
© 2012 The Korean Academy of Medical Sciences.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

pISSN 1011-8934
eISSN 1598-6357

The Incidence of Thyroid Cancer Is Affected by the Characteristics 
of a Healthcare System

The aim of this study was to investigate the associations between the incidence of thyroid 
cancer and the characteristics of healthcare systems in OECD countries and to demonstrate 
that the increasing incidence of thyroid cancer is mainly due to overdiagnosis. We used a 
random effects panel model to regress the incidence of thyroid cancer on the 
characteristics of healthcare systems (i.e. , share of public expenditure on health, mode of 
health financing, existence of referral system to secondary care, mode of payment to 
primary care physicians), controlling for macro context variables (i.e. , GDP per capita, 
educational level) on a country level. Data were derived from 34 OECD countries for 2002 
and 2008. The share of public expenditure on health was negatively associated with the 
incidence of thyroid cancer. However, it had no statistically significant effect on the 
mortality of thyroid cancer and on the incidence of stomach and lung cancer. In the case 
of colorectal cancer, it had a positive effect on the incidence rate. The upward trend of the 
incidence of thyroid cancer is closely related to the healthcare system that permits 
overdiagnosis. Increases in the proportion of public financing may help reduce the 
overdiagnosis of thyroid cancer.
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INTRODUCTION

During the past several decades, an increasing incidence of thy-
roid cancer has been reported in many parts of the world, while 
its mortality has remained stable during this period. The upward 
trend in the incidence rate started back in the 1940s (1) charac-
terized by the papillary type of thyroid cancer. In the United 
States, thyroid cancer was diagnosed in 4.9 per 100,000 in 1975, 
which gradually increased to 13.0 per 100,000 by 2008 (2). Eu-
ropean countries reported increases in the incidence rate be-
tween 5.3% (Switzerland) and 155.6% (France) between 1973 
and 2002, while Southern Australia reported the greatest increas-
es, a 177.8% increase in men and a 252.2% increase in women 
during the same period (3). The highest female incidence rate 
ever reported was 62.9 (1995-1999) per 100,000 in New Caledo-
nia, a French territory in the South Pacific (4). However, Korea 
broke the world record in the incidence rate and its increase: 
for women, 80.2 (2008) per 100,000 and an annual increase rate 
of 23.6% (1999-2008) (5).
 Earlier studies suggested that the increasing trend was driven 
by the widespread use of radiation therapy for benign conditions 
of the head and neck among children and adolescents from the 
early 1920s to the late 1950s (6). Some studies suggested that the 

trend might be associated with atmospheric nuclear fallout (7), 
or increased exposure to diagnostic radiography (8), particular-
ly among children (9, 10).
 Two recent studies concluded that the increasing incidence 
of thyroid cancer could be a result of improved diagnosis of sub-
clinical cancers due to the increased use of ultrasound-guided 
fine-needle aspiration biopsy (11, 12). Many of these subclini-
cal cancers are tumors measuring 1 cm or smaller (13) that lie 
dormant in the general population, never manifesting, and usu-
ally left undiagnosed. Besides, it was found that income and 
gender might affect the stage at the initial disease presentation 
of thyroid cancer (14), and that there were positive correlations 
between the incidence of thyroid cancer and socioeconomic 
indicators of healthcare access including household income, 
education, and health insurance (15). These are consistent with 
the hypothesis that the increasing incidence trend of thyroid 
cancer is attributable to the utilization of new diagnostic prac-
tices.
 Epidemiologists have labeled this phenomenon “over-diag-
nosis”—a term perhaps most familiar in the clinical setting for 
prostate cancer (16). The prerequisites for cancer overdiagnosis 
are twofold: the existence of a reservoir of detectable cancer and 
activities leading to the detection (17). In terms of the reservoir, 
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thyroid cancer is an extreme case. A study that examined slices 
of thyroid tissue taken every 2.5 mm found at least one papillary 
carcinoma in 36% of Finnish adults, concluding that the preva-
lence of histologically verifiable papillary carcinoma would be 
close to 100% if one could look at thin enough slices of the gland 
(18). Moreover, the most obvious activities leading to detection 
is cancer screening, especially use of diagnostic imaging. It is 
estimated that the probability of overdiagnosis is 99.7%-99.9% 
in thyroid cancer in which the entire reservoir is detected (17). 
For this reason, almost all national guidelines do not recommend 
screening for thyroid cancer in asymptomatic people.
 Taking into consideration this overdiagnosis phenomenon, it 
is possible to postulate that the incidence of thyroid cancer is 
higher in countries where the healthcare system provides inap-
propriate incentives for cancer screening for other purposes 
rather than for the health of the individual (e.g., making profit). 
For example, overdiagnosis is more likely to occur in less regu-
lated markets, which might be related to a lack of the public sec-
tor’s role in providing healthcare services. However, there has 
been no research studying the relationship between the inci-
dence of thyroid cancer and the characteristics of healthcare 
systems. To support the hypothesis that the increasing incidence 
of thyroid cancer is mainly caused by overdiagnosis and closely 
related to the healthcare system, we investigated the associa-
tions between the incidence of thyroid cancer and the charac-
teristics of healthcare systems in Organization for Economic 
Cooperation and Development (OECD) countries.

MATERIALS AND METHODS

Model
To find out the relationship between the incidence of thyroid 
cancer and the characteristics of healthcare systems, we chose 
a set of explanatory variables based on already known theories 
and on empirical studies about individual- and country-level 
factors that influence health outcomes or healthcare utilization. 
To begin with, we included two macro context variables in our 
models to control for their effects. First, GDP per capita is a well-
known determinant of health as a measure of income or the so-
cioeconomic environment, which in turn influences healthcare 
resources (19, 20). Second, education is also a strong determi-
nant of health through lifestyle factors and healthcare utilization 
since it is associated with knowledge about health and health-
care services (21).
 Apart from GDP per capita and education, health outcomes 
and healthcare utilization can be influenced by other factors 
that affect the efficiency of healthcare systems (22, 23). First, we 
included the share of public health expenditure (the proportion 
of health expenditure covered by the public sector) as a mea-
sure of the commercialization of healthcare systems (24). A low 
share of public health expenditure may mean less regulation in 

healthcare delivery, which in turn is likely to lead to commodifi-
cation of healthcare services. Under the commercialized health-
care system, overdiagnosis is more likely to occur. Besides, pub-
lic health expenditure was reported as an important factor that 
affects health outcomes (24, 25). Second, we included mode  
of health financing as a factor that affects the efficiency of the 
healthcare system. It was reported that healthcare systems based 
on tax-financing were more efficient than healthcare systems 
based on social health insurance in producing better health out-
comes and reducing health spending (20). Third, we included 
the existence of the gatekeeping role in primary care for referral 
to secondary care since there is a risk of overdiagnosis without 
gatekeeping. Fourth, we included the mode of payment to pri-
mary care physicians as a proxy for how the whole medical sys-
tem works since primary care usually deals with the majority of 
health care needs in the first level of contact, and doctors have 
incentives to generate higher income by increasing the services 
provided under the fee-for-service system (26).
 In terms of the dependent variables, not only the incidence of 
thyroid cancer, but also the mortality of thyroid cancer and the 
incidence of stomach, lung, and colorectal cancer were used, re-
spectively, to compare the effects of the characteristics of health-
care systems. Since mass screening for stomach and lung can-
cers are not usually recommended in developed countries, inci-
dences of those cancers are not likely to be associated with the 
share of public health expenditure. In contrast, the incidence of 
colorectal cancer for which well-coordinated screening pro-
grams are usually recommended is likely to be affected by the 
share of public health expenditure.
 Given those explanatory and dependent variables, we built 
two models in this study. In model 1, we focused on the influ-
ence of public health expenditure controlling for two macro con-
text variables. In model 2, we added more healthcare system vari-
ables, i.e. health financing, payment to primary care physicians, 
and referral to secondary care, to those variables in model 1. The 
two models are as follows:

 Model 1:
 logthyincit =  β0 + β1logGDPit + β2educit + β3pehit + εit

 Model 2:
 logthyincit =  β0 + β1logGDPit + β2educit + β3pehit + β4financeit + 
                                   β5referit + β6primpayit + εit

 where thyincit is country i’s incidence of thyroid cancer at 
time t; GDPit is the GDP per capita; educit is the percent of the 
population with attainment at the tertiary level of education 
(some college); pehit is the percent of public health expenditure; 
financeit is a dummy indicating whether country i’s health fi-
nancing is based on tax or social insurance; referit is a dummy 
indicating whether or not country i’s referral to secondary care is 
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compulsory or financially encouraged, and primpayit is a dum-
my indicating whether or not country i’s payment to primary 
care physicians is fee-for-service.

Data sources
This study was done with data from 34 OECD countries for 2002 
and 2008. Incidence and mortality data were obtained from the 
GLOBOCAN project by the International Agency for Research 
on Cancer (IARC), WHO for 2002 (27) and for 2008 (28). This 
project provides contemporary estimates of the incidence and 
mortality from major types of cancers at the national level for 
all countries (28).
 Data about macro context variables, i.e. GDP per capita and 
education, and share of public health expenditure were obtained 

from OECD health data 2010 (29), data on payment to primary 
care physicians and referral to secondary care from OECD (30), 
and data on health financing from the World Bank (31). Since 
data on education for all the target countries did not exist for 
2008, we used the data for 2007 instead. 

Statistical analysis
Given that some of the explanatory variables are time invariant, 
this study used a random effects panel model to investigate the 
effects of the explanatory variables on the dependent variables 
at the country level. To get correct standard errors despite any 
pattern of heteroskedasticity or serial correlation, robust-cluster 
variance estimator was used. Incidence rates and mortality rates 
as well as the GDP per capita were used after log transformation 
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Fig. 1. Incidence and mortality of thyroid cancer in OECD countries (2002, 2008). Incidence and mortality of thyroid cancer denote age-standardized rates per 100,000 popula-
tion in OECD countries in 2002 and 2008. About three fourths of the countries experienced increases in the incidence of thyroid cancer from 2002 to 2008 while most coun-
tries maintained a low mortality or even experienced decreases in mortality during this period. Sources: GLOBOCAN 2002 and 2008.
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to normalize the distribution.

RESULTS

Fig. 1 shows the incidence and mortality of thyroid cancer for 
34 OECD countries in 2002 and 2008. About three fourths of the 
countries experienced increases in the incidence of thyroid can-
cer. Especially, the incidence rate for Korea increased remark-
ably. The incidence rate for Korean women increased nearly 
ten-fold from 2002 to 2008. Despite the increased incidence, its 
mortality did not change much and was similar to that of the 
other countries with a lower incidence rate. Besides Korea, most 
countries maintained a low mortality and even experienced de-
creases in mortality during this period.
 Table 1 presents the descriptive statistics of the dependent 
and explanatory variables used in the regression analysis. There 
are some gender differences in the incidence of cancers. The 
incidence of thyroid cancer was higher in females while the in-

cidences of stomach, lung, and colorectal cancer were all high-
er in males. From 2002 to 2008, the GDP per capita and educa-
tional level showed increases. The mean share of public health 
expenditure did not change a lot, which was around 72% of the 
total health expenditure. In terms of payment to primary care 
physicians, fee-for-service was the predominant mode of pay-
ment in 14 out of 34 countries. Twenty-one countries had a re-
ferral system for secondary care, although there were some vari-
ations in the forms. Twenty countries had social health insur-
ance or private health insurance while 14 had tax-finance as 
their major method of health financing.
 Table 2 presents the regression results of the random effects 
panel model for the incidence and mortality of thyroid cancer 
for males and females, respectively. Both the GDP per capita 
and education were positively associated with the incidence of 
thyroid cancer for both genders, but the effect of education was 
not statistically significant. In contrast, the share of public health 
expenditure was negatively associated with the incidence of thy-

Table 1. Descriptive statistics of variables used in the regression analyses

Variables Definition    No. Mean S.D. Min. Max.

Dependent variables (Age-standardized and expressed as per 100,000)
   Mthyinc
 
   Fthyinc
 
   Mthymort
 
   Fthymort
 
   Mstominc
 
   Fstominc
 
   Mlunginc
 
   Flunginc
 
   Mcoloninc
 
   Fcoloninc
 

Male incidence of thyroid cancer (2002)
Male incidence of thyroid cancer (2008)
Female incidence of thyroid cancer (2002)
Female incidence of thyroid cancer (2008)
Male mortality of thyroid cancer (2002)
Male mortality of thyroid cancer (2008)
Female mortality of thyroid cancer (2002)
Female mortality of thyroid cancer (2008)
Male incidence of stomach cancer (2002)
Male incidence of stomach cancer (2008)
Female incidence of stomach cancer (2002)
Female incidence of stomach cancer (2008)
Male incidence of lung cancer (2002)
Male incidence of lung cancer (2008)
Female incidence of lung cancer (2002)
Female incidence of lung cancer (2008)
Male incidence of colorectal cancer (2002)
Male incidence of colorectal cancer (2008)
Female incidence of colorectal cancer (2002)
Female incidence of colorectal cancer (2008)

34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34

1.8
2.7
5.0
8.8
0.4
0.3
0.5
0.4

18.0
13.6
8.3
6.2

49.5
43.0
15.3
17.8
38.1
38.2
26.4
25.1

0.8
1.8
2.3
9.7
0.1
0.3
0.2
0.3

14.4
11.7
5.6
4.5

17.3
14.1
7.9
8.5

12.1
12.0
7.7
7.4

0.5
0.7
2
2.8
0.2
0
0.3
0
7.2
4.6
3.3
2.5

17
14
5.3
5.2
7.9
7
7
6.1

4.4
10.9
11.6
59.5
0.7
1.6
1
1.6

69.6
62.2
26.8
24.6
94.6
80.9
36.1
36.2
58.5
60.6
42.2
37.5

Explanatory variables
   GDP
 
   Educ
 
 
 
   PEH
 
   Finance
 
   Refer
 
   Primpay
 

GDP per capita (US dollars, current prices and PPPs) (2002)
GDP per capita (US dollars, current prices and PPPs) (2008)
Attainment at the tertiary level 
   (% of population with educational level of some college) (2002)
Attainment at the tertiary level 
   (% of population with educational level of some college) (2008)
Public health expenditure (% total expenditure on health) (2002)
Public health expenditure (% total expenditure on health) (2008)
Health financing (tax-finance = 1, 
   social health insurance or private health insurance = 0)
Referral to secondary care (compulsory or 
   financially-encouraged = 1, no obligation and no incentive = 0)
Payment to primary care physicians 
   (fee for service = 1, otherwise = 0)

34
34
33*

 
34

33†

31‡

30§

 

30II

 

34
 

25,063.1
33,065.3

24.0
 

27.9

71.8
72.0
0.4
 

0.7
 

0.4
 

9,918.7
13,458.1

9.6
 

9.6

11.9
10.8
0.5
 

0.5
 

0.5
 

8,667
13,952

9
 

11

43.9
46.5
0
 

0
 

0
 

57,546
84,713

43
 

48

90.5
84.5
1

 
1

 
1

Sources: GLOBOCAN 2002 and 2008; OECD Health Data 2010. *Data about educational level of Chile for 2002 was missing in OECD health data; †Data about public health 
expenditure of Belgium for 2002 was missing in OECD health data; ‡Data about public health expenditure of Belgium, the Netherlands and Portugal for 2008 were missing in 
OECD health data; §Data about health financing of Chile, Estonia, Israel and Slovenia were missing in the reference; IIData about referral to secondary care of Chile, Estonia, Israel 
and Slovenia were missing in the reference. S.D., standard deviation; Min., minimum; Max., maximum; GDP, gross domestic product; PPP, purchasing power parity.



Lee T-J, et al. • Overdiagnosis of Thyroid Cancer

http://jkms.org  1495http://dx.doi.org/10.3346/jkms.2012.27.12.1491

roid cancer for both genders, although its effect became insignif-
icant for males. The other characteristics of healthcare systems 
had no significant effect on the incidence of thyroid cancer.
 The results for mortality were different from those of the inci-
dence. The GDP per capita was negatively associated with the 
mortality of thyroid cancer, though not significant for males. In-
terestingly, the effect of public health expenditure on mortality 
disappeared. When healthcare system variables were added to 
model 2, educational level became significant and was nega-
tively associated with the mortality of thyroid cancer for females. 
Countries with no referral system had a higher mortality of thy-
roid cancer for females. 
 In Table 3, the regression results of the random effects panel 
model on the incidence of stomach, lung, and colorectal cancer 
show different patterns from those on the incidence of thyroid 
cancer. Specifically, the share of public health expenditure show- 
ed no significant effect on the incidence of stomach and lung 
cancer, while it had a positive effect on the incidence of colorec-
tal cancer for males in model 2. This finding contradicts the find-
ing that a low share of public health expenditure was associated 
with a high incidence of thyroid cancer.

DISCUSSION

Overdiagnosis of thyroid cancers and subsequent surgeries 
could not only be an extra burden for patients but also a waste 
of scarce resources from a social viewpoint. Nevertheless, why 
is the incidence of thyroid cancer increasing very rapidly in some 
parts of the world? We examined whether some characteristics 
of healthcare systems, including the share of public health ex-
penditure, can explain the overdiagnosis of thyroid cancer at 
the country level.

 The results of our analysis show that a low share of public 
health expenditure is associated with a high incidence of thy-
roid cancer. Since a low proportion of public health financing 
means a high proportion of private health financing, it is highly 
probable that commercialization of the healthcare system oc-
curs in this less regulated market. Thus, a low share of public 
health expenditure may permit overdiagnosis, which inevitably 
leads to a high incidence of thyroid cancer. In detail, if the share 
of public health financing is low, private health financing – pri-
vate health insurance or patients’ direct payment – would be of 
great importance. In this context, individuals’ abilities to pay for 
healthcare services become crucial in the utilization of health-
care, so both demand induced by the providers and overuse by 
patients could easily occur.
 For example, Korea has a low share of public health expen- 
diture (55.3% out of total health expenditure, the third lowest 
among OECD countries in 2008) and relies heavily on patients’ 
direct payment (35.0%, the second highest among OECD coun-
tries) supplemented with private health insurance (29). Besides, 
healthcare services are delivered predominantly by private pro-
viders. Recently, there has been increasing demand for cancer 
screening and increasing use of ultrasound. Since ultrasound is 
excluded from social health insurance benefits, there is literally 
no regulation about screening with ultrasound. Moreover, there 
is neither obligation nor incentive for patients to register with 
primary care physicians who can coordinate cancer screening, 
and secondary care in which medical imaging equipment in-
cluding ultrasound is frequently used for screening is easily ac-
cessible without referral. In this situation, screening for thyroid 
cancer can flourish. In practice, it was reported in a survey of 
2008 that 60.4% and 90.0% of family physicians and internists 
working at their community offices performed ultrasound test, 

Table 2. Factors affecting the incidence and mortality of thyroid cancer

Independent 
variables

Incidence Mortality

Male Female Male Female

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Est. P value Est. P value Est. P value Est. P value Est. P value Est. P value Est. P value Est. P value

Intercept -4.02 0.003 -4.42 0.01 -1.78 0.18 -2.76 0.11 -0.18 0.90 -0.79 0.59 5.09 0.000 5.38 0.000
Log GDP* 0.50 0.001 0.51 0.01 0.41 0.01 0.54 0.006 -0.10 0.47 -0.01 0.94 -0.58 0.000 -0.55 0.000
Educ† 0.01 0.28 0.02 0.23 0.02 0.11 0.01 0.47 -0.00 0.58 -0.01 0.14 -0.00 0.84 -0.01 0.03
PEH‡ -0.01 0.09 -0.01 0.36 -0.02 0.02 -0.02 0.02 0.00 0.56 0.00 0.73 0.00 0.84 -0.00 0.51
Finance§ - - -0.30 0.23 - - 0.00 0.99 - - -0.00 1.00 - - 0.14 0.23
Refer ll - - 0.01 0.97 - - -0.17 0.46 - - -0.15 0.44 - - -0.31 0.048
Primpay¶ - - -0.20 0.44 - - -0.07 0.79 - - 0.03 0.86 - - 0.18 0.10
Rho 0.47 - 0.49 - 0.53 - 0.53 - 0.44 - 0.46 - 0.37 - 0.31 -
R2 (overall) 0.19 - 0.19 - 0.20 - 0.19 - 0.03 - 0.08 - 0.30 - 0.42 -
No. 63 - 56 - 63 - 56 - 62 - 55 - 62 - 55 -

*Log transformed GDP per capita (US dollars, current prices and PPPs); †Attainment at the tertiary level (% of population with educational level of some college); ‡Public health 
expenditure (% total expenditure on health); §Health financing (countries which use tax-finance as their major method of health financing were coded to 1 and other countries 
[use social health insurance or private health insurance, instead] were coded to 0); llReferral to secondary care (countries in which referral is compulsory or financially encour-
aged were coded to 1 and other countries [neither compulsory nor financially encouraged] were coded to 0); ¶Payment to primary care physicians (countries which use fee-for-
service as their predominant mode were coded to 1 and other countries [use salary or capitation, or combination of these with fee-for-service] were coded to 0). Est., estimate.
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respectively (unpublished observations).
 There are some arguments that the rising incidence of thy-
roid cancer cannot be attributed solely to improved detection 
because large thyroid cancers have also increased (32, 33) and 
radiation exposure to CT scans has rapidly increased (34). Nev-

ertheless, these observations do not necessarily rule out the pos-
sibility of overdiagnosis which is more likely to occur in less reg-
ulated markets. Moreover, the rapid increase in CT use in itself 
may have to do with the very healthcare system that permits the 
overdiagnosis of thyroid cancer.

Table 3. Factors affecting the incidence of the stomach (a), lung (b), and colorectal cancer (c)

(a) Stomach cancer

Independent variables

Male Female

Model 1 Model 2 Model 1 Model 2

Est. P  value Est. P  value Est. P  value Est. P  value

Intercept 9.92 0.000 10.00 0.001 8.96 0.000 9.19 0.000
Log GDP* -0.69 0.001 -0.68 0.02 -0.66 0.000 -0.64 0.009
Educ† -0.01 0.43 -0.01 0.22 -0.01 0.40 -0.02 0.16
PEH‡ -0.00 0.81 -0.00 0.67 -0.00 0.60 -0.01 0.32
Finance§ - - 0.01 0.95 - - 0.09 0.63
Refer ll - - -0.38 0.16 - - -0.44 0.07
Primpay¶ - - 0.46 0.006 - - 0.40 0.02
Rho 0.91 - 0.90 - 0.87 - 0.86 -
R2 (overall) 0.21 - 0.32 - 0.23 - 0.34 -
No. 63 - 56 - 63 - 56 -

(b) Lung cancer

Independent variables

Male Female

Model 1 Model 2 Model 1 Model 2

Est. P  value Est. P  value Est. P  value Est. P  value

Intercept 5.55 0.000 5.80 0.000 -0.54 0.51 -0.63 0.52
Log GDP* -0.18 0.02 -0.22 0.02 0.28 0.002 0.28 0.008
Educ† -0.01 0.008 -0.01 0.006 0.02 0.004 0.02 0.01
PEH‡ 0.00 0.31 0.01 0.051 -0.00 0.78 -0.00 0.91
Finance§ - - -0.19 0.24 - - 0.03 0.89
Refer ll - - 0.11 0.52 - - 0.11 0.57
Primpay ¶ - - 0.26 0.09 - - 0.11 0.51
Rho 0.96 - 0.96 - 0.94 - 0.95 -
R2 (overall) 0.08 - 0.19 - 0.34 - 0.38 -
No. 62 - 55 - 63 - 56 -

(c) Colon cancer

Independent variables

Male Female

Model 1 Model 2 Model 1 Model 2

Est. P  value Est. P  value Est. P  value Est. P  value

Intercept 0.73 0.59 0.14 0.93 2.22 0.048 1.75 0.19
Log GDP* 0.19 0.10 0.23 0.15 -0.00 0.98 0.03 0.78
Educ† 0.00 0.93 -0.01 0.44 0.01 0.12 -0.00 0.69
PEH‡ 0.01 0.06 0.01 0.03 0.01 0.07 0.01 0.06
Finance§ - - -0.02 0.85 - - 0.12 0.28
Refer ll - - 0.23 0.14 - - 0.18 0.16
Primpay¶ - - 0.24 0.07 - - 0.31 0.01
Rho 0.87 - 0.85 - 0.84 - 0.81 -
R2 (overall) 0.34 - 0.43 - 0.37 - 0.49 -
No. 63 - 56 - 63 - 56 -

*Log transformed GDP per capita (US dollars, current prices and PPPs); †Attainment at the tertiary level (% of population with educational level of some college); ‡Public health 
expenditure (% total expenditure on health); §Health financing (countries which use tax-finance as their major method of health financing were coded to 1 and other countries 
[use social health insurance or private health insurance, instead] were coded to 0); llReferral to secondary care (countries in which referral is compulsory or financially encour-
aged were coded to 1 and other countries [neither compulsory nor financially encouraged] were coded to 0); ¶Payment to primary care physicians (countries which use fee-for-
service as their predominant mode were coded to 1 and other countries [use salary or capitation, or combination of these with fee-for-service] were coded to 0).
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 Meanwhile, unlike the incidence of thyroid cancer, incidenc-
es of other cancers and mortality of thyroid cancer have no sig-
nificant associations with the share of public health expenditure 
in our analysis. Rather, in the case of colorectal cancer, the share 
of public health expenditure has a significantly positive associa-
tion with its incidence for males. Since screening for colorectal 
cancer is generally recommended, it is highly likely that coun-
tries with a high share of public health expenditure have well-
coordinated screening programs nationwide, which naturally 
leads to early detection of colorectal cancer.
 It is suggested that higher income not only improves access 
to appropriate care, but also increases the risk of receiving ex-
cessive care (35). Our analysis revealed that a high GDP per cap-
ita was associated with a high incidence of thyroid cancer, one 
of good prognosis cancers, while the mortality of thyroid cancer 
was negatively associated. These results correspond with earlier 
studies, which reported that the GDP per capita was positively 
associated with the incidence of good prognosis cancers, such 
as prostate and colorectal cancer, but negatively associated with 
ovarian and oral cavity cancer (36, 37). 
 There are some unexpected findings that should be investi-
gated in further studies. First, countries with no referral system 
showed a higher mortality of thyroid cancer for females but had 
no significant differences in the incidences of thyroid, stomach, 
lung, and colorectal cancer. The role of the physician-gatekeeper 
can be defined from two perspectives: protecting patients from 
possible adverse effects of unnecessary care, and ensuring the 
appropriate use of healthcare services (35). This physician-gate-
keeper role does not seem to have been proven in our analysis. 
Second, countries that use fee-for-service as their predominant 
mode of payment to primary care physicians showed a higher 
incidence of stomach cancer for both genders, and a higher in-
cidence of colorectal cancer for females, but no significant asso-
ciation with the incidence of thyroid cancer. It seems that the 
influences of payment to primary care physicians on health out-
comes were not coherent across indicators and models (38, 39). 
 There are some limitations in this study, which come mainly 
from the limited availability of data. First, the most important 
characteristic of healthcare systems that influences the overdi-
agnosis of thyroid cancer is the number of ultrasounds per cap-
ita or the number of check-ups with ultrasound per capita, but 
they were not available in the published international data. Sec-
ond, regarding the premise that commercialization of the health-
care system means more dependence on the private sector, it 
could be reflected in healthcare services as well as in health fi-
nancing. Thus, we considered including the proportion of beds 
in publicly owned hospitals among all hospital beds in our mod-
el, which was not possible due to a lot of missing data. Third,  
to investigate the possible relationship between the rising inci-
dence and the healthcare systems, use of aggregate data on the 
incidence of thyroid cancer at the country level was inevitable. 

If available, however, information on how each case of thyroid 
cancer was diagnosed at the individual level would help figure 
out the extent of overdiagnosis, which calls for further studies.
 To our knowledge, this study is the first to compare the inci-
dence of thyroid cancer across countries with different payment 
programs and health financing. The findings show that the up-
ward trend of the incidence of thyroid cancer is closely related 
to the healthcare system that permits overdiagnosis. Therefore, 
it is suggested that increases in the proportion of public financ-
ing may help reduce the overdiagnosis of thyroid cancer to some 
extent.
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