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Abstract

There is an increasing incidence of well-differentiated thyroid cancer worldwide. Much of the
increase is secondary to increased detection of small, low-risk tumors, with questionable clinical
significance. This review addresses the factors that contribute to the increasing incidence and
considers environmental, patient-based and clinician-led influences. Articles addressing the causes
of the increased incidence were critically reviewed. A complex interplay of environmental,
medical and social pressures has resulted in increased awareness of the thyroid disease risk,
increased screening of thyroid cancers and increased diagnosis of thyroid cancers. Although there
is evidence to suggest that the true disease incidence may be changing slightly, most of the
increase is related to factors that promote early diagnosis of low-risk lesions, which is resulting in
a significant phenomenon of overdiagnosis. An improved understanding of these pressures at a
global level will enable healthcare policymakers to react appropriately to this challenge in the
future.
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Introduction

Incidence

The incidence of well-differentiated thyroid cancer (WDTC) has been increasing
dramatically over the last 20 years worldwide, and WDTC is expected to be the fourth most
common cancer by 2030.(1) Several studies have shown a generalized rising trend across
different continents with dissimilar health systems and ethnicities.( 3 In 2006, Davies and
Welsh () made an important contribution to our understanding of why these increases were
occurring. Analyzing the Surveillance, Epidemiology and End Results (SEER) database
from 1973-2002, these authors revealed that 87% of the increased incidence occurred in
small (<2-cm) papillary cancers, without an apparent increase in thyroid cancer mortality,
although recently, Lim et al. ©) found a statistically significant increase in mortality over a
ten-year period (0.40/100.000 to 0.46/100.000) only for advanced stage thyroid cancers.
They postulated that the main reason for the increasing incidence of thyroid cancer was
overdiagnosis of the clinically occult asymptomatic tumors, accounting for 47-60% of the
increase,(6-8) although overidentification is a more accurate term. Many authors have
discussed this thesis, arguing that there has been an increase in clinically evident nodules,
advanced tumors, aggressive molecular patterns and, exclusively, papillary histology,
suggesting that the increase cannot solely be explained by overdiagnosis. (-12) The concept
of overdiagnosis describes a situation where an (asymptomatic) person is diagnosed with a
condition whereby the diagnosis does not produce a net benefit for that person. The
literature suggests a trend to excessive diagnosis due to increasing access to increasingly
sensitive tests as the main cause of overdiagnosis. However, other factors that may explain
this recent change.(13. 14) |dentification of these factors would help to direct interventions in
order to determine the most rational and cost-effective approach toward identifing patients
who have a thyroid carcinoma and are most likely to benefit from interventions.

The aim of this review is to describe other factors that may explain the increase in incidence
of thyroid carcinoma beyond the excessive use of diagnostic tools, to critically assess their
effects and to attempt to organize the myriad contradictory data in a more coherent and
integral frame. An epidemiological framework that evolved from the classic epidemiological
triangle, named “the wheel of causation model’, was adapted; this model puts the gene/host
interaction in the hub and the biological, social and physical determinants of the disease
around the hub. (19

data

Many authors have confirmed the increase incidence of thyroid carcinoma.(16-20) However, a
significant discussion regarding its cause remains. Epidemiological analysis of cancer
registries in Europe, (¢1-26) America(?7. 28), the middle east(®® and Asia(3%-33) have shown an
increase in almost all types of thyroid tumor due to a clear birth cohort effect, while other
studies have also identified a time-period effect, suggesting that both events occur
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simultaneously. (34-38) |dentification of an increase by time period (i.e., incidence in older
cohorts of approximately 1% per year versus 12% in more recent cohorts), rather than by
birth date, helps to identify artificial variations in incidence due to external factors such as
changes in diagnostic tools and healthcare access. Some authors have found an increase in
all tumor sizes (20.39-41) and histologies, 42) favoring a true increase in incidence, while
other investigators have identified a greater increase in small-volume papillary tumors (<2
cm), favoring increased detection. (39 43) No increase in mortality was identified in most
studies. La Vecchia et al., 44) in a global analysis, found an actual decrease in mortality
since 1970 in countries such as France, Italy, the Netherlands and the UK. These changes
predate the recent increase in incidence, which reflects the complex interaction between risk
factor exposure, diagnostic approach and disease treatment and increases in the rates of
disease detection. However, Lim et al. recently found a significant increase in mortality in
the US for women, individuals from Caucasian and African-American racial backgrounds,
individuals who are older than 79 years, patients with papillary tumors smaller than 4 cm
and patients with distant-stage tumors. (®)

Alternative factors that may explain the increasing incidence

The diagnosis of new cases (incidence) is the sum of two main causes: a true increase due to
the effect of a factor (recognized or not) that produces new cases and a spurious increase due
to increased detection of previously occult cases. When the first factor predominates,
causality must be confirmed. However, when the predominant form is the latter, factors
contributing to this spurious increase must be identified and controlled in order to classify
the situation as a false causation. According to the “wheel of causation model’, four
elements contribute to each new case: the patient with the condition, the physician who
makes the diagnosis, the healthcare system in which the interaction between the patient and
physician occurs and the environment in which the healthcare system exists. Changes in the
interaction between any of these factors can have an influence on the incidence, and the
complex relationship between all four elements should be considered (Figure 1).

Patient Factors

Prevalence and latency of the disease

Since the middle of the 20th century, the phenomenon of occult thyroid carcinoma has been
recognized. Many autopsy studies of individuals who died from causes that were unrelated
to the thyroid gland have identified a 2-35% rate of occult papillary carcinoma. (45 Most of
these tumors were multicentric and occurred more frequently in the nodular glands and in
males. The high variation in the rates between series was likely secondary to differences in
the processing of the necropsy tissue (specifically the width of the section examined) and the
age of the patients included. 43 Another known factor is the rate of papillary carcinoma
growth, which is lower in comparison with other cancers. Therefore, if an active searching
policy is adopted, many of these occult tumors will be diagnosed and will appear as new
cases. Furthermore, if the population lives longer, an even higher number will appear due to
the long disease latency. This phenomenon has been designated length bias and lead-time
bias. (46)
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Sex and ethnic differences

The increase in incidence is particularly significant in women, with a proportion of
approximately 3:1. Reports from the United States and China have shown that the age-
adjusted incidence increased from 6.4/100.000 to 14.8/100.000 and that this increase was
most marked for women =45 years (8.8/100.000 to 22.9/100.000).(20. 32)

Although some authors have suggested a hormonal explanation for this difference, others
have argued that women seek medical attention more often than men (as occurs during
pregnancy or gynecological follow-up) and that during reproductive life, women may be
more intensively screened for thyroid conditions. (47) Hall et al. 48) found a three-fold
increase in the use of diagnostic imaging in women in comparison with men, and the largest
increase occurred in young women. This may help to explain why the largest increase in
incidence has occurred in the 20-50-year age group rather than in older women. (49

Other authors have suggested race, ethnicity and nativity as contributing factors.(0-55) |n
Sweden, immigrants from the middle east, Asia and South America have an increased
incidence of WDTC, 56) and in New Zealand, women from Pacific regions have a higher
incidence in comparison with women of European descent. ®7) However, other authors did
not find differences associated with race in the US population. (58 59) As some ethnic
populations have a higher incidence of WDTC, the specific geographical locations of these
populations in some countries and states could also be associated with an increase in
incidence. Although gender, race and geographic factors play roles, the global trend is
toward an increasing incidence worldwide.

Finally, the incidence of WDTC is higher in older people in comparison with young people.
(34) However, the distribution follows an inverted U pattern, with a higher incidence for
intermediate age-groups. This suggests that age alone may not be the sole factor responsible
for this finding, and due to the demographic transition to an aging population, it is expected
that increases in the WDTC case number are likely.

Patients’ beliefs

It has been suggested that a vicious circle exists between the information that patients
receive from the media or community and the discovery of subclinical disease.(®9 Distortion
of patients’ perceptions that is induced by news coverage regarding the frequency and
severity of the disease has been observed in patients with many types of tumor. 61) As
detection of WDTC in the population increases, awareness also rises. This awareness forces
further investigation, which snowballs the rates of detection further. Kahn et al. 62 found
that only 40% of patients with a recent diagnosis of a thyroid tumor consulted physicians
due to a nodule or “symptoms” and Brito et al., (69 and Bahl et al., 63 found that from the
group of symptomatic patients, 27-48% had a thyroid carcinoma that was unrelated to the
original symptoms. Self-detection of a nodule, self-detection of a lymph node, or a recent
appearance of obstructive or invasive symptoms, such as dyspnea and dysphonia, are
infrequent. Most neck symptoms are generally unrelated to thyroid disease, such as the
symptoms that occur with globus pharyngeus or neck pain. However, patients seek
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explanations of their symptomatology and often focus on the thyroid as a result. This can
influence the physician’s decision regarding further tests.

Simiarly, Park et al., 64) revealed that most patients are generally in favor of public
screening strategies and that most consider the identification of small-volume thyroid cancer
as potentially lifesaving, which supports widespread use of diagnostic tests to explain
symptoms. Busco et al.(6) has proposed that some public concerns regarding the safety and
health effects of environmental risk factors, such as nuclear energy, can prompt a
spontaneous active surveillance. Han et al., (68) found that the most common reason for
participation in WDTC screening was anxiety regarding health without symptoms, followed
by workplace mass examinations, and abnormal symptoms. This suggests that a perception
that WDTC screening is beneficial is the main factor that motivates patients to request
testing.

Another related factor is the “snowball’ effect of the index patient on the family. As family
history is a risk factor for some tumors, the finding of an index case triggers panic and an
active search in close family members.(67) Due to the occult disease prevalence, the
possibility of finding a nodule by ultrasound is close to 70%, and approximately 5-30% of
these asymptomatic nodules are ultimately confirmed as a thyroid carcinoma. For the case of
WDTC, although genetic and familial associations have been shown, these are rare and
difficult to differentiate from the effect of the more intense scrutiny of family members
following diagnosis of the index case. (68) Finally, anxiety due to the “fear” of cancer can
trigger both an initial referral and more intense investigation. Because many of the patients
in whom incidental detection occurs are middle-age women, the fear of dying in young
mothers can lead to pressure for physicians to arrange imaging tests to look for the “occulft’
cancer.

A recent meta-analysis of observational studies found a relationship between obesity and the
risk of WDTC, with an incidence increase of approximately 55% in obese people. (69)
Because obesity has been growing worldwide over recent years, this association may explain
the increasing incidence of WDTC. Some authors have suggested that the mechanism that
explains this association is mediated by the serum levels of insulin, (79 but other studies did
not find a correlation. () Although the relationship has been detected with all types of
thyroid tumors, the recent increases are predominantly from papillary carcinoma, making the
role of obesity as a cause of the increased WDTC incidence questionable. Moreover, it is
possible that greater scrutiny occurs in obese people due to the wrong belief that there is a
link between thyroid function and being overweight.

Physician Factors

Diagnostic approach of physicians

The awareness of physicians about WDTC can influence the rate of detection.(72) If the
physician is sensitive to the disease and actively searches for nodules during the physical
examination, more nodules will be detected, which leads to diagnosis of asymptomatic
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thyroid cancers; the physician then receives positive feedback, having identified a cancer,
which serves to reinforce the active search.(®9 There is evidence to suggest a trend toward
higher rates of neck palpation by primary care physicians. (¥ Some authors (60. 62, 74) have
recognized five different patterns of identification in patients with a recent diagnosis of
WDTC (40% by patient concerns/symptoms, 16% by the physician, 11% incidentally
discovered in imaging tests, 26% discovered in a pathology assessment of a surgical sample
from benign disease, and 7% in other patterns). Sixty to seventy percent of patients were
diagnosed in the absence of symptoms, which suggests an important effect of active
searching by physicians. Many studies (45 75-78) have identified a correlation between the
number of ultrasound machines, FNAB number (as an indicator of physician diagnostic
activity) and the rate of WDTC. A trend toward more liberal use of FNAB for any type of
nodule may partially explain the higher incidence.

A similar situation can occur with pathologists. They could use different thresholds to define
malignancy and apply increasing levels of scrutiny to their specimens.(7®: 80 An increasing
number of thyroidectomies are performed every year; most are for benign conditions, and 7
to 13% of specimens have incidental microcarcinomas that are less than 1 cm. Some authors
(60, 62) have shown a proportion of 14-26% of incidentally discovered tumors in benign
thyroidectomy samples, and it has been demonstrated that the number of blocks examined
from thyroidectomy specimens for retrosternal goiters increased from 2.5 in 1966 to 9.1 in
2005.(81) With the current improvement of pathologic techniques, which allow examinations
of thinner tissue slices, the resultant increase in the identification of small tumors reinforces
the behavior, leading to a further increase in active searching. (3. 82)

Finally, media information about environmental radioactive exposition after nuclear
accidents and situations such as “the Angelina Jolie” effect in breast cancer, reinforces active
searching by physicians. (/4

Diagnostic criteria

The change in diagnostic criteria may also explain an increase in the incidence of papillary
carcinoma. The re-categorization of some cases of follicular carcinoma to the follicular
variant of papillary carcinoma that occurred in 1988 can explain part of the increased slope.
Otto et al.,(83) and Verkooijen et al., (84 described a re-categorization of approximately
12-20% of follicular tumors to papillary tumors.

Another factor may be the terms used to classify nodules and tumors. While the histological
classification of tumors does not typically have gray areas, the cytological diagnosis of
thyroid nodules (with potentially alarming terms such as follicular neoplasm)(®) and
pathological reports of small clinically insignificant microtumors, such as carcinomas, are
strong instigators of active searching for WDTC. Experience with other tumors, such as
breast ductal carcinoma, prostate carcinoma, kidney masses and low-grade sarcomas, for
which histologic definitions were changed to other less alarming terms, has demonstrated
that simple refinement of nomenclature can lead to decreases in incidence of cancer without
changes in prognosis.
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Incidental finding during follow-up of other diseases and tumors

Technological improvements with better discrimination power and more widespread use of
diagnostic tests for myriad situations can incidentally identify thyroid nodules. Despite the
fact that most of these tumors are asymptomatic, all patients then require adequate diagnosis.
(60, 62) Hoang et al. (39 found a strong correlation between the numbers of CT scans made in
a specific geographic area and the incidence of thyroid carcinoma. In addition to index
nodules having a tendency toward occult malignancy, the process of investigating these

nodules with high-definition ultrasonography can lead to the identification of further lesions
(86),

Many studies have found an association between other tumors and thyroid carcinoma, with
no biological explanation. 87) This phenomenon may be explained by the intensive follow-
up screening that survivors from other tumors undergo, which involves a higher number of
tests. With the increased effectiveness and availability of therapies for cancer, the number of
survivors is elevated and the possibility of finding an incidental tumor is higher.

A similar situation occurred when iodine supplementation programs were initiated in
conjunction with goiter monitoring strategies. The increased level of scrutiny for one
condition led to a consequential increase in the WDTC incidence. (30.77)

Medical education and specialty

Some authors have proposed that some characteristics of physicians who are located in
specific geographic areas may increase the rate of detection. If the physicians have a
particular interest or training in thyroid pathology or are influenced by governmental or
social policies, it is expected that more patients with WDTC will be identified. Udelsman
and Zhang(®®) found a correlation between the US states with a higher increase in WDTC
incidence and the proportion of endocrinologists and surgeons and number of ultrasound
tests in these states. In South Korea, primary care physicians frequently own an ultrasound
machine 89 and order an ultrasound as an opportunistic screening test during a routine
exam. 64) Nagar et al.,(%9) explored the relationship between the age of the physician and
incidence of WDTC and found that geographic areas with a high proportion of physicians
older than 55 years had a lower increase in incidence compared with areas with a high
proportion of physicians younger than 55 years; the correlation was explained by the varying
rate of technological adoption. Rosen et al., ®1) found a correlation between the female sex
of the physician and a higher number of imaging studies, suggesting that the style of female
physicians is more prone to active searching. An increase in the incidence of WDTC has
been demonstrated in women after hysterectomy. (92) However, this only occurs in the first
two years after surgery, which suggests that screening of nodules by the gynecologist is an
important factor in this population.

The consensus opinions and guidelines developed by medical societies could also influence
the detection of thyroid nodules and the use of diagnostics tools. The introduction of an
ultrasonographic-specific size to indicate a FNAB could increase the rate of biopsy with a
consequently higher identification rate of asymptomatic tumors, an observation that has
already been made for other diseases including diabetes and hypertension. (3) Additionally,
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changes in the approach to thyroid disease that are suggested by scientific associations can
cause an increase in incidence; for example, the recommendations for treating benign
thyroid diseases with thyroidectomy produces more specimens, leading to a progressive
increase in the detection of thyroid cancer. (81) Van den Bruel et al.,(6) found that in regions
with a high cancer incidence, patients with thyrotoxicosis and goiter were most frequently
treated with surgery.

Training in neck palpation could be another factor influencing the WDTC incidence. There
has been a trend away from teaching physical examination skills in medical school curricula,
and much of the physical exam has been replaced with the use of imaging tests. Studies
comparing the accuracy of physical examination by expert clinicians with ultrasound found
that sensitivity and specificity of the physical exam was 22% and 94%, respectively, with a
poor kappa value for agreement of 0.18; nodules larger than 2 cm were only identified by
clinical exam in 48% of patients; and nodules larger than 2 cm were confirmed by
ultrasound in only 32% of patients with a clinical suspicion of a thyroid nodule.(%4 95) These
findings help explain why the incidence of thyroid carcinomas that are larger than 2 cm can
also be a product of increased use of imaging tests.

Economic and medicolegal issues

Economic and financial factors related to medical practice have also been highlighted. Ahn
and Welch (98), described the exaggerated reactions of scientific societies to the Physician
Coalition for Prevention of Overdiagnosis of WDTC in South Korea after a call to avoid
screening in WDTC. Lee et al., (89) examined the relationship between the incidence of
WDTC and the financial characteristics of healthcare systems between countries and found a
negative correlation with a low public health expenditure. The authors suggest that a higher
proportion of private health financing means a greater individual ability to pay for health
services with the effect of induced demand by providers and a consequential overuse of
services, such as medical tests.

Some authors have also described the influence of medicolegal issues. In fear of litigation in
the event of a missed diagnosis, many pathologists have increased the number of reports that
indicate indeterminate or malignant tumors, even after second revisions by experts who
discard this diagnosis. (97) In the case of radiologists, a failure to report findings on an
imaging study would carry adverse liability if the nodule became clinically significant in the
future. The 3-tiered system proposed by the American College of Radiology to recommend
follow-up or intervention have shown a decrease of 35-46% in interventions on incidental
nodules with an approximate miss of 1.3% of malignancies.(%8) A similar situation occurs
for other specialists such as endocrinologists and surgeons.

Healthcare system factors

Access to healthcare system

Some authors have proposed that better access to healthcare and subsequent increased
availability of diagnostic technology may explain the increase in incidence. Epidemiologic
evidence from cancer registry analyses showed that the increase in WDTC was higher in
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developed countries (12/100.000 in Israel and 10/100.000 in the United States vs
1.5/100.000 in Uganda and 2.6/100.000 in Egypt) where access to the healthcare system is
better.(3) A relationship between race, higher education level, urban residence, location
around a metropolitan area and higher socioeconomic status, which all allow better
healthcare access, and a higher incidence of WDTC has been found, even in healthcare
systems with no barriers to access.(6% 99-102) |n South Korea, the incidence of WDTC is
55% lower in the low-income group in comparison with high income. (193) Morris et al.,
(104, 105) found that 25% of the incidence can be explained by variables associated with
better healthcare access. A higher incidence of WDTC in comparison with the national
average has also been found in specific populations with better access to healthcare, such as
the military in the US. (196) However, other authors have failed to find a correlation between

access to healthcare and socioeconomic characteristics with the incidence of WDTC.
(43, 49, 107)

Registry accuracy and methods of analysis

Improvements in the identification of patients with thyroid tumors can be a potential cause
of increasing incidence. Veiga et al.,(198) found a decrease of 25% in the poorly specified
histology rate in the Sao Paulo cancer registry and an increase in papillary thyroid
carcinomas over the same time scale, possibly due to the re-categorization. Another factor
could be under-registration of cases due to the type of information source. Most cancer
registries initially collected information from large reference centers. As the registries
become more inclusive, information from non-reference centers, where less advanced cases
were treated, could artificially increase the incidence of low-risk tumors. (109)

Methods of analysis of epidemiological data may also contribute to the increase. Some
studies have demonstrated that data analyzed with newer methods can artificially increase
the incidence. (110 111)

Environmental element

Denomination, screening and overdiagnosis

A historical definition of cancer accepted by most physicians indicates that cancer is a
neoplastic disease that can be fatal. 112) According to this definition, cancer would
inevitably result in death. However, since the middle of the 20th century, it has been
demonstrated that cancer can be cured in many patients, and in others, the disease may be
rendered a chronic condition, with which it is possible to live for years. In addition, it is
accepted today that many humans can live with malignancies that never become clinically
relevant, as occurs with prostate carcinoma in older men.

The strongest evidence favoring thyroid carcinoma as a latent tumor is provided by studies
from Japan (113. 114) that have demonstrated the slow growth rate and low rate of metastasis
of papillary microcarcinomas and their unique biological behavior, which is very different
from other common tumors. Nonetheless, in the minds of governments, physicians and
patients, WDTC maintains its potential for a fatal outcome.(15) For these reasons, many
interventions are focused on screening and early detection, attempting to “control” the
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disease, assuming that the oncological advantages of early diagnosis and treatment that have
been demonstrated in other tumors can be translated to WDTC.(116. 117) Screening by
definition is the “/identification of an unrecognized disease by the application of tests...and
has as its aim the early detection in presumptive healthy individuals of specifics diseases that
can be controlled early in their natural history”. (118) With this in mind, a more focused neck
examination together with ultrasonography can be used as a screening tool with the result
that a large number of individuals are diagnosed with asymptomatic thyroid nodules and
require FNAB per the recommendations. However, long-term studies have been unable to
demonstrate a significant decrease in the already extremely low rates of mortality as a result
of such an approach. The most extreme example of this was seen in South Korea, where the
incidence has grown by almost 3% per year in the last decade. This has resulted in WDTC
becoming the most common cancer in women, aged 15 to 64 years, in 2013, without any
significant change in mortality and where a strong correlation between screening penetration
and WDTC incidence was found. (112,116, 119) Sjmjlar patterns have been described
worldwide. (¢ 36. 84) The problem with this strategy is the impossibility of knowing which of
the detected cancers will develop into a clinically relevant condition that threatens the life of
the patient. This problem obliges clinicians to treat all detected disease. Data from South
Korea showed that smaller tumors were detected more frequently after the adoption of a
national screening program and that a dramatic reduction of new cases occurred after
recognition of the problem by medical professionals and government agencies. (°6)

Exposure to ionizing radiation is an accepted risk factor for the development of WDTC.
Many sources of radiation that could affect the thyroid gland have been identified, with
nuclear energy and diagnostic or therapeutic X-ray exposure being the most common.

The accidents in Chernobyl and Fukushima have been responsible for an acute increase in
WDTC in areas of contamination.(120-122) Nonetheless, the evidence of effects in areas far
away from the accident, under the path of the “radioactive cloud’, is weak. Even the elevated
rate of WDTC around the nuclear plants is debated.(123. 124)

The influence of radiation has also been recognized when the exposure occurs in children.
Case-control studies have shown a two-fold increase in incidence when children had a
history of exposure to dental X-rays. There is also information that the number of imaging
tests that cover the thyroid bed is increasing worldwide, and due to the sensitivity of the
thyroid gland to radiation, some authors have suggested that this exposure may be
responsible for the increasing incidence of WDTC. (125-127) |t js clear that today, children
are more exposed to radiation from medical imaging tests than in the past. However, the
effect in adults is smaller, so the size of the effect and latency of radiation from these sources
may not explain the increase in adults in areas without access to X-ray exposure. The
number of CT and X-ray dental exams in the US dramatically increased since 1970, which
has accompanied the rising incidence. Other factors include the use of 131] (which has
decreased progressively) and radiotherapy for the treatment of malignancies in the head and
neck, breast and lymphomas, which may involve the thyroid bed in the treatment field. (128)
It is very difficult to isolate these chronic effects from factors related to an increase in
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screening and active searching for coincident malignancies in patients who are already under
oncological surveillance.(129)

Exposure to pollutants

Many studies have suggested a relationship between environmental pollutants (e.g., nitrate,
hydrocarbons, pesticides, and heavy metal) and WDTC.(39) Since the 1970s, several flame
retardant materials have been used in textiles, rugs, furniture, airplanes, cars, electronic
equipment and construction. Among this group of chemical substances, the polybrominated
diphenyl ethers (PBDES) are particularly dangerous for humans because they persist in the
environment and can be ingested, inhaled or absorbed through the skin. (131) PBDE was
recently associated with the risk of thyroid disease in postmenopausal American women.
(132) However, a recent case-control study failed to demonstrate a significant association
between PBDE exposition and thyroid cancer. (133) Nitrate is known to affect the
metabolism of iodine in the thyroid, and chronic exposure to high levels of nitrate might
result in the development of goiter through TSH stimulation. It has been suggested that
interaction between high doses of radiation and high levels of nitrate in water can explain the
increased number of cases in areas surrounding nuclear plants accidents. (134 135) However,
most studies lack strong epidemiological data, and therefore, the association remains
unproven. Although, there may be a relationship between exposure to pollutants and
increases in the WDTC incidence, the effect would be located to specific regions with
ubiquitous exposure and would therefore not explain a worldwide increase.

lodine supplementation

Other authors (136) have found an association between excessive dietary iodine and chronic
thyroiditis, which is itself said to be associated with an increased rate of papillary cancer, but
other authors did not find an association when salt iodization was introduced. (137-139) This
excess is limited to specific countries and, again, not sufficiently widespread to explain the
worldwide increase.

Conclusion

A high proportion of the increase in the WDTC incidence is due to exaggerated screening
and a consequent overdiagnosis. However, other factors are also important and contribute to
this phenomenon. Overdiagnosis is the final consequence of the interplay of factors
including demographic transition, disparities in healthcare access, quality of the registry,
mass-media influence, economic and medicolegal incentives and medical education. Many
of these factors are interrelated, and the weight of each individual effect on the overall
picture is unknown. Most of the available literature focuses on individual factors, which
makes the overall influence of these interrelated individual pressures impossible to quantify.
Nonetheless, an improved understanding of these pressures at a global level will allow
healthcare policymakers to react appropriately to this challenge in the future.

In this review, we have described these factors and attempted to explain why they lead to
overdiagnosis. However, we also attempted to understand the whole picture. Most
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information about this subject is fractured, being presented in different studies from different
academic areas and in numerous journals, so it is difficult to integrate the data. This
difficulty induces extreme positions between stakeholders, each favoring only one factor
without considering that a single causal explanation for such a complex problem as the
higher incidence of thyroid carcinoma is improbable.
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