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Background Thyroid cancer, a leading type of endocrine cancer, accounts for

3-4% of all cancer diagnoses. This study aims to analyse and compare thyroid
cancer patterns in China and the Group twenty (G20) countries, and predict
these trend for the upcoming two decades.

Methods This observational longitudinal study utilised data from the Global Bur-
den of Disease (GBD) study 2019. We used metrics including incidence, mor-
tality, mortality-incidence ratio (MIR), age-standardised rate (ASR) and average
annual percent change (AAPC) to examine thyroid cancer trends. Joinpoint re-
gression analysis was used to identify periods manifesting notable changes. The
association between sociodemographic index (SDI) and AAPC were investigat-
ed. The autoregressive integrated moving average (ARIMA) model was used to
predict thyroid cancer trends from 2020 to 2040.

Results From 1990 to 2019, thyroid cancer incidence cases in China increased
by 289.6%, with a higher AAPC of age-standardised incidence rate (ASIR) in
men. Contrastingly, the G20 demonstrated a smaller increase, particularly among
women over 50. Despite the overall age-standardised mortality rate (ASMR) was
higher in the G20, the increase in mortality was less pronounced than in Chi-
na. Age-standardised incidence rate increased across all age groups and gen-
ders, with a notable rise among men aged 15-49. ASMR decreased in specific
age groups and genders, especially among women. Conversely, the ASMR sig-
nificantly increased in group aged over 70. The MIR exhibited a declining trend,
but this decrease was less noticeable in men and the group aged over 70. Join-
point analysis pinpointed significant shifts in overall ASIR and ASMR, with the
most pronounced increase in ASIR during 2003-2011 in China and 2003-2010
in the G20. Predictions suggested a continual ASIR uptrend, especially in the
50-69 age group, coupled with a predicted ASMR downturn among the elderly
by 2040. Moreover, the proportion of thyroid cancer deaths attributable to high
body mass index (BMI) escalated, with significant increase in Saudi Arabia and
arise to 7.4% in China in 2019.

Conclusions Thyroid cancer cases in incidence and mortality are escalating in
both China and the G20. The increasing trend may be attributed to factors be-
yond overdiagnosis, including environmental and genetic factors. These find-
ings emphasise the necessity for augmenting prevention, control, and treatment

China strategies. They also highlight the significance of international collaboration in
surun9566@csu.edu.cn i addressing the global challenge posed by thyroid cancer.
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Thyroid cancer is a well-recognised subtype of endocrine cancer, prominently positioned among head and
neck malignancies, and accounting for approximately three to four percent of all cancer cases [1,2]. Although
the median age for thyroid cancer diagnosis is in the early 50s, it is the most prevalent cancer among ado-
lescents and adults aged 1633 [3,4]. The incidence of thyroid cancer has increased by 313% during the
past 40 years [3,5]. While its incidence demonstrates variability worldwide, a discernible upward trend has
been observed in numerous countries, including the United States, China, and Canada [6]. Although vari-
ous studies have provided data on thyroid cancer trend in China, there remains a noticeable gap in compar-
ative study between China and other countries. Such a comparative analysis is crucial for China to identify
areas for improvement and to adopt successful practices from other countries [7,8].

The Global Burden of Disease (GBD) study 2019, a publicly accessible database, offers as a comprehensive
repository of data on the burden of 354 diseases and injuries worldwide. Analysing the GBD study allows for
the identification of emerging trends and shifts in thyroid cancer. Previous studies have primarily focused
on the global trends of thyroid cancer [7,9], as well as specific analyses pertaining to China [8,10,11].
Additionally, comparative studies have been conducted to analyse thyroid cancer trend across various socio-
demographic index (SDI) regions, contrasting China with the United States, within the European Union,
and among a selection of ten countries [12—15]. Presently, there is a limited number of studies that compare
the trends of thyroid cancer in China with those in other countries. This scarcity of comparative research
impedes China’s ability to pinpoint deficiencies in its own health policies and practices, and limits learning
from the effective strategies and experiences of other countries.

The Group of Twenty (G20) is an international economic cooperation forum that includes a mix of developed
and developing countries [16]. It provides valuable research insights relevant to China, as China’s average
population age is lower than that of most G20 countries [17]. Comparisons between China and G20 countries
offer insights into China’s standing relative to this set of developed or rapidly developing countries [18-21].
Consequently, the study is designed to conduct a comprehensive comparative and predictive analysis of thy-
roid cancer between China and the G20 countries, utilising the GBD study and focusing on factors such as
incidence, mortality, and MIR across different age groups, genders and regions. The study is poised to reveal
significant insights into China’s successes and areas needing improvement in epidemic control. Furthermore,
it presents an opportunity to learn from the successful strategies implemented by other G20 countries.

METHODS

Data source

The foundational data for our study was derived from the GBD Study 2019. In the GBD study, thyroid can-
cer was defined as a malignant tumour originating from either thyroid follicular epithelial cells or parafol-
licular cells. It was further categorised into various types, including papillary carcinoma, follicular carci-
noma, poorly differentiated carcinoma, undifferentiated carcinoma, and medullary carcinoma. The diagnosis
codes of thyroid cancer used in our study included C73-C73.9, D09.3, D09.8, D34-D34.9, D44.0, Z85.850
in ICD-10 and 193-193.9, 226-226.9 in ICD-9. It was pivotal to note that our study meticulously ensured
that no data compromising patient privacy or revealing personally identifiable information was involved.
All pertinent legal and ethical guidelines were adhered to in utilising GBD data, in compliance with 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.

Mortality-to-incidence ratio

The mortality-to-incidence ratio (MIR) provides insightful perspectives into disease trend and acted as a
metric for evaluating health care systems. It is derived from the age-standardised mortality rate (ASMR)
and age-standardised incidence rate (ASIR) obtained through the GBD study [22]. MIR provides a straight-
forward calculation method using existing cancer registry data. It is particularly effective in assessing the
efficiency of health care in cancer treatment and management(7,14].

Sociodemographic index

The sociodemographic index (SDI) is an index that evaluates regional development, taking into account fac-
tors including fertility rate, lagged distributed income per capita, and mean years of education for individ-
uals aged over 15. The SDI data, which ranged from 0 to 1, is sourced from the Institute for Health Metrics
and Evaluation.
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Trend prediction

The ASIR and ASMR were predicted utilising an ARIMA model from 2020 to 2040 [23,24]. Population
data utilised in our analysis for the same timeframe was obtained from the United Nations Department of
Economic and Social Affairs Population Division. A comprehensive description of the methodology could be
found in our prior study [25]. The detailed method was as follows: the ARIMA model, a method for forecast-
ing time series data, combines autoregressive (AR) and moving average (MA) elements with differencing (d)
to stabilise the series. In the ARIMA (p, d, q) model, ‘p’ indicates the autoregressive terms count, ‘d’ denotes
differencing order, and ‘q signifies moving average terms. This research employed xtarima function of STATA
to select the best ARIMA(p,d,q) for projecting disease incidence and mortality trends from 2020 to 2040.

Statistical analysis

The cases of incidence, mortality, disability-adjusted life years (DALY) and MIR were used to assess the
severity of thyroid cancer at specific time points. In addition, ASIR, ASMR, ASDR and ASR of MIR were
employed to describe the trend from 1990 to 2019. Joinpoint regression analysis was applied to examine
the long-term trend with significant changes in thyroid cancer in China and G20. The joinpoint regression
analysis began by fitting the simplest model with no joinpoints and systematically tested for the need to add
more joinpoints through statistical methods. In this study, the number of joinpoints was optimised using a
grid search approach, and their significance was verified using the Monte Carlo permutation method [26].
The AAPC calculated from the final model determines the trend direction: an AAPC with a lower 95% con-
fidence interval (CI) above zero signals an increasing trend, whereas an AAPC with an upper 95% CI below
zero indicates a decreasing trend. A 95% CI that encompasses zero suggests a stable trend. The correlation
between AAPC and SDI was examined via Pearson correlation analysis. Data analysis in our study was con-
ducted using Stata 17.0, and a P-value of <0.05 was considered to be statistically significant.

RESULTS

Overall trend of thyroid cancer in China and the G20 countries

The incidence case in China witnessed a substantial increase from 10030 cases in 1990 to 39080 cases in
2019, marking a remarkable rise of 289.6% (Table 1, Figure 1, panel A). The AAPC of ASIR reached a note-
worthy 4.10 (95% uncertainty interval (UD) =3.80, 4.50) in China, with a more pronounced increase observed
in men, where the AAPC reached 5.90 (95% Ul=5.40, 6.40). In comparison, although the G20 countries
also demonstrated an increase in incidence cases, the AAPC was lower than that in China, measuring 2.20
(95% Ul=2.10, 2.30). Notably, the AAPC of ASIR in women within the G20 countries was significantly lower,
with a value of 1.80 (95% UI=1.70, 1.90), especially in the group aged over 50 (Table 1, Figure 1, panel C).

The mortality case of thyroid cancer in China was 7240 cases in 2019, representing an increase of 118.1%,
while the G20 had a 47.3% increase with 31450 cases (Table 2, Figure 1, panels B, D). Interestingly, the
G20 countries demonstrated a lower increase in mortality cases, despite having a higher overall ASMR than
China for both 1990 and 2019. Although mortality cases increased in both China and the G20 countries,
declining trends in ASMR were observed across specific age groups and genders (Table 2, Figure 1, panels
B, D). Additionally, the AAPC of ASMR was lower in women both in China and the G20 countries (Table
2). Similar to the AAPC of ASMR, the overall trend of ASDR increased during the period, but it decreased
in women within certain age groups, and even in a few age groups among men, both in China and the G20
countries (Table 3). The MIR was 0.19 in China and the G20 in 2019. The AAPC was -2.00 (95% Ul=-2.20,
-1.80) in China, while for the G20 countries, it was —0.9 (95% UI=-1.00, —0.90) (Table 4).

Gender and age disparities of thyroid cancer between China and the G20 countries

The incidence case and ASIR were predominantly higher in women than in men in both China and the G20
countries. However, the AAPC of ASIR was more pronounced in men (Table 1, Figure 1). In contrast, the
mortality case and ASMR were higher in men in China, while the situation was reversed in the G20 coun-
tries (Table 2). Additionally, the trend in DALY mirrored the mortality trend (Table 3).

The group aged 15-49 and 50-69 constituted the vast majority of incidence cases in both China and the
G20 countries (Figure 1, panels A, C). Within these age groups, the proportion of incidence cases among
the group aged 50—69 displayed a fluctuating upward trend from 1990 to 2019, whereas the other groups
exhibited a declining trend during the same period (Figure 1, panels A, C). Although China shared a simi-
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Table 1. The incidence cases, age-standardised rates, and temporal trend of thyroid cancer from 1990 to 2019

1990 2019 1990-2019
ASIR per 100000 AAPC

Characteristics

Incidence cases Incidence cases ASIR per 100000

No. x10° (95% UI)

No. (95% UI)

No. x10° (95% UI)

No. (95% UI)

No. (95% UI)

China*

Both

10.03 (8.40, 11.91)

0.85 (0.71, 1.0

39.08 (32.28, 47.66)

2.75(2.27,3.35)

4.10 (3.80, 4.50)

5-14

0.30(0.21, 0.35)

0.14 (0.10, 0.17)

0.40 (0.33, 0.46)

0.28 (0.23,0.32)

240 (1.60, 3.20)

15-49

4.96 (3.85, 6.01)

0.74 (0.58, 0.90)

15.28 (12.45, 19.02)

212 (1.73,2.64)

3.80 (3.00, 4.60)

50-69

3.52(2.96, 4.29)

2.28(1.92,2.78)

17.37 (14.28, 21.20)

4.71 (3.87,5.75)

240 (2.10, 2.80)

>70

1.26 (1.09, 1.73)

3.29(2.84, 4.52)

6.02 (4.98, 7.00)

5.58 (4.61, 6.48)

1.80 (1.50, 2.10)

Male

2.51 (2.04, 3.10)

0.41 (0.33, 0.51)

16.11 (12.08, 20.19)

2.22(1.67,2.79)

5.90 (540, 6.40)

5-14

0.09 (0.07,0.11)

0.09(0.07, 0.10)

0.19(0.13, 0.23)

0.24 (0.17,0.30)

3.60 (3.00, 4.20)

15-49

0.99 (0.80, 1.20)

0.29 (0.23, 0.35)

5.85 (4.51, 7.35)

1.58(1.22,1.99)

6.00 (5.40, 6.60)

50-69

1.03 (0.82, 1.30)

1.29 (1.03, 1.63)

718 (5.32,9.249)

3.89 (2.88, 5.01)

3.90 (3.60, 4.10)

>70

0.40 (0.33, 0.51)

242 (2.01, 3.10)

2.90 (2.17, 3.56)

5.89 (441, 7.23)

3.10 (2.50, 3.70)

Female

753 (5.91,9.31)

1.31 (1.03, 1.62)

22.97 (1746, 30.16)

3.29(2.50, 4.32)

3.20 (2.90, 3.60)

5-14

0.21(0.12, 0.25)

0.21(0.12,0.25)

0.22(0.19,0.25)

0.33(0.29, 0.39)

1.70 (0.40, 3.10)

15-49

3.97 (2.87,5.01)

1.23(0.89, 1.55)

9.44 (6.96, 12.87)

2.69 (1.98, 3.67)

2.60 (1.60, 3.60)

50-69

249 (1.98,3.16)

3.35 (2.66, 4.26)

10.19 (7.80, 13.30)

5.53 (4.23,7.21)

1.70 (1.20, 2.20)

>70

0.86(0.71, 1.23)

3.96 (3.27, 5.65)

3.12 (2.46,3.99)

5.31 (4.18, 6.71)

1.00 (0.70, 1.30)

G20

Both

68.11 (64.71, 71.89)

1.84 (1.75, 1.94)

168.51 (155.10, 181.36)

346 (3.19,3.73)

2.20(2.10, 2.30)

5-14

0.99 (0.86, 1.08)

0.14 (0.12,0.15)

1.29(1.19, 1.42)

0.19 (0.18, 0.21)

1.20 (0.80, 1.50)

15-49

25.64 (23.54, 27.68)

1.32(1.21, 1.43)

59.39 (53.82, 65.19)

240 (2.17,2.63)

2.10(1.80, 2.30)

50-69

29.31 (28.10, 30.71)

5.64 (541,591

74.77 (68.90, 80.46)

731 (6.74, 7.87)

0.90 (0.70, 1.00)

>70

12.16 (11.33, 13.02)

7.69 (7.16, 8.23)

33.06 (29.08, 35.78)

9.00 (7.92,9.74)

0.50 (0.40, 0.60)

Male

19.18 (18.09, 20.36)

1.03 (0.97,1.09)

58.61 (52.36, 64.52)

2.39 (2.14,2.64)

3.00 (2.80, 3.10)

5-14

0.34(0.30, 0.37)

0.09 (0.08, 0.10)

0.51 (0.45, 0.58)

0.15(0.13, 0.16)

1.60 (1.20, 2.00)

15-49

6.67 (6.23,7.15)

0.67 (0.63, 0.72)

18.60 (16.55, 20.54)

147 (1.31, 1.62)

2.70 (2.60, 2.90)

50-69

8.97 (8.34,9.54)

3.50 (3.25,3.72)

27.57 (24.37, 30.78)

5.49 (4.85, 6.13)

1.50 (1.40, 1.70)

>70

3.20 (3.00, 3.46)

5.07 (4.77,549)

11.92 (10.33, 13.08)

744 (6.44, 8.16)

1.30 (1.10, 1.50)

Female

48.93 (45.59, 52.77)

2.67(2.49,2.88)

109.91 (99.16, 120.57)

4.55 (4.10, 4.99)

1.80 (1.70, 1.90)

5-14

0.65 (0.54, 0.73)

0.19 (0.16, 0.21)

0.78 (0.71, 0.86)

0.24 (0.22,0.27)

0.90 (0.50, 1.30)

15-49

18.97 (16.95, 20.96)

2.00(1.79,2.21)

40.79 (35.74, 45.94)

3.36 (2.94, 3.78)

1.80 (1.50, 2.10)

50-69

20.34 (19.30, 21.56)

7.72 (7.33, 8.19)

47.20 (42.94, 52.01)

9.08 (8.26, 10.01)

0.50 (0.40, 0.70)

>70

8.97 (8.28,9.71)

9.43 (8.70, 10.21)

21.14 (18.22,23.24)

10.21 (8.80, 11.22)

0.30 (0.20, 0.40)

*Expressed in years.

AAPC — average annual percent change, ASIR — age-standardised incidence rate, G20 — Group of Twenty, Ul — uncertainty interval

lar trend of change with the G20 countries, the extent of change was more pronounced in China (Table 1).
Although the group aged over 70 had the highest proportion of mortality cases, which consistently increased
from 1990 to 2019, their proportion among incidence cases remained relatively low and stable (Figure 1,
panels B, D). Interestingly, the 50-69 age group, while showcasing an increase in the proportion of incidence
cases, revealed a decline in the proportion of mortality cases, particularly among men (Table 2, Figure 1,
panels B, D). Similarly, the proportion of DALY in the group of aged 50—-69 decreased in China and the G20
countries over the period (Table 3).

Trend in ASIR, ASMR and MIR of thyroid cancer

The ASIR increased across all age groups and genders in China and the G20 countries, with a particularly
pronounced rise observed among Chinese men (Table 1, Figure 2, panels A, D). The group in men aged
15-49 displayed the highest AAPC of ASIR in both China and the G20 countries. Furthermore, the growth
rate of ASIR was more accentuated in men compared to women and was also more significant in China
than in the G20 countries. In contrast to the trend of ASIR, the ASMR for women decreased across all age
groups in both China and the G20 countries, especially in the group aged 5-14 and 50-69 (Figure 2, pan-
els B, E). On the other hand, the ASMR significantly increased in the group aged over 70 in China and the
G20 countries (Table 2). Additionally, China exhibited a higher increase in ASMR compared to the G20
countries, especially among men (Figure 2, panels B, E). Regarding the ASDR trend, it paralleled the ASMR
trend. While the ASDR significantly decreased in the group aged 5-14, there was a notable increase in the
group aged 50-59 and among those over 70 in China and the G20 countries from 1990 to 2019 (Table 3).
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1990
1995
2000
2005
2010
2015
2019
1990
1995
2000
2005
2010
2015
2019
1990
1995
2000
2005
2010
2015
2019

Both

China
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Figure 1. The age distribution for incidence and mortality of thyroid cancer. Panel A. Age distribution of incidence
in China for genders. Panel B. Age distribution of mortality in China for genders. Panel C. Age distribution of inci-
dence in the G20 countries for genders. Panel D. Age distribution of mortality in the G20 countries for genders. G20

— Group of Twenty

Fortunately, both China and the G20 countries exhibited a declining trend in the MIR across all age groups
and genders. Although the MIR declined, the decline in the group aged over 70 was significantly lower
than that in other age groups. Moreover, the decline was less pronounced among men compared to women
(Table 4, Figure 2, panels C, F).

Joinpoint regression analysis of thyroid cancer ASR trend

In China, notable shifts in ASIR were observed in 1993, 1998, 2003, 2011, and 2016, whereas in the G20
countries, significant changes were noted in 2003, 2010, and 2015 (Figure 3, panels A, D). The most sub-
stantial increase in ASIR in China was observed during 2003-2011, followed by 1993-1998. In contrast,
in the G20 countries, the most significant increase occurred during 2003-2010. Additionally, the overall
ASMR trends in both China and the G20 countries exhibited an upward trajectory, with significant inflec-
tion points in 1998, 2007, and 2011 in China, and 1996, 2004, 2011, and 2017 in the G20 countries (Figure
3, panels B, E). The period with significant change in China was 2007-2010 in men and 2014-2019 in
women, and in the G20 countries was 2005-2011 in men (Figure 3, panels B, E). In contrast to the trend
of ASIR and ASMR, the MIR demonstrated a downward trend. Significant changes were observed in 1993,
1998, 2003, and 2016 in China, and in 1994, 2009, 2015 in the G20 countries (Figure 3, panels C, F).
Interestingly, while the MIR for Chinese women had been consistently decreasing, the rate of this decline
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Table 2. The mortality cases, age-standardised rates, and temporal trend of thyroid cancer from 1990 to 2019
Characteristics 1990 2019 1990-2019

ASMR per 100000 ASMR per 100000 AAPC
No. (95% UI) No. (95% UI) No. (95% UI)

Mortality cases
No. x10° (95% UI)

Mortality cases
No. x10° (95% UI)

China*

Both

3.32 (2.86,4.13)

0.28 (0.24, 0.35)

7.24 (6.01, 8.48)

0.51 (042, 0.60)

2.10 (2.00, 2.20)

5-14

0.05 (0.04, 0.06)

0.03 (0.02, 0.03)

0.02 (0.02, 0.02)

0.02 (0.01, 0.02)

-1.70 (-2.70, -0.60)

15-49

0.70 (0.56, 0.84)

0.10 (0.08, 0.13)

0.74 (0.60, 0.88)

0.10 (0.08, 0.12)

0.00 (-0.80, 0.80)

50-69

140 (1.18, 1.75)

0.91 (0.76, 1.13)

2.65(2.18,3.18)

0.72 (0.59, 0.86)

-0.80 (-1.10, -0.60)

>70

1.18 (1.02, 1.59)

3.07 (2.68, 4.15)

3.84 (3.20, 4.44)

3.55(2.96, 4.11)

0.50 (0.40, 0.60)

Male

1.23(1.00, 1.52)

0.20(0.16, 0.25)

4.21 (3.18,5.29)

0.58 (0.44, 0.72)

3.70 (3.20, 4.10)

5-14

0.02 (0.02, 0.03)

0.02 (0.02, 0.03)

0.01 (0.01, 0.02)

0.02 (0.01, 0.02)

-0.70 (-1.00, -0.30)

15-49

0.25(0.20, 0.30)

0.07 (0.06, 0.09)

0.46 (0.34, 0.58)

0.12 (0.09, 0.16)

1.90 (1.50, 2.30)

50-69

0.55 (044, 0.69)

0.69 (0.55, 0.87)

1.50 (1.12,1.92)

0.81 (0.60, 1.04)

0.60 (0.20, 0.90)

>70

0.41 (0.34, 0.54)

2.49(2.08, 3.30)

2.25(1.71,2.73)

4.56 (3.47, 5.54)

2.20(1.70, 2.70)

Female

2.09 (1.71, 2.68)

0.36 (0.30, 0.47)

3.03 (2.40, 3.76)

0.43 (0.34, 0.54)

0.60 (0.50, 0.70)

5-14

0.03 (0.02, 0.04)

0.03 (0.02, 0.04)

0.01 (0.01, 0.01)

0.01 (0.01, 0.01)

-2.90 (-4.30, -1.60)

15-49

0.45 (0.33, 0.58)

0.14 (0.10, 0.18)

0.28 (0.21, 0.38)

0.08 (0.06, 0.11)

-2.00 (-2.90, -1.20)

50-69

0.85(0.67, 1.11)

1.14 (0.91, 1.50)

1.15 (0.90, 1.46)

0.62 (0.49, 0.79)

-2.10 (-2.50, -1.70)

=70

0.76 (0.64, 1.08)

3.51 (2.94, 4.98)

1.59 (1.26, 1.96)

2.71(2.15,3.34)

-0.90 (-1.10, -0.80)

G20

Both

16.59 (15.61, 18.26)

0.45 (0.42, 0.49)

31.45 (28.40, 33.88)

0.65 (0.58, 0.70)

1.30 (1.20, 1.30)

5-14

0.13(0.11, 0.14)

0.02 (0.01, 0.02)

0.08 (0.08, 0.10)

0.01 (0.01, 0.01)

-1.20 (-1.50, -0.80)

15-49

242 (2.13,2.77)

0.12 (0.11, 0.14)

3.36 (3.01, 3.71)

0.14 (0.12,0.15)

0.30 (0.10, 0.50)

50-69

6.66 (6.29, 7.27)

1.28 (1.21, 1.40)

11.21 (10.26, 12.08)

1.10 (1.00, 1.18)

-0.50 (-0.70, -0.40)

>70

7.38 (6.80, 8.15)

4.67 (4.30, 5.15)

16.80 (14.55, 18.06)

4.57 (3.96, 4.92)

-0.10 (-0.10, 0.00)

Male

5.58 (5.18, 6.06)

0.30(0.28, 0.32)

13.54 (12.03, 14.88)

0.55 (0.49, 0.61)

2.10 (2.10, 2.20)

5-14

0.06 (0.05, 0.07)

0.02 (0.01, 0.02)

0.05 (0.04, 0.05)

0.01 (0.01, 0.01)

-0.80 (-1.20, -0.40)

15-49

0.88 (0.80, 0.99)

0.09 (0.08, 0.10)

1.54 (1.35, 1.72)

0.12 (0.11, 0.14)

1.10 (0.90, 1.30)

50-69

2.57 (2.37,2.82)

1.00(0.92, 1.10)

5.21 (4.65, 5.80)

1.04 (0.92,1.15)

0.10 (0.00, 0.20)

>70

2.07 (1.93,2.26)

3.29 (3.06, 3.58)

6.75 (5.76, 7.40)

4.21 (3.59, 4.62)

0.90 (0.70, 1.00)

Female

11.01 (10.13, 12.29)

0.60 (0.55, 0.67)

17.91 (15.83, 19.73)

0.74 (0.66, 0.82)

0.70 (0.70, 0.80)

5-14

0.07 (0.05, 0.08)

0.02 (0.01, 0.02)

0.04 (0.03, 0.05)

0.01 (0.01, 0.01)

-1.60 (-2.00, -1.10)

15-49

1.54 (1.25,1.82)

0.16 (0.13, 0.19)

1.82(1.52,2.13)

0.15(0.13,0.18)

-0.20 (-0.50, 0.10)

50—-69

4.10 (3.77, 4.64)

1.56 (143, 1.76)

6.00 (5.24, 6.69)

1.15 (1.01, 1.29)

-1.00 (-1.10, -0.90)

>70

5.31 (4.81, 5.93)

5.58 (5.05, 6.23)

10.05 (8.53, 11.02)

4.85 (4.12,5.32)

-0.50 (-0.60, -0.40)

*Expressed in years.

AAPC — average annual percent change, ASMR — age-standardised mortality rate, G20 — Group of Twenty, Ul — uncertainty interval

decelerated post 2010. On the other hand, the MIR for women in the G20 countries had remained stable
since 2009 (Figure 3, panels C, F).

Our analysis highlighted that the 15-49 age group constituted the majority of the thyroid cancer popula-
tion, with the ASR showcasing the most rapid growth. To further understand this trend, we employed join-
point regression analysis. The ASIR increased throughout the observed period in China, especially between
2006 and 2010 (Figure S1 in the Online Supplementary Document). Remarkably, among Chinese women
in this age group, the ASIR showed a significant increase from 1993 to 2000, followed by a swift decline
from 2000 to 2003 (Figure S1 in the Online Supplementary Document). The ASMR for this age group in
China showed varying declines, while in the G20 countries, it displayed oscillating increases (Figure S1 in
the Online Supplementary Document).

Prediction of ASIR and ASMR of thyroid cancer

The ASIR is predicted to increase by 49.1% from 2019 to 2040, with the most significant increase expected
in the group aged 50—69 (Table 5, Figure 4, panels A, C). In contrast, the group aged over 70 is expected to
see a decline in ASIR in China, while remaining stable in the G20 countries (Figure 4, panels A, C). Over
the upcoming two decades, the ASIR for women in China is predicted to stabilise, whereas an upward trend
is foreseen for the G20 countries (Figure 4, panels A, C). Moreover, a decline in ASIR for men is projected
only for the group aged over 70 in China and for the age group aged 5-14 and 14-49 in the G20 countries
(Figure 4, panels A, C).
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Figure 2. The trend of ASIR, ASMR and ASR of MIR of thyroid cancer. Panels A-C. The trend of ASIR (A), ASMR (B)
and ASR of MIR (C) in different age group, genders in China from 1990 to 2019. Panels D-F. The trend of ASIR (D),
ASMR (E) and ASR of MIR (F) in different age group, genders in the G20 countries. ASIR — age-standardised inci-
dence rate, ASMR — age-standardised mortality rate, G20 — Group of Twenty, MIR — mortality-incidence ratio

The ASMR is also predicted to increase over the next 20 years. Notably, the group aged over 70, which
records the highest proportion of thyroid cancer fatalities, is predicted to experience a reduction in their
ASMR by 2040 (Table 5, Figure 4, panels B, D). Additionally, while the ASMR for men in the 15-49 age
group in China is anticipated to decrease, an increase is expected for women in China and for both genders
in the G20 countries (Figure 4, panels B, D).

The trend of thyroid cancer deaths attributable to risk factor in the G20 countries

The percentage of thyroid cancer deaths attributable to high body mass index (BMI) exhibited an escalating
trend from 1990 to 2019, with variations across the G20 countries. Saudi Arabia recorded the most sub-
stantial rise from 12.4% in 1990 to 23.6% in 2019 (Figure 5). Similarly, China also witnessed an increase,
with this percentage rising from 3.2 to 7.4% (Figure 5). Among the G20 countries, Japan had the least pro-
nounced increase over this period (Figure 5).

Association between AAPC of ASIR, ASMR and SDI

The analysis revealed a negative relationship between SDI and AAPC of ASIR (r=0.567, P=0.011). Notably,
Sandi Arabic, Republic of Korea exhibited a higher AAPC of ASIR compared to countries with analogous SDI
(Figure 6, panel A). In contrast, South Africa, Argentina and Italy obtained a lower AAPC than the average
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Table 3. The DALYs cases, age-standardised rates, and temporal trend of thyroid cancer from 1990 to 2019

Characteristics 1990 2019 1990-2019
DALYs ASDR per 100000 DALYs ASDR per 100000 AAPC

No. x10° (95% UI) No. (95% UI) No. x10° (95% UI) No. (95% UI) No. (95% UI)
China*
Both 103.49 (87.96, 124.72) 8.74 (743, 10.54) 187.32 (156.24, 219.11) 13.17 (10.98, 15.40) 1.40 (1.10, 1.70)
5-14 4.27 (3.08, 4.91) 2.06(1.49,2.37) 1.91 (1.49,2.22) 1.33 (1.04, 1.55) -1.40 (-2.40, -0.30)
15-49 38.51 (30.66, 45.95) 5.76 (4.59, 6.87) 43.53 (36.39, 51.85) 6.04 (5.05, 7.19) 0.20 (-0.40, 0.90)
50-69 43.04 (36.40, 52.96) 27.94 (23.63, 34.38) 87.32 (71.95, 103.65) 23.67 (19.51, 28.10) -0.60 (-0.90, -0.30)
>70 17.67 (15.36, 24.11) 46.18 (40.15, 63.01) 54.56 (45.32, 62.92) 50.53 (41.97, 58.28) 0.30 (0.10, 0.60)
Male 38.44 (31.36, 46.79) 6.30 (5.14, 7.67) 107.11 (81.45, 133.26) 14.78 (11.24, 18.39) 2.90(2.70, 3.20)
5-14 1.89 (1.53,2.21) 1.76 (1.43, 2.06) 1.17 (0.83, 1.43) 1.51 (1.07, 1.84) -0.60 (-1.00, -0.10)
15-49 13.21 (10.65, 16.01) 3.82 (3.08, 4.63) 25.10(18.92,30.98) 6.79 (5.12, 8.38) 2.00 (1.60, 2.40)
50-69 17.21 (13.63, 21.60) 21.57 (17.08, 27.07) 49.66 (37.33, 62.99) 26.92 (20.24, 34.14) 0.80 (0.50, 1.10)
>70 6.13 (5.10, 8.16) 37.12 (30.90, 49.43) 31.17 (23.65, 37.84) 63.31 (48.03, 76.86) 1.90 (1.50, 2.30)
Female 65.05 (52.36, 80.81) 11.34 (9.13, 14.09) 80.21 (64.74, 99.49) 11.50 (9.28, 14.26) 0.00 (-0.30, 0.40)
5-14 2.38(1.39,2.93) 2.38(1.39, 2.93) 0.74 (0.62, 0.85) 1.12 (0.94,1.29) -2.50 (-3.90, -1.10)
15-49 25.30 (18.55, 32.16) 7.83 (5.74,9.96) 18.43 (14.26, 24.16) 5.25 (4.06, 6.88) -1.50 (-2.50, -0.50)
50-69 25.83 (20.73, 33.39) 34.79 (27.92, 44.96) 37.66 (29.89, 47.02) 2042 (16.21, 25.50) -1.80 (-2.30, -1.40)
>70 11.54 (9.57, 16.71) 53.05 (43.99, 76.81) 23.38 (18.86, 28.62) 39.82 (32.12,48.73) -1.00 (-1.20, -0.90)
G20
Both 464.98 (432.00, 513.06) 12.56 (11.67, 13.86) 806.22 (733.39, 869.47) 16.58 (15.08, 17.88) 1.00 (0.80, 1.10)
5-14 10.55 (8.71, 11.90) 149 (1.23, 1.68) 7.35(6.55, 8.27) 1.10 (0.98,1.23) -1.00 (-1.40, -0.60)
15-49 137.70 (119.84, 157.03) 7.11 (6.19, 8.10) 199.17 (176.79, 220.00) 8.03 (7.13, 8.87) 0.50 (0.30, 0.60)
50-69 207.51 (194.88, 225.35) 39.92 (37.49, 43.35) 362.15 (328.09, 391.33) 35.43 (32.10, 38.28) -0.40 (-0.50, -0.30)
>70 109.23 (101.89, 120.52) 69.06 (64.42, 76.20) 237.54 (210.04, 255.34) 64.67 (57.18, 69.51) -0.30 (=0.30, -0.20)
Male 164.92 (152.22, 181.44) 8.82 (8.14, 9.70) 354.76 (315.15, 390.69) 14.49 (12.87, 15.96) 1.70 (1.60, 1.80)
5-14 496 (4.28,5.77) 1.36 (1.17, 1.58) 3.85(3.36, 4.35) 1.10 (0.96, 1.24) -0.70 (-1.10, -0.30)
15-49 47.94 (43.38, 54.03) 4.85 (4.39, 5.46) 8548 (7542, 95.15) 6.75 (5.96, 7.52) 1.20 (0.90, 1.40)
50-69 80.35 (74.09, 88.35) 31.33 (28.89, 34.45) 167.80 (148.22,186.20) 33.40 (29.50, 37.06) 0.20 (0.10, 0.30)
>70 31.67 (29.53, 34.51) 50.24 (46.84, 54.74) 97.62 (85.05, 106.68) 60.90 (53.06, 66.55) 0.70 (0.50, 0.80)
Female 300.07 (269.57, 338.36) 16.38 (14.71, 18.47) 451.46 (398.87, 500.97) 18.69 (16.51, 20.74) 0.50 (0.30, 0.60)
5-14 5.59 (4.12, 6.67) 1.63 (1.20, 1.94) 3.50 (3.05, 4.03) 1.09 (0.95, 1.26) -1.40 (-1.80, -0.90)
15-49 89.75 (73.14, 104.59) 946 (7.71,11.03) 113.69 (95.58, 130.71) 9.36 (7.87,10.77) 0.00 (-0.30, 0.30)
50-69 127.16 (116.00, 142.89) 48.29 (44.05, 54.26) 194.35 (169.76, 215.90) 37.39 (32.66, 41.53) -0.90 (-1.00, -0.70)
>70 77.56 (71.44, 86.99) 81.54 (75.11, 91.46) 139.92 (121.50, 152.60) 67.58 (58.68, 73.70) -0.60 (-0.80, 0.50)

*Expressed in years.
AAPC —average annual percent change, ASDR — age standardised DALYs rate, DALYs — disability-adjusted life years, G20 — Group of Twenty, Ul — uncer-
tainty interval

level (Figure 6, panel A). While the AAPC of the ASMR tended to decrease as SDI increased, no statisti-
cally significant correlation was found between them (Figure 6, panel B). Among the G20 countries, Japan
obtained a higher AAPC than the average, while France, Argentina, Italy and UK showcased a lower AAPC
than the average (Figure 6, panel B).

DISCUSSION

Thyroid cancer is emerging as a significant global health challenge, characterised by its increasing incidence
and mortality cases. The GBD study allows us to study the disease burden, predict and compare the disease
trend [27]. In our study, we initially examined and compared the trend of thyroid cancer in incidence, mor-
tality and MIR in China and the G20 countries. Additionally, we made predictions for the next two decades,
considering various age groups, genders, and countries. These findings hold the potential to inform resource
allocation strategies and the development of effective intervention measures.

Our study revealed a continuous increase in thyroid cancer incidence over the past 30 years, with projec-
tions indicating further increases in the next 20 years. The advancements in imaging examinations, ultra-
sonic examinations, and biopsies have significantly contributed to overdiagnosis [3,28,29]. Additionally,
the promotion of cancer screening programmes has further exacerbated the issue [30]. However, recent
thyroid cancer guidelines have emphasised the importance of active surveillance, particularly for patients
with TINOMO thyroid cancer [31]. Unfortunately, due to insufficient awareness of active surveillance, some
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Figure 3. The joinpoint regression analysis of ASIR, ASMR and ASR of MIR in thyroid cancer. Panels A-C. Joinpoint regression analy-
sis of ASIR (A), ASMR (B) and ASR of MIR (C) in thyroid cancer in China for genders from 1990 to 2019. Panels D-F. Joinpoint regres-
sion analysis of ASIR (D), ASMR (E) and ASR of MIR (F) in thyroid cancer in the G20 countries for genders from 1990 to 2019. ASIR
— age-standardised incidence rate, ASMR — age-standardised mortality rate, G20 — Group of Twenty, MIR — mortality-incidence ratio

patients who could benefit from this approach have been subjected to overdiagnosis and overtreatment.
With the expansion of active surveillance, stricter criteria for biopsies, and updates to guidelines, the con-
tinuously increasing incidence of thyroid cancer may be curbed in the future. While overdiagnosis and
overtreatment likely contribute to the increasing trend of thyroid cancer, it is important to note that these
factors may not fully account for the upward trajectory [32]. A noteworthy shift occurred in 2015 when the
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Table 4. The MIR and temporal trend of thyroid cancer American Thyroid Association (ATA) revised its management guide-
from 1990 to 2019 lines, adopting a more conservative approach to the diagnosis and

Characteristics 1990 2019 1990-2019 treatment of thyroid cancer [33]. However, the incidence has not
MIR MIR AAPC decreased but has continued to rise after 2015. A study conducted by
No. (95% UD) Lim also reported an increase in thyroid cancer incidence and mor-
China* tality among advanced-stage PTC patients in the US since 1974, indi-
Both 033 019  -200(-220,-1.80) cating a true increase in the incidence [34]. Therefore, we should pay
514 0.18 0.05 -+.00 (-4.30, -3.70) more attention to other risk factors, such as environmental factors,
15-49 0.14 005  -3.60(390,-330) genetic factors, obesity [35,36]. Our study identified a deceleration
50-69 040 015 -320(3.30,-3.10) in the rising trend of thyroid cancer incidence from 2011 to 2016 in
>70 0.93 0.64 -1.30 (-1.40, -1.20) . . . . .
Ml 049 026 2.20(240 _190) Chinaand frgm 2010 to 2015 in the G20 countries. Thls decele'ratlon
o 026 007 —4.20 (430, 410) could be attributed to increased awareness of education and disease
T 035 008 3.0 (C4.10. 3.70) prevention during this period, coupled with improved iodine sup-
50-60 053 021 3.0 (340, 3.00) plementation practices [37]. Previous study indicated that variations
>70 103 077 -1.00 (_1.00. -0.90) in iodine intake might not directly impact the risk of thyroid cancer
Female 028 013 -2.50 (-2.70. -2.30) but might result in thyroid cancer transforming into less malignant
5_14 0.14 004  —4.60 (-4.70, -450) subtypes [38]. In China, iodized salt was promoted nationwide in
15-49 0.11 0.03  -4.50 (-4.60, -4.30) 1996. These might provide a potential explanation for the decreas-
50-69 0.34 011  -3.70(-3.80, -3.60) ing trend of incidence during this specific timeframe.
27200 089 051 -190(2.00,-180) In term of genders, the ASIR in China and the G20 countries, ASMR
Both 034 019 —090 100, -090) in the G20 countries, ASDR in the G20 countries were all higher in
514 013 007 -230(2.50.-2.10) women than that in men. However, the AAPC of ASIR, ASMR, ASDR
1549 0.09 006 2170 (-1.90, —1.60) and ASR of MIR were all higher in men than in women. Previous
5069 023 015  -140 (-1.50.-1.30) studies indicated that gender, age, race and ethnicity were the most
>70 0.61 051  -0.60 (-0.70, -0.50) risk factors for thyroid cancer [5]. Additionally, women had a 3-fold
Male 0.29 023  -0.80 (~0.90, -0.70) higher incidence than men in thyroid cancer [34]. One reason for this
5-14 0.18 0.09  -240(-2.60,-2.20) difference was the variation in the screening opportunities available
15-49 0.13 0.08  -1.60 (-1.80, -1.40) to different genders. Women were more likely to seek and make use
50-69 0.29 019  -140(-150,-1.30) of health care than men, whereas men were more frequently diag-
270 0.65 057 -0.50(-0.50, -0.40) nosed at older ages and at more advanced PTC [39,40]. Moreover, the
Female 022 016  -110(-120,-100) risk factors were different between genders. A study indicated that in
>-14 0.10 0.05  -240(-2.60,-2.20) utero exposure may increase the risk of thyroid cancer in offspring
15-49 0.08 0.04 -200(210,-190) [41]. Another study suggested a strong association of parity (=3 preg-
50-69 0.20 013  -160(170,-140) nancies) with the risk of thyroid cancer, and recent pregnancy was
=10 0.59 048 -0.80(-0.80,-0.70) also related with transient increased risk of thyroid cancer [42]. A
“Expressed in years. recent study discovered that oestrogen promoted growth of thyroid

AAPC —average annual percent change, G20 — Group of Twenty,
MIR — mortality-incidence ratio, Ul — uncertainty interval

cancer through classical genomic pathways and non-genomic path-
ways, mediated by membrane-bound oestrogen receptors. Several
signal pathways involved in the process, such as AKT/mTOR path-
way, ERK pathway, VEGF pathway, and etc [43]. Moreover, studies also demonstrated that thyroid autoim-
mune were risk factors for women, while smoking and alcohol consumption were protected factors for men
[44-48]. Obesity represented another significant risk factor for thyroid cancer, and it had a substantially
greater impact on men than on women. To reduce the AAPC of ASR, additional medical screening oppor-
tunities for men are advisable.

In term of age, the ASIR increased across all age groups, with the most significant rise occurring in the group
aged 15-49. Several factors may contribute to this increase, including the widespread use of ultrasound and
fine-needle aspiration biopsy and the overall increase in medical exposure [49,50]. Similar to our findings,
studies also found that the thyroid cancer incidence in women increased rapidly after the age of 15, and
reached a peak at the age of 40-45 [37,51]. A meta-analysis also found that the menopausal age in women
was an independent risk factor for thyroid cancer [52]. Moreover, the significant increase in ASIR among
group aged 15—49 was also closely associated with their level of education and their awareness of health and
disease [53]. Moreover, a study demonstrated that the highest percentage of CT scans, identified as a risk
factor for thyroid cancer, occurred in individuals aged 36-50 [54]. The RET/PTC rearrangement in thyroid
tumours was found to be more prevalent in children and young adults [55]. The ASMR decreased in women
across all age groups, but significantly increased in the group aged over 70. Furthermore, the decline in ASR
of MIR among the group aged over 70 was more substantial compared to other age groups. Similar find-
ings had been replicated in various other studies, and this trend might be attributed to the following factors
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Figure 4. Prediction of ASIR and ASMR of thyroid cancer. Panels A-B. Prediction of ASIR (A) and ASMR (B) of thyroid
cancer in different age groups and genders in China until 2040. Panels C-D. Prediction of ASIR (C) and ASMR (D)
of thyroid cancer in different age groups and genders in the G20 countries. ASIR — age-standardised incidence rate,
ASMR - age-standardised mortality rate, G20 — Group of Twenty

[9,10]. First, improvements in medical care have extended the survival time of cancer patients. Second, the
aging of the population has led to an increase in the elderly population, which has subsequently affected
the mortality of thyroid cancer [56]. Third, previous study indicated that thyroid cancer patients in men
were diagnosed later and at a more advanced stage, resulting in a poorer prognosis [40]. Four, in the past,
due to limitations in health care conditions, some elderly people died at home and were not included in the
statistics. However, there has been a notable increase in the number of elderly people dying in hospitals,
further affecting the mortality [10]. Among thyroid cancer patients aged over 70, the risk increases signifi-
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Table 5. The prediction of mortality and incidence High BMI  High BMI
ASR of thyroid cancer in 2040 ]
P —
ASIR per 100000 ASMR per 100000 Australis -
No. No. Brazil 9.5%
China* Canada 11.8%
Both 4.10 073 China  |[NSEI0NN
5-14 0.22 0.02 European Union 11.5%
15-49 1.86 0.11 France 9.3%,
50-69 748 0.80 Germany 11.6%
>70 3.96 3.27 India -
Male 4.03 0.86 Indonesia -
15245 250 o 03
50-69 6.13 0.76 tapan - [NSIO0GRN
>70 540 3.36 Mexico | 124%
Female 3.52 0.50 Republic of Korea _
5-14 0.27 0.02 Russian Federation 13.1%
15-49 2.21 0.12 Saudi Arabia 12.4%
20-69 4.88 0.79 South Africa  13.5%
>70 4.90 3.03 Turkey 13.8%
G20 >.10 0.79 United Kingdom 12.0%
Both
514 018 001 United States of America 13.2%
15-49 2.21 0.14
50-69 7.31 0.96 BRI
270 8.88 3.88 Figure 5. The attributable risk factors of thyroid can-
Male 3.65 0.57 cer in the G20 countries in 1990 and 2019. BMI —
5-14 0.13 0.01 body mass index, G20 — Group of Twenty
15-49 1.38 0.15
50-69 6.13 1.03 cantly, and this increase was not liner in nature [10]. Fortunately, while
270 8.08 4.03 the ASIR and ASMR are predicted to increase in the future, the group
Female 597 0.83 aged 70 is exhibiting a decrease trend both in ASIR and ASMR over the
>-14 022 0.02 next 20 years. This positive trend is closely linked to expanded health
15-49 41 0.16 care coverage for the population, enhancements in thyroid cancer man-
50-69 8.01 091 agement, and improvements in population demographics.
270 10.83 4.32

. . Obesity represents a significant risk factor for thyroid cancer, particu-

Expressed in years. o
ASIR - age standardised incidence rate, ASMR — age stan-  1arly among women [57]. A study revealed that individuals who were
dardised mortality rate, ASR — age standardised rate, G20 overweight faced a 25% higher risk of developing thyroid cancer com-
— Group of Twenty pared to those with a normal body weight, while obese individuals had
a 55% increased risk [58]. In our study, the percentage of thyroid cancer

® - r=-0.567, p=0.011
Repubic of Korea
° <
Saud Aravi ) r=-0.300, p=0.212
Repubic of Korea
©
o
x s
Z 2 o
T <A w5
O Russian Federation ©)
=
3 @ o <
Australia < v
- UntedswesotAmerca [ socmaion
" - .o
Unied Kingoom (@) conace 7 Uit Kingdom
P ° )
i @ e 2. 2, it ° oo
o - Franco
T T T T T T T T T T T T
0.3 04 0.5 0.6 0.7 0.8 03 0.4 0.5 0.6 0.7 0.8
SDI in 1990 SDlin 1990

Figure 6. The correlation between SDI and AAPC of ASIR and ASMR in the G20 countries. Panel A. The correlation between SDI and
AAPC of ASIR. Panel B. The correlation between SDI and AAPC of ASMR. AAPC — average annual percent change, ASIR — age-stan-
dardised incidence rate, ASMR — age-standardised mortality rate, G20 — Group of Twenty, SDI — sociodemographic index
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deaths attributable to high BMI escalated in the G20 countries from 1990 to 2019. This phenomenon can
be attributed to various factors. First, economic growth and improvements in quality of life have contrib-
uted to the increasing prevalence of obesity. A study found that in low-income countries, obesity mainly
affected middle-aged women from affluent urban areas, whereas in high-income countries, obesity affected
all population groups, with a more significant impact on vulnerable populations [59]. Second, changes in
dietary habits, the growing consumption of processed foods, and the emergence of high-calorie junk food
have also played a role in the obesity epidemic [7,60]. Interestingly, our study uncovered differences in the
attributable mortality rates between Asian countries (e.g. Japan, China) and Western countries, with the
former experiencing lower rates and the latter witnessing a faster increase. Dietary habits are a significant
contributing factor to this disparity [7]. Fortunately, as awareness of the risks associated with obesity has
grown, there has been a notable deceleration in its increasing trend, particularly in developed countries

[61]. By promoting better dietary choices and more effective weight management, it is possible to reverse
the increasing trend of thyroid cancer in the future.

In the relationship analysis, our study identified that Sandi Arabic exhibited a higher AAPC of ASIR com-
pared to countries with analogous SDI scores. Over the past three decades, Saudi Arabia has undergone
significant demographic, economic, and cultural changes, all of which have had an impact on health man-
agement strategies, including those related to thyroid cancer. Alongside well-established risk factors such as
lifestyle changes, radiation exposure and obesity, long-term exposure to particulate-laden dust storms and
environmental air pollution have contributed to an increased risk of thyroid cancer [62]. In addition, Korea
exhibited a higher AAPC of ASIR and ASMR than other countries with similar SDI scores. It was closely
related to Korea’s introduction of free cancer screening in 1999. Cancer screening not only leads to a sig-
nificant increase in the incidence of thyroid cancer, but also results in more neck examinations, exposing
the population to additional medical-related radiation [63]. Moreover, population aging in Korea also influ-
ences the trend of thyroid cancer [64].

Our study is subject to several limitations that should be considered when interpreting the findings. First,
the accuracy of our findings relies on the quality of the original data from the GBD study. However, the
GBD study lacks population data from remote areas, and differences in diagnostic criteria can introduce bias
into the analysis. This geographic and diagnostic inconsistency could distort our understanding of the dis-
ease’s actual impact, especially in underserved regions. This might result in the misallocation of health care
resources or biased assessments of risk factors. Second, thyroid cancer has numerous risk factors, including
obesity, genetics, radiation exposure, endocrine-disrupting chemicals, and more. However, the GBD study
only includes obesity as one of these risk factors for thyroid cancer. This omission might lead to an incom-
plete analysis of the disease’s aetiology, compromising the development of comprehensive prevention and
intervention strategies that encompass all significant risk factors. Third, the thyroid cancer data in GBD
study does not include information on pathological types or clinical staging. Such data could offer insights
into disease severity, prognosis, and the effectiveness of different treatment modalities. Without this infor-
mation, research and health care strategies might not be optimally tailored to the specific characteristics of
thyroid cancer, affecting the study’s applicability in clinical settings.

CONCLUSIONS

The escalating incidence of thyroid cancer poses a substantial global burden, particularly due to the chal-
lenges of overdiagnosis and overtreatment, which can exert long-term effects on patients. It is important
to promote active surveillance, establish stricter biopsy criteria, and timely update of guidelines to reduce
overdiagnosis and overtreatment. Moreover, it’s crucial to deliberate on and identify the target population
for thyroid cancer screening, as opposed to advocating for universal screening. Although thyroid cancer is
a global public health concern, its trends vary among the G20 countries. Recognising the risk factors which
cause these variations is essential for the development of tailored strategies. Measures targeting obesity,
iodine intake, and thyroiditis might reduce the incidence and the unnecessary use of medical resources.
Additionally, focusing on high-risk populations through targeted surveillance can help alleviate the grow-
ing disease burden effectively.

www.jogh.org ¢ doi: 10.7189/jogh.14.04131 13 2024 « VOL. 14 « 04131



Gongetal.

Acknowledgements: We are indebted to individuals who have participated in this study or have helped with this article.
Data availability: All original data is available at http://www.healthdata.org/gbd.

Funding: This study was supported by Provincial Natural Science Foundation of Hunan (No. 2023]J30769, 2022JJ30800),
Health Research Project of Hunan Provincial Health Commission (No. W20243103), Natural Science Foundation of

Changsha (No. kq2208345), The Central South University Graduate Independent Exploration and Innovation Project
(N0.2023ZZTS0851).

Authorship contributions: Study design: Gong Y and Liu SS. Data collection: Jiang Q and Zhai MM. Data analysis: Zhai

MM, Jiang Q and Liu SS. Figures: Gong Y and Tang TL. Manuscript writing: Gong Y, Tang TL and Liu SS. Manuscript
proofing: Jiang Q and Liu SS.

Disclosure of interest: The authors completed the ICMJE Disclosure of Interest Form (available upon request from the
corresponding author) and disclose no relevant interests.

Additional material

Online Supplementary Document

REFERENCES
1 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2018;68:394-424. Medline:30207593
doi:10.3322/caac.21492
2 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin. 2021;71:209-49.
Medline:33538338 doi:10.3322/caac.21660
3 Chen DW, Lang BHH, McLeod DSA, Newbold K, Haymart MR. Thyroid cancer. Lancet. 2023;401:1531—44. Medline:37023783
doi:10.1016/S0140-6736(23)00020-X
4 Cao W, Qin K, Li F, Chen W. Socioeconomic inequalities in cancer incidence and mortality: An analysis of GLOBOCAN
2022. Chin Med J (Engl). 2024. Medline:38616547 doi:10.1097/CM9.0000000000003140
5 Boucai L, Zafereo M, Cabanillas ME. Thyroid Cancer: A Review. JAMA. 2024;331:425-35. Medline:38319329 doi:10.1001/
jama.2023.26348
6 Kitahara CM, Sosa JA. Understanding the ever-changing incidence of thyroid cancer. Nat Rev Endocrinol. 2020;16:617-8.
Medline:32895503 doi:10.1038/541574-020-00414-9
7 Zhai M, Zhang D, Long J, Gong Y, Ye F, Liu S, 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;10:4542-54.
Medline:34002931 doi:10.1002/cam4.3970
8 Cheng F, Xiao J, Shao C, Huang F, Wang L, Ju Y, et al. Burden of Thyroid Cancer From 1990 to 2019 and Projections of
Incidence and Mortality Until 2039 in China: Findings From Global Burden of Disease Study. Front Endocrinol (Lausanne).
2021;12:738213. Medline:34690931 doi:10.3389/fendo.2021.738213
9 Deng Y, Li H, Wang M, Li N, Tian T, Wu Y, et al. Global Burden of Thyroid Cancer From 1990 to 2017. JAMA Netw Open.
2020;3:¢208759. Medline:32589231 doi:10.1001/jamanetworkopen.2020.8759
10 Wu J, Zhao X, Sun J, Cheng C, Yin C, Bai R. The epidemic of thyroid cancer in China: Current trends and future predic-
tion. Front Oncol. 2022;12:932729. Medline:36119514 doi:10.3389/fonc.2022.932729
11 Jin S, Luo L, Xu X, Xia K. Thyroid cancer burden and risk factors in China from 1990-2019: a systematic analysis using
the global burden of disease study. Front Oncol. 2023;13:1231636. Medline:38023126 doi:10.3389/fonc.2023.1231636
12 Xu L, Cao ZX, Weng X, Wang CF. Global thyroid cancer incidence trend and age-period-cohort model analysis based on
Global Burden of Disease Study from 1990 to 2019. Front Endocrinol (Lausanne). 2023;14:1133098. Medline:37124740
doi:10.3389/fend0.2023.1133098
13 CuiY, Mubarik S, Li R, Nawsherwan YuC. Trend dynamics of thyroid cancer incidence among China and the U.S. adult pop-
ulation from 1990 to 2017: a joinpoint and age-period-cohort analysis. BMC Public Health. 2021;21:624. Medline:33789605
doi:10.1186/512889-021-10635-w
14 Schuster-Bruce J, Jani C, Goodall R, Kim D, Hughes W, Salciccioli JD, et al. A Comparison of the Burden of Thyroid
Cancer Among the European Union 15+ Countries, 1990-2019: Estimates From the Global Burden of Disease Study. JAMA
Otolaryngol Head Neck Surg. 2022;148:350-9. Medline:35266977 doi:10.1001/jamaoto.2021.4549
15 Wang C, Wu Z, Lei L, Dong X, Cao W, Luo Z, et al. Geographic disparities in trends of thyroid cancer incidence and
mortality from 1990 to 2019 and a projection to 2030 across income-classified countries and territories. J Glob Health.
2023;13:04108. Medline:37766638 doi:10.7189/jogh.13.04108
16 Dieleman JL, Cowling K, Agyepong IA, Alkenbrack S, Bollyky TJ, Bump JB, et al. The G20 and development assistance
for health: historical trends and crucial questions to inform a new era. Lancet. 2019;394:173-83. Medline:31257126
doi:10.1016/50140-6736(19)31333-9
17 Long]J, Zhai M, Jiang Q, LiJ, Xu C, Chen D. The incidence and mortality of lung cancer in China: a trend analysis and com-
parison with G20 based on the Global Burden of Disease Study 2019. Front Oncol. 2023;13:1177482. Medline:37621689
doi:10.3389/fonc.2023.1177482

2024 « VOL. 14 « 04131 14 www.jogh.org e doi: 10.7189/jogh.14.04131


https://pubmed.ncbi.nlm.nih.gov/30207593
https://doi.org/10.3322/caac.21492
https://pubmed.ncbi.nlm.nih.gov/33538338
https://pubmed.ncbi.nlm.nih.gov/33538338
https://doi.org/10.3322/caac.21660
https://pubmed.ncbi.nlm.nih.gov/37023783
https://doi.org/10.1016/S0140-6736(23)00020-X
https://pubmed.ncbi.nlm.nih.gov/38616547
https://doi.org/10.1097/CM9.0000000000003140
https://pubmed.ncbi.nlm.nih.gov/38319329
https://doi.org/10.1001/jama.2023.26348
https://doi.org/10.1001/jama.2023.26348
https://pubmed.ncbi.nlm.nih.gov/32895503
https://pubmed.ncbi.nlm.nih.gov/32895503
https://doi.org/10.1038/s41574-020-00414-9
https://pubmed.ncbi.nlm.nih.gov/34002931
https://pubmed.ncbi.nlm.nih.gov/34002931
https://doi.org/10.1002/cam4.3970
https://pubmed.ncbi.nlm.nih.gov/34690931
https://doi.org/10.3389/fendo.2021.738213
https://pubmed.ncbi.nlm.nih.gov/32589231
https://doi.org/10.1001/jamanetworkopen.2020.8759
https://pubmed.ncbi.nlm.nih.gov/36119514
https://doi.org/10.3389/fonc.2022.932729
https://pubmed.ncbi.nlm.nih.gov/38023126
https://doi.org/10.3389/fonc.2023.1231636
https://pubmed.ncbi.nlm.nih.gov/37124740
https://doi.org/10.3389/fendo.2023.1133098
https://pubmed.ncbi.nlm.nih.gov/33789605
https://doi.org/10.1186/s12889-021-10635-w
https://pubmed.ncbi.nlm.nih.gov/35266977
https://doi.org/10.1001/jamaoto.2021.4549
https://pubmed.ncbi.nlm.nih.gov/37766638
https://doi.org/10.7189/jogh.13.04108
https://pubmed.ncbi.nlm.nih.gov/31257126
https://doi.org/10.1016/S0140-6736(19)31333-9
https://pubmed.ncbi.nlm.nih.gov/37621689
https://doi.org/10.3389/fonc.2023.1177482
https://jogh.org/documents/2024/jogh-14-04131-s001.pdf

Comparative trends and projections of thyroid cancer

18 Xu T, Wang B, Liu H, Wang H, Yin P, Dong W, et al. Prevalence and causes of vision loss in China from 1990 to 2019: find-
ings from the Global Burden of Disease Study 2019. Lancet Public Health. 2020;5:e682-91. Medline:33271081 doi:10.1016/
S2468-2667(20)30254-1

19 Yang G, Wang Y, Zeng Y, Gao GF, Liang X, Zhou M, et al. Rapid health transition in China, 1990-2010: findings from the
Global Burden of Disease Study 2010. Lancet. 2013;381:1987-2015. Medline:23746901 doi:10.1016/S0140-6736(13)61097-1

20 Wu D, Wong P, Guo C, Tam LS, Gu J. Pattern and trend of five major musculoskeletal disorders in China from 1990 to
2017: findings from the Global Burden of Disease Study 2017. BMC Med. 2021;19:34. Medline:33536019 doi:10.1186/
s12916-021-01905-w

21 Pan X, Lin X, Huang X, Xu J, Ye L, Zhang T, et al. The Burden of Diabetes-Related Chronic Kidney Disease in China From
1990 to 2019. Front Endocrinol (Lausanne). 2022:13:892860. Medline:35784566 doi:10.3389/fendo.2022.892860

22 Sunkara V, Hébert JR. The application of the mortality-to-incidence ratio for the evaluation of cancer care disparities glob-
ally. Cancer. 2016;122:487-8. Medline:26484652 doi:10.1002/cncr.29746

23 Vollset SE, Goren E, Yuan CW, Cao J, Smith AE, Hsiao T, et al. Fertility, mortality, migration, and population scenarios
for 195 countries and territories from 2017 to 2100: a forecasting analysis for the Global Burden of Disease Study. Lancet.
2020;396:1285-306. Medline:32679112 doi:10.1016/S0140-6736(20)30677-2

24 Xiao J, Liu X, Cheng W, Liu J, Jiang J, Li H, et al. Downward trends in the global burden of congenital complete hearing
loss in children younger than five years from 1990 to 2030. J Glob Health. 2023;13:04120. Medline:37824170 doi:10.7189/
jogh.13.04120

25 Zhai M, Jiang Q, Liu S, Long J, Zhang D, Ren C, et al. DALY trend and predictive analysis of COPD in China and its
provinces: Findings from the global burden of disease study. Front Public Health. 2022;10:1046773. Medline:36620296
doi:10.3389/fpubh.2022.1046773

26 ZhangJ, Ma B, Han X, Ding S, Li Y. Global, regional, and national burdens of HIV and other sexually transmitted infec-
tions in adolescents and young adults aged 10-24 years from 1990 to 2019: a trend analysis based on the Global Burden of
Disease Study 2019. Lancet Child Adolesc Health. 2022;6:763-76. Medline:36108664 doi:10.1016/52352-4642(22)00219-X

27 GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204 countries and territories, 1990-2019: a sys-
tematic analysis for the Global Burden of Disease Study 2019. Lancet. 2020;396:1223-49. Medline:33069327 doi:10.1016/
S0140-6736(20)30752-2

28 Chen AY, Jemal A, Ward EM. Increasing incidence of differentiated thyroid cancer in the United States, 1988-2005. Cancer.
2009;115:3801-7. Medline:19598221 doi:10.1002/cncr.24416

29 Guth S, Theune U, Aberle ], Galach A, Bamberger CM. Very high prevalence of thyroid nodules detected by high fre-
quency (13 MHz) ultrasound examination. Eur J Clin Invest. 2009;39:699-706. Medline:19601965 doi:10.1111/j.1365-
2362.2009.02162.x

30 Ahn HS, Kim HJ, Welch HG. Korea’s thyroid-cancer “epidemic”screening and overdiagnosis. N Engl ] Med. 2014;371:1765—
7. Medline:25372084 doi:10.1056/NEJMp1409841

31 Sugitani I, Ito Y, Takeuchi D, Nakayama H, Masaki C, Shindo H, et al. Indications and Strategy for Active Surveillance
of Adult Low-Risk Papillary Thyroid Microcarcinoma: Consensus Statements from the Japan Association of Endocrine
Surgery Task Force on Management for Papillary Thyroid Microcarcinoma. Thyroid. 2021;31:183-92. Medline:33023426
doi:10.1089/thy.2020.0330

32 Vaccarella S, Franceschi S, Bray F, Wild CP, Plummer M, Dal Maso L. Worldwide Thyroid-Cancer Epidemic? The Increasing
Impact of Overdiagnosis. N Engl ] Med. 2016;375:614—7. Medline:27532827 doi:10.1056/NEJMpl1604412

33 Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE, et al. 2015 American Thyroid Association
Management Guidelines for Adult Patients with Thyroid Nodules and Differentiated Thyroid Cancer: The American
Thyroid Association Guidelines Task Force on Thyroid Nodules and Differentiated Thyroid Cancer. Thyroid. 2016;26:1—
133. Medline:26462967 doi:10.1089/thy.2015.0020

34 Lim H, Devesa SS, Sosa JA, Check D, Kitahara CM. Trends in Thyroid Cancer Incidence and Mortality in the United States,
1974-2013. JAMA. 2017;317:1338-48. Medline:28362912 doi:10.1001/jama.2017.2719

35 Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index and incidence of cancer: a systematic review
and meta-analysis of prospective observational studies. Lancet. 2008;371:569—-78. Medline:18280327 doi:10.1016/S0140-
6736(08)60269-X

36 Pellegriti G, Frasca F, Regalbuto C, Squatrito S, Vigneri R. Worldwide increasing incidence of thyroid cancer: update on
epidemiology and risk factors. ] Cancer Epidemiol. 2013;2013:965212. Medline:23737785 doi:10.1155/2013/965212

37 LiY, Piao J, Li M. Secular Trends in the Epidemiologic Patterns of Thyroid Cancer in China Over Three Decades: An
Updated Systematic Analysis of Global Burden of Disease Study 2019 Data. Front Endocrinol (Lausanne). 2021;12:707233.
Medline:34526968 doi:10.3389/fendo.2021.707233

38 Zimmermann MB, Boelaert K. Iodine deficiency and thyroid disorders. Lancet Diabetes Endocrinol. 2015;3:286-95.
Medline:25591468 doi:10.1016/52213-8587(14)70225-6

39 LeClair K, Bell KJL, Furuya-Kanamori L, Doi SA, Francis DO, Davies L. Evaluation of Gender Inequity in Thyroid Cancer
Diagnosis: Differences by Sex in US Thyroid Cancer Incidence Compared With a Meta-analysis of Subclinical Thyroid
Cancer Rates at Autopsy. JAMA Intern Med. 2021;181:1351-8. Medline:34459841 doi:10.1001/jamainternmed.2021.4804

40 Nilubol N, Zhang L, Kebebew E. Multivariate analysis of the relationship between male sex, disease-specific survival, and
features of tumor aggressiveness in thyroid cancer of follicular cell origin. Thyroid. 2013;23:695-702. Medline:23194434
doi:10.1089/thy.2012.0269

www.jogh.org ¢ doi: 10.7189/jogh.14.04131 15 2024 « VOL. 14 « 04131


https://pubmed.ncbi.nlm.nih.gov/33271081
https://doi.org/10.1016/S2468-2667(20)30254-1
https://doi.org/10.1016/S2468-2667(20)30254-1
https://pubmed.ncbi.nlm.nih.gov/23746901
https://doi.org/10.1016/S0140-6736(13)61097-1
https://pubmed.ncbi.nlm.nih.gov/33536019
https://doi.org/10.1186/s12916-021-01905-w
https://doi.org/10.1186/s12916-021-01905-w
https://pubmed.ncbi.nlm.nih.gov/35784566
https://doi.org/10.3389/fendo.2022.892860
https://pubmed.ncbi.nlm.nih.gov/26484652
https://doi.org/10.1002/cncr.29746
https://pubmed.ncbi.nlm.nih.gov/32679112
https://doi.org/10.1016/S0140-6736(20)30677-2
https://pubmed.ncbi.nlm.nih.gov/37824170
https://doi.org/10.7189/jogh.13.04120
https://doi.org/10.7189/jogh.13.04120
https://pubmed.ncbi.nlm.nih.gov/36620296
https://doi.org/10.3389/fpubh.2022.1046773
https://pubmed.ncbi.nlm.nih.gov/36108664
https://doi.org/10.1016/S2352-4642(22)00219-X
https://pubmed.ncbi.nlm.nih.gov/33069327
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1016/S0140-6736(20)30752-2
https://pubmed.ncbi.nlm.nih.gov/19598221
https://doi.org/10.1002/cncr.24416
https://pubmed.ncbi.nlm.nih.gov/19601965
https://doi.org/10.1111/j.1365-2362.2009.02162.x
https://doi.org/10.1111/j.1365-2362.2009.02162.x
https://pubmed.ncbi.nlm.nih.gov/25372084
https://doi.org/10.1056/NEJMp1409841
https://pubmed.ncbi.nlm.nih.gov/33023426
https://doi.org/10.1089/thy.2020.0330
https://pubmed.ncbi.nlm.nih.gov/27532827
https://doi.org/10.1056/NEJMp1604412
https://pubmed.ncbi.nlm.nih.gov/26462967
https://doi.org/10.1089/thy.2015.0020
https://pubmed.ncbi.nlm.nih.gov/28362912
https://doi.org/10.1001/jama.2017.2719
https://pubmed.ncbi.nlm.nih.gov/18280327
https://doi.org/10.1016/S0140-6736(08)60269-X
https://doi.org/10.1016/S0140-6736(08)60269-X
https://pubmed.ncbi.nlm.nih.gov/23737785
https://doi.org/10.1155/2013/965212
https://pubmed.ncbi.nlm.nih.gov/34526968
https://pubmed.ncbi.nlm.nih.gov/34526968
https://doi.org/10.3389/fendo.2021.707233
https://pubmed.ncbi.nlm.nih.gov/25591468
https://pubmed.ncbi.nlm.nih.gov/25591468
https://doi.org/10.1016/S2213-8587(14)70225-6
https://pubmed.ncbi.nlm.nih.gov/34459841
https://doi.org/10.1001/jamainternmed.2021.4804
https://pubmed.ncbi.nlm.nih.gov/23194434
https://doi.org/10.1089/thy.2012.0269

Gongetal.

41 Kitahara CM, Slettebo Daltveit D, Ekbom A, Engeland A, Gissler M, Glimelius I, et al. Maternal health, in-utero, and perina-
tal exposures and risk of thyroid cancer in offspring: a Nordic population-based nested case-control study. Lancet Diabetes
Endocrinol. 2021;9:94-105. Medline:33347809 doi:10.1016/52213-8587(20)30399-5

42 Khaled H, Al Lahloubi N, Rashad N. A review on thyroid cancer during pregnancy: Multitasking is required. ] Adv Res.
2016;7:565-70. Medline:27408758 doi:10.1016/j.jare.2016.02.007

43 Liu J, Xu T, Ma L, Chang W. Signal Pathway of Estrogen and Estrogen Receptor in the Development of Thyroid Cancer.
Front Oncol. 2021;11:593479. Medline:33996538 doi:10.3389/fonc.2021.593479

44 Ferrari SM, Fallahi P, Elia G, Ragusa F, Ruffilli I, Paparo SR, et al. Thyroid autoimmune disorders and cancer. Semin Cancer
Biol. 2020;64:135-46. Medline:31158464 doi:10.1016/j.semcancer.2019.05.019

45 LiY, Jiang Y, Zhang M, Yin P, Wu F, Zhao W. Drinking behaviour among men and women in China: the 2007 China
Chronic Disease and Risk Factor Surveillance. Addiction. 2011;106:1946-56. Medline:21771141 doi:10.1111/j.1360-
0443.2011.03514.x

46 Feldt-Rasmussen U. Hashimoto’s thyroiditis as a risk factor for thyroid cancer. Curr Opin Endocrinol Diabetes Obes.
2020;27:364-71. Medline:32773575 doi:10.1097/MED.0000000000000570

47 Kitahara CM. D KREF, Jorgensen JOL, Cronin-Fenton D, Sorensen HT. Benign Thyroid Diseases and Risk of Thyroid Cancer:
A Nationwide Cohort Study. J Clin Endocrinol Metab. 2018;103:2216-24. Medline:29590402 doi:10.1210/jc.2017-02599

48 Yeo Y, Shin DW, Han K, Kim D, Kim TH, Chun S, et al. Smoking, Alcohol Consumption, and the Risk of Thyroid Cancer:
A Population-Based Korean Cohort Study of 10 Million People. Thyroid. 2022;32:440-8. Medline:35236095 doi:10.1089/
thy.2021.0675

49 Kitahara CM, Sosa JA. The changing incidence of thyroid cancer. Nat Rev Endocrinol. 2016;12:646-53. Medline:27418023
doi:10.1038/nrendo.2016.110

50 Li M, Zheng R, Dal Maso L, Zhang S, Wei W, Vaccarella S. Mapping overdiagnosis of thyroid cancer in China. Lancet
Diabetes Endocrinol. 2021;9:330-2. Medline:33891886 doi:10.1016/52213-8587(21)00083-8

51 Du L, LiR, Ge M, Wang Y, Li H, Chen W, et al. Incidence and mortality of thyroid cancer in China, 2008-2012. Chin ]
Cancer Res. 2019;31:144-51. Medline:30996572 doi:10.21147/j.issn.1000-9604.2019.01.09

52 Wang P, Lv L, Qi F, Qiu F. Increased risk of papillary thyroid cancer related to hormonal factors in women. Tumour Biol.
2015;36:5127-32. Medline:25669169 doi:10.1007/s13277-015-3165-0

53 Cohen AK, Syme SL. Education: a missed opportunity for public health intervention. Am J Public Health. 2013;103:997-
1001. Medline:23597373 doi:10.2105/AJPH.2012.300993

54 Mettler FA Jr, Wiest PW, Locken JA, Kelsey CA. CT scanning: patterns of use and dose. ] Radiol Prot. 2000;20:353-9.
Medline:11140709 doi:10.1088/0952-4746/20/4/301

55 Nikiforov YE. RET/PTC rearrangement in thyroid tumors. Endocr Pathol. 2002;13:3-16. Medline:12114746 doi:10.1385/
EP:13:1:03

56 Lee R, Mason A. s low fertility really a problem? Population aging, dependency, and consumption. Science. 2014;346:229—
34. Medline:25301626 doi:10.1126/science.1250542

57 Rahman ST, Pandeya N, Neale RE, McLeod DSA, Bain CJ, Baade PD, et al. Obesity Is Associated with BRAF(V600E)-
Mutated Thyroid Cancer. Thyroid. 2020;30:1518-27. Medline:32228152 doi:10.1089/thy.2019.0654

58 Schmid D, Ricci C, Behrens G, Leitzmann MF. Adiposity and risk of thyroid cancer: a systematic review and meta-analy-
sis. Obes Rev. 2015;16:1042-54. Medline:26365757 doi:10.1111/obr.12321

59 Swinburn BA, Sacks G, Hall KD, McPherson K, Finegood DT, Moodie ML, et al. The global obesity pandemic: shaped by
global drivers and local environments. Lancet. 2011;378:804—-14. Medline:21872749 doi:10.1016/S0140-6736(11)60813-1

60 Kim WG, Park JW, Willingham MC, Cheng SY. Diet-induced obesity increases tumor growth and promotes anaplastic
change in thyroid cancer in a mouse model. Endocrinology. 2013;154:2936—47. Medline:23748362 doi:10.1210/en.2013-
1128

61 Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global, regional, and national prevalence of over-
weight and obesity in children and adults during 1980-2013: a systematic analysis for the Global Burden of Disease Study
2013. Lancet. 2014;384:766—81. Medline: 24880830 doi:10.1016/50140-6736(14)60460-8

62 Algahtani WS, Almufareh NA, Domiaty DM, Albasher G, Alduwish MA, Alkhalaf H, et al. Epidemiology of cancer in
Saudi Arabia thru 2010-2019: a systematic review with constrained meta-analysis. AIMS Public Health. 2020;7:679-96.
Medline:32968686

63 Shibuya K, Gilmour S, Oshima A. Time to reconsider thyroid cancer screening in Fukushima. Lancet. 2014;383:1883—4.
Medline:24881983 doi:10.1016/S0140-6736(14)60909-0

64 LiY, Huang Y, He X, Han C, Wu W, Shen H, et al. The global burden of thyroid cancer in high-income Asia-Pacific: a
systematic analysis of the Global Burden of Disease study. Ther Adv Endocrinol Metab. 2022;13:20420188221090012.

2024 « VOL. 14 « 04131 16 www.jogh.org e doi: 10.7189/jogh.14.04131


https://pubmed.ncbi.nlm.nih.gov/33347809
https://doi.org/10.1016/S2213-8587(20)30399-5
https://pubmed.ncbi.nlm.nih.gov/27408758
https://doi.org/10.1016/j.jare.2016.02.007
https://pubmed.ncbi.nlm.nih.gov/33996538
https://doi.org/10.3389/fonc.2021.593479
https://pubmed.ncbi.nlm.nih.gov/31158464
https://doi.org/10.1016/j.semcancer.2019.05.019
https://pubmed.ncbi.nlm.nih.gov/21771141
https://doi.org/10.1111/j.1360-0443.2011.03514.x
https://doi.org/10.1111/j.1360-0443.2011.03514.x
https://pubmed.ncbi.nlm.nih.gov/32773575
https://doi.org/10.1097/MED.0000000000000570
https://pubmed.ncbi.nlm.nih.gov/29590402
https://doi.org/10.1210/jc.2017-02599
https://pubmed.ncbi.nlm.nih.gov/35236095
https://doi.org/10.1089/thy.2021.0675
https://doi.org/10.1089/thy.2021.0675
https://pubmed.ncbi.nlm.nih.gov/27418023
https://doi.org/10.1038/nrendo.2016.110
https://pubmed.ncbi.nlm.nih.gov/33891886
https://doi.org/10.1016/S2213-8587(21)00083-8
https://pubmed.ncbi.nlm.nih.gov/30996572
https://doi.org/10.21147/j.issn.1000-9604.2019.01.09
https://pubmed.ncbi.nlm.nih.gov/25669169
https://doi.org/10.1007/s13277-015-3165-0
https://pubmed.ncbi.nlm.nih.gov/23597373
https://doi.org/10.2105/AJPH.2012.300993
https://pubmed.ncbi.nlm.nih.gov/11140709
https://pubmed.ncbi.nlm.nih.gov/11140709
https://doi.org/10.1088/0952-4746/20/4/301
https://pubmed.ncbi.nlm.nih.gov/12114746
https://doi.org/10.1385/EP:13:1:03
https://doi.org/10.1385/EP:13:1:03
https://pubmed.ncbi.nlm.nih.gov/25301626
https://doi.org/10.1126/science.1250542
https://pubmed.ncbi.nlm.nih.gov/32228152
https://doi.org/10.1089/thy.2019.0654
https://pubmed.ncbi.nlm.nih.gov/26365757
https://doi.org/10.1111/obr.12321
https://pubmed.ncbi.nlm.nih.gov/21872749
https://doi.org/10.1016/S0140-6736(11)60813-1
https://pubmed.ncbi.nlm.nih.gov/23748362
https://doi.org/10.1210/en.2013-1128
https://doi.org/10.1210/en.2013-1128
https://pubmed.ncbi.nlm.nih.gov/24880830
https://doi.org/10.1016/S0140-6736(14)60460-8
https://pubmed.ncbi.nlm.nih.gov/32968686
https://pubmed.ncbi.nlm.nih.gov/32968686
https://pubmed.ncbi.nlm.nih.gov/24881983
https://pubmed.ncbi.nlm.nih.gov/24881983
https://doi.org/10.1016/S0140-6736(14)60909-0

