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ABSTRACT

Background: The incidence of venous thromboembolism (VTE) has gradually increased 
in the Korean population. This study aimed to evaluate the annual age- and sex-adjusted 
incidence rates (ASR) of VTE and anticoagulation trends between 2014 and 2018.
Methods: Using the Korean Health Insurance Review and Assessment Service database, 
we retrospectively identified VTE patients between 2014 and 2018 using both diagnostic 
and medication anticoagulant codes assigned within 6 months of the initial index event. 
Anticoagulant patterns were classified as follows: direct oral anticoagulants (DOAC), 
parenteral anticoagulants, warfarin, and mixed anticoagulation regimens.
Results: We identified 95,205 patients with VTE (female, 56.8%). The ASR for VTE per 
100,000 person-years increased from 32.8 in 2014 to 53.7 cases in 2018 (relative risk of 1.63; 
95% confidence interval, 1.6–1.67). The VTE incidence rates were 25 times higher in the ≥ 
80 group than in the 30s group. VTE occurred 1.29 times more often in women than in men. 
The proportion of DOAC prescriptions increased from 40.5% to 72.8%, whereas warfarin 
prescriptions decreased from 27% to 5.6% in 2014 and 2018.
Conclusion: In Korea, the ASRs of VTE continued to increase since 2014, but the rate of 
increase slowed in 2018. The VTE occurred more often in the elderly and in women. Five years 
after the introduction of DOACs in 2013, they accounted for 73% of all anticoagulants used to 
treat VTE.
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INTRODUCTION

Venous thromboembolism (VTE) is associated with reduced survival rates.1 Asian studies 
have shown that the incidence of VTE is 13.8–57 per 100,000 person-years.1-7 However, this is 
still low compared to the 114–184 per 100,000 person-years in western studies.1,8-14 A second 
epidemiologic study of the Korean population covering 2008 to 2014 demonstrated an annual 
incidence rate of 23.4 per 100,000 person-years.2,15 Direct oral anticoagulants (DOAC) 
has been covered by the Korean insurance service since January 2013 and began to replace 
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previously established anticoagulants.16 DOACs have major pharmacologic advantages 
over warfarin, including rapid onset/off set of action, few drug interactions, predictable 
pharmacokinetics and no need for INR monitoring. Increased awareness of VTE among 
clinicians and easy access to standard imaging methods for diagnosis has created a virtuous 
cycle of further diagnosis and optimal treatment. Moreover, older people are at increased 
risk of VTE because most acquired risk factors are more common in older individuals and 
constitute multifactorial causes of VTE.2 Therefore, we expected the further increase in 
incidence of VTE since 2013. This third nationwide population-based epidemiologic study 
primarily aimed to evaluate the annual age- and sex-adjusted incidence rates (ASR) of VTE 
between 2014 and 2018. A secondary aim was to describe the anticoagulation trends during 
the study period since the introduction of DOAC in 2013.

METHODS

Data acquisition
The Korean National Health Insurance (NHI) program, which is operated by the Ministry 
of Health and Welfare of Korea, is a compulsory system that covers approximately 97% of 
Korea’s population.17 This government-operated organization creates accurate systems for 
evaluating and assessing claims for the NHI. The Health Insurance and Review Assessment 
(HIRA) reviews the claim data for the remaining 3% of the population covered by the 
National Medical Aid program. According to the NHI data, the registered population was 
52,272,755 in 2016.17,18 The NHI covers almost the entire population of Korea, enabling it to 
perform nationwide epidemiologic studies.

Previously studies have provided detailed information about the HIRA database.2,15,19 We 
had access to the HIRA database with the approval of the HIRA Data Access Committee in 
conformity with HIRA’s Rules for Data Exploration and Utilization. All information was 
processed anonymously. We used diagnostic codes from the Korean Classification of Disease, 
seventh edition (KCD-7), which is a modified version of the International Classification of 
Disease 10th edition (ICD-10).

Ethics statements
All method was performed in accordance with the relevant guidelines and regulations. The 
data is anonymized, and the database is publicly not available. This study was exempted from 
review by the Seoul National University Bundang Hospital Institutional Review Board (X-
2008/628-901). The informed consent was waived by approving committee.

Definition and treatment of VTE
An index date is defined as VTE occurrence if both diagnostic (from the main to the fifth 
minor diagnostic code) and medication codes were identified simultaneously in a patient. We 
searched the data without distinguishing outpatients and inpatients. In this study, diagnostic 
codes for the term “VTE” include the following: 1) I80.2 or I80.3 (deep vein thrombosis 
[DVT] of lower extremity) and 2) I26 (pulmonary thromboembolism), I26.0 (pulmonary 
embolism [PE] with mention of acute cor pulmonale), or I26.9 (PE without mention of acute 
cor pulmonale) (Supplementary Table 1). If a patient had DVT in the lower extremity and 
PE, the patient was considered to have PE. Hereafter in this study, the term “DVT” denotes 
“DVT of the lower extremity without PE,” “PE” means “PE with or without DVT,” and 
“VTE” is the “combination of both DVT and PE.” The medication codes for unfractionated 
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heparin (UFH), low-molecular-weight heparin (LMWH), DOAC (rivaroxaban, dabigatran, 
apixaban, and edoxaban), and warfarin were used with coincident diagnostic codes to detect 
VTE (Supplementary Table 2). Treatment of VTE was classified to four groups 1) DOAC, 
DOAC with/without preceding parenteral anticoagulants (PAC), 2) PAC, UFH and/or low-
molecular-weight heparin, 3) warfarin, warfarin with/without preceding PAC, and 4) mixed 
anticoagulants mean switching from one to the other regimen during the six months at least 
one time.

Case identification
We searched the HIRA database from July 1, 2013, to June 30, 2019, to identify inpatient 
and outpatient cases with both diagnostic and medication anticoagulant codes prescribed 
for VTE events. We considered the VTE diagnosis date as the first day of the simultaneous 
assignment of diagnostic and medication codes.

From 134,519 patients identified, we excluded 16,868 patients who had diagnostic codes for 
atrial fibrillation (AF) and anticoagulation codes for stroke prevention within the 12 months 
prior to VTE (Supplementary Fig. 1). AF was defined as having diagnostic codes I48.0-I48.4, 
I48.9, and diagnostic codes for valvular AF, such as mitral stenosis (I050, I052, and I059) or 
mechanical heart valves (Z952–Z954) (Supplementary Fig. 1).

We had wash-out period of six months. Thus, we excluded patients who had been diagnosed 
with VTE during the initial 6 months and last 6 months of the study period to exclude 
prevalent cases and cases with short term follow-up (n = 11,782 and 10,664, respectively). To 
count the index VTE case, we excluded subsequent VTE cases (n = 29,023) that were detected 
in other calendar years in each patient. Finally, 95,205 individuals with index VTE cases 
(Population A) were included (54,085 female, 56.8%) (Supplementary Fig. 1).

Analysis of the VTE incidence and pattern of VTE treatment
We analyzed the ASR and relative risk (RR) for VTE according to calendar year, age, and 
sex in Population B (Supplementary Fig. 1). We evaluated all medication codes for UFH, 
LMWH, DOAC (rivaroxaban, dabigatran, apixaban, and edoxaban), and warfarin prescribed 
within six months of VTE diagnosis. The types of LMWH were as follows: enoxaparin 
sodium (20 mg, 30 mg, 40 mg, 60 mg, 80 mg, and 100 mg), dalteparin sodium (2,500 
IU, 7,500 IU, and 10,000 IU), and nadroparin calcium (2,850 IU, 3,800 IU, 5,700 IU, and 
47,500 IU). Fondaparinux has not been approved for VTE treatment in Korea. We analyzed 
anticoagulation patterns and classified them as follows: 1) DOAC-based regimen, DOAC 
only or DOACs with UFH/LMWH but not with warfarin; 2) UFH/LMWH regimen, use of UFH 
and/or LMWH without DOAC and warfarin; 3) warfarin-based regimen, warfarin with UFH/
LMWH; and 4) mixed anticoagulation regimen, use of both DOACs and warfarin within the 
initial 6 months of VTE index event in Population A.

Statistical analysis
Age- and sex-adjusted annual incidences of VTE, DVT, and PE were directly adjusted to the 
2016 medical coverage population based on the HIRA database. The rate of incidence and 
confidence interval (CI) by age, sex, and year were estimated using the Poisson distribution.20 
The average annual percent change in incidence was assessed as previously described.20 
Statistical significance was set at P < 0.05. Statistical analyses were performed using SAS 
Enterprise version 6.1.
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RESULTS

From January 2014 to December 2018, 124,228 annual index cases and 95,205 individuals 
with VTE (female, 56.8%) were identified (Supplementary Fig. 1). The ASR annual incidences 
of VTE, DVT, and PE were 32.8, 13.8, and 19.0 in 2014; 50.7, 23.1, and 27.7 in 2016; and 53.7, 
22.8, and 30.9 in 2018, respectively (Supplementary Table 3). The RR for VTE, DVT, and PE 
per 100,000 person-years in 2018 were 1.63 (95% CI, 1.60–1.67; P < 0.001), 1.65 (95% CI, 
1.60–1.70; P < 0.001), and 1.62 (95% CI, 1.58–1.67; P < 0.001), compared with those in 2014, 
respectively (Table 1). The incidence of VTE in 2018 increased by 1.8 times from 2013 and six 
times from 2004, compared with the results of a previous study.2,15 However, the ASRs for 
VTE are similar in 2017 and 2018 (Supplementary Fig. 2). The RRs for VTE incidence are 0.12 
in the 10s (95% CI, 0.11–0.13; P < 0.001), 0.51 in the 20s (95% CI, 0.48–0.53; P < 0.001), but 
3.03 in the 50s (95% CI, 2.94–3.13; P < 0.001), 7.66 in the 60s (95% CI, 7.44–7.90; P < 0.001), 
18.48 in the 70s (95% CI, 17.95–19.04; P < 0.001), and 25.40 in the 80s or older (95% CI, 24.63–
26.18; P < 0.001) age groups, compared with that of the 30s group, respectively (Table 1).

The risks for VTE, DVT, and PE in women are 1.29 (95% CI, 1.28–1.31; P < 0.001), 1.33 (95% 
CI, 1.30–1.35; P < 0.001), and 1.27 (95% CI, 1.25–1.29; P < 0.001), respectively, compared with 
those in men (Table 1). The ASR was depicted in each age group according to sex in 2014 and 
2018 (Supplementary Fig. 3). The proportions of cumulative incidence of VTE in patients 
aged 60 years and older were 72.4%, 72.9%, and 73.7% in 2014, 2016, and 2018, respectively 
(Supplementary Fig. 4).

During the study period, DOAC are the most frequently used anticoagulant therapy, followed 
by PAC. The proportion of DOAC prescriptions increased 1.8 times from 40.5% to 72.8%. 
However, the prescriptions of PAC decreased from 24.3% to 18.4%, warfarin from 27% to 
5.6%, and mixed anticoagulation from 8.2% to 3.2% in 2014 and 2018, respectively (Fig. 1).
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Table 1. Incidence rate ratio of VTE, DVT, and PE according to age, sex, and year
Variables VTE DVT PE

RR (95% CI) P value RR (95% CI) P value RR (95% CI) P value
Age, yr

0–9 0.02 (0.02–0.03) < 0.001 0.03 (0.02–0.04) < 0.001 0.02 (0.01–0.02) < 0.001
10–19 0.12 (0.11–0.13) < 0.001 0.13 (0.11–0.14) < 0.001 0.12 (0.1–0.14) < 0.001
20–29 0.51 (0.48–0.53) < 0.001 0.47 (0.44–0.51) < 0.001 0.54 (0.5–0.58) < 0.001
30–39 1 1 1
40–49 1.62 (1.56–1.67) < 0.001 1.61 (1.53–1.67) < 0.001 1.62 (1.55–1.71) < 0.001
50–59 3.03 (2.94–3.13) < 0.001 2.93 (2.80–3.04) < 0.001 3.13 (3.00–3.28) < 0.001
60–69 7.66 (7.44–7.90) < 0.001 6.99 (6.70–7.22) < 0.001 8.37 (8.02–8.74) < 0.001
70–79 18.48 (17.95–19.04) < 0.001 14.7 (14.09–15.17) < 0.001 22.45 (21.53–23.40) < 0.001
≥ 80 25.40 (24.63–26.18) < 0.001 18.44 (17.65–19.10) < 0.001 32.67 (31.30–34.10) < 0.001

Year
2014 1 1 1
2015 1.34 (1.32–1.37) < 0.001 1.41 (1.37–1.46) < 0.001 1.30 (1.26–1.33) < 0.001
2016 1.54 (1.52–1.57) < 0.001 1.67 (1.62–1.72) < 0.001 1.46 (1.42–1.49) < 0.001
2017 1.64 (1.6–1.67) < 0.001 1.72 (1.67–1.77) < 0.001 1.57 (1.53–1.61) < 0.001
2018 1.63 (1.6–1.67) < 0.001 1.65 (1.6–1.7) < 0.001 1.62 (1.58–1.67) < 0.001

Sex
Male 1 1 1
Female 1.29 (1.28–1.31) < 0.001 1.33 (1.30–1.35) < 0.001 1.27 (1.25–1.29) < 0.001

VTE = venous thromboembolism, DVT = deep vein thrombosis, PE = pulmonary embolism with or without DVT, RR = relative risk, CI = confidence interval.
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DISCUSSION

This study demonstrated that since the second epidemiologic study on VTE incidence in 
South Korea, the ASR of VTE has continuously risen between 2014 and 2018. The ASR of 
53.66 per 100,000 person-years in 2018 is a six-fold increase since 2004, and it is comparable 
to Asia’s highest incidence rate in Singapore.4 However, the increase in VTE incidence 
rate has slowed to 53.69 and 53.66 per 100,000 person-years between 2017 and 2018 
(Supplementary Fig. 2).

The incidence of VTE incidences in countries in Europe and North America (114–184 per 
100,000)1,8-14,21 are much higher than those in Korea and Asian countries (13.8–57 per 
100,000)2-6,15 (Table 2). Heit et al.13 showed that the ASR of annual VTE incidence over 
1981–2010 did not change significantly despite the increased prevalence of obesity, surgery, 
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Fig. 1. Anticoagulation trend for venous thromboembolism from 2014 to 2018. 
DOAC = direct oral anticoagulants.

Table 2. Reported VTE incidence in studies conducted over the past two decades
Studies and Locations Study period Study design Size of population VTE DVT PE
Western countries

Delluc et al.8 Western France Mar 2013–Feb 2014 Prospective cohort Among 367,911 inhabitants 157 119.8 64.2
Bouée et al.9 France 2 years (2010–2011) Population-based Around 600,000 individuals 184
Alotaibi et al.10 Alberta (Canada) Apr 2002–Mar 2012 Population-based Over 4 million in 2014 138 100 38
Johansson et al.11 Västerbotten (Sweden) 2006 Population-based 204,836 residents 167 76.6 78.6
Tagalakis et al.1 Que´bec (Canada) 2000–2009 Population-based Over 74 million person-years 122 78 45
Spencer et al.12 Worcester, MA (USA) 1999, 2001, and 2003 Population-based 477,800 residents in 2000 114 95 34
Heit et al.13 Olmsted, MN (USA) 1981–2010 Population-based 493,000 individuals 123 47 62
Lehnert et al.14 Denmark 2004–2014 Population-based 4,301,673 individuals 83

Asian countries
Hwang et al.16 (2021) Korea (this study) 2014–2018 Population-based Around 52 million/year 50.7 23.1 27.7
Hong et al.2 Korea (our previous) 2009–2013 Population-based Around 50 million/year 23.4 9.4 14.1
Jang et al.15 Korea (our previous) 2004–2008 Population-based Around 49 million/year 13.8 5.31 7.0
Sakuma et al.3 Japan Aug–Sep 2006 Questionnaire 6,135 replies 11.6 6.2
Molina et al.4 (2011) Singapore 2006 Cohort (3 major hospital) 98,121 admitted patients 57 15
Lee et al.5 Taiwan 2002 Population-based Around 22.5 million/year 16.5 4.8
Law et al.7 Hong Kong 2010–2011 Population-based 2,898,107 admissions 41.7 30.0 11.7
Cheuk et al.6 Hong Kong 2000–2001 Retrospective 2,082,245 admissions 21 17.1 3.9

VTE = venous thromboembolism, DVT = deep vein thrombosis, PE = pulmonary embolism with or without DVT.
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active cancer, and leg paresis. It seems that VTE incidence in Western countries had already 
reached their peak. If ethnic differences exist, in Korea, the incidence of VTE appears to have 
reached the maximum level.

However, the elderly population is expected to have a further increase in the incidence of 
VTE, regardless of ethnic differences in Korea (Supplementary Fig. 4). The present study 
shows that the proportion of cumulative incidence of VTE in patients aged ≥ 60 years 
accounted for more than 70%. The ASR of VTE is also more common in patients aged ≥ 80 
years than in the 30–39 years age group. Furthermore, the ASR in 2018 increased significantly 
compared to that in 2014 (Table 1 and Supplementary Fig. 3). In contrast, Park et al.22 
reported that among patients under 30 years of age, bimodal age distribution of the VTE 
incidence with peaks at infancy and again after 16 years. In Korea, the old age group will 
grow more rapidly in the near future than in any other country, and the elderly will have 
an increased incidence of cancer-associated VTE (CAT) due to cancer-related surgeries 
or improved cancer survival rates with anticancer treatment. They also have the multiple 
morbidities needing admission, and the additional risk of long bone fractures. These will 
lead to a VTE burden on the public health in Korea.23-25

Female sex was associated with a significant increase in the incidence of VTE as compared 
to male sex in the second (2009–2013) (RR, 1.19; 95% CI, 1.17–1.21; P < 0.001) and third 
(2014–2018) (RR, 1.29; 95% CI, 1.28–1.31; P < 0.001) epidemiologic studies. However, at the 
distribution according to age, the incidence of VTE was low among women in the < 60 group, 
similar to that of women in their 60s group, and high only among women in the ≥ 70s group, 
as compared to men (Supplementary Table 3). Law et al.7 reported that in Hong Kong, the 
overall male-to-female ratio is 1:1.24, and age-specific incidences are higher among women 
over 55 years of age, who have PE with DVT, than in men. A population-based study in 
northern Sweden showed that the incidence of VTE per 100,000 person-years in women over 
75 years of age exceeds that of men.11 In contrast, White et al. reported that there were no 
differences in the incidence of VTE between men and women.26

In all likelihood, long-lived women are more likely to be exposed to the risk of thrombosis 
than men. Boardman et al.27 reported that both PE and VTE events were increased among 
postmenopausal women receiving hormone replacement therapy as compared to the control 
(RR, 1.81; 95% CI, 1.32–2.48; RR, 1.92; 95% CI, 1.36–2.69 respectively). Because of limited 
information in the HIRA data, this study was unable to determine which factors increase the 
incidence of VTE in women versus in men.

This study shows that since the introduction of DOAC to Korea in 2013, its prescription 
rate has increased from 41% to 73% by 2018 (Fig. 1). In the GARFIELD-VTE study, 24.5% 
of cancer patients and 50.6% of non-cancer patients received DOACs. These patients were 
enrolled in a similar period (2014–2017).28 It seems that the convenience of use for patients, 
physician preference, and active marketing of new anticoagulants contributed to the 
increased use of DOACs globally. In particular, insurance coverage and easy access to medical 
institutions seem to be related to greater DOAC use in Korea than in other countries.

On the other hand, the proportion of UFH/LMWH use decreased from 24% in 2014 to 18% in 
2018. The GARFIELD VTE study reported that parenteral anticoagulation was prescribed in 
some proportion of patients with active cancer, history of cancer, or no cancer (57.8%, 18.9%, 
and 12.1%, respectively).28 Although LMWH may play a role in the real world for patients with 
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CAT or for severely ill patients, the proportion of DOAC use in CAT will increase further given 
that recent trials showed evidence of the efficacy of DOACs in the treatment of VTE in such 
patients.29-31 Warfarin prescriptions also decreased by 79%, from 27% to 5.6%. This means 
that despite the hassle of monitoring prothrombin time, the need for warfarin still remains in 
some patients with renal failure or mechanical heart valves.

This study has some limitations given that it was a retrospective, population-based study. 
First, the HIRA database provided limited information about the patients. The operational 
definition of VTE was not based on imaging studies, but on diagnostic codes and medication 
codes. Therefore, we did not validate specific information by reviewing the medical records 
or imaging studies. Second, we could not classify the patients as inpatients, outpatients, or 
by provoking factors such as cancer, surgery, bone fracture, or pregnancy. We are planning 
the subsequent analyses for CAT and pregnancy associated VTE.

Third, because we defined VTE if diagnostic and medication code were identified 
simultaneously, therefore there is the possibility of not recognizing those few patients for 
whom anticoagulation is contraindicated or not initiating it in cases of asymptomatic distal 
DVT or subsegmental PE. We identified all types of DOACs for which reimbursement was 
claimed during study period. However, there is possibility that the claim was omitted if it 
was prescribed at their own expense, but it is considered to be very small. Thus, the actual 
incidence of VTE may be slightly higher than that calculated in this study. Fourth, there is 
concern about duplicated prescription for anticoagulants. But treatment patterns allow for 
some overlapping (parenteral anticoagulation and warfarin or some DOACs) and overlapping 
date in the bill with other combination of anticoagulants does not mean a duplicate of the 
patient’s medication. Therefore, we did not analyze it separately.

In Korea, the ASR of VTE continued to increase since 2014, but the rate of increase slowed 
in 2018. The incidence of VTE was significantly higher in the elderly population than in the 
middle-aged group. VTE also occurred more often in women than in men. Prescribing DOAC 
has become a major option, accounting for 73% of anticoagulants used in treating VTE five 
years after their introduction in 2013.
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Supplementary Table 3
Age- and sex-adjusted annual incidence per 100,000 population in patients with VTE 
between 2014 and 2018
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Supplementary Fig. 1
Overall flow of analysis.

Click here to view

Supplementary Fig. 2
Trend of sex- and age-adjusted annual incidence per 100,000 population in Korea between 
the 1st and 3rd study periods (2004–2018).
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Supplementary Fig. 3
Sex- and age-adjusted annual incidence of VTE per 100,000 cases of VTE in 2014 and 2018.
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Supplementary Fig. 4
Cumulative incidence cases of VTE in each group in 2014 and 2018.
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