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Abstract

Cardiovascular diseases have shown a continuous increase in Korea over the past decade, and
became the second most common cause of mortality in Korea. Although the number and the
amount of total grants for cardiovascular research have increased in Korea, the proportion of the
number of grants and total amount allocated for the cardiac/cardiovascular field to all health and
medical research fields has not changed much over this period. In addition, the publications related
to clinical research have substantially increased in Korea along with the number of nation-wide
registries for cardiovascular diseases, but basic and translational research did not show significant
growth, requiring new measures to promote basic and translational cardiovascular research in
Korea.
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Epidemiology of Cardiovascular Diseases in Korea

Over the past 10 years, there has been an increase in chronic diseases in Koreal, with a
notable rise in cardiovascular diseases (CVDs). CVDs accounted for 840,678 deaths in the
United States of America (USA) in 2016, approximately 1 of every 3 deaths? and caused 3.9
million deaths in Europe, accounting for 45% of all deaths3. Similar to the USA and
European countries, CVDs have become one of the leading causes of morbidity and
mortality in Korea and have imposed a high economic healthcare burden®. Of the total
deaths reported in 2016, 28.4% were caused by neoplasms and 21.5% by diseases of the

Corresponding Author: Young-sup Yoon, M.D., Ph.D., Department of Medicine, Division of Cardiology, Emory University, 101
Woodruff Dr. WMB 3009, Atlanta, GA, 30322, USA; Severance Biomedical Science Institute, Yonsei University College of Medicine,
Seoul, Korea, yyoon5@emory.edu.

Disclosures

None.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shin et al.

Page 2

circulatory system (heart diseases 12.8% and cerebrovascular diseases 8.3%)*. Although the
mortality from CVDs in Korea is less than in the USA and European countries, it has been
predicted that the socioeconomic burden of these diseases will increase because of the
prolonged duration of disease and accompanying disabilities® 6. Disease burden based on
the years of life lost (YLLs) per 100,000 population for circulatory system diseases was
2,679 in the USA7 and 824 in Korea®. When assessed as Disability-Adjusted Life Years
(DALY35), the burden of circulatory system diseases was much greater than that of
neoplasms (3,226 vs. 2,261 DALYs, per 100,000 population) in Korea®, but similar in the
USA (3,065 for circulatory system vs. 3,131 DALY s for neoplasms, per 100,000
population)’. In Korea, YLLs decreased 6.5% for ischemic heart disease (IHD) and 28.8%
for ischemic stroke from 2007 to 2015°. However, DALY increased 40.8% for IHD and
39.3% for ischemic stroke during the same period, suggesting a steady increase of overall
CVD burden in Korea. In Europe, DALYS due to CVDs decreased in most European
countries over the last decade3.

The Korean Heart Study group developed a coronary heart disease prediction model and
found that the Korean population has a lower risk of IHD, but a higher risk of stroke as
compared to Western populations, when they have the same risk factors1®. The most
common attributable risk factor was hypertension. Smoking and dyslipidemia were more
strongly associated with IHD and hypertension was more strongly associated with stroke0.
To address this issue, researchers recalibrated the Framingham Risk Equation using the
Asian cohort datal® and developed risk prediction models for stroke!2 13, IHD19, and
atherosclerotic CVD4 using Korean cohort data.

Cardiovascular Societies and Related Journals

As in the USA and European countries, various academic societies and organizations have
been established in the cardiovascular field in Korea following the increase in CVDs and the
resultant growth of clinical and research professionals in Korea. These societies regularly
conduct professional academic meetings, public educational and promotional events, and
publish peer-reviewed professional journals. The Korean Society of Cardiology (https://
wwuw.circulation.or.kr:4443/eng/) is the largest cardiovascular society with more than 1,600
members. It was founded in 1957, and has hosted cardiology conferences, symposiums, and
various professional and public programs, and has published a professional peer-reviewed
journal called “Korean Circulation Journal” since 1971. Other societies include the Korean
Society of Lipid and Atherosclerosis (1990; http://ww.lipid.or.kr/eng/; publishing “Journal
of Lipid and Atherosclerosis”), Korean Society of Echocardiography (1993; http://
www.ksecho.org/eng/; publishing “Journal of Cardiovascular Ultrasound”), Korean Society
of Hypertension (1994; http://www.koreanhypertension.org/eng; publishing “Clinical
Hypertension™), Korean Heart Rhythm Society (1997; http://en.e-arrhythmia.org/;
publishing “International Journal of Arrhythmia”), Korean Society of Interventional
Cardiology (1997; http://www.kscvi.org/new_ksic2015_en/), Korean Pediatric Heart Society
(2001; http://www.pediheart.or.kr/), Korean Vascular Science and Medicine Organization
(2004), Korean Society of Cardiovascular Disease Prevention (2010; http://koreascp.or.kr/),
and Korean Society of Heart Failure (2018; http://khfs.or.kr/eng/).
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Funding for Cardiovascular Research in Korea

In Korea, two government organizations support cardiovascular research: the Ministry of
Health and Welfare (MoHW) and the Ministry of Science, Information and Communications
Technology (MSIT). The MoHW provides research funding through various affiliated
institutions, among which the Korea Health Industry Development Institute (KHIDI) and
Korea Centers for Disease Control & Prevention (KCDC) are the main sponsors of
cardiovascular research. The MSIT supports basic and translational research through the
National Research Foundation (NRF). The NRF of Korea (http://www.nrf.re.kr/eng/main)
was founded in 2009, aiming to optimize and advance the national basic research funding
system. Other sources of grants are available through various cardiovascular societies and
study groups within societies. Some grants are available from private foundations and
pharmaceutical or device companies that support basic research and clinical trials. While
many clinical trials are supported by commercial grants, the total figures are unknown.

According to the Organisation for Economic Co-operation and Development (OECD) data,
the expenditure on Research and Development (R&D) for OECD and several other countries
showed that Korea and China have had the most significant increase in R&D budgets
between 2000 and 2017 as compared to the USA and other countries in the European Union
(EV) or the OECD. R&D intensity (expenditure on R&D as a percentage of Gross Domestic
Product, GDP) in Korea rose rapidly from 2.18% in 2000 to 4.55% in 2017 (Figure 1A)1°.
The 2017 R&D budget of the NRF in Korea showed that the total amount was 4,316 million
US dollars, of which 865 million dollars (20%) were assigned to basic research, 566 million
dollars (13%) to academic research capacity enhancement, 468 million dollars (11%) to
promotion and groundwork for research, and 41 million dollars (1%) to international
collaboration. In the past decade, the number and amount of grants for health and medical
fields among the grants for all fields of research supported by the Korean government has
increased from 9.8% in 2009 to 13.8% in 2016 and from 7.8% in 2009 to 9.5% in 2016.
However, there has been no overt change in the relative number of grants for cardiovascular
research among the total grants in the medical fields during this time, from 7.4% in 2009 to
7.9% in 2016, despite the increasing incidence of CVDs and the overall mortality associated
with CVDs in Korea. Such discrepancy may require further assessment and consideration for
redistribution of the budget according to the significance of the disease.

In the USA, two major funders for biomedical research are the National Institutes of Health
(NIH) and the medical product industries. The USA also has experienced a gap in the
funding for CVDs by a large margin compared to cancer and immunology26. The National
Heart, Lung and Blood Institute in the NIH has experienced relative stagnation in funding,
from $1.95 billion in 2014 to $2.3 billion in 20186, In the EU nations, €876 million were
awarded for CVD research over a 3-year period (2010-12). A total of 130 organizations
funded CVD research; government and public funding account for about 53% of total grants,
and charities and private agencies provide the other 47%1’.
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Publications

The number of publications related to cardiovascular research has grown in accordance with
increasing funding. Figure 1B shows the number of publications on cardiovascular topics by
countries over the past decade. Overall, the total number of publications from Korea, Japan,
India and the USA in the cardiovascular field has gradually increased with the most notable
increase seen from the EU and China. The number of studies registered in clinicaltrials.gov
from Korea as of April 2019 was 1,402, which are lower than most other OECD countries:
USA (12,686), Germany (3,119), France (2,740), United Kingdom (2,384), China (2,025),
and Japan (811). International collaboration between Korea and other countries for
cardiovascular research has suddenly increased since 2013 based upon the number of
publications. The most frequent collaborations were made with the USA, followed by the
EU, China, Japan, India and Russia (Figure 1C). This increase appears to result from the
governmental efforts to promote international collaboration, which include set-aside funding
for international collaborative research, promoting global networks, and establishment of
international joint research guidelines.

Overall, the total number of publications in both basic and clinical cardiovascular research
has substantially increased over the past decade in Korea (Figure 2A). The proportion of
publications in basic cardiovascular research among all publications in the cardiovascular
field did not change between 2009 and 2015 (23.4%-27.8%); however, it has gradually
decreased from 2015 (27.0%) to 2018 (19.1%) (Figure 2B). Moreover, the number of
publications in high profile journals (impact factor > 10) has not significantly changed in the
past five years, averaging less than 20 per year (Figure 2C). The statistics were derived by a
PubMed search, and only those studies performed by the corresponding investigator with an
appointment in a Korean institution were counted. In the high-impact category, the number
of publications resulting from clinical trials is still slightly higher than basic and
translational research. Considering the amount and the number of grants supporting basic
and translational research, the impact of basic and translational research has room for
improvement. Clinical trial studies have stronger outputs compared to the overall funding
amount.

Unique opportunities of research in Korea

The National Health Insurance Service—National Sample Cohort (NHIS-NSC) is a
population-based cohort established by the National Health Insurance Service (NHIS) in
Koreal8. The main aim of organizing this big cohort group was to provide the representative
and useful information on Korean people’s health to the researchers of public health and
policy makers!®. The NHIS-NSC was firstly constructed with a population of 46,605,433
individuals in 2002 and then a representative sample cohort of 1,025,340 (2.2% of the total)
was randomly selected and followed for 11 years!®. Over years, the number of large
population-based epidemiologic studies using the NHIS Research Databases have steadily
increased1® 20, Despite their usefulness, the Korean NHIS-NSC database has several
limitations such as insufficient information for rare diseases, some uncertainty of disease
codes, and inherent limitations of insurance databases!8. Therefore, a cautious use of the
database and interpretation are necessary.
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Summary and Future Perspectives

CVDs have shown a continuous increase in Korea over the past decade, and are the second
most common cause of mortality in Korea. Therefore, the number and the amount of total
grants for cardiovascular research have increased, along with the number of nation-wide
registries and publications associated with cardiovascular research. Although the overall
funding has increased, the proportion of the number of grants and total amount allocated for
the cardiac/cardiovascular field to all health and medical research fields has not changed
much over this period. Owing to the increased number of physicians and hospitals and the
availability of National Health Insurance Data, the publications related to clinical research
have substantially increased; however, basic and translational research did not show
significant growth. New measures may be necessary to promote basic and translational
cardiovascular research in terms of personnel, resources, and funding in Korea.
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Figure 1.
Research and development (R&D) intensity, the number of publications and research

collaborations on cardiovascular topics by countries. A Gross expenditure on research and
development (GERD) as a percentage of the gross domestic product (GDP) by countries
from 2000 to 2017. B The number of publications by Korea and other countries on
cardiovascular topics published from January 2008 to December 2019. C The percentage of
the number of publications by collaborations between Korea and other countries out of the
number of total publications on cardiovascular topics by Korean investigators.
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Figure 2.
Publications of the cardiovascular field from Korea through a PubMed search. A The

number of publications in the cardiovascular field for basic research (black color) and
clinical research (gray color) from 2009 to 2018. B The proportion of the number of basic
research publications (both in vitro and animal studies) among total publications (basic and
clinical research) in the cardiovascular field from 2009 to 2018. C The number of
publications in the high impact factor (IF > 10) journals in the cardiovascular field in basic
and translational research (black color) and clinical research (gray color) published by
corresponding investigators belonging to a Korean institution.
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