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1. Introduction 

Non-communicable diseases (NCDs) account for a large burden on illness, globally. Of the 54.9 

million worldwide deaths in 2013, approximately 38 million were attributable to NCDs, 

corresponding to approximately 70 percent of all deaths in all ages [1].  

South Korea (hereafter referred to as Korea) has a large and rising burden of NCDs. In 2014, 

NCDs accounted for 79 percent of all deaths, with 36 percent attributable to cardiovascular 

diseases, 17 percent to cancers, and 13 percent to chronic respiratory diseases [2]. To respond to 

the rising NCD burden, Korea has established a NCD branch within the Ministry of Health 

(MOH), a multi-sectoral national action plan, and evidence-based national guidelines to manage 

major NCDs [2]. 

In recent years, Korea has undergone profound changes in its population structure, with rapid 

growth of ageing population due to declining mortality rates, particularly among children. 

Between 1990 and 2015 under-five mortality rate has declined from 7.1 to 3.4 per 1,000 live 

births and the maternal mortality ratio fell from 21 to 11 per 100,000 live births [3]. Life 

expectancy at birth has risen; from 71.3 years in 1990 to 82.2 years in 2014 [3] (Figure 1). 

Figure 1. Life expectancy at birth in Korea 1965-2015 

 

In Korea the proportion of the population aged 65 years or more has risen steadily from around 

8% of the total population in 2001 to 13% in 2015. This proportion is projected to reach 24% by 

2030 and 35% by 2050 (Figure 2). Over the same period, the share of the working-age 

population, those aged 15 to 64 years, is projected to shrink from 73% in 2015 to 63% in 2030 
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and 53 percent in 2050 [3]. These profound changes in the population structure have serious 

implications for the socioeconomic development of Korea, as well as her health system.  

Figure 2. Changing population age structure, 2015-2050 

Source: UNDP, 2015 [4] 

Korea’s total health expenditure increased substantially from approximately 4.96% of gross 

domestic product (GDP) in 2004 to 7.20% in 2013. In this period, the share of public 

expenditure on health as a share of total health expenditure also rose, and by 2013 represented 

55.98% of the total health spending in the country (Table 1). 

Table 1. Health financing indicators in South Korea, (in million won), 2004-2013 

Health financing indicator 2004 2013 

Total health expenditure 43.45 102.88 

Public expenditure on health 

Social security fund expenditure 

Other government agencies 

22.82 

17.98 

4.84 

55.89 

44.07 

11.82 

Private expenditure on health  

Out-of-pocket expenditure 

20.63 

16.66 

46.97 

36.22 

Total Health Expenditure as share of GDP (%) 

Public Health Expenditure as share of Total Health Expenditure (%) 

Out of pocket expenditure as share of Private Health Expenditure (%) 

4.96 

52.52 

80.77 

7.20 

54.33 

77.09 

  Note: 2013 is the year for which the National Health Accounts Database within KOSIS has data.   

  Source: Authors’ calculations based on KOSIS, 2016 [5] 
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As with other NCDs, the burden of heart failure has been rising in Korea. Lim and colleagues 

have estimated that the prevalence of heart failure reached 1.53% in 2013 [6]. The prevalence 

rose with age for both sexes, increasing from 0.96% to 1.72% for females, and from 0.54% to 

1.34% for males between 2002 and 2013 [6]. In 2013, it was 1.2% and 0.9% for males and 

females aged 40-59 years respectively, 5.2% and 5.8% for those aged 60-79 years, and 11.1% and 

13.2% for those aged 80 years or more [6].  

Between 2002 to 2013, the prevalence of heart failure doubled in Korea to reach 700 000 [6]. A 

recent study estimates that by 2040, more than 1.7 million Koreans will develop heart failure 

[6], driven by, among others, ageing, ischemic heart disease, and high blood pressure [7].  

The rising NCD burden coupled with the aging of the Korean population presents significant 

challenges for the Korean health system. A study using Korean Acute Heart Failure (KorAHF) 

registry revealed that more than one quarter of patients would experience re-admission or death 

within 180 days after initial heart failure admission – a level higher than that observed in 

several Organization for Economic Cooperation and Development (OECD) countries [7].  

Given the challenge of heart failure in Korea, it is timely to assess its management in 

comparison to selected OECD countries, project its future prevalence, and estimate the its 

economic burden it causes currently and in the future. However, as with other countries, data 

paucity on heart failure in Korea limits precise measurement of performance and the health and 

economic burden. Nonetheless, in spite of data constraints estimates can be developed to 

provide an indication of performance and provide a view of current and future health and 

economic burden. 

This report is organized in five sections. The Introduction is followed by a review of published 

studies on heart failure prevalence and incidence, a review of heart failure registries and 

projections of heart failure prevalence in selected countries, including Korea. The third section 

provides benchmarking of heart failure management using published data from comparable 

heart failure registries in Korea and other OECD countries. The fourth section estimates the 

economic cost of heart failure in Korea and presents cost projections into the future. The fifth 

section briefly discusses policy implications of the findings and proposes a modelling approach 

that could be used to explore how evidence based interventions and policies could help to 

improve effectiveness and efficiency of managing heart failure in Korea and estimate their 

impact.  
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2. Review of Heart Failure Data and Prevalence Projections  

2.1. Introduction 

Heart failure develops later in life in conjunction with other cardiovascular illnesses, such as 

ischemic heart disease and hypertension, and as populations age it is likely to account for an 

increasingly larger proportion of healthcare spending. Estimates of heart failure burden in 

countries are likely to be underestimates, however, as they often take into account only primary 

diagnoses of heart failure, and many cases of heart failure tend to be unrecorded, especially in 

patients with other cardiovascular diseases [2]. This uncertainty is problematic as it introduces 

wide margins of error when estimating the magnitude of heart failure burden in countries, and 

could hinder development of effective measures to address it. Hence, it is important to estimate 

more precisely the current burden of heart failure, and assess how it might evolve in the future 

given population trends and its management.   

2.2. Methods and Data Sources 

2.2.1. Systematic Reviews 

To obtain better estimates of heart failure burden and management, preliminary literature 

searches were conducted first to identify seminal papers and relevant keywords using the 

MEDLINE and Embase databases. This information was then used to develop systematic 

searches and identify published articles on relevant heart failure data. As a second step, 

systematic searches were conducted using the MEDLINE and Embase databases for 

publications on heart failure prevalence and incidence, and using just the MEDLINE database 

for publications on heart failure registries.  

Search results for prevalence and incidence were limited to those published up to June 31, 2016 

in English or Korean, and only studies reporting on populations in more economically developed 

nations. Articles had to provide a clear study design and method, as well as a description of the 

timeframe and indicate the population in which the studies were conducted to be included in the 

review. Additional papers were identified through citations in the papers obtained through the 

search, papers cited in the Incidence and Prevalence database and hand searches [7-9].  

Search results for registry data were restricted to those published up to June 1, 2016 in English 

or Korean, and limited to populations in OECD countries. The combinations of search terms 

used for each of the two searches are included in Appendix I. 
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2.3. Heart Failure Prevalence 

After eliminating duplicates, 223 results were obtained through the MEDLINE and Embase 

databases, and other sources. 61 records were excluded after a title and abstract screen and 28 

records did not have full text available, leaving 134 articles for full-text review. Of these, 17 were 

either poster abstracts or did not have specific information on how prevalence estimates were 

obtained, 29 were reviews or editorials, and 49 either assessed a different heart failure measure, 

such as mortality or hospitalizations, or assessed heart failure outcomes within a population that 

was too specific, such as those with a preexisting health condition. Following exclusions, 38 

articles were included in the systematic review (Figure 3). 

Figure 3. Flowchart showing article selections for heart failure prevalence review 

 

 

The following data were extracted from identified articles: first author; year of publication; 

country in which the study population was based, and years during which the study was 

conducted; description of the sample population; age range of the population; source from 

which prevalence estimates were obtained; method used to ascertain heart failure cases; and 

male, female, and net prevalence of heart failure (Appendix II). 
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If count data were presented for prevalence rather than percentages, the percentage figure was 

calculated using the counts for cases and the total population. If available, time-trend data and 

age group-specific prevalence were also recorded for later use in developing heart failure 

projections. 

Most data from the prevalence studies were not directly comparable and demonstrated 

substantially different prevalence estimates due to the different calendar year in which the data 

were collected, dissimilar study designs, different age distributions, and varied methods used to 

ascertain heart failure cases. For example, prevalence estimates in the studies had been made 

using sources such as surveys, insurance data, national- or regional-level administrative data, 

primary care data, or cross-sectional data from study populations that were sampled from the 

general population, long-term care facilities, nursing homes, and hospitals. Hence, a meta-

analysis could not be conducted. Heart failure cases were ascertained using heart failure disease 

codes in the case of insurance or administrative data, was self-reported in surveys, and through 

clinical assessment and physical examination in populations that were sampled from various 

settings.  

The majority of studies identified were from Europe and the United States. A total of 11 studies 

included were from the United States, seven from the United Kingdom, three from Sweden, 

three from the Netherlands, three from Spain, two from Germany, two from Italy, two from 

Finland, and one from Portugal. There were also three articles identified for Australia, and one 

for Japan. Thus, a small number of countries were overrepresented in the literature, and there 

was almost no literature available on heart failure prevalence in developed countries in Asia. 

In the studies published in the past 10 years (2006-2016), country level prevalence estimates 

ranged from about 1% to 2.5%, with the lowest prevalence reported in the United Kingdom 

(1.22% in the males and 0.76% in the females), and the highest in the United States.  

For the United States, most of the results were reports from the American Heart Association. 

The American Heart Association (AHA) publishes annual reports on cardiovascular and stroke 

statistics, along with the most recent heart failure prevalence estimates from the National 

Health and Nutrition Examination Survey (NHANES). Multiple AHA reports were included in 

the review, as prevalence estimates were based on NHANES data collected from different years. 

The most recent net prevalence estimated was 2.2%, and a peak of 2.6% was reported for 

NHANES data from 2003-2006 [10, 11]. For the NHANES studies, these prevalence estimates 

were restricted to the adult population aged 20 and above. 
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One paper that was excluded from the review reported heart failure incidence and/or prevalence 

for 22 countries that are members of the European Society of Cardiology, where reported 

prevalence from the member nations ranged between 1% and 3%, similar to the levels in the 

studies identified through systematic review. However, as the methodology of this study 

involved response of presidents and representatives of the Heart Failure National Societies 

(HFNS) to a questionnaire, the validity of the estimates could not be determined [12]. 

Prevalence in males and females was not uniform across studies. Some studies reported higher 

prevalence in males, some higher in females, and others approximately the same level of 

prevalence in both sexes. Prevalence of heart failure in higher age groups varied more in range. 

Almost one quarter of those aged 80-89 years in a German population was reported to have 

heart failure, and as low as 7.84% in those aged 75 years or more in a British population [13, 14].  

Earlier studies from more than 10-years ago appear to have reported lower prevalence levels 

than more recent studies, with the exception of a Portuguese study where 4.36% of an adult 

population aged 25 years and more was reported to have heart failure [15]. 

Studies that reported time-trend prevalence data and prevalence estimates of heart failure on 

the national level stratified by age were few in number – such studies were identified for the 

United States, Germany, the United Kingdom, and Sweden [10, 13, 14, 16]. Other studies that 

did include age-stratified prevalence restricted prevalence estimates to older age groups (45 

years and older, 65 years and older, etc.) [17-19]. 

It is unclear how reliable different study designs are in providing estimates of heart failure. In 

one early NHANES prevalence study, a detailed health examination was conducted in a subset. 

According to the clinical scoring system used in the study (a modified version of the 

Framingham criteria), 2% in the sample had heart failure, but 1.1% self-reported having had a 

heart failure diagnosis [20]. In an Italian study comparing chronic disease prevalence in five 

regions, the investigators used both general practice data and larger scale administrative data to 

obtain estimates. In the case of heart failure, the general practice data uniformly underestimated 

heart failure prevalence at 0.8–1.1%, compared to administrative data at 1.2–1.4% [21]. Thus, it 

may be the case that prevalence levels based on self-report and general practice level data 

underestimates the actual prevalence level in the general population. Even with the addition of 

medical examinations and tests, diagnoses can differ according to what criteria are being used. 

For example, in an Italian study conducted in an elderly population, 11.9%, 10.7%, 20.8%, and 
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9% was diagnosed with heart failure, based on the Framingham, Boston, Gothenburg, and 

European Society of Cardiology (ESC) criteria, respectively [22]. 

National level prevalence estimates are summarized in a random effects Forest plot (Figure 4). 

Studies included in this plot made prevalence estimates for a broader age range (they either 

imposed no age restrictions or included the entire adult population, defined differently for each 

study). They were based on a nationally representative sample, a national registrar, or 

extrapolated estimates to national population distributions. The studies are ordered by the 

publication year, and indicated by the country and the year (or years) the populations were 

drawn from. Some studies were included multiple times in the plot because they reported 

different prevalence estimates based on different estimation methods (self-report versus clinical 

criteria, regional level administrative data versus primary care data, etc.), or they reported time 

trend data.   

Figure 4. Random effects Forest plot estimates (ES) for population level prevalence 
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2.4. Projections of Korean Heart Failure Prevalence  

For Korean prevalence estimates, age-stratified heart failure prevalence data from the National 

Health Insurance Service-National Sample Cohort (NHIS-NSC) was used. Age group-specific 

heart failure prevalence was assumed to remain constant over time. Comparator countries were 

selected from articles identified in the systematic search that included age-stratified heart 

failure prevalence estimates. The most recently available data were used as the baseline 

prevalence in the case of studies with time-trend data.  

Population estimates and projections by 10-year age groups were obtained from the United 

Nations (UN) Population Division. Age-stratified heart failure prevalence data for each country 

was matched with the country-specific UN population count data. After combining the UN 

population age groups to match with the age stratification scheme for each country, total heart 

failure counts were calculated, and then divided across total population estimates to obtain 

prevalence estimates. 

From the systematic review of heart failure prevalence, age-stratified prevalence for broader age 

categories was identified for the United States, Sweden, Germany, and the United Kingdom. 

Age-stratified prevalence of heart failure in the Korean population could not be obtained 

through the systematic search. However, one article was identified through hand searches that 

contained prevalence for some age groups. This article and heart failure prevalence data for 10-

year age groups (1-9, 10-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80+) from 2002 to 2013 

was obtained after correspondence with the article’s authors[23]. The study population in this 

article was the National Health Insurance Service-National Sample Cohort (NHIS-NSC), a 

nationally representative cohort of more than one million participants who were followed from 

2002 to 2013 [24].  

Country level prevalence estimates and projections were calculated based on the most recently 

available age-stratified prevalence estimates identified from literature, and the United Nations 

Population Division population estimates and projections [25]. Prevalence estimates were made 

from 2015 to 2070, based on five-year increments of population projection counts and assuming 

constant age-group-specific prevalence of heart failure. Prevalence projections for 2015-2070 

based on medium-fertility assumptions for Sweden, the United States, Germany, and the United 

Kingdom are shown in Table 11 (Appendix III). Prevalence projections for Korea based on 

medium-, low- and high-fertility assumptions are shown in Table 2 and trends from 2005 to 

2070 are shown graphically in Figure 5 (Figure 23 from 2005 to 2040 is included Appendix III). 
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Table 2. Heart failure prevalence projections by population estimates - Korea 

 

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 

Medium 

Variant 

0.97 1.04 1.58 1.86 2.14 2.46 2.79 3.13 3.43 3.65 3.81 3.88 3.93 3.94 

Low 

Variant 

0.97 1.04 1.58 1.87 2.19 2.55 2.94 3.33 3.71 4.01 4.27 4.46 4.64 4.78 

High 
Variant 

0.97 1.04 1.58 1.84 2.1 2.38 2.66 2.95 3.2 3.35 3.43 3.4 3.36 3.29 

 

Figure 5. Trends in heart failure prevalence – Korea, 2005-2070 

 

Based on data from 2013, heart failure prevalence for the United Kingdom was reported to be 

relatively low, with an age-standardized prevalence of 1.22% for the male population and 0.76% 

for the female population. Assuming constant age-stratified prevalence estimates from 2013, 

based on medium-fertility variant United Nations population estimates and projections, 

prevalence was only about 1.11% in 2015, is expected to be 1.52% in 2040, and increase to 1.75% 

in 2070 (Appendix III, Table 11).  

For German health insurance data, age-stratified prevalence estimates for those aged 90 years 

and older were 45.67%, and prevalence for ages 80-89 years was 25.91%. According to medium-
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fertility variant United Nations population projections, the population aged 90 years or more is 

expected to peak at around 1.53 million in 2060 – almost a five-fold increase from about 

322,000 in 2015. The population group aged 80-89 years is also expected to more than double 

from about 3.86 million in 2015 to 8.33 million by 2050. Thus, larger prevalence figures were 

estimated from 3.48% in 2015 to 6.33% in 2050, and 6.70% in 2070 (Appendix III, Table 11).  

As estimates for Germany were high and the United Kingdom relatively low, data from the 

United States and Sweden were selected for comparison with Korea. There were two studies 

with age-stratified prevalence estimates available for use for Sweden, one based on residents of 

Stockholm, and the other based on national level administrative data. The latter was chosen for 

use, as it spanned a wider age range of 19-99 years versus 40 years or more. Prevalence of heart 

failure in those aged less than 19 years were assumed to be negligible, and the population aged 

100 years and above was not considered in prevalence estimates. Thus, prevalence projections 

for Sweden are based on population projections of those aged 0-99 years, and with the 

assumption that heart failure prevalence in the population aged 19 years or less is close to zero. 

Heart failure prevalence was estimated at 1.62% in 2015, 2.22% in 2040, and 2.56 % in 2070.  

For the United States, the most recent prevalence estimates based on the NHANES, as reported 

by the AHA [10], were used for the heart failure projections. As the heart failure prevalence 

estimates were limited to ages 20 years and more, prevalence for those aged less than 20 years 

was assumed to be negligible. Based on medium-variant population projections, heart failure 

prevalence was estimated at 1.89% in 2015, 2.45% in 2040, and 2.72% in 2070.  

Based on 2013 age group-specific prevalence in the NHIS-NSC, heart failure prevalence in Korea 

was estimated as 1.58% in 2015 and projected to be 3.13% in 2040, and 3.94% in 2070. 

Compared to estimates made by Lim et al., our medium-variant estimates were slightly lower 

(the authors calculated a prevalence of 1.60% in 2015, 2.20% in 2025, and 3.35% in 2040) [6]. 

Based on our estimates, prevalence of heart failure in the Korean population is projected to 

triple from 2010 to 2040, and almost quadruple by 2070. With current population trends, 

prevalence in Korea is expected to exceed that of Sweden by 2020, and reach levels similar to 

the United States by 2025 (Figure 6).  
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Figure 6. Trends in heart failure prevalence -- Korea, US, Sweden, 2015-2070 

The population aged 99 years or more was not included in calculations for Sweden. Additionally, 

the study from which our data was obtained made prevalence estimates based on primary and 

contributory discharge diagnoses in the Swedish national inpatient register, thus limiting 

prevalence to those with a record of hospitalized heart failure. As heart failure cases can also be 

managed in ambulatory care setting, estimates for Sweden are likely to be an underestimate of 

overall prevalence in the country. Prevalence data for the United States, on the other hand, were 

based on self-report in a nationally representative sample, and for Korea, it was based on 

insurance claims data in a nationally representative cohort.  

The base case analysis assumed that the heart failure prevalence in the population aged less 

than 20 years was negligible for Sweden and the United States. To check whether this 

assumption could have impacted the analysis, we performed a sensitivity analysis, where we 

assumed a prevalence of 0.03% for those aged less than 20 years for both the Swedish and US 

data (the NHIS-NSC data was used as reference for prevalence for the population aged less than 

20 years). The additional heart failure counts from this age group altered the overall heart 

failure prevalence by less than 0.01% for each year in the Swedish population, but a change of 

more than 0.1% was found for the United States.  
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Figure 7. Trends in adult heart failure prevalence -- Korea, US, Sweden, 2015-2040 

To account for possible large errors due to contributions from the population aged less than 20 

years, an additional analysis was performed, by restricting heart failure prevalence to just the 

adult population aged 20 years and older. Based on prevalence calculations for those aged 20 

years and older, heart failure prevalence in Korea is estimated to have been 2.46% in 2015, a 

figure that is higher than that of Sweden (Appendix III, Table 12). The adult heart failure 

prevalence in Korea is projected to exceed that of the United States by 2020 (Figure 7). 

It is important to note that the projected trends in heart failure prevalence were based solely on 

population age structure as a variant. Many other factors could contribute to prevalence of heart 

failure over time. For instance, development of better treatment and technology over time may 

contribute to an increased overall prevalence due to improved survival. A rise in the prevalence 

of risk factors such as hypertension and ischemic heart disease could lead to higher incidence of 

heart failure. Conversely, a fall in the prevalence of these risk factors may lead to a decline in the 

incidence (and eventually prevalence) of heart failure over time. The projections presented 

indicate how the rates of population aging may cause and increase in heart failure burden over 

time, relative to the total population within each country. We propose more detailed modelling 

studies where the effect of different interventions and policies on heart failure prevalence can be 

estimated. 
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2.5. Heart Failure Incidence 

The search for incidence data from the MEDLINE and Embase databases and other sources 

yielded 1030 results. After screening through titles and abstracts of articles obtained through the 

search, 276 potentially relevant papers were identified.   

All studies included in the review after screening excluded individuals with heart failure at 

baseline. Additionally, studies that sampled participants on the basis of a pre-existing disease at 

baseline were excluded. Inclusion criteria were further limited to articles with data available for 

total number of heart failure cases and total sample size, or to articles where information was 

available to undertake further calculations. 

Data on years from baseline to final follow-up year, first author, journal, incidence rate (per 

1,000 person years), number of heart failure events, total person-years, sample size, mean age 

(and standard deviation), and important characteristics of the studies were extracted for each 

article. If data on incidence rates or total person-years were not provided, calculations were 

made based on the data presented. Though some studies reported cumulative incidence data, as 

they had varying lengths of follow-up, only incidence rate data were included. 

Review of the titles and abstracts showed that the majority of studies were conducted with 

cohorts based in Sweden or the United States. Of particular note were the Swedish 

Mammography Cohort, Cohort of Swedish Men, and the US-based Cardiovascular Health Study, 

and Multi-Ethnic Study of Atherosclerosis, Atherosclerosis Risk in Communities study. 

Many of the papers reviewed used the same cohorts, but had diverse inclusion and exclusion 

criteria due to different study questions of interest.  

There were no studies found on heart failure incidence for Korea. Thus, the review was 

discontinued prior to completing full-text reviews of the papers with incidence in titles 

identified through screening.  

2.6. Heart Failure Registries 

A systematic search of heart failure registry data published until June 1, 2016 yielded 284 

results. From this search, we identified publications on registries from Austria, Canada, the 

Czech Republic, Italy, Denmark, France, Japan, Korea, the Netherlands, Norway, Poland, 

Portugal, Romania, Singapore, Slovenia, Spain, Sweden, and United States, and included in the 

review the publications with the most comprehensive data available for data extraction.  
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Data were extracted from registries that included data from 2005 onwards, and had sample 

sizes of 500 or more. These registries consisted of the Belgian BIO Heart Failure (BIO-HF) 

registry, the Czech Acute Heart Failure Database (AHEAD) Main registry, the Danish Heart 

Failure Registry (DHFR), the Italian Registry on Heart Failure Outcome (IN-HF Outcome), the 

Japanese Acute Decompensated Heart Failure Syndromes (ATTEND) registry, Norwegian Heart 

Failure Registry (N-HFR), Singapore Cardiac Databank Heart Failure (SCDB-HF) registry, 

Swedish Heart Failure Registry (S-HFR, SwedeHF or RiksSvikt), and the American Heart 

Association’s Get With the Guidelines – Heart Failure (GWTG-HF) registry. The United States-

based Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart 

Failure (OPTIMIZE-HF) registry was also included due to its large sample size and data 

availability. Data from a 2014 paper published on the KorAHF registry, which included data 

from 2011-2012, were used as reference for South Korea. The extracted registry data are 

summarized in Table 13 and Table 14 (Appendix IV). Further analysis of the registry data is 

presented in Section 3 of this report. 

The ESC Heart Failure Pilot Registry, which enrolled 5,118 patients from 136 cardiology centers 

in 12 European countries (Denmark, Norway, Sweden, Romania, Poland, Austria, France, 

Germany, the Netherlands, Greece, Italy, and Spain) from 2009 to 2010, was also identified but 

not included.  This is because stratified data (by region and acute versus chronic heart failure) 

were sparse [26]. A brief description of the registries identified by the literature review is 

provided below. 

Korean Acute Heart Failure (KorAHF) registry 

KorAHF has enrolled patients admitted for acute heart failure syndromes since 2011. The data 

presented in Table IV-1 pertain to 2066 patients who were enrolled in the registry up to 2012 

[24]. According to the information last updated April 18, 2016, 5,625 patients in total had been 

enrolled, and were to be followed through until December 2018 (ClinicalTrial.gov 

NCT01389843). 

Japanese Registries 

The ATTEND registry was determined as the most representative registry for Japan, as it was a 

nationwide, multicenter study of acute decompensated heart failure patients involving 52 

medical hospitals throughout Japan. The time frame of the extracted data is from April 1, 2007 

to December 31, 2011 [27, 28]. The registry excluded those patients with acute coronary 

syndromes. Around 69.4% of the patients had hypertension, and 36.2% previous hospitalization 
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of heart failure. Final follow-up of the ATTEND registry should have been competed on Dec. 31, 

2015 (University Hospital Medical Information Network: UMIN 000000736).  

The West Tokyo Heart Failure registry (WET-HF), like ATTEND, is an ongoing prospective 

registry of patients hospitalized for acute decompensated heart failure at hospitals within the 

metropolitan Tokyo area. From January 2006 to August 2014, 1876 consecutive acute heart 

failure patients were registered from four teaching hospitals [9]. The registry excluded those 

with acute coronary syndromes, and was 60.6% male with a mean age of 73.3±13.6 years. 68.1% 

hypertension and 36.4% previous hospitalization of heart failure. In-hospital mortality was 

much lower than ATTEND at 3.6%, perhaps due to the registry’s restriction to hospitals in 

Tokyo.  

Though no publications are yet available, the Kyoto Congestive Heart Failure Study (KCHF) is a 

newer registry that started in October 2014, with an estimated completion date of October 2017 

(ClinicalTrials.gov NCT02334891). Another Japanese registry identified was the Chronic Heart 

Failure Registry and Analysis in the Tohoku district-2 (CHART-2) initiated in 2006 with an 

estimated completion date of 2019 (ClinicalTrials.gov NCT00418041), but may not be as 

comparable – data from 4,544 heart failure patients enrolled from 2006 to 2010 showed a small 

percentage of patients (approximately 9-10%) classified as NYHA class III/IV and only about a 

third of the patients had heart failure with reduced ejection fraction (EF<50%). The three-year 

mortality was 8.7% in patients treated with statins and 14.5% for those without statins [29]. 

Singapore Cardiac Databank Heart Failure registry (SCDB-HF) 

SCDB-HF prospectively collects data on all heart failure admissions across all public hospitals in 

Singapore starting from 1 January 2008. These public institutions serve >80% of the 

Singaporean population [30]. Hospitalized heart failure was defined as either new-onset heart 

failure with acute decompensation, or chronic heart failure with acute decompensation, 

requiring hospitalization. Data from the registry were identified from two published papers. 

Stratified data from 2008-2009 were available for heart failure with preserved ejection fraction 

(HFpEF) and heart failure with reduced ejection fraction (HFrEF) with EF cutoffs at 50% [31]. 

The two-year overall mortality was reported at 26.6%, and in-hospital mortality reported 

separately for HFpEF (1.2%) and HFrEF (1.1%). Another paper observed 5,703 patients during 

the same period and intended to examine differences in patient characteristics by sex, but the 

tables and figures referred to in the text were not present in the paper [32]. 

  



 

 

17 

Spanish Registry of Heart Failure (Registro Nacional de Insuficiencia Cardiaca [RICA]) 

Data was extracted from an earlier paper that restricted to patients with weight loss information 

as it presented the most amount of relevant information [33]. The study end date was estimated 

based on the paper submission date, as it was not mentioned in the text. In another study, it was 

mentioned that from March 2008 to January 2013, 1368 patients were enrolled in RICA from 52 

centers [34], and in a letter to the editor, that from March 2008 until April 2015, 4200 patients 

were enrolled in RICA from 52 centers [35]. 

Italian Registry on Heart Failure Outcome (IN-HF Outcome) 

Patients in the IN-HF Outcome registry were enrolled from 61 Italian Cardiology Centers, from 

November 23, 2007 to December 31, 2009 and followed up for 1 year. 1855 (33%) with acute 

heart failure and 3755 (67%) with chronic heart failure were enrolled, but the publication 

reviewed only reported baseline data and in-hospital mortality (6.4%) of acute heart failure 

patients [36]. Acute heart failure events were classified as new onset with no prior history of 

heart failure (de novo heart failure) or acute decompensation of chronic heart failure (worsening 

heart failure), and stratified data were available. 

Danish Heart Failure Registry (DHFR) 

The DHFR was established as a part of the Danish National Indicator Project in 2003 to 

improve the quality of care for heart failure patients. Participation is mandatory for all hospital 

units and outpatient cardiology clinics that treat patients with heart failure. In the reviewed 

paper, incident heart failure (measured by first time inpatient or outpatient hospitalization for 

heart failure) for each year from 2003 to 2010 was included, as well as the processes of care, 

characteristics of incident heart failure patients, and one-year mortality for each year [37]. Only 

data from 2010 was included in Table 13, but the total incident heart failure patients from 2003 

to 2010 recorded was 24,504. The data provided showed that one-year mortality dropped from 

20.5% to 12.8% from 2003 to 2010, and processes of care improved from 2003 to 2010.  

Norwegian Heart Failure Registry (N-HFR) 

The N-HFR consists of patients referred to Norwegian heart failure outpatient clinics with 

diagnoses of heart failure according to the European Society of Cardiology guidelines. The 

reviewed paper studied data on patients from 24 hospitals from 2000-2006 [38]. These 

nationwide hospitals ranged from small community hospitals to large university hospitals. A 

more recent paper [39] analyzed data from 2000-2010 (5,761 total patients). ACE-I/ARB 
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prescription at discharge was 90%, beta-blockers 86%, and 52% of patients was classified as 

NYHA III/IV. 34.1% died during follow-up with varying follow-up times, with a median survival 

estimate of 75+2.9 months. 

Swedish Heart Failure Registry (S-HFR, SwedeHF or RiksSvikt) 

The S-HFR (http://www.ucr.uu.se/rikssvikt/) was established in 2003 and has been ongoing ever 

since. The reviewed paper reported data from 2003-2007, and about 44% of the patients had 

new onset heart failure [40]. A more recent paper [41] reported three-year mortality in 51,043 

unique patients at 39.4% for data up to the year 2012.  

Czech Republic Acute Heart Failure Database (AHEAD) Main registry 

The AHEAD main registry includes patients hospitalized for acute heart failure in seven centers 

with 24-hour catheterization laboratory service in the Czech Republic. The AHEAD network 

includes an additional five regional hospitals without such a service that were not included in 

the analysis [42]. The data were collected from September 2006 to October 2009. The inclusion 

criteria for the database are in line with the European guidelines for acute heart failure, and 

there was no exclusion criterion. Patients with acute coronary syndromes and cardiogenic shock 

were included in the analysis, which may explain the high in-hospital mortality rate observed in 

the patients included in the registry. 

Belgian BIO-HF 

The BIO-HF is an ongoing prospective heart failure registry that evaluates all patients admitted 

with NYHA class III/IV in two Belgian Hospitals. All patients who entered from 2008-2012 

(n=960) were identified [43]. Echocardiography and LVEF measurements were lacking in 6% of 

patients and were excluded from analysis. Thus, at least 94% of patients seem to have received 

echocardiography. Mean age (SD) was 77 (11), and 51% were aged more than 80 years. In-

hospital mortality was at 7.1% and all-cause mortality 3-months after discharge was similar, at 

7.6%. 

 

http://www.ucr.uu.se/rikssvikt/
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3. Benchmarking Heart Failure Care in South Korea with Comparator 
Countries 

3.1. Introduction 

We used published data to examine management of acute heart failure in Korea and to compare 

it with data from acute heart failure registries in other OECD countries. We included in the 

analysis long-term outcomes and also factors which impact on outcomes for patients with heart 

failure.  

In an earlier study KorAHF registry, which includes patients with acute heart failure, was 

compared with other major registries [7] many of which included both acute and chronic heart 

failure cases. The study did not compare long-term outcomes [7]. Thus, we built on the earlier 

study by comparing KorAHF with those registries that had comparable indicators. 

3.2. Methods 

We obtained data from the KorAHF registry and from the WET-HF registry for performance 

benchmarking.  Briefly, since 2011, KorAHF registry, which is described elsewhere [7], has 

enrolled patients admitted to 10 university hospitals for acute heart failure syndromes without 

exclusion. As of April 2012, 2,066 patients had been enrolled in the registry. The WET-HF [9] 

registry is a prospective registry of patients hospitalized for acute decompensated heart failure 

at teaching hospitals within the metropolitan Tokyo area, Japan.  From January 2006 to August 

2014, 1,876 consecutive acute heart failure patients had been registered by WET-HF.  The 

registry excluded those with acute coronary syndromes. 

We further obtained other performance benchmarks by performing a systematic review of heart 

failure registry data published until June 1, 2016. Details of systematic review are provided in 

Section 2 of this report. To compare with KorAHF, we further narrowed the selection of 

registries to those in OECD countries which included patients with acute heart failure. The 

selected registry data were ATTEND Registry from Japan [27, 44], SCDB-HF Registry [31], the 

Belgian BIO-HF Registry [43], the Czech AHEAD Main Registry [42, 45], the Italian IN-HF 

Outcome Registry [36, 46], and Spanish RICA Registry [47, 48]. For the country of selected 

registries, we analyzed the relation between health expenditure per capita [49] and GDP per 

capita [50]. Since the main purpose of benchmarking Korea with other countries was to assess 

management of heart failure, we compared the prevalence of risk factors, the process of 

diagnosis, the process of care and the outcomes reported by each registry. The variables for 
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benchmarking were adopted according to the latest major guidelines for managing heart failure 

[51, 52]. The process of diagnosis was measured according to appropriate use of diagnosis 

modality, namely, electrocardiogram, measuring natriuretic peptides, and echocardiography. 

Treatment was assessed using measurement of prescription rates of beta-blockers, angiotensin-

converting-enzyme inhibitors (ACEi) and angiotensin II receptor blockers (ARBs). Outcomes 

were benchmarked using in-hospital mortality and long-term mortality rates (one-year or three 

year) after discharge. We included factors which influence three-year mortality rates, based on 

the Meta-analysis Global Group in Chronic Heart Failure (MAGGIC HF) risk scores, namely; age 

sex, obesity, current smoker, hypertension, diabetes, New York Heart Association (NYHA) 

classification, left ventricular ejection fraction (LVEF) < 40%, chronic lung disease, chronic 

kidney disease, usage of beta blocker and usage of ACEi/ARB [53]. Currently, MAGGIC HF risk 

score is the only available externally verified [41] risk score for patients with heart failure with 

preserved left ventricular ejection fraction (LVEF ≥ 40%). 

3.3. Results 

 

Figure 8 shows the relations between per capita health spending and the GDP per capita and 

locates each country included in the analysis in terms of income and health expenditures.  

Figure 8 shows that health spending in Korea, which is 8% of GDP, is at similar level to that in 

the Czech Republic. Among countries with GDP per capita greater than $25,000 to $35,000, 

namely Spain, Korea, Italy and Japan, Korea spends the lowest share of GDP on health.  

Figure 8. GDP per capita health expenditures in selected countries with heart failure registries 
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Figure 9 shows the comparison of in-hospital death rates and  

Figure 10 shows death rates at one-year after hospital discharge. The results show that in-hospital 

mortality in Korea was the third lowest while one-year mortality in Korea was the second 

highest among the registries analyzed. 

Figure 9. In-hospital mortality rates per 100 cases in selected heart failure registries 

 

 

Figure 10. One-year all-cause mortality rate in different heart failure registries, % 
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Detailed patient characteristics, the process of in-patient care, and outcome of each registry are 

provided in Table 3. Prescription rate of beta- blockers at discharge in KorAHF was the lowest 

among the registries analyzed.  

Table 3. The registries of acute heart failure from high-income countries 

Authors Lee  
et al.[7] 

Kajimoto et 
al.; Sato et 
al.[27, 44] 

Shiraishi 
 et al.[9] 

Yap et 
al.[31] 

De Sutter 
et al.[43] 

Parenica et 
al.; Spinar et 

al.[42, 45] 

Oliva et 
al.; 

Tazazzi et 
al.[36, 46] 

Franco et al.; 
Conde-

Martel et 
al.[47, 48] 

Location Korea Japan Japan Singapore Belgium Czech 
Republic Italy Spain 

Registry KorAHF ATTEND WET-HF SCDB-HF BIO-HF AHEAD IN-HF RICA 

Years 2011–

2012 2007–2011 2006–

2014 2008–2009 2008–

2012 2006–2009 2007–

2009 2008–2011¶ 

Sample Size 2066 4828 1876 1960 904 4153 1855 2190 

Number of hospitals 10 52 4 2† 2 7 61 52 
Characteristics of 
Hospitals Tertiary Secondary-

Tertiary Tertiary Tertiary Tertiary Tertiary Secondary
-Tertiary 

Secondary-
Tertiary 

Mean age 69 ± 14 73  ± 14 73 ± 14 69 ± 12 77 ± 11 72  ± 12 72 ± 12 79 ± 9 

Male,% 55.0 58.0 60.6 53.0 56.0 57.0 60.0 47.0 
Body mass index, 
kg/m2 _ 23.2 ± 4.6 22.6 ± 

4.4 – _ – 28 ± 5  
Acute coronary 
syndrome, % 22.0 0.0 0.0 – 17.0 36.2 12.9  
Coronary artery 
disease, % 38.0 31.2 24.0 45.7 45.0 51.0 42.3 27.0 

Hypertension, % 59.0 69.5 68.1 73.5 62.0 73.1 57.8 86.0 

Diabetes, % 36.0 33.8 37.1 52.0 27.0 42.6 40.4 46.0 

Current smoker, % _ _ _ 38.1 _ – –  
Chronic lung 
disease, % 11.0 12.3 4.7 12.6 19.0 16.2 30.1 26.0 

Creatinine (mg/dL) 1.5 ± 
1.6 1.4 ± 1.6 

1.07  
[0.80-
1.51] 

1.55 ± 1.18 1.4 ± 0.9 1.23 
[0.77–2.73] 

1.2  
[1.0–1.6] 1.4 ± 2.0 

LVEF <40%, % 56.0 53.9 45.2 69‡ 40§ 74‡ 65.0 42‡ 

NYHA III/IV, % 82.0 81.6 72* – 100.0 43.2 – 40.0 

Electrocardiogram, % _ _ _ – _ – 96.0 – 

Natriuretic peptide, % 89.0 93.0 93.9 81.0 54.0 17.7 15.0 – 

Echocardiography, % 91.0 98.0 89.7 – 94.0 – 91.0 – 
ACEi / ARBs at 
discharge, % 65.0 76.6 56* 69.0 66.0 69.0 75.0 71.0 

Beta blockers at 
discharge, % 44.0 67.4 70* 59.0 77.0 77.0 61.0 53.0 

In-hospital 
mortality, % 5.2 6.4 3.6 1.0 7.0 12.7 6.4 – 

Long-term all-cause 
mortality, % 

21.9* 17.0 7.0* 33.1 7.6 20.3 24.0 18.3 

1-year 1-year 1-year 2-year 3-month 1-year 1-year 1-year 

LVEF, left ventricular ejection fraction; NYHA, New York Heart Association criteria; ACEi, angiotensin-converting enzyme inhibitor; 
ARBs, angiotensin II receptor blockers. 
*Data is from the internal sources † The registry covers more hospitals, but the study was restricted to two. ‡ LVEF < 50%. § LVEF < 
35%. 
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The analysis indicates that in-hospital mortality of heart failure in KorAHF was lower in relation 

to the rates reported in other registries in the comparator OECD countries. However, one-year 

all-cause mortality of heart failure in KorAHF was relatively higher. The higher long-term 

mortality reported in KorAHF may be explained by the difference of (i) prevalence of risk factors 

(ii) process of hospital care, and (iii) management of non-cardiac morbidities after discharge. 

We analyze these three categories of determinants among comparator registries and KorAHF. 

(i) Prevalence of Risk Factors 

The prevalence of risk factors influences long-term mortality of heart failure as shown in models 

predicting heart failure deaths [53, 54]. Further, if patients have multiple risk factors, such as 

hypertension, diabetes, smoking and chronic kidney disease, the reported one-year death rate 

increases sharply [55], as seen in the comparison between KorAHF and WET-HF. 

In comparison to WET-HF registry, a registry from the tertiary hospitals in Tokyo, Japan, 

patients included in KorAHF registry had a higher prevalence of coronary heart disease and 

chronic lung disease, worse kidney function, worse left ventricular systolic function and worse 

heart failure symptoms at admission – though the patients included in KorAHF were relatively 

younger compared to those included in the WET-HF registry. The prescription rate of beta-

blockers was lower for patients in KorAHF registry, which had a higher percentage of patients 

with lung disease compared to WET-HF. Heart failure patients with chronic lung disease are 

more likely to have more severe disease as the symptoms of chronic lung disease are very similar 

to symptoms of heart failure, and hence patients may be under-diagnosed [56]. These patients 

are also less likely to receive appropriate treatment, such as beta-blockers [57]. Consequently, 

heart failure patients with chronic lung disease have worse prognosis compared to patients 

without lung disease [53, 57]. Higher levels of chronic lung disease in patients with heart failure 

may explain the higher one-year death rate reported in KorAHF compared to that of WET-HF 

(21.9%, KorAHF vs. 7%, WET-HF). An important limitation of the comparison of KorAHF and 

WET-HF patients was that WET-HF excluded patients with acute coronary syndrome while 

KorAHF did not.  

(ii) Process of care for acute heart failure  

Process of care for heart failure influences long-term mortality [58, 59]. To improve quality of 

care for heart failure patents, the American Heart Association has developed performance 

measures [60], which include for in-hospital treatment prescription of beta-blockers and 

ACEi/ARBs [61]. The 90-day mortality of patients with systolic heart failure has been reported 
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to be significantly different among patients receiving beta-blockers and those not [62]. In our 

dataset, we compared KorAHF with AHEAD and BIO-HF to assess process of care for heart 

failure as both of these registries, as with KorAHF, included patients with acute coronary 

syndrome.  

Comparison of KorAHF with BIO-HF (Belgium) 

The BIO-HF, a registry from tertiary hospitals in Belgium, included acute coronary syndrome as 

in KorAHF. On average, the patients included in BIO-HF were older, had higher prevalence of 

coronary heart disease, hypertension and chronic lung disease, and had worse heart failure 

symptoms at admission than patients included in KorAHF. However, the 90-day mortality of 

patients enrolled in BIO-HF registry was lower than that reported in those enrolled in KorAHF 

(7.6% in BIO-HF vs. 11.5% in KorAHF). The difference in the ratio of the beta-blocker 

prescription between KorAHF and BIO-HF was high (77% in BIO-HF vs. 44% in KorAHF). 

Comparison of KorAHF with AHEAD (the Czech Republic) 

On average, patients of KorAHF were younger, had lower prevalence of acute coronary 

syndrome, coronary heart disease, hypertension, diabetes and chronic lung disease, and had 

better LV systolic function than that of AHEAD. However, the one-year mortality of patients 

enrolled in AHEAD, a registry from tertiary hospitals in the Czech Republic was lower than that 

in patients enrolled in KorAHF (20.3% in AHEAD vs. 21.9% in KorAHF). The prescription rate 

of beta-blockers and ACEi/ARBS was lower in KorAHF than that in patients included in 

AHEAD. 

(iii) Management of non-cardiac morbidities after discharge  

Management of non-cardiac comorbidity has a substantial impact on long-term morbidity and 

mortality of patients with heart failure [54, 55]. A survey in the US has shown that the number 

of heart failure patients with multiple morbidities is rising [63]. In Korea, two-thirds of the 

population aged 65 years or more has multi-morbidity [64]. The increasing proportion of 

patients with multi-morbidity is challenging, as current care approaches typically emphasize 

management of a single disease [65]. 

3.4. Discussion 

In Korea, population aging is a major driver of rising multi-morbidity [64] and heart failure [6] 

and a major challenge for the hospital-centered health system in South Korea [65].  
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In-hospital mortality of 4.8% in patients included in KorAHF was the third lowest among the 

comparator OECD countries after Singapore and Japan. However, one-year mortality of 21.9% 

in patients included in KorAHF, was the second highest among the registries studied. The high 

reported one-year mortality rate of heart failure in KorAHF might be due to higher prevalence of 

risk factors, seemingly different performance in relation to hospital care, and lower prescription 

rate of appropriate medications in-hospital settings. For example, the prescription rate of beta-

blockers in 44% of admitted patients in KorAHF was the lowest among the registries studied. 

However, as earlier studies indicate, improving performance of process-of-care indicators, such 

as prescription rate of beta-blockers, is not sufficient to improve mortality of heart failure in the 

long-term [63, 66]. Managing multi-morbidity is also important as it affects health status before 

heart failure admission, during hospitalization, and after hospital discharge, and may adversely 

impact on subsequent exacerbation of heart failure and re-hospitalization.  

There are three important limitations of this comparison. First, mortality levels are not adjusted 

for age or other patient characteristics due to unavailability of patient level data, though some 

registries included in the comparison had similar patient characteristics to Korea. Second, the 

published data may not fully represent the severity of the patients – as the original data were not 

available and several studies did not report smoking prevalence, which, as with age, is an 

important contributor in the MAGGIC model to three-year survival rates [53]. Third, the 

registry data does not represent the management of heart failure in the real world. The registry 

data from tertiary hospitals may not be representative, as specialist hospitals typically have 

higher quality of care than general hospitals in a country. For example, in-hospital mortality of 

KorAHF was 4.8% while average mortality at public hospitals in Korea was 5.2% [67]. 

Notwithstanding these limitations, however, the analysis provides an indication of areas where 

health system performance in Korea in managing heart failure could be improved. 
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4. The Socioeconomic Cost of Heart Failure in South Korea 

4.1. Introduction 

The main objective of the economic analysis study was to estimate the socioeconomic cost of 

heart failure in Korea. The economic estimates were generated from a societal perspective, using 

prevalence projections to 2040. In doing so, the study aims to address a gap in the existing 

literature on the socioeconomic cost of heart failure burden in Korea.   

4.2. Data and methods 

4.2.1. Data sources   

We used several different datasets to estimate the socioeconomic cost of heart failure. The data 

on prevalence of heart failure generated by Lim et al., were used to estimate direct and indirect 

costs and to generate medical expenditure forecasts [6]. The Korean Statistical Information 

Service (KOSIS) Statistical Database on Health, which includes disease statistics for 298 disease 

categories by age and sex for the period covering 2004 and 2014. It uses International 

Classification of Diseases [ICD]-10 code I50 to identify heart failure, provided data on the 

number of patient visits, medical expenses, and insurance benefits for inpatient and outpatient 

care [5]. 

The National Health Accounts, accessed via KOSIS, provided data on total, public, and private 

health expenditures, and their level as a proportion of GDP. The KOSIS database also included 

data on medical expenditures due to heart failure, mapped to ICD10 code I50 [5].  

The OECD databases were used for data on annual average wage and minimum wage estimates. 

Annual average estimates for labor force participation and unemployment rates were extracted 

from the OECD Labor Force Statistics 2015 database [68]. The OECD’s long-term forecasts for 

GDP deflator covering period 2015 and 2040 were used to generate long-term inflation 

estimates [69]. OECD reports also provided data on the actual and effective age of retirement by 

sex.  

We used International Labor Organization (ILO) estimates on annual average wage by sex 

categories to estimate the gender gap in average income [70]. The transportation cost for access 

to inpatient and outpatient services were obtained from several studies in the existing literature 

[71, 72]. Table 4 below provides a summary of the list of indicators and databases used for the 

analysis. 
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Table 4. List of indicators and data sources 

Theme Indicator Data source 

Heart failure prevalence Heart failure prevalence  

Heart failure prevalence forecasts 

Lim et al., 2015 [6] 

Heart failure mortality  Heart failure mortality (2004-2014) KOSIS Health Database [5] 

Population statistics Population projections (2000-2040) UN Population Department 

Health service utilization Number of inpatient and outpatient due 
to heart failure 

KOSIS Health Database [5] 

 

Health spending and GDP 

Total health expenditure (2000-2014) 

Public health expenditure 

(2000-2014) 

Medical expenditure on heart failure 
(inpatient/outpatient) 

Gross domestic product 

 

 

KOSIS Health Database[5] 

 

Labor force statistics  

 

Annual labor force participation  

Unemployment rate 

Effective and actual age of retirement 
by sex 

OECD Labor Force Statistics 2015 database 

OECD Labor Force Statistics 2015 database 

OECD  

Wage and workday statistics Minimum wage 

Annual average wage 

Mean weekly hours actually worked  

OECD Labor Database 2016 

OECD Labor Database 2016 

International Labor Organization 

Transportation costs Cost of access to inpatient services in 
hospitals 

Cost of access to outpatient services in 
outpatient clinics 

Kang, 2011 & Chang, 2012  

4.2.2. Methods 

Due to the lack of access to facility level service utilization statistics or health insurance claims 

data, we used the prevalence estimates and projections calculated by Lim and colleagues to 

generate our forecasts [6]. Lim et al. study used data from the 2002-2013 National Sample 

Cohort based on the National Health Information Database [6].  

Figure 11 below shows the analytical framework used to estimate socio-economic cost of heart 

failure. We divided costs into two categories: (i) direct, and (ii) indirect costs. Direct costs 

included medical expenditures associated with care provision and health insurance spending for 
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inpatient and outpatient care services, and transportation costs for heart failure patients and 

caregivers for heart failure patients aged 1-19 years and those aged 65 years or more. 

Figure 11. Framework for analysis of socio-economic cost of heart failure 

Source:  Developed by the authors 

(i) Direct Costs 

Direct medical expenses and insurance benefits. The data on medical expenditures and 

insurance benefits due to heart failure for period 2004 and 2014 were extracted from the KOSIS 

database. The expenditure figures from the KOSIS database were converted to US$ ($) using the 

annualized exchange rates (See Appendix 5 for indicator definitions).  

Transportation costs. The transportation costs were calculated by multiplying the average 

round-trip cost per patient visit to a healthcare institution for inpatient and outpatient services 

by the total number of heart failure-related hospital admissions or outpatient visits. We also 

included the additional cost of transportation for caretakers who accompany heart failure 

patients between ages 1-19 years and over the age of 65 years. We used the average round-trip 

cost that was used in several other costing studies in the existing literature. These studies used 

figures obtained from the 3rd KNHANES in 2005 ($18.6 for outpatient visits and $23.6 for 

hospital admission) [71, 72]. In the absence of annual transportation cost data, we adjusted the 

average round trip costs from 2005 for inflation to estimate the annual cost of transportation for 

the period between 2004 and 2014. These average round-trip costs were not heart failure 

Overall Socio-Economic Cost

Direct costs

Medical 
expenditures

Transportation

Indirect costs 

Costs Borne By 
Caregiver

Costs Borne by 
Patient

Loss of productivity

Absenteeism 

Premature mortality  
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specific. One study indicated that the lower transportation costs for outpatient visits were due to 

the patients’ preference for visiting nearby health clinics to obtain outpatient services, while they 

visit a general hospital for inpatient care [72].    

(ii) Indirect costs 

Incurred by caregivers. There is rich literature on women’s unpaid contributions dedicated to 

the health of their own families. A recent study estimated that globally, the value of women’s 

unpaid work for health at 1.1% of global GDP in 2010 (95% CI 1.10-1.11) with a minimum wage 

scenario and 2.35% (95% CI, 2.34-2.36) with the average wage scenario [73].  

While it is inherently challenging to generate estimates for unpaid contributions, four methods 

are typically used in the literature for valuation: (i) opportunity cost approach (ii) proxy good 

(iii) contingent valuation and (iv) conjoint analysis. In this analysis we adopted a simplified 

opportunity cost approach with two scenarios: (i) minimum wage and (ii) full-time wage [73].  

The opportunity cost is considered as the caregiver's time spent that is dedicated to providing 

care for a patient with heart failure, instead of participating in the formal workforce. We 

assumed that an unpaid caregiver allocated time to provide care for young patients between ages 

0-19 years and elderly patients above the age of 60 years.  

The opportunity cost of time was calculated by multiplying the number of hospitalization days 

or hours spent for outpatient care attributable to heart failure by average daily or hourly wages 

(minimum-wage in the first scenario, and full-wage in the second) earned by women. In line 

with the existing literature, we assumed that outpatient visits consume one-third of a work-day 

[71, 72].  

Costs incurred by patients. This category includes the cost of loss of productivity due to 

absenteeism and premature mortality due to heart failure. While this methodology is in line with 

the human capital approach, where researchers generate costs for people aged less than 65 

years, we introduced several modifications.  

First, our estimates also included costs generated by elderly patients aged more than of 65 years. 

This decision was made on the basis that in Korea a large proportion of the elderly population 
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continues to stay economically active after the normal retirement age of 61.a Secondly, given the 

country context with economically active elderly population, we used the average effective 

retirement age defined by OECDb. In Korea, the effective retirement age for males was 72.9 years 

and 70.6 years for females in 2014.[68]  

Absenteeism. There is no consensus on the exact definition of absenteeism in the existing 

literature.[74] For this study, we adopted a narrow definition of absenteeism – an employee’s 

absence from work due to ill health (work-day loss). While there are several studies that 

demonstrate absenteeism can lead to positive consequences, we ignore these implications and 

focus only on productivity losses attributable to ill health.[75, 76] This assumption is predicated 

on the expectation that absenteeism, principally, results in understaffing, both in terms of the 

number and skill of employees, which then lowers productivity measured as output over labor 

input.[77] Effectively, the definition we adopted means that the economic value lost is tied to the 

sum of all periods (e.g. days and hours) when an employee is absent from work due to heart 

failure. To generate this value, we assumed that a heart failure patient loses wages due to 

hospitalization and outpatient care.  

To calculate the loss due to inpatient care, we multiplied the number of average hospitalization 

days due to heart failure by the average daily wage. To develop estimates of economic losses due 

to outpatient care, we multiplied the average daily wage by the fraction of workday lost due to 

receiving care. In line with the existing literature, we assumed that, on average, a patient lost 

one-third of their work day when receiving outpatient care [71, 72].  

Premature mortality. The estimation of the loss of future earnings due to premature mortality 

entailed calculations in three steps. First, we calculated the potential years of life lost (PYLL) of 

                                                        

 

a The OECD defines normal retirement age as the age at which an individual can retire without any reduction 

to their pension having had a full career from age 20.  

b The average effective age of retirement is defined as the average age of exit from the labor force during a 5-

year period. Labor force (net) exits are estimated by taking the difference in the participation rate for each 5-

year age group (40 years and more) at the beginning of the period and the rate for the corresponding age 

group aged 5-years older at the end of the period. The official age corresponds to the age at which a pension 

can be received irrespective of whether a worker has a long insurance record of years of contributions.   
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an individual by subtracting the age of death due to heart failure from life expectancy using 

Korean Life Tables [5], and later used this figure to calculate the overall number of PYLLs due to 

heart failure in the country. To estimate the expected value of an individual's future earnings, we 

incorporated several labor market dynamics in Korea, including age-and-sex specific labor force 

participation rates and unemployment rates. In the absence of age and gender-specific annual 

wage statistics, we used OECD wage statistics. The OECD database did not include gender-

specific wage information. To account for gender differences in income, we calculated a gender 

adjustment factor by using wage statistics provided by ILO, which provided information on 

annual average wage by sexes between 2011 and 2014. Based on these figures, we calculated a 

gender adjustment factor by dividing the annual average wage for both sexes by annual average 

wage by each sex for each year. We found that the gender gap in average annual income 

remained stable. For our analysis, the gender adjustment factors for males and females were 

1.14 and 0.73. Based on these figures, we adjusted annual average wages for both sexes. Second, 

based on the existing literature, we assumed that on average the elderly population above the 

age of 61 years received approximately 60% of the national annual average wage. Third, we used 

a discount rate of 3%, in line with the existing literature given the national income level of 

Korea.  

4.2.3. Building forecasting scenarios  

We built two scenarios to forecast the rise in health expenditures due to heart failure. For both 

scenarios, we used projections for the number of people who will have estimated to suffer from 

heart failure in five-year increments between 2015 and 2040. In the next step, we calculated the 

age-specific average cost of service per inpatient/outpatient care visit; by dividing the overall 

direct medical expenditure on heart failure by the number of health facility visits in 2014. For 

patients above the age of 80 years, we did not have any age-specific medical expenditure and 

service utilization statistics. Therefore, we assumed that the age-specific average cost of service 

per inpatient/outpatient care visit was the same as that for patients between ages 60 and 79 

years. We further assumed that in the projection period of 2015-2040, the composition of health 

service utilization in terms of inpatient vs. outpatient services would remain constant for each 

age category at the 2014 rates. Due to this assumption, our model does not take into account any 

future shifts in service utilization. Upon building these estimates, we compared our results with 

studies in the existing literature and found similar results.  
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For scenario I, we adjusted costs for inflation by using the GDP price deflator estimates 

produced by the OECD.  We used the GDP price deflator over consumer price index (CPI), as it 

accounts for changes in consumption patterns, as well as the introduction of new services, which 

allows it to capture fluctuations in investment or consumption patterns in an economy. We 

expected that this scenario provided a conservative lower-bound estimate for projected costs 

because the rate of change in the cost of healthcare services associated with heart failure was 

expected to exceed the overall rise in prices in goods and services produced in the country.  

For scenario II, we used simple extrapolation by using past growth in the age-specific average 

cost of service per inpatient/outpatient visit between 2010 and 2014 to predict future growth in 

costs.c In this scenario, we inherently assumed that the existing relationships (e.g. service 

utilization patterns, technological progress, economic conditions, health workforce etc.) would 

remain constant over the projection period. The simple extrapolation method does not include 

any economic assumptions. In other words, this method makes no explicit assumptions 

pertaining to demand and supply of health services. 

4.3. Results 

The total number of patient visits associated with heart failure has been rising. Between 2009 

and 2014, inpatient and outpatient visits reached approximately 127,000, representing a 16-

percentage point increase.d Over this period, the number of inpatient visits increased from about 

13, 000 to 20,000. Outpatient visits rose to around 106,000 from 96,000 ( 

Figure 12).   

Elderly patients over the age of 75 years are the main drivers of this rising trend. In 2004, this 

age group represented 30.8% percent of all heart failure patients. By 2014, the same age group 

                                                        

 

c The limitations of using simple extrapolation method will be discussed later in the paper.  

d It should be noted that there is a discrepancy between the increasing heart failure prevalence numbers and 

the number of patient visits attributable to heart failure between 2004 and 2009. The Lim et al., 2015 study 

indicates that in this period, the prevalence has increased, while the KOSIS records show a decrease in the 

Number of heart failure related patient visits. This discrepancy may be due to changes in the ways in which 

heart failure is recorded officially.   
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accounted for 44.8%, followed by patients aged 70 to 74 years, (14.4%), and patients aged 65 to 

69 years (9.5%).  

Figure 12. Number of patient visits (inpatient and outpatient) related to heart failure, 2004-2014 

 

 

4.3.1. Socio-economic cost of heart failure  

We estimated that the total socio-economic cost of heart failure (reported in US Dollars $) 

increased from $272 million to $405 million between 2010 and 2014, representing 

approximately 49-percentage point increase. In this period, direct costs increased from $129 

million to $194 million, while indirect costs rose substantially from $144 million to $211 million. 

The composition of costs for the years 2010–2014 is shown in Table 5.  
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Table 5. Direct and indirect costs of heart failure, in $ million, 2010-2014 

 

 

 

 

 

 

Source: Calculations are based on KOSIS, 2016 [5] 

The expansion of the overall socio-economic cost is driven mainly by the increase in direct costs, 

which consists of direct medical expenditures and health insurance benefits covered by the 

National Health Insurance Agency.  

While we are unable to infer the main factors influencing the increase in direct medical 

expenditures and health insurance benefits given the limited data availability, two explanations 

are plausible. First, over the period of analysis, more people utilized health services for heart 

failure treatment, while concurrently the share of patients over the age of 65 years also 

expanded significantly. The second dynamic is particularly important, as the average cost of 

service provision (both inpatient and outpatient services) per health facility visit becomes 

costlier with increasing age. The composition of the total socio-economic cost remained stable 

between 2010 and 2014. The greatest driver of total socio-economic cost was direct medical 

expenditures, which increased from about $72 million to $109 million, representing 27% of the 

total cost in 2014. Loss of economic productivity due to premature mortality was the second 

greatest driver of total cost.  

The Korean economy lost approximately $108 million in 2014, due to premature mortality – 

accounting for almost 27 percent of the total cost. The composition of the overall socio-economic 

cost in 2014 is described below (Figure 13).  

 

 

 

 

Year Direct costs  Indirect costs Total 

2010 128.41 143.56 271.97 

2011 147.2 162.79 309.99 

2012 158.71 175.69 334.40 

2013 157.75 192.09 349.84 

2014 194.08 210.49 404.57 
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Figure 13. The Composition of total socioeconomic cost, (%), 2014 

 

Source: Authors’ calculations 

4.3.2. Direct cost of heart failure 

The total direct cost of heart failure in Korea was estimated $194 million in 2014, increasing 

from $110 million in 2008 (Table 6). Of this figure, approximately $109 million were due to 

direct medical expenditures, $81.4 million due to insurance benefits, and $3.5 million due to 

transportation costs. More specifically, direct medical expenditures due to heart failure more 

than tripled between 2004 and 2008. Insurance benefits also increased substantially from $45.7 

million in 2008 to $81.4 million 2004.  

Table 6. Summary of direct costs, in $ million, 2008-2014 

Year Medical Expenses Insurance Benefits Transportation  Total 

2008  62.78   45.71   2.39   110.88  

2009  57.26   41.88   2.08   101.22  

2010  72.31   53.62   2.49   128.41  

2011  82.84   61.41   2.94   147.20  

2012  89.43   66.18   3.10   158.71  

2013  88.55   65.95   3.26   157.75  

2014  109.17   81.40   3.51   194.08  
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Source: Authors’ calculations based on KOSIS, 2016 [5] 

While the majority of heart failure patients are treated in outpatient clinics, the provision of 

inpatient care accounts for a significant proportion of medical expenditure on heart failure. 

Direct expenditures due to inpatient care doubled between 2008 and 2014, from $61 million to 

$121 million. Direct expenditures due to outpatient care increased from $49 million in 2008 to 

$73 million in 2004, a 48 percentage-point increase. This trend shows that in the last decade, 

inpatient care has increasingly become a more important driver of medical expenditure of heart 

failure. 

Figure 14. Drivers of direct medical expenditures and health insurance benefits by service type, in $ million, 2008-

2014 

 
 
Source: Authors, KOSIS, 2016 [5] 
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We estimated that the transportation costs increased from approximately $2.9 million in 2004 

to $3.5 million in 2014. This represents approximately 2% of the total direct cost of heart failure. 

Of the $3.5 million, about $2.8 million are incurred during patient visits to healthcare clinics to 

obtain outpatient care.  

Figure 15. Transportation costs associated with heart failure, in $ million, 2004-2014 

 

When disaggregated by age categories, we found that the majority of transportation costs were 

incurred during outpatient care visits for elderly patients above the age of 60 years, representing 

approximately 72% of all transportation costs in 2014. Since transportation costs are not 

covered by health insurance and paid out-of-pocket, this cost category represents a sizable 

burden for the elderly population suffering from heart failure – a population group that 

experience challenges in meeting daily living needs from the pensions they receive. While we 

were not able to disaggregate transportation costs by urban/rural locations, it is plausible to 

expect that the elderly patients residing in rural areas are particularly disadvantaged, as they 

have to travel longer distances to access general hospitals.  

 

 



 

 

38 

4.3.3. Indirect cost of heart failure 

We calculated that the indirect costs associated with heart failure increased substantially from 

$146.88 million in 2008 to $216.16 million in 2014 (Figure 16). The composition of indirect cost 

components remained stable during this period. The main cost driver was productivity losses 

due to premature mortality, representing half of all indirect costs in 2014, followed by 

absenteeism and cost of caregivers. The following section provides a more detailed description 

of each cost category.  

Figure 16. Composition of indirect costs associated with heart failure, 2014 

       Source: Authors 

4.3.4. Costs borne by caregivers  

Based on our two wage scenarios, we estimated that the opportunity cost of time for caregivers 

ranged from around $17 million in 2004 to around $44 million in 2014 (Table 7). The full-wage 

scenario provided the upper bound of the estimation. In this scenario, we estimated that the 

economic value of foregone economic activity due to allocating time for caregiving increased 

more than two-folds between 2004 and 2014. This upward trend was mainly driven by the 

opportunity cost of time for accompanying a heart failure patient during hospitalization in this 

period. In this period, the share of inpatient care cost as the share of overall cost associated with 

caregiving activities expanded from 86% to 94%. The minimum-wage scenario provided the 

lower bound of our estimation. In this scenario, the opportunity cost more than tripled since 

2004, reaching around $17 million in 2014 (Table 7). 
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Table 7. Opportunity cost method, indirect cost to caregivers, unadjusted for labor market dynamics, in $ million, 
2004-2014 

 

Opportunity costs: full wage scenario (in $ million) 

Year Inpatient Outpatient Total 

2004  14.70   2.27   16.97  

2005  20.59   2.90   23.49  

2006  16.93   1.99   18.92  

2007  21.25   2.14   23.39  

2008  23.03   1.89   24.93  

2009  22.43   1.63   24.06  

2010  28.95   1.97   30.92  

2011  32.02   2.36   34.39  

2012  33.65   2.46   36.10  

2013  36.81   2.61   39.41  

2014  40.68   2.79   43.47  

Source: Authors’ calculations 

4.3.5. Costs borne by patients 

The costs borne by patients increased from almost $116 million in 2008 to $172 million in 2014. 

About 63% of costs borne by patients were due to premature mortality, particularly among 

males between ages 50 and 64 years.  

Loss of economic productivity due to morbidity. Absenteeism due to ill health is increasingly 

becoming an important challenge, as more and more patients utilize inpatient services and 

experience a greater number of days absent from work. The total economic value lost due to 

absence from work as a result of heart failure reached $63.64 million in 2014, more than 

doubling since 2004 (Table 8). The main driver of cost was time spent during hospitalization 

due to heart failure. In 2014, the cost of absenteeism due to inpatient care reached $58.97 

million, corresponding to approximately 92% of total economic value lost due to absenteeism 

from heart failure. 
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Table 8. Economic costs of absenteeism due to heart failure, in $ million, 2004-2014 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Source: Authors 

The cost of premature mortality. The cost of premature mortality due to heart failure represents 

the greatest cost category. Between 2010 and 2014, the costs rose from $70.73 million to 

$108.05 million. Despite the comparatively lower heart failure prevalence among males, the loss 

of economic value due to premature deaths among men represents a larger proportion of the 

burden. There are several factors that lead to this result. First, the labor market participation 

rates for males are higher for all age groups than for females. Second, unemployment rates 

among females are higher compared to males. Third, the gender gap among wage earners is 

quite high, with males generating significantly more annual wages compared to females.  

The economic burden of premature mortality differs between sexes (Table 9). For males, the 

greatest losses were experienced for those between ages 55 and 59 years ($20 million), followed 

by ages 60 and 64 years ($19.8 million) and ages 50-54 years ($11.3 million) in 2014. It should 

be recognized that in addition to wages lost by patients in these age categories, premature 

mortality among these age groups would also mean that people with significant work experience 

exit the workforce prematurely, leading to a higher turn-over for positions that require 

 Economic Value Lost by Patients in $ million 

Years Inpatient Outpatient  Total 

2004 23.06 4.10 27.16 

2005 31.53 5.18 36.71 

2006 25.47 3.48 28.95 

2007 31.50 3.68 35.19 

2008 34.00 3.21 37.21 

2009 32.75 2.75 35.50 

2010 41.91 3.32 45.23 

2011 46.55 4.02 50.57 

2012 48.99 4.17 53.16 

2013 53.40 4.41 57.81 

2014 58.97 4.67 63.64 
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substantial accumulation of knowledge. For females, the greatest losses were experienced by 

those aged 75-79 years, followed by those aged 70-74 years, and 60-64 years.   

Table 9. Cost of premature mortality due to heart failure by sex, in $ million, 2010-2014 

Year Males Females Total 

2010  51.44   19.29   70.73  

2011  58.84   23.01   81.85  

2012  66.24   24.36   90.60  

2013  75.56  23.73  99.28 

2014  82.81   25.24   108.05  

Source: Authors  

4.3.6. Forecasts 

Using the estimated rise in prevalence we projected just the direct cost of medical care, but 

excluded transport costs, insurance costs and the indirect costs. 

In Scenario I, we forecasted that medical expenses associated with heart failure would increase 

almost five-fold between 2015 and 2040 from $110 million to $539 million (Figure 17). In this 

projection period, inpatient care expenditure is expected to rise from $71 million to $355 

million. Similarly, outpatient care costs are projected to increase from $44 million to $212 

million.  

In Scenario II, we projected that heart failure related medical expenditure would increase from 

about $125 million to $546 million between 2015 and 2040 (Figure 18). Similar to Scenario I, 

expenditure on inpatient care services will continue to rise and exceed spending on outpatient 

care across all age categories.  
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Figure 17. Projected medical expenditures under scenario I (GDP deflator), in $ million, 2015-2040 

 

Source: Authors’ calculations 
Note: Prices were converted to $ using 2014 exchange rates.  
 

Figure 18. Projected medical expenditures under scenario II (simple extrapolation), in $ million, 2015-2040 

 

Source: Authors’ calculations 
Note: Prices were converted to $ using 2014 exchange rates.  
 

Our projections indicate that provision of care to patients aged 60 and 79 years will continue to 

account for the greatest component of medical expenditures (Figure 19). Approximately 61% of 

total medical expenses incurred in 2015 were due to cost of care provided to patients aged 60 

and 79 years. For inpatient care, this age group represents 63% of all medical expenditures. For 
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outpatient care, this share is about 59%. By 2040, about 57% of total medical expenses incurred 

will be due to care provision to patients between ages 60 and 79 years, followed by elderly 

patients above the age of 80 years – representing about 38% of total medical expenditures.  

There are two main factors that explain this projected trend in the rise in medical expenditures. 

First, while the prevalence of heart failure will increase for all age groups, it will increase more 

rapidly among people above the age of 40 years. Second, as we demonstrated earlier, it is more 

costly to treat heart failure patients, as they grow older.  

Figure 19. Projected medical expenditures by age categories under different scenarios, in $ million, 2015-2040 

Source: Authors’ calculations 
Note: Prices were converted to $ using 2014 exchange rates.  

 

It should be kept in mind that our forecasts are sensitive to several assumptions. We assumed 

that in both scenarios health service utilization patters in terms of the use of inpatient and 

outpatient services would remain constant over the projection period. However, if the pattern of 

healthcare services provided in the Korean health system was shifted away from the current 

hospital-centric service delivery model to one that emphasizes primary care, it is reasonable to 

expect that the projected costs might decline. Further, our forecasts are not able to fully account 

for changes in medical technologies, or the internal inflation in costs of health systems.  

4.4. Discussion  

This study was conducted to estimate the socio-economic cost of heart failure in Korea between 

2010 and 2014 and also provides projections of direct medical expenditures for two cost 
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escalation scenarios and projections of productivity loss due to premature mortality for the 

period 2015-2040. The estimated total socioeconomic cost of heart failure increased 

substantially from $272 million in 2010 to $405 million in 2014. Of the $405 million, 

approximately $195 million were direct costs and $210 million were indirect costs.  

Our study has several limitations. First, given the lack of access to claims data for patients with 

heart failure, our study findings rely on estimates generated by another study by Lim. et al. [6] 

While this study was instrumental in build our results, we were unable to control for the 

robustness of methodology and precision of results generated by Lim. et al. Second, while 

pharmaceutical spending associated with heart failure treatment is a substantial cost driver, the 

dearth of data prevented us from generating separately estimates for pharmaceutical 

expenditures. Third, we were not able to account for out-of-pocket expenditures. Fourth, we 

were only able to obtain data on the average transportation costs from 2005. Although we 

adjusted these figures for inflation, it is plausible to expect that the actual transportation costs 

incurred by patients is higher. Furthermore, we were not able to make inferences on regional 

differences in transportation costs, particularly between rural and urban patients. Fifth, the 

economic impact of presenteeism was not estimated. Increasing evidence shows that 

presenteeism when ill leads to significant costs due to decreased productivity while still at work 

[78]. Sixth, when estimating the indirect cost to caregivers, our two scenarios were not able to 

account for the value of taxes or social security benefits provided to salaried workers. Seventh, 

our estimates only provide a summary of costs for those who have health insurance coverage. 

Finally, expenditure data extracted from the KOSIS database provides data for only patients 

whose primary diagnosis was heart failure. This leads to an underestimation of socioeconomic 

costs, as it does not allow us to account for comorbidities.  

Notwithstanding these limitations, our findings have several implications for the Korean health 

system. Similar to other countries with aging populations, Korea will face considerable upward 

pressure on healthcare expenditures. A confluence of factors drives the increasing cost pressure.  

As we demonstrated earlier, the annual average cost of heart failure per patient increases 

substantially with age. It is reasonable to expect that these costs will continue to increase in the 

medium- and long-term, keeping in mind the advances in medical technologies. Furthermore, 

not only the prevalence of heart failure is projected to increase, but also the relative share of 

heart failure patients above age of 40 is expected to increase. Therefore, the prevalence of heart 

failure is expected to rise more rapidly among patients whose treatment costs are relatively 

greater. This will also mean that there will be substantial rise in the demand for health services. 
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From another perspective, the rising burden of heart failure has an important equity dimension. 

Korea recorded the highest rate of elderly poverty among the OECD countries [79]. In 2013, the 

household income of almost half of Korea’s elderly population above the age of 65 years fell 

below the poverty line [79]. The population aging and epidemiological trends indicates that it is 

crucial to implement health systems policies that will help prevent the elderly from falling under 

the poverty line in order to finance the cost of health care services due to heart failure.   
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5. Discussion and Next Steps 

Globally, the number of patients with heart failure is increasing due to population aging [56] 

and will do so in South Korea which is experiencing demographic shifts with rapid population 

aging [80].  

Korea is well positioned to manage the increasing challenges from the rising burden of heart 

failure, but needs to increase emphasis in strengthening primary health care in managing heart 

failure and multi-morbidity.  

Strengthening primary health care services: As the burden of heart failure increases, it will be 

more important for Korea to strengthen primary health care as the core of its health system as 

the health system is re-oriented to respond to the changing needs of the population, with more 

people requiring treatment for chronic conditions and comorbidities. This trend underscores the 

urgency to consider moving away from the current hospital-based treatment model to one in 

which primary care plays a crucial role in service provision. This shift will also ensure that the 

elderly patients with heart failure are managed at the right levels of the health system in an 

affordable manner. There are examples of improved benefits of investing in primary health care 

to improve cardiovascular disease. For example, in Brazil improved effectiveness of primary 

health care contributed to reducing cardiovascular deaths [81]. In Estonia, health system 

reforms aimed at strengthening primary health care led to increased management of ambulatory 

care sensitive conditions and reduced hospitalization of patients with chronic illness [82]. 

Strengthening health information systems: Efforts to improve health system response must be 

underpinned with investments in improvements in health information systems in primary 

health care and hospital setting to capture real time data on management of heart failure and 

benchmark service quality for heart failure to enable better understanding of the effectiveness 

and efficiency of the care provided, and the drivers of relative underperformance.  

Ensuring people-centered, high quality and integrated health care service provision: Health 

services will need to be better integrated, while continuously improving health service quality to 

ensure improved continuity and coordination of care. This change will require improving 

clinical management of heart failure, across different levels of care, actively engaging all relevant 

stakeholders in the health system, including the private sector, better management of acute 

cases at the hospital level, and improved management of patients upon discharge.  
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Empowering citizens to promote healthy aging: Implementing public health interventions and 

strengthening promotion of healthy aging is crucial the management of exposure to heart failure 

related risk factors, particularly among the elderly. Furthermore, it is important to raise 

awareness on self-care and adherence to medications.  

Capitalizing on advances in medical technologies: Advancements in medical technologies will 

play a key role in the delivery of health services in the next decades. Given the expected increase 

in health service utilization for heart failure, healthcare services for heart failure can be 

strengthened by introducing remote monitoring systems, which will improve the quality of 

home-base care provided to patients and help reduce hospital admissions. Use of new 

technologies will enable medical staff to provide professional advice remotely, while monitoring 

the health conditions of patients with heart failure.  

5.1. Future modelling studies 

We propose the use of system dynamics (SD) modeling (See Panel 1 in the Appendix VI) to 

explore optimal management of heart failure along the care continuum and to ascertain the 

effectiveness of health system responses from screening to prevention, to diagnosis and 

treatment (acute and long-term, along the New York Heart Association stages I-IV), including 

end of life care.  

The proposed modeling methodology can be used to link each of these stages to simulate a 

cohort of virtual populations and when available use data from South Korea to ascertain effects 

of interventions along the care continuum and test the policy options against the counterfactual 

of the ‘business as usual' or the secular trends, in order to estimate the cost and effects, 

including health benefits, of proposed interventions. As a first step, we qualitatively map the 

system of heart failure and identify the model parameters needed to formalize such a model. 

5.1.1. Pathways to Heart Failure 

Figure 20 illustrates the key categories of factors, starting from a series of lifestyle factors and 

(tobacco, obesity, nutrition and exercise, stress) precursor conditions (hypertension, 

dyslipidemia, and diabetes), intermediate diseases (atherosclerotic disease) and other 

conditions (arrhythmias and structural heart disease), which interact to influence the 

development of end-stage condition of heart failure.  
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Figure 20. Key categories of factors influencing the development of heart failure 

 
 

5.1.2. Interconnections among Risk Factors, Precursor Conditions, and 
Intermediate Disease, Co-morbidities and Heart Failure  

Figure 21 represents the first step to illustrate in the form of ‘causal loop diagrams’ showing the 

interconnections that exist among risk factors and behaviors, conditions and illnesses for heart 

failure that includes diabetes, hypertension, and dyslipidemia.  

Hypertension is the leading cause of heart failure, followed by high cholesterol or 

hyperlipidemia, with diabetes a distant third. Thus, if a chronic illness program addresses both 

hypertension and heart failure, the hypertension part of the program if successful, indirectly 

reduces the risk of heart failure, as well as atherosclerotic diseases and arrhythmias for which 

hypertension is a risk factor. The model can be used to simulate a combination (at different 

scales) of a portfolio of interventions applied sequentially or simultaneously to estimate effects 

and costs.  

Aging is a critically important risk factor for hypertension, atherosclerotic disease, heart failure, 

and arrhythmias; and model can be developed with a cohort that consists of different population 

categories. 
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Figure 21. Pathways to heart failure; causal loop diagram 

 

5.2. Heart Failure Care Map 

Application of a systems modeling framework to a chronic illness such as heart failure and 

intervention program requires the development of a care map (Figure 22) with the specification 

of: (i) the patient stock-and-flow structure for the illness and its calibration (ii) the types, 

amounts, and unit costs of healthcare utilization associated with the patient stock-and-flow 

structure (iii) how the program would affect patient flows, and (iv) how the program would 

directly affect infrastructure and healthcare costs. 
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Figure 22. Heart failure care map 

 

 

Each box in the care map (Figure 22) represents a group of people in a certain category rather 

than each individual separately, using a set of differential equations in the background. Like 

other such models, it depicts processes of multiple and nonlinear influences, accumulation, 

delay, and feedback that result in movements (flows expressed as people per year) between 

healthy and diseased population subgroups.  

Figure 22 shows that a patient may enter Stage D as a result of hospitalization, either from Stage 

B (previously asymptomatic) or Stage C (previously symptomatic). Some of those who are 

hospitalized are re-hospitalized and so remain in Stage D; others flow back to Stage C. Of the 

first-time hospitalizations for heart failure, some fraction dies after from complications; of 

readmissions. A more detailed view of heart failure that models the stock-and-flow dynamics of 

a disease can be used to distinguish patients by their age, by the stage of their disease and by 

whether or not their hypertension or other risk factors determining rates of complications and 

health care utilization are effectively diagnosed and managed.   
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The model, which can produce outputs for selected time horizons, can simulate how new 

policies for risk management or disease management interventions (e.g. community-based 

screening, education of the at-risk population, lifestyle changes and drugs), may affect the flows 

of patients from one category to another. 

The proposed heart failure model integrates evidence on multiple risk factor pathways, potential 

interventions, and outcome costs. The data needed for populating model parameters broadly fall 

into two categories: 1) Incidence Variables, which represent important rates of change in the 

system, also known as “flow” variables and 2) Prevalence Variables, which represent critical 

accumulations in the system, also known as “stock” variables. The details of the variables are 

included in Appendix VII. 

For both hypertension and heart failure components of the model, institutional (current 

management practices in primary health care and hospitals obtained from experts, 

administrative data and from disease registry) and national (prevalence rates) data and data 

from published literature (e.g. effectiveness of interventions) will be needed for model 

calibration, to understand the dynamics of hypertension, dyslipidemia, diabetes and heart 

failure, to determine what fraction of patients might benefit from a potential intervention, and 

to estimate the benefits (for example in terms of reduced rates of incidence, progression, 

complications, and death) and costs of new polices for improved disease and risk management.  
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7.  Appendix I: Search Terms for MEDLINE and Embase 

Prevalence 

MEDLINE Embase 
"Heart Failure"[Majr:noexp] AND "Prevalence"[ti] AND 
("United States"[Mesh:noexp] OR 
"Japan"[Mesh:noexp] OR "Republic of 
Korea"[Mesh:noexp] OR "Taiwan"[Mesh] OR 
"Singapore"[Mesh] OR "Europe"[Mesh] OR 
"Australia"[Mesh:noexp] OR "New Zealand"[Mesh] OR 
"Organisation for Economic Co-Operation and 
Development/statistics and numerical data"[Mesh] OR 
"Developed Countries/statistics and numerical 
data"[Mesh]) AND (English[lang] OR Korean[lang]) 
NOT (deficiency[ti] OR consumption[ti] OR hormone[ti] 
OR potassium[ti]) 

'heart failure':ab,ti AND 'prevalence'/exp/mj NOT 
'depression'/exp/mj NOT ('africa'/exp OR     'ethiopia'/exp) 
NOT ('cancer*' OR 'neoplasm'/exp OR 'autoimmune 
diseases of the nervous      system'/exp OR 'autoimmun*' 
OR 'renal':ab,ti OR 'sleep':ab,ti) AND ('united states'/exp 
OR      'united kingdom'/exp OR 'japan'/exp OR 'korea'/exp 
OR 'singapore'/exp OR 'taiwan'/exp OR      'new 
zealand'/exp OR 'australia'/exp OR 'canada'/exp OR 
'europe'/exp OR 'netherlands'/exp OR 'denmark'/exp OR 
'norway'/exp OR 'sweden'/exp OR 'finland'/exp OR 
'spain'/exp OR 'portugal'/exp OR 'italy'/exp OR 'czech 
republic'/exp OR 'france'/exp OR 'germany'/exp OR    
'switzerland'/exp OR 'austria'/exp) NOT 'animal 
experiment*' AND [humans]/lim 
 

Incidence 

MEDLINE Embase 
"Heart Failure"[Majr:noexp] AND ("United 
States"[Mesh:noexp] OR "Japan"[Mesh:noexp] OR 
"Republic of Korea"[Mesh:noexp] OR "Taiwan"[Mesh] 
OR "Singapore"[Mesh] OR "Canada" OR 
"Europe"[Mesh] OR "Australia"[Mesh:noexp] OR "New 
Zealand"[Mesh] OR "Organisation for Economic Co-
Operation and Development/statistics and numerical 
data"[Mesh] OR "Developed Countries/statistics and 
numerical data"[Mesh]) AND (English[lang] OR 
Korean[lang]) AND ("Incidence"[tw] OR 
"Incidence"[Mesh]) NOT (“Animal”[ti] OR “Rat”[ti]) NOT 
(depress* OR "Depression"[Mesh] OR 
"Neoplasms"[Mesh] OR "Kidney"[Mesh] OR 
imaging[tw] OR autoimmun*[tw] OR renal[tw] OR 
surg*[tw] OR gastrointestinal[tw] OR sleep[tw] OR 
defibrillator[tw] OR telem*[tw] OR mech[tw] OR 
machine[tw] OR transplant[ti] OR therapy[ti] OR 
treatment[ti] OR rheuma*[tw] OR obst*[tw] OR 
"Transferases"[Mesh] OR device[ti] OR "Stroke"[Mesh] 
OR"Nutritional and Metabolic Diseases"[Mesh] OR 
"Nervous System Diseases"[Mesh] OR "Acute Kidney 
Injury"[Mesh] OR "Amyloid"[Mesh] OR "Fractures, 
Bone"[Mesh])  
 

'heart failure':ab,ti AND 'incidence':ab,ti NOT 
'depression'/exp/mj NOT ('africa'/exp OR 'ethiopia'/exp) 
NOT ('cancer*' OR 'neoplasm'/exp OR 'autoimmune 
diseases of the nervous system'/exp OR 'autoimmun*' OR 
'renal':ab,ti OR 'sleep':ab,ti OR 'imaging':ti OR 
'defibrillator':ti OR 'kidney':ti OR 'gastrointestinal':ti OR 
'telem*':ti OR 'surg*':ti OR 'mech*':ti OR 'machine':ti OR 
'transplant*':ti OR 'aneurism':ti OR 'therapy':ti OR 
'treatment':ti OR 'rheuma*':ti OR 'obe*':ti OR 'obst*':ti) AND 
('united states'/exp OR 'united kingdom'/exp OR 'japan'/exp 
OR 'korea'/exp OR 'singapore'/exp OR 'taiwan'/exp OR 
'new zealand'/exp OR 'australia'/exp OR 'canada'/exp OR 
'europe'/exp OR 'netherlands'/exp OR 'denmark'/exp OR 
'norway'/exp OR 'sweden'/exp OR 'finland'/exp OR 
'spain'/exp OR 'portugal'/exp OR 'italy'/exp OR 'czech 
republic'/exp OR 'france'/exp OR 'germany'/exp OR 
'switzerland'/exp OR 'austria'/exp) NOT 'animal 
experiment*' AND [humans]/lim 
 

Registry Data (MEDLINE) 

("Heart Failure"[Majr:NoExp]) AND (registry[tw]) AND (heart failure[ti] OR cardiac failure[ti]) 

AND ("United States"[Mesh:noexp] OR "Japan"[Mesh:noexp] OR "Canada"[Mesh] OR 

"Republic of Korea"[Mesh:noexp] OR "Taiwan"[Mesh] OR "Singapore"[Mesh] OR 

"Germany"[Mesh] OR "France"[Mesh] OR "Europe"[Mesh] OR "Australia"[Mesh:noexp] OR 

"Great Britain"[Mesh] OR "New Zealand"[Mesh] OR "Organisation for Economic Co-Operation 
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and Development/statistics and numerical data"[Mesh]) NOT (deficiency[ti] OR 

consumption[ti] OR hormone[ti] OR "Animals"[Mesh:noexp] OR "Neoplasms"[Mesh] OR 

cancer[ti] OR renal[ti] OR "Sleep Apnea Syndromes"[Mesh] OR depress*[ti) AND 

(English[lang] OR Korean[lang]) 
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8. Appendix II: Summarized Prevalence Table 

Table 10. Summarized prevalence 

Author Year 
of 
Public
ation 

Country and 
Year(s) 

Sample Ages Source Method of case 
ascertainment 

Prevalence 
 Male               Female                       

Net 

Mozaffarian[10] 2016 United States   
(2009-2012) 

NHANES >=20 yrs Survey Self-report 2.3% 2.2%  2.2%  

Ohlmeier[13] 2015 Germany  
(2004-2006 

6 million+ people. 
Data from 3 
German health 
insurance 
providers. 

No age 
restriction 

Insurance data ICD-10 codes for 
main or secondary 
hospital discharge 
diagnosis, or 
confirmed outpatient 
diagnosis.  

1.60% 1.80% 1.7% 
(2004) 
1.9% 
(2005) 
1.7% 
(2006).  

Bhatnagar[14] 2015 United 
Kingdom  
(2013) 

8.8% of UK 
population 

No age 
restriction 

Primary care 
records 

ICD-10 codes 1.22% 0.76% - 

Paren[16] 2014 Sweden  
(1990-2007) 

Swedish population Ages 19-
99 at any 
time from 
1990-2007 

Swedish national 
inpatient register 

ICD codes for 
principal and 
contributory 
discharge diagnoses  

1.7% 
(1990), 
2.03% 
(2007). 
Data for 
each year 
in 1990-
2007 
included 

1.77% 
(1990), 
1.93% 
(2007) 

1.73% 
(1990), 
2.13% 
(1998), 
1.99% 
(2007) 

Go[83] 2014 United States  
(2007-2010) 

NHANES  >=20 Survey Self-report 2.50% 1.80% 2.10% 

Zarrinkoub[17] 2013 Stockholm, 
Sweden  
(2006-2010) 

Stockholm 
residents (2.1 
million) 

All Stockholm 
regional 
healthcare data 

ICD-10 codes in 
primary or secondary 
records  

1.8% 
(2006), 
1.6% 
(2010) 
Data for 
each year 
in 2006-
2010 
included 

1.9% 
(2006), 
1.7% 
(2010) 

1.7%  
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Tiller [18] 2013 Halle, 
Germany 
(2002-2006) 

812 female and 
967 male 
inhabitants 

45 to 83 
years 

Cross-sectional 
data of 
population-based 
sample 

Clinical assessment - 
symptoms, 
echocardiography, 
serum NT-proBNP 

7.70% 9% 8.30% 

Harrison[84] 2013 Australia 
(2008-2009) 

Sample of 8707 
patients, 
information 
provided by general 
practitioners 

All Survey 
administered to  
general 
practitioners 

Information provided 
by 270 general 
practitioners based 
on knowledge of 
patient, and patient 
self-report and health 
records 

 -  - Sample 
prevalenc
e: 2.9%, 
prevalenc
e in those 
who 
attend at 
least 
once: 
1.7%, 
population 
prevalenc
e: 1.5% 

Hancock[85] 2013 Teesside, 
North East 
England 
(2009-2010) 

339 residents of UK 
care facilities 

65-100 Point prevalence 
of prospectively 
collected data 

Clinical assessment - 
European Society of 
Cardiology guidelines 

 -  - 22.80% 

Gini[21] 2013 Italy (2009) Subpopulation of 5 
Italian regions 

16+, 16-
95 for GP 
data 

Administrative 
databases, 
surveys 

ICD9 codes or ACT 
codes 

 -  - Administra
tive: 1.2-
1.4; GP: 
0.8-1.1 

Brettell[86] 2013 England 
(2004-2010) 

Population 
registered with GP 
practices in 
England over a 7 
year period 

All Primary care 
records 

ICD-10 codes for 
primary diagnosis 

 -  - 2004: 
0.77%, 
2010: 
0.71% 

Bolmsjo[87] 2013 Sweden 
(2008-2011) 

429 patients from 
11 nursing homes 

65-101 Baseline 
prevalence of a 
longitudinal 
cohort study 

Nurse examinations 
and ICD-10 codes 
from patient records 

 -  - 15.40% 

Roger[88] 2012 United States 
(2005-2008) 

NHANES data for 
2005-2008 

>=20 Survey Self-report 3% 2% 2.40% 
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Mureddu[89] 2012 Lazio region, 
Italy (2007) 

2001 elderly 
residents 

65-84 Population-based 
cross-sectional 
study 

Clinical assessment 
(physical 
examination, NT-
proBNP, 
electrocardiography, 
echocardiography) 

 -   - 6.70% 

Engelfriet[90] 2011 Netherlands 
(2007) 

49993 from 4 GP 
registry networks 

50+ Administrative 
data 

Records of diagnoses Varies by network: as high as 0.3% in 
50-54 , as high as 0.6% in 55-59, 
1.5% in 60-64, 1.5% in 65-69, 70-74: 
7.5,  75-79 8.4%, 80-84: 12.1%, 85+: 
21.3% 

Carmona[91] 2011 Madrid, Spain 
(2007) 

Electronic medical 
records of 198,670 
individuals 

14+ Cross-sectional 
medical records 

ICPC code K77 in 
medical record 

5.9/1000 7.9/1000 6.9/1000 

Lloyd-Jones[11] 2010 United States 
(2003-2006) 

NHANES data for 
2003-2006 

20+ Survey Self-report 3.10% 2.10% 2.60% 

Okura[92] 2008 Japan  
(2005-2050 
based on 
2003 Sado 
Heart Failure 
Study data) 

Prevalence 
estimates of left 
ventricular 
dysfunction based 
on Sado Heart 
Failure Study 
(2003), population 
from national 
database 

45+ Projections made 
based on 
prevalence in 
hospital-based 
study and 
extrapolated to 
population 
estimates 

Outpatient records 2.2% (2005 
estimates) 

1.1% 
(2005 
estimates
) 

1.60% 
(2005 
estimates) 

Knox[93] 2008 Australia 
(2005) 

9156 patients 
under 305 GPs 

All GP reported 
information 

Medical records, self-
report, and GP's 
knowledge of patient 

 -  - 3.2% 
crude rate 
in sample, 
2% 
adjusted 
to GP 
patient 
population
, 1.8% 
adjusted 
to national 
estimate 
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Curtis[94] 2008 United States 
(1994-2003) 

622789 Medicare 
beneficiaries 

65+ Administrative 
data 

Medicare inpatient, 
outpatient, and carrier 
standard analytic files 
(a 5% national 
sample) and the 
corresponding 
denominator files 

130 per 
1000 men 
(2003) 

115 per 
1000 
women 
(2003) 

90/1000 in 
1994, 
120/1000 
in 2000 
and 2003 

Anguita-
Sanchez[19] 

2008 Spain  
(2004-2005) 

1776 randomly 
sampled from 15 
healthcare centers 

45+ Cross-sectional 
hospital-based 
data 

Clinical assessment - 
modified Framingham 
criteria, physician 
examination 

6.50% 7% 6.80% 

Rosamond[95] 2007 United States 
(1999-2004) 

NHANES 1999-
2004 

20+ Survey Self-report 2.80% 2.20% 2.50% 

Thom[96] 2006 United States 
(1999-2002) 

NHANES 1999-
2002 

20+ Survey Self-report 2.60% 2.10% 2.30% 

Abhayaratna[97] 2006 Canberra, 
Australia 
(2002-2003) 

1388 randomly 
selected residents 

60-86 Population based 
study 

Clinical assessment - 
Framingham criteria, 
physical examination, 
echo. 

8.20% 4.40% 6.30% 

Murphy[98] 2004 Scotland  
(1999-2000) 

6% of Scottish 
population covered 
by continuous 
morbidity recording 
(CMR) 

No 
restriction
s 
mentioned 

Administrative 
data 

Codes 6.4/1000 7.2/1000 7.1/1000 

Bleumink [99] 2004 Netherlands 
(1997, 1998, 
1999) 

7983 enrolled in the 
Rotterdam Study 

55+ Prospective 
population-based 
cohort 

Clinical assessment - 
standardized criteria 
similar to ESC 
guidelines 

1998: 8% 1998: 6% 6.4%, 
6.7%, 7% 

Redfield[100] 2003 Olmsted 
County, 
Minnesota 
(1997-2000) 

2024 randomly 
selected residents 

45+ Cross-sectional 
survey 

Clinical assessment - 
review of medical 
record, Framingham 
criteria 

2.70% 1.70% 2.20% 
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Ni[101] 2003 United States 
(1999) 

30801 who 
responded to the 
National Health 
Interview Survey 

18+ Self-report 
survey data 
(randomly 
sampled) 

Self-report In 40+: 
age-
adjusted 
prev = 2.3 

In 40+: 
age-
adjusted 
prev = 
2.0 

1.20% 

McCullough[102] 2002 United States 
(1989-1999) 

29686 enrolled in 
Henry Ford Health 
System 

No 
restriction
s 
mentioned 

Administrative 
data 

ICD-9 codes Varies from 
4/1000 
population 
in 1989 to 
14.5/1000 
population 
in 1999 

Varies 
from 
3.7/1000 
populatio
n for 
1989 to 
14.3/100
0 for 
1999 

 - 

Kattainen[103] 2002 Finland 
(1978-1980, 
1997) 

1250 nationally 
representative 
sample in ’78-’80, 
1500 from two 
areas in Finland in 
’97. 

65-74 Two cross-
sectional surveys 

Self-report and 
physical examination 

    ’78-80: 
Men 
22.5%, 
women 
28%. ’97: 
men 4.2%, 
women 
6.2% 

Ceia[15] 2002 Portugal 
(1998) 

5434 subjects 
identified by 365 
GPs. 

25+ Observational 
study based on 
primary health 
care centers in 
the community, 
randomly 
selected from 
every district in 
the country 

Boston questionnaire 
part I and II. All 
scoring 3+ points 
further investigated 
with various 
diagnostic tests. ESC 
guidelines. 

4.33% 4.38% 4.36% 

Davies[104] 2001 England 
(1995-1999) 

3960 randomly 
selected patients 
from 16 randomly 
selected general 
practices 

45+ Cross-sectional 
population-based 
study 

Survey and 
echocardiography 

 -  - 3.1% 
(definite or 
probable 
HF) 

Cortina[105] 2001 Asturias, 
Spain (1996) 

391 randomly 
selected persons 

40+ Prospective 
population-based 
field study 

Clinical assessment - 
Framingham criteria 
for diagnosis, 
echocardiography 

 -  - 5% 
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Mosterd [106] 1999 Rotterdam, 
Netherlands 
(1990-1993) 

5540 participants of 
the Rotterdam 
Study 

55-95 Prospective 
cohort study 

Clinical assessment -  
symptoms and signs 
(via questionnaires), 
use of  medication, 
ECG, 
echocardiography 

3.7% 4% 3.90% 

Kupari [107] 1997 Helsinki, 
Finland 

501 participants 
from the Helsinki 
Ageing Study 
(randomly selected) 

75-86 Prospective 
population-based 
study 

Clinical and chest 
radiograph criteria. 
Echocardiography 
performed. 

 -  - 8% 

Mair[108] 1996 Liverpool, 
England 
(1994) 

Estimated 17400 
patients from two 
group practices 

35+ 
shown in 
tabulated 
data 

Retrospective 
review of manual 
and 
computerized 
medical records 

Diagnosis confirmed 
if clear documented 
pulmonary oedema, 
evidence dyspnea 
improved on taking 
anti-failure medication 
and relapsed on 
discontinuation,  or 
peripheral oedema 
combined with raised 
jugular venous 
pressure 

Age and 
sex-specific 
data 
included in 
paper 

  15.3/1000 

Schocken[20] 1992 United States 
(1971-1975) 

14407 
noninstitutionalized 
US adults in 
NHANES cohort. 

25-74 
years at 
NHANES-I 

Survey Self-reported medical 
history questionnaire 
and clinical scoring 
system from detailed 
health examination of 
subset (n=6,913) 

1.1% self 
report 

1% self 
report 

1.1% self-
report, 2% 
clinical 
criteria 

Parameshwar[10
9]  

1992 London, 
England (not 
mentioned) 

30204 patients 
served by three 
general practices 

No 
restriction
s 
mentioned 

Clinical data from 
three general 
practices in 
Northwest 
London. 

Practice records and 
confirmed through 
criteria equivalent to 
Mair (1996) 

 -  - 3.9/1000 
population 
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9. Appendix III: Additional Heart Failure Projections Data 

Table 11. Heart failure prevalence projections for Sweden, the United States, Germany, and the United Kingdom* 

 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 

Sweden  1.62 1.71 1.88 2.01 2.19 2.22 2.29 2.34 2.42 2.46 2.49 2.56 

USA 1.89 2.01 2.15 2.26 2.37 2.45 2.53 2.56 2.59 2.60 2.66 2.72 

Germany 3.48 3.89 4.20 4.56 4.97 5.44 5.92 6.33 6.47 6.55 6.55 6.70 

United 
Kingdom 

1.11 1.17 1.27 1.34 1.42 1.52 1.59 1.62 1.64 1.68 1.72 1.75 

* Based on Medium Fertility Variant Population Projections 

Figure 23. Trends in heart failure cases in Korea, 2005-2040 
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Figure 24. Trends in heart failure prevalence in Korea, US and Sweden, 2005-2070 

 

Table 12. Adult prevalence of heart failure – Korea, Sweden, United States, 2015 – 2070 

Year 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 

Korea 2.46 2.73 2.99 3.31 3.69 4.07 4.42 4.66 4.84 4.93 5.01 5.05 

Sweden 2.09 2.23 2.47 2.64 2.86 2.89 2.97 3.04 3.16 3.22 3.24 3.32 

United 

States 

2.54 2.68 2.85 2.99 3.13 3.22 3.31 3.34 3.38 3.39 3.46 3.53 
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10. Appendix IV: Extracted Data from Registries 

Table 13. Characteristics of registries 

Country Belgium Czech Republic Denmark Italy Japan Korea 

Registry BIO-HF AHEAD DHFR IN-HF ATTEND KorAHF 

Years 2008-2012 2006-2009 2010* 2007-2009 2007-

2011 

2011-

2012‡  

Sample Size 904 4153 3809** 1855† 4842 2066 

# of hospitals 2 7 41 61 52 10 

Mean age (SD) 77 (11) 71.5 (12.4) 70 (13) 72 (12) 73 (14) 69 (14) 

Male (%) 56 57 66 60 58 55 

Electrocardiogram NA NA NA 0.96 NA NA 

Natriuretic peptide 0.54 <0.5 NA 0.15 0.93 0.89 

Echocardiography 0.94 NA 0.91 0.91 0.98 0.91 

LVEF ≥ 50 0.4 0.26 0.08 0.19 NA NA 

LVEF <40% NA NA 0.83 0.65 0.53 0.56 

NYHA III/IV 1.00 0.43 0.24 NA 0.81 0.82₸ 

ACEi / ARB at 

discharge 

0.66 0.69 0.93 0.75 0.75 0.65 

Beta blockers at 
discharge 

0.77 0.77 0.88 0.61 0.67 0.44 

In-hospital 

mortality 

0.07 0.13 NA 0.06 0.06 0.06 

1-year mortality NA 0.20 0.13 NA NA NA  

(0.219 from 
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KCDC 

data) 

NA: not available. * Data available for each year from 2003 – 2010. ** Only includes incident heart failure patients; 
total sample size from 2003-2010 is n=24504. †Data on only acute heart failure patients available; additional 3755 

chronic heart failure patients are enrolled in the registry.  ‡ Data was extracted from a 2014 paper, not the more 

recent one provided by KCDC. ₸ Unclear whether this is for patients admitted through the emergency department 

or overall; need confirmation. 
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Table 14. Characteristics of registries 

Country Norway Singapore Spain Sweden USA 

Registry N-HFR SCDB-HF RICA S-HFR OPTIMIZE-

HF 

GWTG-HF 

Years 2000-2006 2008-2009 2008-2011† 2003-2007 2003-2004 2005-2010 

Sample Size 3632 1960 731 12363 41267 110621 

# of hospitals 24 2** NA 78 259 275 

Mean age (SD) 71 (12) 69.1 (12.2) 78 (11) 75 74 74 

Male (%) 70 53 47 64 50 54 

Electrocardiogram NA NA NA 0.97 NA NA 

Natriuretic peptide NA 0.81 0.48 NA NA NA 

Echocardiography 0.76 NA 0.83 0.83 NA NA 

LVEF ≥ 50 0.13 0.38 0.57 0.18 0.24 0.36 

LVEF <40% NA NA NA 0.48 0.49 0.50 

NYHA III/IV 0.54 NA 0.43 0.32 NA NA 

ACEi / ARB at 
discharge 

0.86 0.69 0.85 0.77 0.67 0.66 

Beta blockers at 

discharge 

0.83 0.59 0.61 0.80 0.66 0.81 

In-hospital mortality NA 0.01 NA NA 0.03 0.02-0.03 

1-year mortality 0.08 - 0.14 0.27* 0.17 0.21 0.10 NA 

* Two-year mortality. **The registry covers more hospitals but the study was restricted to two. †Estimated study 

duration, as end date was note specified in the paper; according to a more recent publication, registry enrolled 4200 

patients from 52 centers from 2008-2015. 
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11. Appendix V: Economic Model Assumptions  

Table 15. Prevalence of heart failure by gender in Korea, 2002-2013 

 Males Females  Males Females 

2002 0.96 0.54 2008 1.29 0.82 

2003 1.07 0.63 2009 1.19 0.80 

2004 1.11 0.69 2010 1.25 0.87 

2005 1.18 0.76 2011 1.57 1.10 

2006 1.15 0.76 2012 1.65 1.20 

2007 1.22 0.79 2013 1.72 1.34 

            Source: Lim et al.,2015 [6] 

Table 16. Heart failure prevalence projections in Korea, 2015-2040 

 

 

 

Source: Lim et al., 2015[6] 

Table 17. Service utilization and medical expenditure due to heart failure, 2014 

HF Service Utilization 

(number of visits) 

Medical expenditure on HF 

(in 1,000 won) 

  Total Inpatient Outpatient Total Inpatient Outpatient 

Total 126,872 20,288 106,584 114,916,116 70,583,130 44,332,986 

  0-19 20-39 40-59 60-79 >=80 All 

2015 3,615 19,959 174,693 431,477 180,914 810,658 

2020 3315 19,083 179,853 522,620 246,049 970,920 

2025 3225 17316 175894 644458 302606 1143498 

2030 3153 16978 168543 778684 366152 1333510 

2035 2990 15050 156960 895117 461733 1531850 
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0 71 15 56 84,651 66,869 17,782 

1-9 90 13 77 211,473 204,565 6,908 

10-19 154 13 141 144,435 110,315 34,120 

20-29 564 59 505 397,068 265,010 132,058 

30-39 1,852 214 1,638 1,116,996 628,978 488,018 

40-49 5,436 538 4,898 3,229,640 1,472,396 1,757,243 

50-59 13,666 1,267 12,399 8,843,801 3,915,024 4,928,776 

60-64 9,336 873 8,463 6,666,285 3,076,751 3,589,533 

65-69 12,501 1,382 11,119 9,650,396 4,964,878 4,685,519 

70-74 19,679 2,585 17,094 16,052,817 8,728,868 7,323,949 

75+ 63,523 13,329 50,194 68,518,554 47,149,474 21,369,079 

Source: KOSIS Health Database, 2016 [5] 

 

Indicator Definitions 

Medical expenses related to 298 disease categories. Broadly, medical services are 

divided into two categories: i) services covered by the National Health Insurance System (NHIS) 

and ii) uncovered services [110]. Our analysis includes only services covered by NHIS. If a 

patient is admitted to a health facility with several diseases, then cost of medical treatment for 

each disease is recoded separately [110]. The medical expense indicator includes both medical 

benefits covered by NHIS and copayments by patients incurred in all medical facilities, 

including public and private hospitals and outpatient clinics [110]. Our analysis does not 

disaggregate total medical expenses attributable to heart failure by NHIS coverage and 

copayment. 

Table 18. Copayment rates (inpatient vs. outpatient services) 

Type of service  Type of health facility  Copayment  

Inpatient care All  20% of total treatment cost  
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(Registered cancer patients 5%, Registered 

rare/incurable diseases patients 10%) 

Outpatient care Higher level hospital 60% of total treatment cost and other 
expenses 

General hospital 50% (administrative district: Dong), 45% 

(administrative district: Eup, Myeon) of total 
care benefit expenses 

Pharmacy  40% (administrative district: Dong). 35% 

(administrative district: Eup, Myeon) of total 
care benefit expenses 

Hospital 30% of total care benefit expenses 

Clinic 30% of total care benefit expenses  

Source: National Health Insurance Service, 2016 [110]  

Health insurance benefits. The NHIS covers the entirety of the population. NHIS benefits 

are comprised of two broad categories: i) service benefits and ii) health care benefits and health 

checkups [110]. 

Table 19. Health insurance benefit categories 

Service Benefits  Health Care Benefits & Health Checkup 

Cash benefits 

Refunding Allowance for Health Care 

 Receiving first aid from non-NHI provider 

 Purchasing peritoneal dialysis to treat chronic 

renal failure 

 Delivering a baby in a place other than a 
health care institution 

Compensation for Excessive Co-payment 

 In case the co-payment exceeds KRW 

1,200,000 within 30 days 

 50% of excess amount compensated for 

Appliance expenses for the disabled 

Service Benefits 

Health Care Benefits 

 Provided by health care institutions in 
case of diseases, injuries, and etc. 

 Including diagnosis, tests, medical 
materials, treatments, surgeries, 

preventive care,  rehabilitation, 

hospitalization, nursing, and 
transportation 

Health Checkups 

 Periodical Health Checkup program 

 2 steps procedure (1st Screening Test 
→ 2nd Confirmative Test) 
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 80% of the purchase price by appliance type 
(walking sticks/canes, wheelchairs, and 

hearing aids) 

 (Benefit Limit: up to the standard price) 

 

Medical expenses related to pregnancy and childbirth  

 Paid through a provided card which can be 
used for the payment of partial individual share 

of payment (Gounmom card) 

 Cost-free 

Cancer Program 

 Cost: shared by NHIS (90%) and 
Beneficiary (10%) 

 Stomach Cancer, Colorectal Cancer, 
Breast Cancer and Liver Cancer 
screening and pap-test 

 *Pap-test: NHIS pays 100% of the total 
examination fee. 

Source: National Health Insurance Service, 2016 [110] 



 

 

78 

12. Appendix VI: System Dynamics Modeling  

Panel 1: System Dynamics Modeling 

System dynamics modeling is a computer-aided, analytical modeling approach used in policy 

analysis and design for dynamic problems arising in complex social, managerial, economic, 

health, or ecological systems — dynamic systems characterized by interdependence, mutual 

interaction, information feedback, and circular causality [111, 112].   

The SD model combines both qualitative and quantitative aspects and aims to enhance the 

understanding of complex systems to gain insights into system behavior. The qualitative aspect 

entails the construction of “causal maps” or “influence diagrams” in which the system structure 

and the interrelations between the components of a system are explored. The quantitative aspect 

entails the development of non-linear differential equations producing a computer model in 

which flows of material or information around the system are studied. SD model‐building 

deploys an iterative research process that is complete when the model achieves sufficient 

structural and behavioral validity to its intended purpose [113].  

Three characteristics distinguish system dynamics from traditional decision support tools: (i) its 

foundation rests in engineering science, not statistics, emphasizing causal relations (ii) it relies 

on data to support, not control, model development; (iii) it presents a dynamic environment for 

health decision analysis [114, 115].  

System dynamics modeling is well suited to address the dynamic complexity that characterizes 

many health issues [116-119] and can be used to identify the most effective points in the care 

continuum to effect an outcome and to simulate “What If…” experiments to identify intervention 

policies to produce optimal results and conduct sensitivity analyses to assess areas of 

uncertainty in the model and guide future research. SD modeling also provides a platform to 

convene diverse stakeholders to participate in model-supported “Action Labs,” to explore likely 

consequences of alternative policy scenarios [120].   

Systems dynamic modeling has been used to model infectious diseases [121-124], 

chronic diseases [125-129] and cardiovascular diseases [130-135], including heart failure 

and diabetes [136], the effects of behavioral and environmental interventions [137, 138] and 

health system performance and national reform strategies [139-141]. 

13. Appendix VII: Incidence and Prevalence Variables 

Incidence Variables (people/year) = rates of change, or flows: 
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– Incidence rates, or disease onset hazard, by age group 

– Clinical diagnosis rate, or hazard, by sex and age group 

– Treatment rate, by age (treatment distributions) 

– Healthcare costs= Current cost ($/year), by treatment type 

– Disease-specific death rate, by age group 

Prevalence Variables (people) =accumulations, or stocks: 

– Population projections, number of people in each age group (need initial numbers) 

– Number of people with disease (e.g. cancer survivors, hypertension, and HF patients, by stage) 

– Reported disease prevalence (by age group, stage) 

– Real disease prevalence and stage distribution (by age group, stage) 

– Fraction of disease stage (I-IV) at detection 
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