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Abstract

Objectives The present review summarizes epidemio-

logical evidence on risk factors for thyroid cancer (TC), in

particular, nutritional factors.

Methods Searches of articles on the issue were conducted

using MEDLINE.

Results Exposure to ionizing radiation, particularly dur-

ing childhood, is the best-established risk factor for TC.

There is also a strong association with history of benign

nodules/adenoma or goiter. Iodine deficiency may induce

an increasing incidence of benign thyroid conditions, but

very high iodine intake also affects thyroid function and,

possibly, TC risk. Among dietary factors, fish—the major

natural source of iodine in human diet—is not consistently

related to TC risk. High intake of cruciferous vegetables

shows a weak inverse association with TC. Among other

food groups, vegetables other than cruciferous are the only

food group showing a favorable effect on TC, with an

approximate 20% reduction in risk for subjects with the

highest consumption. No effect on TC risk of alcohol,

coffee, or other food-groups/nutrients emerged. Height and

weight at diagnosis show a moderate positive association

with TC risk.

Conclusion At present, the only recognized measures for

reducing TC risk is to avoid ionizing radiation and iodine

deficiency, particularly in childhood and young women,

and to increase vegetable consumption.

Keywords Thyroid cancer � Nutrition � Diet �
Epidemiology � Overweight � Risk factors

Introduction

Thyroid cancer (TC) represents about 1% of all malig-

nancies diagnosed worldwide, with approximately 140,000

cases and 35,000 deaths occurring in 2002 [1]. Most TC are

indolent malignancies with estimated five-year relative

survival of approximately 85% in Europe [2] and 95% in

United States [3]. The cumulative risk of developing TC

before age 64 has been estimated as 0.2% in women and

0.1% in men.

In humans, TC arises mostly from the epithelial elements

of the gland, generally from follicular cells [4]. The tradi-

tional separation of TC into the two major groups of

differentiated (including papillary, follicular, and medul-

lary) and undifferentiated (anaplastic) carcinoma, based on

morphology and clinical features, is strongly supported by

advances in molecular studies [4]. Papillary carcinomas

represent approximately two-thirds of TC in men and in

women. The corresponding figures are 10–20% for follicular

carcinomas, 5–10% for medullary carcinomas, and less than

5% for anaplastic carcinomas, while other subtypes account

for less than 1% of all TCs [4]. The distribution of histo-

logical subtypes of TC, as reported by epidemiological

surveillance in several countries, is shown in Table 1 [5].
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There is a 10-fold difference in incidence among dif-

ferent parts of the world in women, but only a 3-fold

difference in men [5]. Incidence rates are more than 2-fold

higher in developed countries as compared to developing

countries both in men (2.2/100,000 and 1.0/100,000,

respectively) and in women (5.5/100,000 and 2.6/100,000,

respectively) [1]. Worldwide estimates for mortality rates

are 0.8/100,000 women and 0.4/100,000 men [1].

An increasing incidence of TC has been consistently

reported worldwide over the last 30 years [6–8] notably in

the United States [9]. Given the lack of increase in TC

mortality, the current rise in incidence seems predomi-

nantly due to improved diagnostic activity and increased

ability to detect small (\2 cm) papillary carcinomas with

an excellent prognosis [7, 9].

Iodine intake is essential for thyroid functioning, and

ecological studies suggested that TC is more frequent in

areas with iodine deficiency and, possibly, iodine excess

[10]. However, analytical studies showed a less clear

association, since iodine levels in the same type of food

vary substantially by production area, and serum markers

of iodine intake are poorly defined.

The aim of the present study is to review epidemio-

logical evidence on major risk factors for TC, with

particular focus on nutritional factors.

Materials and methods

A search strategy was conceived to be run on the

PubMed interface of the MEDLINE database to identify

all relevant papers on the issue published up to July

2007. The following search terms were included in the

strategy: Thyroid cancer AND (diet*[tiab] OR nutri-

ent*[tiab] OR food and beverages[MeSH Terms] OR

food*[tiab] OR vegetable*[tiab] OR fruit*[tiab] OR

meat[tiab] OR fish[tiab] OR fat*[tiab] OR bread[tiab]

OR shellfish[tiab] OR seafood[tiab] OR sugar[tiab] OR

alcohol[tiab] OR dietary carbohydrates[MeSH Terms]

OR salt[tiab] OR starch[tiab] carbohydrate*[tiab] OR

vitamins[MeSH Terms] OR physical activity*[tiab] OR

energy intake[tiab] OR anthropometry[tiab] OR height[-

tiab] OR body mass[tiab] OR BMI[tiab] OR obesity[tiab]

OR obese[tiab] OR overweight[tiab] OR waist hip

ratio*[tiab]).

The results from 42 original papers contributed to the

present review (in some cases more than one paper was

published for each study), including: (1) a comprehensive

pooled-analysis of individual data from the 14 case–control

studies carried out on TC before 1998 and including over

2,725 TC cases (2,247 women and 478 men) and 4,776

controls (3,699 women and 1,077 men) [11, 12]; (2) six

Table 1 Age-standardized incidence rates (ASR, world population) per 100,000 of thyroid cancer and percent distribution by gender and

histologic subtype in selected areas covered by a cancer registrya

Country Women Men

ASR Histologic subtype (%) ASR Histologic subtype (%)

Papillary Follicular Medullary Anaplastic Other/

unknown

Papillary Follicular Medullary Anaplastic Other/

unknown

Belarus 12.2 86 7 2 1 4 3.3 85 6 3 1 6

Korea 12.2 89 7 1 1 2 2.3 81 9 3 2 5

Israel 11.7 87 7 2 2 2 3.4 78 9 7 3 3

Philippines,

Manila

11.1 76 17 1 3 3 2.9 73 18 2 3 4

USA, SEER 9.1 85 11 2 1 2 3.0 79 13 4 2 3

Italy,

North east

8.9 71 13 2 3 11 2.8 59 15 5 6 15

Costa Rica 8.2 89 6 1 1 3 1.7 82 7 4 5 2

Japan, Nagasaki 7.4 82 14 0 1 3 2.0 74 15 3 4 5

New Zealand 5.1 70 21 4 3 3 1.6 67 20 7 2 5

Sweden 3.3 67 16 5 9 4 1.3 57 18 10 9 6

Brazil,

São Paulo

2.6 66 15 1 1 16 3.6 62 15 4 2 18

Egypt, Gharbiah 2.6 63 15 1 12 8 1.1 56 17 6 15 6

India,

New Delhi

2.6 44 18 7 3 28 1.0 41 15 14 5 25

a All ages between 1998 and 2002

Source: Curado et al. [5]
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case–control studies [13–18] and three prospective studies

published subsequently [19–21].

Finally, 17 papers not selected by the search strategy,

mainly discussing biological mechanisms, were included in

the present review, as well as results from several reviews,

related to TC, from the International Agency for Research

on Cancer (IARC) and other institutions [1, 4, 5, 22–30].

Main characteristics of epidemiological studies pub-

lished on TC (including type of design, subjects age, sex,

and histologic distribution) are shown in Table 2.

Non-dietary risk factors for TC

Ionizing radiation

The best-established cause of TC is exposure to ionizing

radiation, particularly during infancy or early childhood. A

pooled-analysis on this issue, based on five cohorts and two

case–control studies with 58,000 exposed individuals,

61,000 unexposed, 700 TCs, and 3 million person-years,

found a significant dose-risk for exposure during childhood

[31]. Even at a dose of 0.1 Gray, the dose–risk relationship

was consistent with linearity and appeared to level off at

doses higher than 10 Gray. In the pooled-analysis, women

had an approximately 2-fold higher risk (measured as

excess relative risk per Gray of exposure) than men. A

latent period of 5–9 years emerged with highest risk

15–29 years after exposure, which continued to be elevated

40 or more years after exposure. The relative risk (RR) also

decreased significantly with increasing age at exposure,

with still some excess risk after age 20 years.

Further confirmation emerged after the Chernobyl

nuclear power plant accident in April 1986, where a large

increase in the incidence of childhood TC was reported in

contaminated areas [32]. Although almost all studies were

cross-sectional, there was strong evidence that TC in

children rose as a consequence of the Chernobyl accident

[32].

Cardis et al. [33] carried out a population-based case–

control study of TC in Belarus and in the Russian Feder-

ation to evaluate the risk of TC after exposure to

radioactive iodine in childhood and to investigate envi-

ronmental and host factors that could modify this risk.

Cases were 276 TCs and controls were 1,300 matched

subjects, all below age 15 years at the time of the accident.

For a dose of 1 Gray, an approximately 7-fold excess risk

for TC was estimated and a linear dose–risk relationship

was observed at least up to 2 Gray. For higher doses, the

number of subjects exposed was low and did not allow

reliable estimates of dose–response relationship. The study

also showed that the risk of radiation-related TC was 3-fold

higher in iodine-deficient areas than elsewhere, and that

administration of potassium iodide as a dietary supplement

reduced the risk of radiation-related TC by a factor of 3.

Among adults exposed to Chernobyl accident, as in

previous studies on adult populations [31], the evidence of

an association between ionizing radiation exposure and TC

is inconsistent, suggesting that the adult thyroid is less

radiosensitive than the child one [32].

In brief, susceptibility to radiation-induced TC is

strongly inversely related to age at exposure, and directly

related to background iodine deficiency, and, to a lesser

extent, to gender (being higher in women) [31, 32].

Genetic susceptibility

Familial susceptibility for medullary carcinoma has been

known for a long time, and genetic factors are reported to

be responsible for 20–25% of this type of TC [4]. In par-

ticular, germ-line mutations in the RET gene are

responsible for the hereditary tumor syndrome (i.e., mul-

tiple endocrine neoplasia type 2, MEN 2) which includes

three subgroups, MEN 2A, MEN 2B, and familial medul-

lary thyroid carcinoma, depending on the tissue involved

[34]. The common disease for all three subtypes of MEN 2

is medullary TC (100%) and phaeochromocytoma (50%).

For the commonest types of TC (i.e., non-medullary

forms) the association with genetic susceptibility is weaker,

but also present. In a study including all TCs diagnosed

between 1958 and 2002 in Sweden, the familiar RRs for

papillary carcinoma were 3 and 6 when TCs were diag-

nosed in a parent or a sibling, respectively [35]. TC risk

was approximately 5-fold higher in first-degree relatives of

TC patients compared to the general population (i.e., one of

the most elevated RR among all cancer sites in the Swedish

study).

Some genetic mutations have been described as

strongly associated with non-medullary TC risk [36, 37].

BRAF mutation is the most common genetic alteration in

TC occurring in about half of the sporadic papillary TCs

in adults. This mutation is mutually exclusive with other

common genetic alterations, such as RET mutation. RET

mutations are present in about one-third of cases and they

are particularly common (50–90%) in pediatric papillary

carcinomas linked to radiation exposure. The link between

certain RET alterations and ionizing radiation is strongly

supported by the high incidence of RET rearrangements in

childhood papillary carcinomas following the Chernobyl

accident [37].

BRAF mutation has not been associated with radiation

exposure and is not found in benign thyroid tumors.

78 Cancer Causes Control (2009) 20:75–86
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Etiological correlates of BRAF mutation are presently

unknown.

Inactivation of the p53 tumor-suppressor gene is rare in

patients with differentiated thyroid carcinomas, but com-

mon in those with undifferentiated (anaplastic) thyroid

carcinomas [4, 38].

Benign thyroid conditions

Goiter and benign nodules/adenomas have been consistently

shown to be major risk factors for TC (Table 3). The pooled-

analysis of all case–control studies conducted before 1998

reported a RR of 6 in women who had a history of goiter and

of 30 in those with a history of benign nodules/adenomas

[39]. The RR associated with goiter and nodules was even

stronger in men. Goiter and nodules have a higher preva-

lence in women and the main risk factor for these conditions

is iodine deficiency [40]. Other factors associated with

benign thyroid conditions are high levels of goitrogens in

foods and, possibly, smoking [41, 42]. Prior hyperthyroid-

ism and hypothyroidism were not significantly associated

with TC risk after adjustment for history of goiter [39].

All subsequent studies (Table 3) conducted on the topic

in different countries provided consistent findings [14, 16,

17, 19, 43].

Hormonal and reproductive factors

Since the excess risk for TC is 3-fold in women compared

to men, and it is largest during women’s reproductive years

(Table 1), events related to reproductive and menstrual

history have been suggested to be of relevance in TC eti-

ology. However, the thyroid gland is not obviously related

to female sex hormones in the way breast, ovary, and

uterus are, and epidemiological studies have provided

inconsistent results [25].

Menarche, pregnancy, and oral contraceptive use are

associated with enlargement of the thyroid gland and with

increases in serum levels of total T4 and T3 caused partly

by a rise in the concentration of thyroxine-binding globulin

(TBG) [44]. Increased levels of female hormones may

cause an elevation of thyroid-stimulating hormone (TSH)

levels, leading in turn to thyroid hyperplasia and possibly

cancer. Experimentally, increased TSH secretion induces

thyroid tumors in rodents [45].

The pooled-analysis of case–control studies published

before 1998 showed that the associations between TC and

menstrual or reproductive factors were generally weak

and not statistically significant (Table 4), although they

appeared to be stronger among women diagnosed with TC

at a young age [46]. Number of births, spontaneous or

induced abortions, and history of infertility were not

associated with TC risk. Age at first birth was, however,

weakly positively associated with TC (RR = 1.1, 95% CI:

1.0–1.3 for five-year delay), as was artificial menopause

(RR = 1.8; 95% CI: 1.4–2.4).

In the same pooled-analysis, there was a modest

increase in the risk of TC for ever use of oral contracep-

tives (RR = 1.2, 95% CI: 1.0–1.4), which declined with

increasing time since stopping [47]. A small increase in

risk was also seen among women who took drugs for fer-

tility treatment (RR = 1.6, 95% CI: 0.9–2.9) or lactation

suppression (RR = 1.5, 95% CI: 1.1–2.1). No increased

risk was seen for hormone replacement therapy use

(RR = 0.8, 95% CI: 0.6–1.1).

Later studies confirmed that hormonal and reproductive

factors were weakly associated with TC (Table 4) [15, 17,

18, 20, 48, 49].

Table 3 Relative risks (RR)a and 95% confidence intervals (CI) of

thyroid cancer (TC) according to benign thyroid conditions in pub-

lished studies

Condition,

reference

Affected Unaffected RR (95% CI)

cases/

controls

cases/

controls

Nodules/adenomas

Franceschi et al.

[39]b
148/8 1,475/2,465 29.9 (14.5–62.0)

Memon et al. [43] 34/0 279/313 ? (12–?)

Goiter

Franceschi et al.

[39]b
178/56 1,768/2,939 5.9 (4.2–8.1)

Iribarren et al. [19] – – 3.4 (1.8–6.2)

Memon et al. [43] 21/4 292/309 5.3 (1.8–15.3)

Troung et al. [17] 30/10 263/344 4.2 (2.0–9.1)

Goiter or nodules

Horn-Ross et al.

[14]

134/36 474/522 4.7 (3.1–7.2)

Hyperthyroidism

Franceschi et al.

[39]b
58/60 2,000/3,150 1.4 (1.0–2.1)

Horn-Ross et al.

[14]

19/17 589/541 0.6 (0.3–1.2)

Iribarren et al. [19] – – 0.9 (0.3–2.2)

Memon et al. [43] 5/3 308/310 1.7 (0.4–7.0)

Hypothyroidism

Franceschi et al.

[39]b
82/141 1,703/2,663 0.9 (0.7–1.3)

Horn-Ross et al.

[14]

34/35 574/523 0.7 (0.4–1.1)

Iribarren et al.

[19]

– – 0.7 (0.4–1.2)

Memon et al.

[43]

9/5 304/308 1.8 (0.6–5.4)

a Adjusted at least for age and gender
b Women only
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Dietary risk factors for TC

The wide geographical variation of TC incidence (Table 1)

suggests a relevant impact of one or more environmental

exposures, and nutrition-related factors are candidates for

such exposures. Agents causing thyroid enlargement are

known as goitrogens, and a number of naturally occurring

goitrogens in foods have been described. Moreover, several

chemicals and pollutants (e.g., thiocyanates, lithium,

phthalate ester derivatives) occasionally present in

foodstuff have been suspected to play a role on thyroid

diseases [50].

Only a relatively small number of epidemiological

studies have provided information on the potential role of

dietary factors in TC etiology, and only a few were spe-

cifically designed to investigate dietary correlates of TC.

Moreover, available studies included a limited number of

subjects, and had thus limited statistical power to detect

probably weak associations as dietary ones. The great

variability in the number of food items investigated in

available studies and dietary patterns in different parts of

the world limit the possibility of comparing or combining

data from different studies.

Iodine intake

Iodine deficiency influences thyroid function directly, as

well as indirectly, through a reduction in the level of thy-

roid hormones and a consequent rise in TSH secretion.

Chronic iodine deficiency is firmly established as a risk

factor for goiter and follicular TC [10, 51–53], while some

ecological studies suggested that iodine supplementation

programs could increase the incidence of papillary TC by

inducing iodine excess [54, 55]. Increased surveillance and

improvement in the quality of diagnostic tools are, how-

ever, likely responsible for the increase. Supplementation

effects are likely to be confounded by diagnostic

improvements and therefore, no biological explanation is

probably needed. [7, 55].

In 1990, iodine deficiency still affected almost one-

third of the world population and was the most important

single cause of preventable brain damage and mental

retardation [54]. In 1999, programs of iodine supple-

mentation by iodization of salt or, less commonly, milk

were implemented by the governments of 75% of the

affected countries, and 68% of the affected populations

had access to iodized salt [54]. The prevalence of iodine

deficiency dramatically decreased in most countries,

including many developing countries, and adverse effects

were rare. The main adverse effect was iodine-induced

hyperthyroidism in elderly people with nodular goiters.

The incidence of hyperthyroidism was usually low and

reverted spontaneously to the background rate after

1–10 years of iodine supplementation.

Iodine-induced hyperthyroidism and other adverse

effects can be almost entirely avoided by adequate moni-

toring of iodine supplementation which should also confirm

adequate iodine intake at a population level. Thus, avail-

able evidence shows that the benefits of correcting iodine

deficiency outweigh by far any possible risk of iodine

supplementation [54, 55].

Only two case–control studies could quantify total

iodine intake through a comprehensive food-frequency

questionnaire and an ad hoc nutrient database, and study

the relation between iodine intake and TC risk [14, 56]. A

study conducted in Hawaii (a high iodine intake area) [56],

including 191 TC cases, showed a statistically non-signif-

icant increased RR (1.6) in women with the highest dietary

iodine consumption, and only a modest increase (1.3) in

Table 4 Relative risks (RR)a and 95% confidence intervals (CI) of

thyroid cancer (TC) according to selected hormonal and reproductive

factors

Risk factor,

reference

No Yes RR (95% CI)

Ca/Co Ca/Co

Parity

Negri et al. [46] 503/861 1,451/

2,379

1.2 (1.0–1.4)

Memon et al. [15] 28/31 190/186 1.1 (0.6–1.9)

Sakoda et al. [49] 156/174 387/384 0.9 (0.7–1.3)

Navarro Silvera et al.

[20]

21 148 0.8 (0.4–1.3)

Troung et al. [17] 35/49 258/305 1.2 (0.7–1.9)

Artificial menopauseb

Negri et al. [46] 1,282/

1,943b
236/296 1.8 (1.4–2.4)

Sakoda et al. [49] 43/47 391/376 1.0 (0.6–1.7)

Troung et al. [17] 162/180 22/25 1.1 (0.5–2.7)

Oral contraceptive use

La Vecchia et al. [47] 1,324/

2,011

808/1,290 1.2 (1.0–1.4)

Memon et al. [15] 128/126 89/91 1.0 (0.7–1.4)

Sakoda et al. [49] 204/177 337/380 0.7 (0.5–1.0)

Navarro Silvera et al.

[20]

104 65 1.1 (0.8–1.5)

Troung et al. [17] 194/213 96/138 1.1 (0.8–1.7)

Hormone replacement therapy

La Vecchia et al. [47] 1,195/

2,095

110/205 0.8 (0.6–1.1)

Memon et al. [15] 216/212 1/5 0.2 (0.0–1.9)

Sakoda et al. [49] 119/112 85/118 0.7 (0.5–1.1)

Navarro Silvera et al.

[20]

80 89 1.2 (0.7–2.0)

Troung et al. [17] 146/178 10/19 0.9 (0.4–2.2)

a Adjusted at least for age, gender, and history of radiotherapy
b Compared to premenopausal women
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men. Conversely, a study conducted in California [14],

including 608 women with papillary TC, showed that high

dietary intakes of iodine were associated with a reduced

(halved) risk of papillary TC in women without any of the

established risk factors. However, when toenail clipping

was used as a biomarker of iodine exposure, no association

with TC risk was observed. Nonetheless, this biomarker

should be taken with caution, since correlations between

dietary iodine and nail levels of iodine were low (Pearson

correlation; r = 0.07), probably due to a substantial non-

dietary (i.e., supplements) iodine intake in this population.

The usefulness of other biomarkers of iodine intake for

assessing the risk of TC is still uncertain [42].

Fish consumption

The association between fish and TC was intensively

examined [27] since fish, especially salt-water fish and

shellfish, are a major natural source of iodine in the diet. In

some coastal areas, a diet rich in fish and other seafood was

associated with an increased incidence of TC [53, 56, 57].

On the other hand, it is conceivable that fish may differ-

entially affect the risk of TC and its various histological

types with a protective effect only in endemic goiter areas

with suboptimal iodine intake [53].

A pooled-analysis of all case–control studies of TC

conducted before 1998 reconsidered this issue [58]. The

variables considered in that pooled-analysis were salt-

water fish, shellfish, and overall fish consumptions. Since

consumption of fresh-water fish and other fish products was

generally low and collected in few studies, all fish intake

was assessed. Dietary questionnaires of the studies inclu-

ded were of very different lengths (ranging from 4 to 150

items). The combined analysis indicated that relatively

elevated fish consumption (C3 times per week, compared to

\1 per week) does not appreciably increase TC risk

(RR = 0.9, 95% CI: 0.7–1.1). Interestingly, some differ-

ences emerged between studies conducted in endemic

goiter areas compared to high-iodine-intake areas with

significantly reduced RR for high levels of fish consump-

tion in endemic goiter areas (0.7, 95% CI: 0.5–0.9), but

no association in iodine-rich ones (RR = 1.1, 95% CI:

0.9–1.5). No significant heterogeneity in the overall results

was found between papillary and follicular TC or when

studies were grouped according to the quality of their

questionnaires. When analysis considered specific fish

types, the pattern of risk for salt-water fish consumption

was not substantially different from that observed for

total fish consumption. A direct association between

high shellfish consumption and TC risk emerged in a

few studies, although the RR estimates were not

significant [58].

Two subsequent studies showed results on the associa-

tion between fish and TC (Table 5). One study, conducted

in Kuwait (a high TC incidence area) and including 313 TC

cases, showed a protective effect for high fish consumption

(RR = 0.60, 95% CI: 0.3–1.0) [43]. Conversely, in the

same study, there was no association with shellfish, while a

significant threefold increased RR (95% CI: 1.6–5.3) of TC

for high consumption of processed, canned, or frozen fish

products was reported. A large multiethnic investigation

conducted in California on 608 TC cases [14] showed no

association between consumption of fish/shellfish and TC

risk, with the exception of fish sauce/dried or salted fish,

seasonings commonly used in Asian cuisine, which were

found to be directly related to TC risk (RR = 2.3; 95% CI:

1.3–4.0). In the same study, cooked seaweed, a food rich in

iodine, was inversely associated with TC risk (RR = 0.6;

95% CI: 0.4–0.8).

Vegetable consumption

Besides iodine itself and fish, some other aspects of diet have

been related to TC risk including, in particular, consumption

of cruciferous vegetables which contain thioglucosides that

may be degraded to form goitrogens and induce thyroid

tumors in rats [59]. Although historical reports of adverse

effect of very high consumption of cabbages and other

cruciferous vegetables exist, modern epidemiological stud-

ies exploring the association between cruciferous vegetables

and TC gave only limited support to this hypothesis [27].

Table 5 Relative risks (RR)a and 95% confidence intervals (CI) of

thyroid cancer (TC) according to selected dietary factors

Risk factor,

reference

Categorization RR (95%

CI)Highest vs lowest

consumption

Fish, overall

Bosetti et al. [58] Tertiles 0.9 (0.7–1.1)

Horn-Ross et al.

[14]

Quintiles 1.1 (0.7–1.6)

Memon et al. [43] Tertiles 0.6 (0.3–1.0)

Shellfish

Bosetti et al. [58] Tertiles 1.0 (0.8–1.3)

Horn-Ross et al.

[14]

Quartiles 0.9 (0.6–1.3)

Memon et al. [43] Tertiles 1.2 (0.7–2.0)

Cruciferous vegetables

Bosetti et al. [60] Tertiles 0.9 (0.8–1.1)

Other (green) vegetables

Bosetti et al. [60] Tertiles 0.8 (0.7–1.0)

Memon et al. [43] Tertiles 0.8 (0.3–1.9)

a Adjusted at least for age and gender
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The association between cruciferous or other vegetables

and TC risk was re-evaluated using data from the pooled-

analysis of all case–control studies on TC conducted before

1998 [60]. In that combined analysis, cruciferous vegeta-

bles (including cabbages, broccoli, Brussels sprouts,

cauliflowers, etc.) and vegetables other than cruciferous

were considered and analyzed separately (Table 5). High

intakes of cruciferous vegetables were inversely, though

not significantly, associated with TC risk (RR = 0.9, 95%

CI: 0.8–1.1). The results were similar in studies conducted

in iodine-rich and in endemic goiter areas. The pattern of

risk was also consistent when papillary and follicular car-

cinomas or women and men were assessed separately.

An inverse association between vegetables other than

cruciferous and TC risk was observed in most of the

studies, with an overall significantly reduced RR of 0.8

(95% CI: 0.7–1.0) for the highest level of consumption as

compared to the lowest one.

Besides goitrogenic substances, cruciferous vegetables

contain a variety of constituents (such as flavonoids, phe-

nols, isothiocyanates) known to inhibit carcinogenesis in

animal models [61, 62]. Moreover, many of these vegeta-

bles are also sources of carotenoids, such as b-carotene,

and other antioxidant substances, which appear to be pro-

tective against certain, but not all other, forms of cancer

[22, 23]. Thus, if any unfavorable effect exists for goitr-

ogenous vegetables, this seems to be outweighed by the

protective effects of other compounds in this class of

vegetables.

Systemic mechanisms through which vegetables can

contribute to cancer prevention have been reviewed [24].

They included inhibition of endogenous carcinogen for-

mation, inhibition of damage from macromolecules, and

modulation of immune functions. How these effects could

act specifically on thyroid carcinogenesis, however,

remains unclear.

Since some flavonoids—a group of chemicals naturally

produced by plants with structural similarities to estro-

gens—showed potent antiproliferative in vitro activity

against thyroid carcinoma cell lines [61], the relationship

between TC risk and dietary phytoestrogens has been

suggested. A multiethnic population-based case–control

study conducted in the San Francisco Bay Area [63],

including 608 TC cases and 558 controls, found a reduced

risk of TC for consumption of soy-based foods (mainly

tofu) and sprouts; the consumption of ‘‘western’’ foods

with added soy flour or soy protein (such as bread), how-

ever, did not affect TC risk. Of the seven specific

phytoestrogenic compounds examined, only two isoflav-

ones (i.e., daidzein and genistein) and a lignan (i.e.,

secoisolariciresinol) showed a borderline reduced risk for

the highest vs the lowest quintile of intake. Findings were

similar for white and Asian women and for pre- and

postmenopausal women. Since only one epidemiological

study examined the topic, additional research is needed to

confirm these results.

Other food and nutrient consumption

Other foods, which can be rich in iodine depending upon

local characteristics and manufacturing practices, include

bread products (iodine may be added as a dough condi-

tioner), dairy products (iodophors may be used in the dairy

industry as a disinfectant), and salt. No consistent associ-

ation with TC risk emerged in the studies where these

foods were evaluated [14, 43, 56, 64–66].

Four case–control studies reported the relationship

between fruit consumption and TC. Three of them [43, 65,

66] showed no association, while a Greek study [67]

reported a significant protective effect for fresh fruit.

In several studies, including a pooled-analysis of 10

case–control studies [13, 20, 68], no association of TC risk

with alcohol intake emerged. The same pooled-analysis

[68] showed no association between TC risk and con-

sumption of coffee or tea.

Published results on single nutrients, foods, or vitamins

are scant and inconsistent [43, 64, 69–74] and no conclu-

sion could be drawn on the association with TC [22, 23].

Body mass and physical activity

Thyroid hormones are crucial to the development of sev-

eral body tissues, and anthropometrical measures (i.e.,

height, weight, body fat) are affected by thyroid disorders

[25]. Vice versa, body size might affect the iodine

requirement and, hence, indirectly TC risk. A relation

between anthropometric factors and TC risk has therefore

been suggested [28].

A pooled-analysis of all case–control studies on the

topic was conducted before 1998, and showed a weak

positive association with height in women, with an overall

RR of 1.2 (95% CI: 1.0–1.4) for those in the highest cat-

egory of height as compared to the lowest one [75]. In men,

the corresponding figure was 1.5 (95% CI: 1.1–2.1). The

RR of TC increased linearly according to height in both

genders (RR = 1.1 for a 5-cm increase of height in both

genders combined) (Table 6). A similar risk pattern

emerged for papillary and follicular TC [75], while med-

ullary subtype showed a significant RR increase (2.6, 95%

CI: 1.2–5.4) in subjects in the highest category of height

[76].

With reference to weight at diagnosis the RR was 1.2

(95% CI: 1.0–1.4) in women in the highest category vs the

lowest one, with a significant trend in risk. No association

was, however, observed in men [75].
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In women, self-reported body mass index (BMI) at

diagnosis was also directly related to TC risk, with a RR of

1.2 for the highest category and of 1.1 for an increase of 5

BMI units in continuous analysis (Table 6). No consistent

association was observed in men. BMI at age 20 years and

weight gain from the same age was not associated with TC

risk in either women or men.

The association with weight or BMI was of similar

magnitude in younger women and in postmenopausal ones,

but significant heterogeneity in RR estimates was observed

across studies for height, weight, and BMI.

Two other reports explored the influence of anthropo-

meric measures after the publication of the pooled-analysis

(Table 6). A cohort study conducted in California includ-

ing 196 TC cases, found no association between BMI,

height, and weight gain and TC risk [19], while a Nor-

wegian Record Linkage Study including 3,046 TC cases,

reported an increased risk of TC (particularly well differ-

entiated TC) with increasing BMI and height in both

genders [21].

The association with height in both genders may indi-

cate a potential influence of some growth factors or

hormones during childhood/adolescence, but the potential

role of growth factors in thyroid carcinogenesis is still

poorly defined [77, 78].

Physical activity has also been hypothesized to influence

cancer risk through a variety of mechanisms including

hormonal, metabolic, and immunologic effects [28].

However, only very few studies analyzed the association

with TC. In Hawaii, Kolonel et al. [56] collected infor-

mation on occupational physical activity and reported no

association with TC risk. Three other studies compared

sedentary vs heavy occupational physical activity provid-

ing mixed results; however, these studies were designed to

address other study hypotheses [16, 18, 79].

The link between TC and recreational physical activity

was explored in 410 California women with papillary TC

[80]. The RR of TC was slightly reduced (RR = 0.8; 95%

CI: 0.6–1.0) among women who reported a regular recre-

ational exercise during the two years before diagnosis as

compared to women who did not report exercise during the

same period. However, no clear trends emerged according

to duration of exercise or weekly energy expenditure.

Methodological considerations on epidemiologic

studies of nutrition and (thyroid) cancer

Many methodological difficulties may limit estimation of

nutritional effects on (thyroid) cancer risk [81, 82]. In

general, diets are multidimensional exposures and cannot

be measured with complete accuracy in free-living popu-

lations. Moreover, foods and drinks that people consume

every day contain thousands of constituents, some well

known, others unknown and unmeasured. The relationships

between food, nutrition, physical activity, and health and

disease are complex and difficult to estimate. People’s

dietary intake varies from day to day and over the course of

their lives. Diet histories are usually collected by means of

food-frequency questionnaires, which collect information

typically over the previous year. All dietary assessment

methods that rely on self-reporting are subject to mea-

surement error. Further errors are introduced by the

conversion of food data into nutrient data, using tables on

chemical composition of foods, which give average nutri-

ent contents for defined foods. All the aforementioned

issues are especially severe in respect to the assessment of

iodine intake. Iodine contents of foods and drinks vary

enormously according to local levels of iodine in soil and

water and, therefore, no generalizable food composition

tables are available for iodine. Long-distance food trading

has generally improved iodine status of formerly iodine-

deficient populations, but it has further complicated any

estimate of iodine intake. Finally, the intake of iodized salt

and iodized dairy products at an individual and population

level is hard to assess and can blur the influence of dietary

habits on iodine status.

In addition, data on dietary correlates of thyroid cancer

are limited and dietary information collected in the original

studies differed substantially with regard to the frequency

of intake of the foods, the level of detail of the question-

naires, the food queries, and the measurement of frequency

of intake. These differences prevented pooled-analyses

from defining common cut-points for food consumption

across all studies [58, 60]. Also important, nearly all

Table 6 Relative risks (RR)a and 95% confidence intervals (CI) of

thyroid cancer (TC) according to height and body mass index

Risk factor, reference Categorization RR (95% CI)

Height

Dal Maso et al. [75] 5-cm increase 1.1 (1.0–1.1)

Women, tertiles 1.2 (1.0–1.4)

Men, tertiles 1.5 (1.1–2.1)

Iribarren et al. [19] Tertiles 1.4 (0.9–2.1)

Engeland et al. [21] Women C 170 vs 160–169 1.4 (1.2–1.6)

Men C 180 vs 170–179 1.2 (1.0–1.4)

Body mass index (kg/m2)

Dal Maso et al. [75] 5-unit increase 1.1 (1.0–1.2)

Women, tertiles 1.2 (1.0–1.4)

Men, tertiles 1.0 (0.8–1.4)

Iribarren et al. [19] [25 vs B25 1.1 (0.7–1.6)

Engeland et al. [21] Women C 30 vs 18.5–25 1.3 (1.1–1.5)

Men C 30 vs 18.5–25 1.1 (0.8–1.6)

a Adjusted at least for age and gender
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studies included in the present review were carried out in

high-income countries and their findings may have limited

application in developing countries where dietary defi-

ciencies, notably very low iodine intake, exist [13–18, 58,

60, 81].

Conclusions

Recent findings are reassuring with respect to the concern

that iodine supplementation may increase the risk of pap-

illary TC, the less aggressive TC subtype, while they

confirm its benefits [7]. Iodine deficiency is, in fact, asso-

ciated with an increased TC incidence, largely via benign

thyroid conditions such as goiter and nodules, which are, in

turn, strongly associated with TC. Clinical or subclinical

iodine deficiency is still present in some areas in Europe

and, to a greater extent, Central Asia and Africa where

often statistics on TC are not available.

The epidemiological studies exploring dietary correlates

of TC showed that the impact of different levels of fish

consumption on TC seemed negligible. Only for high-

iodine-intake populations, a direct association emerged

with salt-water fish.

The hypothesis of a possible carcinogenic effect of

cruciferous vegetables is not supported by epidemiological

studies in well-nourished populations, while a moderate

favorable effect of high intake of vegetables other than

cruciferous was the only dietary factor inversely associated

with TC risk in a large pooled-analysis.

Height and weight at TC diagnosis appear to be directly

associated with a small increase in TC risk, but the heter-

ogeneity across studies complicates the picture.

BMI seemed related to TC only in women. Conversely,

height was more strongly related to risk of TC in men than

women and in the medullary histological subtype. Findings

on anthropometrical measures point to the possibility of

some link between diet in childhood/adolescence and TC

risk, but this hypothesis needs to be confirmed.

A limitation of current knowledge on the etiology of TC

is that nearly all available epidemiological studies have a

case–control design and are thus prone to recall bias in

relation to dietary measurements. A lack of new promising

hypotheses, which can be tested in epidemiological studies,

is also a serious obstacle to planning new investigations

despite the concerning increases in TC incidence in United

States and elsewhere [1].

In general, improvements are needed in the design of

future studies on TC. In particular, there is a need to: (a)

develop methods to assess the impact of diet over longer

periods of life in order to capture important relationship

between cancer risk in childhood and in early adulthood;

(b) incorporate the use of objective markers of diet,

metabolism, and thyroid function from serum and other

types of biological samples (e.g., nails) [81, 82]; (c)

develop studies on the interaction between environmental

exposures (including diet) and genetic susceptibility; (d)

systematically collect information on diagnostic modalities

and clinical and histological characteristics of TC, in order

to assess separately the influence of potential risk factors in

more or less aggressive cancers.

In conclusion, at present, the only recognized chance of

reducing TC risk is to avoid ionizing radiation and iodine

deficiency, particularly in childhood. Adopting a diet rich

in vegetables may play a role in TC but the association

identified warrants more investigation into food, nutrition,

and TC [81].
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