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Background: Thyroid cancer (TC) is a prevalent malignant tumor of the
endocrine system in China. Current research primarily focuses on clinical
diagnosis and treatment as well as underlying mechanisms, lacking
epidemiological studies on the burden of the disease in China and worldwide.

Methods: The Global Burden of Disease Study 2021 was utilized to assess the
incidence, prevalence, death, and disability-adjusted life years of TC in China and
worldwide from 1990 to 2021 using the Joinpoint and R software.

Results: From 1990 to 2021, the incidence and prevalence rates of TC in China
have been consistently rising, and their growth rates are far higher than the global
average. In China, TC usually occurs in patients aged 50-59, and the crude death
rate generally increases with age. The burden of death among females has
gradually declined, while that among males has continued to increase and
surpassed females at the beginning of the 21st century. The burden of TC is
heavy among middle-aged and elderly populations and the younger populations
is also rapidly rising. The increased number of TC is mainly attributed to
epidemiological changes, while the increase of deaths in China is primarily due
to aging and population. Additionally, we predict that the age-standardized
incidence rate of TC in China will continue to grow slowly over the next
decade, while the age-standardized death rate will gradually decline among
females and stabilize among males.
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Conclusion: It is imperative to avoid over-screening and over-treatments for TC.
Meanwhile, we should also avoid missing aggressive types of TC that may have an
impact on overall survival. Additionally, understanding the mechanisms of
metastasis and improving clinical treatments should be prioritized for further
investigation. TC remains a significant public health challenge in China,
necessitating a careful balance of the cost-benefit ratio.

thyroid cancer, epidemiology, age-period-cohort analysis, ARIMA model, disease
burden, joinpoint regression

Introduction

Thyroid cancer (TC) represents the most prevalent malignant
tumor of the endocrine system (1), ranking seventh in the global
cancer incidence rate in 2024. Projections indicate that it may surpass
breast cancer to become the fourth most prevalent cancer worldwide
in the future (2). TC can be classified into papillary thyroid cancer
(PTC), follicular thyroid cancer (FTC), medullary thyroid cancer
(MTC), and anaplastic thyroid cancer (ATC). PTC and FTC are
also referred to as differentiated thyroid cancer (DTC). PTC is the
most common subtype of TC with the best prognosis, while ATC is
the subtype with the worst prognosis. Over the past four decades, the
incidence of TC has increased by 313% (3), with a notable rise in the
prevalence of various pathological types of TC (4). In the United
States, approximately 1.2% of the population will be diagnosed with
TC at some point during their lifetime (5), It was estimated that 43,720
new cases of TC was diagnosed in 2023. In recent years, numerous
studies have demonstrated that the incidence of TC persists in a rising
trend in numerous countries and regions, including North America (6,
7), South America (8), Asia (9, 10), and Europe (11). Nearly half of the
TC burden occurs in South and East Asia (12), with females
accounting for the majority of the burden and an increasing trend
over the years, despite the fact that age-standardized incidence rate
(ASIR) of TC in males has increased faster than that in females.
However, the underlying causes of this phenomenon remain poorly
understood. Concurrently, there are discrepancies in the prevalence
and impact of TC across diverse populations. The proportion of TC
death contributable to high BMI was highest in developed countries
and middle-aged people (13). TC is more prevalent in women than in
men, with a ratio of approximately three to one in most populations
(14). This gender disparity may be attributed to various factors,
including sex hormones, genetics, and the immune system (15).

Many studies have indicated that approximately half of the
global incidence of TC can be attributed to East Asia. The countries
with the highest rates of TC are China, the United States, and India
(16). This illustrates the significant influence of China on the global
prevalence of TC. “Basic”, “clinical”, and “surgical” represent the
three major research hotspots in TC, particularly in basic research
areas such as genetics and genomics, molecular biology and
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signaling, and preclinical and translational science (17). However,
there is a scarcity of epidemiological studies on TC, especially
regarding the geographical distribution and trend changes of the
disease burden. The reports on the burden of TC in Global Burden
of Disease (GBD) studies primarily focus on the overall situation at
the global, national, or regional level, revealing the global
distribution, trends, attributable risks of TC burden, and its
relationship with socio-demographic index. These studies also
provide future predictions of the TC burden (18, 19). However,
they do not delve into the heterogeneity between different countries
and regions, particularly neglecting the specific situations of
particular countries and their relationship to the global level.
Additionally, there is a lack of GBD studies on the prevalence of TC.

In this study, we utilized the GBD 2021 database to analyze
incidence, prevalence, death, and disability-adjusted life years
(DALYs) rate or number in China and worldwide. The aim is to
observe, compare, and predict the disease burden of TC in China
and worldwide. The findings of our study are intended to furnish
valuable insight for the formulation of pertinent national medical
and health policies, the allocation of medical resources, and the
planning of health systems, to reduce the burden of TC in China
and worldwide, which holds significant implications for other
developing countries as a reference.

Methods
Data acquisition and download

The disease burden indicators for TC in China and worldwide
from 1990 to 2021 are derived from the GBD 2021 public
database (https://ghdx.healthdata.org/gbd-results). Additionally,
demographic data for China and the worldwide from 1990 to
2021 were obtained. The database study employed the most
recent epidemiological data and enhanced standardized methods
to report on disease-related health damage across 369 diseases in
204 countries and territories. Furthermore, the primary estimation
methods employed are the Bayesian meta-regression tool DisMod-
MR, the Integrated Model for the Cause of Death (CODEm), and
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the Spatiotemporal Gaussian Process Regression (STGPR). “China
and global” was selected as the location; “1990 to 2021” as the years;
“Number and Rate” as metrics; “Incidence, Prevalence, Death, and
DALYs” as measures; “Male, Female, Both” as genders; “all ages,
age-standardized, 0-4, 5-9, 10-14...90-94, 95+” as age and “thyroid
cancer” as the cause. Additionally, The raw data used for analysis in
this study can be found in the Supplementary Material. The ethics
committee of the First Affiliated Hospital of Harbin Medical
University determined that approval was not required for the
study, as it utilized publicly accessible data.

Joinpoint regression analysis

The Joinpoint regression model is a set of linear statistical
models that employs the least squares method to estimate the law of
change, thereby circumventing the non-objectivity inherent in
typical trend analysis based on linear trends. The turning point of
the moving trend is identified by calculating the sum of the squares
of the residuals between the estimated and actual values. In this
study, the Joinpoint regression model was employed for the purpose
of assessing trends in the disease burden attributed to TC in China
and worldwide. The model was created using Joinpoint software
(Version 5.2.0), which was developed by the National Cancer
Institute of the United States. This paper presents an analysis of
trends in incidence, prevalence, deaths, and DALYs from 1990 to
2021. In order to optimize the model, the grid search method
(GSM) and Monte Carlo permutation test were employed.
Furthermore, the Bonferroni correction was utilized in order to
maintain the overall asymptotic significance level. The results
obtained include the number of inflection points, their locations,
and the corresponding P-values. The annual percentage change
(APC) over a specific interval is calculated by two formulas:

Ln () = o+ Bx+¢€

y = age-standardized rate, x = year, [3 is the estimated value of
the slope, and € was the error term.

APC = 100[exp(B) - 1]

APC>0 indicated an increasing trend, APC<0 indicated a
decreasing trend, APC=0 indicated no change. Average annual
percentage change (AAPC) was calculated to estimate overall TC
burden trend from 1990 to 2021. Finally, an APC value equal to the
AAPC represents a monotonic increasing or decreasing trend. In
addition to the standard non-parametric description method, the
model employs log-linear regression to calculate AAPC and its 95%
confidence interval (CI). Furthermore, it compares AAPC with 0 to
ascertain whether the fluctuation trend of different parts is statistically
significant. A statistically significant P-value was less than 0.05.

Statistical analysis

R programming language
R (version 4.4.0) is a statistical computing and graph-specific
language and environment that offers robust extensibility, enabling
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the creation of new features and the automation of analysis. All
statistical analyses and visualizations of the data in this study were
generated by R, and a P-value less than 0.05 was considered to be
statistically significant.

In this study, the demographic variables affecting TC were

» o«

, “ggplot2
(version 3.5.1)”, “reshape2 (version 1.4.4)”, and “readxl (version

included, and R packages such as “dplyr (version 1.14)

1.4.3)” were employed. The objective was to describe and visualize
the distribution of TC disease burden among different age groups
and genders, and to demonstrate the trend of TC burden over time
in China and worldwide.

Age-period-cohort model

The age-period-cohort model is a frequently employed
methodology in epidemiological studies. The age-period-cohort
model, based on the Poisson distribution, is capable of reflecting
temporal trends in incidence or death at varying ages, periods, and
cohorts. The age-period-cohort model is defined by the following
formula:

Y=log (M)=pu+oX1l+pX2+yX3+e

X1, X2, and X3 represent age, period, and birth cohort groups,
respectively; M represents disease incidence or death rate; o, 3, and y
denote the estimated age, period, and birth cohort effect values,
respectively; U represents the intercept; and € representing random
error following a normal distribution. In the present study, we
employed the age-period-cohort model fitting function of the
“Epi”, “source_apc”, and “function_year5” software package in R to
calculate the total number of incidence or death cases and the
cumulative incidence or death rate of different age groups. In order
to run the age-period-cohort model in accordance with the
demographic data age group, the disease burden data series for TC
in China was divided into consecutive 5-year intervals from 1992 to
2021. The data from 1990 and 1991 were not included in the analysis.

Decomposition analysis

Decomposition analysis is a method of determining the extent to
which differences in various factors contribute to differences in
population values. In order to quantify the relative contribution of
age structure, epidemiological changes, and population size to the
burden of TC in China from 1990 to 2021, the DasGupta
decomposition method was employed to visually demonstrate the
role of three factors (ageing, epidemiological changes, and population)
that drove changes in incidence and death of TC in China from 1990
to 2021. The term “epidemiological changes” is used to describe age-
adjusted and population-adjusted incidence or death rates.

The autoregressive integrated moving
average (ARIMA)

ARIMA model is constituted by an Autoregressive (AR) model
and a Moving Average (MA) model. In instances where the time
series should be a stationary random series with a mean of zero and
the data series are a time-dependent random variable, the
autocorrelation can be characterized by the ARIMA model,
thereby enabling the prediction of future values based on past
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observations. In this study, the “forecast” package (version 8.23.0)
was employed. The R package was used to fit the ARIMA model and
plot the prediction results, with the objective of evaluating the
future trend of TC incidence and death in China.

Result

Overview of the TC burden in China
and worldwide

As illustrated in Table 1, the global incidence of TC has
increased from 89,885 cases (95% confidence interval [CI]: 84,
681-96, 999) in 1990 to 249,538 cases (95% CI: 223, 290-274,
638) in 2021, representing a cumulative increase of 177%. A 6%
increase was observed in the number of TC cases in China, rising
from 12157 (95% CI: 9714-14406) in 1990 to 48105 (95% CI: 38,
695-60, 068) in 2021. This represents a cumulative increase of
295.7%, a figure that far exceeds the global increase. The global
ASIR for TC increased from 2.062 (95% CI: 1.951-2.224) in 1990 to
2914 (95% CI: 2.607-3.213) in 2021, representing a cumulative
increase of 41.3%. ASIR of TC in China increased from 1.249 (95%
CI: 1.009-1.473) in 1990 to 2.473 (95% CI: 1.993-3.088) in 2021,
with a cumulative increase of 98%. However, it should be noted that
the ASIR in China has consistently remained below the global level.

10.3389/fendo.2024.1500926

Concurrently, the global incidence of TC increased by 1.1387%
(95% CI: 1.0372-1.2404) from 1990 to 2021, while the incidence of
TC in China increased by 2.2418% (95% CI: 2.1123-2.3714),
representing a rate nearly twice that of the global level.

In terms of prevalence, the number of TC cases worldwide
increased from 676, 649 in 1990 (95% CI: 636, 788-727, 723) to
1,987,148 in 2021 (95% CI: 1, 776, 275-2, 198, 245), representing a
cumulative increase of 193.7%. The number of TC in China increased
from 87082 (95% CI: 68, 622-104, 169) in 1990 to 388411 (95% CI:
311, 967-488, 388) in 2021, representing a cumulative increase of
346%, which also far exceeds the global trend. The global age-
standardized rate (ASPR) for TC increased from 14.931 (95% CI:
14.124-16.029) per 100,000 population in 1990 to 23.143 (95% CI:
20.663-25.647) per 100,000 population in 2021, representing a
cumulative increase of 64%. In comparison, the ASPR of TC in
China increased from 8.098 (95% CI: 6.41-9.66) per 100000
population in 1990 to 20.012 (95% CI: 16.135-25.228) per 100000
population in 2021, with a cumulative increase of 147.1%, which far
exceeds the global increase. Concurrently, from 1990 to 2021, the
global prevalence of TC increased by 1.4184% (95% CI: 1.3121-
1.5248), while the prevalence of TC in China was 2.9751% (95% CI:
2.833-3.1174), which is also approximately twice the global level.

In terms of death, globally, TC was the cause of 44799 deaths
(95% CI: 39, 925-48, 541) in 2021, representing a 104.6% increase
from the 21, 893 deaths (95% CI: 20,437-24,108) attributed to the

TABLE 1 All-age numbers and age-standardized incidence, prevalence, death, and DALYs rates and corresponding AAPC of TC in China and
worldwide in 1990 and 2021.

1990 2021
. . 1990-2021
. All-ages Age-standardized rates All-ages Age-standardized rates AAPC
Location Measure
cases per 100,000 cases per 100,000
n (95% Cl) n (95% ClI) n (95% Cl) n (95% Cl) n (95% ClI)
12157 48105 22418 (2.1123
) 1.249 (1.009-1.473) 2.473 (1.993-3.088)
Incidence (9714-14406) (38695-60068) - 2.3714)
87082 388411 29751 (2833
Prevalence (68622 8.098 (6.41-9.66) (311967- 20.012 (16.135-25.228) - 117;1)
104169) 488388) )
China
3599 7692 -0.6515 (-0.8237
Deaths 0.473 (0.403-0.55) 0.387(0.307-0.472)
(3038-4182) (6123-9429) - -0.4789)
110736 203325 0.5899 (0787
(92143~ 12.086 (10.14-14.08) (163131~ 10.105 (8.139-12.447) ’ 03925')
DALYs 130509) 251789) ’
249538
89885 2.062(1.951-2.224) (223290 2.914 (2.607-3.213) 1.1387 (1.0572
4681~ : o . : R - 1.2404
Incidence (84681-96999) 274638) 04)
4 1 14
676649 987148 1.4184 (13121
Prevalence (636788~ 14.931 (14.124-16.029) (1776275~ 23.143(20.663-25.647) .5248)
Global 727723) 2198245)
21893 44799 -0.2297 (-0.2885
Deaths 0.57 (0.53-0.628) 0.53 (0.47-0.575)
(20437-24108) (39925-48541) --0.1709)
46741 12464
6467 6485 -0.131 (-0.2412
(599118- 15.206 (14.18-16.83) (1094416~ 14.571 (12.783-16.115) 0.0206)
DALYs 717357) 1375853) ’
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disease in 1990. The ASDR for TC exhibited a decline from 0.57
(95% CI: 0.53-0.628) per 100,000 population in 1990 to 0.53 (95%
CI: 0.47-0.575) per 100,000 population in 2021. Similarly, the ASDR
for TC in China demonstrated a reduction from 0.473 (95% CI:
0.403-0.55) per 100, 000 population in 1990 to 0.387 (95% CI:
0.307-0.472) per 100, 000 population in 2021. The AAPC reduction
in TC death rate in China was -0.6515 (95% CI: -0.8237 to -0.4789),
which was approximately three times the global level.

In terms of DALYs, the global number of DALYs in TC
increased from 646, 741 in 1990 (95% CI: 599, 118-717, 357) to
1,246,485 in 2021 (95% CI: 1, 094, 416-1, 375, 853). The number of
DALYs in TC in China increased from 110736 in 1990 (95% CI: 92,
143-130, 509) to 203, 325 in 2021 (95% CI: 163, 131-251, 789),
which is not as high as that in the world. Conversely, there was a
reduction in age-standardized disability-adjusted life years rate
(ASDALYs) in China and worldwide, with the AAPC of DALYs
in China declining by -0.5899 (95%ClI: -0.787 to -0.3925), which is
approximately 4.5 times the global level.

Joinpoint regression and trend analysis of
the TC burden in China and worldwide

The combined point regression analysis of the ASIR, ASPR,
ASDR, and ASDALYs for TC in China and worldwide from 1990 to
2021 is presented in Figures 1A-H. During this period, the ASIR
and ASPR of TC in China and worldwide continued to increase. It is
noteworthy that following 2003, both the ASIR and APC of the
ASPR in China (ASIR: 2003-2011, APC=4.66, P<0.05; ASPR: 2003-
2009, APC=5.45, P<0.05) and worldwide (ASIR: 2003-2011,
APC=2.57, P<0.05; ASPR: 2004-2009, APC=3.12, P<0.05)
exhibited sudden and significant upward fluctuations. In recent
years, the global APC of the ASIR and ASDR has approached zero,
indicating that the observed changes are not statistically significant.
Nevertheless, the APCs of China’s ASIR (2009-2021 APC=1.59,

10.3389/fendo.2024.1500926

P<0.05) and ASPR (2009-2021 APC=1.99, P<0.05) remain in the
previous fluctuation trend. Furthermore, a downward trend was
observed in the ASDR and ASDALYs of TC in China and
worldwide from 1990 to 2021 (P < 0.05).

As illustrated in Figure 2, ASIR and ASPR for TC exhibited a
gradual increase in China (Figure 2A) and worldwide (Figure 2B)
from 1990 to 2021. Notably, the ASPR in China demonstrated a
significantly larger increase, while the ASPR stabilized gradually in
recent years. The ASDR and ASDALYs rate for TC are
demonstrating a gradual decline in China and worldwide.
Additionally, the volatility of the ASDR in TC in China is more
pronounced than that observed worldwide.

Age differences in TC burden of China in
1990 and 2021

Figure 3 illustrates the incidence, prevalence, deaths, and
DALYs of TC in distinct age groups of China in 1990 and 2021,
accompanied by the corresponding crude rates. With regard to
incidence (Figure 3A), TC often occurs in the 30-79 age group, with
a particularly elevated incidence rate in the 50-59 age group.
However, in 1990, the 40-44 age group exhibited a higher
incidence than the 50-59 age group. In particular, the crude
incidence rate has been observed to increase overall in all age
groups. With regard to prevalence (Figure 3B), The crude
prevalence rate and prevalence number in all age groups in 1990
and 2021 were normally distributed generally. The higher
prevalence is also concentrated in the 50-59 age group. With
regard to death (Figure 3C), the age groups with the highest
number of deaths were concentrated in the 75-79 age range in
both 1990 and 2021. Crude death rate generally increases with age.
With regard to DALY (Figure 3D), the age group with the highest
number of DALYs was concentrated in both the 50-59 age range in
both 1990 and 2021.

ASDR

ASDALYs

FIGURE 1

ASDR

The APC of ASIR, ASPR, ASDR, and ASDALYs rates of thyroid cancer in China and Global from 1990 to 2021 (* means P-values<0.05) including
(A) ASIR, (B) ASPR; (C) ASDR; (D) ASDALYs rates in China. (E) ASIR; (F) ASPR; (G) ASDR; (H) ASDALYs rates worldwide.

Frontiers in Endocrinology

05

frontiersin.org


https://doi.org/10.3389/fendo.2024.1500926
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Meng et al.

A 1990-2021 China Age-standardized Rate
20 -
el
/ ’
/
15 .
g measue
s \j\/\ ~ ASDALYs Rate
210 o eee |~ ASDR
4 - ASIR
. o ~ ASPR
]
5
%M
0
1990 2000 2010 2020

year

FIGURE 2

10.3389/fendo.2024.1500926

B 19902021 Global Age-standardized Rate
/) gpens ot
/
20 7
/ .
g1s 7“‘/: :%*,-. e
= measure
o ~ ASDALYs Rate
2 ~ ASDR
4 ~ ASIR
£10 ~ ASPR
E
5
0
1990 2000 2010 2020

year

Trend of ASIR, ASPR, ASDR, and ASDALYs rates of TC in China (A) and worldwide (B) from 1990 to 2021.

A oo

Rate

1980
— 2o
5000

Incidence Number

Number
19%0

P

2500

000001 12 3181 39uIPIIU PO

‘i‘ “ i
& - -

000

044 1519 2026 2529 3034 389 4044 4549 5084 559 6064 6569 7074 7579 8084 6589 9094 95+
Age

1500

Rate
1990
000

000001 Jad 3181 SUIEQ 3PN

— 2

Deaths Number

Number
1990

P

50

0

014 1513 2024 2529 3034 3539 4044 4549 5056 5553 GO64 6569 7074 7570 6084 6589 004 S5+
Age

FIGURE 3

Prevalence Number

DALYS Number

80000

80000 Rate

000001 od 9161 ousrRARIG 9PNID

— 2o

40000
Number

[P

¥ I!i
AN e T

2029 303 3899 4044 4649 0S4 5550 G064 6569 7074

|
WL

044 1519 2024 252 1034 3599 4044 4549 5054 5555 G064 6569 7074 7579 8084 8589 094 95+
Age

1549 2024 7579 8084 8589 %084 95+

20000

0000

5 8 g
0000014 Jad 3181 SATYQ 9PN

Numbers and crude rates of incidence, prevalence, death, and DALYs in China from 1990 and 2021 by age group. (A) Incidence number and CIR; (B)
Prevalence number and CPR; (C) Death number and CDR; (D) DALYs and crude DALYs rate; Lines represent crude rates; Bar charts

represent numbers.

Gender differences in TC burden among
different age groups in China from 1990
to 2021

Figure 4 illustrates the incidence, prevalence, death, and DALY’ of
TC in distinct age groups among men and women in China in 1990
and 2021. Figure 4A illustrates that the age group with the highest
incidence of TC in women in 1990 was 40-44 years (n=1, 213), while
that of men was 55-59 years (n=463). Figure 4E demonstrates that the
age group with the peak incidence in 2021 was 55-59 years in both
women and men (n=3,793; 3,570). Similarly, Figure 4B illustrates that
the age group with the highest prevalence of cases in women in 1990
was 40-44 years (n=10, 775), while in men it was 55-59 years (n=3,
024). Figure 4F demonstrates that the age group at the peak of
prevalence in 2021 was 55-59 years in both women and men
(n=337, 313, 042). It is evident that in both 1990 and 2021, the
number of cases in women was significantly higher than that of men
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in all age groups. With regard to death, Figure 4C illustrates that the
age group with the highest number of deaths in 1990 was 70-74 years
for women (n=360), while for men it was 75-79 years (n=218).
Figure 4G illustrates that in 2021, the age group with the highest
number of deaths in women was 70-74 years (n=577), while in men it
was 75-79 years (n=885). It is noteworthy that in 1990, the number of
deaths in all age groups was higher in women than in men, and that
the number of deaths in most age groups began to exceed that of
women of the same age in 2021. Similarly, with regard to DALYs,
Figure 4D illustrates that in 1990, the age group with the highest
number of DALYs in women was 60-64 years (n=8, 601), while in
men it was 55-59 years (n=6, 563). Similarly, Figure 4H illustrates that
in 2021, the age group with the highest number of deaths in women
was 65-69 years (n=14, 367), while in men it was 55-59 years (n=19,
360). It is noteworthy that in 1990, DALYs in all age groups were
higher in women than in men, and in 2021, the DALYs in most age
groups of men began to be higher in men than in women.
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standardized rates of TC in men and women across all age groups in
China from 1990 to 2021. Figure 5A illustrates that the ASIR and
incidence of TC in women and men increased over time, with

smaller gender differences. Similarly, Figure 5B depicts that the
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number of women and men with ASPR and the prevalence of TC

also increased over the years, and that ASPR was consistently higher

in women than in men. Figure 5C illustrates the trend of ASDR and

death in TC in women and men over the years. It is noteworthy that

the ASDR of TC in women decreased year by year, contrary to men.

FIGURE 5

Full-age numbers and age-standardized rates of incidence, prevalence, deaths and DALYs among TC males and females in China from 1990 to 2021.
(A) Incidence number and ASIR; (B) Prevalence number and ASPR; (C) Death number and ASDR; (D) DALYs and ASDALYs rates. lines represent age-
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Furthermore, the ASPR of TC in men began to exceed that of
women after 2004. Figure 5D illustrates the ASDALYs rate and
DALYs in women and men for TC over time. As with the ASDR,
after 2007, the ASPR for TC in men began to exceed that in women.
Furthermore, after 2015, the ASDALYs rate in both women and
men began to stabilize.

Age-period-cohort effects on prevalence
and death of TC in China

Figure 6 illustrates the age-period-cohort effect of TC
prevalence and death in China. Based on the results of the Ward
test, the fitted age-period-cohort model is deemed to be significant
(P<0.05). Figure 6A illustrates the relationship between prevalence
and age. It is evident that prevalence generally increases with age;
however, it is noteworthy that there is a sharp decline in prevalence
after the age of 85-89 years (Rate=14.991, 95%CI=13.827-16).
Figure 6B illustrates the relationship between prevalence and

10.3389/fendo.2024.1500926

period, with the prevalence from 2002 to 2006 set at 1 and the
relative prevalence at other times displayed. It can be seen that the
relative prevalence rate increased with each passing year, from 1992
to 1996 (RR=0.861, 95%CI=0.806-0.091) to 2017-2021 (RR=1.471,
95%CI=1.345-1.609). Figure 6C illustrates the trends in death
cohorts by age distribution during specific periods, including
1992, 2002, and 2012. It can be observed that the death rate
increases most rapidly between the ages of 20 and 40. Figure 6D
provides supplementary information regarding cohort trends in
death by age group. Figure 6E illustrates the temporal trend of TC
death based on diagnostic cohorts from 1992 to 2021. The data
indicate that death rates increase slightly with age at diagnosis in the
majority of age groups. Adolescents exhibit lower death rates, while
older and middle-aged individuals display higher death rates.
Figure 6F illustrates the temporal trend of death based on birth
cohorts, demonstrating a gradual increase in TC death rates across
age-specific cohorts as the age at birth progresses. It is noteworthy
that, although the death rate of young adults is considerably lower
than that of middle-aged and older individuals, their death rates
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Age-period-cohort analysis for prevalence and death rate of TC in China. (A) Age effect for prevalence rate, showing the relation between
prevalence and age (B) Period effect for prevalence rate, which shows the relationship between prevalence and cycle, defining the relative
prevalence rate during the time period from 2002 to 2007 as 1. (C) The age-specific death rate according to time periods; each line connects the
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age group.
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exhibit a more pronounced increase with age at birth than those of
middle-aged and older individuals.

Decomposition analysis of incidence and
death of TC in China and forecast in the
next decade

Decomposition analysis was employed to ascertain the
proportional impact of aging, epidemiological shifts, and
population growth on the incidence (Figure 7A) and deaths
(Figure 7B) of TC in China. Table 2 illustrates that the rise in TC

10.3389/fendo.2024.1500926

number in China is predominantly attributable to epidemiological
changes, accounting for 59.66% of the total. Of this, 46.61% are
females and 76.1% are males. With regard to death, the decline in
the number of female deaths was predominantly attributable to
epidemiological changes, accounting for 143.52%. Conversely, the
slight increase in the overall number of deaths in the population was
primarily attributed to the impact of aging and population growth
exceeding the influence of epidemiological changes.

The ARIMA model was employed to provide a quantitative
description of the trends in the ASIR and ASDR of TC in Chinese
women and men over the subsequent decade. Following filtering by
the auto.arima() function, the optimal model for the incidence of
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TABLE 2 TC Change due to aging, epidemiological changes, and population by sex (“%" means contribution to the total changes).

Burden index Sex Overall difference Aging Epidemiological changes Population
Female 13761.13 3876.056 (28.17%) 6414.013 (46.61%) 3471.058 (25.22%)
Incidence Male 15129.78 1616.321 (10.68%) 11513.439 (76.1%) 2000.016 (13.22%)
Both 27185.35 5571.274 (20.49%) 16219.758 (59.66%) 5394.32 (19.84%)
Female -2764.46 -307.605 (194.25%) -3967.263 (-1112.75%) 1510.411 (1018.5%)
Deaths Male 477557 913.052 (19.12%) 2562.606 (53.66%) 1299.909 (27.22%)
Both 272.95 530.222 (11.13%) -3037.263 (143.51%) 2779.987 (-54.64%)

TC males was identified as “1,1,1” (62 = 2.353e-04, AIC = -164.39,
BIC = -160.08). The optimal model for the incidence of TC women
was “0,1,1” (6% = 7.18e-04, AIC= -131.96, BIC= -127.66). The
optimal model for the deaths of TC males was “1,1,0” (6% = 1.135¢-
04, AIC= -190.4, BIC= -187.53). The optimal model for the deaths
of TC females was “1,1,0” (6> = 2.736e-05, AIC= -233.26, BIC=
-228.96). It is predicted that the ASIR for men (Figure 7C) and
women (Figure 7D) will gradually increase over the next 10 years,
with an ASIR of 2.25 per 100,000 population for men and 3.20 per
100,000 population for women by 2031. The ASDR for men
(Figure 7E) is expected to stabilize over the next decade,
remaining above 0.48 per 100,000 population. In contrast, the
ASDR for women (Figure 7F) is projected to decline gradually
over the same period, with an ASDR of 0.25 per 100,000 population
for women anticipated by 2031.

Discussion

This study presents a comprehensive evaluation of the incidence,
prevalence, death, and DALYs associated with TC in China and
worldwide over the past 32 years, based on data from the GBD 2021
database. A comparison of the burden of TC by age and sex in China
was also conducted. The findings revealed that from 1990 to 2021, the
ASIR and ASPR of TC in China and worldwide increased, while the
ASDR and ASDALYSs rate both decreased. The disease burden of TC is
associated with patient age, with a high incidence in middle-aged
individuals and a high death rate in older individuals. This is supported
by the findings of a retrospective analysis, which identified age as an
independent risk factor for TC (20). Hu et al. (21) predicted through
the GBD 2019 database that the global burden of TC is increasing,
particularly among females and in regions with medium-to-low SDL
The findings revealed that women are more susceptible to developing
TC than men. This is generally consistent with the findings of our
study. However, the death rate in men surpassed that in women at the
beginning of the 21st century. This is evidenced by the significant rise
in the number of cases and deaths in older men. This disparity may be
attributed to the poor prognosis of TC in older men, the advanced
detection of the disease, and the higher degree of malignancy and
aggressiveness of the tumor (22). TC is the sole non-reproductive
cancer that predominantly affects female patients. In light of the
established link between autoimmune thyroid disease and TC risk
(23), the elevated prevalence of TC in women may be attributable to
the underlying causes of the female predominance in autoimmune

Frontiers in Endocrinology

thyroid disease (24). Furthermore, estrogen has been demonstrated to
facilitate the proliferation and invasion of TC (25-27).

The diagnosis of thyroid nodules has been the subject of
continuous development, and the resolution of ultrasound for the
diagnosis of nodules has also improved. The widespread availability
of the Ultrasound Thyroid Imaging Reporting and Data System
(TIRADS) and ultrasound fine needle aspiration biopsy (FNB)
technology has resulted in an increased incidence and prevalence
of TC in China and worldwide (28). This may be attributed to
overdiagnosis. An analysis conducted by researchers from the
International Agency for Research on Cancer (IARC) revealed
that the estimated proportion of TC cases in women attributed to
overdiagnosis is 87% in China, which is higher than in men (29).
This finding may also elucidate the gender disparity observed in TC
incidence. Furthermore, it is crucial to consider the rising
prevalence of risk factors such as genetics, obesity, radiation
exposure, and even betel nut consumption (2). However, the
enhancement of early diagnosis indirectly enhances the survival
prognosis of TC patients. a multicenter study had shown that early
diagnosis can effectively improve the disease-free survival of
patients with DTC (30). Furthermore, the development of
immunotherapy and targeted therapy for ATC has also been
effective in alleviating the disease burden of TC (31, 32). The
strategy of combining anti-PD-L1 immunotherapy with
mutation-driven targeted therapy has been proven to effectively
extend the median overall survival in patients with ATC (33). The
reduction in deaths and DALYs in China and worldwide can be
attributed to advances in these prevention and treatment measures.

Chen et al. (34) utilized the APC model to analyze the GBD
2019 database, revealing that globally, the impact of age was most
significant in individuals aged 95+, while it was minimal in those
aged 0-14. The period effect demonstrated a relatively low risk of
prevalence during the period from 1990 to 2004, followed by a
higher relative risk of prevalence from 2005 to 2019. Furthermore,
the cohort effect indicated a lower relative risk of developing the
disease before 1950 and a higher risk thereafter. Our findings
indicate that the age effect and period effect exert a significant
influence on the prevalence of TC in China, particularly among
middle-aged and elderly individuals, whose prevalence is notably
high. However, the prevalence of elderly patients is on the decline.
The relative prevalence rate has continued to increase throughout
the course of the cycle. In the cohort effect, we also observed a lower
death risk among earlier birth cohorts, and it may be attributed to
the accelerated process of population aging.
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It is notable that Chinese aging population has resulted in an
increase in TC deaths among men, while a reduction in TC deaths
has been observed among women. This may be related to the
decline in estrogen levels in women following perimenopause. The
monitoring of disease epidemiology and the prediction of trends
represent a crucial aspect of disease prevention and control. The
ARIMA model indicates that the ASIR for both male and female
patients with TC will increase gradually over the next decade, which
is consistent with the findings of a previous study (34). Conversely,
the ASDR for male patients is expected to stabilize, while that for
female patients will continue to decline. It can be observed that the
incidence of TC in China is increasing, the age at which patients are
most likely to be diagnosed has shifted towards younger age groups,
and the death rate has demonstrated a tendency to stabilize or even
decline. There are notable variations in the incidence of TC across
different countries and regions globally, with the incidence in
women varying by up to 15 times (35). The National Cancer
Center of China has reported a significant increase in the
incidence rate of TC among Chinese women in recent years (36),
which is consisted with the result of our study. However, the death
rates of TC patients remain relatively low. A review of the literature
reveals that for individuals diagnosed with papillary TC and
exhibiting a lesion diameter of less than 1 cm, active monitoring
and surgical intervention only when the tumor progresses (either in
terms of increased size or the emergence of suspicious lymph nodes)
can achieve outcomes comparable to those of immediate surgical
treatment (37). Since 2015, there has been a significant decline in
the incidence rate of TC in South Korea during the same period,
accompanied by an increase in cancer-specific mortality among
patients (38). From 2000 to 2017, the average annual increase in
thyroid cancer-specific mortality in the United States was 1.7% (39).
These results from developed countries differ from the trends in
ASDR we have seen in China and worldwide. Additionally, we
found the ASDR in men has been on the rise over the past two
decades, declining in recent years, and is expected to stabilize over
the next decade. This may be attributed to the advancement of
immunotherapy and targeted therapy in ATC.

This study still has some limitations. Firstly, although the GBD
adjusted data sources in 2021 to account for the heterogeneity of
different studies and standardize the data, these revisions have
increased the uncertainty of the data analyzed. Secondly, the
majority of the data sources are cross-sectional studies, which may
result in an overestimation of the prevalence of TC. The GBD
database only includes crude death rates for TC, lacking data on
cancer-specific death rate. While this is more conducive to assessing
the overall impact of TC on patient survival, it slightly lacks
precision. Meanwhile, due to the inability to obtain pathological
biopsy data, there is a lack of trend analysis on the burden of various
pathological subtypes of TC in China. Furthermore, the geographic
description of the burden of TC in China was lacking due to the
unavailability of both provincial data and rural-urban data. The age-
period-cohort analysis reveals results at the population level, which
may be susceptible to ecological fallacies. Furthermore, the projected
outcomes for the period between 2022 and 2031 are contingent upon
the outputs of the predictive model. Consequently, these projections
may undergo revision in light of advancements in data quality and
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methodological enhancements. Finally, the level of disease burden in
different countries or regions may vary depending on a number of
factors, including socio-economic development, geographical
environmental factors, the level of medical resources available,
genetics, ethnicity, and so forth. It should be noted that the global
data may not be directly applicable to specific reference levels of
disease burden in a particular country or region. Consequently, an
in-depth analysis is required based on the specific data of each
country or region.

Conclusion

The incidence and prevalence of “TC” in China has increased
markedly in recent years, with a discernible trend towards the global
average. The strategy for the early screening of TC in China should be
more targeted and forward-looking, with the aim of avoiding
unnecessary screening, diagnosis, and treatment. This will help to
reduce the burden on the medical and health system, as well as on
patients. Furthermore, it is imperative that researchers devote
sufficient attention to the fundamental mechanisms, early diagnosis
and clinical treatment of TC with a poor prognosis in order to
effectively reduce the burden of TC death. In light of the country’s
rapidly aging population and the concomitant improvement in socio-
economic status, TC remains a significant public health challenge in
China, necessitating a careful balance of the cost-benefit ratio.
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