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Abstract

Thyroid cancer (TC) is a significant global healthcare burden. However, the lack of comprehensive data has impeded
our understanding of its global impact. We aimed to examine the burden of TC and its trends at the global, regional,
and national levels using data stratified by sociodemographic index (SDI), sex, and age. Data on TC, including inci-
dence, mortality, and disability-adjusted life-years (DALYs) from 1990 to 2021, were obtained from the Global Bur-
den of Disease Study 2021. Estimated annual percentage changes (EAPCs) were calculated to assess the incidence
rate, mortality, and DALYs trends. The incidence, mortality, and DALYs of TC in 2021 were 249,538 (95% uncertainty
interval: 223,290-274,638), 44,799 (39,925-48,541), and 646,741 (599,119-717,357), respectively. The age-standard-
ized incidence rate (ASIR) in 2021 was 2.914 (2.607-3.213), with an EAPC of 1.25 (1.14-1.37) compared to 1990. In
2021, the age-standardized death rate (ASDR) was 0.53 (0.47-0.575) and age-standardized DALYs rate was 14.571
(12.783-16.115). Compared with 1990, the EAPCs of ASDR and age-standardized DALYs rate showed decreasing
trends, at —0.24 (-0.27 to —0.21) and —0.14 (- 0.17 to —0.11), respectively. Low SDI regions showed the highest
ASDR and age-standardized DALYs rate, at 0.642 (0.516-0.799) and 17.976 (14.18-23.06), respectively. Low-middle
SDI regions had the highest EAPCs for ASDR and age-standardized DALYs rate, at 0.74 (0.71-0.78) and 0.67 (0.63-0.7),
respectively. Females exhibited decreasing trend in ASDR and age-standardized DALYs rate, with EAPCs of —0.58
(—0.61to —-0.55) and —0.45 (—0.47 to —0.42), respectively. In contrast, males showed an increasing trend in ASDR
and age-standardized DALYs rate, with EAPCs of 0.41 (0.35-0.46) for both. In high-income regions, most countries
with decreased annual changes in deaths experience increasing age-related deaths. Over the past few decades,

a notable increase in TC incidence and decreased mortality has been observed globally. Regions characterized

by lower SDI, male sex, and an aging population exhibited no improvement in TC mortality. Effective resource alloca-
tion, meticulous control of risk factors, and tailored interventions are crucial for addressing these issues.
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Thyroid cancer (TC) is a common endocrine malignancy
with high incidence of lymph node metastasis [1]. The
availability of medical resources within regions often dic-
tates the standardization of postoperative follow-up and
adjuvant therapies, which consequently affects TC recur-
rence and metastasis rates [2]. Therefore, holistic under-
standing of recent TC disease burden and trends requires
a global perspective. The Global Burden of Disease
(GBD) database provides valuable TC data [3]. We used
the latest GBD data (1990-2021) to evaluate TC burden,
to provide insight on personalized approaches to alleviate
its global impact.

We initially investigated the global TC burden and
trends. The incidence, mortality, and DALYs of TC in
2021 were 249,538 (95% uncertainty interval: 223,290—
274,638), 44,799 (39,925-48,541), and 646,741 (599,119—
717,357), respectively (Table 1). The age-standardized
incidence rate (ASIR) in 2021 was 2.914 (2.607-3.213),
with an estimated annual percentage change (EAPC)
of 1.25 (1.14-1.37). In 2021, the ASDR was 0.53 (0.47-
0.575) and age-standardized DALYs rate was 14.571
(12.783-16.115). Both EAPCs for ASDR (—0.24; —0.27
to —0.21) and age-standardized DALYs rate (—0.14;
—0.17 to —0.11) showed decreasing trends. High-
income North America had the highest ASIR (5.303;
5.075-5.526), whereas Saudi Arabia had the highest
overall ASIR (7.131; 5.395-9.331) (Fig. 1A, Table 1 and
Table S1). In summary, the 1990-2021 period witnessed
a global increase in TC incidence coupled with decreased
mortality rates, although this trend exhibited regional
differences.

We first analyzed these regional differences using the
sociodemographic index (SDI). From 1990 to 2021, the
incidence, mortality, and DALYs of TC increased across
all SDI regions, similar to the 2019 findings (Fig. 1B)
[4]. High and high-middle SDI regions showed higher
ASIR than other regions, and the ASIR of 204 coun-
tries were positively correlated with the SDI (r=0.57,
p<0.05) (Fig. 1C, Figure S1, S2). Low SDI regions
showed the highest ASDR (0.642; 0.516-0.799) and
age-standardized DALYs rate (17.976; 14.18-23.06).
Low-middle SDI regions had the highest EAPCs for
ASDR (0.74; 0.71-0.78) and age-standardized DALYs
rate (0.67; 0.63—0.7) (Table 1). Therefore, healthcare
departments in low and middle SDI countries need to
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be prepared for the potential increase in TC burden as
their SDI improves [5].

For sex-based analysis, the incidence, mortality, and
DALYs ratio between females and males was 2.03,
1.49, and 1.47 in 2021, respectively (Table S2). From
1990 to 2021, only males showed increasing trends
in ASDR and age-standardized DALYs rate, with
EAPCs of 0.41 (0.35-0.46) (Table S2, Figure S3). The
median male-to-female burden rate ratios of TC for
ages 5-70 years increased significantly (p <0.05) every
10 years across 204 countries (Figure S4). Although
TC incidence was lower in males, mortality rates did
not improve. Therefore, increased emphasis should
be placed on monitoring male patients with TC in the
future.

From an age-specific viewpoint, the highest TC inci-
dence was observed in 55-59-years-old, with 19,600.77
(17,266.17-22,578.22) in females and 11,440.96
(9759.37-13,132.14) in males (Fig. 1D). Elderly patients
with TC face unique challenges, including declining
immunity, comorbidities, and changes in cancer pathol-
ogy, necessitating further investigation into age-related
trends in TC burden [6]. We defined the ratio of dis-
ease burden in those aged >65 years to that in those
aged < 15 years as the aging-related disease burden [7].
In 2021, the countries with the lowest rates of age-
related incidence, deaths, and DALYs ratio were all from
Sub-Saharan Africa (Fig. 1E). Most countries experienc-
ing decreased annual change are located in high-income
regions (Fig. 1E, Figure S5). The rising TC incidence
and death rates due to aging highlight the need for tar-
geted strategies to manage the increasing burden in
older patients, especially in regions with high SDI [8].
The present study is limited by its reliance on global dis-
ease data sources, which vary in quality control stand-
ards across different regions and statistical agencies [9].
Moreover, the increase in the global population also
influenced the number of TC reported in 2021.

In summary, the 1990-2021 period witnessed
increased TC incidence coupled with decreased mor-
tality rates. In particular, regions characterized by
lower SDI, male sex, and an aging population have
emerged as significant contributors to the currently
rising TC burden. Thus, targeted international col-
laborative research is essential to identify the relevant
influencing factors and effectively manage the global
disease burden of TC.
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Fig. 1 Burden and trends of thyroid cancer at the global, regional, and national levels by sociodemographic index (SDI), sex and age from 1990 to 2021.

A Age-standardized disease burden and EAPCs of thyroid cancer across 204 countries and territories from 1990 to 2021. B Trends in the incidence, deaths,
DALYs, ASIR, ASDR and age-standardized DALYs rate of thyroid cancer from 1990 to 2021 by different SDI level regions. C The correlation between SDI

and thyroid cancer burden across 204 countries in 2021. (Different colors indicate GBD super-regions. Point size represents the numbers of incidence,
deaths, and DALYs. "R" represents the Pearson correlation coefficient). D Thyroid cancer burden across different age groups (5 year intervals) by sex in 2021.
E Age-related thyroid cancer burden ratio between 2000 and 2021 in 7 GBD super-regions.(Point size represents the absolute annual change of age-related
thyroid cancer burden rate from 2000 to 2021. Points filled by grey color represent an annual change less than zero.The values in parentheses represent
ratios of the age-related thyroid cancer burden rate between 2000 and 2021). ASIR, age-standardized incidence rate; ASDR, age-standardized death rate;
DALYs, disability-adjusted life years.EAPC, estimated annual percentage change.SDI, socio-demographic index.Data are represented as mean + SEM.
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