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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.1 Although causes of thyroid cancer are still un-
clear, ionizing radiation has been proved to be a risk fac-
tor.2 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.3,4 In addition, the 
burdens of thyroid cancer accounted for 5.1% among all 
cancers in women.4

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.5,6 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.2 Additionally, there is no correlation study 
between sociological indicators (such as socio- demographic 
index (SDI), human development index (HDI)) and thyroid 
cancer epidemic trend.7 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 

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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T A B L E  1  The incident cases, age- standardized incidence rates, and temporal trend of thyroid cancer

Characteristics

1990 2017 1990– 2017

Incident cases
No. ×103 (95% UI)

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

Incident cases
No. ×103 (95% UI)

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

EAPC
No. (95% CI)

Overall 95.03 (90.07– 100.72) 1.76 (1.67– 1.87) 255.49 
(245.71– 272.47)

3.34 (3.22– 3.57) 2.52 (2.44– 2.60)

Sex

Male 24.17 (23.33– 25.21) 0.89 (0.86– 0.93) 76.09 (72.58– 79.29) 1.98 (1.89– 2.07) 3.26 (3.15– 3.36)

Female 70.85 (66.09– 76.42) 2.65 (2.47– 2.85) 179.40 
(170.40– 195.54)

4.71 (4.48– 5.14) 2.23 (2.16– 2.31)

Socio- demographic index

Low 5.71 (3.97– 7.39) 0.82 (0.57– 1.06) 15.40 (13.73– 17.48) 1.19 (1.06– 1.36) 1.34 (1.21– 1.48)

Low- middle 9.65 (8.29– 11.62) 0.92 (0.79– 1.11) 31.54 (28.46– 36.75) 1.85 (1.67– 2.16) 2.60 (2.52– 2.67)

Middle 15.47 (14.50– 17.77) 1.00 (0.93– 1.15) 60.93 (57.10– 69.46) 2.92 (2.73– 3.32) 4.13 (4.04– 4.23)

Middle- high 20.99 (19.08– 22.13) 1.89 (1.72– 1.99) 58.68 (55.41– 62.29) 4.23 (3.99– 4.49) 3.05 (2.88– 3.21)

High 42.95 (42.08– 43.83) 4.45 (4.36– 4.54) 88.07 (85.08– 91.93) 7.73 (7.46– 8.07) 2.34 (2.09– 2.59)

Region

Oceania 0.07 (0.05– 0.08) 1.01 (0.83– 1.24) 0.19 (0.14– 0.23) 1.47 (1.15– 1.86) 1.38 (1.23– 1.54)

Andean Latin 
America

0.42 (0.37– 0.49) 1.09 (0.97– 1.27) 2.35 (2.02– 2.68) 3.82 (3.29– 4.36) 5.11 (4.69– 5.53)

Australasia 0.64 (0.60– 0.69) 3.18 (2.95– 3.42) 2.03 (1.77– 2.31) 7.13 (6.23– 8.15) 3.58 (3.38– 3.77)

Caribbean 0.56 (0.52– 0.60) 1.58 (1.47– 1.71) 1.44 (1.30– 1.60) 3.12 (2.81– 3.45) 2.65 (2.43– 2.86)

Central Asia 1.02 (0.93– 1.16) 1.46 (1.33– 1.66) 1.74 (1.61– 1.90) 1.92 (1.77– 2.09) 0.66 (0.21– 1.11)

Central Europe 4.81 (4.62– 5.01) 3.88 (3.72– 4.04) 6.50 (6.11– 6.95) 5.66 (5.32– 6.05) 1.34 (1.19– 1.48)

Central Latin 
America

2.03 (1.96– 2.11) 1.24 (1.19– 1.28) 8.52 (8.09– 9.03) 3.33 (3.17– 3.54) 3.61 (3.50– 3.72)

Central Sub- 
Saharan Africa

0.20 (0.15– 0.27) 0.37 (0.28– 0.49) 0.48 (0.38– 0.68) 0.39 (0.32– 0.56) 0.02 
(−0.19– 0.24)

East Asia 12.09 (10.54– 13.22) 0.96 (0.84– 1.05) 44.77 (41.55– 50.71) 3.01 (2.80– 3.41) 4.35 (4.02– 4.68)

Eastern Europe 7.85 (7.25– 8.78) 3.46 (3.20– 3.87) 14.50 (13.61– 15.53) 6.90 (6.47– 7.39) 2.69 (2.39– 2.99)

Eastern Sub- 
Saharan Africa

1.99 (1.34– 2.64) 1.04 (0.70– 1.38) 4.59 (3.91– 5.46) 1.17 (0.99– 1.39) 0.18 
(−0.02– 0.39)

High- income Asia 
Pacific

6.68 (6.40– 7.02) 3.85 (3.69– 4.04) 20.62 (18.89– 22.71) 11.02 (10.10– 12.14) 5.17 (4.51– 5.83)

High- income North 
America

11.98 (11.67– 12.32) 4.27 (4.16– 4.39) 28.28 (27.19– 29.35) 7.84 (7.53– 8.13) 2.17 (1.95– 2.39)

North Africa and 
Middle East

3.56 (2.89– 4.41) 1.04 (0.85– 1.29) 17.47 (15.99– 19.89) 2.91 (2.66– 3.31) 4.17 (4.06– 4.29)

South Asia 10.54 (8.75– 12.91) 0.95 (0.79– 1.16) 37.97 (33.68– 43.03) 2.13 (1.89– 2.41) 3.07 (2.92– 3.22)

Southeast Asia 6.84 (5.86– 7.84) 1.46 (1.26– 1.68) 23.88 (21.43– 29.12) 3.62 (3.24– 4.41) 3.48 (3.45– 3.51)

Southern Latin 
America

1.10 (1.03– 1.18) 2.22 (2.08– 2.38) 2.31 (2.09– 2.59) 3.53 (3.18– 3.95) 1.54 (1.34– 1.74)

Southern Sub- 
Saharan Africa

0.39 (0.33– 0.43) 0.74 (0.62– 0.82) 0.76 (0.68– 0.86) 0.98 (0.88– 1.11) 0.62 (0.12– 1.12)

Tropical Latin 
America

1.83 (1.75– 1.91) 1.19 (1.14– 1.24) 5.54 (5.27– 5.77) 2.53 (2.41– 2.64) 2.81 (2.61– 3.01)

Western Europe 19.90 (19.19– 20.63) 5.16 (4.98– 5.35) 30.26 (28.58– 32.03) 6.99 (6.60– 7.40) 1.20 (1.01– 1.39)

Western Sub- 
Saharan Africa

0.53 (0.41– 0.61) 0.28 (0.21– 0.32) 1.30 (1.11– 1.56) 0.30 (0.26– 0.36) 0.19 (0.07– 0.31)
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T A B L E  2  The death cases, age- standardized death rates, and temporal trend of thyroid cancer

Characteristics

1990 2017 1990– 2017

Death cases
No. ×103 (95% UI)

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

Death cases
No. ×103 (95% UI)

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

EAPC
No. (95% CI)

Overall 22.07 (20.81– 24.22) 0.41 (0.39– 0.45) 41.24 (39.91– 44.14) 0.54 (0.52– 0.58) 1.06 (0.99– 1.12)

Sex

Male 7.56 (7.22– 8.15) 0.28 (0.27– 0.30) 17.16 (16.41– 17.77) 0.45 (0.43– 0.46) 1.97 (1.86– 2.07)

Female 14.51 (13.46– 16.77) 0.54 (0.50– 0.63) 24.08 (23.06– 26.83) 0.63 (0.61– 0.71) 0.49 (0.44– 0.55)

Socio- demographic index

Low 2.40 (1.81– 3.00) 0.34 (0.26– 0.43) 4.53 (4.06– 5.01) 0.35 (0.31– 0.39) 0.03 
(−0.08– 0.13)

Low- middle 3.33 (2.96– 3.95) 0.32 (0.28– 0.38) 7.27 (6.77– 8.22) 0.43 (0.40– 0.48) 1.04 (1.00– 1.09)

Middle 4.85 (4.57– 5.73) 0.31 (0.29– 0.37) 11.61 (11.04– 12.89) 0.56 (0.53– 0.62) 2.28 (2.15– 2.40)

Middle- high 4.51 (4.29– 4.72) 0.41 (0.39– 0.42) 7.66 (7.34– 8.05) 0.55 (0.53– 0.58) 1.12 (1.01– 1.22)

High 6.90 (6.81– 6.99) 0.71 (0.71– 0.72) 10.02 (9.71– 10.38) 0.88 (0.85– 0.91) 0.81 (0.77– 0.86)

Region

Oceania 0.02 (0.02– 0.03) 0.36 (0.30– 0.44) 0.05 (0.04– 0.06) 0.40 (0.33– 0.49) 0.42 (0.38– 0.46)

Andean Latin 
America

0.16 (0.15– 0.18) 0.42 (0.38– 0.47) 0.53 (0.46– 0.58) 0.86 (0.75– 0.95) 2.96 (2.73– 3.20)

Australasia 0.09 (0.09– 0.09) 0.44 (0.42– 0.46) 0.19 (0.17– 0.21) 0.68 (0.61– 0.75) 2.09 (1.89– 2.28)

Caribbean 0.14 (0.13– 0.15) 0.39 (0.36– 0.43) 0.27 (0.25– 0.29) 0.58 (0.53– 0.63) 1.56 (1.33– 1.79)

Central Asia 0.21 (0.20– 0.24) 0.31 (0.29– 0.35) 0.26 (0.25– 0.28) 0.29 (0.27– 0.30) −0.75 
(−1.03- −0.46)

Central Europe 1.07 (1.04– 1.09) 0.86 (0.84– 0.88) 0.92 (0.88– 0.96) 0.80 (0.77– 0.84) −0.52 
(−0.73- −0.32)

Central Latin 
America

0.61 (0.59– 0.63) 0.37 (0.36– 0.38) 1.56 (1.50– 1.64) 0.61 (0.59– 0.64) 1.81 (1.61– 2.01)

Central Sub- Saharan 
Africa

0.10 (0.08– 0.13) 0.18 (0.15– 0.23) 0.19 (0.15– 0.25) 0.15 (0.12– 0.20) −0.81 
(−0.93- −0.68)

East Asia 3.32 (3.10– 3.87) 0.26 (0.25– 0.31) 7.25 (6.83– 7.92) 0.49 (0.46– 0.53) 2.58 (2.26– 2.91)

Eastern Europe 1.34 (1.29– 1.45) 0.59 (0.57– 0.64) 1.66 (1.61– 1.73) 0.79 (0.77– 0.82) 0.80 (0.41– 1.19)

Eastern Sub- Saharan 
Africa

0.88 (0.63– 1.16) 0.46 (0.33– 0.61) 1.41 (1.21– 1.64) 0.36 (0.31– 0.42) −1.21 
(−1.38- −1.04)

High- income Asia 
Pacific

1.14 (1.12– 1.16) 0.66 (0.64– 0.67) 2.77 (2.65– 2.94) 1.48 (1.42– 1.57) 3.39 (3.11– 3.67)

High- income North 
America

1.30 (1.27– 1.32) 0.46 (0.45– 0.47) 2.38 (2.30– 2.45) 0.66 (0.64– 0.68) 1.31 (1.27– 1.34)

North Africa and 
Middle East

0.86 (0.72– 1.07) 0.25 (0.21– 0.31) 1.92 (1.80– 2.28) 0.32 (0.30– 0.38) 0.96 (0.88– 1.04)

South Asia 3.63 (3.14– 4.39) 0.33 (0.28– 0.40) 8.93 (8.18– 9.84) 0.50 (0.46– 0.55) 1.61 (1.52– 1.70)

Southeast Asia 2.33 (2.01– 2.74) 0.50 (0.43– 0.59) 4.82 (4.46– 5.70) 0.73 (0.67– 0.86) 1.45 (1.42– 1.47)

Southern Latin 
America

0.32 (0.31– 0.33) 0.64 (0.62– 0.67) 0.43 (0.40– 0.47) 0.65 (0.60– 0.71) −0.06 
(−0.25– 0.14)

Southern Sub- 
Saharan Africa

0.11 (0.10– 0.13) 0.22 (0.19– 0.24) 0.22 (0.20– 0.24) 0.28 (0.26– 0.31) 0.96 (0.46– 1.45)

Tropical Latin 
America

0.53 (0.52– 0.55) 0.35 (0.34– 0.36) 1.13 (1.09– 1.16) 0.52 (0.50– 0.53) 1.48 (1.43– 1.53)

Western Europe 3.62 (3.56– 3.69) 0.94 (0.92– 0.96) 3.86 (3.68– 4.05) 0.89 (0.85– 0.93) −0.25 
(−0.32- −0.19)

Western Sub- 
Saharan Africa

0.27 (0.21– 0.32) 0.14 (0.11– 0.17) 0.48 (0.41– 0.55) 0.11 (0.09– 0.13) −1.18 
(−1.30- −1.06)
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T A B L E  3  The DALY cases, age- standardized DALY rates, and temporal trend of thyroid cancer

1990 2017 1990– 2017

Characteristics
DALYs
No. ×103 (95% UI)

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

DALYs
No. ×103 (95% UI)

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

EAPC
No. (95% CI)

Overall 648.24 
(595.58– 713.24)

12.02 (11.04– 13.22) 1133.17 
(1073.44– 1227.49)

14.83 
(14.05– 16.07)

0.77 (0.73– 0.81)

Sex

Male 226.93 
(213.37– 247.06)

8.35 (7.85– 9.09) 468.25 (444.42– 492.88) 12.21 
(11.59– 12.85)

1.55 (1.47– 1.63)

Female 421.31 
(375.69– 489.01)

15.74 (14.03– 18.27) 664.93 (618.50– 746.73) 17.47 
(16.25– 19.62)

0.28 (0.24– 0.32)

Socio- demographic index

Low 89.84 (63.65– 114.09) 12.88 (9.12– 16.36) 153.32 (136.63– 169.90) 11.89 
(10.59– 13.17)

−0.41 
(−0.47- −0.35)

Low- middle 115.39 
(100.21– 134.86)

11.05 (9.60– 12.92) 236.77 (214.78– 270.13) 13.89 
(12.60– 15.85)

0.79 (0.72– 0.86)

Middle 148.92 
(139.53– 172.28)

9.60 (9.00– 11.11) 314.77 (294.66– 346.94) 15.06 
(14.10– 16.60)

1.74 (1.62– 1.86)

Middle- high 129.18 
(119.94– 136.17)

11.62 (10.79– 12.25) 204.21 (190.73– 220.65) 14.72 
(13.75– 15.90)

0.75 (0.63– 0.88)

High 162.78 
(155.31– 171.62)

16.85 (16.08– 17.77) 220.44 (205.12– 239.51) 19.34 
(18.00– 21.01)

0.63 (0.53– 0.72)

Region

Oceania 0.77 (0.64– 0.96) 11.91 (9.96– 14.79) 1.67 (1.36– 2.13) 13.22 
(10.78– 16.87)

0.46 (0.42– 0.51)

Andean Latin 
America

4.49 (4.03– 5.07) 11.71 (10.51– 13.22) 12.82 (11.19– 14.27) 20.86 
(18.21– 23.22)

2.41 (2.16– 2.66)

Australasia 2.28 (2.14– 2.45) 11.27 (10.53– 12.10) 4.77 (4.17– 5.44) 16.80 
(14.70– 19.17)

1.96 (1.78– 2.14)

Caribbean 3.80 (3.41– 4.23) 10.77 (9.66– 11.97) 7.07 (6.36– 7.87) 15.28 
(13.75– 17.02)

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 
(18.13– 20.81)

−0.85 
(−1.05- −0.65)

Central Latin 
America

16.48 (15.91– 17.09) 10.04 (9.69– 10.41) 39.54 (37.35– 42.02) 15.48 
(14.62– 16.45)

1.55 (1.35– 1.75)

Central Sub- 
Saharan Africa

3.14 (2.43– 4.07) 5.70 (4.41– 7.39) 5.74 (4.64– 7.68) 4.72 (3.82– 6.31) −0.89 
(−1.02- −0.76)

East Asia 104.01 
(96.07– 117.48)

8.26 (7.63– 9.33) 184.14 (170.57– 203.49) 12.39 
(11.48– 13.70)

1.52 (1.16– 1.88)

Eastern Europe 35.79 (33.65– 39.61) 15.77 (14.83– 17.46) 44.72 (41.69– 48.39) 21.28 
(19.83– 23.02)

0.82 (0.42– 1.22)

Eastern Sub- 
Saharan Africa

34.05 (22.78– 45.82) 17.77 (11.89– 23.92) 52.65 (44.75– 61.71) 13.39 
(11.38– 15.69)

−1.36 
(−1.53- −1.20)

High- income Asia 
Pacific

25.92 (24.64– 27.50) 14.94 (14.20– 15.85) 52.27 (47.68– 57.63) 27.95 
(25.49– 30.81)

3.04 (2.62– 3.46)

High- income North 
America

33.04 (30.97– 35.48) 11.77 (11.03– 12.64) 60.84 (56.16– 66.36) 16.86 
(15.56– 18.39)

1.30 (1.23– 1.37)

(Continues)
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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 1I).

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 

1990 2017 1990– 2017

Characteristics
DALYs
No. ×103 (95% UI)

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

DALYs
No. ×103 (95% UI)

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

EAPC
No. (95% CI)

North Africa and 
Middle East

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 (0.99– 1.11)

South Asia 135.98 
(114.47– 164.22)

12.26 (10.32– 14.81) 297.71 (269.76– 332.09) 16.70 
(15.13– 18.63)

1.15 (1.06– 1.23)

Southeast Asia 71.02 (60.63– 81.06) 15.22 (12.99– 17.37) 134.52 (122.89– 156.20) 20.37 
(18.61– 23.65)

1.10 (1.08– 1.13)

Southern Latin 
America

8.00 (7.63– 8.36) 16.15 (15.40– 16.88) 10.04 (9.12– 11.10) 15.30 
(13.90– 16.92)

−0.33 
(−0.56- −0.10)

Southern Sub- 
Saharan Africa

3.50 (3.08– 3.84) 6.68 (5.87– 7.31) 6.32 (5.74– 7.01) 8.17 (7.42– 9.06) 0.73 (0.12– 1.35)

Tropical Latin 
America

14.83 (14.29– 15.48) 9.67 (9.31– 10.09) 28.57 (27.18– 30.04) 13.06 
(12.43– 13.73)

1.11 (1.04– 1.19)

Western Europe 80.85 (77.15– 84.69) 20.96 (20.00– 21.96) 82.73 (76.83– 90.09) 19.11 
(17.74– 20.81)

−0.36 
(−0.42- −0.31)

Western Sub- 
Saharan Africa

8.05 (6.31– 9.21) 4.19 (3.28– 4.79) 14.10 (12.27– 16.32) 3.25 (2.83– 3.76) −1.17 
(−1.30- −1.04)

T A B L E  3  (Continued)
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(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 0 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 

F I G U R E  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 DALYs (I) by sex in 2017



   | 4549ZHAI et Al.

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.9,10 Previous studies explored the incidence 
and mortality by using outdated data of thyroid cancer.11- 13 
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.14,15 Thus, update of thyroid cancer detection 
technologies undoubtedly accounted for at least some of the 
increasing incidence.14,16,17 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 biopsy.18,19 By gradually recognizing the over- diagnosis 
on a global scale, the increase trend of incidence might be 

F I G U R E  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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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.10,20 
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 

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.10 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.22 
In addition, non- Hispanic black individuals had the low-
est incidence, followed by Asian individuals and Pacific 
Islanders.22

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 

F I G U R E  3  The age- standardized 
incidence (A), death (B), and DALY rates 
of thyroid cancer across 195 countries and 
territories by SDI in 2017
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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.23 In addition, 
thyroid cancer was proved to be one of the tumors that most 
affected DALY.24 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, 

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.25 Obesity, ionizing radiation, and cigarette smoking 
were all proved to be related with the rising trend of thyroid 
cancer.26,27 Among the risk factors, obesity was an important 
factor during the period.27 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.28 Moreover, 
the aggressive clinical characteristics of thyroid cancer were 
proved to be associated with overweight and obesity via 

F I G U R E  4  The EAPC of age- 
standardized incidence (A), death (B), and 
DALY rates of thyroid cancer across 195 
countries and territories by SDI from 1990 
to 2017



4552 |   ZHAI et Al.

cross- sectional studies.29 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.31 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.
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