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Abstract

Background South Korea has the highest incidence of thyroid cancer worldwide, raising questions regarding the
possibility of overdiagnosis. Examining the factors affecting thyroid cancer screening is crucial in elucidating the rea-
sons for this unusually high incidence of thyroid cancer. Therefore, in the present study, we investigated the associa-
tion between breast cancer screening and thyroid cancer screening to determine the potential role of breast cancer
screening in the overdiagnosis of thyroid cancer in South Korea.

Methods We analyzed the data of women aged > 30 years who were enrolled in the 2014 Korean National Cancer
Screening Survey. Self-reported breast cancer screening behavior was categorized as follows: no screening, mammog-
raphy only, ultrasonography only, and both ultrasonography and mammography. Thyroid cancer screening behavior
was categorized as follows: those who had or had not undergone ultrasonography screening. Logistic regression
analysis was used to examine the associations between breast and thyroid cancer screening behaviors.

Results Of the 2270 participants, a total of 569 (25.1%) were screened for thyroid cancer. Those who underwent only
mammography, only ultrasonography, or both mammography and ultrasonography were more likely to be screened
for thyroid cancer than those who did not undergo breast cancer screening (odds ratio [OR]: 1.47, 95% confidence
interval [CI] 1.06-2.04; OR 2.71,95% Cl 1.83-4.02; OR 2.75, 95% Cl 1.99-3.80, respectively).

Conclusions Our findings indicate that thyroid cancer screening in Korea is likely to be performed on an opportunis-
tic basis. Therefore, a nationwide public health and medical initiative is needed to curb the unnecessary use of thyroid
screening in the asymptomatic general population.

Keywords Asymptomatic, Breast cancer, Mammography, National screening survey, Overdiagnosis, Screening, South
Korea, Thyroid cancer, Thyroid cancer screening, Ultrasonography
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Background

As shown in the 2018 National Cancer Registration Sta-
tistics report, thyroid cancer is the second most com-
mon cancer reported in South Korea [1]. Thyroid cancer
is three times more common in women than in men
and is strongly associated with female hormones [2, 3].
Women often undergo thyroid ultrasonography when
being screened for breast cancer, which is the most com-
mon cancer among women worldwide [4]. According to
the age-standardized cancer incidence rates (2018) in
women in Organization for Economic Co-operation and
Development (OECD) countries, breast cancer ranked
first in all countries except South Korea. Among women
in South Korea, thyroid cancer ranked first (62.2 per
100,000 women), followed by breast cancer (57.9 per
100,000 women) [1, 5]. Furthermore, in reports from
other Asian countries, thyroid cancer was not ranked
among the major cancers, and we note that thyroid can-
cer was not included among the five major cancers in
Japan and China [6]. Hence, the high incidence of thy-
roid cancer in South Korea is unique and unprecedented.
However, there have been no studies or media reports
in Korea that radiation exposure, known as a risk factor
for thyroid cancer, or iodine intake through seafood has
increased. Thus, other factors are likely to involve in the
increase in the incidence of thyroid cancer.

Previous studies have indicated that the described
increase in thyroid cancer cases could be explained by
the increased detection of small thyroid tumors that have
no clinical importance, given the extensive use of sensi-
tive screening and accessible diagnostic tools [7, 8]. In
addition, despite the high incidence of thyroid cancer, the
five-year survival rate of thyroid cancer in South Korea is
100% for both men and women [1]. Therefore, the possi-
bility of overdiagnosis cannot be denied, considering the
very high survival rate of thyroid cancer in South Korea,
despite its increasing incidence [7, 9, 10]. Furthermore,
patients diagnosed with thyroid cancer tend to prefer
surgery over being placed under observation for further
disease progression, even if the cancer is small in size and
does not affect daily function [11]. Therefore, to avoid
overdiagnosis of thyroid cancer, data to date indicates
that discretionary non-thyroid cancer screening should
be avoided if there are no symptoms or risk factors and
that thyroid cancer screening using ultrasonography
should not be recommended as a routine screening test
for asymptomatic adults [7].

To avoid unnecessary screening for thyroid cancer,
it is necessary to identify factors that affect initiating
thyroid cancer screening. In several previous stud-
ies, individual-level factors, including demographic,
socioeconomic, and health behavior-related factors,
have been examined in regard to their association with
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thyroid cancer screening; regional-level factors have
been examined in a few studies as well [12, 13]. We
note that, in South Korea, thyroid cancer screening and
breast cancer screening (especially ultrasonography)
are often performed together, potentially comprising a
reason behind the high diagnosis rate of thyroid cancer.
However, the association between the two screening
tests in South Korea has not been examined extensively
to date. Therefore, the present study aimed to evaluate
the association of breast cancer screening with thyroid
cancer screening to examine the role of breast cancer
screening in the overdiagnosis of thyroid cancer in
South Korea.

Methods

Data and study population

This study used data collected during the 2014 Korean
National Cancer Screening Survey (KNCSS), an annual
population-based, cross-sectional survey conducted
by the National Cancer Center (from 2004 to the pre-
sent). This survey aims to determine behavioral pat-
terns related to cancer screening and primarily focuses
on stomach, liver, colon, breast, and cervical cancers.
The survey also included questions about screen-
ing for other cancers, such as lung, prostate, and thy-
roid cancers [14], and men aged > 40 years and women
aged > 30 years who had not been diagnosed with can-
cer were included in the survey [15]. To ensure that
survey participants were representative of the country’s
population, the KNCSS used a stratified, multi-step
sampling design based on resident populations strati-
fied by geographic area, age, and sex. The sampling
method has been described in previous studies [16, 17].

Although the survey has been conducted every year
since 2004, the thyroid cancer screening survey has
been conducted only three times (in 2009, 2010, and
2014). Since the survey items in 2009 and 2010 were
slightly different from those in 2014, only the results of
the 2014 survey were used in this study.

In total, 4499 participants were included in the 2014
survey. The final sample included 2270 women, as 1730
men and 499 participants with incomplete interviews
were excluded (Fig. 1). Men were excluded due to the
study’s focus on concurrent breast and thyroid cancer
screening.

This study was approved by the Institutional Review
Board of the National Cancer Center of South Korea
(Approval No. NCCNCS-08-129) and was conducted
in accordance with the principles of the Declaration of
Helsinki and its later amendments. All participants pro-
vided written informed consent prior to participation.
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Potential candidates for the 2014 KNCSS
N=4,499
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Exclusion of those refusing participation, or those

A 4

KNCSS participants (2014)
N =4,000

with incomplete interviews or missing data
N=499

Exclusion of male participants

A4

Study population
N=2,270

N=1,730

Fig. 1 Diagrammatic representation of study participant inclusion. KNCSS, Korean National Cancer Screening Survey

Measures

Thyroid cancer screening

The dependent variable in the current study was the pres-
ence or absence of thyroid cancer screening. The 2014
KNCSS inquired as to whether the participants under-
went thyroid ultrasonography, a common method for
thyroid cancer screening. If the answer to the question
“Have you ever undergone thyroid ultrasonography in a
comprehensive health examination, rectal examination,
cancer examination, etc.?” was “yes,” this meant that the
respondent had undergone thyroid cancer screening.

Breast cancer screening behavior

The independent variable in this study was breast cancer
screening behavior. Specifically, the 2014 KNCSS asked
questions about breast cancer screening (mammogra-
phy and ultrasonography). We categorized breast cancer
screening behaviors as follows: no screening, mammog-
raphy only, ultrasonography only, and both mammogra-
phy and ultrasonography.

Covariates

In this study, other covariates related to thyroid cancer
screening were also included as confounding variables in
reference to the results of previous studies [12, 18, 19].
These covariates included age, education level, household
income, residential area, occupation, health insurance
type, family history of cancer, and participants’ concerns
about their risk of cancer. Occupational variables were
classified into four categories according to the Korean
version of the standard occupational classification sys-
tem, which is based on the guidelines of the International
Labor Organization: white (white-collar), pink (sales and
service), blue (agricultural, forestry, fishing, military), and
unemployed (housewife, student) [20, 21].

Statistical analysis

In all analyses, sampling weights were applied to account
for complex sampling and to represent the general
Korean population with minimal bias [22]. Descriptive
statistics were expressed as frequencies (N) and percent-
ages (%), and chi-square tests were performed to evalu-
ate and compare the general characteristics of the study
population. After considering potential confounding var-
iables, multiple linear regression analysis was performed
to investigate the association between breast cancer
screening type and thyroid cancer screening status. Fur-
thermore, a subgroup analysis was performed to deter-
mine the relationship between thyroid cancer screening
and the type of medical institution that conducted the
breast cancer screening. We divided the medical institu-
tions that provided breast cancer screening into the fol-
lowing categories: general hospitals, hospitals, clinics,
and screening centers (including organizations that spe-
cialize only in screening, such as the Korea Association
of Health Promotion and Korea Population and Health
Welfare Association; see Additional file 1: Table S1). The
results were presented as odds ratios (ORs) and 95% con-
fidence intervals (ClIs).

All statistical analyses were performed using the SAS
software (version 9.4; SAS Institute, Cary, NC, USA).
Statistical significance was set at a two-sided p-value of
p<0.05.

Results

Table 1 shows the general characteristics of the study
population by type of breast cancer screening. Of the
2,270 individuals included in the study, 478 (21.1%)
did not undergo breast cancer screening, 836 (36.8%)
underwent only mammography, 245 (10.8%) underwent
only ultrasonography, and 711 (31.3%) underwent both
mammography and ultrasonography. In addition, 336



Lee et al. BMC Women’s Health (2023) 23:64 Page 4 of 9
Table 1 General characteristics of the study population
Variables Thyroid ultrasonography Pvalue
Total None Only mammography Only ultrasonography Both
N % N % N % N % N %
2270 100 478 21.1 836 36.8 245 10.8 71 313
Age <.0001
30-39 559 246 235 49.2 147 176 64 26.1 13 159
40-49 640 282 92 19.2 283 339 56 229 209 294
50-59 594 26.2 69 144 237 283 70 286 218 30.7
60-69 350 154 57 1.9 122 14.6 41 16.7 130 183
>70 127 56 25 52 47 56 14 57 41 5.8
Educational level 0.1865
Middle school or below 338 14.9 73 153 131 15.7 33 135 101 14.2
High school 1265 557 242 50.6 469 56.1 145 59.2 409 575
College or above 667 294 163 34.1 236 282 67 273 201 283
Household income 0.0095
Low 559 24.6 121 253 203 24.3 68 27.8 167 235
Mid-low 469 20.7 114 238 182 21.8 37 15.1 136 19.1
Mid-high 671 296 148 31.0 247 29.5 62 253 214 30.1
High 571 252 95 199 204 24.4 78 318 194 27.3
Residential area <.0001
Urban 1037 457 243 50.8 409 489 76 31.0 309 435
Suburban 1089 48.0 211 441 386 46.2 143 584 349 49.1
Rural 144 6.3 24 5.0 41 49 26 10.6 53 7.5
Occupational 0.8058
Unemployed 295 13.0 65 136 101 12.1 31 12.7 98 138
White 545 24.0 127 266 194 232 55 224 169 238
Pink 176 7.8 38 79 65 7.8 16 6.5 57 8.0
Blue 1254 55.2 248 519 476 56.9 143 584 387 544
Health insurance type 0.1674
NHI 2216 97.6 462 96.7 239 286 814 3322 701 98.6
MAP 54 24 16 33 6 0.7 22 9.0 10 14
Family history® 04120
Yes 336 14.8 64 134 120 14.4 34 139 118 16.6
No 1934 85.2 414 86.6 716 85.6 21 86.1 593 834
Concern about the risk of cancer <.0001
Yes 1710 753 307 64.2 653 78.1 192 784 558 785
No 560 247 171 358 183 219 53 21.6 153 21.5

MAP Medical Aid Program, NHI National Health Insurance
2 Only includes cancer history of first-degree relatives (parents, brothers, sisters)

people (14.8%) responded that they had a family history
of cancer, whereas 1,934 people (85.2%) responded that
they had no family history of cancer. Furthermore, 1,710
(75.3%) respondents answered that they had concerns
about their risk of cancer, whereas 560 (24.7%) answered
that they did not have concerns.

Table 2 shows the association between breast can-
cer screening behavior and thyroid cancer screen-
ing after adjusting for potential confounding

variables. Compared with participants who had not
been screened for breast cancer, we detected a statis-
tically significant association between breast cancer
screening and thyroid cancer screening among those
who underwent only mammography (OR=1.47, 95%
CI 1.06-2.04), those who underwent only ultrasonog-
raphy (OR=2.71, 95% CI: 1.83-4.02), and those who
underwent both mammography and ultrasonography
(OR=2.75, 95% CI 1.99-3.80).
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Table 2 Factors associated with thyroid ultrasonography
Variables Thyroid ultrasonography

Total Yes No

N N % N % OR 95% Cl
Breast cancer screening behavior
None 478 60 12.6 418 874 1.00
Only mammography 836 185 22.1 651 779 147 (1.06-2.04)
Only ultrasonography 245 80 327 165 67.3 2.71 (1.83-4.02)
Both 711 244 343 467 65.7 2.75 (1.99-3.80)
Age
30-39 559 496 88.7 63 1.3 1.00
40-49 640 454 70.9 186 29.1 2.66 (1.91-3.70)
50-59 594 392 66.0 202 34.0 3.16 (2.26-4.40)
60-69 350 256 73. 94 269 219 (1.50-3.21)
>70 127 103 81.1 24 189 1.45 (0.86-2.43)
Educational level
Middle school or below 338 95 28.1 243 719 1.00
High school 1265 310 245 955 75.5 0.80 (0.59-1.07)
College or above 667 164 246 503 754 0.97 (0.69-1.35)
Household income
Low 559 139 249 420 75.1 1.00
Mid-low 469 95 203 374 79.7 0.81 (0.59-1.11)
Mid-high 671 465 69.3 206 30.7 1.00 (0.75-1.32)
High 571 170 29.8 401 70.2 1.24 (0.94-1.64)
Residential area
Urban 1037 245 236 792 764 1.00
Suburban 1089 282 259 807 74.1 1.06 (0.86-1.31)
Rural 144 42 29.2 102 70.8 1.09 (0.73-1.63)
Occupational
Unemployed 1254 319 254 935 74.6 1.00
White 295 64 217 231 783 087 (0.62-1.21)
Pink 545 133 24.4 412 75.6 1.00 (0.78-1.28)
Blue 176 53 30.1 123 69.9 1.23 (0.85-1.78)
Health insurance type
NHI 2216 556 251 1660 749 1.00
MAP 54 13 24.1 41 759 1.20 (0.62-2.31)
Family history®
Yes 336 119 354 217 64.6 1.67 (1.28-2.16)
No 1934 450 233 1484 76.7 1.00
Concern about the risk of cancer
Yes 1710 464 27.1 1246 729 1.19 (0.92-1.53)
No 560 105 18.8 455 813 1.00

MAP Medical Aid Program, NHI National Health Insurance
2 Only includes cancer history of first-degree relatives (parents, brothers, sisters)

Table 3 shows the association between thyroid cancer
screening and breast cancer screening behavior accord-
ing to the type of institution performing breast cancer
screening, after adjusting for potential confounding
variables. The probability of undergoing thyroid

cancer screening at a screening center was statisti-
cally significantly higher when breast ultrasonography
or mammography was performed than when neither
was performed (mammography at a screening center:
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Table 3 Association between thyroid cancer screening according
to the breast cancer screening institution type and behavior

Variables Thyroid ultrasonography
OR* 95% ClI

Mammogram location

None 1.00

General hospital 1.23 (0.94-1.63)

Hospital 1.28 (0.99-1.64)

Clinics 1.03 (0.66-1.59)

Screening center 2.07 (1.30-3.31)

Ultrasonography location

None 1.00

General hospital 1.69 (1.25-2.30)

Hospital 2.31 (1.83-2.91)

Clinics 1.57 (0.90-2.74)

Screening center 252 (1.53-4.16)

*Adjusted for all covariates

OR=2.07, 95% CI 1.30-3.31; ultrasonography at a
screening center: OR=2.52, 95% CI 1.53—4.16).

Discussion

This study investigated the association between breast
cancer screening and thyroid cancer screening among
2,270 adult women aged > 30 years who participated in a
2014 cancer screening behavior survey, the KNCSS. The
main finding of this study was that those who under-
went either mammography, ultrasonography, or both
procedures were more likely to be screened for thyroid
cancer than those who did not undergo any breast cancer
screening. Moreover, at health screening centers, the par-
ticipants who underwent breast cancer screening were
more frequently screened for thyroid cancer than those
who did not.

Our main finding has several possible interpretations.
The standard method for breast cancer screening is
mammography. However, in the case of dense breasts, the
accuracy of mammography examination is low; therefore,
breast ultrasonography is often performed to compen-
sate for this. Also, when mammography and ultrasound
are performed simultaneously, the sensitivity is improved
compared with when mammography alone is performed
[23]. However, combined screening using mammogra-
phy and ultrasonography has lower specificity, which
increases the rates of false positivity and biopsy [24].
As a result, performing both mammography screening
and breast ultrasound screening increases breast cancer
detection. Thus, in this population, both tests may have
been performed due to health concerns, and this ten-
dency may have affected thyroid cancer screening [25].
The high correlation between breast ultrasonography and
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thyroid cancer screening may also be due to the anatomi-
cal location and characteristics of the ultrasound exami-
nation. The breast and thyroid are anatomically located
close to each other, and linear probes are commonly
used for breast and thyroid ultrasound, making it easy
to examine these organs together [26]. In contrast, given
the use of a convex probe for abdominal or liver ultra-
sonography and the fact that the neck is not exposed, it is
cumbersome to replace the probe and expose the neck to
examine the thyroid gland [27]. Because of this conveni-
ence, health care providers and patients are more likely to
have combined breast and thyroid cancer screening.

In addition, in our study, women who only received
mammograms were more likely to receive ultrasounds
for thyroid cancer. In Korea, the National Cancer Screen-
ing Program (NCSP), which was implemented in 1999
and screens for gastric, liver, colon, breast, and cervical
cancers, is conducted nationwide at no cost or with a
small copayment [19]. Although thyroid cancer screen-
ing is not covered by the NCSP, health care providers
usually offer ultrasound screening for thyroid cancer as
an additional low-cost option, ranging from 30 to 50 USD
[28]. According to previous studies, women who received
cervical and breast cancer screening were more likely to
undergo thyroid cancer screening than women who did
not participate in cancer screening [18]. Therefore, the
health system that promotes cancer screening in Korea
may have exerted behavioral effects on the population
undergoing mammography [29].

This trend is also expected to be observed frequently
in medical institutions that do not have separate special-
ized fields, such as general hospitals. Accordingly, our
subgroup analysis showed that those who underwent
mammography or breast ultrasound at screening centers,
such as the Korea Health Care Association and the Pop-
ulation Health and Welfare Association, were 2.07 and
2.52 times more likely to be screened for thyroid cancer
than those who did not undergo breast cancer screening,
respectively. These results objectively illustrate the previ-
ously reported challenges of doctor-induced demand and
profit-seeking policies of medical care providers in South
Korea [7, 28].

Other researchers have similarly questioned whether
the main reason behind the marked increase in thy-
roid cancer cases is excessive thyroid cancer screen-
ing [30, 31]. Overdiagnosis starts at the macro level,
with mechanisms through which health care services
are paid for at the systemic level, comprising an impor-
tant aspect of overdiagnosis, and extends to the micro
level (e.g., the way the findings are examined) [8, 32]. In
Korea, after the medical system reform in 2000, thyroid
ultrasound has been widely used in local clinics. Fur-
thermore, between 2001 and 2004, the annual number
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of ultrasound examinations for thyroid cancer doubled,
and some hospitals and clinicians recommend regular
health examinations, including thyroid cancer screening
[33]. Accordingly, the annual cost of thyroid ultrasound
examination in Korea is calculated from 121 billion South
Korean won (KRW) to 1,490.5 billion KRW [34], which is
by no means a small amount. As a result, the possibility
of generating profits from the additional costs of thyroid
cancer screening, which is not covered by the National
Health Insurance, cannot be denied [7].

All cancer screening tests have both benefits and
harms. The most important benefit of an effective can-
cer screening program is a reduction in cancer-specific
mortality. In other words, cancer screening is ultimately
applied as a measure to reduce the death rate due to can-
cer. However, it has been confirmed that thyroid cancer
screening in Korea only increases the incidence rate of
thyroid cancer without affecting the associated mortality
rate [35]. The mortality rate of thyroid cancer in Korea
is very low, at approximately 0.5 per 100,000 people, and
has not changed over the past 10 years [36]. Therefore,
the increase in thyroid cancer screening in Korea seems
to have been initiated for reasons other than preventing
death from cancer. Our finding that participants who had
breast cancer screening were more likely to have under-
gone thyroid cancer screening might be the most plau-
sible explanation for the present state of thyroid cancer
overdiagnosis. We also note that the increased incidence
of thyroid cancer in South Korea may be due to the
detection of mostly small tumors (i.e., tumors <20 mm in
size) [7]. Since most thyroid cancers<0.5 cm in size have
a good prognosis and the treatment benefit is unclear,
follow-up is recommended in South Korea [37]. Never-
theless, increased detection of thyroid cancer cases has
resulted in more patients undergoing thyroid surgery [11,
35]. Surgery for thyroid cancer is safe for most patients
but causes complications such as voice problems or low
calcium levels in approximately 1-10% of patients [38—
40]. Likewise, these patients must take thyroid hormone
replacement drugs for the rest of their lives, which can
lead to an increase in national health care costs [35].

To the best of our knowledge, this study is one of the
few studies that have evaluated the association between
breast cancer screening and thyroid cancer screening
using the 2014 KNCSS data, comprising the strength
of this investigation in a nationally representative study
population [17, 41]. Nevertheless, our findings should
be interpreted with caution in the context of the poten-
tial limitations of the study. First, errors may have been
derived from the survey process or participants’ self-
reports, such as regarding immature responses, record-
ing errors, false or non-response errors, recall biases,
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and other standard errors. However, since the survey
was carried out with face-to-face interviews conducted
by experienced and professional interviewers, these
errors were likely to be minimal [17]. Second, recall bias
of self-reported data for cancer screening may have led
to an underestimation or an overestimation of the can-
cer screening rates [42]. However, in several studies,
self-reported cancer screening history showed good
agreement with medical record data [43, 44]. Third, the
association between breast and thyroid cancer screening
was investigated using multiple logistic regression analy-
sis. However, since this was a cross-sectional study, the
causality of the relationship and the temporal precedence
relationship between the variables could not be eluci-
dated. Additional explanatory studies with robust designs
are needed to establish the causality of the observed
relationship.

Conclusions

In summary, we found that the rate of breast cancer
screening (i.e., mammography alone, ultrasonography
alone, or both mammography and ultrasonography) was
statistically significantly associated with the rate of thy-
roid cancer screening in this nationally representative
study. Furthermore, the thyroid cancer screening rate
was quite high (25.1%), and many of the tests conducted
were likely unnecessary. In other words, thyroid cancer
screening in South Korea is likely to be performed as an
opportunistic-based screening rather than to assess indi-
vidual risks.
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