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Purpose: To analyze trends in mortality rates from hemorrhagic stroke (HS) according to HS
subtypes, using nationwide data from January 2012 to December 2020.

Materials and Methods: \We used data from the National Health Claims Database provided
by the National Health Insurance Service for 2012-2020 using the International Classification
of Disease. The age-adjusted mortality rates of HS, which included subarachnoid hemorrhage
(SAH) and intracerebral hemorrhage (ICH), were calculated, and additional analyses were con-
ducted according to age and sex.

Results: The age-adjusted mortality rates for HS, SAH, and ICH decreased substantially in both
sexes between 2012 and 2020. During the study period, mortality rates for HS decreased from
8.87 deaths per 100,000 inhabitants to 6.27 deaths per 100,000 inhabitants. Regarding SAH,
mortality rates decreased from 3.72 deaths per 100,000 inhabitants to 2.57 deaths per 100,000
inhabitants. Concerning ICH, mortality rates decreased from 6.91 deaths per 100,000 inhabi-
tants to 4.75 deaths per 100,000 inhabitants. The average annual percentage change for HS,
SAH, and ICH was —0.04, —0.04, and —0.05, respectively. Mortality rates from HS, SAH, and ICH in
both sexes decreased from 2012 to 2020 in all age groups.

Conclusion: In Korea, the age-adjusted mortality rate of HS, SAH, and ICH demonstrated a
declining trend in both sexes and across all age groups. These results may aid in the design and
improvement of preventive strategies.
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INTRODUCTION

trend is emerging in Korea, which might
be due to improvements in the man-

Stroke is the second most common
cause of death worldwide after coronary
heart disease. In Korea, stroke accounts
for a large proportion of the disease
population, ranking fourth in mortality.
Fortunately, a decline in stroke mortal-
ity over the last few decades has been
observed in many countries.”> A similar

agement of stroke and effective control
of risk factors.

Among stroke subtypes, the incidence
of hemorrhagic stroke (HS) is decreasing
annually, but the mortality rate is consid-
ered higher than that of ischemic stroke.
However, because most studies have
been focused on ischemic stroke, or in-

www.neurointervention.org

Correspondence to:

Sang Hyun Suh, MD, PhD
Department of Radiology, Gangnam
Severance Hospital, Yonsei University
College of Medicine, 211 Eonju-ro,
Gangnam-gu, Seoul 06273, Korea
Tel: +82-2-2019-3510

Fax: +82-2-3462-5472

E-mail: suhsh11@yuhs.ac

Received: May 11, 2022
Revised: June 13,2022
Accepted: June 13,2022

Copyright © 2022 Korean Society of
Interventional Neuroradiology

This is an Open Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0) which
permits unrestricted non-commercial use, distribution, and
reproduction in any medium, provided the original work is
properly cited.

pISSN 2093-9043
elSSN 2233-6273

87


http://creativecommons.org/licenses/by-nc/3.0
http://crossmark.crossref.org/dialog/?doi=10.5469/neuroint.2022.00220&domain=pdf&date_stamp=2022-07-01

Neurointervention

vestigated a HS only as a subtype of stroke, intensive studies
on HS have been relatively insufficient. Understanding recent
trends in stroke mortality is fundamental for controlling and
treating stroke. While the mortality trend of stroke has been
reported in several Korean studies, recent mortality rates
have not yet been investigated.®

Therefore, the present study evaluated the mortality trends
of HS in Korea from 2012 to 2020.

MATERIALS AND METHODS

Subjects
The National Health Insurance Service (NHIS) in Korea is a
nationwide universal insurance system responsible for the
nation’s healthcare and medical expenses. Therefore, this
database contains the hospital records of 97% of the Korean
population. Furthermore, the NHIS operates a severe dis-
ease registration system that supports medical expenses for
patients, and strict diagnostic criteria must be met for regis-
tration. Accordingly, the NHIS database, which covers a sin-
gle-ethnicity population of 50 million people, is expected to
include information from all stroke patients and is optimal for
epidemiological studies on HS. Therefore, we analyzed the
incidence and treatment trends of HS according to subtype
using the NHIS data from January 2012 to December 2020.
This study was based on data collected from the Korean
NHIS and Statistics Data in Korea. Causes of death were cod-
ed according to the International Classification of Disease,
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10th revision (ICD-10). HS was coded as 160, 161, or 162. Sub-
arachnoid hemorrhage (SAH) was coded as 160 and intrace-
rebral hemorrhage (ICH) as 161 or 162.

Statistical Analysis

Age-adjusted mortality rates for each 10-year age group
were calculated for HS using the NHIS data from 2012 to 2020
and Statistics Data in Korea. Mortality data were obtained
from the NHIS data and population data were obtained from
the resident registration population reported by Statistics
Korea. The mid-year population on July 1 of the respective
year was used when computing the data. In addition, the
age-adjusted mortality rates per 100,000 population during
the 2012-2020 period and the corresponding confidence
intervals were calculated using the direct method according
to the Korean standard population.

The results were stratified and analyzed according to sex,
age, and subtype of HS group (SAH and ICH). In addition, we
used a joinpoint regression model (joined linear segments
from Poisson regression models) analysis to determine
the points where the linear slope of the stroke mortality
trend changed significantly over the analysis period. It was
assumed that the age-adjusted mortality rates followed a
Poisson distribution. Furthermore, a statistically significant
change was set at P<0.05. We determined the average annu-
al percentage change (AAPC) for the 2012-2020 period.

Statistical analyses were performed utilizing SAS version 94.
software (SAS Institute, Inc, Cary, NC, USA).
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Fig. 1. Annual deaths from hemorrhagic stroke (HS) in Korea between 2012 and 2020. SAH, subarachnoid hemorrhage; ICH, intracerebral hemor-

rhage.

88  www.neurointervention.org



Cho KC et al. Trends in Hemorrhagic Stroke Mortality in Korea

Table 1. Age-adjusted mortality rates by subtypes of hemorrhagic stroke and sex from 2012 to 2020 in Korea

Mortality rate AAPC 95% Cl
Type Sex
2012 2020 (2012-2020) Lower Upper
HS Total 8.87 6.27 -0.04 -0.58 0.50
Male 9.97 7.08 -0.04 -0.64 0.55
Female 7.68 541 -0.04 -0.53 044
SAH Total 3.72 257 -0.05 -0.30 0.20
Male 3.20 225 -0.04 -0.28 0.19
Female 4.00 277 -0.05 -0.31 0.22
ICH Total 6.91 4.75 -0.05 -0.51 042
Male 837 5.82 -0.05 -0.59 049
Female 547 3.69 -0.05 -0.45 035

AAPC, average annual percentage change; Cl, confidence interval; HS, hemorrhagic stroke; SAH, subarachnoid hemorrhage; ICH,

intracerebral hemorrhage.
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Fig. 2. Age-adjusted mortality rates from hemorrhagic stroke for all
age groups by sex. Cl, confidence interval; L, lower limit; U, upper limit.

RESULTS

Demographic information for patients with HS is presented
in Fig. 1 (Supplementary Table 1). The age-adjusted mortality
rates for HS decreased substantially in both sexes from 2012
to 2020. The mortality rates for SAH and ICH in both sexes
also decreased during this period (Table 1). Fig. 2 (Supple-
mentary Table 2) shows the trends in age-adjusted mortality
rates due to HS according to sex. This trend in mortality rate
was also observed for the HS subtypes (SAH and ICH) (Fig. 3,
Supplementary Table 3).

During the study period, mortality rates for HS decreased
from 8.87 deaths per 100,000 inhabitants to 6.27 deaths per
100,000 inhabitants; the AAPC was —0.04 (-0.58 to 0.50). Re-
garding SAH, mortality rates decreased from 3.72 deaths per
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Fig. 3. Age-adjusted mortality rates from subarachnoid hemorrhage
(SAH) and intracerebral hemorrhage (ICH) for all age groups by sex.

100,000 inhabitants to 2.57 deaths per 100,000 inhabitants;
the AAPC was —0.05 (-0.30 to 0.2). Concerning ICH, mortality
rates decreased from 6.91 deaths per 100,000 inhabitants
to 4.75 deaths per 100,000 inhabitants; the AAPC was —-0.05
(-0.51t0 042).

Additionally, for both sexes, all age groups experienced a
decline in mortality due to HS, SAH, and ICH between 2012
and 2020 (Table 2).

During the study period, in both HS and SAH, males aged
18-49 and 50-69 years showed a more prominent trend in
mortality than females. However, the mortality rates were
higher for females aged 70 years and older than for males in
the same group throughout the study period. In contrast, in
ICH, the age-adjusted mortality rate of males at all ages was
higher than that of females.

89



Neurointervention

Vol. 17, No. 2, July 2022

Table 2. Age-adjusted mortality rates from HS, SAH, and ICH, by sex and age group from 2012 to 2020 in Korea

Type o Age () Mortality rate AAPC 95% Cl
2012 2020 (2012-2020) Lower Upper
HS Male 18-49 2.73 1.81 -0.05 -0.28 0.18
50-69 3.98 2.98 -0.04 -0.33 0.26
70 and older 325 2.29 -0.04 -0.24 0.15
Female 18-49 1.58 1.04 -0.05 -0.35 0.25
50-69 246 1.91 -0.03 -0.19 0.12
70 and older 3.63 246 -0.05 -0.15 0.05
SAH Male 18-49 1.22 0.73 -0.06 -0.17 0.04
50-69 1.28 1.08 -0.02 -0.11 0.07
70 and older 0.69 0.44 -0.06 -0.11 0.00
Female 18-49 0.89 0.60 -0.05 -0.13 0.03
50-69 148 1.13 -0.03 -0.13 0.06
70 and older 1.63 1.04 -0.06 -0.17 0.05
ICH Male 18-49 2.02 133 -0.05 -0.23 0.12
50-69 3.35 241 -0.04 -0.25 0.17
70 and older 3.30 2.08 -0.05 -0.22 0.13
Female 18-49 1.00 0.65 -0.05 -0.15 0.04
50-69 161 1.16 -0.04 -0.17 0.09
70 and older 2.87 1.89 -0.05 -0.25 0.15

HS, hemorrhagic stroke; SAH, subarachnoid hemorrhage; ICH, intracerebral hemorrhage; AAPC, average annual percentage change; Cl,

confidence interval.

Among males, the age-adjusted mortality rate in the
50-69 years age group was the highest for HS, SAH, and ICH.
The AAPC also showed the least negative change in that age
group, which means that the decrease in mortality rates was
the lowest. Among females, the mortality rates in patients
aged 70 years and older were the highest for HS, SAH, and
ICH.

DISCUSSION

The results for HS mortality in Korea showed an overall de-
cline from 2012 to 2020. The decline in the mortality rate
due to stroke may be due to a decline in smoking and blood
pressure, together with an increase in the use of antihyper-
tensive treatment.”® Accordingly, this may be because acute
stroke events have become less severe, and the mortality
rate of stroke patients is decreasing.®

A declining trend in mortality rate was observed for SAH
and ICH. With regard to SAH, the mortality rate decreased
over 9 years. According to a previous study, the incidence
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of unruptured intracranial aneurysms (UlAs) in Korea has
steadily increased, and the incidence of SAH has gradually
decreased®'® As UlAs are treated before SAH, this tenden-
cy could reduce the incidence and mortality of SAH. In a
previous study, a crude incidence of SAH in 2008 and 2016
was 16.8 per 100,000 person-years and 15.5 per 100,000
person-years, respectively.® Therefore, it is possible that
these findings could be due to an increase in the treatment
of UlAs and the management of hypertension through
health screening.®'" In cases of ICH, the mortality rate also
decreased. However, it still showed a higher mortality rate
than SAH, with respect to age and sex, as shown in previous
studies. >

Males had a higher mortality rate of HS and ICH than
females, while females had a higher mortality rate of SAH
than males. This trend is similar to that observed in other
countries, such as in Austria and Brazil.”'® Some studies have
attributed these differences to hormone-dependent mech-
anisms, genetic dissimilarities, and differences in accessibility
and quality of healthcare.”

The mortality rate in the 50-69 age group was the highest



among males. In contrast, females older than 70 years had
the highest mortality rate. The increase in stroke mortality
among females of advanced age could be a consequence of
their postmenopausal status.”'®

There are slight differences in HS mortality by age and sex,
but it shows an overall decline. This is not unique to Korea
and is due to global medical development and an increase
in medical care.®'® Therefore, it seems that efforts should be
made to reduce comorbidities such as hypertension, diabe-
tes mellitus, smoking, and alcohol drinking.

This study is not without limitations. Although this study
was based on statistics from the NHIS, caution should be
exercised due to limitations in official health statistics and
surveillance mortality systems. The validity of the cause of
death could be discussed because Statistics Korea published
statistics on the cause of death, mainly based on death cer-
tificates. In addition, in cases where HS was diagnosed and
the patient died, it might not be determined that the cause
of death was HS. Some authors investigated whether there
are still a significant number of deaths recorded without un-
derlying causes in the Death Statistics. In 2012, 94% of deaths
were classified as unknown In these cases, there was a pOos-
sibility of underestimation or overestimation of the mortality.
We used age, sex, and subtype as parameters commonly
used in studies on epidemiology. In this study, regional anal-
ysis was not presented, since it was judged that there were
not many differences in regional data in Korea.

CONCLUSION

This analysis is not conclusive and further epidemiological
studies based on populations are necessary to identify risk
factors and explain potential preventive strategies. We need
to monitor the trends in mortality from HS. However, our
results may aid in designing and improving preventive strat-
egies.

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found
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