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Background: The purpose of this study is to analyze the scale of and trends associated with the cost-of-illness of thyroid disease 
in Korea at 2-year intervals during the last 10 years for which data are available. 
Methods: Cost-of-illness was estimated in terms of direct and indirect costs. Direct costs include direct medical costs due to hos-
pitalization, outpatient and pharmacy sectors, transportation, and care-giver costs. Indirect costs include future income loss due to 
premature death and loss of productivity as a result of absence from work.
Results: The cost-of-illness of thyroid disease in Korea was estimated at 224.2 billion won in 2002, 303.4 billion won in 2004, 
400.3 billion won in 2006, 570.4 billion won in 2008, and 762.2 billion won in 2010. For example, the cost-of-illness of thyroid 
disease in 2010 was 3.4 times greater compared to 2002. The direct cost of the total cost-of-illness was 69.7%, which accounted 
for the highest proportion of costs. Cost-of-illness for individuals between the ages of 30 and 50 accounted for the greatest share 
of costs.
Conclusion: The cost-of-illness of thyroid disease was relatively large in economically active age groups, and demonstrated a 
very rapid growth rate compared to other major diseases in Korea. Therefore, we suggest nationwide recognition of the impor-
tance of prevention and management of thyroid disease and prioritization of the management of thyroid disease among current 
and future health promotion policies in Korea.
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INTRODUCTION

Thyroid disease is one of the most common endocrine disor-
ders in Korea, with the incidence of thyroid cancer increasing 
rapidly [1]. According to the Korea Central Cancer Registry 
2010 annual report, the incidence of thyroid cancer accounted 
for 17.8% of all cancers (30.1% for women and 6.0% for men), 
with an annual growth rate as high as 25.5% for men and 24.5% 
for women, making it the fastest growing cancer type in Korea 

[2]. Such a spike in thyroid cancer cases, while not as spectacu-
lar as in Korea, is seen throughout the world, including in the 
United States (5th fastest rate of growth among cancers in 
women) and Japan (10th fastest in women) [3].
 In addition to thyroid cancer, other thyroid diseases include 
hyperthyroidism, thyroiditis, and benign thyroid nodules. In 
the United States, the incidences of hyperthyroidism and thy-
roiditis were 1.3% and 4.6%, respectively [4]. In contrast, the 
comparable figure in a local community in Korea for individu-
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als older than 40 years of age with subclinical hyperthyroidism 
was 11.7% (6.3% for men and 16.1% for women). The inci-
dence rate increased as the average age increased, with the inci-
dence of subclinical hyperthyroidism for those between 65 and 
70 years reaching 10.8% for men and 18.9% for women [5].
 The incidence rate of thyroid disease may have grown explo-
sively in the 2000s in Korea due to the fact that high-resolution 
thyroid ultrasonography became widely available at that time, 
with a concurrent heightening of awareness of thyroid cancer 
among the general public, in addition to the natural increase in 
diagnosis of thyroid nodules including thyroid cancer [3]. Thy-
roid cancer, unlike many other cancers, shows a relatively ex-
cellent prognosis. Contrary to public perceptions; however, all 
patients diagnosed with thyroid cancer must undergo surgery to 
remove the thyroid tissue and long-term regular follow-up is 
needed to detect the cancer recurrence for the remainder of 
their lives [6]. In addition, patients may experience physical 
and psychological inconveniences such as depression and nega-
tive emotions due to thyroid dysfunction [7,8]. These caveats 
are equally applicable to other thyroid diseases, with wide vari-
ation among patients in terms of psychological and physical 
symptoms depending on thyroid hormone levels [9]. Once di-
agnosed with any of the thyroid diseases, patient will experi-
ence a host of symptoms that diminish quality of life. In addi-
tion, the treatment of thyroid dysfunction incurs high medical 
costs for the patient and family, as well as preventing the patient 
from engaging in gainful activities.
 The fact that premature deaths from thyroid diseases reduce 
future income means, that the increase in such diseases is not 
just an issue limited to patients’ families, but an economic issue 
that affects all of society. Nonetheless, studies of the social 
costs of disease have thus far been limited to the areas of respi-
ratory disease, liver disorders, and digestive illnesses [10-12]. 
In the area of endocrine disorders, a previous study examined 
endocrine, nutrition, and metabolic disease as a whole [13], 
with no specific exploration of thyroid conditions.
 Despite the important role of the thyroid gland in coordinat-
ing different organs through hormone secretion [14], and the 
fact that thyroid disorders are relatively easy to diagnose, these 
diseases have been ignored in social cost-of-disease studies and 
disease management policy priorities. In this study, we focus 
on data regarding the social costs of thyroid diseases in Korea 
for five biennial data points collected since 2002. These will 
serve as basic data to illustrate the importance of thyroid dis-
ease prevention and management for healthcare policy makers.

METHODS

Subjects and data
Items used in social cost-of-disease studies to represent cost 
include direct, indirect, and intangible costs. The viewpoints 
of these studies may represent the government, patient, or pro-
gram-supplying organization, as well as society at large. The 
items of cost may differ widely depending on what point of 
view is chosen, which in turn affects the final outcomes of the 
study. In most such studies, the social cost of illness is mea-
sured from the viewpoint of society at large to track costs in 
the broadest possible way [15]. 
 In this study, we classified social costs into direct and indi-
rect costs and estimated the cost of disease due to thyroid con-
ditions based on biennial data points collected over 5 years in 
Korea (2002, 2004, 2006, 2008, and 2010). We used the defi-
nition of thyroid disease delineated by the Korean Standard 
Classification of Diseases (KCD), which includes malignant 
and benign thyroid tumors, functional abnormalities and in-
flammation, and thyroid abnormalities in newborns. Detailed 
codes for diseases under examination include C73 and D093 
for malignant tumors, D34 and D440 for benign tumors, E01 
to E890, O905, R946, and H062 for functional abnormalities 
and inflammation, and P720 to P722 for thyroid abnormalities 
in newborns, all based on KCD-6 standards.
 Direct costs were divided into direct medical and direct 
nonmedical costs. The first category includes patient expendi-
tures associated with making outpatient visits to the hospital, 
inpatient costs, and expenses for drugs. Direct nonmedical 
costs are incidental expenses such as transportation costs and 
expenses for care during treatment.
 The total treatment cost, including hospital bills and phar-
macy prescription drug costs, can be estimated for patients 
with thyroid diseases in Korea by compiling data from the Na-
tional Health Insurance Service. For this study, we estimated 
medical treatment costs related to thyroid gland diseases by 
combining the treatment amounts of inpatient, outpatient, and 
pharmacy costs by gender, age, and year, as described in the 
National Health Insurance Statistical Yearbook.
 It was impossible to determine the figures for the items not 
covered by the health insurance scheme based on official sta-
tistical data. Given the health care insurance coverage ratio of 
62.7%, the legally designated deductible ratio of 21.3%, and 
the noncoverage deductible ratio of 16.0% [16], the direct costs 
may have been underestimated because we did not count items 
not covered by the national health insurance scheme, including 
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hospitalization, outpatient, and pharmacy costs. These values 
were estimated by imputing the deductible ratio to the total an-
nual treatment cost by gender, age, and year. For example, the 
ratio of the deductible in the total treatment cost in 2010 was 
25.79% for hospitalization (40.25% in 2004, 27.71% in 2006, 
and 30.38% in 2008), 25.79% for outpatient (20.63% in 2004, 
17.37% in 2006, and 21.07% in 2008), and 2.99% for pharma-
cy (2.04% in 2004, 1.42% in 2006, and 2.04% in 2008). There 
were no data for the deductible ratio in 2002, which necessitat-
ed the use of 2004 data.
 Direct nonmedical costs are incurred when the patient makes 
inpatient or outpatient visits to the hospital. In this study, these 
costs included transportation expenses and cost for care during 
treatment. To estimate nonmedical costs more precisely, it is 
necessary to have data on the number of hospitalization days for 
thyroid patients and the number of outpatient visit days. Since 
all Korean citizens are covered by the national health insurance 
scheme, all of this information can be obtained by examining 
data provided by the National Health Insurance Service.
 The transportation cost was calculated by multiplying the 
average round-trip transportation cost needed to make one 
outpatient visit per thyroid patient (by gender and age) by the 
number of outpatient visits. In this case, the number of outpa-
tient visits was based on data from the National Health Insur-
ance Statistical Yearbook [17] and the average round-trip 
transportation cost was based on average round-trip transpor-
tation cost data from the 2008 Report of Korea Health Panel 
Survey [18]. The transportation costs per patient (1,475 won) 
were then calculated for each year by multiplying the consum-
er price index deflator [19] to produce costs for each year (993 
won in 2002, 1,185 won in 2004, 1,332 won in 2006, 1,504 
won in 2008, and 1,510 won in 2010).
 The cost of hiring a professional caregiver to treat a thyroid 
patient was used to calculate care expenses. If the care was 
given by a family member, it was treated as an opportunity 
cost for the family caregiver. The number of hospitalization 
days due to thyroid conditions was extracted from the National 
Health Insurance Statistical Yearbook [16], with cost care 
based on the daily average caregiver cost (60,000 won) sug-
gested by the Korea Caregivers Association applicable to both 
professional and family caregivers multiplied by the number 
of hospitalization days.
 Future income loss from premature death due to thyroid 
diseases and productivity loss arising from absence for the 
treatment of the condition are included in indirect costs. The 
future income loss from premature death is calculated by mul-

tiplying the number of deaths (by gender and age) by per-capi-
ta loss from the following year of death to the year of life ex-
pectancy (by gender and age).
 The number of deaths due to thyroid diseases was based on 
data from the Annual Report on the Cause of Death Statistics 
[20], which is published annually by the National Statistical 
Office, and per capita loss estimated by taking into account 
survival and employment rates, annual average wage level, 
and wage growth rates from the year following death to the 
expected end of life (Appendix 1).
 The estimation of future income losses due to premature 
death was therefore based on the number of deaths by gender 
and age in the Annual Report on the Cause of Death Statistics 
[20], life expectancy and survival ratio figures in the Life Ta-
bles for Korea [21], employment ratio by gender and age in the 
Annual Report on the Economically Active Population Survey 
[22], annual average nominal wages in the Survey Report on 
Labor Conditions by Employment Type [23], and nominal 
wage growth rate figures in Current Economic Trends [24].
 We included discount rates in the estimation equation to cal-
culate the present value of future loss from premature death. 
This reflects an interest rate that is applicable when a subject 
gives up current consumption in favor of future consumption, 
which represents a time preference. In this study, we calculated 
future costs by dividing current costs by the discount rate of 5%.
 Finally, productivity loss when the patient is absent from 
work due to visiting the hospital for thyroid treatment was es-
timated by multiplying the number of hospitalization days and 
outpatient visits (by gender, age, and year) by the daily aver-
age wage (by gender, age, and year) from the Survey Report 
on Labor Conditions by Employment Type [23], in the same 
way as the estimation of direct nomedical costs.

Estimation
Direct cost (DC) consists of direct medical costs (hospitaliza-
tion, outpatient visit, and pharmacy costs) and indirect medi-
cal cost (transportation and caregiver costs). As seen in the es-
timation equation below, direct cost can be represented by 
multiplying the total medical cost of insurance-covered hospi-
talization, outpatient visit, and pharmacy cost by gender, age, 
and disease with the noncoverage ratios for each item (α, β, γ). 
Transportation costs subsumed in direct nonmedical costs 
were estimated by multiplying the number of outpatient visits 
for gender, age, and disease by the average transportation cost 
per visit. Caregiver cost was estimated by multiplying the 
number of hospitalization days by gender, age, and disease by 
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the average daily caregiver cost.

DC=direct cost
i=1, 2,…, n disease,  j=gender, k=0, 1,…, n age 
IPijk=insurance-covered total hospitalization cost; i disease, j  
 gender, k age
OPijk=insurance-covered total outpatient visit cost; i disease,    
 j gender, k age 
Pijk=insurance-covered total pharmacy drug cost i disease, j  
 gender, age
α=ratio of noncoverage deductible in total hospitalization cost
β=ratio of noncoverage deductible in total outpatient visit cost
γ=ratio of noncoverage deductible in total pharmacy drug cost
OVijk=number of outpatient visits; i disease, j gender, k age 
MTj=average round-trip transportation cost; j gender
IVijk=number of hospitalization days; i disease, j gender, k age
MC=daily average caregiver cost

 Indirect costs consist of loss of future income due to prema-
ture death and productivity loss as a result of absence from 
work. We adopted gross loss of output or human capital ap-
proach to estimate loss of future income [25]. This is the most 
widely used methodology for estimating future income loss 
from premature death. As noted below, the estimation equa-
tion for future income loss is calculated by multiplying the 
per-capita human loss by gender and age (Appendix 1), as re-
ferred to the survival rate by gender and age, employment rate, 
annual average wage, wage growth rate, and discount rate, by 
the number of deaths from thyroid diseases.

HCC=future income loss from premature death
i=1, 2,…, n disease, j=gender, k=  0, 1,…, n age, τ=number   
 of years
Dijk =  number of deaths; i disease,  j gender, k age
      =age; j gender, k age person’s survival ratio at the time of  
 k+τ
     =employment rate; j gender, k age person’s employment  
 rate at the time of k+τ
          =annual average wage; j gender, k age person’s annual  
 average wage at the time of k+τ
           =wage growth rate at the time of k+τ, r=discount rate

 Productivity loss arising from the patient’s absence from 
work while visiting the hospital is calculated by adding a third 
of the hospitalization days by gender, age, and disease and 
outpatient visits and multiplying the sum by the employment 
rate by gender and age and daily average wage. To adjust for 
productivity loss differences between outpatient visits and 
hospitalization, the productivity ratio used in Noh et al. [26] 
(1997) and Jung and Ko [27] (2003) was applied.

PLC =productivity loss from absence from work
i=1, 2,…, n disease, j=  1, 2 gender, k=  0, 1,…, n age
IVijk=hospitalization days; i disease, j gender, k age 
OVijk=outpatient visits; i disease, j gender, k age 
Ejk=employment rate; j gender, k age 
DWjk=daily average wage; j gender, k age

RESULTS

Direct costs
The direct medical costs, which included hospitalization, out-
patient visits, and pharmacy prescriptions regardless of wheth-
er costs were covered by the national health insurance scheme 
was 531.4 billion won in 2010, a four-fold increase from 131.7 
billion won in 2002. By gender, the figure for men increased 
to 95.5 billion won from 23.6 billion won for the same period, 
while that for women grew more than four-fold to 435.8 bil-
lion won from 108.1 billion won. As of 2010, the gender ratio 
was 18:82 between men and women, showing a prevalence of 
female patients by 4.6 to 1. By age group, patients in their 50s 
comprised the largest share (27.6%), followed by those in their 
40s (24.5%), 30s (16.5%), 70s (6.9%), 20s (5.6%), and 60s 
(5.6%) (Table 1).
 Transportation costs involved in outpatient treatment for 
thyroid conditions were 8 billion won in 2010, up from 2 bil-
lion won in 2002. By gender, the amount for men rose 4.1 
times to 1.4 billion won from 300 million won during the 
same time period, while that for women increased 4.0 times to 
6.6 billion won from 1.7 billion won. The gender ratio as of 
2010 was 17.2:82.8, with a prevalence of female patients by 4.8 
to 1. By age, patients in their 50s spent the most (26.6%), fol-
lowed by those in their 40s (24.2%), 30s (17.9%), 60s (14.8%), 
and 20s (6.7%) (Table 2).
 Caregiver costs may be incurred by hospitalized patients 
when they hire professional caregivers or rely on family mem-
bers in whose case opportunity costs must be imputed. The 

             k+τYW             jk

DC=  ΣΣΣ [IPijk(1+α)+OPijk(1+β)+Pijk(1+γ)]
            i   j    k
          +ΣΣΣ (OVijk×MTj)+ΣΣΣ(IVijk×MC)
                        i   j   k                                                i   j  k

     k+τE     jk

           k+τWR

HCC=ΣΣΣ [Dijk×                                                     ]             i   j   k                                    (1+r)k+τ

     k+τ                k+τ                      k+τ                     k+τS      × E     × YW     × WR     jk                   jk                        jk

     k+τS     jk
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caregiver cost has increased 3.2 times to 33.0 billion won in 
2010 from 10.2 billion won in 2002. For men, the cost rose 2.7 
times to 6.1 billion won from 2.2 billion won for the same peri-
od. For women, it increased 3.4 times to 26.9 billion won from 
8.0 billion won. The gender share of caregiver costs between 
men and women in 2010 was 18.5:81.5, or 4.4 times higher for 
women than men. By age group, patients in their 50s comprise 
the largest portion (27.3%), followed by those in their 40s  
(25.1%), 30s (14.5%), 60s (14.0%), and 70s (9.1%) (Table 3).

Indirect costs
Indirect costs include loss of future income due to premature 
death and productivity loss as a result of the patient’s absence 
from work. The estimated loss for the former in 2010 was 38.4 
billion won, down 9.1 percent from 42.2 billion won in 2002. 

By gender, the loss for men rose 17.7 percent during the same 
period to 29.4 billion won from 25.0 billion won, while for 
women it declined 48% to 8.9 billion won from 17.2 billion 
won. The gender ratio for future income loss between men and 
women in 2010 was 76.7 to 23.3, 3.3 times higher for men. By 
age, patients in their 50s comprised the highest share (27.2%), 
followed by those in their 30s (26.0%), 40s (22.7%), 20s 
(9.2%), and 60s (8.3%), indicating that the social cost of pre-
mature death from thyroid disease is significant (Table 4).
 The amount of productivity loss due to absence from work 
for thyroid treatment was 151.5 billion won in 2010, an almost 
four-fold increase from 38.1 billion won in 2002. By gender, 
the loss for men increased to 38.9 billion won from 9.8 billion 
won during the same period. For women, it was the same, a 
four-fold increase to 112.6 billion won from 28.3 billion won.

Table 1. Direct Medical Costs Related to Thyroid Disease  (Unit, 1,000 Won [%])

2002 2004 2006 2008 2010

Male ≤19 1,392,927 (5.9) 1,687,214 (5.1) 1,995,507 (4.5) 2,511,143 (3.7) 3,078,380 (3.2)

20–29 2,032,677 (8.6) 2,728,777 (8.2) 3,305,423 (7.4) 4,305,777 (6.3) 4,873,831 (5.1)

30–39 4,568,681 (19.4) 6,362,823 (19.1) 8,231,546 (18.4) 11,632,544 (17.0) 15,985,650 (16.7)

40–49 6,223,904 (26.4) 8,617,476 (25.9) 11,260,768 (25.2) 17,277,03  (25.2) 23,875,100 (25.0)

50–59 4,352,996 (18.4) 6,715,591 (20.2) 9,875,852 (22.1) 16,056,287 (23.5) 24,606,871 (25.8)

60–69 3,458,543 (14.7) 4,937,675 (14.8) 6,558,299 (14.7) 10,957,133 (16.0) 14,994,054 (15.7)

70–79 1,315,943 (5.6) 1,929,054 (5.8) 2,945,962 (6.6) 4,832,238 (7.1) 6,841,887 (7.2)

≥80 261,929 (1.1) 319,455 (1.0) 465,225 (1.0) 882,547 (1.3) 1,274,081 (1.3)

Total 23,607,599 (100.0) 33,298,065 (100.0) 44,638,581 (100.0) 68,454,706 (100.0) 95,529,855 (100.0)

Female ≤19 3,501,840 (3.2) 4,242,857 (2.7) 4,958,324 (2.4) 6,138,268 (1.9) 7,543,126 (1.7)

20–29 12,552,287 (11.6) 15,505,215 (9.8) 17,045,053 (8.3) 21,261,977 (6.7) 24,971,672 (5.7)

30–39 21,673,564 (20.1) 31,175,712 (19.7) 38,844,242 (18.8) 54,150,393 (17.2) 71,755,387 (16.5)

40–49 26,250,176 (24.3) 40,325,231 (25.5) 52,564,460 (25.5) 80,480,931 (25.5) 106,164,109 (24.4)

50–59 21,486,360 (19.9) 33,001,561 (20.9) 48,302,355 (23.4) 80,866,671 (25.6) 121,950,579 (28.0)

60–69 15,751,104 (14.6) 23,184,832 (14.7) 29,706,257 (14.4) 48,382,964 (15.3) 68,060,949 (15.6)

70–79 5,965,787 (5.5) 9,045,559 (5.7) 12,785,329 (6.2) 20,339,486 (6.4) 29,592,231 (6.8)

≥80 905,516 (0.8) 1,406,551 (0.9) 2,007,997 (1.0) 3,917,535 (1.2) 5,791,405 (1.3)

Total 108,086,633 (100.0) 157,887,518 (100.0) 206,214,018 (100.0) 315,538,225 (100.0) 435,829,457 (100.0)

Overall ≤19 4,894,766 (3.7) 5,930,071 (3.1) 6,953,831 (2.8) 8,649,411 (2.3) 10,621,506 (2.0)

20–29 14,584,964 (11.1) 18,233,992 (9.5) 20,350,475 (8.1) 25,567,754 (6.7) 29,845,503 (5.6)

30–39 26,242,245 (19.9) 37,538,536 (19.6) 47,075,789 (18.8) 65,782,937 (17.1) 87,741,038 (16.5)

40–49 32,474,079 (24.7) 48,942,707 (25.6) 63,825,228 (25.4) 97,757,968 (25.5) 130,039,209 (24.5)

50–59 25,839,356 (19.6) 39,717,152 (20.8) 58,178,207 (23.2) 96,922,958 (25.2) 146,557,450 (27.6)

60–69 19,209,647 (14.6) 28,122,507 (14.7) 36,264,556 (14.5) 59,340,096 (15.5) 83,055,003 (15.6)

70–79 7,281,730 (5.5) 10,974,612 (5.7) 15,731,292 (6.3) 25,171,724 (6.6) 36,434,118 (6.9)

≥80 1,167,444 (0.9) 1,726,006 (0.9) 2,473,222 (1.0) 4,800,082 (1.3) 7,065,486 (1.3)

Total 131,694,232 (100.0) 191,185,582 (100.0) 250,852,599 (100.0) 383,992,931 (100.0) 531,359,312 (100.0)
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 The loss ratio between men and women in 2010 was 25.7 to 
74.3, with losses for women 2.9 times higher than for men. By 
age group, patients in their 40s comprised the highest portion 
(28.9%), followed by those in their 50s (27.9%), 30s (21.8%), 
60s (11.5%), and 20s (5.6%) (Table 5).

Overall comments
The overall cost of thyroid diseases in Korea according to bi-
ennial data collected from 2002 to 2010 was 224.2 billion won 
in 2002, 303.4 billion won in 2004, 400.3 billion won in 2006, 
570.4 billion won in 2008, and 762.2 billion won in 2010. Bro-
ken down into detailed items, direct costs in 2010 accounted 
for as much as 69.7%, followed by productivity loss resulting 
from the absence from work (19.9%), future income loss from 

premature death (5.0%), caregivers’ cost (4.3%), and transpor-
tation cost (1.1%).
 All cost items excluding future income loss from premature 
death showed rapidly increasing trends from 2002 to 2010. 
The share of future income loss due to premature death con-
tributing to total cost declined, while that for direct costs ex-
hibited an upward trend, signaling that policy measures to ad-
dress medical expenditures related to thyroid conditions in 
Korea are urgently needed (Table 6).
 A cost-of-illness analysis of thyroid diseases according to 
gender and age indicates that as much as 77.5% of total costs 
were incurred for the treatment of women as of 2010. By age, 
patients in their 50s comprised the largest portion with 27.6%, 
followed by those in their 40s (25.3%) and 30s (18.0%). These 

Table 2. Transportation Costs Related to Thyroid Disease (Unit, 1,000 Won [%])

2002 2004 2006 2008 2010

Male   ≤19 25,786 (7.6) 37,336 (6.8) 54,368 (7.0) 65,277 (6.0) 65,051 (4.7)

  20–29 30,606 (9.1) 46,146 (8.4) 60,904 (7.8) 75,026 (6.9) 80,916 (5.9)

  30–39 70,491 (20.9) 110,103 (20.1) 145,088 (18.7) 192,306 (17.8) 230,258 (16.7)

  40–49 91,129 (27.0) 144,473 (26.4) 197,185 (25.4) 270,254 (25.0) 336,531 (24.4)

  50–59 59,805 (17.7) 103,590 (19.0) 160,446 (20.7) 242,699 (22.5) 342,971 (24.9)

  60–69 42,318 (12.5) 72,453 (13.3) 104,682 (13.5) 158,759 (14.7) 212,602 (15.4)

  70–79 14,546 (4.3) 27,616 (5.1) 46,491 (6.0) 65,728 (6.1) 92,868 (6.7)

  ≥80 2,529 (0.8) 4,859 (0.9) 7,570 (1.0) 10,360 (1.0) 15,542 (1.1)

Total 337,211 (100.0) 546,577 (100.0) 776,734 (100.0) 1,080,407 (100.0) 1,376,739 (100.0)

Female   ≤19 65,167 (3.9) 93,085 (3.4) 119,037 (3.2) 147,066 (2.8) 162,935 (2.5)

  20–29 210,109 (12.5) 302,333 (10.9) 353,321 (9.4) 426,814 (8.1) 453,474 (6.8)

  30–39 373,253 (22.3) 601,122 (21.7) 768,659 (20.4) 1,011,178 (19.2) 1,206,528 (18.1)

  40–49 414,321 (24.7) 703,648 (25.4) 949,230 (25.2) 1,327,282 (25.2) 1,604,115 (24.1)

  50–59 310,033 (18.5) 543,458 (19.7) 833,727 (22.1) 1,277,137 (24.3) 1,792,563 (27.0)

  60–69 215,864 (12.9) 362,974 (13.1) 505,570 (13.4) 730,165 (13.9) 972,769 (14.6)

  70–79 77,487 (4.6) 138,453 (5.0) 208,810 (5.5) 292,096 (5.6) 396,041 (6.0)

  ≥80 10,776 (0.6) 20,115 (0.7) 31,516 (0.8) 45,717 (0.9) 61,146 (0.9)

Total 1,677,010 (100.0) 2,765,188 (100.0) 3,769,869 (100.0) 5,257,455 (100.0) 6,649,572 (100.0)

Overall   ≤19 90,953 (4.5) 130,421 (3.9) 173,405 (3.8) 212,342 (3.4) 227,986 (2.8)

  20–29 240,715 (12.0) 348,479 (10.5) 414,225 (9.1) 501,840 (7.9) 534,391 (6.7)

  30–39 443,744 (22.0) 711,225 (21.5) 913,747 (20.1) 1,203,484 (19.0) 1,436,786 (17.9)

  40–49 505,450 (25.1) 848,121 (25.6) 1,146,415 (25.2) 1,597,535 (25.2) 1,940,646 (24.2)

  50–59 369,839 (18.4) 647,048 (19.5) 994,173 (21.9) 1,519,836 (24.0) 2,135,534 (26.6)

  60–69 258,182 (12.8) 435,427 (13.1) 610,252 (13.4) 888,924 (14.0) 1,185,371 (14.8)

  70–79 92,033 (4.6) 166,069 (5.0) 255,300 (5.6) 357,824 (5.6) 488,909 (6.1)

  ≥80 13,305 (0.7) 24,974 (0.8) 39,086 (0.9) 56,077 (0.9) 76,688 (1.0)

Total 2,014,221 (100.0) 3,311,765 (100.0) 4,546,604 (100.0) 6,337,862 (100.0) 8,026,311 (100.0)
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results indicate that thyroid diseases occur in age groups that 
are economically active, which leads to high current and future 
social costs.

DISCUSSION

The thyroid gland plays an important role in the body by coor-
dinating different organs through hormone secretion. Since the 
introduction of high-resolution thyroid ultrasonography in the 
early 2000s, combined with the natural increase in thyroid 
nodules including thyroid cancer, the number of patients diag-
nosed with thyroid diseases in Korea has increased explosive-
ly. Nonetheless, there is a widespread public perception that 
thyroid cancer is a type of cancer that is relatively easy to treat.

 In this study, we estimated social costs-of-illness for differ-
ent types of thyroid disease including malignant and benign 
thyroid tumors, functional disorders and inflammation, and 
thyroid abnormalities in newborns, based on biennial data 
points collected for 5 years in Korea (2002, 2004, 2006, 2008, 
and 2010). Our findings serve as basic data and underscore the 
importance of thyroid disease prevention and management for 
healthcare policy makers.
 The cost items included in this study are divided into direct 
and indirect costs. Direct costs include hospitalization, outpa-
tient visits, and pharmacy prescription costs (all of which are 
direct medical costs), as well as transportation costs for outpa-
tient visits and caregivers’ cost (indirect medical costs). Indi-
rect costs included future income loss from premature death 

Table 3. Caregiver Costs Related to Thyroid Disease (Unit, 1,000 Won [%])

2002 2004 2006 2008 2010

Male ≤19 133,260 (6.0) 101,700 (3.9) 107,340 (3.0) 113,640 (2.3) 120,420 (2.0)

20–29 152,820 (6.9) 209,940 (8.0) 231,840 (6.4) 286,980 (5.8) 277,500 (4.6)

30–39 366,000 (16.4) 436,980 (16.6) 605,280 (16.6) 812,520 (16.4) 1,019,100 (16.7)

40–49 584,640 (26.2) 631,440 (24.0) 865,560 (23.8) 1,202,040 (24.2) 1,498,860 (24.6)

50–59 392,820 (17.6) 547,080 (20.8) 878,460 (24.2) 1,116,180 (22.5) 1,557,420 (25.6)

60–69 352,440 (15.8) 385,200 (14.7) 545,040 (15.0) 828,120 (16.7) 916,080 (15.1)

70–79 187,080 (8.4) 271,020 (10.3) 343,860 (9.5) 441,420 (8.9) 507,360 (8.3)

≥80 59,220 (2.7) 45,840 (1.7) 59,040 (1.6) 159,240 (3.2) 190,080 (3.1)

Total 2,228,280 (100.0) 2,629,200 (100.0) 3,636,420 (100.0) 4,960,140 (100.0) 6,086,820 (100.0)

Female ≤19 172,200 (2.2) 178,620 (1.6) 219,840 (1.4) 211,500 (1.0) 219,600 (0.8)

20–29 736,380 (9.3) 799,020 (7.1) 937,020 (6.0) 1,091,220 (5.0) 1,166,760 (4.3)

30–39 1,297,920 (16.3) 1,858,260 (16.6) 2,437,200 (15.7) 3,111,660 (14.2) 3,764,580 (14.0)

40–49 1,988,940 (25.0) 3,139,380 (28.1) 4,195,500 (27.0) 5,954,820 (27.2) 6,769,860 (25.2)

50–59 1,545,060 (19.4) 2,313,720 (20.7) 3,662,400 (23.5) 5,606,700 (25.6) 7,430,760 (27.7)

60–69 1,306,620 (16.4) 1,691,340 (15.1) 2,258,220 (14.5) 3,060,780 (14.0) 3,704,280 (13.8)

70–79 720,540 (9.1) 936,600 (8.4) 1,425,780 (9.2) 1,877,040 (8.6) 2,485,020 (9.2)

≥80 192,840 (2.4) 264,780 (2.4) 422,280 (2.7) 951,780 (4.4) 1,329,960 (4.9)

Total 7,960,500 (100.0) 11,181,720 (100.0) 15,558,240 (100.0) 21,865,500 (100.0) 26,870,820 (100.0)

Overall ≤19 305,460 (3.0) 280,320 (2.0) 327,180 (1.7) 325,140 (1.2) 340,020 (1.0)

20–29 889,200 (8.7) 1,008,960 (7.3) 1,168,860 (6.1) 1,378,200 (5.1) 1,444,260 (4.4)

30–39 1,663,920 (16.3) 2,295,240 (16.6) 3,042,480 (15.9) 3,924,180 (14.6) 4,783,680 (14.5)

40–49 2,573,580 (25.3) 3,770,820 (27.3) 5,061,060 (26.4) 7,156,860 (26.7) 8,268,720 (25.1)

50–59 1,937,880 (19.0) 2,860,800 (20.7) 4,540,860 (23.7) 6,722,880 (25.1) 8,988,180 (27.3)

60–69 1,659,060 (16.3) 2,076,540 (15.0) 2,803,260 (14.6) 3,888,900 (14.5) 4,620,360 (14.0)

70–79 907,620 (8.9) 1,207,620 (8.7) 1,769,640 (9.2) 2,318,460 (8.6) 2,992,380 (9.1)

≥80 252,060 (2.5) 310,620 (2.2) 481,320 (2.5) 1,111,020 (4.1) 1,520,040 (4.6)

Total 10,188,780 (100.0) 13,810,920 (100.0) 19,194,660 (100.0) 26,825,640 (100.0) 32,957,640 (100.0)
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and productivity loss as a result of absence from work due to 
hospital treatment.
 It was found that the overall cost from thyroid diseases col-
lected from biennial data from 2002 to 2010 was 224.2 billion 
won in 2002, 303.4 billion won in 2004, 400.3 billion won in 
2006, 570.4 billion won in 2008, and 762.2 billion won in 
2010. Over the eight-year period from 2002 to 2010, the cost 
volume associated with thyroid disease in Korea increased 3.4 
times. Although their studies were not limited to thyroid dis-
eases, Jung [13] and Jung and Ko [28] found that the social 
costs of endocrine, nutritional, and metabolic diseases exceed-
ed 2.1 trillion won in 2007, a 1.7-fold increase from more than 
1.2 trillion won in 2003. Our findings therefore indicate that the 
cost growth rate of thyroid conditions was twice that for endo-

Table 4. Future Income Loss due to Premature Death Related to Thyroid Disease (Unit, 1,000 Won [%])

2002 2004 2006 2008 2010

Male ≤19 4,267,701 (17.1) 1,422,531 (7.9) 3,204,363 (12.8) 1,072,513 (4.6) 0 

20–29 0 0 3,949,752 (15.8) 4,612,789 (19.8) 3,542,709 (12.0)

30–39 8,402,070 (33.6) 4,522,624 (25.2) 6,190,942 (24.7) 2,878,780 (12.3) 7,647,032 (26.0)

40–49 5,700,194 (22.8) 5,717,940 (31.9) 4,280,732 (17.1) 6,463,665 (27.7) 7,642,108 (26.0)

50–59 3,473,692 (13.9) 2,847,708 (15.9) 4,584,877 (18.3) 4,358,770 (18.7) 7,880,986 (26.8)

60–69 2,493,694 (10.0) 2,494,972 (13.9) 1,938,047 (7.7) 2,729,799 (11.7) 1,715,097 (5.8)

70–79 623,360 (2.5) 855,983 (4.8) 841,564 (3.4) 1,069,724 (4.6) 917,825 (3.1)

≥80 59,252 (0.2) 65,847 (0.4) 63,666 (0.3) 126,631 (0.5) 93,517 (0.3)

Total 25,019,963 (100.0) 17,927,605 (100.0) 25,053,943 (100.0) 23,312,671 (100.0) 29,439,274 (100.0)

Female ≤19 2,080,740 (12.1) 1,789,605 (10.5) 0 523,013 (4.8) 0

20–29 2,831,738 (16.5) 2,464,901 (14.5) 1,045,990 (7.5) 964,313 (8.8) 0

30–39 3,663,516 (21.3) 4,599,500 (27.0) 2,392,695 (17.1) 1,518,962 (13.9) 2,317,204 (26.0)

40–49 3,926,470 (22.9) 3,212,467 (18.8) 4,643,560 (33.3) 2,944,448 (26.9) 1,058,697 (11.9)

50–59 2,217,048 (12.9) 2,107,224 (12.4) 2,906,360 (20.8) 2,368,788 (21.6) 2,562,628 (28.7)

60–69 1,670,110 (9.7) 1,763,957 (10.3) 1,564,305 (11.2) 1,420,157 (13.0) 1,473,545 (16.5)

70–79 674,218 (3.9) 991,444 (5.8) 1,245,732 (8.9) 1,018,133 (9.3) 1,263,182 (14.2)

≥80 112,980 (0.7) 120,300 (0.7) 155,276 (1.1) 206,340 (1.9) 248,584 (2.8)

Total 17,176,820 (100.0) 17,049,398 (100.0) 13,953,918 (100.0) 10,964,154 (100.0) 8,923,840 (100.0)

Overall ≤19 6,348,441 (15.0) 3,212,136 (9.2) 3,204,363 (8.2) 1,595,526 (4.7) 0

20–29 2,831,738 (6.7) 2,464,901 (7.0) 4,995,742 (12.8) 5,577,102 (16.3) 3,542,709 (9.2)

30–39 12,065,586 (28.6) 9,122,124 (26.1) 8,583,637 (22.0) 4,397,742 (12.8) 9,964,236 (26.0)

40–49 9,626,664 (22.8) 8,930,407 (25.5) 8,924,292 (22.9) 9,408,113 (27.4) 8,700,805 (22.7)

50–59 5,690,740 (13.5) 4,954,932 (14.2) 7,491,237 (19.2) 6,727,558 (19.6) 10,443,614 (27.2)

60–69 4,163,804 (9.9) 4,258,929 (12.2) 3,502,352 (9.0) 4,149,956 (12.1) 3,188,642 (8.3)

70–79 1,297,578 (3.1) 1,847,427 (5.3) 2,087,296 (5.4) 2,087,857 (6.1) 2,181,007 (5.7)

≥80 172,232 (0.4) 186,147 (0.5) 218,942 (0.6) 332,971 (1.0) 342,101 (0.9)

Total 42,196,783 (100.0) 34,977,003 (100.0) 39,007,861 (100.0) 34,276,825 (100.0) 38,363,114 (100.0)

crine, nutritional and metabolic diseases over the same time pe-
riod. Even the costs of endocrine, nutritional, and metabolic 
cancers increased 70% for the same period, demonstrating a 
significant spike in costs associated with thyroid conditions.
 The breakdown of thyroid diseases-related cost as of 2010 
reveals that direct costs accounted for the lion’s share (69.7%), 
followed by productivity loss (19.9%), future income loss 
from premature death (5.0%), caregiver cost (4.3%), and 
transportation cost (1.1%). These figures are consistent with 
the results of a previous study of the social costs due to endo-
crine, nutritional, and metabolic diseases [13] that showed the 
share of direct costs at 38.1%. Individual categories were also 
similar, such as productivity loss (20.2%), caregivers’ cost 
(3.6%), and transportation cost (1.7%), but the rate of future 
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income loss for thyroid-related disease was markedly less 
(5.0%) than that for endocrine, nutritional and metabolic dis-
eases (36.4%).
 By gender and age as of 2010, as much as 77.5% of the cost 
was incurred by women, with those in their 50s accounting for 
27.6%, followed by those in their 40s (25.3%) and 30s 
(18.0%). Comparing these patterns to those for endocrine, nu-
tritional and metabolic diseases, the gender share was 54.4 to 
45.6; while by age group, patients in their 50s comprised a 
25.1% share, followed by those in their 40s (24.9%) and 60s 
(22.5%). These results indicate that the cost share for thyroid 
diseases is higher for younger age groups.
 Our findings are meaningful because this study was the first 
attempt to quantify the socioeconomic impact of thyroid dis-

eases in Korea, but it also has the following limitations. First, 
we included noncoverage cost items by relying on the percent-
age of deductible data in the national health care scheme, but 
deductible data published regularly by the National Health In-
surance Service do not include drugs prescribed by practitio-
ners of traditional Asian medicine or health supplements such 
as vitamins, which means that our results underestimate the di-
rect medical costs incurred by patients making those purchases.
 Second, in this study we included hospitalization days and 
outpatient visits for patients who were diagnosed with thyroid 
conditions as the primary cause of illness, but we may have 
underestimated these costs by not including costs for patients 
diagnosed with thyroid conditions as a secondary cause.
 Third, the cost of caregivers differs widely depending on 

Table 5. Productivity Loss due to Absence from Work Related to Thyroid Disease (Unit, 1,000 Won [%])

2002 2004 2006 2008 2010

Male ≤19 340,085 (3.5) 417,944 (2.8) 600,276 (2.7) 576,118 (1.9) 546,962 (1.4)

20–29 565,204 (5.8) 802,108 (5.4) 1,064,896 (4.9) 1,283,351 (4.2) 1,398,917 (3.6)

30–39 2,228,200 (22.7) 3,265,832 (21.9) 4,347,017 (19.8) 5,749,552 (18.9) 7,035,653 (18.1)

40–49 3,494,768 (35.6) 5,168,737 (34.7) 7,257,916 (33.1) 9,995,534 (32.8) 12,667,146 (32.5)

50–59 1,953,972 (19.9) 3,314,946 (22.2) 5,689,088 (26.0) 8,334,052 (27.3) 11,608,104 (29.8)

60–69 1,000,154 (10.2) 1,546,544 (10.4) 2,336,672 (10.7) 3,630,211 (11.9) 4,497,447 (11.6)

70–79 199,265 (2.0) 354,465 (2.4) 575,061 (2.6) 812,341 (2.7) 1,046,874 (2.7)

≥80 22,863 (0.2) 30,738 (0.2) 47,659 (0.2) 91,704 (0.3) 119,287 (0.3)

Total 9,804,511 (100.0) 14,901,313 (100.0) 21,918,585 (100.0) 30,472,862 (100.0) 38,920,390 (100.0)

Female ≤19 797,969 (2.8) 1,069,242 (2.4) 1,536,113 (2.4) 1,703,649 (1.9) 1,465,181 (1.3)

20–29 3,505,464 (12.4) 4,845,606 (10.7) 5,685,324 (8.8) 6,533,345 (7.4) 7,029,926 (6.2)

30–39 7,796,875 (27.5) 12,324,932 (27.3) 16,046,166 (24.8) 21,008,894 (23.7) 25,981,633 (23.1)

40–49 7,662,657 (27.1) 12,577,062 (27.8) 18,290,744 (28.2) 25,202,254 (28.5) 31,119,732 (27.6)

50–59 4,938,704 (17.4) 8,381,144 (18.6) 14,048,165 (21.7) 21,537,192 (24.3) 30,590,485 (27.2)

60–69 2,966,012 (10.5) 4,862,199 (10.8) 7,302,402 (11.3) 9,997,473 (11.3) 12,965,887 (11.5)

70–79 598,307 (2.1) 1,017,958 (2.3) 1,690,805 (2.6) 2,255,151 (2.5) 3,021,166 (2.7)

≥80 53,751 (0.2) 93,960 (0.2) 165,983 (0.3) 305,261 (0.3) 418,131 (0.4)

Total 28,319,739 (100.0) 45,172,103 (100.0) 64,765,702 (100.0) 88,543,220 (100.0) 112,592,141 (100.0)

Overall ≤19 1,138,054 (3.0) 1,487,185 (2.5) 2,136,388 (2.5) 2,279,767 (1.9) 2,012,143 (1.3)

20–29 4,070,668 (10.7) 5,647,714 (9.4) 6,750,220 (7.8) 7,816,695 (6.6) 8,428,843 (5.6)

30–39 10,025,075 (26.3) 15,590,764 (26.0) 20,393,183 (23.5) 26,758,446 (22.5) 33,017,286 (21.8)

40–49 11,157,425 (29.3) 17,745,799 (29.5) 25,548,660 (29.5) 35,197,788 (29.6) 43,786,878 (28.9)

50–59 6,892,675 (18.1) 11,696,090 (19.5) 19,737,254 (22.8) 29,871,244 (25.1) 42,198,589 (27.9)

60–69 3,966,166 (10.4) 6,408,742 (10.7) 9,639,073 (11.1) 13,627,685 (11.5) 17,463,334 (11.5)

70–79 797,573 (2.1) 1,372,423 (2.3) 2,265,866 (2.6) 3,067,492 (2.6) 4,068,040 (2.7)

≥80 76,614 (0.2) 124,698 (0.2) 213,642 (0.2) 396,965 (0.3) 537,419 (0.4)

Total 38,124,250 (100.0) 60,073,416 (100.0) 86,684,287 (100.0) 119,016,082 (100.0) 151,512,531 (100.0)
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the severity of the illness, so it is possible that a patient may 
have received care service at home instead of at the hospital. 
As there is no way of determining these details under the cur-
rent statistical practice of providing aggregate data, our data 
were limited to cases in which caregiver cost was incurred in 
hospitals only. For hospitalized patients, we assumed the care-
giver costs by default.
 Fourth, to ascertain precise figures when estimating future 
income loss from premature death and productivity loss result-
ing from absence from work, we excluded patients who were 
not currently in the labor market, such as the unemployed (job 
seekers) and the economically inactive (homemakers, students, 
and individuals waiting to serve in the military). We may have 
underestimated the costs due to unremunerated economic ac-
tivity of unemployed and economically inactive populations.
 Fifth, productivity loss resulting from absence from work 
due to thyroid conditions consists mainly of wage loss, which 
was estimated using data for hospitalization days and outpa-
tient visits. Although some patients may not have visited med-
ical service providers and instead taken sick leave, there is no 
way of obtaining these figures, so there is a possibility that 
true productivity loss may have been underestimated.
 For the 8 years between 2002 and 2010, the social cost-of-
illness from thyroid conditions increased 3.4 times, from 
224.2 billion won to 762.2 billion won. This is twice that for 
all endocrine, nutritional and metabolic diseases, or for cancer. 
The total portion of direct costs was 69.7%, with the lion’s 

Table 6. Cost-of-Illness of Thyroid Disease (Unit, 1,000 Won [%]) 

Types of costs 2002 2004 2006 2008 2010

Direct
   costs

Direct medical costsa 131,694 (58.7) 191,186 (63.0) 250,853 (62.7) 383,993 (67.3) 531,359 (69.7)

Direct nonmedical
   costs

   Transportation 2,014 (0.9) 3,312 (1.1) 4,547 (1.1) 6,338 (1.1) 8,026 (1.1)

   Care-giver 10,189 (4.5) 13,811 (4.6) 19,195 (4.8) 26,826 (4.7) 32,958 (4.3)

   Subtotal 12,203 (5.4) 17,123 (5.6) 23,741 (5.9) 33,164 (5.8) 40,984 (5.4)

Subtotal 143,897 (64.2) 208,308 (68.7) 274,594 (68.6) 417,156 (73.1) 572,343 (75.1)

Indirect 
   costs

Future income loss 
   due to premature 
   death

42,197 (18.8) 34,977 (11.5) 39,008 (9.7) 34,277 (6.0) 38,363 (5.0)

Productivity loss
   resulting from
   absence from work

38,124 (17.0) 60,073 (19.8) 86,684 (21.7) 119,016 (20.9) 151,513 (19.9)

Subtotal 80,321 (35.8) 95,050 (31.3) 125,692 (31.4) 153,293 (26.9) 189,876 (24.9)

Total 224,218 (100.0) 303,359 (100.0) 400,286 (100.0) 570,449 (100.0) 762,219 (100.0)
aIt is composed costs of benefit sector and nonbenefit sector.

share associated with the most economically active age groups 
between 30 and 50. Despite the public perception that thyroid 
diseases are relatively easy to treat medical conditions, the 
statistics tell a different story. This is a disease associated with 
rapidly rising costs in comparison to other medical conditions.
 As thyroid diseases occur in age groups that are economi-
cally active, high social costs are expected in the future. We 
hope that this study provides momentum for raising public 
awareness of the importance of thyroid disease prevention and 
management in Korea, while encouraging the assignment of 
higher policy priority to this significant health issue. 
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Appendix 1. Human Capital Loss per Capita by Sex, Age Group, and Year (Unit, One Thousand Won)

 
2002 2004 2006 2008 2010

Male Female Male Female Male Female Male Female Male Female

0–4 1,422,567 603,603 1,642,948 691,703 1,655,391 727,846 1,072,513 483,072 2,458,489 1,060,194

5–9 1,358,105 575,912 1,566,899 659,972 1,601,298 704,343 1,103,689 497,228 2,303,481 992,256

10–14 1,295,241 549,254 1,494,370 629,423 1,548,972 681,327 1,135,771 511,681 2,155,872 928,671

15–19 1,232,520 520,185 1,422,531 596,535 1,496,020 655,132 1,166,908 523,013 2,016,056 866,140

20–24 1,155,248 470,586 1,335,134 540,013 1,425,572 602,753 1,178,851 507,389 1,865,205 782,300

25–29 1,048,851 404,534 1,216,402 461,625 1,316,584 522,995 1,144,646 456,924 1,677,504 668,589

30–34 906,571 337,719 1,056,380 382,775 1,160,099 439,837 1,053,486 395,894 1,446,720 551,120

35–39 740,661 272,867 866,561 307,460 967,686 357,728 912,647 331,280 1,188,398 441,521

40–44 571,048 209,430 667,310 235,499 759,226 277,631 739,144 263,058 921,826 336,594

45–49 406,422 150,485 476,278 169,581 552,456 201,876 553,589 195,934 659,134 240,701

50–54 260,115 99,981 304,425 113,407 356,337 134,804 368,330 132,819 425,052 157,868

55–59 147,154 61,153 170,193 69,511 200,228 82,422 209,760 80,046 235,531 91,097

60–64 72,934 30,845 83,447 35,698 98,637 42,632 102,986 40,945 113,901 44,985

65–69 39,432 16,129 45,133 18,685 53,315 22,499 56,429 22,037 61,186 24,020

70–74 22,978 9,322 27,065 10,834 32,149 13,170 34,122 13,235 36,209 14,002

75–79 12,802 4,832 14,593 5,673 17,220 6,902 18,322 7,162 18,892 7,420

80–84 5,078 1,974 5,716 2,279 6,855 2,888 7,426 3,068 7,595 3,196

≥85 1,059 420 1,241 507 1,471 623 1,563 684 1,597 724


