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troke is a disease that causes a substantial economic burden. With the rapidly aging population

in Korea, the prevalence of chronic diseases, including stroke, is expected to rise, along with
associated health care expenditures. Therefore, we estimated the economic burden of stroke in
Korea in 2010 using nationally representative data. We used a prevalence-based approach to
estimate the cost of stroke by claims data from the Korean National Health Insurance. Data from the
Korea Health Panel, the Korea National Statistical Office’s records of causes of death, and Labor
Statistics were used to calculate direct non-medical costs and indirect costs. Direct costs included
direct medical costs and direct non-medical costs, and indirect costs were opportunity costs lost due
to premature death and productivity loss. Total costs were estimated by adding age- and gender-
specific costs. The total economic burden of stroke was $3.53 billion: $1.87 billion for hemorrhagic
stroke and $1.66 billion for ischemic stroke. The direct costs were $1.74 billion and the indirect costs
were $1.79 billion. By gender, males were burdened at $2.19 billion, while females bore $1.34 billion
of the total burden. Stroke imposes a huge economic burden, as indicated by the fact that the costs
of stroke increased by 4.4% from 2005 to 2010, and the estimated cost was 0.35% of gross
domestic product. Therefore, effective prevention programs and treatments are needed to reduce
the economic burden of stroke in Korea.
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Introduction

Stroke is a major cause of death in developed coun-
tries, including the US and Europe [1,2]. In Korea,
stroke rates are expected to increase due to the aging of

population, According to the mortality data of the

Korean Statistical Information Service in 2010, the
second leading cause of death by disease group in
Korea is cardiovascular diseases, followed cancer,
Stroke, which is one of the most common cardiovas-
cular diseases, is currently the number one cause of

death attributed to a single organ disease [3]. In addi-
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tion, according to the Korean National Health and Nutri-
tional Examination Survey (KNHANES), although the
stroke mortality rate decreased by 12.1% from 2005 to
2008, the prevalence of stroke in people over the age of
30 increased by 0.4% [4].

In addition, elderly people (those over 65 years old)
comprised 10.6% of the Korean population in 2010,
and by 2019 that proportion is expected to increase to
14.4%. This demographic transition is likely to become
even more significant as life expectancy increases [5].
This supports the theory that stroke will remain one of
most important diseases in terms of Korea's overall
disease burden.

Stroke is known to contribute to high mortality rates
and socioeconomic costs, For example, a British study
using a prevalence-based approach estimated the costs
associated with stroke at $13 billion, while a one-year
study using an incidence-based approach reported that
stroke-related costs equaled $65.5 billion in 2008 in the
US [1,6]. Previous studies have estimated the cost of
stroke in Korea. One study using an incidence-based
approach calculated the lifetime cost per person, and
found that the cost for a Korean man was expected to
be $167,250 with an age of onset of 45 [7]. Another
study by Lim et al. estimated the economic burden of
stroke in 2005 using a prevalence-based approach [8].
However, this study did not assess the overall costs of
stroke, For example, it excluded the cost of assistive
devices integral to rehabilitation, Studies conducted in
developed countries have typically included the cost of
assistive devices in the estimation of overall costs
[1,2,8,9]. Because stroke is often accompanied by
disabilities that impede the activities of daily living, the
costs for rehabilitation, such as assistive devices, should
be considered when measuring the economic burden

of stroke [1]. For example, in a Canadian study, the cost
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of assistive devices was 0.3% of the direct medical costs
of stroke, which was equal to the cost of prescription
drugs and professional fees [10]. A Swedish study that
assessed the cost of assistive devices during the first
year after acute stroke showed that $646 was spent per
patient [11]. In order to manage stroke patients more
efficiently, a more accurate estimate of Korean stroke-
related costs is needed.

The objective of this study was to estimate the eco-
nomic burden of stroke during 2010 using data from
the National Health Insurance Corporation (NHIC)., We
also examined the components of stroke-related costs
in Korea, using the most up-to-date nationally repre-

sentative data available,

Methods

In this study, we calculated the cost of stroke using a
prevalence-based approach. Stroke was defined as
160-163 according to the International Classification of
Disease 10th version, and stroke cases were classified
into two subtypes: hemorrhagic stroke (codes 160-162)
and ischemic stroke (code 163) [12]. To increase the
accuracy of the case definitions, stroke patients were
defined as those with a primary diagnosis of stroke
who had at least one inpatient or three outpatient
claims for visiting or hospitalization in a medical
institution during 2010 [2]. All costs measured were
converted into US dollars using an exchange rate of
1,176 Korean won to US $1 (2010 exchange rate) [13].

The economic costs of stroke were divided into direct
and indirect costs. Direct costs were direct medical care
costs, including non-NHIC-covered care costs, medical
services, costs of meals, and elective services, as well as
prescription and assistive device costs. Direct non-

medical costs consisted of transportation costs and
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caregiver costs [1,2,9].

In order to assess direct medical costs, we used claims
data from the NHIC in 2010, In Korea, the NHIC is the
exclusive health insurer, Thus, the NHIC claims data are
representative of medical expenses from the Korean
insurance program [14]. Prescription costs were defined
as the calculated costs of drugs prescribed to stroke
outpatients during 2010 based on NHIC claims data,

In order to assess non-NHIC-covered care costs, data
on the proportion of non-NHIC covered cost were
gathered, The non-NHIC covered cost rates of stroke
patients were applied in our analysis (inpatient: 16,8%
for hemorrhagic stroke and 13.9% for ischemic stroke;
outpatient stroke: 16.6%) [15].

Additionally, to collect information on assistive devices
costs, a survey of 83 patients was conducted at three
rehabilitation hospitals by authors (Department of
Rehabilitation Medicine, Konkuk University Medical Cen-
ter, of Yeogang Rehabilitation Center, and of Bucheon
Daesung Rehabilitation Hospital). This group was
composed of patients in both acute and chronic stages of
stroke, The survey determined the annual average cost of
assistive devices to be $205.40 per person, This amount
was then multiplied by the number of stroke patients,

In order to calculate direct non-medical costs, the
average two-way transportation cost per hospital visit
was calculated based on data obtained from the Korean
Health Panel in 2008 [14]. The average one-way trans-
portation cost per inpatient visit for stroke was $6.83,
which covered the transportation costs of the patient and
a caregiver, The cost of one-way transportation per
outpatient visit was calculated to be $0.70 [106].

For inpatient visits, caregiver costs were calculated by
multiplying the number of days of hospitalization by the
average caregiver cost per day ($51.00 in 2005). We

used the cost established by a representative nursing
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service provider instead of the value of Korea Health
Panel because of small proportion of using the paid care
giver in Korea Health Panel [17]. Also to estimate the
cost of family or other voluntary caregiver, the average
wage of paid caregiver is used as a proxy for the cost of
caregiving, because the difference of task in caregiving
between paid and unpaid caregiver is unknown [18]. In
order to convert the caregiver rate to 2010 prices, the
price index of 116 was adjusted, comparing with the
price index of 2005, In order to calculate caregiver costs
for outpatient visits, it was assumed that patients
younger than nine years of age and older than 60 would
require a caregiver, The average daily wage for a
caregiver in 2005 was multiplied by the total number of
outpatient visits and then adjusted to reflect the 2010
price index, It was assumed that each outpatient visit
would require approximately 1/3 of the patient’s daily
working hours [14]. Visit duration was then multiplied
by the number of outpatient visits.

Indirect costs were defined as the opportunity costs
lost due to the use of medical services or premature
death, and were estimated by calculating the total
productivity loss based on the human capital approach
[19]. Productivity loss for inpatients was determined by
calculating the average monthly working hours and the
average monthly wage as detailed by a survey report
on labor conditions in 2007 [20]. Because patients
under 19 and over 70 years of age were not considered
to be of working age, only the productivity losses for
patients between the ages of 20 and 69 were
considered, In order to estimate average monthly work
losses due to outpatient visits, the average visit duration
was multiplied by the number of outpatient visits.

Productivity loss resulting from premature death was
calculated based on the number of deaths from stroke

reported in the cause of death statistics [3]. Potential
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Table 1. Direct and indirect economic burden of stroke in Korea

Direct costs Indirect costs

Direct non-
Direct medical care costs medical care
Age of costs Cost b)
patients Total Total Lost of pre- Total costs
(yr) Non- Prescribed Assis- °%@  Trans- direct Pro-  mature
Paid by n(w:gﬁta g covered pharma- tive de- n:j ::iggl por- Caregiver costs  ductivity death
insurer MYY services ceutical  vices tation  costs
patients care
costs costs costs a)  costs
costs
Male
Total 364.23 8718 65.37 0.01 40.45 55735 4.53 265.47 82734 311.22 1,04723 2,185.79
0-19 1.62 0.27 0.32 0.00 0.12 232 0.01 0.56 2.90 0.00 5.08 797
20-69 23726 51.24 43.41 0.01 2440 356.38 2.79 162.34 52150 311.22 1,042.15 1874.88
>70 125356  35.68 21.64 0.01 156.94 19865 173 10257 302.94 0.00 0.00 302.94
Female
Total 38685 93.77 69.06 0.01 4453 59429 468 309.65 908.61 95.10  338.39 1,342.10
0-19 1.07 0.21 0.21 0.00 0.08 157  0.01 0.45 2.03 0.00 2.31 4.34
20-69 151.81 33.44 28.38 0.01 13.87 22753 1.72 95.57 32482 9510 336.08 756.00
>70 23398 60.12 40.47 0.00 30.58 365.19 295 213.63 581.77 0.00 0.00 581.77
Total 751.08 180.95 134.43 0.03 84.98 1,151.63 9.21 57511 1,7356.95 406.33 1,385.62 3,52789

Expressed as $US million.

2 Sum of costs paid by insurer + copayment by patients + non-covered services + prescribed pharmaceuticals + assistive devices.

o Sum of direct costs + indirect costs.

incomes of the age groups were converted into present
values by an annual discount rate of 5% [21],

To complete the sensitivity analysis, two methods
were employed: varying the discount rates for the cost of
mortality and varying outpatient case definitions for
stroke, The cost of premature death was recalculated
using the annual discount rates of 0% and 3%, instead of
5%. Second, a cost estimation using three different out-
patient case definitions, including having one or two out-

patient claims and the present criteria, was conducted.
Results
In 2010, the total number of treated cases of stroke

was 396,843, the number of cases of ischemic stroke

was 332,523, and the number of cases of hemorrhagic
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stroke was 04,319, There were no significant differ-
ences in the number of treated cases according to gen-
der: 203,847 were males and 192,996 were females,

The total economic cost of stroke was $3.53 billion:
$1.87 billion for hemorrhagic stroke and $1.66 billion
for ischemic stroke (Table 1), Direct costs were esti-
mated to be approximately 49% of this total, with indi-
rect costs counting for the remaining 51%. In the analy-
sis of direct costs, direct medical care costs were $1,15
billion and direct non-medical costs were $584 million,
which was 50% of the total direct medical care costs, In
the breakdown of indirect costs, costs due to premature
death were $1.39 billion and costs due to lost producti-
vity were $406 million, The total indirect costs were esti-
mated to be $1.79 billion,

By gender, males accounted for $2,19 billion of the
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Table 2. Direct and indirect economic burden of hemorrhagic stroke in Korea

Direct costs

Indirect costs

Direct non-
Direct medical care costs medical care

Age of costs Cost b)

patients Assi Total Total Lost of pre- Total costs
tyr) Non- Prescribed 7SSIS-  lotal - qne direct Pro- - mature
Paid by n(iggf g covered pharma- El\(/; rr?g;iggl por- Caregiver costs  ductivity death
insurer MO services  ceutical - tation  costs
patients . sts costs vices Care,  costs
costs  costs

Male

Total 14747  25.71 29.77 0.01 12.24 21521 1.07 82.00 29828 12896 816.07 1,243.31

0-19 1.36 0.20 0.27 0.00 0.08 1.90 0.01 0.42 2.33 0.00 4.88 722

20-69 11726 19.10 23.67 0.00 936 169.40 0.84 63.82 234.05 128.96 811.18  1,174.20

>70 28.85 6.42 5.82 0.00 2.81 4390 0.23 1776 61.89 0.00 0.00 61.89
Female

Total 149.86 2716 30.25 0.01 1192 21922 104 82.07 302.32 44.82 281.63 628.78

0-19 0.85 0.14 0.17 0.00 0.06 122 0.01 0.33 1.56 0.00 2.31 3.86

20-69 90.33 15.29 18.23 0.00 6.23 130.08 0.59 43.36 174.03  44.82  279.32 498.18

>70 58.69 1.73 11.85 0.00 5.64 8791 044 38.38 126.73 0.00 0.00 126.73
Total 29733  52.87 60.02 0.01 2416 43442 2.1 164.07  600.61 173.78 1,09770 1,872.09

Expressed as $US million.

2 Sum of costs paid by insurer + copayment by patients + non-covered services + prescribed pharmaceuticals + assistive devices.

® Sum of direct costs + indirect costs.

total cost, compared to a total cost of $1.34 billion for
females. By age group, the economic burden of male
patients ($1.88 billion) aged between 20 and 69 was
higher than that of females ($760.34 million), whereas
female patients ($581.77 million) over the age of 70
accounted for approximately 1.9 times the costs of males
in the same age group ($302.94 million),

Comparing the costs of hemorrhagic stroke with
ischemic stroke, the cost of hemorrhagic stroke was
approximately 1.13 times higher than ischemic stroke.
For hemorrhagic and ischemic stroke, the direct costs
were $600.61 million and $1.14 billion, respectively,
while the indirect costs were $1.27 billion and $520.46
million, respectively. For the hemorrhagic stroke costs,
the indirect costs were more than twice as high as the

direct costs, while the direct costs of ischemic stroke

were 2.16 times more than the indirect costs,

By age group, cost of premature death for hemor-
rhagic stroke was the highest burden aged 20 to 69
($1.09 billion), ischemic stroke was similar result both
the cost of premature death and direct medical costs
($287.72 million, $284.43 million), The direct costs
over the age of 70 were $188.62 million for hemor-
rhagic stroke, $696.08 million for ischemic stroke and
the cost of ischemic stroke was 3.7 times more than
that of hemorrhagic stroke (Tables 2,3).

In the sensitivity analysis of the discount rate, the
cost of premature death ranged from $1.39 billion to
$2.20 billion, Indirect costs ranged from $1.79 billion to
$2.01 billion, Consequently, the total economic burden
of stroke ranged from $3.53 billion to $4.34 billion. This

is between 5.2% and 6.4% of the total cost of health

J Korean Med Assoc 2012 December; 55(12): 1226-1236



.

The economic burden of stroke in 2010 in Korea g_l_a‘

Table 3. Direct and indirect economic burden of ischemic stroke in Korea

3]
o

Direct costs

Indirect costs

Direct non-
Direct medical care costs medical care
Age of costs Cost b)
patients Total Total Lost of pre- Total costs
tyr) Non- Prescribed Assis- otal - qions. direct Pro- - mature
Paid by n(iggf L’ covered pharma- tive de- n? :;g;l por- Caregiver costs  ductivity death
insurer MDY services ceutical  vices tation  costs
patients care
costs costs costs costs
costs
Male
Total 216.77 6147  35.60 0.01 2821 34214 3.45 18347 529.06 182.26  231.16 942.48
0-19 0.26 0.07 0.04 0.00 0.04 042 0.01 0.14 0.56 0.00 0.20 0.76
20-69 120.00 32.14 19.74 0.00 156.04 186.98 1.95 98.52 28745 182.26  230.96 700.68
>70 96.50 29.26 15.81 0.00 13.14  154.74 150 84.81 241.05 0.00 0.00 241.05
Female
Total 23699 66.61 38.81 0.01 32.61 375.07 364 22758 606.29 50.28 56.76 713.32
0-19 0.22 0.07 0.04 0.00 0.02 0.35 0.00 0.12 0.47 0.00 0.00 0.47
20-69 6148 18.15 10.15 0.00 765 9745 112 52.21 150.78  50.28 56.76 25782
>70 175.29 48.39 28.62 0.00 24.94 27728 2.51 175.25 455.03 0.00 0.00 455.03
Total 453.75 128.08 74.41 0.01 60.82 71721 7.09 411.05 1,135.35 232.54 28792 1,655.81

Expressed as $US million.

2 Sum of costs paid by insurer + copayment by patients + non-covered services + prescribed pharmaceuticals + assistive devices.

® Sum of direct costs + indirect costs.

Table 4. Sensitivity analysis for various discount rates

Discounted Discounted Discounted

Cost category at 0% at3% at5%
Lost productivity 406 406 406
Cost of premature 2,201 1,630 1,386

death
Indirect cost 2,607 2,036 1,792
Total cost ? 4,343 3,773 3,627

Expressed as $US million.

? Sum of direct costs + indirect costs.

care in 2010 ($68 billion) [5]. A sensitivity analysis of
outpatient case definitions was also performed. The esti-
mated total cost for one outpatient claim was $3.86 bil-
lion, which was increased than three outpatient claims
by 9.3%. The cost of outpatient case ranged from $71.80
million (present criteria) to $357.47 million (one outpa-

tient claim) (Tables 4,5).

J Korean Med Assoc 2012 December; 55(12): 1226-1236

Discussion

This study estimated the economic burden of stroke
using data sources such as the NHIC and survey data,
In 2010, 396,843 patients in Korea were diagnosed and
treated in stroke. The total cost of stroke was estimated
to be $3.53 billion: $1.87 billion for hemorrhagic stroke
and $1.66 billion for ischemic stroke. The estimated
cost of stroke was 0.35% of the Korean gross domestic
product (GDP) and 5% of national health care expendi-
tures [5].

By cost item, total direct medical costs were $1.15
billion, total non-medical costs were $584 million, and
indirect costs were $1.79 billion, Direct costs were
2.6% of the total cost of health care in 2010, and were

1.2 times larger than the costs of lung cancer ($1.41
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Table 5. Sensitivity analysis using various outpatient case definitions

classified as 160-169, and defined

Three or more visits

Cost component o
ostcompone (present criteria)

Two or more visits One or more visits

them as adult patients over age 20

who have claimed stroke as the

Direct medical cost

Inpatient care 1,079.83 (30.61)

Outpatient care 71.80 (2.04) 335.07 (8.75)
Direct non-medical cost

Caregiver cost 575.11 (16.30) 57764 (15.08)

Transportation 9.21 (0.26) 9.39 (0.24)
Indirect cost

Lost productivity 406.33 (11.52) 443.70 (11.58)

Cost of premature 1,385.62(39.28)

death
Total cost ?

1,079.83 (28.18)  1,079.83 (2798)

1,386.62 (36.17)  1,385.62 (35.90)

3,562790 (100.00)  3,831.24 (100.00) 3,859.30 (100.00)

primary or secondary diagnosis.

However, in this study, we defined

35747 (9.26)
stroke patients who had at least one
580.57 (15.04) inpatient or three outpatient claims
9.45 (0.24) , ‘
as 160-163, and patients with TIA
446.37 (11.57) were excluded, In addition, we

estimated the costs of entire age

groups with stroke as the primary

Expressed as $US million.

Values are presented as cost (%).

? Sum of direct costs + indirect costs.

billion) in 2005 [22]. Also the proportion of 0.35% is
lower than all musculoskeletal diseases (0.7% of GDP
in 2008) or all cancer (1.75% of GDP in 2005), but is a
substantial burden in Korea [14,22]. In the sensitivity
analysis, the rate of increase of the total economic bur-
den of stroke ranged from 6.9% to 23.13%, as seen
when applying the different discount rates and outpa-
tient case definitions.

In 2005, the economic burden of stroke in Korea was
estimated as $3.38 billion, of which medical costs were
$1.02 billion, which was approximately 7.8% of national
health care expenditures and 0,46% of the GDP in Korea
that year [8]. In this study, there was a difference in
stroke-related costs between 2005 and 2010, and a cost
increase of almost $0.15 billion from 2005 to 2010.

This distinction may be the burden of rising direct
medical costs due in part to the development of new
diagnostic equipment, the increased use of more expen-
sive equipment and inflation of prices [8]. However,
methodological differences could also be partly res-
ponsible, First, Lim et al. [8] included transient ischemic

attacks (TIA, G45) patients with the stroke patients

1232 2010 3201 HE50 M sy

disease, Second, in the study by Lim
et al, [8], the cost of assistive devices
was excluded due to the difficulty
involved in quantification. In contrast, our study
included the cost of assistive devices. Considering that
non-covered care represented 3% to 4% of the total
costs, the cost of assistive devices is an also important
part of the overall economic burden of stroke. Last, the
results of the KNHANES for transportation were applied
in the estimation of direct non-medical costs, and
transportation costs were estimated to be 0.7% of the
total direct costs. However, because we hypothesized
that patients who suffer from chronic diseases such as
stroke would rarely travel to another region to receive
treatment, we estimated the cost of stroke-specific
transportation from Korea Health Panel data, Therefore,
the transportation costs were assessed as 0.5% of the
total direct costs, which is lower than that used by Lim et
al. [8].

In 2010, direct costs were 49% and indirect costs
were 51% of the total costs, compared to 2005 where
the direct costs were 31% and indirect costs were 69%
of the total costs [8]. Our results showed a trend similar
to that seen in many other studies. In studies done in

other countries, direct costs have been shown to be

J Korean Med Assoc 2012 December; 55(12): 1226-1236



higher than indirect costs in spite of methodological
differences [1,2], A study conducted in the UK (2004)
estimated direct costs to be $9.40 billion, of which
$6.15 billon (65%) were medical costs, $2.05 billion
(22%) were non-medical costs, and $1,07 billion (12%)
were costs due to productivity loss, In addition, in a
study conducted in the EU, direct costs (61,1%) were
found to be greater than indirect costs (38.9%) [1,2].
The results of the present study showed that the direct
costs associated with stroke increased from 2005 to
2010. Since stroke occurs primarily in people over the
age of 60, indirect costs caused by productivity loss and
premature death were relatively small in this age group,
as compared to those of young adults and middle-aged
people, Therefore, indirect costs are not a large part of
the overall economic burden of this disease compared
to direct costs,

The cost of hemorrhagic stroke was higher than the
cost of ischemic stroke according to disease group. In
addition, some differences in cost distribution were
observed. In the analysis of hemorrhagic stroke costs,
indirect costs (67.92%) were the highest, followed by
direct medical costs (23.20%) and direct non-medical
costs (8.87%). For ischemic stroke, direct medical costs
(43.41%) were the greatest burden, followed by
indirect costs (31.43%) and direct non-medical costs
(25.25%). According to age group, the estimated cost
for patients between the ages of 20 and 69 with
hemorrhagic stroke was higher than for those with
ischemic stroke: 89.33% vs, 57.88%, respectively.
Hemorrhagic stroke, which carried a heavier burden in
indirect costs, occurred in the younger age groups and
had a higher fatality rate, accounting for relatively
greater predicted life-time earnings foregone. For
ischemic stroke, the cost of health care use was high

due to the large prevalence of the disease,

J Korean Med Assoc 2012 December; 55(12): 1226-1236
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Between the male and female patients, men had a
heavier economic burden of disease than women, and
a subsequently higher socio-economic cost, However,
females had higher total direct medical costs and direct
non-medical costs than did males, Males incurred higher
indirect costs compared to females. This is because
males typically experience stroke at an earlier age. On
the other hand, women had higher direct costs than
indirect costs and had higher overall medical costs due
to the gender differences in stroke, In a study of the
functional outcomes after stroke and the use of medical
resources, it was found that females experience stroke
later in life compared to males, and their number of
inpatient days was slightly longer [23]. Hence, their func-
tional outcome after the onset of stroke is worse than
that seen in males, Females also have a higher risk of
developing severe disability, resulting in subsequently
higher direct medical costs. Studies in Europe, Canada,
and Korea have shown similar findings [23-20], There-
fore, intervention strategies which take into account
gender differences in stroke outcome should be con-
sidered.,

When we compare the results according to age
group, the economic burden of stroke in patients over
the age of 60 accounted for 49.45% of the total cost
(data not shown). This phenomenon is associated with
the high prevalence of stroke after the age of 65, In a
study of the relationship between stroke and TIA
prevalence in the elderly Korea population, the
prevalence of stroke increased until the ages of 75 and
79, but decreased thereafter [27]. In addition, institu-
tionalization costs incurred by elderly patients who
suffer an incapacitating stroke will most likely increase,
and ultimately the social costs will increase as well [28].,
Therefore, Korea requires a health care policy to man-

age stroke that matches the needs of our rapidly aging
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society,

This study has several limitations, First, we were not
considered the cost of disability after stroke. There was
no disability data in Korea National Health Insurance
Claims Database, such as the modified Rankin Scale
(mRS). Especially, the mRS was important to expect the
extent of disability in stroke survivors and the estimation
of rehabilitation cost due to disability was necessary after
stroke [29]. Thus, the economic burden of stroke may
have been underestimated, Second, we were unable to
estimate the costs of house repairs, health supplement
food, herbal medicine, and long-term use of a nursing
facility due to limitations in the data, The economic
burden could be even heavier when these costs were
included. Third, it has been reported that 15.7% of
stroke patients use over-the-counter (OTC) products for
the prevention of secondary complications, which
should be included in drug-related costs, However,
because a large number of aspirin-type OTC products
are also used to prevent hypertension and cardio-
cerebrovascular diseases, the costs of these types of
drugs were excluded from this study to avoid overesti-
mation [30]. Fourth, there may have been validity pro-
blem of survey sampling in the cost of assistive devices,
and there is a possibility of overestimation of stroke
burden. Finally, because it was difficult to quantify the
deterioration in quality of life resulting from social and
environmental changes, such as psychological pain and
anxiety, these factors were excluded from the cost
analysis. If these costs were considered, the economic

burden due to stroke could be even higher.

Conclusion

In this study, the economic burden of stroke was

estimated using current nationally representative data

1234 2010 3201 HE50 M sy

and was determined to be in $3.53 billion in costs, the
equivalent of 0.35% of the GDP. The economic burden
of stroke has increased by 4.4% from 2005 to 2010,
With the Korean society increasingly aging, the econo-
mic burden of stroke will continue to be substantial
into the future, Therefore, we must endeavor to reduce
the economic burden of stroke in Korea and the more
accurate estimation of economic burden would help

this goal.

Acknowledgement

This research was supported by the Basic Science
Research Program through the National Research Foun-
dation of Korea funded by the Ministry of Education,
Science and Technology (20120001612).

A BOI: HES; | S; ZNN WY

of bt 22|

REFERENCES

1. Luengo-Fernandez R, Leal J, Gray A, Petersen S, Rayner M.
Cost of cardiovascular diseases in the United Kingdom. Heart
2006;92:1384-1389.

2. Leal J, Luengo-Fernandez R, Gray A, Petersen S, Rayner M.
Economic burden of cardiovascular diseases in the enlarged
European Union. Eur Heart J 2006;27:1610-1619.

3. Statistics Korea. Report on death causes 2008. Dagjeon: Sta-
tistics Korea; 2008.

4. Korea Centers for Disease Control and Prevention. The Korea
National Health and Nutrition Examination Survey (KNHANES).
Cheongwon: Korea Centers for Disease Control and Preven-
tion; 2005.

5. Statistics Korea. Report on the social statistics survey 2008.
Daejeon: Statistics Korea; 2010.

6. American Heart Association. Heart disease and stroke statis-
tics: 2008 update. Dallas: American Heart Association; 2008.

7. Kang HY, Lim SJ, Suh HS, Liew D. Estimating the lifetime
economic burden of stroke according to the age of onset in
South Korea: a cost of illness study. BMC Public Health 2011;
11:646.

8. Lim SJ, Kim HJ, Nam CM, Chang HS, Jang YH, Kim S, Kang

J Korean Med Assoc 2012 December; 55(12): 1226-1236



20.

HY. Socioeconomic costs of stroke in Korea: estimated from
the Korea national health insurance claims database. J Prev
Med Public Health 2009;42:251-260.

. Saka RO, McGuire A, Wolfe CD. Economic burden of stroke in

England. London: University of London; 2009.

. Chan B, Hayes B. Cost of stroke in Ontario, 1994/95. CMAJ

1998;169:52-S8.

. Gosman-Hedstrom G, Claesson L, Blomstrand C, Fagerberg

B, Lundgren-Lindquist B. Use and cost of assistive technology
the first year after stroke. A randomized controlled trial. Int J
Technol Assess Health Care 2002;18:520-527

. World Health Organization. International Classification of

Diseases (ICD) [Internet]. Geneva: World Health Organization
[cited 2010 Nov 1]. Available from: http://www.who.int/
classifications/icd/en.

. Kim SG, Hahm M, Choi KS, Seung NY, Shin HR, Park EC. The

economic burden of cancer in Korea in 2002. Eur J Cancer
Care (Engl) 2008;17:136-144.

. Oh IH, Yoon SJ, Seo HY, Kim EJ, Kim YA. The economic bur

den of musculoskeletal disease in Korea: a cross sectional
study. BMC Musculoskelet Disord 2011;12:157.

. Kim JH, Chung JC, Kim SO. Results of survey on medical

care cost by patient. In: Lee SY, editor. Survey in the benefit
coverage rate of National Health Insurance in 2006. Seoul:
National Health Insurance Corporation; 2007 p. 111-125.

. Korea Health Panel. Transportation cost for healthcare

utilization in 2008 [Internet]. Seoul: Korea Health Panel [cited
2010 Nov 1]. Available from: http://www.khp.re.kr.

Sarangnanum Medicare Service Association. The official aver
age guardian cost [Internet]. [place unknown]: Sarangnanum
Medicare Service Association [cited 2010 Nov 1]. Available
from: http://www.sarangnanum.or.kr/esnc/service.htm.

. Kim SY, Yoon SJ, Jo MW, Kim EJ, Kim HJ, Oh IH. Economic

burden of allergic rhinitis in Korea. Am J Rhinol Allergy 2010;
24:e110-eM3.

. Drummond MF, Stoddart GL, Torrance GW. Methods for the

economic evaluation of health care programmes. 2nd ed.
Toronto: Oxford University Press; 1997

Ministry of Employment and Labor. Survey report on wage
structure in 2007 [Internet]. Gwacheon: Ministry of Employ-
ment and Labor [cited 2010 Nov 1]. Available from: http:/

J Korean Med Assoc 2012 December; 55(12): 1226-1236

The

21.

22.

23.

24.

25.

26.

27

28.

29.

30.

economic burden of stroke in 2010 in Korea g_l_a‘

laborstat.molab.go.kr/SurveyWH/OLAP/Analysis/stat_OLAR
jsp?tbl_id=DT_PAY0004&org_id=118&path .

Schmid A, Pugin J, Chevrolet JC, Marsch S, Ludwig S,
Stocker R, Finnern H. Burden of illness imposed by severe
sepsis in Switzerland. Swiss Med Wkly 2004;134:97-102.

Kim J, Hahm M, Park EC, Park JH, Park JH, Kim SE, Kim SG.
Economic burden of cancer in South Korea for the year 2005.
J Prev Med Public Health 2009;42:190-198.

Oh MS, Yu KH, Roh JK, Lee BC; Korean Stroke Registry Study
Group. Gender differences in the mortality and outcome of
stroke patients in Korea. Cerebrovasc Dis 2009;28:427-434.

Glader EL, Stegmayr B, Norrving B, Terent A, HulterAsberg K,
Wester PO, Asplund K; Riks-Stroke Collaboration. Sex differ
ences in management and outcome after stroke: a Swedish
national perspective. Stroke 2003;34:1970-1975.

Di Carlo A, Lamassa M, Baldereschi M, Pracucci G, Basile
AM, Wolfe CD, Giroud M, Rudd A, Ghetti A, Inzitari D;
European BIOMED Study of Stroke Care Group. Sex differ
ences in the clinical presentation, resource use, and 3-month
outcome of acute stroke in Europe: data from a multicenter
multinational hospital-based registry. Stroke 2003;34:1114-
1M19.

Reid JM, Dai D, Gubitz GJ, Kapral MK, Christian C, Phillips SJ.
Gender differences in stroke examined in a 10-year cohort of
patients admitted to a Canadian teaching hospital. Stroke
2008;39:1090-1095.

Han MK, Huh Y, Lee SB, Park JH, Lee JJ, Choi EA, Lim JY,
Lim S, Kim K, Park YJ, Paik NJ, Kim TK, Jang HC, Kim KW,
Korean Consortium for Health and Aging Research. Preva-
lence of stroke and transient ischemic attack in Korean elders:
findings from the Korean Longitudinal Study on Health and
Aging (KLoSHA). Stroke 2009;40:966-969.

Thorngren M, Westling B. Utilization of health care resources
after stroke: a population-based study of 258 hospitalized
cases followed during the first year. Acta Neurol Scand 1991;
84:303-310.

Hong KS. Disability-adjusted life years analysis: implications
for stroke research. J Clin Neurol 2011;7:109-114.

Koh IS, Kim HC, Kwon SB, Hwang SH, Kwon KH, Kim SM,
Song HK, Lee BC. The compliance of stroke patients for
secondary prevention: in Seoul & Kyunggi province. J Korean
Neurol Assoc 1999;17:472-477.

chHetelArE2Ix|

3]
o

*H
AH

1235



@
M= Kim HJ etal

© ) Peer Reviewers’ Commentary

LEES P2ILIRE AL 5 29I AXISHe AR Telol 1 S5t AH0ID, T R0 Lsls YRRl 5
19140l ET5HT, THLED 2 2K Aol CfEt A5E K27t YL 0l0] 2 e 22lLfzie| tESeR ol
B 5 EHRO0| A% 1.4882AR0|, BHY HEFS 2F 2016248 H2M LB £ 947224200 LICtn 203t

0

-

LHESCZ Qlot AFEHAUO| XEH STt olzH| 719

= 1 O

O > 7E( — -
11001 ojo| U= et TEEC Lol HESCR 215t & HHRHMO| I7|= 2|12 GDPROI0E 7|
o)

4

(&l HRigleds]

=

1236 20104 51201 HEZ0| AXA Rt J Korean Med Assoc 2012 December; 55(12): 1226-1236



