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Abstract

Background: To investigate the burden of thyroid cancer and its attributable risk fac-
tors in 204 countries and territories during 30 years.

Methods: We extracted data from the Global Burden of Disease (GBD) 2019 database,
including incidence, mortality, disability-adjusted life-years (DALYs), and the attribut-
able risk factors of thyroid cancer from 1990 to 2019. Estimated annual percentage
changes (EAPC) were calculated to assess the changes in age-standardized incidence
rate (ASIR), age-standardized mortality rate (ASMR), and age-standardized DALYs
rate (ASDR). We also examined the associations between cancer burden and the
sociodemographic index (SDI).

Results: The global new cases, death, and DALYs of thyroid cancer in 2019 were
233847 (95% UL 211 637-252 807), 45576 (95% UL 41 290-48 775), and
1 231 841 (95% UL 1 113 585-1 327 064), respectively. From 1990 to 2019, the
ASIR of thyroid cancer showed an upward trend (EAPC = 1.25), but ASMR
(EAPC = —0.15) and ASDR (EAPC = —0.14) decreased. The burden of thyroid
cancer varied at regional and national levels, but the association between ASIR and
SDI was positive. We found that the burden of thyroid cancer was mainly concen-
trated in females and that the age of onset tended to be younger. The proportion of
DALYs from thyroid cancer attributable to high body-mass index was higher in
high SDI regions, especially in males.

Conclusions: The global incidence of thyroid cancer has continued to increase in the
past three decades. The high body-mass index as an important risk factor for thyroid
cancer deserves greater attention, especially in high SDI regions.
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changes.” Thus, regular assessment of the burden of thyroid
cancer and analysis of the epidemiological trends are impor-

Thyroid cancer is a malignant tumor originating from the
thyroid follicular epithelium or parafollicular epithelial cells,
and it is also the most commonly found malignancy in
endocrine tumors.! According to GLOBOCAN estimates,
new cases of thyroid cancer were 586 000 globally with an
incidence ranking ninth among all cancers in 2020.> As the
world population ages and expands, with an increase in life
expectancy and socioeconomic development, the incidence
and mortality of thyroid cancer has undergone significant

tant in the formulation of future health policies.

Previous studies have reported the burden of thyroid cancer
based on the Global Burden of Disease (GBD) 2017 data.*”’
The GBD 2019, with its up to date population-based cancer
registry data and methodological refinements, provides the
most comprehensive estimates of thyroid cancer burden.>®*°
Compared with previous studies, the added value of this study
is that cancer registry data have been added from more coun-
tries and the minimum age group has been updated (5-9 years
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old). Here, we used the data from the GBD 2019 to analyze the
temporal and geographical trends of the incidence, mortality,
disability-adjusted life-years (DALYs) in thyroid cancer by
global, regional, national, age, sex, and sociodemographic index
(SDI) from 1990 to 2019. In addition, we also analyzed the
attributable risk factors for thyroid cancer DALYs among differ-
ent SDI regions.

METHODS
Data source

Incidence, mortality, DALYs, and its corresponding age-
standardized rates (ASR) of thyroid cancer in 204 countries and
territories from 1990 to 2019 were obtained from the Global
Health Data Exchange query tool (http://ghdxhealthdata.org/
gbd-results-tool). In GBD 2019, thyroid cancer was defined by
the International Classification of Diseases (ICD) codes:
C73-C73.9, D09.3, D09.8, D34-D34.9, D44.0, Z85.850, 193-
193.9, and 226-226.9. Annual DALYs of thyroid cancer attrib-
utable to risk factors were also extracted from the GBD results
tool. The GBD 2019 study divides the world into 21 regions
and 204 countries and territories according to geographic loca-
tion. SDI is a composite index of development status strongly
correlated with health outcomes, used to divide regions or
countries into five levels (high, high-middle, middle, low-mid-
dle, and low). The SDI values and reference quintiles for all
GBD 2019 locations were available in GBD datasets. In addi-
tion, age groups were divided into 19 subgroups based on an
interval of 5 years. The methodological details have previously
been described in the GBD 2019 study.>®’

Statistical analysis

The estimation process of thyroid cancer was introduced in
GBD 2019 publications. The 95% uncertainty interval
(UI) is reported for all estimates. The ASR (per 100 000
population) was calculated by the sum of the products of
age-specific rates (a;, where i denotes the i age) and the
number of population (or weight w;) in the same age group
i of the selected reference standard population, divided by
the sum of the standard population weights: ASR =
Z?:]a,w,v
2w
(EAPC) were used to describe the trend of ASR within a
specified time interval. The EAPC were estimated by a linear
regression model: y =a + fix +¢, where y is In(ASR), x is
the calendar year, and € is the error term. The EAPC were
calculated as 100 x (exp[(f]) - 1) and its 95% confidence
interval (CI) obtained from the linear regression model.
When the estimated EAPC value and its lower 95% CI were
both >0, ASR is considered as an upward trend. Conversely,
if the estimated EAPC value and its upper 95% CI were
both< 0, ASR is considered a downward trend. R software

% 100 000. The estimated annual percentage changes

(Version 4.0.5) and Microsoft Excel (Version 2019) were
used to statistics and visualization.

RESULTS
Global trends of thyroid cancer

The global new cases of thyroid cancer in 2019 were
233 847 (95% UI: 211637-252 807), representing an increase
of 167% over 1990 (Table 1). From 1990 to 2019, the age-
standardized incidence rate (ASIR) of thyroid cancer showed
an upward trend (EAPC = 1.25, 95% CI: 1.12-1.37). World-
wide, thyroid cancer caused 45 576 (95% UL 41290-48 775)
deaths in 2019 with an age-standardized mortality rate
(ASMR) of 0.57 (95% UL 0.51-0.61) (Table S1). Over the past
30 years, the ASMR showed a downward trend
(EAPC = —0.15, 95% CIL: —0.19 to —0.11). Compared with
1990, the number of DALYs increased by 84.56% in 2019
(Table S2). The age-standardized DALYs rate (ASDR) had a
consistent trend with ASMR from 1990 to 2019
(EAPC = —0.14, 95% CI: —0.18 to —0.1).

Regional trends of thyroid cancer

In 2019, the regions with the most incident cases were East
Asia (41 580, 95% UL 34 751-50 204), South Asia (31 534,
95% UL 26 591-36 439), and high-income North America
(28 296, 95% UL 24 461-32 790) (Table 1). Andean Latin
America had the most increases in incident cases (403.24%)
between 1990 and 2019. The ASIR of thyroid cancer showed
a downward trend only in Central Europe (EAPC = —0.17,
95% CI: —0.26 to —0.08). It is worth noting that Andean
Latin America also had the most increases in deaths
(222.77%) and Central Europe had the most significant
downward trend in ASMR (EAPC = —2.02, 95% CI: —2.2
to —1.84) (Table S1). The highest DALYs were observed in
South Asia (291 575, 95% UL 254 403-330 796) and the
highest ASDR was observed in Eastern Sub-Saharan Africa
(27.78, 95% UI: 21.85-31.40) in 2019 (Table S2). From 1990
to 2019, Australasia (EAPC = 0.96, 95% CI: 0.78-1.14),
Andean Latin America (EAPC = 0.54, 95% CI: 0.39-0.69),
and South Asia (EAPC = 0.46, 95% CI: 0.31-0.60) had the
greatest increase in ASDR for thyroid cancer.

National trends of thyroid cancer

China (39 079, 95% UI: 32 278-47 658), USA (26 270, 95%
UL 22 444-30 610), and India (23 823, 95% UL 19 467-
28 644) had the most incident cases in 2019 among
204 countries and territories (Table S3). The highest
increase in incident cases was found in the United Arab
Emirates (1790.38%), Saudi Arabia (1560.17%), and Qatar
(1414.95%). Moreover, the ASIR showed a significant
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increase in Republic of Korea (EAPC = 5.67, 95% CI: 3.81-
7.56), Saudi Arabia (EAPC =5.67, 95% CI: 5.37-5.98), and
Vietnam (EAPC = 5.05, 95% CI: 4.58-5.52) during the past
three decades (Figure 1(a)). Compared with 1990, the
United Arab Emirates (1012.23%), Qatar (446.67%), and
Djibouti (422.47%) had the most increases in deaths from
thyroid cancer in 2019 (Table S4). Honduras (3.17, 95% Ul

FIGURE 1 The estimated annual
percentage change of thyroid cancer in

204 countries and territories. (a) Age-
standardized incidence rate. (b) Age-
standardized mortality rate. (c) Age-
standardized DALY rate. EAPC, estimated
annual percentage change
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0.95-4.35) and Ethiopia (1.92, 95% UI 1.4-2.46) showed the
highest ASMR in 2019. The EAPC showed the most increase
in Armenia (EAPC = 3.03, 95% CI: 2.34-3.72) and the most
decrease in Poland (EAPC = -—3.15, 95% CI: -3.51 to
—2.78) (Figure 1(b)). The most DALYs caused by thyroid
cancer were found in India (217 465, 95% UIL: 181112-
254 846), China (187 319, 95% UI: 156236-219 112), and
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USA (62 493, 95% UL 56922-67 954) in 2019 (Table S5).
Armenia (EAPC = 2.82, 95% CI: 2.16-3.49) and Poland
(EAPC = —3.34, 95% CI: —3.76 to —2.92) also had the most
significant upward and downward trend in ASDR, respec-
tively (Figure 1(c)).

Burden of thyroid cancer by SDI

A positive association was found between SDI and ASIR in
regional and national level (Figure 2). The high-level SDI
regions and countries had the higher ASIR than the low-
level SDI. However, no associations were observed in ASMR

and ASDR of thyroid cancer among different SDI regions
and countries (Figure S1 and Figure S2).

Burden of thyroid cancer by age and sex

The 55-59 years age group (10 257, 95% UL 9027 to
11 475) and 50-54 years age group (17 547, 95% UI: 15 534
to 19 685) had the most incident cases of thyroid cancer
among females and males in 2019, respectively (Figure 3(a)).
The incidence rate was highest in the 95 years or older age
group both males (10.11, 95% UL 6.87 to 11.90) and females
(16.66, 95% UI: 11.35 to 19.83). The age groups where most
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deaths were in males and females were those aged
75-79 years (2566, 95% UI: 2217-2823) and 70-74 years old
(3546, 95% UI: 3163-3892), respectively (Figure 3(b)). The
mortality rate of females was higher than males in most age
groups. The number and rate of DALYs in females were
highest in 60-64 year olds (83 923, 95% UI: 73 540-92 137)
and 75-79 year olds (77.59, 95% UI: 68.64-84.51), respec-
tively (Figure 3(c)).

Attributable risk factors

The attributable risk factor for thyroid cancer DALYs was
high body-mass index. The proportion of DALYs from thy-
roid cancer attributable to high body-mass index was
highest in high SDI regions (14.38%, 95% UI: 7.28-23.00)
among both sexes in 2019 (Figure 4(a)). The proportion of
DALYs attributable to high body-mass index was higher in
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FIGURE 4 The proportion of DALYs
from thyroid cancer attributable to high BMI
by sex and SDI between 1990 and 2019. (a)
Both. (b) Male. (c) Female. SDI,
sociodemographic index; DALYs, disability-
adjusted life-years; BMI, body-mass index

01990

GBD regions

13.34%

] 02019

10.64% ]

High SDI

14.38%

6.90%
10.36% ]

Global

0% 2% 4%

6% 8% 10% 12%

14% 16%

Proportion of DALYs attributable to high BMI (%)

b Male
3.18% |

6.76% ]

3.32% ]

8.31% ]

5.65%

11.24% |

Low SDI

Low-middle SDI

Middle SDI

11.10% |

GBD regions

High-middle SDI

15.02%

12.98% ]

High SDI

01990
02019

17.71%

8.19% ]
12.25% ]

Global

0% 5% 10% 15%

20%

Proportion of DALYSs attributable to high BMI (%)

Female

Low SDI

Low-middle SDI

14.76% ]

Middle SDI

19:30% ]

GBD regions

11924% |

Higkmadie =il _

o19%0
@2019

iR _

T624% ]

R T ——————

0% 2% 4% 6% 8% 10%

12% 14%

Proportion of DALY attributable to high BMI (%)

males than females among six GBD regions between 1990
and 2019 (Figure 4(b) and Figure 4(c)).

DISCUSSION

We found that the global incidence of thyroid cancer has
increased significantly, while the mortality and DALY have
decreased during the 30 year study period. We also found
the incidence of thyroid cancer had a positive association
with the SDI level. However, the associations were not found

in mortality and DALYs of thyroid cancer. The incidence,
mortality, and DALYs of thyroid cancer in females were
higher than males among most age groups. Furthermore,
deaths due to thyroid cancer were mainly distributed among
the 65-79 year old age group (both males and females). For
attributable risk factors, the impact of high body-mass index
on DALYs from thyroid cancer was greater in males than in
females in different regions. Compared with previous GBD
studies,*”” we used up-to-date epidemiological data to inves-
tigate the burden of thyroid cancer, examined the associa-
tion between the SDI and incidence, mortality, and DALYs



BAO ET AL

WILEYL >

of thyroid cancer, and clarified the disparity of attributable
risk factors for DALYs due to thyroid cancer in the GBD
region. In addition, this study covered more locations and
data sources, including 204 countries and territories. Hence,
timely analysis of the epidemiological data is an effective
way to provide evidence to support the medical care plan-
ning and resource allocation for thyroid cancer.

From 1990 to 2019, the global ASIR of thyroid cancer
showed an upward trend, while the ASMR and ASDR
showed the opposite trend. This trend in thyroid cancer
might have the following reasons. First, with the populariza-
tion and application of advanced diagnostic techniques,
more occult thyroid carcinoma is discovered acciden-
tally.'"'> Second, socioeconomic development and increased
health awareness have increased the early detection rate of
thyroid cancer. Third, overdiagnosis has also contributed to
a significant increase in the incidence of thyroid cancer. It
has been estimated that the proportion of female thyroid
cancer caused by overdiagnosis was about 93% in South
Korea, 91% in Belarus, 87% in China, 84% in Italy and Cro-
atia, and 83% in Slovakia and France between 2008 and
2012." Finally, there are still other factors which might
affect the incidence of thyroid cancer, such as family history,
obesity, red meat, processed food consumption, iodine
intake, mental factors and environmental pollutants.'* In
addition, we found that women’s incidence, mortality, and
DALYs were higher than men in most age groups. Abnor-
mal levels of female estrogen and unhealthy eating habits
are thought to be one of the causes of thyroid cancer.'>'®
Women are generally more susceptible to health care than
men (for example, due to reproductive and perimenopausal
factors), which might lead to additional opportunities for
thyroid examination.'? This might partly explain why the
incidence of thyroid cancer in women is increasing, while
the incidence in men remains generally stable.

We have observed the heterogeneity in the burden of
thyroid cancer at regional and national levels. In 2019, the
most incident cases of thyroid cancer were in East Asia,
South Asia, and North America. This might be partly related
to the huge population base of these areas. South Korea is
currently the country with the highest ASIR of thyroid can-
cer in the world, which might be related to the cancer
screening project started in 1999."7 In South Korea, the
increased detection rate of thyroid cancer is the result of
opportunistic thyroid testing provided as an additional ser-
vice within the scope of the national screening program,'
while in other countries, the detection rate may depend on
the intensity of monitoring and the use of ultrasound or
other diagnostic techniques.'® Moreover, we found a posi-
tive association between SDI and ASIR of thyroid cancer at
the regional and national levels, which means countries and
regions with a high SDI have a high incidence of thyroid
cancer. Countries with a high SDI had higher levels of medi-
cal care and people’s health awareness, which is conducive
to the early detection of thyroid cancer. Similarly, people
with higher socioeconomic status were more likely to receive
health care services and had increased contact with the

health care system.'” Economic level may be an important
factor affecting the burden level of thyroid cancer.

High body mass index is the only attributable risk factor
for thyroid cancer in the GBD 2019. In this study, we found
that the middle-to-high SDI regions had the highest propor-
tion of thyroid cancer DALYs due to high body mass index.
Previous studies have proven a positive correlation between
high body mass index and the incidence of thyroid cancer,
especially in women.”**" A cross-sectional study also proved
that the aggressive clinical features of thyroid cancer were
related to overweight and obesity.”” Therefore, strengthen-
ing the regulation of diet and reducing bodyweight are bene-
ficial for the prevention of thyroid cancer. Furthermore,
there are many other risk factors related to the onset and
progression of thyroid cancer. Exposure to radiation is the
most widely known environmental risk for the development
of thyroid cancer.”® The thyroid is particularly susceptible to
the carcinogenic effects of radiation, especially in childhood
or adolescence.®® Since the introduction of computed
tomography (CT) in the 1970s, radiation exposure from
medical imaging had become an important risk factor for
thyroid cancer.”>*° In Fukushima, Japan, the results of thy-
roid ultrasound examination programs might be affected by
radiation exposure.”” Both iodine deficiency and iodine sup-
plementation may have long-term effects on thyroid can-
cer.”> A retrospective study showed that the rapid increase
in the incidence of thyroid cancer in sub-Saharan Africa is
mainly related to iodine deficiency.”® Because of this envi-
ronmental difference, some African populations had a
higher incidence of follicular thyroid cancer compared with
high-income countries with sufficient iodine.”*** The inci-
dence of thyroid cancer in Shanghai, China has steadily
increased, especially after the implementation of iodine sup-
plementation.’® A 14-65 year follow-up study showed that
iodine supplementation in countries such as Austria, Nor-
way, Denmark and Colombia led to an increase in the inci-
dence of thyroid cancer.’® Smoking is a risk factor for most
cancers, but it has been previously reported that it can
reduce the risk in the development process of thyroid can-
cer.”> A meta-analysis that included 14 case-control studies
from the United States, Europe and Asia found that the risk
of thyroid cancer among current smokers was significantly
reduced (OR = 0.6, 95% CI: 0.6-0.7), while it was not
reduced for former smokers (OR = 0.9, 95% CI: 0.8-1.1).%°
Other studies had hypothesized that elevated TSH levels
could increase the risk of thyroid cancer, but it was interest-
ing that compared with previous smokers and never
smokers, current smokers had lower serum TSH levels,
which might explain why smoking could reduce the risk of
thyroid cancer.”**

Although our research was based on the data and
methods of GBD 2019, it still had certain limitations. First,
the primary data of GBD 2019 cannot cover all countries
and regions in the world, which has been reported in the
GBD study. Second, the pathological subtypes of thyroid
cancer have not been distinguished, and the contribution of
different pathological subtypes to the burden of disease may
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be quite different. Third, because the GBD data was mainly
for various countries and regions, it was impossible to eval-
uate the difference in race and ethnicity. Finally, in this
study we only reported the thyroid cancer DALYs due to
high body mass index. Since other attributable risk factors
for thyroid cancer have not yet been included in GBD
2019, we suggest that relevant studies be conducted in the
future for a more comprehensive evaluation. Despite the
limitations of this study, the results are still indispensable
and could assist in providing evidence to enable the formu-
lation of clinical guidelines and public health policies for
thyroid cancer.

In conclusion, the global incidence of thyroid cancer has
continued to increase in the past three decades. The high
body-mass index as an important risk factor for thyroid can-
cer deserves greater attention, especially in high SDI regions.
Based on our analysis of the epidemiological trends in thy-
roid cancer, decision makers could take these into account
in order to allocate limited resources more reasonably and
formulate relevant policies.
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SUPPORTING INFORMATION
Additional supporting information may be found online in
the Supporting Information section at the end of this article.
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