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Abstract

Objectives—Numerous occupational and environmental exposures have been shown to disrupt
thyroid hormones, but much less is known about their relationships with thyroid cancer. Here we
review the epidemiology studies of occupations and occupational exposures and thyroid cancer
incidence to provide insight into preventable risk factors for thyroid cancer.

Methods—The published literature was searched using the Web of Knowledge database for all
articles through August 2013 that had in their text “occupation” “job” “employment” or “work”
and “thyroid cancer”. After excluding 10 mortality studies and 4 studies with less than 5 exposed
incident cases, we summarized the findings of 30 articles that examined thyroid cancer incidence
in relation to occupations or occupational exposure. The studies were grouped by exposure/
occupation category, study design, and exposure assessment approach. Where available, gender
stratified results are reported.

Results—The most studied (19 of 30 studies) and the most consistent associations were observed
for radiation-exposed workers and health care occupations. Suggestive, but inconsistent,
associations were observed in studies of pesticide-exposed workers and agricultural occupations.
Findings for other exposures and occupation groups were largely null. The majority of studies had
few exposed cases and assessed exposure based on occupation or industry category, self-report, or
generic (population-based) job exposure matrices.

Conclusion—The suggestive, but inconsistent findings for many of the occupational exposures
reviewed here indicate that more studies with larger numbers of cases and better exposure
assessment are necessary, particularly for exposures known to disrupt thyroid homeostasis.
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Introduction

The incidence of thyroid cancer has increased nearly 3-fold in the United States and in many
countries around the world in the last three decades [1-4]. Increasing attention to small
thyroid nodules may explain some of the increased incidence [5]; however, the increased
incidence rate is occurring for both large and small size tumors [2-3]. There are few known
thyroid cancer risk factors beyond gender and ionizing radiation. For instance, the incidence
rate of papillary thyroid cancer, the most common type of thyroid cancer, is 2.5 to 3 times
higher among females than among males [3]. By 2019, thyroid cancer is estimated to be the
third most common cancer in women of all ages and the second most common cancer in
women under the age of 45 in the United States [6]. The reason for the increasing incidence
rate is currently unknown, but may point to exogenous risk factors [7-8].

The only recognized exogenous risk factor for thyroid cancer is external ionizing radiation.
The evidence comes primarily from studies of childhood exposure [9-11], including cohort
studies of atomic bomb survivors [12-13] and of children and infants treated with irradiation
for tinea capitis [11] or an enlarged thymus gland [14]. Studies of internal radiation doses,
such as studies of radioactive iodine use in medicine [15] and accidental releases from
nuclear power plants into the environment (e.g., the Chernobyl accident) [9, 16-19] provide
additional support for radiation's role in thyroid cancer.

Much has been learned about the mechanism of radiation-induced thyroid cancer from the
Chernobyl accident [19] and prior atomic bomb studies [17-18]; however, potential
mechanisms for other environmental causes of thyroid cancer are currently unknown.
Thyroid function is controlled by dynamic interrelationships between the hypothalamus, the
pituitary, and the thyroid, which maintain circulating levels of the thyroid hormones,
triiodothyronine (T3) and thyroxine (T,4), within a narrow range under normal conditions.
Thyroid stimulating hormones (TSH) have been suggested to be important in the
development and progression of thyroid cancer [20-21] and increased TSH has shown an
association with increased thyroid cancer frequency [22-24]. Chronic stimulation of the
thyroid by TSH has been associated with follicular thyroid cancers in animal studies
[25-28], although there is uncertainty about how mechanisms may differ between species.
The regulation, metabolism, and excretion of thyroid hormones have been shown to be
altered by a large number of chemicals found in the workplace [29-34]. For instance,
organochlorine pesticides, polychlorinated biphenyls (PCBs), and polybrominated diphenyl
ethers (PBDES), as well as anions including perchlorate and nitrate, have been shown in
experimental and human studies to decrease serum levels of thyroid hormones and result in
increased thyroid stimulating hormone (TSH) production [25, 33-36]. Little is known,
however, about the biological pathway between these chemicals, thyroid disruption, and
thyroid cancer.

Here we review the epidemiology studies of thyroid cancer incidence in relation to
occupations and occupational exposures to provide insight into potentially preventable
thyroid cancer risk factors to identify potential research needs for future research. We used
inclusive criteria and report on the findings from all thyroid cancer incidence studies of
occupational risk factors with at least five exposed cases. Given the increasing incidence of

Occup Environ Med. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Aschebrook-Kilfoy et al. Page 3

Methods

Results

thyroid cancer in the United States and around the world, the identification of opportunities
for prevention is important.

The published literature was searched using the Web of Knowledge database
(apps.webofknowledge.com) for all articles in the database (covers over 100 years) through
August 2013 that had in their text “occupation” “job” “employment” or “work” and “thyroid
cancer”. We also searched the Web of Knowledge database for occupational exposure risk
factors identified in the initial search, such as thyroid cancer and farming, thyroid cancer and
agriculture, and thyroid cancer and pesticides, to ensure we identified all relevant
epidemiologic studies of thyroid cancer and occupation. We excluded articles that report on
thyroid cancer mortality because of the good survival prognosis of thyroid cancer and
occupation and studies and comparison groups within studies with less than 5 exposed
thyroid cancer incident cases. We report the study design, which includes industry-based
retrospective cohorts (I-RC), industry-based prospective cohorts (I-PC), registry-based
retrospective cohorts (R-RC), registry-based case-control studies (R-CC), and case-control
(C-C) studies. We report the source of exposure information used in the epidemiologic
analyses, which included dosimetry (D), occupation from registry (O-R), occupation from
questionnaire (O-Q), occupation from interview (O-1), occupation from employment records
(O-ER), self-reported exposure (SR), and job-exposure matrices (JEM). We also report the
size of the cohort and the number of cases, the period of investigation, and the effect
estimates. Effect estimates for the risk of thyroid cancer incidence were reported as
standardized incidence ratio (SIR), odds ratio (OR), relative risk (RR), hazard ratio (HR),
and proportional incidence ratio (PIR). An alpha level of 0.05 was set to assess the statistical
significance of the associations reported in the studies.

Results are presented for occupations, industries, and exposures with 5 or more incident
thyroid cancers. We first present results for three occupational exposures and related
occupational groups: radiation-exposed workers and health care occupations; pesticide-
exposed workers and agricultural occupations; and textile industry occupations. Lastly, we
present results based solely on occupation category (excluding health care, agricultural and
textile industry occupations). In each of these four groups, findings are grouped into three
categories: cohort studies (regardless of exposure assessment approach), population-based
studies with exposure assessed using JEMs or self-reports, and population-based studies
based on occupation. When available, results are reported separately by gender. The
histologic type of thyroid cancer is also reported when available. The age information
available for each study is also reported here.

We found 44 articles that examined thyroid cancer and occupation or occupational
exposures. From the total of the articles, we excluded 9 mortality studies [37-45] and five
studies with less than 5 exposed thyroid cancer incident cases. We summarize the remaining
30 incident thyroid cancer studies below.
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Most studies report the risk for all subtypes of thyroid cancer combined, but where
specified, some analyses were restricted to the papillary type of thyroid cancer, the most
common subtype. The years of cancer ascertainment ranged from 1945 [39] to 2005 [46].
The studies included industry-based retrospective cohorts (I-RC), industry-based prospective
cohorts (I-PC), registry-based retrospective cohorts (R-RC), registry-based case-control
studies (R-CC), and case-control (C-C) studies. The study sizes ranged from cohorts with
few thyroid cancer cases, to small case-control studies (<50 cases), to a registry linkage
study that included approximately 15 million people and over 6,000 incident thyroid
cancers. The majority of epidemiologic comparisons in both population- and industry-based
studies were based on occupation category. Only four studies [47, 48, 49, 50] linked the
subject's occupation to exposure agents using job exposure matrices (JEMs). Only two
studies, both of thyroid cancer and radiation exposure, used dosimeter measurements in the
exposure assessment [51-52] and two studies used an algorithm of questionnaire responses
to derive intensity estimates of pesticide exposure [53, 54].

Radiation-exposed workers and health care occupations

Thyroid cancer incidence risk in relation to radiation-exposed workers and health care
occupations was assessed in 19 of the 30 studies (Table 1). Two of the nine cohort studies
included quantitative measures of radiation dose [51-52]. In a cohort of 103,427 Chernobyl
emergency workers who were involved in the cleanup following the accident (all men),
Ivanov et al. [51] observed an increased thyroid cancer risk (SIR 3.47, 95%Cl: 2.80-4.25).
Risk was even stronger among workers involved in early recovery operations 6.62 (95%CI:
4.63-9.09), but there were no statistically significant relationships with quantitative
measures of external radiation dose. Jeong et al. [52] observed a significantly increased risk
of thyroid cancer among 8,429 male Korean nuclear power workers (SIR =5.93, 95%Cl:
2.84-10.9). In this study, risk increased with increasing radiation exposure based on
dosimetry metrics, with an 18-fold increased relative risk among the two cases exposed to
more than 100 mSv of radiation as part of their job (RR = 18.51; 95%Cl: 1.7-204.3, p-trend
=0.03) and an elevated but not statistically significant excess relative risk per Sievert (ERR
45.2, 95%Cl: <-12.1-97.4) [48]. An increased risk of thyroid cancer was also observed by
Zielinski et al. [55] among a cohort of Canadian medical workers who were identified using
the National Dose Registry of radiation workers when compared to the Canadian general
population (SIR 1.74; 90%ClI: 1.40-2.14). Wong et al. [56] found no increased risk in a
cohort of Chinese textile workers exposed to ten or more years of electromagnetic fields or
ionizing radiation.

Significant increases in thyroid cancer risk ranging from 1.5 to 3.3 were also noted in nearly
all studies of occupations in cohort studies and in population-based studies with direct
interaction with x-ray technology identified by occupation or self-reported exposure (x-ray
work, x-ray technologist, etc.) [47-48, 57-60]. More generic characterizations of health care
occupations, such as laboratory workers that may or may not have radiation exposure, were
often, but not consistently, associated with thyroid cancer risk. Increased risk with health
care occupations was observed in a few studies, including female nurses and orderlies (RR =
1.22; 95% CI: 1.01-1.47) [61], female medical technicians (RR = 1.85 95% CI: 1.02-3.35)
[61], and female dentists/dental assistants (OR = 13.1 95% CI: 2.1-289) [62]. Increased
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proportional incidence ratios were also observed by Haselkorn et al. [63] in a registry-based
retrospective cohort in Los Angeles County for male dentists (PIR = 388.4; 95%Cl:
200.5-678.5), male and female physicians (males: PIR = 240.6; 95% CI: 166.6-336.2;
females: PIR = 164.6; 95% CI: 85.0-287.6), and male radiologic technicians (PIR = 425.8;
95%Cl: 137.2-993.6). Elevated, but not statistically significant, increased risks were
observed for nurses in Norway [64] and Denmark [65] and for laboratory workers in Israel
[66]. However, in the largest study, a registry-based retrospective occupational cohort of 15
million people in five Nordic Countries, Pukkala et al [46] did not observe an increase in
thyroid cancer risk for any health care occupations.

Pesticide-exposed workers and agricultural occupations

We identified 11 studies that evaluated thyroid cancer incidence risk in relation to
occupational pesticide exposure and/or work in agriculture occupations (Table 2). In the
Agricultural Health Study, a large prospective cohort of pesticide applicators in the U.S.
states of lowa and North Carolina, Beane Freeman et al. [53] observed an increased risk of
thyroid cancer incidence for the highest versus lowest category of intensity-weighted
lifetime days of atrazine exposure (fourth quartile RR = 4.84; 95%Cl: 1.31-17.93; P-
trend=0.08), but the trend was not monotonic. In the same cohort, Lee et al. [54] observed a
non-statistically elevated risk of thyroid cancer with ever exposure to alachlor, but analyses
based on lifetime alachlor exposure-days or intensity-weighted alachlor exposure days
showed no trend. No evidence of an increased risk was observed by Lope et al. [49] in a
Swedish registry-based retrospective cohort that estimated possible pesticide exposure using
a job-exposure matrix or by Hallquist et al. [47] in a Swedish case-control study that
assessed self-reported exposure to herbicides and insecticides. Studies of thyroid cancer risk
in agricultural occupations (e.g., farmer, agricultural work) were predominantly null [47, 50,
57, 67-68]. However, elevated risks were observed for women in two Swedish registry-
based cohort studies: Lope et al. [61] observed increased risk with exposure to wholesale
agricultural products (such as live animals, fertilizers, oilseed, and grain) (RR = 2.83; 95%
Cl: 1.27-6.31) and Pukkala et al. [46] observed an increased risk with women employed as
farmers.

Textile industry and occupations

Many of the over 2,000 chemicals used in the textile industry, including dyes, bleaches,
transfer agents, as well as endotoxin in cotton dust, are thought to impact health [69-72], but
the association with thyroid cancer risk is largely unknown. We identified one cohort study
and three population-based studies that reported on the risk of thyroid cancer incidence in
the textile industry and occupations (Table 3) [46, 56-57, 61]. In a large cohort study of over
250,000 female textile workers in Shanghai, Wong et al. [56] found no significant increases
in the risk of thyroid cancer for any of the occupations reported (cotton handling, mixed
fiber handling, weaving, cutting/sewing, other manufacturing, or warehouse positions). In
the same study, analyses based on a JEM found no significant association with ten or more
years of solvent exposure (HR=0.59; 95% CI: 0.30-1.20) or endotoxin exposure (HR=0.76;
95% CI: 0.47-1.20). In the three registry-based population-based retrospective cohorts, only
Lope et al. [61] observed an increased risk of thyroid cancer among women tailors and
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dressmakers (RR = 1.81; 95%ClI: 1.00-3.28); Pukkala et al. [46] and Carstensen et al. [57]
reported null results.

Other Exposures Assessed by JEMs or Self-report

Only one population-based study, Lee et al. [54], used a JEM to assess exposure (Table 4).
This Swedish registry-based retrospective cohort included almost 3 million participants and
over 2,500 incident cases of thyroid cancer. The risk of thyroid cancer was increased 2-fold
for women with probable exposure to solvents, occurring mainly in the shoe industry (RR =
1.91; 95% CI:1.05-3.45) compared to women without solvent exposure; however, no
increase in thyroid cancer risk was observed among men with exposure to solvents. No
increased risks were observed with JEM-based estimates of exposure to polyhalogenated
aromatic hydrocarbons (PAHS), oils, petroleum, arsenic, asbestos, chrome/nickel, or other
metals.

Four case-control studies used the subjects’ self-report of exposure to occupational agents in
analyses of thyroid cancer incidence risk [47, 50, 62, 71]. Wingren et al. [73] found that
individuals who reported exposure to video display terminals had a borderline increased risk
of thyroid cancer (OR = 2.4; 95% CI: 0.6-10) in a small Swedish case-control study that
included 104 papillary thyroid cancer cases. In the expanded case-control of 185 cases
published by Wingren et al. [62] shortly thereafter, a similar increase in risk was observed in
the ten cases reporting exposure to video display terminals (OR = 2.3; 95% ClI: 0.9-5.6).
Self-reported exposure to organic solvents was not associated with thyroid cancer risk in a
Swedish study by Hallquist et al. [47] with 104 cases, nor was self-reported exposure to
chemicals, rubber, and plastics in a large (>1200 cases) Canadian case-control study
conducted by Fincham et al. [50].

Other Occupations

We identified 13 studies that examined thyroid cancer incidence risk by occupational
category (excluding the aforementioned evaluations of health care, agricultural, and textile
occupations) (Table 4). Three of these studies were industry-based cohorts. Enewold et al.
[74] observed that military men (IRR 1.06, 95%CI: 0.95-1.19) and women (IRR 1.33,
95%CIl: 1.18-1.50) had higher incidence rate ratios of thyroid papillary carcinoma, the major
subtype of thyroid cancer, compared to the general population. Reynolds et al. [75] found
that teachers in a California cohort of school employees also exhibited an increased risk of
thyroid cancer (SIR = 1.44, 95% ClI: 1.17-1.75). Sathiakumar et al. [76] found an increased
risk of thyroid cancer in workers at a petrochemical research facility in Illinois that was not
concentrated in a particular occupation or building group (SIR 265, 95%Cl: 106-546).

The retrospective registry-based cohorts evaluating thyroid cancer incidence included three
Scandinavian studies [46, 57, 61] and a US study [63]. Carstensen et al [57] observed
largely null findings for most white and blue collar occupations. Exceptions included an
increased incidence of thyroid cancer among buyers and dealers (women only) and among
drivers in road transportation (men). Decreased incidence was observed among those who
worked in painting and construction (men and women) or as shop assistants (women only).
Lope et al [61] noted statistically-significant increased incidence among persons who
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worked in the electric installation industry (women), paper pulp workers (men), policemen
(men), prison and reformatory workers (men) and shop managers (women). Pukkala et al
[46] reported an increased incidence of thyroid cancer among building caretakers (women),
clerical workers (men), public safety workers (men), and teachers (men), and a decreased
incidence for administrators (women), clerical workers (women), hairdressers (women),
launderers (women), and sales agents (women). Haselkorn et al. [63] found a statistically
significant increased risk of thyroid cancer for many of the white collar occupations
evaluated, including male dentists, economists, pharmacists, psychologists, and teachers and
female bookkeepers, psychologists, saleswomen, and stenographers. In addition, in a US
registry-based case-control study of California male firefighters, Bates [77] found no
increased risk of thyroid cancer for firefighters compared to males working in all other
occupations.

Five case-control studies of thyroid cancer evaluated occupation. In a large Canadian case-
control study of 1,200 thyroid cancer cases, Fincham et al. [50] observed a significantly
decreased risk of thyroid cancer among clerical workers and an increased risk of thyroid
cancer among those who worked in sales and services or in the wood processing/pulp and
paper industry. In a smaller Swedish case-control study of 104 thyroid cancer cases,
Wingren et al. [73] observed an increased risk of thyroid cancer among female day nursery
personnel. In another Swedish study with 31 cases, Wingren et al. [78] observed an
increased risk for male bricklayers. No statistically significant increased thyroid cancer risk
was observed for occupations (i.e., cleaner, construction worker, driver, electrical worker,
clerical worker, sales, etc.) reported in studies conducted by Hallquist et al. [47] in Sweden
or Preston-Martin et al. [79] in China.

Discussion

The strongest evidence linking occupational risk factors to thyroid cancer incidence risk was
observed for occupational ionizing radiation. The occupational evidence was observed
primarily from large cohort studies of radiation-exposed workers [51-52, 55] or workers
with direct interaction with x-ray technology [47-48, 57-60] and from population-based
studies that examined risk in relation to x-ray work [47] or ionizing radiation [48] rather
than more general health care occupations. Radiation is a biologically plausible risk factor
that is supported by strong and consistent epidemiologic evidence from studies of childhood
exposure to radiotherapy and fallout from atomic bombings [8]. Although observed less
consistently, increased risks in relation to radiation are also observed in adults, as shown
here by Richardson [13] in relation to occupational exposures, and within female (but not
male) atomic bombs survivors exposed as adults (excess relative rate/Gy = 0.70, 90%Cl:
0.20-1.46). The effects observed in occupational studies of working age adults, were
generally smaller than the effects observed in studies of children. This parallels the age
differential observed in a pooled analysis by Ron et al. [10] of five cohort and two case—
control studies, which found an excess risk of thyroid cancer among individuals exposed to
external radiation before age 15, but not for individuals exposed at older ages. The age
differential in risk is because of the greater radio-sensitivity of the thyroid gland in children
than in adults as shown by Ron et al. [11]. Future occupational studies should consider the
time window of exposure, especially the early adult years, and potential confounding or
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effect modification from childhood radiation exposure from medical diagnostics and
treatments. To date, a meta-analysis of occupational radiation exposure and thyroid cancer
risk has not been published and our findings suggest that there may be sufficient evidence to
warrant such an analysis.

Some studies of farmers and other agricultural workers provided some evidence that
occupational pesticide exposure or other farm exposures may increase the risk of thyroid
cancer incidence. The exposure assessments in these studies were generally limited to
evaluating broad categories of pesticides or based on occupation, which may mask specific
pesticide or other agricultural exposure associations. Given that the strongest findings of
increased thyroid cancer risk were observed by Beane Freeman et al. [53] with quantitative
estimates of atrazine exposure among pesticide applicators in the Agricultural Health Study,
future studies should include detailed, pesticide-specific exposure assessment. Thyroid-
disrupting effects in humans and animals have been observed with several pesticides,
including dichlorodiphenyltrichloroethane (DDT), hexachlorobenzene (HCB), and
fungicides [31-32, 36, 80]. In analyses of specific pesticides within a cohort of female
spouses of pesticide applicators in the Agricultural Health Study by Goldner et al. [80],
increased prevalence of hypothyroidism was observed associated with ever use of the
organochlorine insecticide chlordane, the fungicides benomyl and maneb/mancozeb, and the
herbicide paraquat and increased prevalence of hyperthyroidism was observed with maneb/
mancozeb. Among the male pesticide applicators in the cohort, the prevalence of
hypothyroidism increased with ever use of several specific herbicides and insecticides, with
exposure-response trends observed for alachlor, 2,4-dichlorophenoxyacetic acid, aldrin,
chlordane, DDT, lindane and parathion [81]. These and other pesticides, including
methoxychlor and endosulfan, have structural similarities to the thyroid hormones and can
bind to thyroid hormone transport proteins and receptors, with resulting disruption of thyroid
function [32]. Thyroid-disrupting effects, and potentially thyroid cancer, may also result
from nitrate exposure from fertilizers that contaminate drinking water of farmers and other
agricultural residents [82]. Nitrate competitively inhibits the uptake of iodine, potentially
lowering thyroid hormone production, and increasing the TSH release.

Associations between solvent exposure, metal exposure, and thyroid cancer were largely
null. An increased risk of thyroid cancer with solvent exposure estimated from a JEM was
observed by Lope et al. [49] in one study among women but Hallquist et al. [47] observed
no association among men and no association for either sex based on self-reported
exposures. Solvents represent a broad group of exposure agents and the risk likely differs by
type of solvent. For instance, thyroid hormone levels have been shown to be impacted by
phthalates and bisphenol A (BPA), which can occur in solvents, plasticizers and other
common household products [83]). The positive findings in some studies, combined with the
carcinogenic properties of many solvents [84-86], suggest that additional investigation of the
role of solvents in thyroid carcinogenesis is needed. Similarly, additional investigation of the
role of metals is needed, because some metals, including cadmium, copper, nickel, and zinc,
have shown a propensity to disrupt thyroid homeostasis in animal studies [87-89].

Our focus here was solely on occupational risk factors, but there is also evidence that dietary
and environmental exposures may contribute and potentially confound the findings observed
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here. Dietary factors, especially iodine and nitrate intake, are known to disrupt thyroid
homeostasis and have been indicated in thyroid cancer etiology [90-92]. Endocrine
disruptors, also implicated in thyroid disruption, can enter the air or water as a byproduct of
many chemical and manufacturing processes and when plastics and other materials are
burned and have been implicated in thyroid disruption [93]. Areas with volcanic activity,
such as Hawaii, the Philippines, and Iceland, are among the regions with the highest
incidence of thyroid carcinoma worldwide [93]. Several constituents of volcanic lava (such
as vanadium) have been postulated as being involved in the pathogenesis of thyroid cancer
[93]. Future studies of occupational risk factors should consider potential confounding from
these routes of exposure.

The main limitation of the occupational evidence is the crude exposure assessment
approaches used and the small number of incident cases. The majority of studies relied on
job or industry titles, self-report, or linked job titles to JEMs that would miss important
within-job heterogeneity in exposure. Even if there were true causal associations between
these or other occupational agents and thyroid cancer, these studies may have missed
elevated risks because of exposure misclassification [94]). Future studies need to be based
on more refined exposure assessment protocols. These can involve collecting more task-
related information from the subjects themselves (i.e., use of job- and industry-specific
modules), industrial hygiene-based exposure assessment, biomarker-based exposure
assessment, or combinations of these [95-96]. In addition, we need studies that are both
good in quality and large in size and that consider the subtypes of thyroid cancer, which may
require pooling and consortium studies, to increase the power to detect small effects. It is
also important that studies have enough power to evaluate the risk in men and women
separately [97-99], especially because of the large gender differences in incidence. Many of
the studies included in this review did not have an adequate population size sufficient to
detect an effect, if in fact one exists.

With the exception of radiation, associations between other exposures and thyroid cancer
remain speculative. Because occupational exposures are preventable and modifiable and
because the incidence of thyroid cancer is increasing, our review suggests that further
studies of thyroid cancer and occupational exposures, with sufficient size and high quality
exposure assessment, are warranted. In particular, future studies should focus on exposure
agents known to disrupt thyroid homeostasis [25, 33-34, 36]. Understanding whether
occupational exposures cause thyroid cancer is important, not only for occupational health
implications, but because it can also confer improved insight into thyroid cancer trends.
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