
Available online at www.sciencedirect.com
ScienceDirect

Journal of the Chinese Medical Association 81 (2018) 164e169
www.jcma-online.com
Original Article

The use of fine needle aspiration and trends in incidence of thyroid cancer in
Taiwan

Kang-Lung Lee a,b, Tzeng-Ji Chen c,d, Ging-Shing Won e,f, Yi-Hong Chou a,b,g,*,
Hong-Jen Chiou a,b, Hsin-Kai Wang a,b, Yi-Chen Lai a,b, Yung-Hui Lin a,b, Jane Wang a,b

a Department of Radiology, Taipei Veterans General Hospital, Taipei, Taiwan, ROC
b Department of Radiology, National Yang-Ming University, School of Medicine, Taipei, Taiwan, ROC

c Department of Family Medicine, Taipei Veterans General Hospital, Taipei, Taiwan, ROC
d Institute of Hospital and Health Care Administration, National Yang-Ming University School of Medicine, Taipei, Taiwan, ROC

e Department of Medicine, Taipei Veterans General Hospital, Taipei, Taiwan, ROC
f National Yang-Ming University, Taipei, Taiwan, ROC

g Yuanpei University of Medical Technology, Hsinchu, Taiwan, ROC

Received October 20, 2016; accepted September 30, 2017
Abstract
Background: Thyroid cancer is the most prevalent endocrine malignancy, and the incidence of thyroid cancer has increased worldwide. Fine
needle aspiration (FNA) for cytology of thyroid tissue is used for differentiating thyroid cancers from benign thyroid nodules. Overuse of FNA
may detect subclinical thyroid cancer and play a role in the increased incidence of thyroid cancer. The aim of this study was to evaluate trends in
incidence of thyroid cancer and the use of palpation-guided FNA thyroid and ultrasound-guided FNA thyroid in Taiwan.
Methods: By retrospectively analyzing a cohort dataset of one million people randomly sample to represent as NHI beneficiaries of Taiwan
National Health Insurance Research Database from 2004 to 2010, patients who received palpation-guided and ultrasound-guided thyroid FNA
were identified. Individuals who were diagnosed as having thyroid cancer were determined. Age-standardized, yearly rates of palpation-guided
thyroid FNA and ultrasound-guided FNA, and age-standardized, yearly incidence rates of thyroid cancer were calculated.
Results: In the study period, a total of 541 patients were newly diagnosed with thyroid cancer, 14,240 individuals received palpation-guided
thyroid FNA, and 3823 individuals underwent ultrasound-guided thyroid FNA. There was a 94.8% increase in the age-standardized annual
incidence rate of thyroid cancer. The age-standardized rates of palpation-guided thyroid FNA and ultrasound-guided thyroid FNA increased by
10.9% and 349.3%, respectively.
Conclusion: FNA for cytology of thyroid tissue, especially ultrasound-guided FNA, was conducted by physicians more frequently in Taiwan.
Increased use of FNA, especially ultrasound-guided FNA for cytology of thyroid tissue, may attribute to the increased incidence of thyroid
cancer in Taiwan.
Copyright © 2017, the Chinese Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Thyroid cancer is the most common endocrine system
malignancy, and the incidence of thyroid cancer has increased
dramatically worldwide.1e3 The rising incidence of thyroid
cancer, especially papillary thyroid cancer, may represent an
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Table 1

Demographic characteristics of patients diagnosed with thyroid cancer docu-

mented in the registry for catastrophic illness patients: 2004 to 2010.

Characteristics Number of patients %

Age, years old

<18 5 0.9

19e40 170 31.4

41e65 307 56.7

>65 59 10.9

Gender

Male 118 21.8

Female 423 78.2

Table 2

Demographic characteristics of patients who underwent thyroid fine needle
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actual increase in the number of cases4e6 or an increase in the
detection of clinically occult thyroid “incidentalomas” with
increased use of ultrasonography and fine needle aspiration
(FNA).7e9 Some experts argued that these incidentalomas
would not have caused symptoms or death if left
undetected,10e12 and that the screening and diagnostic tools
for thyroid cancer was overused, causing overdiagnosis of
thyroid cancer and even “thyroid cancer epidemic”.2e4,7,13,14

FNA for cytology of thyroid tissue is recommended for
clinically suspicious nodules because ultrasound features
cannot differentiate malignant thyroid cancers from benign
thyroid nodules accurately.15 In an era with widespread use of
medical ultrasound, ultrasound-guided FNA for cytological
study of thyroid nodules has been conducted by physicians
more and more frequently.2e4,13,14 With the assistance of ul-
trasonography, physicians can aspirate thyroid nodules more
accurately, even though the nodules are not palpable physi-
cally or measuring less than one cm in diameter, which may
lead to the detection of a reservoir of occult disease.4,7

Data regarding the use and trend of FNA and the incidence
of thyroid cancer is scarce in Asia. The single-payer National
Health Insurance (NHI) program in Taiwan was launched in
1995 and covers more than 99.5% of the nation's inhabitants.16

The data from Taiwan's National Health Insurance Research
Database (NHIRD, http://nhird.nhri.org.tw/) have provided
trustworthy information for population-based research for
more than ten years.17 Hence, it is worthwhile to evaluate the
use of palpation-guided thyroid FNA, ultrasound-guided FNA
and incidence of thyroid cancer by analyzing the NHIRD. We
hypothesized there was a correlation between the increased
use of thyroid FNA, ultrasound guided FNA and the increased
incidence of thyroid cancer in Taiwan.

2. Methods

aspiration and ultrasound guided thyroid fine needle aspiration: 2004 to 2010.

Palpation-guided FNA, Ultrasound Guided
2.1. Databases

N ¼ 14,240 thyroid FNA,

N ¼ 3823

N % N %

Age, years old

<18 203 1.4 58 1.5

19e40 3772 26.5 948 24.8

41e65 8646 60.7 2363 61.8

>65 1619 11.4 454 11.9

Gender

Male 2181 15.3 690 18.0

Female 12,059 84.7 3133 82.0

Hospital category

Medical center 7969 56.0 1248 32.6

Regional hospital 4191 29.4 2387 62.4

District hospital 1559 10.9 188 4.9

Clinics 521 3.7

Physician specialty

Internist 12,092 84.9 2922 76.4

Surgeon 1151 8.1 483 12.6

Otorhinolaryngologist 599 4.2 293 7.7

Family physician 318 2.2 90 2.4

Neurologist 17 0.1 6 0.2

Radiologist 3 <0.1 12 0.3

Others 60 0.4 17 0.4
The NHI has provided comprehensive health insurance
coverage in Taiwan since March 1995. From that time, the
NHRI has released the NHIRD, comprised of health claim data
of the NHI. In this study, we used a cohort dataset of one million
people randomly sampled to represent NHI beneficiaries
(Longitudinal Health Insurance Database 2005: LHID2005).
Both hospitalization and ambulatory records, including
encrypted personal identification number, date of birth, gender,
diagnosis using the International Classification of Disease,
Ninth Revision, Clinical Modification (ICD-9-CM)18 and pro-
cedure coded in the fee schedule and reference list for medical
services of NHI19 were analyzed in this study. In addition, the
registry of contracted medical facilities (HOSB) was used to
know the category of hospitals. The registry for catastrophic
illness patients (HV) was utilized in order to accurately identify
patients who had the diagnosis of malignant thyroid cancer. The
study was conducted in accordance with the Declaration of
Helsinki and was approved by the institutional review board of
Taipei Veterans General Hospital according to Republic of
China law (VGHIRB No.: 2013-04-005E).
2.2. Study population
We obtained the medical records from 2004 to 2010 for the
current study. Patients who received palpation-guided thyroid
FNAwere identified by having an NHI procedure code in their
medical records with 29011C and without 19007B at the same
time. Those who received ultrasound-guided thyroid FNAwere
identified by having an NHI procedure code in their medical
records with both 29011C and 19007B at the same time. In-
dividuals who were diagnosed as having malignant thyroid
cancer were determined by using the ICD-9-CM code 193 in the
HV dataset. Age-standardized yearly rates of palpation-guided
thyroid FNA and ultrasound-guided FNA were calculated as
the number of individuals who received these procedures per
100,000 individuals. In similar, age-standardized yearly inci-
dence rate of thyroid cancer was calculated as the number of
individuals who were newly diagnosed with thyroid cancer per
100,000 individuals. The age-standardized rate was adjusted
based on the 2000 WHO world standard population.

http://nhird.nhri.org.tw/
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2.3. Data analysis
PostgreSQL version 9.34 (The PostgreSQL Global Devel-
opment Group, http://www.postgresql.org), the database
management software, and Python version 2.7.10 (Python
Software Foundation, Delaware, US) were used for data pro-
cessing. Microsoft Excel version 2013 (Microsoft, Washing-
ton, US) was used for statistical analysis.

3. Results

From 2004 to 2010, a total of 541 patients were newly
diagnosed with thyroid cancer, with a female-to-male ratio
(F:M) of 3.6:1. Among patients who were newly diagnosed
with thyroid cancer, 307 (56.7%) were between 41 and 65
years old (Table 1).
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Fig. 1. The changing numbers of (A) diagnosis of thyroid cancer, (B) palpati
In total, 14,240 (F:M ¼ 5.7:1) individuals received
palpation-guided thyroid FNA, and a total of 3823
(F:M ¼ 4.5:1) individuals underwent ultrasound-guided thy-
roid FNA. The majority of individuals receiving thyroid FNA
were between 41 and 65 years old (palpation-guided thyroid
FNA: n ¼ 8646, 60.7%; ultrasound-guided thyroid FNA:
n ¼ 2363, 61.8%). Most of the procedures were ordered by
physicians with the specialty of internal medicine (palpation-
guided thyroid FNA: n ¼ 12,092, 84.9%; ultrasound guided
thyroid FNA: n ¼ 2922, 76.4%) (Table 2).

The number of patients diagnosed with thyroid cancer
increased by 125.0%, from 52 in 2004 to 117 in 2010 (Fig. 1A).
Furthermore, the total number of individuals who received
palpation-guided thyroid FNA increased by 11.0%, from 1810 in
2004 to 2378 in 2010. There was a 440.1% increase in the
number of individuals who received ultrasound guided thyroid
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on-guided FNA and ultrasound-guided thyroid FNA from 2004 to 2010.
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FNA, from 162 in 2004 to 875 in 2010 (Fig. 1B). Among the
patients with thyroid cancer, 55.3% (n ¼ 299) underwent
palpation-guided thyroid FNA and 24.4% (n ¼ 132) underwent
ultrasound-guided thyroid FNA before diagnosis.

The age-standardized annual incidence rate of thyroid
cancer increased by 94.8%, from 4.8 in 2004 to 9.3 in 2010 per
100,000 person-year (Fig. 2A). The age-standardized rate of
palpation-guided thyroid FNA increased by 10.9%, from 166.5
in 2004 to 184.7 in 2010 per 100,000 person-year (Fig. 2B).
Similarly, there was a 349.3% increase in the age-standardized
rate of ultrasound-guided thyroid FNA, from 15.0 in 2004 to
67.4 in 2010 per 100,000 person-year (Fig. 2B). The use of
ultrasound-guided FNA grew faster than that of thyroid FNA
without ultrasound assistance.

4. Discussion

Whether the increase in the diagnosis of thyroid cancer is
a true increase in thyroid cancer incidence or is a result of
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Fig. 2. The changing age standardized incidence per 100,000 person-year of (A) d

thyroid FNA per 100,000 person-year from 2004 to 2010.
the overuse of screening and diagnostic tools is con-
troversial.2e5,13,14Many authors have argued that the increase in
the diagnosis of thyroid cancer is a reflection of the overuse of
screening and diagnostic tools such as thyroid ultrasound and
FNA.2e5,13,14 Several studies reported that small papillary thy-
roid cancers predominantly accounted for the increase in thyroid
cancer incidence.1e3 According to the 2015 American Thyroid
Association Management Guidelines for Adult Patients with
Thyroid Nodules and Differentiated Thyroid Cancer, thyroid
nodules less than one cm in greatest diameter dimension or
purely cystic do not require FNA.15 In the past, without the
assistance of appropriate imaging technique, thyroid lesions
could only be found when the lesions were palpable and/or the
patients were symptomatic.20 With the advance in image reso-
lution and the availability of ultrasound equipment, physicians
now performed thyroid ultrasound and ultrasound-guided thy-
roid FNA more frequently.2e5,13,14,20 In our study, while there
was only a 31 percent rise in the use of palpation-guided thyroid
FNA, the use of ultrasound-guided thyroid FNA grew 4.5-fold
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between 2004 and 2010. Our results indicate that physicians rely
increasingly on ultrasound for diagnosis of thyroid diseases.
Additionally, the incidence of thyroid cancer nearly doubled
between 2004 and 2010. Our finding confirms that there is an
association between the increase use of ultrasound-guided thy-
roid FNA and the increase detection of thyroid cancer.

In Taiwan, the NHI program covers almost all of the na-
tion's inhabitants.16 Easy access to healthcare may play an
important role in the increased detection of thyroid cancer in
Taiwan similar to other countries.7e9,21 Despite the trend of
increase in thyroid cancers, the mortality of thyroid cancer
remains almost unchanged.1,22 The five year-survival rate of
thyroid cancer has increased steadily in Taiwan, from 92.69%
in 2004 to 95.57% in 2010.23 Moreover, previous studies re-
ported that, for individuals who died from unrelated illness,
8e35% of autopsies showed papillary thyroid carcinoma.10,11

“Thyroid cancer epidemic”, which denotes the overdiagnosis
of thyroid cancer probably owing to widespread use of the
screening and diagnostic tools for thyroid cancer, has been
proposed by several experts in different countries.2e5,13,14,20

Similar to South Korea, many hospitals in Taiwan provide
“health checkup” programs including thyroid-cancer screening
with ultrasonography.22 Some experts wrote an open letter to
the public about the extraordinary high incidence of thyroid
cancer in South Korea and advocated stopping screening
thyroid cancer with ultrasonography in March 2014.22 Sub-
sequently, a marked decrease in thyroid operations was re-
ported in South Korea, since the second quarter of 2014, after
the letter attracted media and public attention.24 The decrease
in thyroid operations probably resulted from less screening
and fewer diagnosis.24 Patients who undergo total thyroidec-
tomy often need to receive lifelong thyroid-replacement
therapy, and a small number of patients bear the risk of
procedure-related complications. Nevertheless, some patients
may suffer from disastrous results due to a delayed diagnosis
of thyroid cancer. One article indicated that early detection of
small thyroid nodules with malignancy would probably
improve patients' quality of life.25 How to strike the balance
between the risk and benefit of thyroid-cancer screening and
diagnosis requires further future studies.

On the other hand, some researchers noted that increase in
the detection and diagnosis of small thyroid tumors is not the
sole contributor to the increase in incidence of thyroid can-
cer.5,6,26 An alternative explanation would be that there is a
true increasing incidence of thyroid cancer, due to certain
speculated risk factors, such as diet, hormones, genetic factors
or increasing exposure to low-dose ionizing radiation from
wider use of radiographic imaging.27e29 Current diagnostic
practices including FNA may enable early diagnosis of thyroid
cancer while cancers are small and thereby keep the mortality
of thyroid cancer low.5

There are some limitations in our study. First, we did not
have enough information to analyze the size of the thyroid
lesions and their cytology or pathology report. Secondly, the
NHI was initiated in 1996; patients who had been diagnosed
with thyroid cancer before 1996 and had a diagnosis of
thyroid cancer in 2004e2010 in the HV dataset might be
misclassified as cases with newly diagnosed thyroid cancer.
This scenario might overestimate the overall incidence of
thyroid cancer. Therefore, further studies will be necessary to
elucidate the points limited by the claims data of Taiwan's
NHIRD.

In conclusion, our data demonstrate there has been a trend
of increased incidence of thyroid cancer, use of palpation-
guided thyroid FNA and use of ultrasound-guided thyroid
FNA. The use of ultrasound-guided thyroid FNA grew faster
than that of palpation-guided thyroid FNA. Increased use of
FNA for cytology of thyroid tissue, especially ultrasound-
guided FNA, may contribute to the increased incidence of
thyroid cancer.

Acknowledgments

This study is based in part on data from the NHIRD
provided by the National Health Insurance Administration,
Ministry of Health and Welfare and managed by the National
Health Research Institutes. The interpretation and conclu-
sions contained herein do not represent those of the National
Health Insurance Administration, Ministry of Health and
Welfare, or the National Health Research Institutes. There is
no financial support or relationship that may pose conflicts of
interest.

References

1. Davies L, Welch HG. Increasing incidence of thyroid cancer in the United

States, 1973e2002. JAMA 2006;295:2164e7.
2. Wang Y, Wang W. Increasing incidence of thyroid cancer in Shanghai,

China, 1983e2007. Asia Pac J Public Health 2015;27:NP223e9.

3. Netea-Maier RT, Aben KK, Casparie MK, den Heijer M, Grefte JM,

Slootweg P, et al. Trends in incidence and mortality of thyroid carcinoma

in The Netherlands between 1989 and 2003: correlation with thyroid fine-

needle aspiration cytology and thyroid surgery. Int J Cancer 2008;123:

1681e4.

4. Burgess JR, Tucker P. Incidence trends for papillary thyroid carcinoma

and their correlation with thyroid surgery and thyroid fine-needle aspirate

cytology. Thyroid 2006;16:47e53.

5. Morris LG, Myssiorek D. Improved detection does not fully explain the

rising incidence of well-differentiated thyroid cancer: a population-based

analysis. Am J Surg 2010;200:454e61.

6. Chen AY, Jemal A, Ward EM. Increasing incidence of differentiated

thyroid cancer in the United States, 1988e2005. Cancer 2009;115:

3801e7.

7. Morris LG, Sikora AG, Tosteson TD, Davies L. The increasing incidence

of thyroid cancer: the influence of access to care. Thyroid 2013;23:

885e91.
8. Altekruse S, Das A, Cho H, Petkov V, Yu M. Do US thyroid cancer

incidence rates increase with socioeconomic status among people with

health insurance? An observational study using SEER population-based

data. BMJ Open 2015;5, e009843.

9. Harari A, Li N, Yeh MW. Racial and socioeconomic disparities in pre-

sentation and outcomes of well-differentiated thyroid cancer. J Clin

Endocrinol Metab 2014;99:133e41.
10. Harach HR, Franssila KO, Wasenius VM. Occult papillary carcinoma of

the thyroid. A “normal” finding in Finland. A systematic autopsy study.

Cancer 1985;56:531e8.

11. Tanriover O, Comunoglu N, Eren B, Comunoglu C, Turkmen N,

Dogan M, et al. Occult papillary thyroid carcinoma: prevalence at autopsy

in Turkish people. Eur J Cancer Prev 2011;20:308e12.

http://refhub.elsevier.com/S1726-4901(17)30277-0/sref1
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref1
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref1
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref1
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref2
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref2
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref2
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref2
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref3
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref3
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref3
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref3
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref3
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref3
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref4
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref4
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref4
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref4
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref5
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref5
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref5
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref5
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref6
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref6
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref6
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref6
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref6
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref7
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref7
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref7
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref7
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref8
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref8
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref8
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref8
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref9
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref9
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref9
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref9
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref10
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref10
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref10
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref10
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref11
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref11
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref11
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref11


169K.-L. Lee et al. / Journal of the Chinese Medical Association 81 (2018) 164e169
12. Welch HG, Black WC. Overdiagnosis in cancer. J Natl Cancer Inst 2010;

102:605e13.

13. Zevallos JP, Hartman CM, Kramer JR, Sturgis EM, Chiao EY. Increased

thyroid cancer incidence corresponds to increased use of thyroid ultra-

sound and fine-needle aspiration: a study of the Veterans Affairs health

care system. Cancer 2015;121:741e6.

14. O'Grady TJ, Gates MA, Boscoe FP. Thyroid cancer incidence attributable

to overdiagnosis in the United States 1981e2011. Int J Cancer 2015;137:
2664e73.

15. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ,

Nikiforov YE, et al. 2015 American Thyroid Association Management

Guidelines for adult patients with thyroid nodules and differentiated

thyroid cancer: the American Thyroid Association Guidelines task force

on thyroid nodules and differentiated thyroid cancer. Thyroid 2016;26:

1e133.

16. Time series statistics of the NHI, http://www.nhi.gov.tw/English/webdata/

webdata.aspx?menu¼11&menu_id¼296&WD_ID¼296&webdata_

id¼4462, [Accessed on 11 September 2017].

17. Shao CC, Chang CP, Chou LF, Chen TJ, Hwang SJ. The ecology of

medical care in Taiwan. J Chin Med Assoc 2011;74:408e12.

18. ICD 9, http://icd9cm.chrisendres.com/, [Accessed on 11 September 2017].

19. The NHI procedure code in their medical records, http://www.nhi.gov.tw/

query/query2.aspx?menu¼20&menu_id¼710&webdata_id¼3633, [In

Chinese, Accessed on 11 September 2017].

20. Leenhardt L, Bernier MO, Boin-Pineau MH, Conte Devolx B,

Marechaud R, Niccoli-Sire P, et al. Advances in diagnostic practices affect

thyroid cancer incidence in France. Eur J Endocrinol 2004;150:133e9.
21. Li N, Du XL, Reitzel LR, Xu L, Sturgis EM. Impact of enhanced

detection on the increase in thyroid cancer incidence in the United States:

review of incidence trends by socioeconomic status within the surveil-

lance, epidemiology, and end results registry, 1980e2008. Thyroid 2013;

23:103e10.
22. Ahn HS, Kim HJ, Welch HG. Korea's thyroid-cancer “epidemic”e

screening and overdiagnosis. N Engl J Med 2014;371:1765e7.

23. Cancer registration in Taiwan, https://cris.hpa.gov.tw/pagepub/Home.

aspx?itemNo¼cr.s.10, [In Chinese, Accessed on 11 September 2017].

24. Ahn HS, Welch HG. South Korea's thyroid-cancer “Epidemic”eturning

the tide. N Engl J Med 2015;373:2389e90.

25. Chang TC. The application of 2015 American Thyroid Association

Management Guidelines for adult patients with thyroid nodules and

differentiated thyroid cancer in Taiwan and their association with com-

puter-aided detection and diagnosis system. Formos J Endocrinol Metab

2015;6:53e60.
26. Verkooijen HM, Fioretta G, Pache JC, Franceschi S, Raymond L,

Schubert H, et al. Diagnostic changes as a reason for an increase in

papillary thyroid cancer incidence in Geneva, Switzerland. Cancer Causes

Control 2003;14:13e7.

27. Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint

regression with applications to cancer rates. Stat Med 2000;19:335e51.

28. Belfiore A, La Rosa GL, La Porta GA, Giuffrida D, Milazzo G, Lupo L,

et al. Cancer risk in patients with cold thyroid nodules: relevance of iodine

uptake, sex, age and multinodularity. Am J Med 1992;93:363e9.

29. Hall EJ, Brenner DJ. Cancer risks from diagnostic radiology. Br J Radiol

2008;81:362e78.

http://refhub.elsevier.com/S1726-4901(17)30277-0/sref12
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref12
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref12
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref13
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref13
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref13
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref13
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref13
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref14
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref14
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref14
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref14
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref14
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref15
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref15
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref15
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref15
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref15
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref15
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref15
http://www.nhi.gov.tw/English/webdata/webdata.aspx?menu=11%26menu_id=296%26WD_ID=296%26webdata_id=4462
http://www.nhi.gov.tw/English/webdata/webdata.aspx?menu=11%26menu_id=296%26WD_ID=296%26webdata_id=4462
http://www.nhi.gov.tw/English/webdata/webdata.aspx?menu=11%26menu_id=296%26WD_ID=296%26webdata_id=4462
http://www.nhi.gov.tw/English/webdata/webdata.aspx?menu=11%26menu_id=296%26WD_ID=296%26webdata_id=4462
http://www.nhi.gov.tw/English/webdata/webdata.aspx?menu=11%26menu_id=296%26WD_ID=296%26webdata_id=4462
http://www.nhi.gov.tw/English/webdata/webdata.aspx?menu=11%26menu_id=296%26WD_ID=296%26webdata_id=4462
http://www.nhi.gov.tw/English/webdata/webdata.aspx?menu=11%26menu_id=296%26WD_ID=296%26webdata_id=4462
http://www.nhi.gov.tw/English/webdata/webdata.aspx?menu=11%26menu_id=296%26WD_ID=296%26webdata_id=4462
http://www.nhi.gov.tw/English/webdata/webdata.aspx?menu=11%26menu_id=296%26WD_ID=296%26webdata_id=4462
http://www.nhi.gov.tw/English/webdata/webdata.aspx?menu=11%26menu_id=296%26WD_ID=296%26webdata_id=4462
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref17
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref17
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref17
http://icd9cm.chrisendres.com/
http://www.nhi.gov.tw/query/query2.aspx?menu=20%26menu_id=710%26webdata_id=3633
http://www.nhi.gov.tw/query/query2.aspx?menu=20%26menu_id=710%26webdata_id=3633
http://www.nhi.gov.tw/query/query2.aspx?menu=20%26menu_id=710%26webdata_id=3633
http://www.nhi.gov.tw/query/query2.aspx?menu=20%26menu_id=710%26webdata_id=3633
http://www.nhi.gov.tw/query/query2.aspx?menu=20%26menu_id=710%26webdata_id=3633
http://www.nhi.gov.tw/query/query2.aspx?menu=20%26menu_id=710%26webdata_id=3633
http://www.nhi.gov.tw/query/query2.aspx?menu=20%26menu_id=710%26webdata_id=3633
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref20
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref20
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref20
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref20
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref21
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref21
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref21
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref21
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref21
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref21
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref21
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref22
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref22
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref22
https://cris.hpa.gov.tw/pagepub/Home.aspx?itemNo=cr.s.10
https://cris.hpa.gov.tw/pagepub/Home.aspx?itemNo=cr.s.10
https://cris.hpa.gov.tw/pagepub/Home.aspx?itemNo=cr.s.10
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref24
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref24
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref24
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref24
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref25
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref25
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref25
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref25
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref25
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref25
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref26
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref26
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref26
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref26
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref26
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref27
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref27
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref27
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref28
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref28
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref28
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref28
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref29
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref29
http://refhub.elsevier.com/S1726-4901(17)30277-0/sref29

	The use of fine needle aspiration and trends in incidence of thyroid cancer in Taiwan
	1. Introduction
	2. Methods
	2.1. Databases
	2.2. Study population
	2.3. Data analysis

	3. Results
	4. Discussion
	Acknowledgments
	References


