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Abstract

Objective: To analyze the incidence and mortality rates of thyroid cancer (TC) in China from 2008 to 2012.

Methods: Incident and death cases of TC were retrieved from the National Central Cancer Registry (NCCR)

database collecting from 135 cancer registries in China during 2008−2012. The crude incidence and mortality rates

of TC were calculated by area (urban/rural), region (eastern, middle, western), gender and age group (0, 1−4, 5−9,

…, 85+). China census in 2000 and world Segi’s population were applied for age-standardized rates. Joinpoint

(Version 4.6.0.0) model was used for time-trend analysis.

Results: The crude incidence rate of TC was 7.56/100,000 which ranked the seventh in overall cancers. The age-

standardized incidence rates by China population (ASIRC) and by World population (ASIRW) were 6.25/100,000

and 5.52/100,000, respectively. The crude mortality of TC in China was 0.52/100,000. The age-standardized

mortality rates by Chinese standard population (ASMRC) and by world standard population (ASMRW) were

0.34/100,000 and 0.32/100,000, respectively. Incidence and mortality rates of TC were higher in females than in

males and higher in urban areas than in rural areas. Eastern areas had the highest incidence followed by middle and

western areas. TC incidence increased dramatically after age of 15 years, then peaked at 14.08/100,000 in the group

of 50−54 years and finally decreased sharply after 55 years old. TC mortality increased with age in population,

reaching the peak of 5.09/100,000 in sub-population aged 85 years or older. TC incidence increased by 4.73 times

from 2.40/100,000 in 2003 to 13.75/100,000 in 2012 with an average annual increase of 20%, while TC mortality

only increased slightly around 0.32/100,000 from 0.26/100,000 to 0.36/100,000.

Conclusions: Appropriate targeted prevention, early detection and treatment programs can be carried out to

curb the rapid growth trend of TC and control the disease burden.
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Introduction

Thyroid cancer (TC) is the most common head and neck
malignancy of the endocrine system. In the past 30 years,
except  for  Africa  where  disease  diagnosis  technology is
limited, the rapid increase of TC incidence in the world has
aroused widespread concern.  A recent  TC incidence in

China  is  12.40/100,000  in  2014,  becoming  one  of  the
increasing fastest malignant tumors (1). According to the
world  cancer  report  (GLOBOCAN  2012),  the  global
estimated incidence of TC in 2012 was 298,102 cases and
39,771 deaths (2). According to the 2015 annual report of
Chinese cancer registry, TC has become one of the top ten
cancers threatening the health of Chinese residents (3), and
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ranked the first among women in some provinces, such as
Zhejiang province (4). In order to eliminate the influence
of  annual  random  change  of  rates  and  guarantee  the
stability of statistical  results,  we described the epidemic
characteristics of TC in China to provide basic information
for  the  control  and  research  of  TC,  using  a  5-year
consolidated database pooled during 2008 to 2012.

Materials and methods

Data source

The data  of  TC incidence  and mortality  in  2008−2012
were obtained from the National Central Cancer Registry
of China (NCCR) which summarized and reported long-
term, high-quality incidence, mortality and survival data
submitted by local population-based cancer registries. The
cancer  information  was  collected  by  local  hospitals,
community health centers, the Basic Medical Insurances for
urban residents, the new-rural cooperative medical system
and so on. The Vital Statistical Database was linked with
the cancer incidence database for identifying cases with
death certificate  only  (DCO) and follow-up.  By May 1,
2018, a total  of 135 cancer registries from 31 provinces
including 56 urban and 79 rural registries submitted cancer
data  of  2008−2012.  These  cancer  registries  covered  a
population of 629,333,910 person-years (318,623,600 males
and  310,710,310  females).  All  TC  cases  were  coded
according to the International Classification of Diseases for
Oncology, 3rd edition (ICD-O-3) and the International
Statistical Classification of Diseases and Related Health
Problems 10th Revision (ICD-10). Furthermore, each year,
the  incidence/mortality  rate  of  TC  and  the  data  of
population  during  2003−2007  were  acquired  from  the
database of NCCR.

Quality control

The NCCR assessed  quality  and  comparability  of  data
using standard criteria, which were based on “Guideline for
Chinese Cancer Registration” and referring to relevant
data  quality  criterion  of  “Cancer  Incidence  in  Five
Continents  Volume  IX”  by  International  Agency  for
Research on Cancer (IARC) (5,6). The percentage of cases
morphologically verified (MV%), the percentage of cases
with DCO (DCO%), mortality to incidence (M/I) ratio as
well as percentage of uncertified cancer (UB%) were used
to evaluate the completeness, validity and comparability of
data quality (1,7). Only datasets meeting defined quality

criteria  were  included  in  this  study.  The  data  quality
indicators of MV%, DCO% and M/I ratio were 52.97%,
3.97% and 0.83, respectively (8).

Statistical analysis

The  pooled  data  were  stratified  by  area  (urban/rural),
gender (male/female), and age groups (0−,  1−4, 5−84 by
5 years and 85+ years). We estimated the numbers of new
cases and deaths of TC in 2008−2012 in China, as well as a
comprehensive overview of cancer incidence, mortality and
cumulative risk of developing or dying from cancer before
75  years  of  age.  The  incidence  and  mortality  rates  per
100,000  person-years  were  age-standardized  using  the
Chinese population in 2000 and world Segi’s population.
SAS software (Version 9.2; SAS Institute Inc., Cary, USA)
software was used to calculate the incidence and mortality
rates. The Joinpoint Regression Analysis Program (Version
4.6.0.0; Statistical Methodology and Applications Branch,
Surveillance Research Program, National Cancer Institute,
Rockville, USA) was used to calculate annual percentage
changes (APCs) and 95% confidence intervals (95% CIs) to
quantify temporal trends in incidence overall (9). P<0.05
was considered statistically significant.

Results

Incidence of TC

There was an estimate of 47,550 new TC cases diagnosed
in China during 2008−2012, accounting for 2.67% of all
new  cancer  cases.  The  total  crude  incidence  rate  was
7.56/100,000.  The  crude  incidence  rate  in  males  was
3.57/100,000, while the rate in females was 11.64/100,000.
The age-standardized incidence rates by China population
(ASIRC)  and  by  World  population  (ASIRW)  was
6.25/100,000 and 5.52/100,000, respectively. Among the
patients aged 0−74 years old, the cumulative incidence rate
was 0.53%. The ASIRC in females (9.58/100,000) was 3.21
times as high as that in males (2.98/100,000).

The  crude  incidence  rate  in  urban  areas  during
2008−2012 was 9.99/100,000, while that in rural areas was
3.77/100,000. The ASIRC in urban areas (8.12/100,000)
was 2.53 times as high as that in rural areas (3.21/100,000).

The  crude  TC  incidence  in  eastern  areas  of  China
during 2008−2012 was 9.03/100,000, while that in middle
areas  was  4.63/100,000  and  that  in  western  areas
2.69/100,000. The ASIRC in eastern areas of China during
2008−2012 was 7.40/100,000, while that in middle areas
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was 3.96/100,000 and that in western regions 2.28/100,000.
Though in different areas, the ASIRC in females was still
higher than those in males (Table 1).

Age-specific incidence of TC

TC incidence was relatively low in population under the
age of 15. However, the incidence increased dramatically
after age of 15 years, then peaked at 14.08/100,000 in the
group of 50−54 years and finally decreased sharply after 55
years  old.  The  incidence  rate  reached  the  peak  value
6.13/100,000 in males aged 55−59 years, while that reached
the peak value 22.80/100,000 in females aged 50−54 years.
The incidence in females was higher than that in males at
all age groups and the incidence in females was nearly three
times  that  in  males  at  the  age  of  10−59  years.  The
incidence peaked at the age of 50−54 years in both urban
and rural areas. The incidence at all age groups in urban
areas was higher than that in rural areas in both males and
females.  Eastern  areas  had  the  highest  incidence  rate
followed by middle and western areas in males aged under
the 70−74 years group and in females aged under the 80−84
years group (Figure 1, 2).

Temporal trend of TC incidence between 2003 and 2012

The ASIRC of TC increased dramatically by 4.73 times
between  2003  and  2012,  from  2.40/100,000  to
13.75/100,000. And TC incidence rates in males increased
by 4.95 times from 1.14/100,000 in 2003 to 6.78/100,000 in
2012, while that in females increased by 4.64 times from
3.68/100,000 to 20.75/100,000. The ASIRC in urban areas
had an approximately 5-fold increase between 2003 and
2012 from 2.82/100,000 to 15.89/100,000, in which the
ASIRC in males and females increased by 4.82-fold and
4.52-fold, respectively. The ASIRC in rural areas had an
approximately 4-fold increase between 2003 and 2012 from
1.00/100,000 to  4.92/100,000,  in  which  the  ASIRCs in
males and females increased by 4.10-fold and 3.88-fold,
respectively (Table 2, Figure 3).

Over the past decades during 2003−2012, the temporal
trend of the incidence rate of TC in both sexes in China
was increasing (APC: 20.04%; 95% CI: 18.13%, 21.99%).
In urban areas, the temporal trend of the incidence rate
increased  by  20.70%  per  year  and  in  males  the  rate
increased by 20.85% per year and in females the APC was
21.07% (95% CI:  15.57%, 26.83%).  In rural  areas,  the

Table 1 Thyroid cancer incidence in China, 2008−2012

Geographicareas Gender New cases Crude incidence
(1/105)

Ratio
(%)

ASIRC
(1/105)

ASIRW
(1/105)

Cumulative rate
0−74 (%) Rank

All areas

Both 47,550 7.56 2.67 6.25 5.52 0.53   7

Male 11,382 3.57 1.14 2.98 2.62 0.26 16

Female 36,168 11.64 4.63 9.58 8.46 0.81   8

Urban

Both 38,246 9.99 3.33 8.12 7.15 0.69   7

Male 9,279 4.81 1.48 3.94 3.46 0.34 15

Female 28,967 15.28 5.55 12.36 10.89 1.05   5

Rural

Both 9,304 3.77 1.47 3.21 2.84 0.28 14

Male 2,103 1.67 0.56 1.42 1.27 0.13 18

Female 7,201 5.95 2.77 5.04 4.46 0.43 10

Eastern areas

Both 39,969 9.03 3.04 7.40 6.49 0.62   7

Male 9,583 4.29 1.31 3.56 3.11 0.30 15

Female 30,386 13.84 5.20 11.29 9.92 0.95   6

Middle areas

Both 6,114 4.63 1.83 3.96 3.54 0.35 12

Male 1,428 2.11 0.75 1.81 1.64 0.17 18

Female 4,686 7.27 3.25 6.19 5.51 0.54   9

Western areas

Both 1,467 2.69 1.10 2.28 2.07 0.21 20

Male 371 1.34 0.46 1.14 1.06 0.11 18

Female 1,096 4.10 2.06 3.44 3.11 0.31 12

ASIRC, age-standardized incidence rate by Chinese standard population in 2000; ASIRW, age-standardized incidence rate by
Segi’s population.
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incidence rate of TC increased by 19.26% per year, and in
males the rate increased by 19.63% per year and in females
the APC was 19.31% (95% CI: 14.77%, 24.03%) (Table 2,
Figure 3).

Mortality rate of TC

It was estimated that about 3,280 cases died from TC in
China during 2008−2012, accounting for 0.29% of cancer
deaths.  The  crude  mortality  rate  was  0.52/100,000
(0.36/100,000 in males and 0.68/100,000 in females) and it
was  the twenty-second cause of  cancer-related death in
overall  cancers.  The age-standardized mortality rates of

Chinese  population  (ASMRC)  and  world  population
(ASMRW)  were  0.34/100,000  and  0.32/100,000,
respectively. The ASMRC in females (0.42/100,000) was
1.75 times as high as that in males (0.24/100,000). Among
the patients aged 0−74 years old, the cumulative mortality
rate was 0.04%.

The crude mortality rate in urban areas (0.60/100,000)
was higher than that  in rural  areas  (0.40/100,000).  The
ASMRC  in  urban  areas  (0.36/100,000)  was  0.29  times
higher than that in rural areas (0.28/100,000).

The crude TC mortality in eastern areas of China during
2008−2012 was 0.56/100,000, while that in western areas

Table 2 Temporal trend of thyroid cancer incidence in China, 2003−2012

Year
All Urban Rural

Both
(1/105)

Male
(1/105)

Female
(1/105)

Both
(1/105)

Male
(1/105)

Female
(1/105)

Both
(1/105)

Male
(1/105)

Female
(1/105)

2003   2.40   1.14   3.68   2.82   1.36   4.33   1.00   0.42   1.58

2004   3.11   1.51   4.74   3.55   1.74   5.41   1.53   0.66   2.38

2005   3.77   1.70   5.88   4.39   1.99   6.87   1.45   0.60   2.27

2006   4.28   1.90   6.69   4.99   2.22   7.82   1.64   0.70   2.56

2007   4.67   2.12   7.25   5.44   2.42   8.52   1.77   1.00   2.53

2008   6.04   2.65   9.48   6.85   2.99 10.78   3.00   1.37   4.63

2009   6.90   3.32 10.53   7.75   3.77 11.80   3.65   1.63   5.68

2010   8.21   3.86 12.60   9.26   4.39 14.19   3.87   1.70   6.05

2011 11.01   5.60 16.46 12.70   6.54 18.91   4.09   1.76   6.44

2012 13.75   6.78 20.75 15.89   7.92 23.92   4.92   2.14   7.71

APC (%) 20.04 21.05 19.74 20.70 20.85 21.07 19.26 19.63 19.31

95% CI
(%)

 18.13,
 21.99*

 17.12,
 25.12*

 17.92,
 21.58*

 16.92,
 24.60*

 16.93,
 24.90*

 15.57,
 26.83*

 15.14,
 23.52*

 15.49,
 23.92*

 14.77,
 24.03*

APC, annual percentage change; 95% CI, 95% confidence interval; *, P<0.05 was considered statistically significant.

 

Figure 1 Age-specific incidence of thyroid cancer in urban and
rural areas in China, 2008−2012.

 

Figure 2  Age-specific incidence of thyroid cancer in different
regions in China, 2008−2012.
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was 0.47/100,000 and that in middle areas 0.43/100,000.
After  adjusting  for  age,  the  gap  of  the  mortality  rates
between different regions was narrowed, with the highest
in western areas and the same in eastern and middle areas.
The ASMRC in eastern areas of China during 2008−2012
was  0.33/100,000,  while  that  in  middle  regions  was
0.33/100,000 and that  in western regions 0.37/100,000.
Though in different areas, the ASMRC in females was still

higher than that in males (Table 3).

Age-specific mortality

The  mortality  rate  increased  with  age  in  population,
reaching the peak of 5.09/100,000 in sub-population aged
85 years or older. Similarly, the male and female mortality
rates increased with age, and both reached the peak after 85
years old. The mortality rate in females was higher than
that in males at the same age group. The mortality reached
the peak of 6.43/100,000 in population at the age group of
85 years or older in urban areas,  while that reached the
peak of 2.70/100,000 in population at the age group of 80
years  or  older  in  rural  areas.  The  male  age-specific
mortality rate in urban areas was higher than that in rural
areas after 45 years old (Figure 4). There was no obvious
regional  disparity  trend  of  the  age-specific  mortalities
among different regions of China (Figure 5).

Temporal trend of TC mortality between 2003 and 2012

The ASMRC of TC increased slightly between 2003 and
2012,  around  0.32/100,000  from  0.26/100,000  to
0.36/100,000. The mortality rates in males increased from

Table 3 Thyroid cancer mortality in China, 2008−2012

Geographic areas Gender Deaths Crude mortality
(1/105)

Ratio
(%)

ASMRC
(1/105)

ASMRW
(1/105)

Cumulative rate
0−74 (%) Rank

All areas

Both 3,280 0.52 0.29 0.34 0.32 0.04 22

Male 1,159 0.36 0.16 0.24 0.24 0.03 19

Female 2,121 0.68 0.51 0.42 0.40 0.04 20

Urban

Both 2,304 0.60 0.33 0.36 0.35 0.04 22

Male    799 0.41 0.19 0.26 0.26 0.03 19

Female 1,505 0.79 0.57 0.46 0.44 0.05 20

Rural

Both    976 0.40 0.23 0.28 0.27 0.03 22

Male    360 0.29 0.13 0.21 0.20 0.02 19

Female    616 0.51 0.40 0.35 0.34 0.04 20

Eastern areas

Both 2,459 0.56 0.30 0.33 0.32 0.03 22

Male    890 0.40 0.17 0.25 0.25 0.03 19

Female 1,569 0.71 0.51 0.40 0.39 0.04 20

Middle areas

Both    566 0.43 0.27 0.33 0.31 0.03 22

Male    189 0.28 0.14 0.22 0.21 0.02 20

Female    377 0.59 0.48 0.44 0.41 0.04 20

Western areas

Both    255 0.47 0.30 0.37 0.36 0.04 22

Male      80 0.29 0.14 0.24 0.23 0.03 19

Female    175 0.66 0.60 0.51 0.48 0.05 20

ASMRC, age-standardized mortality rate by Chinese standard population in 2000; ASMRW, age-standardized mortality rate by
Segi’s population.

 

Figure 3 Temporal trend of age-standardized incidence (ASIRC)
of thyroid cancer in China, 2003−2012.
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0.18/100,000  to  0.31/100,000,  while  that  in  females
increased  from  0.32/100,000  to  0.45/100,000.  The
ASMRC in urban areas increased between 2003 and 2012
from 0.27/100,000  to  0.37/100,000,  while  that  in  rural
areas increased from 0.17/100,000 to 0.31/100,000. The
ASMRCs in  females  were  higher  than  that  in  males  in
every year and any areas (Table 4, Figure 6).

Discussion

TC  incidence  was  7.56/100,000  in  China  during
2008−2012, ranking the 7th among the incidence rates of
mal ignant  tumors .  The  ASIRW  in  China  was
5.52/100,000, higher than that in the globe of 4.0/100,000
and lower than that in Europe of 7.1/100,000 (2). However,
TC  mortality  has  always  been  relatively  low.  During

2008−2012,  the mortality rate of  TC was 0.52/100,000,
ranking the 22nd among the mortality rates of malignant
tumors in China and the rate was 0.32/100,000 adjusted by
the  world  population,  lower  than the  global  average  of
0.5/100,000 (2).

TC incidence increased by 4.73 times from 2.40/100,000
in 2003 to 13.75/100,000 in 2012 with an average annual
increase  of  20%,  while  TC  mortality  only  increased
slightly, similar to studies in other countries. TC incidence
increased from 4.9/100,000 in  1975 to  14.3/100,000 in
2009  in  America  (10).  In  South  Korea,  TC  incidence
increased by 23.6% annually from 1999 to 2008 in females
(11). And there was only a slight increase in TC mortality
except in South Korea. In view of the rapid increase in TC
incidence worldwide, it is now recognized that the wide
application of  new imaging examination techniques has

Table 4 Temporal trend of thyroid cancer mortality in China, 2003−2012

Year
All Urban Rural

Both
(1/105)

Male
(1/105)

Female
(1/105)

Both
(1/105)

Male
(1/105)

Female
(1/105)

Both
(1/105)

Male
(1/105)

Female
(1/105)

2003 0.29 0.20 0.37 0.32 0.21 0.42 0.18 0.15 0.20

2004 0.33 0.31 0.35 0.37 0.35 0.38 0.17 0.15 0.20

2005 0.32 0.25 0.40 0.33 0.26 0.39 0.30 0.15 0.43

2006 0.26 0.18 0.33 0.27 0.20 0.34 0.21 0.11 0.31

2007 0.28 0.23 0.32 0.28 0.23 0.33 0.26 0.24 0.27

2008 0.34 0.28 0.40 0.35 0.28 0.41 0.29 0.24 0.33

2009 0.36 0.26 0.45 0.37 0.26 0.47 0.31 0.27 0.36

2010 0.33 0.27 0.38 0.33 0.25 0.40 0.28 0.28 0.28

2011 0.34 0.23 0.45 0.35 0.23 0.47 0.28 0.21 0.35

2012 0.34 0.23 0.43 0.35 0.25 0.43 0.29 0.14 0.43

 

Figure 4 Age-specific mortality of thyroid cancer in urban and
rural areas in China, 2008−2012.

 

Figure 5  Age-specific  mortality  of  thyroid cancer in different
regions in China, 2008−2012.
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greatly  increased  the  detection  rate  of  thyroid
microcarcinoma, and that excessive examination has also
increased the detection rate of TC (12).

Many  risk  factors  have  been  identified  for  thyroid
carcinoma.  TC incidence  is  closely  related  to  ionizing
radiation (13,14), iodine intake (15-17), female hormones
(13,18)  and  family  factors.  In  addition,  about  5%  of
patients  with  TC  have  a  family  history  of  thyroid
carcinoma (12). Body mass index (BMI) is associated with
the incidence of TC (19), and mental factors have a great
impact  on  the  development  of  TC  by  influencing
endocrine function of thyroid gland (20).

During  2008−2012,  TC  incidence  in  China  showed
obvious differences in gender, age. The incidence of TC
was higher in females than in males in China. The ratio of
female to male was 3.21:1 in China, 3.14:1 in urban areas
and 3.55:1 in rural areas. Multiple studies have shown that
estrogen receptor  (ER)  is  expressed  in  TC tissues,  and
estrogen itself may be a carcinogen, and the enhanced 2-
hydroxylation in its metabolism is likely to be related to the
occurrence of TC (13). The age-specific incidence of TC
in Chinese females increased with age, reaching a peak at
the age group of 50−54 years which is just right the female
menopause.  However,  TC incidence  decreased  rapidly
after menopause, suggesting that estrogen level plays a role
in the development of TC (18).

TC  incidence  was  relatively  high  in  economically
developed regions, such as in South Korea ((111.3/100,000
in females,  27.0/100,000 in  males  in  2010))  (21)  and in
North  America  (16.5/100,000),  and  relatively  low  in
economically  underdeveloped  regions,  such  as  Africa
(1.1/100,000) (2). Our study showed that there was a higher
incidence of TC in urban areas than in rural areas. We also

found that TC incidence in developed eastern areas was the
highest,  followed by  middle  areas  and western  areas  of
underdeveloped in China. This is likely to be related to the
availability  and  improvement  of  imaging  examination
techniques  of  thyroid  gland  in  developed  regions.  In
addition, there is a high incidence of TC in eastern coastal
areas in China, which suggests that environmental factors
such as diet are associated with TC incidence (13). There is
a U-shaped relationship between diet iodine intake and the
occurrence  of  thyroid  diseases,  that  is,  insufficient  or
excessive intake can lead to the increase of the incidence of
thyroid carcinoma. Excessive iodine intake may be related
to  the  growth  of  thyroid  papillary  cancer,  and  iodine
deficiency may be related to the growth of follicular cancer
(15-17).

Conclusions

TC showed an increasing dramatically trend of incidence
rate in recent years. There are disparities of incidence rate
in genders,  age groups and different  areas.  Appropriate
targeted  prevention,  early  detection  and  treatment
programs can be carried out to curb the rapid growth trend
of TC and control the disease burden.
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