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Abstract

Background: Thyroid cancer has become increasingly prevalent and threatens human health.
Few studies have explored the incidence of thyroid cancer in Asia and its relationship with
social-progress factors.

Methods: We analyzed Global Burden of Disease (GBD) Study 2019 data specific to thyroid
cancer. Incidence, prevalence, mortality, and disability-adjusted life year (DALY) rates were
used to evaluate the burden of thyroid cancer.

Results: The age-standardized incidence, prevalence, and DALY rates per 100,000 population
were 1.34% (95% Ul, 2.44-3.07), 2.79% (95% Ul, 18.82-23.77) and 16.49% (95% Ul, 14.6-18),
respectively, for all of Asia in 2019. In 2019, the DALY rate of thyroid cancer in the High-income
Asia-Pacific region was the highest and mortality due to thyroid cancer in the High-income
Asia-Pacific region was also the highest. The growth trend of DALYs in the High-income Asia-
Pacific region was much steeper than those in other Asian regions. In all Asian regions and in
the High-income Asia-Pacific region, the incidence, prevalence, mortality and DALY rates of
thyroid cancer in female patients were drastically higher than those in male patients. Among
Asian patients with thyroid cancer, the DALY rate was higher in men aged 80-8%years than in
women. The DALY rate gradually increased with age. In the High-income Asia-Pacific region,
the mortality rate of patients with thyroid cancer decreased with age. The prevalence was
highest in those aged 40-79years.

Conclusion: The disease burden of thyroid cancer in the High-income Asia-Pacific region
was significantly higher than those in other regions, which may be due to overdiagnosis. The
increasing incidence of thyroid cancer seems to indicate that thyroid cancer is still a public
health problem in Asia. Therefore, some health policy adjustments will be meaningful.
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Introduction

Thyroid cancer is the most frequently occurring
endocrine tumour, with a high incidence rate,
especially in women.! Thyroid cancer has received
increasing attention worldwide. Thyroid cancer,
the most frequent endocrine malignancy,
accounts for approximately 1.5% of newly diag-
nosed cancers in Europe.? Some studies have
shown that following current trends, thyroid can-
cer will become the fourth most common cancer
in the United States by 2030.3

Binh Hyang reported that the cancer burden will
become a very serious public health challenge in
the Asia-Pacific region, which encompasses Asia
and the Pacific islands.* Recently, many stomach
cancer collaborators of the Global Burden of
Disease (GBD) Study 2017, including Arash
Etemadi, reported that the highest age-standard-
ized incidence rate of stomach cancer in 2017 was
in the High-income Asia-Pacific region.> However,
the relevant epidemiological characteristics of
thyroid cancer in Asia and the High-income
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Asia-Pacific region have not been well studied.
The incidence of thyroid cancer has increased
annually over the past 40years from 4.9 per
100,000 people in 1975 to 14.3 per 100,000 peo-
ple in 2009.°Thus, an increasing number of stud-
ies on thyroid cancer will be performed, especially
in Asia.

The GBD Study 2019, which included 204 coun-
tries and locations and areas from 1990 to 2019,
furnished a complete evaluation of the loss of
human health attributable to 369 diseases and
injuries.” The GBD 2019 added updated and
additional data to the GBD database and the
updated data are recent, so it is more representa-
tive. Given that the current coronavirus disease
2019 (COVID-19) pandemic has caused delays
and interruptions in cancer screening, diagnosis
and treatment worldwide, accelerating research
progress is important.® The GBD Study 2019 is a
comprehensive study on health and health-related
losses to society due to illness and injury can be
observed.® The gradual progression of GBD
research has allowed meaningful discussions
about changes in health challenges associated
with thyroid cancer in Asia.l%!1 Currently, few
studies have analyzed GBD Study data on thyroid
cancer, and emphasizing thyroid cancer in the
Asian region is necessary.

The prevalence of most cancers increases with
age,!2 and the burden of thyroid cancer in coun-
tries with severely ageing populations is unknown.
In Asia, specifically in the High-income Asia-
Pacific region, the population is ageing rapidly.
Thyroid cancer incidence rates have increased
significantly in some wealthy countries in recent
decades.!* Especially in developed countries,
such as Korea, thyroid cancer has become a sig-
nificant contributor to the number of disability-
adjusted life years (DALYs).1# Therefore, this
region is important in the assessment of the
dynamics of the thyroid cancer burden.

The purpose of this study was to assess the thy-
roid cancer disease burden in the High-income
Asia-Pacific region and perform a detailed com-
parison of different sex- and age-related indica-
tors of thyroid cancer in Asia and the High-income
Asia-Pacific region. These study results can be
utilized by countries with different economic lev-
els in different regions to reduce the unnecessary
burden of thyroid cancer.

Methods

This study analyzed data from the GBD Study
2019 to explore the epidemiology of thyroid can-
cer in Asia.

The GBD research group developed the DALYs
indicator to assess the burden of disease.!®
Thyroid cancer statistics (1990-2019) according
to sex, age, region and year are available from the
Institute for Health Metrics and Evaluation
(IHME) global health data exchange (GHDx)
website, and the data are accumulated and ana-
lyzed through the global health data exchange
tool. Details of the methodology used in the GBD
Study 2019 are described on the official Internet
website (http://ghdx.healthdata.org/gbd-results-
tool).1® The GBD Study 2019 provided the
annual prevalence, incidence, and mortality rates;
years of life lost (YLLs); years lived with disability
(YLDs); and DALYSs attributable to thyroid can-
cer from 1990 to 2019. The DALY rate is the
sum of YLLs and YLDs, so DALYs take into
account the premature death and health-related
suffering to represent the total years of healthful
existence lost to all causes.!” The purpose of this
study was to analyze thyroid cancer prevalence,
incidence and mortality rates, DALYs and other
related indicators of thyroid cancer and compare
those in the Asian region with those in the High-
income Asia-Pacific region. To examine the inci-
dence rates among multiple populations or time
points, we defined the age-standardized rate as a
comprehensive indicator to analyze the specific
age-related incidence rate in different years. The
age-standardized rate of thyroid cancer results is
primarily based on the age data of the GBD Study
2019.15 The analysis of age data in this study was
performed considering 5-year intervals from 1990
to 2019 and 20 age groups (ranging from 1 to 95
plus years old). A statistical description of the
experimental data was performed using GraphPad
software.

Results

As indicated in Table 1, which lists the total num-
ber of thyroid cancer cases and related age-stand-
ardized rates in Asia and various regions in Asia in
2019, the age-standardized incidence rate, preva-
lence rate, and DALY rate per 100,000 popula-
tion were estimated to be 1.34% (95% uncertainty
interval (UID), 2.44-3.07), 2.79% (95% UI,
18.82-23.77) and 16.49% (95% UI, 14.6-18),
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Figure 1. Trends in age-standardized rates for (a) DALYs, (b) prevalence, (c] incidence, and (d) deaths for

thyroid cancer in Asia from 1990 to 2019.
DALY, disability-adjusted life year.

respectively, for all of Asia in 2019. The region
with the highest incidence of thyroid cancer in
Asia in 2019 was East Asia, at 41,579.53 (95%
Ul, 34,750.62-50,204.07), and the region with
the lowest incidence was Oceania, at 161.67
95% U, 113.9-219.59). The area with the
highest age-standardized incidence rate of thy-
roid cancer was Oceania, at 11.30% (95% UI,
8.23-15.62). Interestingly, the age-standardized
incidence rate in the High-income Asia-Pacific
region reached a maximum value of 8.36% (95%
Ul, 7.01-9.64). In 2019, the DALY rate of thy-
roid cancer in the High-income Asia-Pacific
region was the highest, at 26.17% (95% UI,
22.24-29.19), and the mortality rate of thyroid
cancer in the High-income Asia-Pacific region
was the highest, at 1.47% (95% UI, 1.14-1.64).
In addition, thyroid cancer caused 49,019.24
(95% UI, 41,648.17-54,668.39) DALYs in
20109.

Trends of the age-standardized DALY, preva-
lence, incidence and mortality rates of thyroid can-
cer in Asia from 1990 to 2019 are shown in Figure
1. Figure 1(a) shows that the DALY rates of thy-
roid cancer in all Asian regions increased gradually
from 1990 to 2019. The growth trend of DALY
in the High-income Asia-Pacific region was much
steeper than those in other Asian regions, peaking
at 30.40 (95% Ul, 22.21-33.54) per 100,000 peo-
ple in 2010. The DALY rate of thyroid cancer
gradually declined after 2010 and gradually
increased after reaching the minimum value of
25.45 (95% UI, 21.63-28.21) per 100,000 people
in 2017. Figure 1(b)—(d) shows that the incidence,
prevalence and mortality rates in the High-income
Asia-Pacific region showed the same tendencies,
with increases in 1990 and gradual decreases after
2010. As shown in Figure 1, the prevalence, inci-
dence, mortality and DALY rates in other Asian
regions increased linearly annually.
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Figure 2. Disease burden of thyroid cancer among males and females in Asia and High-income Asia-Pacific
regions from 1990 to 2019. (a) DALYs rate of thyroid cancer in Asia and High-income Asia-Pacific from 1990 to
2019, (b) Deaths rates of thyroid cancer in Asia and High-income Asia-Pacific from 1990 to 2019, (c) Prevalence
rates of thyroid cancer in Asia and High-income Asia-Pacific from 1990 to 2019., and (d] Incidence rates of
thyroid cancer in Asia and High-income Asia-Pacific from 1990 to 2019.

DALY, disability-adjusted life year.

Figure 2 shows the change trends of thyroid can-
cer in Asia and the High-income Asia-Pacific
region from 1990 to 2019 by sex. In Asia and in
the High-income Asia-Pacific region, the inci-
dence, prevalence, mortality and DALY rates of
thyroid cancer in female patients were apprecia-
bly higher than those in male patients. On the left
of the dotted line in the figure is the Asian region
and on the right side is the High-income Asia-
Pacific region. The incidence, prevalence, mortal-
ity and DALY rates of thyroid cancer have
increased linearly in the past 30 years. Interestingly,
the incidence of thyroid cancer in females in the
High-income Asia-Pacific region increased annu-
ally from 1990 to 2009 and peaked at 15.73%
(95% UlI, 10.31-17.54) in 2009. After 2009, it

declined annually, but in recent years, it has
shown a gradual upwards trend. The incidence of
thyroid cancer in males peaked at 5.79% (95%
Ul, 3.79-6.42) in 2010. The thyroid cancer mor-
tality rates in men and women in the High-income
Asia-Pacific region did not show significant
decreases. Consistent with that shown in Figure
1, the DALY rates of thyroid cancer in High-
income regions within the Asia-Pacific region
confirmed a considerable upwards trend from
1990 to 2010. Among them, the DALY rate of
thyroid cancer was highest in 2010 [males 23.60%
95% UI, 15.75-25.63) and females 36.98%
(95% UI, 27.14-41.71)]; there was a downwards
trend starting in 2010; however, an upwards trend
was observed for the last 3 years.
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Figure 3. Age-specific counts and rate of DALYs, prevalence and deaths in Asia and High-income Asia-Pacific
regions by gender in 2019. Age-specific counts and rate of (a) DALYs, (b) deaths and (c] prevalence in Asia by gender.
Age-specific counts and rate of (d) DALYs, (e) deaths and (f] prevalence in High-income Asia-Pacific regions by gender.

DALY, disability-adjusted life year.

Figure 3 shows the DALY, prevalence mortality
rates and the total number of thyroid cancer cases
in Asia and the High-income Asia-Pacific region
in 2019 by age. In terms of age, the middle-aged
and elderly populations had the highest rates of
thyroid cancer in Asia, especially those aged

40-59 years. Among all the age groups, with the
exception of the 60-94 years age group, the age-
standardized prevalence steadily increased with
age. The 50-54years age group had the largest
number of patients, both male and female, in
Asia. In the Asian region, the mortality rate of
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elderly male patients aged 80-89 years was higher
than that of female patients. The age-standardized
mortality rates in the other age groups gradually
increased with age, and mortality in female
patients was higher than that in male patients.
Among Asian patients with thyroid cancer, the
DALY rate in men in the 80-89 years age group
was higher than that in women, while for the other
age groups, the DALY rate was higher in women.

In the High-income Asia-Pacific region, the mor-
tality rate of patients with thyroid cancer also
increased with age, as shown in Figure 3(e). The
prevalence of thyroid cancer in the High-income
Asia-Pacific region was mainly concentrated in the
40-79years age group. The prevalence rate in the
65-94 years age group showed a downwards trend
with increasing age, while the prevalence rates in
the rest of the age groups increased with age.
Regardless of age, the prevalence in females was
significantly higher than that in males. The DALY
rate of thyroid cancer in the High-income Asia-
Pacific region gradually increased with age, and the
DALY rate in women was greater than that in men.

Discussion

Thyroid cancer is a frequent malignant tumour of
the endocrine system.18 In 2014, Noda’s Natural
History of Thyroid Cancer mentioned that
although thyroid cancer is a malignant tumour,
the degree of malignancy is not high enough to
cause death.!® Therefore, the disease burden
imposed by thyroid cancer on the population is
worthy of discussion. Morbidity and mortality
attributable to thyroid cancer are increasing
worldwide. Previous studies have explored the
incidence and mortality rates by analysing out-of-
date thyroid cancer data, as information related
to thyroid cancer in Asia is scarce. Therefore, we
verified key findings and viewpoints regarding
thyroid cancer based on the GBD Study 2019.
Although some studies have estimated the disease
burden of thyroid cancer in Asia, in this study, we
evaluated the burden and trend of thyroid cancer
in Asia, especially the High-income Asia-Pacific
region, and discussed the correlations of sex and
age with thyroid cancer in the High-income Asia-
Pacific region. By providing annual updates of
estimated data on thyroid cancer in Asia, future
GBD studies will assist in elucidating the disease
burden of thyroid cancer in Asia and help guide
the development of strategies that are conducive
to positive results.>

In our study, the age-standardized incidence,
prevalence, mortality and DALY rates of thyroid
cancer in the High-income Asia-Pacific region
were much higher in women than in men. This
end result is very comparable to that of Zhai’s
research.2? In contrast to other study results, in
some age groups in our study, mainly the elderly
population, the prevalence of thyroid cancer was
higher in men than in women. Women are
expected to have a higher thyroid cancer burden
than men, likely because women live longer than
men, not because women have a higher incidence
of thyroid cancer-related disability.?! In Asia and
the Pacific islands, women live longer but spend a
larger percentage of their existence with disability
than men.22 A previous study in 2015 pointed out
that among all cancer patients, 36.9% of Chinese
cancer patients survived for at least 5years after
diagnosis, and the survival rate in female patients
was much higher than that in male patients.?3
However, the combined impact of life expectancy
and the prevalence of severity-weighted disability
effects resulted in a higher DALY rate in females
than in males in all regions.?! In our study, we
found that in the High-income Asia-Pacific
region, the change in the DALY rate in men was
slightly larger than that in women in some age
groups. In the elderly population, men seemed to
have an excessive risk of thyroid cancer.24 Nilubol
et al.?> suggested comparable results; among the
aged population, male sex appears to be strongly
correlated with the risk of thyroid cancer. Men
have a higher disease burden than women, espe-
cially in East Asia and the wealthy Asia-Pacific
region. This may also be explained by advertise-
ments for health check-ups and cancer screening
programmes in these countries.2® Another study
noted differences in oestrogen receptor subtype
expression based on thyroid cancer histological
factors.?” These findings can also explain the sex
differences in disability and mortality in patients
with thyroid cancer in the High-income Asia-
Pacific region, especially in elderly people.

Thyroid cancer has been indicated to be a tumour
with a large effect on DALYSs.!4 In general, the
increase in the disease burden of thyroid cancer
can be explained by annual increases in the ageing
population in the High-income Asia-Pacific region.
The countrywide disease burden has shifted over
the years from acute to persistent chronic illnesses
and from younger to older individuals.?® In recent
years, studies have shown that thyroid cancer is
one of the most common cancers in adolescents
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and young people.?%30 In addition to the effects
related to ageing, the cost of living of patients diag-
nosed with thyroid cancer is higher than that of
healthy people; associated costs include drugs,
examinations, other treatment-related items and
follow-ups. Moreover, the psychological impact of
thyroid cancer in surviving patients has not yet
been properly studied, but it is a significant burden
on many patients and may have an impact on the
disease burden of thyroid cancer in Asia.

In the GBD Study 2019, the High-income Asia-
Pacific region included four developed countries:
Japan, Singapore, Republic of Korea and Brunei
Darussalam. Overall, the incidence, prevalence,
mortality and DALY rates of thyroid cancer in most
people in all Asian regions increased from 1990 to
2019. Consistent with Sabrina Jegerlehner’s find-
ings,3! the incidence of thyroid cancer has increased,
but in the current study, we observed a decline in
thyroid cancer-related mortality in Asia.3! In our
study, we did not observe that thyroid cancer had a
relatively stable growth trend. The relatively stable
mortality rate despite an increasing morbidity rate
can be attributed to improvements in treatment
effects. This explanation is theoretically feasible.®

In the previous three decades, the number of
humans diagnosed with thyroid cancer globally
has increased dramatically.26:30:32:33 These find-
ings show that the increase in the number of
detected thyroid cancer cases is due to overdiag-
nosis, resulting in overtreatment. Overdiagnosis
and overtreatment are harmful to some extent.
The impacts of overdiagnosis may be lifelong and
affect patients’ well-being, capability to obtain
medical insurance, physical health and even life
expectancy.?* In the High-income Asia-Pacific
region, South Korea serves as an interesting
example of the harm caused by the increased dis-
ease burden due to excessive clinical examina-
tions.26 Kaliszewski et al?> summarized the
increased prevalence, increased burden of disease
and unnecessary life and financial burdens caused
by overdiagnosis. Due to the possible harm
caused by overdiagnosis, the United States has
also formulated recommendations for the preven-
tion of thyroid cancer.3! Overdiagnosis is the most
likely explanation for the increase in thyroid can-
cer DALYS in the High-income Asia-Pacific
region. Aschebrook-Kilfoy er al.3¢ found that thy-
roid cancer has imposed a substantial scientific
and financial burden on the United States, and
the economic burden of thyroid cancer in some

developing countries, especially those in East
Asia, has increased. In summary, regardless of
whether the increasing disease burden of thyroid
cancer is due to overdiagnosis, it is reasonable to
develop more rational and appropriate diagnostic
and treatment methods to decrease the disease
burden of thyroid cancer and prevent resource
waste.

It is worth noting that the mortality rate of thyroid
cancer in some areas of Asia is no longer increas-
ing despite increases in incidence rates and DALY
rates. Interestingly, thyroid cancer-related mortal-
ity in the High-income Asia-Pacific region showed
a slightly increasing or a stable trend during this
period compared with mortality in Asia as a whole.
However, the explanation for the higher mortality
rate of thyroid cancer in the High-income Asia-
Pacific region than in Asia as a whole cannot be
explained by overdiagnosis alone3” because in a
population in which overdiagnosis occurs, appro-
priate treatment is also offered. Treatment affects
the mortality rate of thyroid cancer; thus, this
finding indicates that overdiagnosis is not the only
explanation.2%-37 Studies have shown that the
increases in mortality rates in Japan and South
Korea may have strong relationships with the
increases in imaging tests for thyroid cancer in
South Korea and Japan. As Shibuya ez al.3” men-
tioned in a study on thyroid cancer screening in
Japan, thyroid cancer may be affected by radiation
exposure. Other risk factors might also be related
to the incidence of and mortality due to thyroid
cancer, such as ageing, obesity, smoking and
race.38 Zhai’s er al.?? study showed that developed
countries had the highest proportions of deaths
related to high body mass index (BMI). One study
found that obesity has a greater impact on mortal-
ity than morbidity. Further research found a direct
relationship between the aggressiveness and ana-
plasticity of thyroid cancer and obesity and diet.

Asia is the most populous continent in the world
and has a vast territory. The socioeconomic con-
ditions, political regimes and medical systems
among different Asian countries vary greatly.3° In
the second half of the 20th century, the ageing
population in Japan began to increase rapidly.4°
Although not all countries are ageing at the same
rate (due to differences in the level and time of
population transformation), the trend of popula-
tion ageing is quite obvious. This is especially evi-
dentin Japan and South Korea in the High-income
Asia-Pacific region. This may be one explanation
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for thyroid cancer mortality being more pro-
nounced in the elderly population in the High-
income Asia-Pacific region. In a paper on the
incidence of thyroid cancer in Japan, Magner?#!
mentioned that the healthy lifestyle of Japanese
people seemed to allow many Japanese people to
live to an age of above 80years. Therefore, it is
not surprising that the majority of deaths due to
thyroid cancer in the High-income Asia-Pacific
region occur in those above the age of 80years.
However, if a patient is not actively treated, thy-
roid cancer will cause abnormalities in the secre-
tion, metabolism and function of thyroid
hormones, and as people age,*? they develop
immune and age-related genetic problems; this
may increase the risk of thyroid cancer-related
morbidity and mortality in elderly people.

A summary of the natural history of thyroid cancer
revealed that some thyroid cancers are indeed
malignant but do not lead to patient death; how-
ever, macrocell carcinomas in aged patients are
more aggressive since they accumulate genetic
alterations after repeated proliferation over dec-
ades.1® The countrywide disease burden has shifted
over time from acute to persistent chronic illnesses
and from younger to older individuals.?® In a
genetic study, Lian ez al.*? found that two ageing-
related genes, tnfrsfl2a and chi3ll, were novel
common risk genes associated with both ageing
and thyroid cancer. The survival rates in patients
with thyroid cancer are widely variable and are
dependent on the histotype and degree of differen-
tiation.** In our study, most thyroid cancers
occurred in middle-aged and elderly patients,
especially in East Asia and the Asia-Pacific region.
Among elderly patients, the mortality rate of thy-
roid cancer in people aged above 70years gradually
increased. The reason for this phenomenon has
much to do with the ageing population in Asia.

Since our study did not analyze risk factors for thy-
roid cancer, the explanation for the significant
increase in thyroid cancer in the High-income
Asia-Pacific region and the reasons for the higher
thyroid cancer mortality rate than that in the total
Asia-Pacific region cannot be discussed. Additional
studies are needed to demonstrate outcomes asso-
ciated with thyroid cancer risk factors.

Conclusion
As mentioned above, the burden of thyroid cancer
continues to increase due to overtreatment. In

addition, stress experienced by many thyroid can-
cer patients leads to overtreatment. Most thyroid
cancer studies have proven that thyroid cancer is
one of the most serious tumours affecting
DALYs1420:45 consistent with our study. The
growing incidence of thyroid cancer and increas-
ing burden of disease seem to indicate that thy-
roid cancer is still a public health problem in Asia.
Therefore, thyroid cancer in Asia still requires
attention. Some health policy adjustments are
also needed. A focused discussion on the epide-
miology of thyroid cancer in Asia and the High-
income Asia-Pacific region is urgently needed to
moderate the increasing trend of the burden of
thyroid cancer due to overdiagnosis and treat-
ment. Moreover, the population is ageing, so epi-
demiological thyroid cancer data need to be
adjusted accordingly. The prevalence of thyroid
cancer in the High-income Asia-Pacific region
was concentrated mainly in the 40-79years age
group. This age group has a notably high preva-
lence of thyroid cancer. Therefore, although
excessive screening and other examinations are of
little significance, some health policy adjustments
would be meaningful. Among patients with thy-
roid cancer, it is still necessary to distinguish
between high-risk patients who want to undergo
treatment and patients who may not need treat-
ment, and this distinction depends on the epide-
miology of thyroid cancer.!® Improvements in the
medical care system and the care of elderly
patients, especially elderly male patients, also
deserve more attention. Moreover, we also need
to consider the economic situations of develop-
ing countries and developed countries in Asia,
and policies should differ according to specific
situations. The main goal is to reduce medical
resource waste, excessive assessments and exces-
sive interventions for the prognosis and treat-
ment of thyroid cancer. Targeted measures to
moderate the increasing disease burden should
be developed.
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