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Abstract The purpose of this study was to estimate the

current economic burden of osteoporosis in South Korea

using national claim data of the Korean National Health

Insurance Service (KNHIS) from 2008 to 2011. Patients

aged 50 years or older were identified from KNHIS nation-

wide database for all records of outpatient visits or hospital

admissions. Healthcare costs for osteoporotic patients

included direct medical costs for hospitalization, outpatient

care, and prescription drugs for the year after discharge.

Healthcare costs were estimated based on the perspective of

KNHIS, and calculated using a bottom-up approach.

Between 2008 and 2011, total healthcare costs for osteo-

porotic patients increased from 3976 million USD to 5126

million USD, with an annual increase of 9.2% which

accounted for one-sixth (16.7%) of national healthcare

expenditure. Healthcare cost for hospitalization was the

highest ($1903 million, 40.0% of total healthcare cost),

followed by cost for outpatient care ($1474 million, 31.0%)

and cost for prescription drugs ($1379 million, 29.0%).

Although total healthcare cost for osteoporotic men was 6

times lower than that for osteoporotic women, the cost per

person was 1.5 times higher than that for women. Total

healthcare cost for osteoporotic patients without fractures

was higher than that for osteoporotic patients with fractures.

However, cost per person was the opposite. Osteoporosis

entails substantial epidemiologic and economic burden in

South Korea. This study provides information about the total

healthcare burden, which could be important when deter-

mining what attention and awareness osteoporosis should be

given in the public health system.

Keywords Economic burden � Osteoporosis � Healthcare
cost � Nationwide database

Introduction

Osteoporosis has become a common musculoskeletal dis-

ease worldwide due to increased number of elderly popu-

lation. The prevalence of osteoporosis in the United States

and United Kingdom has been reported to be between 13

and 30% [1–3]. Osteoporotic fracture is one of the most

significant medical burdens of public healthcare organiza-

tions in societies worldwide [4].The incidence of osteo-

porotic fractures is still increasing in most countries [5–7],

although stabilization and even reduction are registered in

some countries [8–10].

Recent reports in South Korea have shown that inci-

dences of osteoporosis and osteoporotic fractures are

increasing more than those in other countries [6, 11–14].

South Korea became an aging society (elderly population

C7% of the total population) in 2000. It has been predicted

that South Korea will become an aged society (elderly

population C14% of the total population) by 2018 and a

super-aged society (elderly population C20% of the total

population) by 2026 [15]. Economic burdens of
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osteoporosis and osteoporotic fractures in South Korea are

also expected to rise significantly in the future.

Along with epidemiological statistics, data on cost of

illness are useful for decision making. They provide

information to rank priorities. They also support both

political process and management functions at different

levels of healthcare organizations [16]. The impact of

osteoporosis on morbidity and mortality has been reported

to be far greater than that of many other high-profile con-

ditions, including breast and colorectal cancers [17].

Healthcare cost of osteoporosis is available for other

countries [18]. However, to the best of our knowledge,

there has been no report about the economic burden of

osteoporosis in South Korea using nationwide database.

Therefore, the purpose of this study was to estimate the

current economic burden of osteoporosis in South Korea

using national claim data of the Korean National Health

Insurance Service (KNHIS) from 2008 to 2011.

Materials and Methods

Data Subjects

Patients aged 50 years or older were identified from KNHIS

nationwide database between 2008 and 2011. Korean

National Health Insurance (KNHI) program covers 100% of

the population for all services except cosmetic surgery or

services due to traffic accidents. All clinics and hospitals

submit patient data, including diagnosis and medical costs for

claims according to international classification of diseases,

10th revision (ICD-10). The KNHIS database offers advan-

tage to study osteoporosis and osteoporotic fractures because

it does not include high-energy injuries such as traffic or

industrial accidents. In addition, the KNHIS database contains

all information about patients and their diseases. These data

have been used in many epidemiologic studies in South Korea

[6, 11–13, 19].

Operational Definition of Osteoporosis

Osteoporosis was identified from the algorithm used in

previous reports [6, 11–14]. Briefly, at least one of the fol-

lowing criteria was needed to be included as an osteoporotic

patient: (1) prescription of exclusive medications for osteo-

porosis treatment (bisphosphonate, selective estrogen

receptor modifier, vitamin K2, calcitonin, ipriflavone), (2)

international classification of diseases (ICD) diagnostic code

of osteoporosis (ICD-10 codes M80–M82) and prescription

of medications related to osteoporosis (hormones, calcium,

vitamin D, oxymetholone), (3) [50 years old with an

osteoporosis diagnosis, (4) past prescription history of

medications for treating osteoporosis and/or past medical

history suggestive of secondary osteoporosis with middle

age (males: 50–69 years, females: 50–64 years), and (5)

osteoporotic fractures with selected ICD-10 codes for hip

(ICD-10 codes: S72.0, S72.1) and procedures associated

with hip fractures, spine (S22.0, S22.1, S32.0, M48.4, and

M48.5), distal radius (S52.5 and S52.6), and humerus (S42.2

and S42.3).

Resource of Healthcare Costs

From 2008 to the end of 2011, direct healthcare costs were

estimated based on the perspective of KNHIS. Because there

is only one insurance system in South Korea, KNHIS claims

data are representatives of national medical care costs cov-

ered by theKoreanmedical insurance program.When clinics

and hospitals manage insured patients, they request reim-

bursement of medical costs from the KNHIS at the end of

each month. However, KNHI-claims data do not include

non-covered costs such as costs of assistive devices or

caregivers.

Total healthcare costs were calculated from 2008 to the

end of 2011 using a bottom-up approach. Claims amounts for

the first visit and follow-up treatments for 1 year were tallied

for each patient. Healthcare costs of osteoporosis were

expenditures that patients with osteoporosis spent on medical

procedures and services performed in hospitals or clinics

each year. These included costs for hospitalization, outpatient

care, and prescription drugs. Costs per person were calcu-

lated as total costs divided by the total number of patients.

All costs were first calculated in Korean currency

(KRW). They were then converted to US dollars (USD)

using the average conversion rate of 1107 KRW per one

USD in 2011 (http://ecos.bok.or.kr/).

The study protocol was approved by NHIS Institutional

Review Board (approval number: NHIS-2015-4-001).

Results

Proportion of Osteoporosis

Between 2008 and 2011, the total number of osteoporosis

among Koreans C50 years of age increased from

1,406,802 in 2008 to 1,868,601 in 2011, with an annual

increase of 10% (Table 1). The incidence of osteoporosis

increased from 10,589/100,000 in 2008 to 12,504/100,000

in 2011, with an annual increase of 4.9%. The proportion of

osteoporosis increased from 10.9% in 2008 to 12.5% in

2011 in the general population. Total number of osteo-

porotic fractures accounted for 8.8% of osteoporosis in the

study period. The incidence of osteoporotic fractures

increased from 1127/100,000 in 2008 to 1295/100,000 in

2011, with an annual increase of 9.4% (Table 1).
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Healthcare Costs for Osteoporotic Patients (Table 2)

Between 2008 and 2011, total healthcare costs for osteo-

porotic patients increased from 3976 million USD to 5126

million USD, with an annual increase of 9.2% which

accounted for one-sixth (16.7%) of national healthcare

expenditure.

Based on resource data of osteoporotic patients during

the study period, healthcare cost for hospitalization was the

highest ($1903 million, 40.0% of total healthcare cost),

followed by cost for outpatient care ($1474 million, 31.0%)

and cost for prescription drugs ($1379 million, 29.0%)

(Table 3). Total healthcare cost during the study period

was increased by 33.5% for osteoporotic men (553 million

to 738 million USD). It was increased by 28.2% for

osteoporotic women (3,423 million to 4387 million USD).

Although total healthcare cost for osteoporotic men was

6 times lower than that for osteoporotic women ($675

million USD for men and $4080 million USD for women),

the cost per person for men was 1.5 times higher than that

for women ($4043 USD for men and $2705 USD for

women).

According to age, total healthcare cost and cost per

person were the highest in the 70s. According to insurance

type in South Korea, total healthcare cost of health insur-

ance system ($3982 million USD) was 4.5 times higher

than that of medical aid system ($863 million USD).

However, the cost per person was 1.8 times higher in the

medical aid system ($2612 USD in health insurance and

$4580 USD in medical aid). Total healthcare cost was the

highest for clinic. However, cost per person was the highest

for tertiary hospital.

According to the presence of fractures, total healthcare

cost for osteoporotic patients without fractures was higher

than that for osteoporotic patients with fractures. However,

cost per person was the opposite (Fig. 1).

Discussion

South Korea is an aging country. It will become an aged

country in the near future. Hence, it is necessary to know

the economic impact of osteoporosis on health systems as

well as the epidemiology of these events. Many studies

have reported the incidence of osteoporosis locally or

nationally in South Korea. However, no study has reported

the economic burden of osteoporosis in South Korea. The

present study determined the economic burden of osteo-

porosis in South Korea for 2008 to 2011. In the present

study, total healthcare cost for osteoporotic patients

increased from 3976 million USD to 5126 million USD,

with an annual increase of 9.2%. Such costs accounted for

one-sixth (16.7%) of national healthcare expenditure in the

study period. To the best of our knowledge, this is the first

Table 2 Healthcare cost in osteoporotic patients in South Korea from 2008 to 2011 (USD)

Parameters 2008 2009 2010 2011

Total cost

(9103)

Cost per

person

Total cost

(9103)

Cost per

person

Total cost

(9103)

Cost per

person

Total cost

(9103)

Cost per

person

Sex Total 3,976,124 2826 4,685,621 2856 5,235,923 2925 5,125,585 2743

Men 553,061 4206 663,838 4090 747,779 4070 738,194 3806

Women 3,423,063 2684 4,021,783 2721 4,488,144 2793 4,387,391 2620

Age 50–59 511,807 1827 633,657 1845 726,466 1872 727,288 1739

60–69 1,195,439 2599 1,389,566 2611 1,506,318 2650 1,415,069 2474

70–79 1,544,588 3446 1,816,779 3537 2,025,448 3621 2,021,775 3421

C80 724,291 3312 845,619 3366 977,691 3561 961,453 3347

Insurance type Health

insurance

3,149,762 2568 3,740,113 2589 4,299,085 2688 4,380,011 2603

Medical aid 826,362 4580 945,508 4822 936,838 4904 745,573 4015

Medical

institution

type

Tertiary

hospital

218,079 3407 267,846 3505 311,751 3638 316,446 3492

General

hospital

444,274 3730 522,621 3760 613,132 3898 635,782 3737

Hospital 420,778 4868 464,311 4678 519,807 4740 426,266 3576

Clinic 2,775,625 2566 3,277,900 2613 3,631,575 2661 3,595,787 2539

Health

center

117,368 2105 152,943 2151 159,658 2184 151,305 2093
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study that analyzes nationwide healthcare costs for osteo-

porotic patients in South Korea.

Many countries have reported that the economic burden

of osteoporosis is an important issue for their health sys-

tems [20–29]. In the USA, direct medical expenditure on

osteoporosis in 1995 was estimated at 13.8 billion USD

[18]. A recent study has shown that the financial burden of

osteoporosis has increased, with annual direct medical cost

estimated at 17 to 20 billion USD [21]. In Germany, total

direct cost attributable to osteoporosis was €5.4 billion in

2003. In that year, cost for osteoporotic patients accounted

for 3.5% of all healthcare expenditure of social and private

health insurance [20]. In Mexico, direct medical cost for

osteopenia and osteoporosis besides cost due to medical

care of fragility fractures was 411.1 million USD in 2010

[25]. In Canada, the overall cost of osteoporosis among

Canadians aged 50 years and over was over 2.3 billion

USD in 2010 for the base case analysis, when outpatient

care, prescription drugs, and indirect costs were added [23].

However, current burden of osteoporosis is doubled ($4.6

billion) compared to their previous estimate ($2.3 billion)

due to improved data capture of multiple encounters and

services associated with fractures [24].

Several studies have shown that the economic burden of

osteoporosis has increased over time [25, 26, 29]. In

Mexico, the total healthcare cost was predicted to be 19.2%

higher in 2015 than that in 2010. In a span of 10 years

(2010–2020), the economic burden has been projected to

increase by 41.7% [25]. In Switzerland, the cost of osteo-

porosis was estimated to increase from CHF 2.1 billion in

2010 to CHF 2.6 billion in 2025, corresponding to an

increase of 29%. Costs for women and men would increase

by 23 and 44%, respectively. The increase for men was

estimated to be particularly higher than that for women (39

vs. 20%) [29]. In New Zealand, costs of treatment and

management of osteoporosis were expected to increase to

0
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Fig. 1 Comparison of healthcare cost for osteoporotic patients with regard to the presence of fractures. a Total healthcare cost. b Healthcare cost

per person

Table 3 The resource data of

osteoporotic patients in South

Korea from 2008 to 2011

(Units: USD)

Hospitalization Outpatient care Drug therapy Total

2008 Patients (cases) 1,406,802 1,406,802 1,406,802 1,406,802

Total cost (9103) 1,656,469 1,191,945 1,127,710 3,976,124

Cost per person 1177 847 801 2827

2009 Patients (cases) 1,640,435 1,640,435 1,640,435 1,640,435

Total cost (9103) 1,869,473 1,456,441 1,359,707 4,685,621

Cost per person 1140 888 829 2856

2010 Patients (cases) 1,790,365 1,790,365 1,790,365 1,790,365

Total cost (9103) 2,109,415 1,612,872 1,513,636 5,235,923

Cost per person 1178 901 846 2924

2011 Patients (cases) 1,868,601 1,868,601 1,868,601 1,868,601

Total cost (9103) 1,976,663 1,635,068 1,513,853 5,125,585

Cost per person 1058 875 810 2743
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over $NZ 391 million in 2013 and $NZ 458 million in 2010

[26]. In the present study, total healthcare costs increased

28.9% (from 3976 million USD in 2008 to 5126 million

USD in 2011). This means that the increment in total

healthcare cost might be due to increase in aging

population.

There are various reports about the expense of osteo-

porosis in different countries. Clark et al. have reported that

the mean healthcare cost is larger for women than that for

men in Mexico [3]. In addition, the mean healthcare cost

for older patients (90 years and over) is higher than that for

other age groups (80–89, 70–79, and\70 years) in Mexico

[30]. Moraes et al. have reported that those aged

80–89 years in Brazil have the highest expenses over their

study period [31]. Their average expenses are approxi-

mately 4 times higher compared to the average expenditure

for those aged 60–69 years [31]. In the present study,

healthcare cost per person was continuously increased with

age. It was the highest for those in their 70s.

In the present study, although total healthcare cost for

osteoporotic men was 6 times lower than that for osteo-

porotic women ($675 million USD for men and $4080

million USD for women), the cost per person was 1.5 times

higher for men than that for women. Moraes et al. have

verified that women are more often in need of osteoporosis-

related procedures compared to men, thus presenting

higher expenses from an overall point of view. However,

when adjusting the total expenditure by quantity, they

observed that men had higher average cost per procedure.

This could be due to the higher frequency of men requiring

more complex procedures. This might indicate a possible

delay for men to start treatment or search for medical care

when they are in advanced stages of the disease [32, 33].

In the present study, total healthcare cost for osteo-

porotic patients without fractures was higher than that for

osteoporotic patients with fractures. However, the cost per

person was opposite. This means that osteoporotic fractures

should be prevented to decrease their economic burden in

the public health system.

It is difficult to compare our results of direct costs to

those of other studies in other countries due to differences

in economic development, size of the economy, and types

of health systems. In addition, different methodologies and

years of publication make results non-comparable.

Although international comparisons for total costs of

osteoporosis are complicated by differences in age struc-

tures within a country and different health services pro-

vided by the society to people with osteoporosis, the

conclusion from all international studies, including those

from Sweden [34, 35], France [36], other countries

[37, 38], and the current study, is that osteoporosis and

related fractures are associated with significant healthcare

costs, and reduction in the quality of life.

The cost-of-illness data are useful for decision making.

They provide important information to rank priorities.

They also support political process and management

functions at different levels of healthcare organizations

[16]. Johnell et al. have compared the total burden of

osteoporosis in Europe to that of other chronic diseases

[17]. They found that osteoporosis accounted for more

disability-adjusted life-years lost than rheumatoid arthritis.

However, it was less than osteoarthritis. With regard to

neoplastic disorders, the burden of osteoporosis has been

found to be greater than that of cancer at all sites except

lung cancers [17].

This study has several limitations. First, the incidence of

osteoporosis was not based on bone mineral density. The

number was estimated based on claim data. We included

prescriptions of osteoporosis or its related medication (vi-

tamin K, calcitonin, ipriflavone, oxymetholone) as many as

possible in order to extract accurate data regarding the

number of osteoporotic patients from the KNHIS claimed

database. In our previous study, these national claimed data

have been validated against a cohort study in Korea, and

found a sensitivity of 93% and a positive predicted value of

77.4% [39]. Second, only four major types of osteoporosis-

related fractures were included in this study. Available

evidence has suggested that the incidence of osteoporosis-

related fractures can increase by about 10% if other types

of fractures are included in the analysis [40]. Third, our

cost estimation was conservative because indirect costs

were not included in the analysis. Tarride et al. have

reported that indirect cost due to osteoporosis accounts for

5% of the total cost in Canada [23]. Finally, the Korean

government lowered the price of several anti-osteoporotic

drugs up to 20% through efficient allocation and utilization

of drugs in 2011. This might have caused the stabilization

of cost in osteoporosis management in 2011 compared to

previous cost (in 2010).

In conclusion, the present study investigated the eco-

nomic burden of osteoporosis in South Korea based on

national claim database. This study provides information

about the total healthcare burden, which could be

important when determining what attention and aware-

ness osteoporosis should be given in the public health

system.
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