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Background/Aims: Despite increasing interest in pulmonary thromboembolism
(PTE), data on recent trends in PTE incidence are limited. This study evaluated
the recent incidence rate of PTE.
Methods: We performed a retrospective chart review of patients with PTE admitted to Chung-Ang University Hospital during the 10-year period from 2006 to
2015. Age-standardized incidence and mortality rates were calculated by the direct method per 100,000 populations. To analyze the trend of risk factor, we also
calculated the proportions of cancer, major operation, and recent major fracture
over that time.
Results: Total crude incidence rate of PTE per 100,000 was 229.36 and the agesex adjusted standardized incidence rate was 151.28 (95% confidence interval [CI],
127.88 to 177.10). The incidence rate have been significantly increased 1.083 times
annually from 2006 (105.96 per 100,000) to 2015 (320.02 per 100,000) (95% CI, 1.049
to 1.118; p < 0.001). These incidences also increased annually in age group of 35 to
54, 55 to 74, and ≥ 75 years, and in both males (odds ratio [OR], 1.071; 95% CI, 1.019
to 1.127; p = 0.007) and females (OR, 1.091; 95% CI, 1.047 to 1.136; p < 0.001). Cancer
accounted for most of the increase from 20.0% at 2006 to 2007 to 42.8% at 2014 to
2015 (OR, 1.154; 95% CI, 1.074 to 1.240; p < 0.001), while the proportions of recent
fracture and major operation remained constant.
Conclusions: The incidence of pulmonary embolism has gradually increased over
the 10 years. The increase of PTE incidence was mainly due to increased proportion of cancer patients.
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INTRODCTION
Pulmonary thromboembolism (PTE) is a significant
health problem worldwide. In the United States, the
prevalence of PTE between 1979 and 1999 was 0.4% and
annual incidence rate was estimated at 600,000 cases
[1]. Although the corresponding data for Europe are unavailable, in a community-based study involving 342,000
population in France the incidences of PTE was 6.0 per
Copyright © 2017 The Korean Association of Internal Medicine

10,000 per year [2]. In Australia, the crude annual incidence of PTE is 0.31 per 1,000 residents [3].
Incidence rate of PTE is important because PTE is
associated with significant morbidity and mortality in
hospitalized patients, as well as economic burden. In the
United States, PTE is the third most common cause of
death, following heart attack and stroke and the estimated annual economic burden of PTE in the United States
exceeds $8.5 billion [4-7].
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Epidemiologic studies of PTE are well established.
However, most of the studies were conducted prior to
the year 2000 and cannot fully reflect the recent trend
of PTE [2,8,9]. Another problem is that there is a lack of
research on incidence of PTE in Asia compared to Western countries. In Korea, there have only been a few studies addressing the incidence of PTE and little is known
about the recent incidence of PTE [10,11]. An updated
investigation of PTE is needed.
It is important to understand the recent status of PTE
for prevention and treatment of it. Herein, we evaluated
the trend of PTE occurrence over a decade in a tertiary
hospital in Korea and in national representative data from
the Korean National Health Insurance Service (NHIS).

KOSIS in 2010 was 48,357,370. The data of age and gender
distribution of population in 2010 were used.

Admission rate with PTE and economic burden in
Korea
In order to investigate the annual changes in the total
burden of the PTE in Korea, we also analyzed admission
rates and following economic burden of admission for
PTE using Korean NHIS from 2004 to 2013. NHIS is the
only public medical insurance system operated by the
Ministry for Health, Welfare and Family Affairs in Korea, which covers the whole population as a compulsory
insurance system [12].

Statistical analyses

METHODS
Study population
PTE patients admitted to Chung-Ang University Hospital from 2006 to 2015 were retrospectively reviewed.
All data were gathered in accordance with the amended
Declaration of Helsinki, with approval of an independent Institutional Review Board (IRB No: 12-343-394343).
We reviewed records of the patients who were admitted with new diagnosis with PTE and two independent
radiologists reviewed chest computed tomography (CT)
again on a Radmax PACS work station (Marotech, Seoul,
Korea) to reach consensus decisions. For each patient,
all electronic medical record data were retrospectively
reviewed. Demographic data on the study population including age, sex, body mass index, previous PTE history,
combined venous thromboembolism (VTE), comorbidity, history of major operation and recent major fracture,
and hospital outcomes were collected. Major operations
included orthopedic surgery, major abdomen surgery,
major gynecological surgery, major urological surgery,
neurosurgery, cardiothoracic, and major vascular surgery. Recent major fracture includes orthopedic injuries, such as long bone fracture and pelvic bone fracture.

Standardization for the Korean population
For standardization of our hospital population to Korean general population, we used data from the Korean
Statistical Information Service (KOSIS, http://kosis.kr/)
as the standard population. The Korean population of
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SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was used
for the statistical analyses. Continuous variables are expressed as mean ± standard deviation (SD) and categorical variables are presented as numbers and percentages.
Crude annual incidence rates (per 100,000 individuals)
were calculated using the annual number of patients admitted with PTE as the numerator, and the total annual
number of admitted patients in Chung-Ang University
Hospital for the denominator. To adjust confounders,
a multivariate logistic regression analysis involving age
and sex was conducted to define the trend in the incidence of PTE to calendar year, and the odds ratio (OR)
and 95% confidence interval (CI) were calculated. Trend
in the incidence of PTE according to sex and age group
(divided into four groups: 0 to 34, 35 to 54, 55 to 74, and
≥ 75 years) were also analyzed. Age and sex standardized
incidence rates were calculated by the direct method
on the KOSIS 2010 standard population. Trend in the
incidence of PTE according to calendar year were analyzed by Poisson regression adjusted by age and sex. CI
estimates were based on the Poisson distribution. We
also calculated the proportion of cancer, major operation, and recent major fracture in patients with PTE to
analyze the main cause of PTE trend. Significance was
defined as p < 0.05 for all analyses.

RESULTS
Baseline characteristics
Table 1 shows baseline characteristics of study popula-
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Table 1. Baseline characteristics of patients with pulmonary

350

thromboembolism (n = 591)
Male sex

224 (37.9)

Age, yr

68.13 ± 15.43

0–34

27 (4.6)

35–54

80 (13.5)

55–74

243 (41.1)

≥ 75
Body mass index, kg/m

241 (40.8)
2

Previous PTE
Combined VTE

28.06 ± 104.35

250
200
150
100
50

8 (1.4)
183 (31.0)

0

Comorbidities
239 (40.4)

Cancer

190 (32.1)

Diabetes

111 (18.8)

Cerebrovascular disease

54 (9.1)

Heart failure

41 (7.0)

Atrial fibrillation

30 (5.1)

Nephrotic syndrome
Major operation
Recent major fracture

2 (0.3)
151 (25.5)
47 (8.0)

Outcomes
Hospital duration

30.46 ± 58.28

ICU admission

28 (4.7)

In-hospital death

46 (7.8)

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

PTE 105.96 65.38 260.09 171.76 185.21 215.82 275.85 242.63 296.98 330.02

A
350
300
Annual inclidence per 100,000

Hypertension

p < 0.001

300

Value
Annual inclidence per 100,000

Characteristic

250
200
150
100
50

Values are presented as number (%) or mean ± SD.
PTE, pulmonary thromboembolism; VTE, venous thromboembolism; ICU, intensive care unit.

0

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

PTE 80.27

51.89 191.81 124.02 118.3 138.38 163.64 150.77 184.11 225.68

B
tion. A total of 591 patients were diagnosed with PTE.
There were 224 male patients (37.9%) and the mean age
was 68.13 ± 15.43 years. The most common comorbidities
were hypertension (40.4%) and cancer (32.1%). One hundred and fifty-one patients had a recent major operation
(25.5%). Recent fracture accounted for 47 cases (8.0%).
Mean hospital duration day was 30.46 ± 58.28 days and
intensive care unit admission was 28 cases (4.7%). Forty-six patients (7.8%) died in hospital.

Annual incidence rate of PTE
A total of 257,669 patients were admitted to Chung-Ang
University Hospital during the 10-year. Total crude incidence rate of PTE was 229.36 per 100,000. Except for
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Figure 1. The incidence rate of pulmonary thromboembolism (PTE). (A) The crude incidence rate of PTE. (B) The
standardized incidence rate of PTE. The data were directly
age and sex adjusted to the 2010 standard population of the
Korean Statistical Information Service.

an unusual increase of PTE in 2008, incidence rates per
100,000 gradually rose from 105.96 to 320.02 (Fig. 1A).
The incidence rate of PTE have been increased 1.083
times annually from 2006 to 2015, which was statistically
significant (95% CI, 1.049 to 1.118; p < 0.001).
When we standardized crude incidence for age and
sex on the KOSIS standard population, the standardized incidence rate of PTE was 151.28 (95% CI, 127.88 to
177.10). Standardized incidence rates continuously in-
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Figure 2. The incidence rate of pulmonary thromboembolism (PTE) according to sex and age group. (A) The incidence rate of
PTE according to sex. (B) Annual incidence rate of PTE among different age groups.
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Figure 3. Proportion of cancer, major operation, and recent
major fracture in patients with pulmonary thromboembolism.

creased from 80.27 (95% CI, 63.44 to 99.57) to 225.68 (95%
CI, 197.49 to 257.47) per 100,000 (Fig. 1B).

Admission rate for PTE and following economic
burden in Korea using NHIS data
In order to confirm the annual changes in the burden
of the PTE in Korea, we analyzed the NHIS data. In
the NHIS population, the admission rate for PTE per
100,000 during 10 years was 4.92. The annual admission rate per 100,000 was continuously increased from
2.63 in 2004 to 7.44 in 2013 (OR, 1.130; 95% CI, 1.125 to
1.135; p < 0.001). With increased admission rates for PTE,
the overall cost for hospitalization was also steadily increased over time (Table 2). In comparison with admis-
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sion rate of other respiratory disease, the rate of patients
with chronic obstructive pulmonary disease and PTE
was gradually increased, while that of other respiratory disease tended to decrease over time (Supplementary
Fig. 1).

Annual incidence rate of PTE according to sex and
age group
The crude incidence rate of PTE per 100,000 in males
was 79.03 in 2006 and 266.84 in 2015. In women, it was
135.30 in 2006 and 533.34 in 2015. Annual incidence rates
were tended to increase in both males (OR, 1.071; 95%
CI, 1.019 to 1.127; p = 0.007) and females (OR, 1.091; 95%
CI, 1.047 to 1.136; p < 0.001) (Fig. 2A). The incidence rate
in females was higher than that of men over the time
period and the relative risk (RR) was 1.546 (95% CI, 1.308
to 1.828; p < 0.001).
Except for the age group of 0 to 34 years, the incidence
rate of PTE significantly increased annually from 2006
to 2015: 35 to 54 years (OR, 1.171; 95% CI, 1.072 to 1.278, p
< 0.001); 55 to 74 years (OR, 1.084; 95% CI, 1.033 to 1.138; p
= 0.001); and 75 years (OR, 1.057; 95% CI, 1.005 to 1.112; p
= 0.032) (Fig. 2B). Also, the PTE incidence was increased
with age. The RRs compared to the 0 to 34 year group
were 4.341 in the 35 to 54 year group (95% CI, 2.811 to
6.903; p < 0.001), 9.903 in the 55 to 74 year group (95% CI,
6.656 to 14.734; p < 0.001) and 26.110 in the ≥ 75 year group
(95% CI, 17.513 to 38.928; p < 0.001) (Fig. 2B).
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Table 2. Annual admission rate for pulmonary thromboembolism and following economic burden in Korean National Health
Insurance Service population (2004 to 2013)
Admission rate
Overall cost, $
a

a

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2.64

2.76

3.09

3.91

4.61

5.02

5.87

6.58

6.97

7.44

3,101,752 3,590,245 4,114,046 5,714,766 7,097,968 7,986,471 9,411,793 10,255,782 11,501,420 12,523,608

All rates are per 100,000 populations.

35

35
p = 0.353

30

30
25
Mortality rate per 100,000

Mortality rate per 100,000

25
20
15
10
5
0
Mortality

20
15
10
5
0

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
5.89 5.45 30.01 13.93 8.82 22.55 18.39 15.36 19.37 29.12

A

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Mortality 2.81

3.63 16.83 10.91 4.81 10.39 8.19

6.62 14.98 16.54

B

Figure 4. In-hospital mortality rate of pulmonary thromboembolism (PTE). (A) The crude in-hospital mortality rate of PTE.
(B) The standardized mortality rate of PTE. The data were directly age and sex adjusted to the 2010 standard population of the
Korean Statistical Information Service.

Proportion of cancer, major operation, and recent
major fracture in patients with PTE
The proportion of cancer in patients with PTE were
gradually increased according to years after adjusted age
and sex from 16.7% at 2006 to 42.2% at 2015 (OR, 1.154;
95% CI, 1.074 to 1.240; p < 0.001) (Fig. 3). On the other
hand, proportions of major operation (OR, 1.035; 95% CI,
0.960 to 1.115; p = 0.375) and recent major fracture (OR,
0.986; 95% CI, 0.875 to 1.110; p = 0.811) revealed no change
over the year.

Annual in-hospital mortality of patients with PTE
Forty-six patients (7.8%) with PTE died from an underlying medical problem. Cancer (n = 16, 35%) was the most
common cause of death, followed by pneumonia (n = 13,
28%), PTE (n = 7, 15%), myocardial infarction (n = 2, 4%),
heart failure (n = 2, 4%), coagulopathy (n = 2, 4%), liver
failure (n = 1, 2%), infection (n = 1, 2%), aspiration (n = 1,
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2%), and unknown (n = 1, 2%).
The crude mortality rate per 100,000 was 17.85 and it
was increased from 5.89 to 29.12 per 100,000 from 2005
to 2015 (Fig. 4). There was no significant change over the
period (RR, 1.054; 95% CI, 0.943 to 1.178; p = 0.353).

DISCUSSION
PTE is leading cause of preventable hospital mortality
and is a major health problem worldwide. Herein, we
investigated the recent incidence and trends of PTE in a
tertiary hospital from 2006 to 2015 and in national representative data. We confirmed a steady increase in the
incidence of PTE for 10 years. The increase of PTE incidence was mainly due to increased proportion of cancer
patients.
In our study, the PTE incidence rate was 229.36 per
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100,000 and the age-sex adjusted standardized incidence
rate was 151.28 per 100,000, which was much higher than
that of previous studies. Jang at al. [10] reported an incidence of PTE ranging from 3.74 to 7.01 per 100,000 individuals in the Korean Health Insurance Review and Assessment Service (HIRA) database. In the Korean NHIS
database, the incidence rate was 4.92 per 100,000, which
was more than 47-fold higher than that of our study. We
suggest that the high proportion of high risk patients in
acute-care hospitals as the main cause of these results.
PTE in a tertiary care hospital is more frequent than
general population or short-term hospitals for patients
with short admission [13]. Compared with recent tertiary
hospital’s data, the incidence rate of PTE was 88 (0.17%)
of 50,882 (172.9 per 100,000 patients) in a single center
from 2005 to 2007 [11], which was similar to our data.
In addition, the PTE incidence rate continuously increased over the 10-year period in our hospital data as
well as NHIS data, like other studies [10,14]. The economic burden also gradually increased over the time, according to NHIS data. Looking at other studies, whereas the
incidence rate of PTE tended to decrease before 2000,
the incidence rapidly increased since then. Because
CT angiography (CTA) is now accepted as the standard
method for PTE, the adoption of the technology could
have, at least in part, fueled the marked increase in the
incidence of PTE in recent years [15]. These studies confirmed that the incidence of PTE was increased according to the use of CTA [15-17].
To evaluate association between increasing incidence
and risk factors, we evaluated the trend of risk factors
including cancer, major operation, and recent fracture.
Cancer is a well-recognized risk factor for VTE and pulmonary embolism [18]. Actually, the cancer incidence
was increasing rapidly since 1999 in Korea and this is not
only limited in Korea, but is also a global trend [19,20].
To prove this, we calculated the proportions of cancer,
major operation, and recent major fracture history in
PTE patients. Cancer proportionally increased during
the 10-year period. The reason for this result may be also
due to the increased use of CT scan in cancer patients.
One study confirmed this fact that the widespread use
of the recently introduced CT scan lead to increase of
incidental PTE in cancer patients [21]. Presently, however, no change was evident in rates of major operation
and recent major fractures in our study. The discrep-
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ancy probably reflects the rapid growth of interest in
deep vein thrombosis (DVT) prophylaxis and actual increase of DVT prophylaxis in postoperative and cancer
patients [22,23].
In age aspect, the incidence rate of PTE significantly
increased annually in all age groups except 0- to 34-yearold patients. The PTE incidence was increased depending on age, similar to previous reports [8,10,11]. In our
study, the patients ≥ 75 years of age had a 26 times higher
PTE risk than patients < 35 years of age. We suggest that
the elderly are exposed to the risk of pulmonary embolism because of both the comorbidities often present
with this age group and the accompanying immobility
of many elderly people. What is interesting is that age is
an important prognostic factor in acute normotensive
PTE [24]. Assumes that over-diagnosis is associated with
decreasing severity of PTE, old age may be an important
factor to predict outcome of PTE. Because the incidence
of pulmonary embolism rises with age, we should pay
attention to elderly patients.
The effect of sex in PTE has shown conflicting results.
Studies of Western populations reported that the incidence of VTE, which is a risk factor of PTE, is higher
in men than in women [3,9]. However, studies of Korean population have reported that females have a much
higher risk of PTE [10,11]. Because the issue of a gender
effect on is the relationship between female gender and
several risk factors, it is difficult to generalize and the
effect of gender has not been confirmed so far.
In the same vein as over-diagnosis of PTE, cause-specific mortality was decreased due to decreased severity
and mortality was unchanged in a prior study [16]. Although the mortality rate was increased slightly in our
study, there was no significant change over time. The
most common cause of death was the underlying disease itself, not PTE. Seven patients died from PTE, none
since 2014. This was in concordant with the decreasing
severity of PTE [16,17].
Our study has some limitations. The study covered
hospitalized individuals. Because the population of elderly or patient with severe illness compared to general population, there could have been a selection bias.
We adjusted age and sex factors to decrease the effect
of population difference and compared it to PTE incidence of the NHIS population.
Despite these limitations, our study provides knowl-
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edge that is valuable to understand the recent trend of
PTE. We confirmed this trend of PTE incidence in a tertiary hospital. The increase of PTE incidence was mainly
due to the increased proportion of cancer patients. Prospective, multi-center studies are necessary.

KEY MESSAGE
1. The incidence of pulmonary embolism had gradually increased over the 10 years.
2. Old age and female sex showed increased risk for
pulmonary thromboembolism.
3. The increased proportion of cancer patients
was associated with the increase of pulmonary
thromboembolism.
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Supplementary Figure 1. Annual admission rate for pulmonary thromboembolism (PTE) and other respiratory
disease. COPD, chronic obstructive pulmonary disease; BE,
bronchiectasis; TB, tuberculosis.

https://doi.org/10.3904/kjim.2016.248

www.kjim.org

