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Abstract
Background: Thyroid cancer is the most common type of endocrine cancer. We aimed to determine the incidence rates of thyroid 
cancer across a 10-year period (2004-2013) in Golestan, Iran. 
Methods: We obtained the thyroid cancer data from Golestan Population-Based Cancer Registry (GPCR). Age-standardized 
incidence rates (ASR) were calculated and reported per 100 000 person-years. The Joinpoint software was used to assess time 
trends, and average annual percent changes (AAPCs) and their corresponding 95% confidence intervals (CIs) were reported. 
Results: Of 326 registered patients, 83 (25.5%) were men and 243 (74.5%) were women. The mean age was 51.3 and 42.6 years 
for males and females, respectively. Overall, the ASR of thyroid cancer was 2.2 per 100 000 person-year (AAPC = 2.76; 95% CI: 
-3.68 to 9.64). The test of co-incidence showed a statistically significant difference in the incidence of thyroid cancer between 
men (1.3) and women (3.2) (P < 0.001). According to our results, the ASR of thyroid cancer in western parts of Golestan is higher, 
including Gorgan and Aliabad cities.
Conclusion: Increasing trends in incidence rates of thyroid cancer were found in the Golestan province during the study period, 
especially in women. We found significantly higher rates of thyroid cancer in women. Geographical diversities were seen in 
incidence rates of thyroid cancer in the Golestan province. Our results may be helpful for designing further researches to investigate 
the epidemiological aspects of thyroid cancer in the Golestan province. 
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Introduction
Cancer is a major cause of death worldwide, with an 
estimated 9.6 million deaths in 2018.1 According to the 
International Agency for Research on Cancer (IARC), 
there are 110 115 new cases of cancer in Iran, annually.1 
In recent decades, the incidence and prevalence of the 
cancer have increased all over the world.2-7 Recent studies 
have shown that between 2004 and 2008, a total of 9007 
new cases of cancer have been recorded according to the 
population-based cancer registry of northeast Iran. Age-
standardized rates of 175.30 and 141.10 per 100 000 
person-years have been reported for females and males, 
respectively.8,9

Worldwide, thyroid cancer is the most common type 
of endocrine cancer. According to global cancer statistics, 
approximately 18 078 957 new cancer cases occur in the 
world every year. Of these, an estimated 4% are thyroid 

cancer. Thyroid cancer is the fifth cancer among women 
around the world, and the fourth common cancer in Iran 
according to global cancer statistics 2018.1 Incidence rates 
are higher in women than men, children than adults, 
and young adults than the older population.2 Previous 
studies have shown that thyroid cancer incidence rates are 
different in areas with different ethnic and geographical 
characteristics.10 According to Globocan 2012, the age-
standardized incidence rate (ASR) of thyroid cancer was 
7.3 and 3.0 in more developed areas and less developed 
areas, respectively.11 The ASR of thyroid cancer was 10.2 
and 3.1 per 100 000 person-years for females and males 
worldwide, respectively.1 

Some important risk factors are exposure to ionizing 
radiation especially in childhood, age, female gender, 
genetic syndromes, history of goiter and history of benign 
nodules/adenomas, and Hashimoto’s thyroiditis. Iodine 
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deficiency and endemic goiter are some unproved risk 
factors for thyroid cancer.2,12

Access to descriptive epidemiological data on thyroid 
cancer may be helpful in conducting further research 
projects as well as in cancer controlling, especially in high-
risk populations. The Golestan province of Iran is a high 
incidence region for upper gastrointestinal cancers.9,13 In 
this population-based study, we aimed to report the 10-
year incidence rates (2004–2013) of thyroid cancer in 
Golestan, Iran. 

Materials and Methods
Golestan is a northern province of Iran, with a total 
land area of 20 438 km2, which accounts for 1.3% of the 
total land area of Iran. The population of the province is 
1 868 819 (2.23% of the total population of Iran).

All primary thyroid cancers recorded in Golestan 
Population-Based Cancer Registry (GPCR), were enrolled 
in this cross-sectional study. Data collection was defined 
according to IARC guidelines. Details of methods of 
data collection and processing in GPCR were described 
previously.9,13 

Potential sources of data included all hospitals, 
pathology/laboratory centers, imaging centers and selected 
specialist physician’s offices in both public and private 
sectors. The information was obtained from the annually 
updated list of the Deputy of Treatment Affairs of the 
Golestan University of Medical Sciences (GOUMS).

Another source of data was the death registry unit of 
the health department of GOUMS. Cancer mortality data 
were linked to cancer incidence data to identify cases for 
whom the diagnosis was made by “death certificate only”. 
To minimize underestimation due to referral of cancer 
cases to neighboring provinces, GPCR collects data from 
neighboring provinces, especially in Mazandaran, Tehran 
and Razavi Khorasan, on a regular basis.

Validity of the information gathering process was verified 
by rechecking ten percent of the questionnaires with 
original documents. The third edition of the International 
Classification of Diseases for Oncology (ICD-O) was 
used for coding site and morphology of the tumor14 in 
which code C73.9 has been assigned to thyroid cancer. 
Duplicate reports were checked considering different 
variables (patient’s full name, age, father’s name, tumor 
site, residence area and year of disease diagnosis), and 
were removed before entering the database. We entered 
the data into the CanReg software.15 We used the world 
standard population (18-groups)16 to calculate the ASR of 
thyroid cancer using the direct standardization method.17 

ASR was reported per 100 000 person-years. GPCR used 
provincial population census, which is done every year by 
the GOUMS health department. The list of subdivisions 
of the Golestan province was collected from the Statistical 
Center of Iran (SCI). Temporal trends in incidence rates 
of thyroid cancer were assessed using joinpoint regression 

analysis.18 We used the Joinpoint regression program 
version 4.6.0.0 for the joinpoint regression analysis.19 

Heteroscedasticity was handled by Joinpoint using 
weighted least squares. Autocorrelation was taken into 
account by Joinpoint using the method described by Kim 
et al.18 Average annual percent changes (AAPCs) and 
their corresponding 95% confidence intervals (CIs) were 
reported. The GOUMS ethics committee reviewed and 
approved the study protocol.

Results
During the 10-year period from 2004 to 2013, 326 
(1.6%) of the total 19 807 new cancer cases reported in 
GPCR were thyroid cancer. The patients’ characteristics 
including age, sex and residence area are displayed in Table 
1. Eighty-three (25.5%) cases were men and 243 (74.5%) 
were women. The mean (SD) age was 51.3 (17.9) and 
42.6 (16.5) years for men and women, respectively. One 
hundred ninety (58.28 %) patients with thyroid cancer 
lived in urban areas and the remaining 136 (41.72%) 
patients were from rural areas. Overall, the ASR of thyroid 
cancer in the Golestan province was 2.25 per 100 000 
person-year. The ASR of thyroid cancer was more than 
2.46-folds higher in women (3.2 per 100 000 person-year) 
than men (1.3 per 100 000 person-year) (Table 2). The co-
incidence test showed a statistically significant difference 
in the incidence of thyroid cancer between men and 
women (P < 0.001). 

The age specific incidence rates (per 100 000 person-
year) of thyroid cancer in men and women during the 10-
year period are shown in Figure 1. 

Table 2 shows the temporal trends in the ASR of thyroid 
cancer in men and women from 2004 to 2013. Figure 2 
shows the temporal trends in the ASR of thyroid cancer in 
the Golestan province during the study period by gender. 
The AAPC were 1.49 (95% CI: -6.23 to 9.85) and 2.76 
(95% CI: -3.68 to 9.64) in men and women, respectively. 
The Joinpoint regression analysis suggested a non-
significant increase in thyroid cancer incidence rates in 
women. Figure 3 shows the temporal trends in the ASR of 

Table 1. Characteristics of Patients with Thyroid Cancer in Golestan 
Population-Based Study, 2004−2013

Variable Cases %

Age (y)

<40 146 44.80

40−49 52 16.00

50−59 54 16.60

60−69 47 14.40

≥70 27 8.30

Sex

Men 83 25.46

Women 243 74.54

Residence Area

Urban 190 58.28

Rural 136 41.72
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Table 2. Number, Crude Rates, ASR (Per 100 000 Persons-Year) and 95% CIs for ASR of Thyroid Cancer in Urban and Rural Areas in Golestan Province of Iran 
during 2004−2013 by Sex

Years
Male Female

Urban Rural Total Urban Rural Total

2004

No. 4 1 5 13 7 20

Crude rate 1.1 0.2 0.6 3.5 1.7 2.5

ASR 1.4 0.2 0.8 3.4 2.4 2.9

95% CI for ASR 0.0−2.9 0.0−0.8 0.0−1.6 1.3−5.5 0.6−4.2 1.5−4.3

2005

No. 4 5 9 11 5 16

Crude rate 1.0 1.2 1.1 2.9 1.2 2.0

ASR 1.3 1.8 1.6 3.6 1.1 2.3

95% CI for ASR 0.0−2.8 0.3−3.3 0.5−2.7 1.2−6.0 0.1−2.1 1.1−3.5

2006

No. 6 1 7 18 14 32

Crude rate 1.5 1.4 0.9 4.5 4.8 3.9

ASR 1.7 2.2 1 5.3 6.6 4.6

95% CI for ASR 0.2−3.2 1.9−2.5 0.2−1.8 2.9−7.7 4.4−8.8 3.0−6.2

2007

No. 1 5 6 10 8 18

Crude rate 0.2 1.2 0.7 2.5 1.9 2.2

ASR 0.2 1.7 0.9 2.8 2.1 2.4

95% CI for ASR 0.0−0.6 0.0−3.5 0.0−1.8 1.2−4.4 0.2−4.0 1.2−3.6

2008

No. 7 5 12 11 5 16

Crude rate 1.6 1.2 1.4 2.6 1.2 1.9

ASR 2.3 1.2 1.8 3.7 2 2.8

95% CI for ASR 0.6−4.0 0.1−2.3 0.8−2.8 1.3−6.1 0.1−3.9 1.3−4.3

2009

No. 2 9 11 15 11 26

Crude rate 0.5 2.1 1.3 3.6 2.6 3.1

ASR 0.6 2.4 1.5 3.3 2.7 2.9

95% CI for ASR 0.0−1.5 0.6−4.2 0.5−2.5 1.6−5.0 1.2−4.2 1.7−4.1

2010

No. 5 4 9 15 8 23

Crude rate 1.1 0.9 1.0 3.5 1.9 2.7

ASR 1.5 1.4 1.4 4 2.2 3

95% CI for ASR 0.3 - 2.7 0.0−3.5 0.3−2.5 2.0−6.0 0.4−4.0 1.7−4.3

2011

No. 3 3 6 10 11 21

Crude rate 0.7 0.7 0.7 2.2 2.6 2.4

ASR 0.7 0.9 0.8 2.3 2.5 2.4

95% CI for ASR 0.0−1.5 0.0−1.8 0.2−1.4 0.9−3.7 0.8−4.2 1.3−3.5

2012

No. 6 2 8 20 17 37

Crude rate 1.2 0.5 0.9 4.4 3.9 4.1

ASR 1.4 0.7 1.1 4.6 4.6 4.6

95% CI for ASR 0.2−2.6 0.0−1.9 0.3−1.9 2.5−6.7 2.0−7.2 3.0−6.2

2013

No. 7 3 10 22 12 34

Crude rate 1.5 0.7 1.1 4.6 2.7 3.7

ASR 1.6 1.1 1.4 4.5 2.9 3.7

95% CI for ASR 0.0−3.2 0.0−2.4 0.3−2.5 2.5−6.5 1.1−4.7 2.3−5.1

Total

No. 45 38 83 145 98 243

Crude rate 1.0 1.0 1.0 3.4 2.5 2.9

ASR 1.3 1.2 1.3 3.7 2.7 3.2

95% CI for ASR 0.9−1.7 0.8−1.6 1.0−1.6 3.2−4.2 2.3−3.1 2.8−3.6

Note. CI, confidence interval; ASR, age-standardized incidence rates.
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thyroid cancer in the Golestan province during the study 
period by residence area. The AAPC were -0.17 (95% 
CI: -6.80 to 6.90) and 2.23 (95% CI: -6.90 to 12.30) in 
urban and rural areas, respectively. The results of joinpoint 
regression did not suggest a significant trend in the ASR 
of thyroid cancer in the two areas. The co-incidence test 
suggested higher incidence rates of thyroid cancer in the 
urban population, but the difference was not statistically 
significant (P = 0.25). Figure 4 shows the geographical 
distribution of thyroid cancer in Golestan cities. Our 
findings suggest high rates of thyroid cancer in central and 
western parts of the province.

Discussion
Our findings showed that 326 (1.6%) of the total 19 807 
new cancer cases registered in GPCR from 2004 to 2013 
were thyroid cancer. We found the overall ASR of thyroid 
cancer at 2.25 per 100 000 person-year. According to 
global cancer statistics 2018, the incidence rates of thyroid 
cancer were reported at 4.3 and 6.7 in Iran and the 

Figure 1. Age-Specific Incidence Rates (Per 100 000 Persons-Year) of 
Thyroid Cancer in Golestan Province of Iran during 2004−2013 by Sex.

Figure 2. Trends of Age-Standardized Incidence Rates (ASR) of Thyroid 
Cancer in Golestan Province of Iran during 2004-2013 by Sex. AAPC, 
Average annual percent change; CI, confidence interval.

Figure 3. Trends of Age-Standardized Incidence Rates (ASR) of Thyroid 
Cancer in Golestan Province of Iran during 2004-2013 by Residential 
Place. AAPC, Average annual percent change; CI, confidence interval.

Figure 4. Age-Standardized Incidence Rates (ASR) (Per 100 000 Persons-
Year) of Thyroid Cancer in Subdivisions of Golestan, Iran; (A) Men, (B) 
Women.

globe, respectively. Generally, in global cancer statistics, 
the highest ASRs of thyroid cancer were found in North 
America (men = 6.9; women = 23.1) and the lowest were 
found in West Africa (men = 0.5; women = 1.5).1 High 
rates of thyroid cancer were also reported for neighboring 
countries of Iran including Turkey (men = 5.7; women 
= 22.4). Therefore, our findings suggest a relatively low 
incidence rate for thyroid cancer in Golestan, Iran.1 

Our results also showed increasing trends in the ASR 
of thyroid cancer in Golestan during the study period, 
especially in women, although the changes were not 
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statistically significant. The increasing trends in thyroid 
cancer in the Golestan province were more considerable 
when compared to the results of previous reports from 
this region.6,20 Previous reports from Iran also suggested 
similar increasing trends in Iran.21 A previous study in Italy 
showed that the thyroid cancer trend has been increasing 
over the years, and they concluded that according to the 
world thyroid cancer statistics, this trend seems to be 
global and not related to a specific region.5 The results of 
a study from China also suggested an increasing trend in 
the incidence of thyroid cancer between 2000 and 2012 
and they concluded that it might be due to improvement 
in diagnosis with advanced technologies.22

As suggested by other studies, the increasing trends in 
the incidence of thyroid cancer in the Golestan province 
may be partly explained by improvements in medical care 
access, advanced diagnostic techniques (e.g. ultrasound 
examination, computed tomography and magnetic 
resonance imaging scanning).21-23 However, considering 
the rates of thyroid cancer in previous reports from this 
region, there may be some other explanations for this 
increasing trend such as exposure to environmental risk 
factors (e.g. medical radiation).2,24 Therefore, despite low 
incidence rates of thyroid cancer in our region, its trends 
should be closely monitored and this point should be 
considered in cancer programs in our population.

Our findings suggested a higher incidence rate of 
thyroid cancer in women compared to men. The results 
of the Globocan 2018 project also suggested a similar 
disparity in the incidence of thyroid cancer between men 
and women in Iran (men = 2.0; women = 6.7) as well 
as in the world (men = 3.1; women = 10.2).1 Previous 
studies suggested that biological characteristics in women 
(e.g. pregnancy) may cause the higher incidence rate of 
thyroid cancer. Although the mechanism has not been 
clearly identified yet, it has been proposed that high 
rates of thyroid cancer in women may be partly related 
to the function of hormone receptors including androgen, 
estrogen, and progesterone receptors.25-27 

Our finding showed the highest age-specific incidence 
rates for the age group 50−69 years in both males and 
females. Previous studies conducted in Golestan have 
shown that the highest incidence of thyroid cancer was 
in the 70−79 age groups for women and men.6 Age is a 
known risk factor and should be considered in controlling 
programs for all cancers including thyroid cancer. 

This study finding showed that the highest thyroid 
cancer incidence rate was in the central and western 
parts of the Golestan province, including Gorgan and 
Aliabad cities. Gorgan is the capital of the province with a 
higher rate of urbanization and better access to healthcare 
services. Access to diagnostic medical services may partly 
explain the higher rates of thyroid cancer in this region. 
In addition, problems in reporting residential place may 
a possible explanation for this geographical diversity. 

Patients who refer to Gorgan city (as a referral city) from 
neighboring areas may mention a temporary address 
instead of their permanent address in their hometown. 
Although this point may not be ignored, this could not 
have had serious effects on our results for the following 
reasons. First, as we mentioned in the methods section, 
the validity of data is routinely re-checked in 10% of the 
registered records for any possible errors in the process 
of data collection, abstraction, and data entry. Second, 
previous reports from this region have suggested relatively 
low rates of specific type of cancers including esophageal 
and gastric cancers in Gorgan city.9 Third, Gonbad city 
located in eastern part of the province is also a referral city 
with good access to healthcare services, but the incidence 
of thyroid cancer in this city is relatively lower than its 
neighboring cities. Finally, the thyroid cancer incidence 
is relatively high in Aliabad city, which is not a referral 
city and the situation of access to healthcare services is 
relatively poor compared to Gorgan and Gonbad cities. 
Therefore, issues in reporting residential place could 
not be considered a serious problem in Golestan cancer 
registry data and could not mainly explain the geographical 
discrepancies in the incidence rates of thyroid cancer in 
Golestan. Exposure to environmental risk factor (e.g. 
radiation) may also be considered as a possible explanation 
for the higher incidence of thyroid cancer in this part of 
the Golestan province.6 Further studies are recommended 
to assess the risk factors related to thyroid cancer in the 
Golestan province, especially in areas with high incidence 
rates including Gorgan and Aliabad cities. Geographical 
diversities should be considered in designing controlling 
programs for thyroid cancer in the Golestan province.

We found higher incidence rates of thyroid cancer in 
the urban population, although the difference was not 
significant. This finding may be explained by better access 
to medical services or higher exposure to risk factors of 
thyroid cancers in residents of urban areas.2,24 Further 
studies are recommended to clarify this point in our 
population.
In conclusion, our findings suggested an increase in the 
incidence rate of thyroid cancer in the Golestan province 
during the study period, especially in women and the rural 
population. Our results showed higher rates of thyroid 
cancer in women. We also found geographical diversities 
in the incidence rates of thyroid cancer in the Golestan 
province, with higher rates in central and western parts. 
Our results may be helpful for designing further researches 
to investigate the epidemiological aspects (e.g. risk factors, 
stage of disease, survival, etc.) of thyroid cancer in our 
population. 
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