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Abstract
Purpose Describe and analyze the trends of thyroid cancer incidence and mortality in Guangzhou, explore the potential
influencing factors, and provide evidence for the government to formulate prevention and treatment measures.
Methods Incident and death cases of thyroid cancer were retrieved from the Guangzhou cancer registry. The joinpoint
regression models were used to estimate the incidence and mortality trends. Age-period-cohort models were used to estimate
the age, period, and cohort effects on the time trends. Grey correlation analysis was performed to explore possible con-
nections between thyroid cancer and social factors.
Results A total of 15,955 new cases of thyroid cancer were registered in Guangzhou during 2004–2018, the age-
standardized incidence rate (ASIR) of thyroid cancer increased from 4.29/105 in 2004 to 22.36/105 in 2018, with the average
annual percentage change (AAPC) of 13.40%. The overall increase can be attributed to the increase in the incidence of
papillary thyroid carcinoma (PTC), which was dominated by tumors <2 cm. The ASIR was higher in women (16.12/105)
compared to men (5.46/105), and young and middle-aged individuals had higher incidence rates than older people. The
number of thyroid cancer deaths registered between 2010 and 2018 was 356, and the age-standardized mortality rates
(ASMRs) were stable (approximately 0.42/105). Men’s ASMR (0.34/105) and women’s (0.49/105) were similar, and those
60 and older had greater mortality. The period and cohort relative risks showed an overall increasing trend. Furthermore,
there was a strong positive correlation between the ASIRs and social determinants.
Conclusions During the study period, the incidence rate of thyroid cancer among young and middle-aged people in
Guangzhou showed a rapidly increasing trend, and the mortality was relatively stable. In the future, more effective pre-
ventive measures should be taken for this age group to reduce the burden of disease and avoid overdiagnosis.
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Introduction

Thyroid cancer is one of the most common malignant tumors
of human endocrine system and head and neck, which origi-
nates from thyroid follicular epithelium or parafollicular epi-
thelial cells [1]. Over the past few decades, the thyroid cancer
incidence rates have apparently risen rapidly in many countries

throughout the world (such as, the United States, South Korea,
China, etc.) [2]. According to the International Agency for
Research on Cancer’s GLOBOCAN 2020 [3], 586,000 thyroid
cancer cases were diagnosed worldwide, leading to thyroid
cancer ranking the ninth among all cancers. The age-
standardized incidence rate (ASIR) was 6.6/105, and the rate
of women (10.1/105) was higher than that of men (3.1/105).
Compared with the large number of cases, the deaths of the
thyroid cancer were only 44,000. The age standardized mor-
tality rate (ASMR) was 0.43/105, which was significantly lower
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than the incidence rate. And there was no difference between
men (0.34/105) and women (0.49/105). Thyroid cancer, the
fastest growing tumor in China, is growing at a rate of 20% per
year. The 2016 annual report of the Chinese Cancer Registry
[4] showed that the ASIR of thyroid cancer was 10.37/105, and
the rate in women (15.81/105) was three times higher than that
in men (5.11/105) and ranked the third in women malignant
tumors. Furthermore, thyroid cancer is more prevalent in
regions with strong socioeconomic development in China, such
as Tianjin, Beijing, Shanghai, Zhejiang Province, and Guang-
dong Province, where thyroid cancer currently ranks among the
top five malignant tumors [5]. A study found that after a
thyroid cancer diagnosis, the cost of subsequent therapy
increased by about 4% annually and was expected to exceed
the cost of colon cancer treatment by 2039 [6]. This rapid
growth will inevitably increase the financial burden on society
as well as individual patients.

The underlying causes of this growth trend in thyroid
cancer remain unknown. Previously recognized risk factors
related to thyroid cancer include exposure to ionizing
radiation (including radiation pollution caused by nuclear
facilities [7] and medical radiation exposure [8], family
history of thyroid disease [9], iodine supplement or defi-
ciency [10], etc). The contributing elements are continually
evolving along with the growth of the social economy and
the acceleration of urbanization. The increase in the use of
healthcare systems (such as increased exposure to medical
X-rays, head and neck CT scans, dental X-rays, etc.), per-
sonal risk factors (such as gender, age, unhealthy lifestyle
[11] and psychological factors [12], etc.), and the interaction
of many risk variables, including the environment factors
(such as air pollution [13–15], endocrine disruptors [16] and
carcinogens [17, 18], may lead to an increase in the inci-
dence rate of thyroid cancer. However, these factors cannot
fully explain the rapid increase in incidence rate of thyroid
cancer. In some high-income countries such as the United
States and South Korea, excessive screening and high
diagnostic rates were considered to be the main reasons for
the high incidence rate [19]. Additionally, more sophisti-
cated medical procedures are frequently used in regions that
have higher socioeconomic development, such as fine needle
aspiration (FNA) of the thyroid gland and high-resolution
ultrasound, which increases the possibility of over diagnosis.

Guangzhou, the capital of Guangdong Province and the
central area of the Pearl River Delta, is known as the “South
Gate” of China and a crucial entry point and center for the
opening of the nation to the outside world. Its total GDP and
economic growth rate are among the top in the nation, and it
has a relatively complete system of public service guarantees
and relatively balanced resources for education and health-
care. In recent years, the incidence rate of thyroid cancer in
Guangzhou has continued to grow rapidly, which has
aroused widespread public concern. However, there is no

comprehensive and systematic epidemiological trend ana-
lysis on thyroid cancer in Guangzhou. This study investi-
gated the temporal trends of thyroid cancer incidence and
mortality in Guangzhou, China, based on the research
methods and materials. Using age-period-cohort models to
assess the impact of age, period and birth cohort on the
temporal trends of incidence rate by gender. In addition, the
potential association between the incidence rate of thyroid
cancer and social factors was examined using grey correla-
tion analysis. It is convenient to timely understand the var-
iations in the incidence and mortality of thyroid cancer and
potential risk factors in Guangzhou, and it can also offer a
scientific basis for thyroid cancer prevention and treatment.

Materials and methods

Data collection

Incident and death cases data

The incident cases data from 2004 to 2018 and the deaths data
from 2010 to 2018 of thyroid cancer in Guangzhou were both
from the Guangzhou cancer registry (Established in 1998) of
the Guangzhou Center for Disease Control and prevention, and
was obtained from the Guangzhou malignant tumor case
registration and report management information system. All
cancer cases were reported through the hospital’s network
direct reporting system [20]. The data of new cases included
demographic information (such as name, sex, date of birth,
nationality, household address, etc.) and tumor characteristic
information (such as the year of disease diagnosis, ICD 10th
edition code (ICD-10), Third Edition (ICD-O-3) code, diag-
nosis location, clinical diagnosis, pathological diagnosis and the
underlying cause of death, etc.). The ICD-10 code had been
verified based on the clinical diagnosis and pathological diag-
nosis of the hospital, and tumor patients with the ICD-10 code
of C73 were chosen as thyroid cancer cases. The pathological
types were classified according to ICD-O-3: papillary thyroid
carcinoma (PTC, 8050, 8052, 8260, 8340–8343, 8450), folli-
cular thyroid carcinoma (FTC, 8290, 8330–8331, 8333, 8335),
medullary thyroid carcinoma (MTC, 8345–8346, 8510) and
anaplastic thyroid carcinoma (ATC, 8020, 8021). The other
pathological types correspond to others. Verified and merged
the duplicate reported cases one by one to ensure that all
included cases were new cases, and verified the supplementary
reports after finding the missing reports.

Demographic data and social factors

This study collected relevant data from census data and the
Guangzhou Statistical Yearbook by the website of Guangz-
hou Municipal Bureau of Statistics (http://tjj.gz.gov.cn),
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including population census data from 2000, 2010 and 2020,
registered population data from 2004 to 2018 in Guangzhou,
social-economic development and medical and health
resources related data. Based on 3-year population census
data, the age structure distributions of the population from
2004 to 2018 were calculated using interpolation method
[21]. The data related to socio-economic development and
medical and health resources mainly include: Gross
Domestic Product, Per Capita Gross Domestic Product, Per
Capita Annual Disposable Income of Urban and Rural
Residents, Permanent Population Density, Life Expectancy,
Health Care Institutions (Hospitals), Medical Professionals
(Doctors), Hospital Beds, Government healthcare expendi-
ture, Proportion of Expenditure for Medical and Health to
Total Fiscal Expenditure, Health Care and Medical Services
Expenditure of Urban and Rural Residents (Table S1).

Statistical analysis

Data preprocessing

In this study, Microsoft Excel 2016 and SPSS 26.0 statis-
tical analysis software were used for data preprocessing and
statistical analysis. The crude incidence rates (CIRs), crude
mortality rates (CMRs), ASIRs and ASMRs of thyroid
cancer were calculated based on the annual average popu-
lation of Guangzhou and the world Segi’s population [22].
According to the age of cancer diagnosis, the number of
cases was stratified by sex and age (0–19, 20–29, 30–39,
40–49, 50–59, 60–69, 70–79 and >=80), and the sex-age-
specific incidence and mortality rates were calculated. Age
was presented as median and inter quartile (IQ), and count
data was expressed as frequency (%).

Joinpoint regression model

We used the joinpoint software (version 4.9.1.0) provided by
the National Cancer Institute Surveillance and research pro-
gram to build a connection point regression model (log linear
model) to reflect the long-term trends of thyroid cancer inci-
dence and mortality rates [23]. The grid search method (GSM)
was used to obtain the regression function with unknown
connection points. The Monte Carlo permutation test was used
to test whether the obvious changes of the trend were statis-
tically significant. Annual percentage change (APC), average
annual percentage change (AAPC) and 95% CI (Confidence
Interval) were used as outcome indicators to reflect the trends
of thyroid cancer incidence and mortality rates over time.

Age-period-cohort model

The age-period-cohort model was used to study the
effects of age, period and cohort on ASIRs of thyroid

cancer by using a free network tool (http://analysistools.
nci.nih.gov/apc/) provided by the National Cancer Insti-
tute of the United States [24]. In the age-period-cohort
model, the age range was limited to 20–84 years and
divided into 11 groups based on 5 years old (20–24 years
old to 80–84 years old), the diagnosis period was divided
into 3 groups (2004–2008, 2009–2013, 2014–2018), and
the birth cohort was divided into 15 groups
(from 1924–1928 to 1994–1998). The central age group,
the period group and the cohort group were selected as
the reference. The APCs for each age group, knowing
as the local drifts in the analysis, and annual percentage
changes of the expected age adjusted rates over time (net
drift) were also estimated. The effects of periods and
cohorts were expressed as rate ratios relative to the
reference period and the reference cohort, respectively.
Wald’s test was used to determine significance, and a
two-sided P value less than 0.05 was considered statis-
tically significant.

Grey correlation analysis

Grey correlation analysis is a statistical analysis method for
multiple factors based on grey system theory [25]. The
major goal of the method is to identify the key influencing
variables by evaluating the degree of correlation between
the geometry of the compared sequence and the reference
sequence. The main advantage of this approach is the
absence of rigorous constraints for the number and reg-
ularity of samples [26]. The steps of grey correlation ana-
lysis are as follows:

Step1: Set up the comparative sequence and reference
sequence:

Yj kð Þ ¼
y1 1ð Þ y1 2ð Þ ¼ y1 nð Þ
y2 1ð Þ y2 2ð Þ ¼ y2 nð Þ
y3 1ð Þ y3 2ð Þ ¼ y3 nð Þ

8
><
>:

9
>=
>;

Xi kð Þ ¼

x1 1ð Þ x1 2ð Þ ¼ x1 nð Þ
x2 1ð Þ x2 2ð Þ ¼ x2 nð Þ
¼ ¼ ¼ ¼
xi 1ð Þ xi 2ð Þ ¼ xi nð Þ

8
>>><
>>>:

9
>>>=
>>>;

The reference sequence (Yj) is the ASIRs of thyroid
cancer, including men, women, and total. The compared
sequence (Xi) refers to social determinants, such as Social-
Economic Development and Medical and Health Resources.

Step2: Standardize the original data:
Data normalization is necessary before variables with

different units may be analyzed and contrasted. The min-
max normalization approach was employed in this study to
normalize the data. All Yj values and Xi values were nor-
malized to values between 0 and 1 after normalization. The
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formula is as follows:

Yj kð Þ ¼ yj kð Þ�yj kð Þmin
yj kð Þmax�yj kð Þmin

Xi kð Þ ¼ xi kð Þ�xi kð Þmin
xi kð Þmax�xi kð Þmin

ð1Þ

Step3: Calculate the grey correlation coefficient. This
correlation coefficient is expressed as:

Δji ¼ yj kð Þ � xi kð Þ�� �� ð2Þ

γðyjðkÞ; xiðkÞÞ ¼ mini mink Δji þ ζmaxi maxk Δji

Δji þ ζmaxi maxk Δji
ð3Þ

Step4: Calculate the grey correlation degrees as:

γ yj; xi
� � ¼ 1

n

Xn

k¼1

γ yj kð Þ; xi kð Þ� �
ð4Þ

The value of γ (yj, xi) ranges from 0 to 1. Generally, if
0 < γ (yj, xi) ≤ 0.30, the correlation is considered to be low;
if 0.30 < γ (yj, xi) ≤ 0.60, the correlation is moderate; if
0.60 < γ (yj, xi) ≤ 1.0, the correlation is strong.

Results

General demographic characteristics

With the extension of per capita life expectancy, the pro-
portion of elderly population in Guangzhou has sig-
nificantly increased in the past 15 years. From 2004 to
2018, the proportion of the population aged 60 and above
reached 10.04%, with 9.04% of men and 11.15% of
women. According to the World Health Organization’s
definition of an aging society (with over 10% of the
population over 60 years old), Guangzhou has entered an
aging society (Fig. 1).

Basic information of incident and death cases

During the period of 2004–2018, a total of 15955 new
thyroid cancer cases were registered in Guangzhou (Table
S2). The number of women patients (11914, 74.67%) was
more than that of men patients (4041, 25.33%). The median
age of diagnosis of thyroid cancer was 44 years old. In men,
women and the total population, the median age of diag-
nosis showed an early trend with the extension of time.
Overall, the analysis results showed that thyroid cancer in
Guangzhou was more common among people aged 20–59
years (13,184, 82.63%). The number of registered thyroid
cancer deaths from 2010 to 2018 was 356 (128 (35.96%)
men and 228 (64.04%) women). The median age of death of
thyroid cancer was 66 years old. Notably, in contrast to the

distribution of thyroid cancer cases, the proportion of
thyroid cancer-related deaths among the elderly population
over 60 was relatively large (222, 62.36%), and the age of
death increased with an extension of time. (Table S3).

Incidence and mortality

The total CIR of thyroid cancer was 13.11/105, and the ASIR
was 10.78/105. The ASIR of women (16.12/105) was about
three times that of men (5.46/105). In addition, the ASIRs of
thyroid cancer showed an upward trend from 2004–2018,
and the ASIR in 2018 (22.36/105) was about 5 times that in
2004 (4.29/105) (Table 1). The total CMR of thyroid cancer
from 2010 to 2018 was 0.29/105 (0.21/105 in men and 0.38/
105 in women). The overall ASMR was 0.42/105, and the
ASMR was roughly similar among men (0.34/105) and
women (0.49/105). Year-by-year CMRs and ASMRs were
detailed in Table 2, with relatively stable changes.

Age-specific incidence and mortality rates

From the age of onset, there was a large gender difference in
the incidence of thyroid cancer. The incidence rates of
thyroid cancer were similar in men and women before the
age of 15. The women incidence rates increased in the
15–19 age group, peaked in the 50–54 age group, and then
sharply decreased. However, men incidence peaked later
than women incidence, in the 60–64 age group, and then
slowly decreased as age increased. The incidence rates of
women in all ages were significantly higher than that of men
(Fig. 2a). Compared to the age-specific incidences, before
55–59 years old, the age-specific mortality rates were

Fig. 1 Distribution of Population Pyramid in Guangzhou from 2004
to 2018
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extremely low. The mortality rate started increasing quickly
from the age group of 60–64 years, peaked at the age group
of 80–84 years (Fig. 2b).

Temporal trends of incidence and mortality rates
by gender

During the study period, the ASIR of thyroid cancer increased
from 4.29/105 in 2004 to 22.36/105 in 2018, and the AAPC
was 13.40% (95% CI: 12.17%~ 14.64%, P < 0.001). When
gender-specific trends were explored (Table 3 and Fig. 3a),
men’s and women’s ASIRs both showed significant increase

tendencies over time, with men (AAPC= 13.14%, 95% CI:
8.94%~ 17.50%, P < 0.001) rising slightly faster than women
(AAPC= 12.48%, 95% CI: 11.28% ~ 13.70%, P < 0.001). In
addition, the joinpoint regression of men thyroid cancer inci-
dence rate identified two significant inflection points in 2009
and 2012 (Fig. 3a and Table 3). The ASIRs changed steadily
from 2004 to 2009 (APC= 2.78%, 95% CI: −2.79%~ 8.66%,
P= 0.283), while beginning in 2009, the ASIRs started to rise
quickly. APCs was 26.95% (95% CI: 5.21%~ 53.18%,
P= 0.020) in the period 2009–2012 and 15.71% (95% CI:
13.59% ~ 17.89%, P < 0.001) in the period 2012–2018,
respectively. In terms of mortality, the ASMR of thyroid cancer

Table 1 The incidence rates of thyroid cancer by gender in Guangzhou, 2004–2018

Year Men Women Total

New
cases

Population(million) CIRs
(1/105)

ASIRs
(1/105)

New
cases

Population(million) CIRs
(1/105)

ASIRs
(1/105)

New
cases

Population(million) CIRs
(1/105)

ASIRs
(1/105)

2004 74 3.75 1.97 2.07 255 3.56 7.16 6.59 329 7.31 4.50 4.29

2005 89 3.81 2.34 2.25 272 3.63 7.49 6.63 361 7.44 4.85 4.42

2006 95 3.86 2.46 2.28 322 3.69 8.72 7.83 417 7.56 5.52 5.02

2007 100 3.91 2.56 2.38 430 3.76 11.44 9.75 530 7.67 6.91 6.03

2008 106 3.97 2.67 2.46 437 3.82 11.43 9.76 543 7.79 6.97 6.10

2009 112 4.01 2.79 2.54 421 3.88 10.85 9.11 533 7.89 6.75 5.78

2010 133 4.06 3.27 2.84 488 3.94 12.38 10.10 621 8.00 7.76 6.46

2011 199 4.11 4.84 4.05 656 4.00 16.42 13.32 855 8.10 10.55 8.64

2012 245 4.14 5.91 4.97 712 4.04 17.61 14.37 957 8.18 11.69 9.66

2013 289 4.18 6.91 5.73 872 4.09 21.30 17.18 1161 8.27 14.03 11.49

2014 379 4.22 8.97 7.15 1101 4.15 26.53 20.93 1480 8.37 17.67 14.09

2015 402 4.27 9.42 7.57 1199 4.21 28.45 22.22 1601 8.48 18.87 14.94

2016 511 4.33 11.80 9.34 1309 4.29 30.49 23.69 1820 8.62 21.11 16.57

2017 571 4.43 12.89 10.02 1487 4.41 33.71 25.94 2058 8.84 23.28 18.08

2018 736 4.56 16.14 12.26 1953 4.57 42.77 32.29 2689 9.13 29.46 22.36

Total 4041 61.62 6.56 5.46 11914 60.06 19.84 16.12 15955 121.68 13.11 10.78

Table 2 The mortality rates of thyroid cancer by gender in Guangzhou, 2010–2018

Year Men Women Total

Death
cases

Population
(million)

CMRs
(1/105)

ASMRs
(1/105)

Death
cases

Population
(million)

CMRs
(1/105)

ASMRs
(1/105)

Death
cases

Population
(million)

CMRs
(1/105)

ASMRs
(1/105)

2010 2 4.06 0.05 0.07 12 3.94 0.30 0.24 14 8.00 0.18 0.17

2011 14 4.11 0.34 0.30 24 4.00 0.60 0.47 38 8.10 0.47 0.39

2012 10 4.14 0.24 0.23 28 4.04 0.69 0.57 38 8.18 0.46 0.40

2013 15 4.18 0.36 0.35 19 4.09 0.46 0.37 34 8.27 0.41 0.36

2014 23 4.22 0.55 0.57 30 4.15 0.72 0.58 53 8.37 0.63 0.58

2015 19 4.27 0.44 0.43 38 4.21 0.90 0.72 57 8.48 0.67 0.59

2016 20 4.33 0.46 0.48 21 4.29 0.49 0.37 41 8.62 0.48 0.43

2017 10 4.43 0.23 0.24 28 4.41 0.63 0.50 38 8.84 0.43 0.38

2018 15 4.56 0.33 0.35 28 4.57 0.61 0.54 43 9.13 0.47 0.45

Total 128 61.62 0.21 0.34 228 60.06 0.38 0.49 356 121.68 0.29 0.42
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changed from 0.17/105 in 2010 to 0.45/105 in 2018. According
to joinpoint regression analysis, the AAPC was 4.55% (95%
CI: −4.86%~ 14.89%, P= 0.301) in the period 2010–2018,
demonstrating that the mortality rates were relatively stable
without discovering significant changes over time. Similar
patterns of mortality trend were found in men and women
(Table 4 and Fig. 4a).

Temporal trends of incidence and mortality rates by
age

When considering the age-specific incidence trends (Table 3
and Fig. 3b), the age-specific incidence rates in other age
groups exhibited obvious upward trends over time, with the
exception of the 0–19 years old (AAPC= 3.53%, 95% CI:
−7.57% ~ 15.96%, P= 0.549) and above 80 years old age
groups (AAPC=−0.22%, 95% CI: −4.23% ~ 3.96%,
P= 0.910), which did not display any significant changes.
Especially among young and middle-aged people aged
20–49, the increasing trends of thyroid cancer incidence rate
were particularly significant. In addition, among all sub-
groups, the age-specific mortality rates in the 60–69 age
groups (AAPC= 22.88%, 95% CI: 3.53% ~ 45.83%,
P= 0.018) and the 70–79 age groups (AAPC= 7.81%,
95% CI: 0.90% ~ 15.18%, P= 0.031) showed an upward
trend, whereas the age-specific mortality rates in the other
subgroups were relatively stable and did not show a sig-
nificant trend of change (Table 4 and Fig. 4b).

Fig. 2 Age-specific incidence and mortality rates of thyroid cancer by
gender in Guangzhou, 2004–2018. a Age-specific incidence rates;
b Age-specific mortality rates

Table 3 APC and AAPC of thyroid cancer incidence rates by gender and age in Guangzhou, 2004–2018

Characteristics Year APC (95 CI%) t P AAPC (95 CI%) t P

Total 2004–2018 13.40* (12.17 ~ 14.64) 25.0 <0.001 13.40* (12.17 ~ 14.64) 25.0 <0.001

Gender Men 2004–2009 2.78 (−2.79 ~ 8.66) 1.16 0.283 13.14* (8.94 ~ 17.50) 6.40 <0.001

2009–2012 26.95* (5.21 ~ 53.18) 3.00 0.020

2012–2018 15.71* (13.59 ~ 17.89) 18.67 <0.001

Women 2004–2018 12.48* (11.28 ~ 13.70) 23.61 <0.001 12.48* (11.28 ~ 13.70) 23.61 <0.001

Age group 0–19 2004–2007 −9.67 (−33.03 ~ 21.84) −0.80 0.448 3.53 (−7.57 ~ 15.96) 0.60 0.549

2007–2010 35.63 (−21.56 ~ 134.53) 1.32 0.230

2010–2018 −1.53 (−6.37 ~ 3.56) −0.72 0.493

20–29 2004–2018 17.51* (15.26 ~ 19.81) 18.01 <0.001 17.51* (15.26 ~ 19.81) 18.01 <0.001

30–39 2004–2018 17.73* (15.94 ~ 19.54) 23.01 <0.001 17.73* (15.94 ~ 19.54) 23.01 <0.001

40–49 2004–2018 15.90* (14.14 ~ 17.70) 20.79 <0.001 15.90* (14.14 ~ 17.70) 20.79 <0.001

50–59 2004–2018 10.54* (8.79 ~ 12.33) 13.52 <0.001 10.54* (8.79 ~ 12.33) 13.52 <0.001

60–69 2004–2010 1.77 (−5.49 ~ 9.59) 0.56 0.592 9.88* (4.94 ~ 15.05) 4.02 <0.001

2010–2014 28.26* (10.78 ~ 48.49) 4.02 0.005

2014–2018 5.60 (−0.81 ~ 12.42) 2.06 0.079

70–79 2004–2018 2.94* (0.87 ~ 5.05) 3.08 0.009 2.94* (0.87 ~ 5.05) 3.08 0.009

80+ 2004–2018 −0.22 (−4.23 ~ 3.96) −0.12 0.910 −0.22 (−4.23 ~ 3.96) −0.12 0.910

*the APC/AAPC is significantly different from zero at the alpha= 0.05 level
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Trends of incidence by pathological type

Due to inadequate case registration data from 2004 to 2009
and data related to tumor characteristics (such as pathological
type, staging, and size) were missing, we only conducted

tumor pathological analysis on the data of thyroid cancer
cases from 2010 to 2018. In Guangzhou, 13242 thyroid
cancer cases were diagnosed between 2010 and 2018. Based
on the pathological types, these cases were categorized into
five groups: PTC, FTC, MTC, ATC and other. The PTC

Fig. 3 The time trends of
incidence rates of thyroid cancer
by gender and age in Guangzhou
from 2004 to 2018. a Temporal
trends of ASIRs of thyroid
cancer in men and women in
Guangzhou; b Trends of age-
specific incidence rates of
thyroid cancer by age of
diagnosis in Guangzhou

Table 4 APC and AAPC of thyroid cancer mortality rates by gender and age in Guangzhou, 2010–2018

Characteristics Year APC (95 CI%) t P AAPC (95 CI%) t P

Total 2010–2018 4.55 (−4.86 ~ 14.89) 1.12 0.301 4.55 (−4.86 ~ 14.89) 1.12 0.301

Gender Men 2010–2018 5.07 (−8.70 ~ 20.92) 0.83 0.433 5.07 (−8.70 ~ 20.92) 0.83 0.433

Women 2010–2018 3.50 (−5.91 ~ 13.85) 0.85 0.422 3.50 (−5.91 ~ 13.85) 0.85 0.422

Age group 20–29 2010–2018 0.61 (−13.27 ~ 16.71) 0.10 0.926 0.61 (−13.27 ~ 16.71) 0.10 0.926

30–39 2010–2018 −9.10 (−23.75 ~ 8.37) −1.28 0.240 −9.10 (−23.75 ~ 8.37) −1.28 0.240

40–49 2010–2018 0.44 (−21.84 ~ 29.07) 0.04 0.968 0.44 (−21.84 ~ 29.07) 0.04 0.968

50–59 2010–2018 −8.38 (−25.75 ~ 13.05) −0.98 0.358 −8.38 (−25.75 ~ 13.05) −0.98 0.358

60–69 2010–2014 60.74* (4.16 ~ 148.05) 3.04 0.039 22.88* (3.53 ~ 45.83) 2.36 0.018

2014–2018 −6.06 (−24.42 ~ 16.74) −0.80 0.469

70–79 2010–2018 7.81* (0.90 ~ 15.18) 2.68 0.031 7.81* (0.90 ~ 15.18) 2.68 0.031

80+ 2010–2018 −3.93 (−15.76 ~ 9.57) −0.72 0.495 −3.93 (−15.76 ~ 9.57) −0.72 0.495

*the APC/AAPC is significantly different from zero at the alpha= 0.05 level.
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accounted for the majority of the cases (92.30%), followed by
FTC (2.20%), MTC (0.80%), ATC (0.20%) and others
(4.60%). The trends in the ASIRs of the different pathological
types of thyroid cancer in 2010–2018 can be seen in Table S4
and Fig. S1. The results demonstrated that PTC predominated
the incidence of thyroid cancer throughout the study period,
and that the ASIR showed a rapidly increase over time,
whereas the ASIRs of other pathological types were low and
the trends were steady. Considering 87.52% of the tumor size
data was absent, we only assessed the tumor sizes of 1525
patients with PTC (Table S5). Our results revealed that PTC
with a tumor size of less than 2 cm accounted for a larger
proportion compared to PTC with tumor sizes greater than
2 cm and that the number of cases grew rapidly over time
(Fig. S2). In addition, with the pathological types of thyroid
cancer, we analyzed the basic situation of new thyroid cancer
cases in different age groups (Table S6). According to the
findings, the less malignant PTC accounted for more than
90% in the 20–59 age group, and the proportion gradually
decreased with the increase of age. In contrast, FTC, MTC,
and ATC with moderate and high malignancy were more
prevalent in people aged 60 years and older.

Age-period-cohort analysis

The results of age-period-cohort analysis of men and
women were shown in Fig. 5. In men, the age-at-onset
curve that was adjusted for period and cohort effects
showed a trend of first rising and then falling with age,
reaching the peak in the 75–79 age group. Whereas, in
women, the incidence rate increased with age throughout.
The period effects showed an increase in both sexes, and
increased significantly in the most recent period,
2014–2018. The rate ratios of period effects for 2014–2018
vs 2004–2008 were 4.25 for men and 3.25 for women. In
general, the risk of thyroid cancer increased with birth
cohort in both sexes. The cohort effects remained stable for
the first several birth cohorts, followed by upwards inflec-
tion for men and women born after mid-1960s.

Grey correlation analysis

Table 5 showed the indicators for Socio-Economic devel-
opment and Medical and Health Resources. There were 13
indicators in total, including 6 for socioeconomic

Fig. 4 The time trends of
mortality rates of thyroid cancer
by gender and age in Guangzhou
from 2010 to 2018. a Temporal
trends of ASMRs of thyroid
cancer in men and women in
Guangzhou; b Trends of ae-
specific mortality rates of
thyroid cancer by age of
diagnosis in Guangzhou
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development and 7 for Medical and Health Resources. The
ASIRs of total, men and women thyroid cancer were used
as the reference sequences, and all thirteen indicators were
used as the comparative sequences for grey correlation

analysis. The results of the analysis were listed in Table 6.
From the grey correlation analysis, whether total, men, or
women, the grey correlation values between the ASIRs of
thyroid cancer and social determinants were larger at a

Fig. 5 Age-period-cohort model
of the ASIRs of thyroid cancer
in men and women in
Guangzhou, 2004–2018. a Men;
b Women. Longitudinal age
curve: Expected age-specific
rates (per 100000) in reference
cohort adjusted for period
effects; Period RR period effects
on incidence; Cohort RR cohort
effects on incidence; Local drift
values: annual percentage
change of age-specific groups
for incidence; The shaded bands
indicate 95% CIs; The dashed
lines indicate the reference
period (2009–2013 as reference)
and cohort (1959–1963 birth
cohort group as reference)
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strong level. It means that Socio-Economic development
and Medical and Health Resources had a great impact on
thyroid cancer incidence rate.

Based on the grey correlation values between the ASIRs
of total and the 13 indicators, the top grey correlation was
X10, which corresponded to government healthcare
expenditures, with a grey correlation value of 0.8862. Fol-
lowed by X8, which was the number of Medical Profes-
sionals (Doctors), with a grey correlation value of 0.7827. It
implied that government healthcare spending and the

number of medical professionals (doctors) were the primary
factor indicators for connection with the incidence rate of
thyroid cancer. Among the indicators of Social-Economic
Development, the indicators with high correlation were X1,
X3, X4 and X5, corresponding to GDP, Per Capita Annual
Disposable Income of Urban and Rural Residents, Perma-
nent Population Density, respectively, and the grey corre-
lation values were 0.7040, 0.7417, 0.7710, and 0.7034,
respectively. These indicators reflected the changes of
Guangzhou’s economic development level and people’s
living standards to some extent. This implied that changes
in the level of economic development and people’s living
standards were also closely related to the incidence of
thyroid cancer.

Discussion

Our study used data from a population-based cancer registry
that included 9.13 million Guangzhou residents to describe
the temporal trends in thyroid cancer incidence and mor-
tality rates. The ASIRs of thyroid cancer in Guangzhou
increased almost fivefold from 4.29/105 in 2004 to 22.36/
105 in 2018, with an AAPC of 13.40%, and there were
obvious gender and age disparities. In contrast to the
ASIRs, the thyroid cancer ASMRs was low and stable, and
increased from 0.17/105 in 2010 to 0.45/105 in 2018.
Thyroid cancer incidence rising significantly and mortality
rates exhibiting a stable trend in Guangzhou were similar
with those in the majority of other nations [27, 28]. In
China, the ASIRs of thyroid cancer increased from 3.21/105

Table 5 Indicators related to
Socio-Economic Development
and Medical and Health
Resources

Domain Indicators Unit

Social-Economic
Development

X1: Gross Domestic Product (GDP) 100 million yuan

X2: Per Capita Gross Domestic Product yuan

X3: Per Capita Annual Disposable Income of Urban
Residents

yuan

X4: Per Capita Annual Disposable Income of Rural
Residents

yuan

X5: Permanent Population Density person/sq.km

X6: Life Expectancy year

Medical and Health
Resources

X7: Health Care Institutions (Hospitals) unit

X8: Medical Professionals (Doctors) person

X9: Hospital Beds bed

X10: Government Healthcare Expenditure 10000 yuan

X11: Proportion of Expenditure for Medical and Health
to Total Fiscal Expenditure

%

X12: Health Care and Medical Services Expenditure of
Urban Residents

yuan

X13: Health Care and Medical Services Expenditure of
Rural Residents

yuan

Table 6 The grey correlation degree between different impact factors
and the ASIRs of thyroid cancer in total, men, and women

Domain Indicators Grey Correlation Degree

Men Women Total

Social-Economic
Development

X1 0.6821 0.7153 0.7040

X2 0.6109 0.6241 0.6200

X3 0.7140 0.7563 0.7417

X4 0.7371 0.7780 0.7710

X5 0.6702 0.7102 0.7034

X6 0.6237 0.6411 0.6354

Medical and Health
Resources

X7 0.6295 0.6507 0.6482

X8 0.7484 0.7944 0.7827

X9 0.6614 0.6906 0.6809

X10 0.8813 0.8595 0.8862

X11 0.6263 0.6061 0.6096

X12 0.6110 0.6162 0.6146

X13 0.7424 0.7777 0.7803
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in 2005 to 9.61/105 in 2015, and the mortality rate increased
from 0.28/105 in 2010 to 0.35/105 in 2015 [29]. In contrast,
we found that the ASIR of thyroid cancer in Guangzhou
was 4.42/105 in 2005, which was similar to the incidence
level in China, and it was 14.94/105 in 2015, which was
significantly higher than the China’s average. The ASMR in
2015 was 0.59/105, which was slightly higher than the
national average for China. From the data above, it was
apparent that the ASIRs in Guangzhou were increasing
more quickly than the national average, but the ASMRs
were not much different from that in China, they were all at
a low level. What factors caused the rapid rise of incidence
in Guangzhou was worth exploring.

The research revealed that, women had a higher inci-
dence of thyroid cancer than men (women to men ratio:
3:1), but their mortality rates (0.49/105) were similar to the
men’s (0.34/105). Women sex hormones and reproductive
processes are thought to have a significant role in the
development of thyroid cancer [30–32]. And the curves of
gender-age-specific incidences revealed that the incidence
of thyroid cancer in women began to rise rapidly at the age
of 20 and peaked between the ages of 50–54, coinciding
with menopause in women, implying that estrogen levels
may be involved in the development of thyroid cancer.
Women’s estrogen levels are naturally higher than men’s,
and women in their 20 s to 40 s are at the height of their
reproductive potential and have the highest hormone levels
of their lives. As a result, thyroid cancer in women is more
likely to occur at this time. In addition, women are more
likely than men to use healthcare services (since of peri-
menopausal and reproductive factors), which may make
thyroid screening and diagnosis more easily accessible and
timely for women [33, 34].

In the study period, the overall trend of incidence was not
significantly different between men (13.14%) and women
(12.48%). However, men showed two inflection points in
2009 and 2012. The ASIRs of thyroid cancer in men
changed steadily between 2004 and 2009. It could be that
thyroid cancer was previously thought to be more common
in women and they were usually more conscious of their
health, which made women more likely to be detected than
men [35]. Between 2009 and 2012, the ASIRs in men began
to increase at a rate of 26.95%, indicating a “explosive”
growth trend. The possible reasons were as follows: in
2009, the American Thyroid Association revised the
guidelines for the diagnosis and treatment of thyroid cancer
[36], and China also released the first Guidelines for the
Diagnosis and Treatment of Differentiated Thyroid Cancer
[37], defining the diagnostic criteria for thyroid cancer.
During this period, the Ministry of Health of China released
the Interim Provisions on Health Examination Management
[38] and gradually implemented the New Medical Revolu-
tion (the coverage percentage of social medical insurance

increased from 29.7% to 95.7% between 2003 and 2011)
[39]. The implementation of thyroid cancer diagnosis and
treatment guidelines and some policies further increased
people’s medical needs and health examination conscious-
ness, leading to the diagnosis of previously undetected male
patients. As a results, a huge number of men cases were
found in a short period, indicating an “explosive” growth.
After the “explosive” growth, the men incidence rate began
to moderate at a rate of 15.71%, slightly higher than that of
women, during 2012 to 2018. In addition, exposure to
occupational risk factors may be a contributing factor to the
increase in men incidence rates. During the period from
2000 to 2010, with the development of the economy and the
acceleration of industrialization, the exposure to occupa-
tional risk factors got more and more apparent, and the
number of cases of occupational disorders increased dra-
matically [40], which lead to the increased incidence rate of
thyroid cancer in men [16].

The results showed that the proportion of thyroid cancer
cases in 20–59 years old reached 82.63% (13184/15955).
The incidence rates of thyroid cancer were higher and
increased faster in this age range compared to other age
groups, but the mortality rates were very low. It’s possible
reason maybe that this age group belongs to occupational
population and receives yearly health examination, which
lead to more hidden patients be identified and raise the
chance of exposing to medical radiation. Previous studies
have also shown that the increase in medical radiation
exposure [41, 42] and health screening rates [43–45] may
lead to a rapid increase in the incidence of thyroid cancer.
Furthermore, they are more likely to use computers, mobile
phones, and other electronic devices for extended periods of
time due to work-related reasons. Researches had indicated
that radio frequency radiation from electronic devices such as
mobile phones will affect thyroid hormones and cells
[46, 47]. And prolonged or frequent usage of mobile phones
can especially increase the risk of thyroid cancer in those
with susceptible single nucleotide polymorphism mutations
(SNPs, a type of genetic mutation) [48]. As a key entryway
and hub for China’s opening-up, Guangzhou has a remark-
able economic growth. Due to intense social competition and
fast-paced way of life, people in this age group are frequently
more likely to experience long-term strain from life, job, and
psychology. What’s more, they also frequently live irregular
lifestyles and eat erratically (such as eating takeout and
staying up late, etc.). Long periods of intense stimulation will
cause abnormal autoimmune regulation, disrupt the normal
operation of the endocrine system, and result in thyroid ill-
ness [11, 12]. Moreover, the vast majority of thyroid cancers
were low malignant PTC in this age group (over 90%), which
may be associated with lower mortality and better prognosis.

Conversely, in the age group of 60 years and older, the
proportion of cases of thyroid cancer was only 14.81%
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(2525/15955), but the proportion of deaths was as high as
62.36% (222/356). And the incidence rates of thyroid
cancer in this age group were relatively lower compared to
the 20–59 age group, but the mortality rates were higher. It
may be related to the proportion decline of low malignancy
PTC and the proportion increase of high malignancy of
other pathological types, resulting in the higher mortality
rate and poor prognosis in this age group compared to those
aged 20 to 59. Elderly people often suffer from degenerative
changes in tissue cells, decreased physiological function,
and a steady decrease in their immunity and defense against
tumors, making it difficult to recognize and eliminate
mutated cells, which results in a higher malignancy of
thyroid cancer in the elderly [49]. Considering that young
and middle-aged people were more likely to develop thyr-
oid cancer and less to die from thyroid cancer, it was
essential for them to improve lifestyles and reduce envir-
onmental risk factors to decrease the occurrence of thyroid
cancer, especially the PTC. With the population aging [50],
the issue of thyroid cancer prevention and treatment will get
much worse in Guangzhou. In the future, the screening of
thyroid cancer for the elderly should get adequate attention
to promote them early diagnosis and aggressive therapy.

The outcomes of the age-period-cohort models revealed
that the incidence rate of thyroid cancer appeared to be
influenced by both period and birth cohort effects. The
development of social economy, the improvement of diag-
nostic methods, and the increase of medical detection of
thyroid nodules may lead to an abnormal increase in the
incidence rate of men and women over the past decade.
Consistent with previous study findings [51], our results
also indicated that the ASIRs of thyroid cancer were much
more closely related to medical and health resources, such
as the government healthcare expenditure, the number of
Medical Professionals (Doctors) and people’s access to and
affordability of medical care resources. In other words, with
the Guangzhou government’s increased investment in
healthcare costs and medical resources, people have access
to more and better healthcare services and easier undergo
thyroid ultrasound examinations, so as to, increase the rate
of thyroid cancer being identified. Moreover, the results of
our grey correlation analysis also showed that the change of
economic development level and people’s living standard in
Guangzhou were also closely related to the incidence of
thyroid cancer. Guangzhou, an international metropolis,
with intense social competitiveness, a quick pace of life and
strong job pressure, all of which frequently cause people to
suffer from psychological and spiritual issues (such as long-
term anxiety, depression and stress). And people’s lifestyles
have changed significantly along with the growth in income
and the improvement in living standards. The negative
emotions and unhealthy eating and living habits may cause
the thyroid cancer [11, 12]. Many developed arears, such as

the United States, Denmark, and Shanghai, China, all have
the same thyroid cancer incidence rate pattern [52–54].

To sum up, we were more inclined to consider that the
overdiagnosis related to the increase of Medical and Health
Resources was the primary cause of the sharp increase of
thyroid cancer incidence rate in Guangzhou. The reasons
were as follows: first of all, even though the ASIRs of
thyroid cancer increased in Guangzhou, the ASMRs con-
tinued to be low and stable. The phenomenon may be
attributed to the widespread use of modern diagnostic tech-
niques, such as ultrasound and fine needle aspiration, which
increased PTC (especially papillary thyroid microcarcinoma
(PTMC), tumor size <1 cm) detection. And our resulted
showed that the increase in the incidence of thyroid cancer
was virtually entirely due to an increase in PTC in the 20–59
age group and was dominated by tumors smaller than 2 cm.
PTC is regarded as an inert cancer, because the majority of
patients show no apparent symbols, have low aggressive-
ness, progress slowly, and have a favorable prognosis [55].
Some epidemiological studies have also confirmed this
notion, showing that PTMC was the primary cause of the rise
in PTC diagnoses [28, 56, 57]. Secondly, the development
and implementation of some relevant policies not only
increase people’s (particularly 20–59 age group) attention to
their own health, but also increase their opportunity of health
examination and medical consumption, which further leads
to the discovery of occult thyroid cancer and increasing the
detection rate. In addition, our results showed that the level
of social and economic development in Guangzhou and the
level of government investment in medical and health
resources were closely related to the incidence of thyroid
cancer. Previous study demonstrated that people who live in
economically developed areas were more aware of health
management, had access to more medical resources and were
more likely to undergo thyroid-related examinations [58].
These results in the increase of detecting small, clinically
insignificant cases of thyroid cancer, which increased the
number of thyroid cancer cases but not the life span.

Thyroid cancer overdiagnosis is a problem because it
might be difficult to identify which people require therapy.
According to our data, thyroid surgery was carried out on a
majority of patients (93.11%) with thyroid cancer. The
situation was similar even in patients with PTC (95.31%),
but the PTC is considered low-risk and the patient prognosis
is good, with a 5-year disease-specific survival rate of >98%
[59]. The risk of consequences from thyroid surgery is low
but significant, and it includes hypoparathyroidism and
nerve injury that may lead to hoarseness and even voice
loss. Furthermore, thyroid replacement treatment is required
for follow-up patients. These not only lower their quality of
life but also increase the economic strain on patients and the
healthcare system. In the future, further studies are needed
to establish more cautious diagnostic methods, and should
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pay attention to the strategies of screening and control
thyroid cancer.

We acknowledge that there are certain limitations to our
study. Firstly, the study suggested that a crucial factor in a
sharp increase in the incidence rate of thyroid cancer was
overdiagnosis, but did not make further screening recom-
mendations. In the future, we will further improve the data
information on tumor size, stage, prognosis and treatment of
thyroid cancer patients to assess the degree of thyroid cancer
overdiagnosis in Guangzhou, on the basis of prospective
cohort studies or disease monitoring in natural population.
Secondly, in common with other analyses of cancer registry
data, we were unable to assess the exposure of key risk
factors in the underlying population and in cancer cases,
such as social factors (education level, income level, medical
resources, etc.), lifestyle and dietary patterns, and environ-
mental exposure. Additionally, there are geographic varia-
tions in the distribution of risk factors for thyroid cancer,
such as economic level, medical resources and environment
factors (air, industrial and agricultural pollution). Exploring
the regional clustering of thyroid cancer incidence in
Guangzhou will help identify the association between thyr-
oid cancer and other risk factors, and then implement tar-
geted prevention. Thus, it is necessary to apply spatial
analysis to explore the precise reasons in the future.

Conclusion

In conclusion, during the study period, the incidence rate of
thyroid cancer in Guangzhou increased significantly, while
the mortality was relatively steady. The majority of the new
cases were low-risk PTC subtype with beneficial prognoses.
Women were more likely to get thyroid cancer than men,
however since 2009, men’s upward trend have exceeded
women’s, and the gender gap has gradually closed. The
20–59 age group has a higher incidence rate and a lower
mortality rate of thyroid cancer than that group of 60 years
and older. Effective measures and tailored projects targeting
the target population, especially those aged 20–59, can
greatly reduce the burden caused by thyroid cancer. Addi-
tionally, our results implied that there may be an over-
diagnosis of thyroid cancer in Guangzhou. Therefore, more
studies on the cause, prevention, and treatment of thyroid
cancer are required to improve diagnostic criteria or estab-
lish more practical diagnostic methods to detect thyroid
cancer patients with clinical significance.
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