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Abstract

Background: Thyroid cancer is a growing threat to human health. Few studies have
explored trends of thyroid cancer and relationships with social development factors.
In this study, we explored the trend and relationship based on GBD.

Methods: By using GBD study, we obtained detailed data of thyroid cancer.
Incidence, mortality and DALY were used to assess epidemiological characteristics.
ASR and EAPC were used to estimate the trend.

Results: Globally, the incidence significantly increased from 1990 to 2017, espe-
cially in high-income regions. Males and middle SDI region demonstrated a higher
increase of age-standardized incidence rates. Unlike incidence trend, mortality trend
showed a minor increase, and even showed a decreasing trend in some regions such
as Eastern Sub-Saharan Africa. Additionally, the DALY trend also demonstrated a
slightly increase with an EAPC of 0.77 (95% CI 0.73-0.81). More significant increase
of DALY was found in males, middle SDI region and high-income Asia Pacific. The
incidence of thyroid cancer peaked in middle-aged people, while the mortality and
DALY peaked in elder-aged. Moreover, the proportion of thyroid cancer deaths con-
tributable to high BMI was highest in developed countries and middle-aged people.
Conclusions: Thyroid cancer is a public health problem worldwide. Over-diagnosis
might be partly responsible for its rising trend. It remains us to revise the guidelines
to avoid unnecessary burdens. Moreover, we should pay attention to the risk factors
of thyroid cancer. More targeted measures should be formulated to improve potential
environmental and lifestyle-related factors which might contribute to rising trend of

thyroid cancer.
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1 | INTRODUCTION

Thyroid cancer is an endocrine system tumor with high
incidence.! Although causes of thyroid cancer are still un-
clear, ionizing radiation has been proved to be a risk fac-
tor.” With the increasing incidence, the incidence of thyroid
cancer has ranked 9th among all cancers. In 2016, there
were 238,000 thyroid cancer cases worldwide, while the
number of patients with thyroid cancer had increased 1.28
times with 567,000 cases only in 2 years.3 “In addition, the
burdens of thyroid cancer accounted for 5.1% among all
cancers in women.*

The Global Burden of Disease (GBD) is a comprehensive
and systematic study of health losses for capturing the bur-
den and trend of disease and injury.”® By analyzing the GBD
study, we can explore the changing health challenges. At
present, Few studies were published by analyzing GBD data
of thyroid cancer. Additionally, there is no correlation study
between sociological indicators (such as socio-demographic
index (SDI), human development index (HDI)) and thyroid
cancer epidemic trend.” The aim of this study is to explore
the current trend around the world during the 27 year of the
incidence, death, and disability adjusted life year (DALY)
of thyroid cancer. Moreover, the risk factor of thyroid can-
cer obtained from GBD study is also study. Our study will
provide a basis for healthy policy makers to comprehend the
burden of thyroid cancer worldwide, and formulate targeted
prevention and intervention measures.

2 | METHODS

2.1 | Study data

The data of thyroid cancer by sex, age, regions and coun-
tries was obtained from GBD 2017 study. The risk factors
of thyroid cancer were collected from the GBD database.
Data was collected and analyzed via Global Health Data
Exchange query tool. Geographically, the 195 countries and
territories were divided into 21 regions according geographi-
cal position. In addition, all the countries were grouped as
low, low-middle, middle, high-middle, and high SDI regions
according to the SDI data.

2.2 | Statistical analysis

Incidence, mortality and DALY were used to assess the
epidemiological features of thyroid cancer. In addition, age-
standardized rates (ASR) and estimating the annual percent-
age change (EAPC) were also introduced to assess trends of
thyroid cancer. The calculation of the ASR and EAPC were
similar with Liu et al study.8 By analyzing ASR, we could
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understand the incidence, death and DALY of thyroid can-
cer and its changes. EAPC was used to measure the trend
of ASR during a period. By using ASR and EAPC, more
targeted strategies could be established. In addition, rela-
tionship between SDI, HDI and ASR, EAPC was studied to
explore the influential factors for ASR and EAPC of thyroid
cancer. Furthermore, we visualized the ASR and EAPC of
thyroid cancer deaths attributable to risk factor at national
levels for 195 countries and territories. R software (Institute
for Statistics and Mathematics) and STATA (StataCorp LLC)
were used to analyze the data and estimate the trend. A p-
value less than 0.05 was considered statistically significant.

3 | RESULTS
3.1 | General epidemic trend of thyroid
cancer

The incident cases of thyroid cancer were 255,490 in 2017,
which was 2.69 times than that of 1990. The age-standardized
incidence rates were 3.34 per 100,000 people in 2017 and
demonstrated an increase trend with an EAPC of 2.52 (95%
CI 2.44-2.60) during 27 years (Table 1, Figure S1). A total
of 41,240 cases died of thyroid cancer in 2017, an increase of
86.86% compared to that of 1990. The age-standardized death
rates were 0.54 per 100,000 people in 2017, which increased
from 0.41 in 1990. Similar with the trend of age-standardized
incidence rates, the age-standardized death rates showed an
upward trend with the EAPC of 1.06 (95% CI 0.99-1.12)
(Table 2, Figure S2). Additionally, thyroid cancer caused
1.13 million DALYs in 2017. The age-standardized DALY
rates demonstrated a minor increase trend, and the EAPC of
DALY was 0.77 (95% CI 0.73-0.81) (Table 3, Fig S3).

3.2 | Epidemiological characteristics and
estimate trends of thyroid cancer by regions,
sex, and age

In 2017, age-standardized incidence rates were higher in
females (Figure 1A). Similarly, age-standardized death and
DALY rates were also higher in females except for East
Asia (Figure 1B,C). Among all regions, high-income North
America, high-income Asia Pacific and Western Europe
were found to obtain the highest age-standardized rates of
incidence, death and DALY in 2017 (Figure 1A—C). For geo-
graphical regions, the age-standardized rates of incidence,
death and DALY of thyroid cancer in the South Korea and
Iceland were the highest (Figure S1-S3). Contrary, the lowest
age-standardized rates of incidence, death and DALY were
observed in Sub-Saharan Africa regions in 2017 (Figure S1—
S3, Tables 1-3).
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TABLE 1 The incident cases, age-standardized incidence rates, and temporal trend of thyroid cancer

Characteristics

Overall

Sex
Male

Female

Socio-demographic index

Low
Low-middle
Middle
Middle-high
High
Region
Oceania

Andean Latin
America

Australasia
Caribbean
Central Asia
Central Europe

Central Latin
America

Central Sub-
Saharan Africa

East Asia
Eastern Europe

Eastern Sub-
Saharan Africa

High-income Asia
Pacific
High-income North

America

North Africa and
Middle East

South Asia
Southeast Asia

Southern Latin
America

Southern Sub-
Saharan Africa

Tropical Latin
America

Western Europe

Western Sub-
Saharan Africa

1990

2017

1990-2017

Incident cases

No. x10° (95% UI)
95.03 (90.07-100.72)

24.17 (23.33-25.21)
70.85 (66.09-76.42)

5.71 (3.97-7.39)

9.65 (8.29-11.62)
15.47 (14.50-17.77)
20.99 (19.08-22.13)
42.95 (42.08-43.83)

0.07 (0.05-0.08)
0.42 (0.37-0.49)

0.64 (0.60-0.69)
0.56 (0.52-0.60)
1.02 (0.93-1.16)
4.81 (4.62-5.01)
2.03 (1.96-2.11)

0.20 (0.15-0.27)

12.09 (10.54-13.22)

7.85 (7.25-8.78)
1.99 (1.34-2.64)

6.68 (6.40-7.02)

11.98 (11.67-12.32)

3.56 (2.89-4.41)

10.54 (8.75-12.91)

6.84 (5.86-7.84)
1.10 (1.03-1.18)

0.39 (0.33-0.43)

1.83 (1.75-1.91)

19.90 (19.19-20.63)

0.53 (0.41-0.61)

ASR per 100,000
No. (95% UI)

1.76 (1.67-1.87)

0.89 (0.86-0.93)
2.65 (2.47-2.85)

0.82 (0.57-1.06)
0.92 (0.79-1.11)
1.00 (0.93-1.15)
1.89 (1.72-1.99)
4.45 (4.36-4.54)

1.01 (0.83-1.24)
1.09 (0.97-1.27)

3.18 (2.95-3.42)
1.58 (1.47-1.71)
1.46 (1.33-1.66)
3.88 (3.72-4.04)
1.24 (1.19-1.28)

0.37 (0.28-0.49)

0.96 (0.84-1.05)
3.46 (3.20-3.87)
1.04 (0.70-1.38)

3.85 (3.69-4.04)

4.27 (4.16-4.39)

1.04 (0.85-1.29)

0.95 (0.79-1.16)
1.46 (1.26-1.68)
2.22 (2.08-2.38)

0.74 (0.62-0.82)

1.19 (1.14—1.24)

5.16 (4.98-5.35)
0.28 (0.21-0.32)

Incident cases
No. x10° (95% UI)

255.49
(245.71-272.47)

76.09 (72.58-79.29)

179.40
(170.40-195.54)

15.40 (13.73-17.48)
31.54 (28.46-36.75)
60.93 (57.10-69.46)
58.68 (55.41-62.29)
88.07 (85.08-91.93)

0.19 (0.14-0.23)
2.35 (2.02-2.68)

2.03 (1.77-2.31)
1.44 (1.30-1.60)
1.74 (1.61-1.90)
6.50 (6.11-6.95)
8.52 (8.09-9.03)

0.48 (0.38-0.68)

44.77 (41.55-50.71)
14.50 (13.61-15.53)
4.59 (3.91-5.46)

20.62 (18.89-22.71)
28.28 (27.19-29.35)
17.47 (15.99-19.89)

37.97 (33.68-43.03)
23.88 (21.43-29.12)
2.31 (2.09-2.59)

0.76 (0.68-0.86)
5.54 (5.27-5.77)

30.26 (28.58-32.03)
1.30 (1.11-1.56)

ASR per 100,000
No. (95% UI)

3.34 (3.22-3.57)

1.98 (1.89-2.07)
4.71 (4.48-5.14)

1.19 (1.06-1.36)
1.85 (1.67-2.16)
2.92 (2.73-3.32)
4.23 (3.99-4.49)
7.73 (7.46-8.07)

1.47 (1.15-1.86)
3.82 (3.29-4.36)

7.13 (6.23-8.15)
3.12 (2.81-3.45)
1.92 (1.77-2.09)
5.66 (5.32-6.05)
3.33 (3.17-3.54)

0.39 (0.32-0.56)

3.01 (2.80-3.41)
6.90 (6.47-7.39)
1.17 (0.99-1.39)

11.02 (10.10-12.14)

7.84 (7.53-8.13)

2.91 (2.66-3.31)

2.13 (1.89-2.41)
3.62 (3.24—4.41)
3.53 (3.18-3.95)

0.98 (0.88-1.11)

2.53 (2.41-2.64)

6.99 (6.60-7.40)
0.30 (0.26-0.36)

EAPC
No. (95% CI)

2.52 (2.44-2.60)

3.26 (3.15-3.36)
2.23 (2.16-2.31)

1.34 (1.21-1.48)
2.60 (2.52-2.67)
4.13 (4.04-4.23)
3.05 (2.88-3.21)
2.34 (2.09-2.59)

1.38 (1.23-1.54)
5.11 (4.69-5.53)

3.58 (3.38-3.77)
2.65 (2.43-2.86)
0.66 (0.21-1.11)
1.34 (1.19-1.48)
3.61 (3.50-3.72)

0.02
(=0.19-0.24)

4.35 (4.02-4.68)
2.69 (2.39-2.99)
0.18

(—0.02-0.39)
5.17 (4.51-5.83)
2.17 (1.95-2.39)

4.17 (4.06-4.29)

3.07 (2.92-3.22)
3.48 (3.45-3.51)
1.54 (1.34-1.74)

0.62 (0.12-1.12)

2.81 (2.61-3.01)

1.20 (1.01-1.39)
0.19 (0.07-0.31)
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TABLE 2 The death cases, age-standardized death rates, and temporal trend of thyroid cancer

Characteristics

Overall
Sex
Male

Female

Socio-demographic index

Low

Low-middle
Middle
Middle-high
High
Region
Oceania

Andean Latin
America

Australasia
Caribbean

Central Asia

Central Europe

Central Latin
America

Central Sub-Saharan

Africa
East Asia

Eastern Europe

Eastern Sub-Saharan

Africa
High-income Asia

Pacific
High-income North

America

North Africa and
Middle East

South Asia
Southeast Asia

Southern Latin
America

Southern Sub-
Saharan Africa

Tropical Latin
America

Western Europe

Western Sub-
Saharan Africa

1990

2017

1990-2017

Death cases
No. x10° (95% UI)

22.07 (20.81-24.22)

7.56 (7.22-8.15)
14.51 (13.46-16.77)

2.40 (1.81-3.00)

3.33(2.96-3.95)
4.85 (4.57-5.73)
4.51 (4.29-4.72)
6.90 (6.81-6.99)

0.02 (0.02-0.03)
0.16 (0.15-0.18)

0.09 (0.09-0.09)
0.14 (0.13-0.15)
0.21 (0.20-0.24)

1.07 (1.04-1.09)
0.61 (0.59-0.63)
0.10 (0.08-0.13)

3.32(3.10-3.87)
1.34 (1.29-1.45)
0.88 (0.63-1.16)

1.14 (1.12-1.16)
1.30 (1.27-1.32)
0.86 (0.72-1.07)

3.63 (3.14-4.39)
2.33(2.01-2.74)
0.32 (0.31-0.33)

0.11 (0.10-0.13)
0.53 (0.52-0.55)
3.62 (3.56-3.69)

0.27 (0.21-0.32)

ASR per 100,000
No. (95% UI)

0.41 (0.39-0.45)

0.28 (0.27-0.30)
0.54 (0.50-0.63)

0.34 (0.26-0.43)

0.32 (0.28-0.38)
0.31 (0.29-0.37)
0.41 (0.39-0.42)
0.71 (0.71-0.72)

0.36 (0.30-0.44)
0.42 (0.38-0.47)

0.44 (0.42-0.46)
0.39 (0.36-0.43)
0.31 (0.29-0.35)

0.86 (0.84-0.88)

0.37 (0.36-0.38)

0.18 (0.15-0.23)

0.26 (0.25-0.31)
0.59 (0.57-0.64)
0.46 (0.33-0.61)

0.66 (0.64-0.67)

0.46 (0.45-0.47)

0.25 (0.21-0.31)

0.33 (0.28-0.40)
0.50 (0.43-0.59)
0.64 (0.62-0.67)

0.22 (0.19-0.24)

0.35 (0.34-0.36)

0.94 (0.92-0.96)

0.14 (0.11-0.17)

Death cases
No. x10° (95% UI)

41.24 (39.91-44.14)

17.16 (16.41-17.77)
24.08 (23.06-26.83)

4.53 (4.06-5.01)

7.27 (6.77-8.22)
11.61 (11.04-12.89)

7.66 (7.34-8.05)
10.02 (9.71-10.38)

0.05 (0.04-0.06)
0.53 (0.46-0.58)

0.19 (0.17-0.21)
0.27 (0.25-0.29)
0.26 (0.25-0.28)

0.92 (0.88-0.96)
1.56 (1.50-1.64)
0.19 (0.15-0.25)

7.25 (6.83-7.92)
1.66 (1.61-1.73)
1.41 (1.21-1.64)

2.77 (2.65-2.94)
2.38 (2.30-2.45)
1.92 (1.80-2.28)

8.93 (8.18-9.84)
4.82 (4.46-5.70)
0.43 (0.40-0.47)

0.22 (0.20-0.24)
1.13 (1.09-1.16)
3.86 (3.68-4.05)

0.48 (0.41-0.55)

ASR per 100,000
No. (95% UI)

0.54 (0.52-0.58)

0.45 (0.43-0.46)
0.63 (0.61-0.71)

0.35(0.31-0.39)

0.43 (0.40-0.48)
0.56 (0.53-0.62)
0.55 (0.53-0.58)
0.88 (0.85-0.91)

0.40 (0.33-0.49)
0.86 (0.75-0.95)

0.68 (0.61-0.75)
0.58 (0.53-0.63)
0.29 (0.27-0.30)

0.80 (0.77-0.84)

0.61 (0.59-0.64)

0.15 (0.12-0.20)

0.49 (0.46-0.53)
0.79 (0.77-0.82)
0.36 (0.31-0.42)

1.48 (1.42-1.57)

0.66 (0.64-0.68)

0.32 (0.30-0.38)

0.50 (0.46-0.55)
0.73 (0.67-0.86)
0.65 (0.60-0.71)

0.28 (0.26-0.31)

0.52 (0.50-0.53)

0.89 (0.85-0.93)

0.11 (0.09-0.13)

EAPC
No. (95% CI)

1.06 (0.99-1.12)

1.97 (1.86-2.07)
0.49 (0.44-0.55)

0.03
(—=0.08-0.13)

1.04 (1.00-1.09)
2.28 (2.15-2.40)
1.12 (1.01-1.22)
0.81 (0.77-0.86)

0.42 (0.38-0.46)
2.96 (2.73-3.20)

2.09 (1.89-2.28)
1.56 (1.33-1.79)

—-0.75
(—1.03--0.46)

-0.52
(=0.73--0.32)

1.81 (1.61-2.01)

—0.81
(—=0.93--0.68)

2.58 (2.26-2.91)
0.80 (0.41-1.19)

—1.21
(—1.38-—1.04)

3.39 (3.11-3.67)

1.31 (1.27-1.34)

0.96 (0.88-1.04)

1.61 (1.52-1.70)
1.45 (1.42-1.47)

—0.06
(=0.25-0.14)

0.96 (0.46-1.45)

1.48 (1.43-1.53)

-0.25
(—0.32--0.19)
—1.18
(—1.30-—1.06)
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TABLE 3 The DALY cases, age-standardized DALY rates, and temporal trend of thyroid cancer
1990 2017 1990-2017
DALYs ASR per 100,000 DALYs ASR per 100,000 EAPC
Characteristics No. x10° (95% UI) No. (95% UI) No. x10° (95% UI) No. (95% UI) No. (95% CI)
Overall 648.24 12.02 (11.04-13.22)  1133.17 14.83 0.77 (0.73-0.81)
(595.58-713.24) (1073.44-1227.49) (14.05-16.07)
Sex
Male 226.93 8.35 (7.85-9.09) 468.25 (444.42-492.88) 12.21 1.55 (1.47-1.63)
(213.37-247.06) (11.59-12.85)
Female 421.31 15.74 (14.03-18.27)  664.93 (618.50-746.73) 17.47 0.28 (0.24-0.32)
(375.69-489.01) (16.25-19.62)
Socio-demographic index
Low 89.84 (63.65-114.09)  12.88 (9.12-16.36) 153.32 (136.63-169.90) 11.89 -0.41
(10.59-13.17) (—0.47--0.35)
Low-middle 115.39 11.05 (9.60-12.92) 236.77 (214.78-270.13) 13.89 0.79 (0.72-0.86)
(100.21-134.86) (12.60-15.85)
Middle 148.92 9.60 (9.00-11.11) 314.77 (294.66-346.94) 15.06 1.74 (1.62-1.86)
(139.53-172.28) (14.10-16.60)
Middle-high 129.18 11.62 (10.79-12.25)  204.21 (190.73-220.65) 14.72 0.75 (0.63-0.88)
(119.94-136.17) (13.75-15.90)
High 162.78 16.85(16.08-17.77)  220.44 (205.12-239.51) 19.34 0.63 (0.53-0.72)
(155.31-171.62) (18.00-21.01)
Region
Oceania 0.77 (0.64-0.96) 11.91 (9.96-14.79) 1.67 (1.36-2.13) 13.22 0.46 (0.42-0.51)
(10.78-16.87)
Andean Latin 4.49 (4.03-5.07) 11.71 (10.51-13.22) 12.82 (11.19-14.27) 20.86 2.41 (2.16-2.66)
America (18.21-23.22)
Australasia 2.28 (2.14-2.45) 11.27 (10.53-12.10) 4.77 (4.17-5.44) 16.80 1.96 (1.78-2.14)
(14.70-19.17)
Caribbean 3.80 (3.41-4.23) 10.77 (9.66-11.97) 7.07 (6.36-7.87) 15.28 1.40 (1.17-1.63)

Central Asia 6.63 (6.17-7.50) 9.50 (8.85-10.75) 7.63 (7.09-8.23) 8.39 (7.79-9.05) —1.01
(—1.29-—-0.73)
Central Europe 27.87 (26.83-29.07) 22.45 (21.62-23.42) 22.23 (20.81-23.89) 19.36 —0.85
(18.13-20.81) (—1.05--0.65)
Central Latin 16.48 (15.91-17.09) 10.04 (9.69-10.41) 39.54 (37.35-42.02) 15.48 1.55 (1.35-1.75)

America

Central Sub-
Saharan Africa

3.14 (2.43-4.07)

5.70 (4.41-7.39)

5.74 (4.64-7.68)

(14.62-16.45)
4.72 (3.82-6.31)

—0.89
(—=1.02--0.76)

East Asia 104.01 8.26 (7.63-9.33) 184.14 (170.57-203.49) 12.39 1.52 (1.16-1.88)
(96.07-117.48) (11.48-13.70)
Eastern Europe 35.79 (33.65-39.61) 15.77 (14.83-17.46) 44.72 (41.69-48.39) 21.28 0.82 (0.42-1.22)
(19.83-23.02)
Eastern Sub- 34.05 (22.78-45.82) 17.77 (11.89-23.92) 52.65 (44.75-61.71) 13.39 —1.36
Saharan Africa (11.38-15.69) (—1.53-—1.20)
High-income Asia 25.92 (24.64-27.50) 14.94 (14.20-15.85) 52.27 (47.68-57.63) 27.95 3.04 (2.62-3.46)
Pacific (25.49-30.81)
High-income North ~ 33.04 (30.97-35.48) 11.77 (11.03-12.64) 60.84 (56.16-66.36) 16.86 1.30 (1.23-1.37)
America (15.56-18.39)

(Continues)
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1990 2017 1990-2017
DALYs ASR per 100,000 DALYs ASR per 100,000  EAPC
Characteristics No. x10° (95% UI)  No. (95% UI) No. x10° (95% UI) No. (95% UI) No. (95% CI)
North Africa and 27.73 (22.70-33.94) 8.14 (6.66-9.96) 63.08 (57.86-72.30) 10.51 (9.64—12.05)  1.05 (0.991.11)
Middle East
South Asia 135.98 12.26 (10.32-14.81)  297.71 (269.76-332.09)  16.70 1.15 (1.06-1.23)
(114.47-164.22) (15.13-18.63)
Southeast Asia 71.02 (60.63-81.06)  15.22 (12.99-17.37)  134.52 (122.89-156.20)  20.37 1.10 (1.08-1.13)
(18.61-23.65)
Southern Latin 8.00 (7.63-8.36) 16.15 (15.40-16.88)  10.04 (9.12-11.10) 15.30 -0.33
America (13.90-16.92) (—0.56-—0.10)

Southern Sub-
Saharan Africa

3.50 (3.08-3.84) 6.68 (5.87-7.31)

Tropical Latin 14.83 (14.29-15.48) 9.67 (9.31-10.09)

America

Western Europe 80.85 (77.15-84.69)

Western Sub-
Saharan Africa

8.05 (6.31-9.21) 4.19 (3.28-4.79)

The high-income Asia Pacific, East Asia, and Andean
Latin America had the highest EAPC of incidence, death, and
DALY (Figure 1D-F, Tables 1-3). It was worth noting that the
trend of age-standardized incidence rates of women in Eastern
Sub-Saharan Africa and Central Sub-Africa presented a de-
crease trend (Figure 1D). In addition, Eastern Sub-Saharan
Africa, Central Sub-Saharan Africa, Central Europe, Western
Sub-Saharan Africa and Central Asia demonstrated a de-
crease trend of age-standardized death and DALY rates both
in males and females (Figure 1E,F). Although high-income
North America and Western Europe had the highest age-
standardized rates of incidence, death and DALY in 2017, the
trend of them in these countries only demonstrated a minor in-
crease from 1990 to 2017 (Figure 1D,E). Amazingly, the age-
standardized incidence, death and DALY rates had dropped
most obviously in Sub-Saharan Africa regions, especially in
Western Sub-Saharan Africa (Tables 1-3, Figure S1-S3).

In terms of age, the incident cases peaked in middle-
aged people, especially between 50 and 54 years old group.
The age-standardized incidence rates gradually increased
with age, except for the cases in the age of 80-84 years
old (Figure 1G). The number of deaths was higher in el-
derly people aged from 65 to 84 years old, and the age-
standardized death rates gradually increased with age in all
age grades (Figure 1H). In addition, the number of deaths
in female was higher than males, except for the females
aged from 45 to 59 years old (Figure 1H). Though the
number of DALY cases was also higher in the elderly, the
age-standardized DALY rates declined after reaching its
highest value in the age range of 70—79 years old in females
and males (Figure 11).

20.96 (20.00-21.96)

6.32 (5.74-7.01) 8.17 (742-9.06)  0.73 (0.12-1.35)
28.57 (27.18-30.04) 13.06 1.11 (1.04-1.19)
(12.43-13.73)

82.73 (76.83-90.09) 19.11 -0.36
(17.74-20.81) (—0.42--0.31)

14.10 (12.27-16.32) 325(2.83-3.76)  —1.17
(=1.30-—1.04)

3.3 | Trend of thyroid cancer deaths
attributable to risk factor by regions,
sex, and age

The percentage of deaths of thyroid cancer attributable to
high body-mass index (BMI) was shown in Figure 2 and
it varied from country to country. Globally, 11.8% of thy-
roid cancer deaths in female was attributable to high BMI,
and was higher compared with that in males (Figure 2A).
However, it should be noted that deaths attributable to high
BMI in males was highest in high-income North America
(23.3%), followed by Australasia (20.7%). Additionally,
it was also the highest in high-income North America
(16.5%) in females, followed by Eastern Europe (15.8%)
(Figure 2A). After grouping by age range, we found that
it was highest in people aged 55-59 both in males and
females, and was lowest in people aged 20-24 years old
(Figure 2B).

3.4 | The influential factors for ASR and
EAPC of incidence, death, and DALY

An increase trend of age-standardized incidence rates along
with increase of SDI was found in our study (Figure 3A).
The observed levels were much higher in South Korea
and Iceland compared with expected levels (Figure 3A).
Additionally, a similar correlation was found between
age-standardized death rates, age-standardized DALY
rates and SDI (Figure 3B,C). Similarly, the observed lev-
els were much higher in Iceland, Japan and South Korea
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FIGURE 1 The trend of thyroid cancer incidence, death, and DALY for 21 GBD regions by sex and age. The age-standardized incidence (A),

death(B), and DALY (C) rates of thyroid cancer by sex. The EAPC of age-standardized incidence (D), death(E), and DALY (F) rates of thyroid
cancer for 21 regions by sex from 1990 to 2017. Age-specific counts and rate of incident cases (G), deaths (H), and DALY (I) by sex in 2017

(Figure 3B,C). Additionally, we visualized the trend in
age-standardized incidence rates across SDI (Figure S4).
Incidence rates in regions generally had maintained a trend
of simultaneous growth with SDI(Figure S4A). Among all
the regions, only high-income Asia Pacific demonstrated
a sharp decrease in age-standardized incidence rates, but
not down to 1990 levels (Figure S4A). Although Central,
Southern, and Western Sub-Saharan Africa had rising
age-standardized incidence rates, the value of it in these
countries was the lowest. In addition, the age-standardized
incidence rates of these countries were below the expected
levels in all years (Figure S4A). Moreover, high-income
regions had a significant growth in age-standardized in-
cidence rates (Figure S4A). We also visualized the trend
in age-standardized rates of death and DALY across SDI
from 1990 to 2017 (Figure S4B,C). Similar results could
be obtained (Figure S4B,C).

Correlation analysis between SDI and EAPC was also
conducted in our study. We found that SDI was positively

correlated with EAPC of incidence, death and DALY when
SDI was less than 0.691, 0.682, and 0.681, respectively.
Additionally, SDI was negatively correlated with EAPC when
SDI greater than the cut-off (Figure 4A—C). We also studied
the relationship between age-standardized rates and HDI in
2017 (Figure S5). An increase trend of age-standardized rates
of incidence, death, and DALY along with increase of SDI
was found in our study (Figure S5).

3.5 | The ASR and EAPC of death
attributable to risk factor by countries and
territories

The EAPC of thyroid cancer deaths caused by high BMI was
less than O in 16 countries, and indicated a downward trend.
Among the countries, Qatar, Kazakhstan, and Democratic
Republic of the Congo were found to have the lowest EAPC
of death caused by high BMI(Figure 5). In contrast, the
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FIGURE 2  Fraction of thyroid cancer
age-standardized deaths attributable to high
BMI by regions (A) and age groups (B) for
males and females in 2017
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countries with the highest EAPC of death caused by high
BMI were South Korea, Armenia, and Djibouti. The coun-
tries with the highest ASR of thyroid cancer deaths caused by
high BMI were Iceland, Japan, and South Korea (Figure 5).

4 | DISCUSSION

Thyroid cancer is a common malignant tumor of the endo-
crine system.4 The morbidity and mortality are still increas-
ing worldwide.”'° Previous studies explored the incidence
and mortality by using outdated data of thyroid cancer.''"?
In our study, we demonstrated key findings and standpoints
of thyroid cancer based on GBD 2017 study. In the study, we
comprehensively estimated the burden and trends of thyroid
cancer, explored the correlation between thyroid cancer and
sociological indicators, and studied the deaths attributable to
risk factor. In general, all of the thyroid cancer incidence,
mortality and DALY demonstrated an increase trend during
the study period. High BMI, a risk factor obtained from GBD

study, was associated with 11.8% of female deaths and 9.0%
of male deaths caused by high BMI among all deaths. Thus,
we should pay more attention to recognize the risk factors of
thyroid cancer.

In our study, we found that many countries obtained an in-
creasing incidence of thyroid cancer, including high-income
regions. In addition, ASR demonstrated a growth trend in all
regions except for Central and Eastern Sub-Saharan Africa.
The rising incidence seemed to be related with the growing
use of imaging examination, ultrasonic examination and bi-
opsy. By using these new examination technologies, detec-
tion and diagnosis of early stage thyroid cancer had increased
significantly.'*'> Thus, update of thyroid cancer detection
technologies undoubtedly accounted for at least some of the
increasing incidence.' %17 By fully understanding the con-
tribution of over-diagnosis to thyroid cancer, relevant insti-
tutions, such as American Thyroid Association (ATA), had
made stricter restrictions on the indications for thyroid nod-
ule biops.y.l&19 By gradually recognizing the over-diagnosis
on a global scale, the increase trend of incidence might be
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reversed in few decades. Moreover, the EAPC of incidence
in males were higher compared to females, especially in East
Asia and high-income Asia Pacific. It might be related with
the promotion of screening program for cancer in these coun-
tries. Moreover, men suffered with thyroid cancer, which was
not detected before had been diagnosed in recent years.'**
Thus, we suspected that EAPC of thyroid cancer incidence in
men would gradually decrease, and might be lower than that
in women in few decades.

Unlike the rising incidence, the mortality of thyroid can-
cer in most countries and territories demonstrated a minor
increased or stable trend during the period. Among all re-
gions, a higher EAPC of deaths was found in high-income
region. It was worth noting that the mortality of thyroid

FIGURE 3 The age-standardized
incidence (A), death (B), and DALY rates
of thyroid cancer across 195 countries and
territories by SDI in 2017

cancer did not increase with the significant increase in in-
cidence. It indicated that over-diagnosis was not the only
explanation.21 Other risk factors also might be related with
the incidence and mortality of thyroid cancer, such as obe-
sity, smoking, race etc.'” Moreover, the EAPC of deaths
showed a decrease trend in most of Sub-Saharan Africa
regions. Studies indicated that non-Hispanic white indi-
viduals suffered with the highest incidence in the USA.*
In addition, non-Hispanic black individuals had the low-
est incidence, followed by Asian individuals and Pacific
Islanders.”

Previous studies rare explored DALY of thyroid cancer.
In our study, we found that the DALY increased, especially
in middle SDI region and high-income Asia Pacific. Because
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FIGURE 4 The EAPC of age- (A)
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countries and territories by SDI from 1990
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of over-diagnosis and overtreatment, the thyroid cancer
burden continued to increase. Moreover, the anxiety of thy-
roid cancer patients also led to overtreatment. In particular,
patients with small thyroid nodules were more likely to be
over-treated, such as premature thyroidectomy, TSH suppres-
sion therapy, and Iodine 131 treatment. Actually, immediate
surgery and watchful waiting might not be significantly dif-
ferent in thyroid cancer for preventing deaths.” In addition,
thyroid cancer was proved to be one of the tumors that most
affected DALY.>* Thus, more targeted policy was urgent
needed to reverse the rising trend caused by over-diagnosis
and overtreatment.

The risk factors of thyroid cancer have not been com-
pletely identified, and more risk factors are non-modifiable,
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such as age, sex, race and family history. In our study, thy-
roid cancer was found to be more likely to occur in middle-
aged patients, and cause death in elderly patients. It might be
related with the treatment improvement and aging of popu-
lation.” Obesity, ionizing radiation, and cigarette smoking
were all proved to be related with the rising trend of thyroid
cancer.”®*’” Among the risk factors, obesity was an important
factor during the period.”” Additionally, high BMI was the
only risk factor included in the GBD study of thyroid cancer.
A study found that the trend was basically consistent with
the trend in obesity prevalence. In addition, obesity had a
greater impact on mortality than on incidence.”® Moreover,
the aggressive clinical characteristics of thyroid cancer were
proved to be associated with overweight and obesity via
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FIGURE 5 Heatmaps for ASR and

EAPC:s on risk factor of thyroid cancer in
195 countries and territories in both sexes
in 2017

cross-sectional studies.” Further study also found that the
aggressiveness and anaplastic change of thyroid cancer were
directly affected by the diet-induced obesity.30 In our study,
we found that developed countries such as high-income
North American, Australasia, and Europe showed the highest
proportion of deaths related with high BMI. Fortunately, the
increase in obesity had slowed by recognizing the dangers of
obesity in past decades. Moreover, the decline in obesity was
particularly pronounced in developed countries.”! By paying
attention to diet and weight control, the rising trend of thyroid
cancer might be reversed in future.

Although we study the epidemiological characteristics,
trend and risk factor of thyroid cancer. There were several
limitations in our study. Due to the difference in the medical
level, there may be missed diagnosis or over-diagnosis in some
areas. It may affect the accuracy of the GBD database and lead
to misjudgment of the trend of thyroid cancer. Additionally,
we could only study the risk factor included in GBD study.
Among the risk factors for thyroid cancer, only high BMI was
included in the GBD database. Furthermore, the association
and interaction between risk factors cannot be studied with
GBD data. By restrictions of data type, the GBD data of thy-
roid cancer was also not stratified by histologic characteristics.
Thus, we could not discuss the difference among histologic
characteristics in term of age, sex, region, and risk factor.

In summary, a rising trend of thyroid cancer was found
via the GBD study. While recognizing the threat of thyroid

cancer to our health, we also should recognize the burden
caused by over-diagnosis. It is also important to fully un-
derstand the risk factors of thyroid cancer. Moreover, it is of
great significance to revise the guidelines for diagnosis and
treatment of thyroid cancer and formulate targeted measures
to reverse the rising trend of thyroid cancer.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.

AUTHORS’ CONTRIBUTIONS

Study design: Zhai MM, Long JH, and Li YM. Data collec-
tion: Zhang D, Long JH, and Liu SS. Data analysis: Zhang D,
Gong Y, and Liu SS. Figures: Zhai MM and Ye F. Manuscript
writing: Zhai MM, Long JH, and Liu SS. Manuscript proof-
ing: Long JH, Zhai MM, and Li YM.

DATA AVAILABILITY STATEMENT

All date was available at http://ghdx.healthdata.org/gbd-
2017. As a noncommercial user of THME websites, we
followed the Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License and Section 7 of the
University of Washington's Website Terms and Conditions of
Use in our study.

ORCID

Mimi Zhai ‘© https://orcid.org/0000-0001-8622-757X


http://ghdx.healthdata.org/gbd-2017
http://ghdx.healthdata.org/gbd-2017
https://orcid.org/0000-0001-8622-757X
https://orcid.org/0000-0001-8622-757X

ZHAI ET AL. . . 4553
Cancer Medicine W1 LEYJ—
15. Guth S, Theune U, Aberle J, Galach A, Bamberger CM. Very

REFERENCES high prevalence of thyroid nodules detected by high frequency (13

1.~ Kent WD, Hall SF, Isotalo PA, Houlden RL, George RL, Groome MHz) ultrasound examination. Eur J Clin Invest. 2009;39(8):699-
PA. Increased incidence of differentiated thyroid carcinoma and 706. https://doi.org/10.1111/j.1365-2362.2009.02162.x.
detection of subclinical disease. CMAJ. 2007:177(11):1357-1361. 16. Brito JP, Davies L. Is there really an increased incidence of thyroid
https://doi.org/10.1503/cmaj.061730. cancer? Curr Opin Endocrinol. 2014:21(5):405-408. https://doi.

2. Modirian M, Cheraghi Z, Rahimzadeh S, Moghaddam SS, Jarrahi org/10.1097/Med.0000000000000094.

AM. Burden assessment of thyroid cancer in Iran from 1990 to 17. Morris LGT, Tuttle RM, Davies L. Changing trends in
2010: lessons obtained from global burden of disease report 2010. the incidence of thyroid cancer in the United States. Jama
Asian Pac J Cancer Prev. 2015;16(17):7743-7748. https://doi. Otolaryngol. 2016;142(7):709-711.  https://doi.org/10.1001/
org/10.7314/apjcp.2015.16.17.7743. jamaoto.2016.0230.

3. Fitzmaurice C, Akinyemiju TF, Al Lami FH, et al. Global, re- 18. Haugen BR. 2015 American Thyroid Association Management
gional, and national cancer incidence, mortality, years of life lost, Guidelines for Adult Patients with Thyroid Nodules and
years lived with disability, and disability-adjusted life-years for 29 Differentiated Thyroid Cancer: what is new and what
cancer groups, 1990 to 2016: a systematic analysis for the global has changed? Cancer. 2017;123(3):372-381. https://doi.
burden of disease study. JAMA Oncol. 2018;4(11):1553-1568. org/10.1002/cncr.30360.
https://doi.org/10.1001/jamaoncol.2018.2706. 19. Bibbins-Domingo K, Grossman DC, Curry SJ, et al. Screening

4. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal for thyroid cancer US preventive services task force recommenda-
A. Global cancer statistics 2018: GLOBOCAN estimates of inci- tion statement. Jama-J Am Med Assoc. 2017;317(18):1882-1887.
dence and mortality worldwide for 36 cancers in 185 countries. https://doi.org/10.1001/jama.2017.4011.

CA Cancer J Clin. 2018;68(6):394-424. https://doi.org/10.3322/ 20. Ahn HS, Kim HJ, Welch HG. Korea's thyroid-cancer
caac.21492. "epidemic"—screening and overdiagnosis. New England J Med.

3. Fitzmaurice C, Allen C, Barber RM, et al. Global, regional, and 2014;371(19):1765-1767. https://doi.org/10.1056/NEIMp1409841.
national cancer incidence, mortality, years of life lost, years lived 21. Ross DS, Tuttle RM. Observing micropapillary thyroid cancers.
with disability, and disability-adjusted life-years for 32 cancer Thyroid. 2014;24(1):3-6. https://doi.org/10.1089/thy.2013.0659.
groups, 1990 to 2015: a systematic analysis for the global burden 22. Aschebrook-Kilfoy B, Kaplan EL, Chiu BC, Angelos P, Grogan
of disease study. JAMA Oncol. 2017:3(4):524-548. https://doi. RH. The acceleration in papillary thyroid cancer incidence rates is
org/10.1001/jamaoncol.2016.5688. similar among racial and ethnic groups in the United States. Ann

6. Burden Global of Discase Cancer C, Fitzmaurice C, Abate D, et al. Surg Oncol. 2013:20(8):2746-2753. hutps://doi.org/10.1245/s1043
Global, regional, and national cancer incidence, mortality, years of 4-013-2892-y.
life lost, years lived with disability, and disability-adjusted life-years 23. Tto Y, Miyauchi A, Kihara M, Higashiyama T, Kobayashi K, Miya
for 29 cancer groups, 1990 to 2017. JAMA Oncol. 2019;5(12):1749. A. Patient age is significantly related to the progression of pap-

7. DengY, Li H, Wang M, et al. Global burden of thyroid cancer from illary microcarcinoma of the thyroid under observation. Thyroid.
1990 to 2017. JAMA Network Open. 2020:3(6):¢208759. 2014;24(1):27-34. https://doi.org/10.1089/thy.2013.0367.

8. Liu Z, Jiang Y, Yuan H, et al. The trends in incidence of pri- 24. Park JH, Lee KS, Choi KS. Burden of cancer in Korea during
mary liver cancer caused by specific etiologies: results from the 2000-2020. Cancer Epidemiol. 2013;37(4):353-359. https://doi.
Global Burden of Disease Study 2016 and implications for liver org/10.1016/j.canep.2013.03.015.
cancer prevention. J Hepatol. 2019;70(4):674-683. https://doi. 25. LeeR, Mason A, Lee R, et al. Members of the NTAN. Is low fertil-
org/10.1016/j.jhep.2018.12.001. ity really a problem? Population aging, dependency, and consump-

9. Kitahara CM, Sosa JA. Understanding the ever-changing incidence tion. Science. 2014;346(6206):229-234. https://doi.org/10.1126/
of thyroid cancer. Nat Rev Endocrinol. 2020;16(11):617-618. science.1250542.
https://doi.org/10.1038/541574-020-00414-9. 26. Dal Maso L, Bosetti C, La Vecchia C, Franceschi S. Risk factors

10. Kitahara CM, Sosa JA. The changing incidence of thyroid can- for thyroid cancer: an epidemiological review focused on nutri-
cer. Nat Rev Endocrinol. 2016;12(11):646-653. https://doi. tional factors. Cancer Causes Control. 2009;20(1):75-86. hitps://
org/10.1038/nrendo.2016.110. doi.org/10.1007/510552-008-9219-5.

11. PandeyaN, McLeod DS, Balasubramaniam K, et al. Increasing thy- 27. Schmid D, Ricci C, Behrens G, Leitzmann MF. Adiposity and risk
roid cancer incidence in Queensland, Australia 1982-2008 - true of thyroid cancer: a systematic review and meta-analysis. Obes
increase or overdiagnosis? Clin Endocrinol (Oxf). 2016:84(2):257- Rev. 2015;16(12):1042-1054. https://doi.org/10.1111/0br.12321.
264. https://doi.org/10.1111/cen.12724. 28. KitaharaCM, McCullough ML, Franceschi S, et al. Anthropometric

12. Ahn HS, Kim HJ, Kim KH, et al. Thyroid cancer screening factors and thyroid cancer risk by histological subtype: pooled
in South Korea increases detection of papillary cancers with analysis of 22 prospective studies. Thyroid. 2016;26(2):306-318.
no impact on other subtypes or thyroid cancer mortality. https://doi.org/10.1089/thy.2015.0319.

Thyroid.  2016:26(11):1535-1540.  https://doi.org/10.1089/ 29. Trésallet C, Seman M, Tissier F, et al. The incidence of papillary
thy.2016.0075. thyroid carcinoma and outcomes in operative patients according to

13. Wang Y, Wang W. Increasing incidence of thyroid cancer in their body mass indices. Surgery. 2014;156(5):1145-1152. hups://
Shanghai, China, 1983-2007. Asia Pacific J Public Health. doi.org/10.1016/j.surg.2014.04.020.
2015;27(2):NP223-NP229. 30. Kim WG, Park JW, Willingham MC, Cheng SY. Diet-induced

14. Davies L, Welch HG. Increasing incidence of thyroid can-

cer in the United States, 1973-2002. Jama-J Am Med Assoc.
2006;295(18):2164-2167.

obesity increases tumor growth and promotes anaplastic
change in thyroid cancer in a mouse model. Endocrinology.

2013;154(8):2936-2947. https://doi.org/10.1210/en.2013-1128.


https://doi.org/10.1503/cmaj.061730
https://doi.org/10.7314/apjcp.2015.16.17.7743
https://doi.org/10.7314/apjcp.2015.16.17.7743
https://doi.org/10.1001/jamaoncol.2018.2706
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1001/jamaoncol.2016.5688
https://doi.org/10.1001/jamaoncol.2016.5688
https://doi.org/10.1016/j.jhep.2018.12.001
https://doi.org/10.1016/j.jhep.2018.12.001
https://doi.org/10.1038/s41574-020-00414-9
https://doi.org/10.1038/nrendo.2016.110
https://doi.org/10.1038/nrendo.2016.110
https://doi.org/10.1111/cen.12724
https://doi.org/10.1089/thy.2016.0075
https://doi.org/10.1089/thy.2016.0075
https://doi.org/10.1111/j.1365-2362.2009.02162.x
https://doi.org/10.1097/Med.0000000000000094
https://doi.org/10.1097/Med.0000000000000094
https://doi.org/10.1001/jamaoto.2016.0230
https://doi.org/10.1001/jamaoto.2016.0230
https://doi.org/10.1002/cncr.30360
https://doi.org/10.1002/cncr.30360
https://doi.org/10.1001/jama.2017.4011
https://doi.org/10.1056/NEJMp1409841
https://doi.org/10.1089/thy.2013.0659
https://doi.org/10.1245/s10434-013-2892-y
https://doi.org/10.1245/s10434-013-2892-y
https://doi.org/10.1089/thy.2013.0367
https://doi.org/10.1016/j.canep.2013.03.015
https://doi.org/10.1016/j.canep.2013.03.015
https://doi.org/10.1126/science.1250542
https://doi.org/10.1126/science.1250542
https://doi.org/10.1007/s10552-008-9219-5
https://doi.org/10.1007/s10552-008-9219-5
https://doi.org/10.1111/obr.12321
https://doi.org/10.1089/thy.2015.0319
https://doi.org/10.1016/j.surg.2014.04.020
https://doi.org/10.1016/j.surg.2014.04.020
https://doi.org/10.1210/en.2013-1128

4554 .
—I—Wl LEY_Cancer Medicine _

31.

ZHAIET AL.

Ng M, Fleming T, Robinson M, et al. Global, regional, and na-
tional prevalence of overweight and obesity in children and adults
during 1980-2013: a systematic analysis for the Global Burden of
Disease Study 2013. Lancet. 2014;384(9945):766-781. https://doi.
org/10.1016/S0140-6736(14)60460-8.

SUPPORTING INFORMATION
Additional supporting information may be found online in
the Supporting Information section.

How to cite this article: Zhai M, Zhang D, Long J, et
al. The global burden of thyroid cancer and its
attributable risk factor in 195 countries and territories: A
systematic analysis for the Global Burden of Disease
Study. Cancer Med. 2021;10:4542—-4554. https://doi.
org/10.1002/cam4.3970



https://doi.org/10.1016/S0140-6736(14)60460-8
https://doi.org/10.1016/S0140-6736(14)60460-8
https://doi.org/10.1002/cam4.3970
https://doi.org/10.1002/cam4.3970

