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Abstract
Background: Thyroid cancer incidence rates are increasing in many developed countries while mortality rates remain stable.
International evidence shows that the increase in incidence rates is mostly caused by overdiagnosis of small papillary cancers. We
sought to describe how thyroid cancer incidence has changed and how it varies between provinces in Canada.
Methods: Data were obtained from the National Cancer Incidence Reporting System, causes of death tables and the Canadian Cancer
Registry using the 1991 census population structure. We report thyroid cancer incidence by sex, age and province and mortality by sex
from 1970 to 2012.
Results: Since 1970, age-standardized thyroid cancer incidence rates have increased in women from 3.9 to 23.4 per 100 000 and
in men from 1.5 to 7.2 per 100 000 while mortality rates have remained stable at around 0.5 per 100 000 for both sexes. In 2012,
incidence rates for both women and men were highest in Ontario (31.5 and 9.2 per 100 000, respectively) and lowest in British
Columbia (13.2 and 4.5 per 100 000, respectively). Age-specific incidence rates were the highest in Ontarian women aged 50–54
years, at 65.2 per 100 000.
Interpretation: The rapid increase in thyroid cancer incidence especially since 1990, the variation among provinces and the peak in
middle-aged women does not correspond to any known cause or risk factor for disease, although the lack of change in mortality rates
suggests that serious thyroid cancer has not increased. The likely cause of the increase in incidence is an overdiagnosis epidemic for
clinically unimportant lesions detected by modern diagnostic imaging. To reduce the harms of overtreatment, overdiagnosis should
be reduced, through more judicious use of diagnostic imaging.

O

ver the past several decades, thyroid cancer incidence rates have been increasing in many highincome countries. 1–4 The largest increase has
occurred in middle-aged women; incidence rates in men have
varied less. Thyroid cancer mortality rates have varied minimally.4 This pattern of increasing thyroid cancer incidence
rates and stable mortality rates has also been seen in Canada.
In 2016, thyroid cancer was predicted to be the fifth most
common cancer in Canadian women after breast, lung, colon
and uterine cancers, with 5273 cases accounting for 5.3% of
cancers in women. It was predicted to be the 16th most common cancer in men, with 1543 cases accounting for 1.5% of
cancers in men.5 However, the survival ratio is over 98% for
women and 95% for men, with only about 120 women and 90
men dying of all types of thyroid cancer each year.5
There are 4 histological types of thyroid cancer: papillary,
follicular, medullary and anaplastic, with papillary being the
most common.6 Most of the recent increase in incidence is
due to papillary thyroid cancer,1,3,4 which generally has an
indolent course; only a small proportion of these cancers
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behave aggressively and very few patients die.7 There is thus
the potential for overdiagnosis and overtreatment of lesions
that if left alone would never cause any problems.8 Choosing
Wisely Canada has indicated that the early detection of small
thyroid lesions contributes to overdiagnosis and suggests limiting use of thyroid ultrasound.9 Given different practice patterns among provinces, overdiagnosis may occur more frequently in some areas than others. We therefore aim to
understand thyroid cancer incidence and mortality trends in
Canada and across provinces. We examined how much variation in incidence exists across the country and whether there
is any reason for this variation.
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Setting

We obtained Canadian national and provincial population
data to describe thyroid cancer incidence and mortality
(International Classification of Diseases, 9th revision [ICD-9]
code 193, and ICD-10 code C73).

Design

Age-standardized incidence rates for thyroid cancer from
1970 to 2012 were analyzed by sex, province and age using the
Canadian 1991 census population structure (the standard used
before the 2016 release of Canadian Cancer Statistics) to enable
comparison with prior work.10

Data sources

All incidence data were reported to the National Cancer Incidence Reporting System of Statistics Canada until 1991. Since
1992, incidence data have been reported to the Canadian
Cancer Registry. Mortality data were reported in the causes of
death tables until 1999; since 2000 they have been reported to
the Canadian Cancer Registry.11,12 The quality of the data
from the National Cancer Incidence Reporting System before
1983 varies because of inconsistencies in reporting.6 The
quality of Canadian Cancer Registry data has been documented with over 90% of the thyroid cancer pathology being
confirmed on 2 occasions.13

Analysis

Age-standardized incidence and mortality rates were calculated on the basis of population data published by Statistics
Canada,14 using Excel spreadsheets. Because of privacy rules,
cell counts less than 5 are not released. Therefore, because
of small cell sizes, we could not calculate provincial mortality
rates, only national ones. Another consequence of small cell
numbers was that we could not calculate incidence rates for
all 43 years of our study period in smaller provinces (Saskatchewan, Manitoba and the Atlantic provinces) and the
territories. Therefore, for comparison between provinces,
we graphed only the data from the 4 provinces with the largest populations (Ontario, Quebec, Alberta and British
Columbia).

Results
Over the 43 years of our study period, age-standardized thyroid cancer incidence rates in Canada increased by almost 6
times in women (from 3.9 to 23.4 per 100 000) and 5 times in
men (from 1.5 to 7.2 per 100 000) as shown in Figure 1.11,12
Age-standardized mortality rates varied minimally, with the
highest rate being 0.84 per 100 000 in 1971 and the lowest
rate being 0.32 per 100 000 in 1988. Numbers were too small
to permit calculating age-standardized mortality rates by sex,
but crude mortality rates were stable, varying between 0.42
and 0.80 per 100 000 in women and between 0.16 and 0.59
per 100 000 in men over the study period. Most of the women
and men who died were over 60 years of age.

Figure 2 maps 2012 incidence rates for men and women
across the 10 Canadian provinces. The 3 territories were
excluded because data were not released for these jurisdictions
owing to the small size of their populations. Ontario and Newfoundland had the highest incidence rates in 2012, while BC,
Saskatchewan, Nova Scotia and Prince Edward Island had the
lowest rates.11 Appendix 1 (supplemental Figure S1, available
at www.cmajopen.ca/content/5/3/E612/suppl/DC1) shows
incidence rates for the study period for the 4 largest provinces,
and Appendix 2 (supplemental Table S1, available at www.
cmajopen.ca/content/5/3/E612/suppl/DC1) shows the incidence rates from all provinces in 1972, 1992 and 2012.
Figure 3 shows age-specific incidence rates in Canada by sex
in 1972, 1992 and 2012. In 1972, incidence rates increased
slowly with increasing age in both men and women, although
the rates in women increased more quickly and to a greater
degree across the age groups than in men. In 1992, the rates for
men had barely changed from those in 1972, but they had doubled for women, starting from about age 30. In 2012, male rates
still rose steadily until age 80, but they were much higher at all
ages, with an initial rise in the third decade of life. For women,
rates now began to rise in the teenage years, increased rapidly
through young adulthood, peaked at 43 per 100 000 between 40
and 60 years of age, then dropped steadily at older ages. Appendix 3 (supplemental Figure S2, available at www.cmajopen.ca/
content/5/3/E612/suppl/DC1) shows age-specific incidence
rates in Ontario; in 2012, incidence rates in that province peaked
at over 60 per 100 000 in women aged 50–54 years.

Ethics approval

Ethics review was not required, as non-identifiable, publicly
available data were used in the study.

Interpretation
Over the 43 years of the study period, age-standardized thyroid cancer incidence rates in Canada increased by almost 6
times in women and 5 times in men, with the greatest absolute increase seen in women. Despite the increasing incidence
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Figure 1: Age-standardized incidence rates and crude mortality rates
for thyroid cancer in Canada from 1970 to 2012, by sex.
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rates, mortality remained stable and low for both sexes at
approximately 0.5 per 100 000. However, between 1992 and
2012, incidence rates varied dramatically between provinces
and even between regions within a province, as reported in
Ontario. 15 In 2012, the highest incidence rates were in
Ontario; BC had the lowest rates, at about half those in
Ontario. The age-specific incidence curve had also dramatically changed, especially for women, and its shape differed
among provinces. Before the early 1990s, there was a gradual
increase in thyroid cancer incidence rates with age, but more
recently there was a peak incidence in 40- to 60-year-old
women, which was over twice as high in Ontario as in BC.
Vaccarella and colleagues published similar findings showing substantial increases in thyroid cancer incidence especially
among middle-aged women from high-income countries in
Europe, Asia and the United States, with similar variation in

age-specific incidence curves.16,17 They attributed these
increases to overdiagnosis of subclinical nodules from
improved diagnostic technology and increased surveillance.
Canada’s rates and variability are similar to those reported in
Europe, though less than those found in South Korea.3
Given the geographical extent of Canada, we considered
possible risk factors that could vary enough to explain the differences in thyroid cancer incidence among provinces. Radiation is a known risk factor for thyroid cancer, and some suggest that increased radiation exposure is driving the increase
in incidence. Radiation increases the risk of thyroid cancer
mostly through exposure during childhood and adolescence.18
It is unlikely that dramatic differences in exposure to background radiation or medical radiation from diagnostic tests or
therapies among provinces explain the differences in incidence we observed. Dietary iodine deficiency or excess has
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Figure 2: Age-standardized incidence rates for thyroid cancer by province in 2012.
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Figure 3: Age-specific incidence rates for thyroid cancer by sex in
1972, 1992 and 2012.

never been proven to have a causal role in thyroid cancer.19
Some speculate that obesity and diabetes may be associated
with increasing incidence of thyroid cancer, but this association is still controversial and is confounded by increased use
of diagnostic imaging leading to more detection.20,21 Within
Canada, it is unlikely there is enough difference among
provinces for any of these risk factors or genetic mutations
to cause such a large and differential increase in thyroid cancer incidence.
If the increase in thyroid cancer incidence were real, one
would expect an increase in symptomatic disease, late stages of
disease and mortality. In Canada, as in many other highincome countries, the increase in thyroid cancer incidence is
mostly due to asymptomatic cancers, and thyroid cancer mortality rates have not changed over the past several
decades.6,22,23 If improved treatment for thyroid cancer is the
reason for the mortality rates being constant, changes in treatment should coincide with the changing incidence. Despite
debate over the past 40 years about the extent of surgery, the
use of remnant radioactive iodine and suppressive thyroid
hormone therapy, treatment protocols for thyroid cancer have
not changed.24 With a much greater absolute increase in the
incidence of thyroid cancer in women, treatment would need
to be much more effective in women than in men for similar
mortality rates to be observed in both sexes. Thyroid cancer
treatment is identical for women and men, so it is unlikely
that more effective treatment explains the stable mortality
rates. The most likely explanation is that a consistent small
number of potentially lethal thyroid cancers develop and may
be ameliorated by the treatments, while many currently
detected thyroid cancers either would not progress if
untreated or would develop very slowly with minimal risk.
Overdiagnosis is the discovery of disease that would never
cause symptoms or premature death if left untreated. In the
absence of other explanations, the differing thyroid cancer

incidence rates among Canadian provinces and the changes in
the shape of the age-specific incidence curves are likely due to
varying rates of overdiagnosis arising from differences in practice. In Ontario the use of ultrasound, computed tomography
and magnetic resonance imaging increased 18% per year from
1993 to 2006, with women having 3 times more diagnostic
imaging tests than men, except in the group over 60 years of
age.25 This increasing use of imaging is mirrored by the
increasing rates of thyroid cancer diagnosis, with the fourfold
variation in diagnostic rates between regions correlating with
patterns in the use of ultrasound, especially of the neck.15
Kent and colleagues22 found that the increase of thyroid cancer in Ontario is mainly due to small differentiated tumours,
with the greatest increase in tumours less than 2 cm, considered nonpalpable and subclinical. These findings support the
hypothesis that the increased incidence rates of thyroid cancer
are due to overdiagnosis, with cases discovered incidentally in
small tumours.26 This reinforces the recommendation of
Choosing Wisely Canada: “Don’t routinely order a thyroid
ultrasound in patients with abnormal thyroid function tests
unless there is a palpable abnormality of the thyroid gland.”9

Limitations

The limitations of this study include variable data reporting to
the National Cancer Incidence Reporting System before
1983.6 However, since the dramatic changes in incidence
occurred after 1992, when the Canadian Cancer Registry was
developed, we doubt this affects our results. The registry
strives to achieve completeness, but reporting procedures still
vary across the country. Quebec relies on hospital data, so the
number of cases of some cancers may be underestimated in
that province. Also, Quebec and Newfoundland have incomplete linkage between databases, resulting in underreporting.
There can be delays in the provincial/territorial cancer registries updating the registry, and as a result recent data may be
incomplete. The Canadian Cancer Registry is a dynamic database, so with each addition of data recent counts may vary.12
Another limitation is the difficulty in accessing the data for
histology and size of thyroid cancers. Finally, data about the
trends in use of diagnostic tests were not available for most
provinces, so we were not able to compare them to correlate
diagnostic intensity with incidence rates.

Conclusion

In Canada, there is great variation in thyroid cancer incidence
rates among provinces, with a new pattern of rapidly increasing incidence affecting mostly women aged 40–60 years. With
such variation in incidence rates among provinces within one
country, the thyroid cancer epidemic in Canada is most likely
due to overdiagnosis, and the differences in incidence rates
probably relate to different practice patterns among provinces. This overdiagnosis has appropriately been targeted by
Choosing Wisely Canada. Further effort should concentrate
on reducing overuse of diagnostic imaging and finding better
ways to distinguish those patients with unimportant indolent
tumours, while still identifying aggressive thyroid cancer that
needs treatment.
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