 (0.62Ŕ2.0)	0.56 (0.30Ŕ1.1)	1.2 (0.69Ŕ2.2)	1.0*	0.7
	1 Régression logistique conditionnelle multivariée stratifiée sur l'âge et le sexe et ajusté sur l'apport énergétique
	alimentaire, la surface corporelle, le tabagisme, le groupe ethnique, le niveau d'éducation, le nombre de
	grossesses pour les femmes.					

  Tableau 4 -Apport alimentaire en iode, polymorphisme de rs965513 et risque de cancer de la thyroïde.

	Apport alimentaire en iode	Polymorphisme of SNP rs965513 (près de FOXE1)	P-tendance
			G/G	G/A	A/A
	< médiane	Cas / Témoins	31/68	45/31	11/3
		OR 1 (95% CI)	1.0 (référence)	3.4 (1.7Ŕ6.5)	6.7 (1.6Ŕ27.3)	0.0005
	> médiane	Cas / Témoins	50/48	44/46	16/9
		OR 1 (95% CI)	2.4 (1.3Ŕ4.4)	2.4 (1.3Ŕ4.5)	3.3 (1.2Ŕ8.8)	0.4
	1 Régression logistique conditionnelle multivariée stratifiée sur l'âge et le sexe et ajusté sur l'apport énergétique
	alimentaire, la surface corporelle, le tabagisme, le groupe ethnique, le niveau d'éducation, le nombre de
	grossesses pour les femmes.			

  Tableau 6 -Apport alimentaire en iode et le risque de CDT, selon les quartiles de la distribution chez les témoins de chaque étude, des cas et des témoins des 5 études du consortium Epi-ThyrApport alimentaire en iode, en quartile de la distribution chez les témoins de chaque étude

	Tableau 5 -Apport alimentaire en iode des sujets du consortium Epi-Thyr, moyenne par type d'aliment Q1 Q2 Q3 Q4 p-tendance
	Ensemble EpiThyr			Cas	Témoins	Ensemble	Cas	Témoins	Ensemble
	Item	(µg/jour) OR 1 (95% CI) 0,98 (0,78Ŕ1,2) (µg/ jour)	(µg/ jour) 0,99 (0,81Ŕ1,2) Item	(µg/ jour) 0,89 (0,73Ŕ1,1)	(µg/ jour) 1,0 (ref)	(µg/ jour) 0,5
	Paint (3 études) Nouvelle Calédonie	39,1	35,1	36,7	Fruits	4,5	3,0	4,2
	Yoghourt OR 1 (95% CI) 24,2	22,7 0,63 (0,35Ŕ1,14) 0,61 (0,33Ŕ0,95) 0,54 (0,32Ŕ0,93) 1,0 (ref) 23,4 Charcuterie 3,2 3,4	3,3 0,1
	Poisson Polynésie Française	13,7	13,9	13,8	Riz	3,3	3,3	3,3
	Fromage OR 1 (95% CI) 11,3	11,0 1,7 (0,86Ŕ3,5)	11,1 1,6 (0,81Ŕ3,0) Tomates	2,2 1,2 (0,64Ŕ2,2)	2,2 1,0 (ref)	2,2 0,05
	Fruits de mer Young-Thyr			8,7	9,7	9,3	Poulet	2,2	2,1	2,2
	Lait		OR 1 (95% CI)	8,8	8,5 1,0 (0,68Ŕ1,6)	8,6 1,2 (0,81Ŕ1,7) Pates	1,8 0,96 (0,69Ŕ1,3)	1,7 1,0 (ref)	1,7 0,7
	Dessert Cathy				8,2	7,0	7,6	Pommes de terre	1,5	1,4	1,4
	OEufs		OR 1 (95% CI)	6,9	7,2 0,94 (0,56Ŕ1,6)	7,1 1,1 (0,72Ŕ1,7) Légumineuses 0,87 (0,60Ŕ1,3) 1,2	1,1 1,0 (ref)	1,1 0,4
	Autres végétaux Cuba			5,9	6,7	6,3	Alcool	0,7	1,0	0,9
	Viande	OR 1 (95% CI)	4,3	4,4 1,1 (0,62Ŕ2,0)	4,4 0,56 (0,30Ŕ1,1) Choux	0,3 1,2 (0,69Ŕ2,2)	0,3 1,0 (ref)	0,3 0,7
	Chips					4,6	4,1	4,3
	Ensemble	117,5	115,8	116,5
	La majorité des cas (45%) et les témoins (45%) ont été considérés comme présentant une
	carence en iode alimentaire légère selon la classification Iodine Global Network (IGN). Les
	populations des études réalisées en Nouvelle Calédonie, en Polynésie et à Cuba avaient un
	alimentaire en iode inférieur à celui de celles réalisées en France Métropolitaine et étaient
	plus souvent en insuffisance légère ou sévère.
	Dans l'analyse globale, il n'a pas été possible de mettre en évidence d'association
	significative entre l'apport en iode alimentaire et le risque de cancer de la thyroïde, que cet
	apport soit classé, selon la classification IGN, qu'il soit analysé comme une variable continue
	dans un modèle log linéaire ou linéaire, ou en quartiles dans chaque étude (tableau 6). Ce
	résultat été confirmé dans les analyses excluant l'apport du au pain, ainsi en excluant les
	microcarcinomes.					

Table 2 -Adjusted Odds Ratio of 3 DTC Associated with Dietary Iodine Intake According to IGN Classification in the Pooled Analysis

 2 Tableau 7 -Sélénium dans les ongles et risque de cancer différencié de la thyroïde en Polynésie Française imprécisions des réponses aux questionnaires alimentaires. Concernant l'étude de la relation entre l'apport d'iode et en sélénium d'origine alimentaire et le risque de cancer de la thyroïde, une autre source d'incertitude s'ajoute, celle autours de la valeur de la teneur en iode des aliments, qui peut être très variable, pour un même aliment. 'une manière générale, ce travail n'a pas permis de mettre en évidence de relation entre l'apport en iode d'origine alimentaire et le risque de cancer de la thyroïde, ni d'interaction avec l'apport alimentaire en sélénium, ni d'utilisation possible du sélénium dans les ongles comme biomarqueur prédictif du risque de cancer de la thyroïde. Il n'a pas non plus permis de Le résultat concernant le risque associé au nombre de grossesse élevée chez les femmes ayant un apport alimentaire insuffisant en iode pourrait être important en santé publique. Etant donné l'importante de l'iode dans le développement du foetus, il est certain que les femmes qui ont un grand nombre de grossesse ont un état thyroïdien plus surveillé que les autres, et que ceci explique en partie l'association observée dans la plupart des études entre le nombre de grossesses et le risque de cancer différencié de la thyroïde. Il ne s'agit probablement pas de la seule explication car, par exemple, Epi-Thyr, cette relation reste très significative (p<0.001), † Bread item presented in the New Caledonia, the French Polynesia and the Cathy studies, but it was missing in the Young-Thyr and Cuba studies; ‡ The value of dietary iodine intake for the New Caledonia study was underestimated by about 25 µg/day due to some compound dishes had not been taken into account; Calculated using the Wald test for dietary iodine intake modeled as a continuous variable (per classification);

			Sélénium (μg/g): Quartiles		
		(0.00-0.68)	(0.68-0.76)	(0.76-0.86)	(0.86-1.30)	p-tendance
	Cas témoins	51/93	56/81	50/79	58/78	
	OR (95% CI) 1	1 (référence)	1.1 (0.62-1.9)	1.1 (0.62-2.0)	1.0 (0.56-1.8)	0.6

D3 * Reference category; a Crude p-trend; b Adjusted p-trend.

Table 2 . Fingernail Selenium and Thyroid Cancer by Various Confounding Factors in French Polynesia, 1981-2003

 2 

					Quartiles of selenium (μg/g)	
			Q1	Q2	Q3	Q4	p-trend* p-interaction**
			(0.00-0.68)	(0.68-0.76)	(0.76-0.86)	(0.86-1.30)	
	Overall	Cases/controls	51/93	56/81	50/79	58/78	
		OR (95% CI) 1	1.00	1.16 (0.70-1.94) 1.06 (0.64-1.77)	1.12 (0.66-1.90)	0.30
		OR (95% CI) 2, 3	1.00	1.08 (0.62-1.90) 1.10 (0.62-1.96)	1.02 (0.56-1.84)	0.60
	Men	Cases/controls	2/15	8/9	6/5	7/11	
		OR (95% CI) 2, 3	1.00	? †	? †	752.6(<0.001->? †)	0.99
	Women	Cases/controls	49/78	48/72	44/74	51/67	
		OR (95% CI) 2, 3	1.00	0.95 (0.53-1.71) 0.95 (0.51-1.74)	0.90 (0.48-1.70)	0.90	0.20
	Non-smoker	Cases/controls	15/33	20/40	27/47	32/49	
		OR (95% CI) 2, 3	1.00	0.91 (0.38-2.18) 1.02 (0.45-2.32)	1.07 (0.47-2.46)	0.50
	Current smoker	Cases/controls	36/60	36/41	23/32	26/29	
		OR (95% CI) 2, 3	1.00	1.29 (0.68-2.43) 1.08 (0.53-2.19)	1.19 (0.59-2.41)	0.40	0.70
	BMI <30 kg/m 2	Cases/controls	35/68	27/52	23/53	24/48	
		OR (95% CI) 2, 3	1.00	0.95 (0.49-1.84) 0.81 (0.41-1.62)	0.76 (0.37-1.55)	0.80
	BMI ≥30 kg/m 2	Cases/controls	16/25	28/28	27/26	34/30	
		OR (95% CI) 2, 3	1.00	1.65 (0.70-3.90) 1.74 (0.73-4.18)	1.97 (0.83-4.66)	0.15	0.30
	Papillary	Cases/controls	40/58	39/56	37/66	49/56	
		OR (95% CI) 2, 3	1.00	0.95 (0.52-1.76) 0.81 (0.44-1.49)	1.18 (0.64-2.18)	0.30
	Follicular	Cases/controls	11/25	17/19	13/10	9/20	
		OR (95% CI) 2, 3	1.00	1.74 (0.59-5.08) 3.79 (1.12-12.8)	0.98 (0.29-3.29)	0.80	0.60
	Tumours <10 mm	Cases/controls	9/25	15/20	17/25	18/24	
		OR (95% CI) 2, 3	1.00	1.84 (0.59-5.75) 1.79 (0.61-5.29)	1.84 (0.59-5.75)	0.30
	Tumours ≥10 mm	Cases/controls	32/59	30/49	28/43	33/39	
		OR (95% CI) 2, 3	1.00	1.04 (0.53-2.02) 1.19 (0.60-2.36)	1.37 (0.69-2.72)	0.09	0.04
	Fingernail iodine <3 ppm	Cases/controls	24/49	23/43	25/45	27/39	
		OR (95% CI) 2, 3	1.00	0.98 (0.46-2.09) 1.18 (0.56-2.49)	1.44 (0.66-3.11)	0.10
	Fingernail iodine ≥3 ppm	Cases/controls	27/44	33/38	25/34	31/39	
		OR (95% CI) 2, 3	1.00	1.15 (0.56-2.37) 1.13 (0.52-2.47)	0.99 (0.47-2.06)	0.90	0.70
	Dietary iodine <117	Cases/controls	29/38	29/49	23/35	35/36	
	(mg/1,000 kcal)	OR (95% CI) 2, 3	1.00	0.83 (0.41-1.70) 0.95 (0.44-2.06)	1.40 (0.67-2.95)	0.10
	Dietary iodine ≥117	Cases/controls	22/55	27/32	27/44	23/42	
	(mg/1,000 kcal)	OR (95% CI) 2, 3	1.00	1.71 (0.80-3.64) 1.31 (0.63-2.72)	0.94 (0.43-2.06)	0.90	0.50

*Calculated using the Wald test for selenium modelled as a continuous variable (per quartile); **Calculated using the likelihood ratio test comparing a model with an interaction term to one without; †Not estimable; 1Adjusted for year of birth (continuous); 2Adjusted for year of birth (continuous), age at the moment of the diagnosis of cancer (continuous), gender, ethnicity, education, BMI, smoking status, radiotherapy treatment to head or neck; 3One case and one control were excluded from the analysis due to missing data on BMI

Table 1 . Predictor of Selenium Concentration in Fingernails in Thyroid Cancer Patients and Controls

 1 

		Cases		Controls	
		Regression Coefficient (SD †)	p-value*	Regression Coefficient (SD †) p-value*
	Dietary selenium (mg/1,000 kcal)	<0.001 (<0.001)	0.60	-0.0002 (<0.001)	0.06
	Dietary iodine (mg/1,000 kcal)	-0.0002 (<0.001)	0.30	0.0001 (<0.001)	0.20
	Gender (women/men)	-0.01 (0.03)	0.80	0.04 (0.02)	0.06
	Age (years)	0.001 (0.001)	0.20	0.002 (<0.001)	0.01
	BMI (kg/m 2 )	0.003 (0.002)	0.03	0.002 (0.001)	0.07
	Currently smoking (yes/no)	-0.05 (0.02)	0.01	-0.06 (0.01)	0.0001
	Marquises Islands (yes/no)	0.14 (0.07)	0.05	0.04 (0.06)	0.40
	Tuamotu-Gambier Archipelago (yes/no)	0.06 (0.04)	0.10	0.12 (0.03)	0.0002
	†Standard deviation; *Regression coefficient t-test				

Table 3 . Fingernail Selenium and Thyroid Cancer by the Time between Diagnosis and Interview in French Polynesia, 1981-2003

 3 Calculated using the Wald test for selenium modelled as a continuous variable (per tertile); 1 Adjusted for year of birth (continuous), age at the moment of the diagnosis of cancer (continuous), gender, ethnicity, education, BMI, smoking status, radiotherapy treatment to head or neck

	Tertiles of selenium (μg/g)	
	Q1	Q2	Q3	p-trend *
	(0.00-0.71) (0.71-0.82)	(0.82-1.30)	
	<3 years			
	Cases/controls 17/34	13/24	16/23	
	OR (95% CI) 1 1.00 1.03 (0.38-2.80) 1.24 (0.48-3.23) 0.20
	3-7 years			
	Cases/controls 16/33	18/24	28/38	
	OR (95% CI) 1 1.00 1.15 (0.43-3.04) 1.19 (0.49-2.90) 0.80
	7-11 years			
	Cases/controls 21/37	20/23	18/31	
	OR (95% CI) 1 1.00 1.82 (0.72-4.60) 1.03 (0.41-2.61) 0.50
	≥11 years			
	Cases/controls 13/18	17/27	18/19	
	OR (95% CI) 1 1.00 0.93 (0.30-2.88) 1.75 (0.53-5.77) 0.40

*

Table 1 .

 1 Characteristics of DTC Cases in the Studied Cuban Population

		Cases (n = 203)
	Characteristics	n	%
	Sex		
	Male	24	11.8
	Female	179	88.2
	Delay (years) between diagnosis and interviews	
	0-1	76	37.4
	2-4	72	35.5
	5-11	55	27.1
	Year of diagnosis		
	2000-2005	50	24.6
	2006-2008	64	31.5
	2009-2011	89	43.9
	Age (years) at diagnosis		
	17-20	10	4.9
	21-25	16	7.9
	26-30	12	5.9
	31-35	34	16.8
	36-40	46	22.7
	41-45	41	20.2
	46-50	30	14.8
	51-55	7	3.4
	56-60	7	3.4
	Histology		
	Papillary	189	93.1
	Follicular	14	6.9

DTC, differentiated thyroid cancer.

Table 2 .

 2 Odds Ratios of DTC Associated with Fish and Shellfish Consumption Multivariate logistic regression stratified on age group and sex, and adjusted for dietary energy, smoking status, ethnic group, level of education, number of pregnancies, body surface area, and, for trend test, calculated by assigning the median value to each category and treating this variable as a continuous variable.

		Cases/controls (203/212)	Age and sex stratified OR [CI]	p-Value a	Multivariate OR b [CI]	p-Value b
	Fish consumption (g/day) <4 103/77	1.00 c	0.005	1.00 c	0.04
	4-14	50/65	0.58 [0.36-0.95]		0.60 [0.36-1.00]
	‡15	50/70	0.52 [0.33-0.84]		0.55 [0.34-0.92]
	Shellfish consumption (g/day) 0 128/102	1.00 c	0.04	1.00 c	0.2
	1-4	21/44	0.38 [0.21-0.69]		0.31 [0.17-0.58]
	‡5	54/66	0.68 [0.43-1.06]		0.70 [0.43-1.13]
	Total consumption of seafood (g/day) <5 89/64	1.00 c	0.02	1.00 c	0.1
	5-19	60/81	0.54 [0.34-0.87]		0.58 [0.36-0.96]
	‡20	54/67	0.57 [0.35-0.92]		0.58 [0.35-0.98]

a Mantel-Haenszel chi-square test stratified on age group and sex. b c Reference category. OR, odds ratio; CI, confidence interval.

Table 3 .

 3 Odds Ratios of DTC Associated with Dietary Iodine Intake According to IGN Classification in the Studied Cuban Population Dietary iodine intake, IGN classification (lg/day) Calculated using the Wald test for dietary iodine intake modeled as a continuous variable (per classification). Stratified on age group and sex, and adjusted for dietary energy, smoking status, ethnic group, level of education, number of pregnancies, and body surface area.

	p-Value a

a b Reference category. c Crude p-trend. d e Adjusted p-trend.

Table 4 .

 4 Odds Ratios of DTC Risk Associated with Dietary Iodine Intake and the Polymorphism of SNP rs965513 Near FOXE1

		Polymorphism of SNP rs965513 near FOXE1	
	Dietary iodine intake	G/G	G/A	A/A	p-Value
	<Median (186 lg/day)				
	Cases/controls OR [CI] Age and sex stratified OR [CI] Multivariate OR d [CI]	31/68 1.0 a 1.0 a 1.0 a	45/31 3.2 [1.7-5.9] 3.2 [1.7-6.2] 3.4 [1.7-6.5]	11/3 8.0 [2.1-30.9] 8.0 [1.6-40.3] 6.7 [1.6-27.3]	<0.0001 b <0.0001 c 0.0005 d
	>Median				
	Cases/controls OR [CI] Age and sex stratified OR [CI] Multivariate OR d [CI]	50/48 2.3 [1.3-4.1] 2.6 [1.4-4.8]	44/46 2.1 [1.2-3.8] 2.3 [1.2-4.3]	16/9 3.9 [1.6-9.8] 4.8 [1.7-13.8]	0.5 b 0.3 c

  Multivariate logistic regression stratified on age group and sex, and adjusted for dietary energy, smoking status, ethnic group, level of education, number of pregnancies, body surface area, and for trend test, calculated by assigning the number of A allele in FOXE1.
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a Reference category. b Mantel-Haenszel chi-square test. c Mantel-Haenszel chi-square test stratified on age group and sex. d
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Stratified on age group and sex, and adjusted for dietary energy, smoking status, ethnic group, level of education, number of pregnancies, BSA (body surface area);

Calculated using the Wald test for dietary iodine intake modeled as a continuous variable (per classification); * Reference category; a Crude p-trend; b Adjusted p-trend.

Régression logistique conditionnelle multivariée stratifiée sur l'étude, l'âge et le sexe et ajustée sur l'apport énergétique alimentaire, la surface corporelle, le tabagisme, le groupe ethnique, le niveau d'éducation, le nombre de grossesses pour les femmes Une hétérogénéité significative ou presque significative, selon les variables et modèles de relation dose effet, a été mise en évidence entre les études pour la relation dose-effet entre l'apport alimentaire en iode et le risque de cancer de la thyroïde. Cette hétérogénéité était due principalement à l'étude réalisée en Polynésie Française, seule étude pour laquelle une relation significative existait, le risque diminuant avec l'augmentation de l'apport alimentaire en iode, même après exclusion des microcancers. L'hétérogénéité entre études était due à une hétérogénéité entre groupes ethniques, qui était due principalement à une différence de relation dose effet entre les Polynésiens et les autres groupes ethniques. Chez les Polynésiens, un important apport alimentaire était associé à une réduction du risque de cancer de la thyroïde, alors que cette relation n'existait pas pour les autres groupes ethniques. D'une manière générale, ce résultat se maintenait quel que soit le critère choisi et même si on éliminait les microcarcinomes.

Régression logistique conditionnelle multivariée stratifiée sur l'âge et le sexe et ajusté sur l'apport énergétique alimentaire, la surface corporelle, le tabagisme, le groupe ethnique, le niveau d'éducation, le nombre de grossesses pour les femmes.Une interaction juste significative (p=0,04) a cependant été mise en évidence avec la taille de la tumeur : le taux de sélénium était plus important chez les cas de cancers de la thyroïde de taille supérieure à 10mm que chez leurs témoins (p=0,09). De même, bien qu'aucune interaction significative n'ait été mise en évidence, le taux de sélénium dans les ongles était presque significativement (p=0.1) associé au risque de cancer de la thyroïde chez les sujets qui avaient moins de 3 ppm d'iode dans les ongles, et chez ceux dont l'apport alimentaire en iode était inférieur à 117 mg /1 000 kcal / jour. En conclusion, bien que réalisée dans un région insulaire du Pacifique, sur la quasi-totalité des cas de cancer de la thyroïde de cette région, et des témoins sélectionnés à partir du registre d'état civil de actes de naissance, région dont les habitants sont parmi les plus grands consommateurs de poissons (une importante source alimentaire de sélénium), il n'a pas été possible de mettre en évidence un intérêt du sélénium comme biomarqueur prédictif du risque de cancer différencié de la thyroïde.1.6 Discussion et ConclusionLorsqu'elles portent sur l'alimentation, les études cas témoins les limitations des études castémoins portant sur rôle de l'alimentation cumulent les limitations propres aux études castémoins (biais d'anamnèse, de confusion, de sélection des témoins) avec les celles dues aux
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PART III: DIETARY IODINE INTAKE AND DIFFERENTIATED THYROID CANCER RISK: THE CASE-CONTROL STUDY IN CUBA

look for a dose-response relationship, intake of selected nutrients and food items was divided into quartiles of consumption, and adjusted odds ratios were obtained for each consumption level. To test for linear trend in the logit of risk, a trend variable for consumption was entered into the logistic model, this variable was assigned the median value of each quartile, then modeled as a continuous variable. Likelihood ratio tests comparing models with and without multiplicative interaction terms were performed to assess the significance of interactions, by entering into the model the main effects and an interactive term.

Assuming a prevalence of exposure close to 30%, the size of this study (about 2,200 cases and 2,500 controls) was large enough to allow us to reach a power of 80% for identifying the role of a risk factor associated with an odds ratio (OR) of 1.8 when accepting a type I error of 5%.

POPULATION DESCRIPTION

CHARACTERISTICS OF THE STUDIED POPULATION

Average age of the study participants in this pooled analysis was 39, the youngest was 9 and oldest was 83. Table 4-3 shows us the distribution of the cases and the controls in each age class. Study participants were older in the Cathy study and younger in the Young-Thyr study, comparing with the other studies. The majority of the population in this pooled analysis was females (80%), nonsmoker (53%) and Europeans (64%, ethnicity was declared by the study participants regarding to the ethnicity of his or her parents). The French Polynesia and the Cuba studies had the more mixed races participants compared to the other studies; In the French Polynesia study, Polynesian -European mixed race had the highest rate among all the mixed races and in the Cuba study, Afro-Cubans accounted for 30% of the total study participants in accord with the 2012 Cuban Census, Afro-Cubans accounted for 35% of the population (204). Their ancestors originated predominantly from the Congo in Central Africa.

The average of body surface area was a little bit higher in the French Polynesia study comparing with the other studies. The 2 metropolitan France studies had more participants whose education level was Baccalaureate or higher, and in the pooled analysis, more controls than cases whose education level was higher than BEPC, CAP, BEP. More than 40% of the female cases in the New Caledonia and the French Polynesia studies declared having 4 or more full term pregnancies. In this pooled analysis, the majority of the DTC was papillary thyroid cancer (88%), only 3% of the cases declared that they had had radiotherapy treatment as the mean of dietary energy (kcal/day/person), iodine and selenium intake (µg/day/person) by the cases, the controls and all the study participants of each study in the pooled analysis, by order of the first 3 foods which had most dietary elements intake; In general, fruits, other vegetables and rice were the most consumed foods for all studies, particularly, there was a more fruits consumption in the insular populations, especially in the French Polynesian population (1108 g/day/person), and there was a more yoghurt consumption in the metropolitan French population. The main dietary energy intake was from fruits, rice, and meats consumptions in the New Caledonia study and the Cuba study. In the French Polynesia study, fruits, milk and rice consumptions brought principal parts of dietary energy (687, 177 and 171 kcal/day/person respectively). In Young-Thyr study, the most dietary energy intake was from yoghurt, meats and cheese consumptions, almost the same case in Cathy study, excepting that the most dietary energy intake was from dessert consumption (200 kcal/day/person). When we look at the foods which brought the most dietary iodine intake, except the Cuba study, in the other 4 studies, fish consumption brought the more dietary iodine intake. Except the French Polynesia study, in the other 4 studies, dairy products (milk, yoghurt, cheese) consumptions brought the more dietary iodine intake. In the metropolitan French population on using the same food composition table (the French CIQUAL 2013 food composition table 124), the Young-Thyr study and the Cathy study had the same foods (yoghurt, cheese and fish) which brought the most dietary iodine intake, regarding the study participants in the Young-Thyr study had about twice yoghurt consumption than the study participants in the Cathy study, mean of dietary iodine intake from yoghurt consumption among the study participants in the Young-Thyr study was also about twice as it among the study participants in the Cathy study. When we look at the foods which brought the most dietary selenium intake, except the Cuba study, in the other 4 studies, fish was the top food which brought the most dietary selenium intake, confirmed that iodine or selenium content is rich in fish. In the Cuba study, poultry, meats and pulses consumptions brought the most dietary selenium intake (23.17, 15.57 and 11.96 µg/day/person respectively). Dietary selenium intake from fish consumption was higher in the French Polynesia study (62.24 elements in the fingernails were returned as null. The final analytic population was 215 cases and 331 controls.

DATA COLLECTION

Details in data collection through the structured questionnaire also have been described in 2.3.2. The slight difference applied to this present study was at the time of the analysis process, the FPFCT 2013 (see 1.3.1.3) was in the laboratory validation process and was not ready for this application, so we used French CIQUAL-REGAL food composition table (205) for the calculation of iodine and selenium intake. The overall iodine intake took into account all foods of the questionnaire, except iodized salt because we had no information on the amount of iodized salt consumption.

All participants provided fingernail clippings on the date of the interview. Clippings were stored in paper envelopes at room temperature before being transferred to the toxicology centre of the Institut National de Santé Publique du Quebec (INSPQ).

FINGERNAIL SELENIUM AND IODINE MEASUREMENTS

Nail samples were digested under basic conditions using trimethylammonium hydroxide for iodine and under acidic conditions with nitric acid for selenium. The digested material was directly analysed by ICP-MS (inductively coupled plasma mass spectrometry, Perkin Elmer Sciex, Elan DRCII with autosampler ESI SC-4 and work station Elan version 3.0) (228).

Certified reference materials used were: Human hair powder GBW 07601 and GBW 09101b.

STATISTICAL ANALYSIS

Descriptive statistics and trend tests in univariate analysis were performed using nonparametric Jonckheere-Terpstra test for association between two quantitative variables; nonparametric Wilcoxon rank test for association between a qualitative variable with two classes and a quantitative variable; and non-parametric Kruskal-Wallis rank tests for association between a qualitative variable with more than two classes and a quantitative variable.

The association between selenium in nails and other parameters has been investigated using generalized linear models.

We used conditional logistic regression to estimate OR and 95%CI for thyroid cancer by fingernail selenium concentration. Selenium was categorized into quartiles based on the distribution among the controls. All models were conditioned on year of birth (< 1945, 1945-1955, 1955-1965, ≥ 1965) and sex to reduce the potential bias due to the matching process and adjusted for year of birth (continuous, per year) to control for residual confounding by age. Multivariable models were additionally adjusted for ethnicity (Polynesian, mixed, other), education (primary school or lower vs. middle school or higher), BMI at the moment of cancer (< 25, 25-29.9, ≥ 30 kg/m 2 , missing), current smoking (yes vs. no), and radiotherapy treatment to head or neck (ever vs. never). These associations were also evaluated by sex, smoking status, BMI, thyroid cancer histology, tumor size, fingernail iodine and dietary iodine. Effect modification of selenium levels by sex, smoking status, BMI, thyroid cancer histology, tumor size, fingernail iodine and dietary iodine was evaluated using the likelihood ratio test comparing a model with an interaction term to one without. We also investigated for potential bias due to the delay between thyroid cancer diagnosis and fingernails sampling, by performing separate analysis for various categories of delay.

All statistical analyses were conducted using SAS software (version 9.3, SAS Institute Inc., Cary, NC, USA).

RESULTS

The cases and controls were generally comparable in terms of ethnicity and level of education.

Thirty percent of the cancers' longer diameters were less than 10 mm. About 70% of cases had papillary thyroid cancer, and 30% had a follicular type.

Among controls, higher fingernail selenium levels were observed in older people (p < 0.001), and people who have higher BMI (p = 0.001) and in non-smokers (p < 0.0001), but in a multivariate analysis, only age (p = 0.01) and smoking (p < 0.0001) remained significant (Table 5-1). The highest fingernail selenium levels were in inhabitants of the Marquises Islands (M = 0.87 μg/g) and of the Tuamotu-Gambier Archipelago (M = 0.86 μg/g) (Figure 5-1). Adjusting by other factors, including estimated selenium and iodine in diet, selenium in fingernails of the controls from the Tuamotu-Gambier Archipelago remained significantly higher than in the rest of French Polynesia, but not from the Marquises Islands (Table 5-1).

On the contrary, among cases, only selenium in fingernails of the Marquises Islands 

Perspectives

D'une manière générale, mon travail souligne la difficulté de l'utilisation des enquêtes cas témoins pour étudier le rôle de l'apport alimentaire en iode dans l'occurrence d'une pathologie, en particulier en l'absence de biomarqueur validé tel que l'iodurie ou l'iodémie.

Les principales perspectives de mon travail concernent l'approfondissent de mes résultats concernant la spécificité des populations Polynésiens, qui pourra être réalisé grâce à une extension de l'étude Polynésienne est en cours, et de celui concernant le risque associé au nombre de grossesse élevée chez les femmes ayant un apport alimentaire insuffisant en iode.

La validation de ce résultat nécessitera des études spécifiques. 6 Thierry Gue ´rin, 6 Laurent Noe ¨l, 7 Fabienne Lesueur, 8 Ste ´phane Maillard, 1,2,3 Enora Cle ´ro, 1,2,3 Constance Xhaard, 1,2,3 Rodrigue S. Allodji, 1,2,3 Carole Rubino, 1,2,3 Regla Rodriguez, 9 Rosa M. Ortiz, 4 and Florent de Vathaire 1,2,3 Background: The incidence of differentiated thyroid cancer (DTC) is low in Cuba, and the contribution of dietary factors to DTC in this population has not been investigated so far. The aim of this study was to evaluate the relationship between dietary iodine intake and DTC with regard to the interaction with environmental factors or some common single nucleotide polymorphisms (SNPs), based on a case-control study carried out in Cuba.

Supplemental

Methods: A total of 203 cases and 212 controls from the general population were interviewed face-to-face using the dietary intake questionnaire and the photo booklet from the E3N cohort. A specific food composition table was constructed for this study. For each parameter studied, the odds ratio (OR) was stratified on age group and sex, and further adjusted for dietary energy, smoking status, ethnic group, level of education, number of pregnancies, and body surface area.

Results: The risk of DTC was significantly reduced with increasing consumption of fish ( p = 0.04), but no association between total dietary iodine intake and DTC risk was evident ( p = 0.7). This lack of significant association was true whatever the age, the smoking status, the dietary selenium intake, and the ethnicity ( p > 0.05). DTC risk was positively and strongly associated with the number of copies in the minor allele (A) for SNP rs965513 near FOXE1 among people who consumed less iodine than the median ( p = 0.005).

Conclusion:

Overall, the majority of the studied population had an optimal dietary iodine intake. DTC risk was inversely associated with high fish consumption. Furthermore, DTC risk was positively associated with the number of copies in the minor allele (A) of rs965513 among people who consumed less iodine than the median. Because these findings are based on post-diagnostic measures, studies with pre-diagnostic dietary iodine are needed for confirmation.
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Title : Dietary iodine intake, fingernail selenium, and risk of differentiated thyroid cancer: Analyses of case-control studies from Epi-Thyr consortium Keywords : Differentiated thyroid cancer, dietary iodine intake, single-nucleotide polymorphism, fingernail selenium, case-control study, Epi-Thyr Context : Iodine is a trace element derived from food. In endemic goiter areas characterized by dietary iodine deficiency, it is established that the incidence of goiter and differentiated thyroid cancers (DTC) of follicular type is higher than elsewhere. On the other hand, the influence of dietary iodine intake in the risk of papillary thyroid cancer which currently representing more than 80% of DTCs in most countries, has not achieved a consensus. It appears, however, that this incidence is higher in the Pacific islands than elsewhere. In addition, the redox protection properties of selenium could protect the thyroid gland and help to maintain the production of thyroid hormones, but few studies evaluated the relationship between selenium intake and DTC.

Objectives :

The general objective of this thesis was to explore the relationship between dietary iodine intake and DTC risk. More specifically, it was 1) to study the relationship between dietary iodine intake and the risk of DTC in five case-control studies of Epi-Thyr consortium, carried out in New Caledonia, French Polynesia, Metropolitan France (two studies) and Cuba; 2) to investigate the interaction between this intake and four single-nucleotide polymorphisms (SNP) identified in most genome-wide association studies (GWAS) as associated with DTC risk, as well as the interaction with the well-established environmental risk factors; and 3) to evaluate the benefit of selenium present in fingernails as a potential bio-marker of DTC risk.

Materials and Methods :

Conditional logistic regression was used to analyze the relationship between dietary iodine intake and DTC risk first in the Cuba study including 203 cases and 212 controls, and then in the pooled analysis of the five studies including a total of 2162 cases and 2571 controls. The dietary questionnaires of these five studies were derived from those in the E3N cohort study. Measurements of iodine and selenium in traditional Polynesian and Cuban foods were specifically carried out for this pooled analysis. Four SNPs were genotyped, including two of FOXE1 gene, one of ATM gene and another near NKX2-1 gene. Measurements of iodine, selenium and other metal trace elements were made in the fingernails of the participants of the French Polynesia study.

Results : There was no significant association between dietary iodine intake and DTC risk in the Cuba study. In the pooled analysis of the five studies, the majority of the cases and the controls were considered as being in mild dietary iodine deficiency according to the IGN classification. Although DTC risk was not found to be linked to dietary iodine intake, this risk significantly decreased with high fish consumption, this reduction in DTC risk per quartile of fish consumption was more important in the Cuba study than in the other studies. Additionally, higher dietary iodine intake significantly associated with lower DTC risk only in the French Polynesia study and in Polynesians. A strong increase in DTC risk associated with the number of the minor allele (A) of the SNP rs965513 near FOXE1, among participants who consumed less iodine than the median value in the Cuba study. For the women who had a high number of full term pregnancies and who were iodine deficient, increasing dietary iodine intake may reduce their risk of suffering from DTC. Moreover, it was not possible to demonstrate an interest in fingernail selenium as a biomarker that predicts DTC risk. Bien que le risque de CDT ne soit pas lié à l'apport alimentaire en iode, ce risque était significativement réduit avec l'augmentation de la consommation de poisson, ceci de manière plus importante dans l'étude réalisée à Cuba que dans les autres. En outre, une augmentation de l'apport alimentaire en iode a été significativement associée à une diminution du risque de CDT uniquement dans l'étude réalisée en Polynésie Française et chez les Polynésiens. Une augmentation significative du risque de CDT associée au nombre de l'allèle mineur (A) du SNP rs965513 près de FOXE1 parmi les sujets qui ont consommé moins d'iode que la médiane dans l'étude réalisée à Cuba. Pour les femmes qui ont eu un nombre de grossesses élevé et qui étaient déficitaires en iode, l'augmentation de l'apport alimentaire en iode réduisait leur risque de CDT. Par ailleurs, il n'a pas été possible de mettre en évidence un intérêt du sélénium dans les ongles comme bio-marqueur prédictif du risque de CDT.