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ABSTRACT
Objective  Ischaemic stroke incidence is on the decline 
globally, but the trend in South Korea is unknown. In this 
study, the 10-year incidence trends of first-ever ischaemic 
stroke in South Korea were evaluated.
Design, setting and participants  The National Health 
Insurance Services medical claim data were used to 
construct 10 annual cohorts of adults aged 20 years and 
older, who had not been diagnosed with stroke, to find out 
the incidence trends of first-ever ischaemic stroke from 
2010 to 2019.
Outcome measures  The primary outcomes were crude 
and age-adjusted incidence rates for 10 years. Crude 
incidence rates of the age groups and incidence age 
statistics were calculated. For comparison among the 
income groups, age-adjusted incidence rates were used. 
Incidence rates in all the groups were analysed separately 
by sex.
Results  Age-standardised incidence rates of ischaemic 
stroke per 100 000 were 101.0 in men, and 67.6 in 
women in 2010; and 92.2 in men, and 55.0 in women 
in 2019. By age group, there was a decrease in women 
over 40 years of age, and men over 60 years of age. The 
relative difference in stroke incidence rates between 
medical aid beneficiaries and the highest income group 
increased from 1.5 to 1.87 over 10 years.
Conclusions  Age-standardised incidence rate of 
ischaemic stroke has decreased from 2010 to 2019 for 
both man and women. The incidence rate was stable 
in the younger age groups and decreased in the older 
age groups, and the disparities between income groups 
have widened over the past decade. Stroke prevention 
strategies are needed for the younger age group and the 
low-income group. Further research is needed to study 
the risk factors contributing to the incidence of ischaemic 
stroke in different groups.

INTRODUCTION
Stroke is a major cause of disability and death, 
resulting in huge medical expenditures.1 
The incidence of stroke is declining world-
wide,2–4 with the decrease in high-income 
countries reportedly due to a decrease in 
the prevalence of risk.5–7 In South Korea, the 
prevalence of risk factors of ischaemic stroke 

such as hypertension, diabetes, obesity and 
atrial fibrillation was increasing over the past 
years.8–10 Moreover, ageing is the strongest 
risk factor of ischaemic stroke,11 and Korea is 
rapidly becoming an ageing society.12

Stroke incidence and prevalence differ 
according to the sex and socioeconomic posi-
tion, and many studies have shown that these 
differences persist over time.13–16 In South 
Korea, the inverse relationship between socio-
economic position and stroke incidence was 
also studied.17 However, there are few studies 
that track the incidence trends and reveal the 
difference in trends by age and household 
income in South Korea.

The purpose of this study is to examine 
the first-ever ischaemic stroke incidence 
trends over 2010–2019 in South Korea using 
National Health Insurance Data (NHID). 
This study would have greater significance as 
a nationwide study.

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The primary strength of this study is that it calculat-
ed the ischaemic stroke incidence using population-
based nationwide claim data.

	⇒ The trends of ischaemic stroke incidence in the 
subgroups were calculated by applying the same 
criteria for 10 years.

	⇒ The limitations of this study are that it did not in-
clude mild patients who stayed home and visit out-
patient clinic, died before coming to the hospital and 
stroke that occurred during hospitalisation.

	⇒ It is believed that determining stroke incidence ac-
curately with claim data is difficult, but we defined 
the stroke incidence rate by considering the possi-
ble clinical situations, such as hospitalisation via the 
emergency room and brain imaging, along with the 
diagnosis.
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METHODS
Study data
This study used data from the NHID of National Health 
Information Service (NHIS) between 2010 and 2019. The 
NHID has information on 97% of national health insur-
ance beneficiaries and 3% of medical aid beneficiaries,18 
including data on healthcare utilisation, health screening, 
sociodemographic variable and income-related data for 
the whole population.19

Study design
This study examined the 10-year trend of first-ever isch-
aemic stroke incidence from 2010 to 2019. Ten cohorts 
were constructed retrospectively for 10 years. Each 
cohort consisted of adults aged 20 years and older, who 
had not been diagnosed with I60 (subarachnoid haem-
orrhage), I61 (intracerebral haemorrhage), I62 (other 
non-traumatic intracranial haemorrhage), I63 (cerebral 
infarction), or I64 (stroke, not specified as haemorrhage 
or infarction) for the previous 3 years.

Study population
First-ever ischaemic stroke cases were defined as: (1) 
patients admitted via an emergency room, with the prin-
cipal or additional four diagnosis codes of I63; (2) who 
underwent brain imaging during their hospitalisation 
including ‘brain CT’, ‘brain MRI’, and ‘brain CT angiog-
raphy’; and (3) cases who had been diagnosed with I60–64 
code were excluded, with a wash-out period of 3 years 
(figure  1). Hospitalisation through an outpatient clinic 
was not included as an incidence of acute stroke, because 
hospitalisation through an outpatient clinic is likely to 
receive a health examination or elective intervention 
such as carotid angioplasty or intracranial angioplasty.

Patient and public involvement
No patient involved.

Variables
For subgroup analysis, the stroke incidence trend was 
calculated by age group and household income group.

Age
For subgroup and age-standardised analysis, age was 
divided into 10-year units from age 20, and age 80 and 
older were grouped into one group (20–29, 30–39, 40–49, 
50–59, 60–69, 70–79, and 80 and more).

Household income
In Korea’s NHIS, the premium varies depending on the 
income level.19 Medical aid beneficiaries with low house-
hold incomes do not pay insurance premiums, and they 
pay minimal or no copayments for medical use.18 The 
study population was divided into six groups; NHIS bene-
ficiaries divided into quintiles, and one group of medical 
aid beneficiaries.

Statistical analyses
Sex-specific crude and age-standardised incidence rates 
of ischaemic stroke were analysed from 2010 to 2019. 
Subgroup analyses were undertaken for the age groups 
and income groups. Crude rates were calculated by 
dividing the number of patients defined as annual stroke 
by the number of people in the year in the retrospective 
cohort. For age standardisation, the 2005 mid-year popu-
lation from Statistics Korea and WHO standard popula-
tion were used as a reference population. To study the 
trend of incidence by age group, we used Jonckheere 
Terpstra Test which is a rank-based non-parametric 
test. For comparison among the income groups, age-
standardised incidence rate (reference population: 2005 
mid-year population from Statistics Korea) according to 
the household income level (medical aid beneficiaries, 
first, second, third, fourth, and fifth) was calculated. The 
incidence rate ratio was calculated between medical aid 
beneficiaries which is the lowest income group, and the 
highest income group. All analyses were performed sepa-
rately for both the sexes using SAS V.9.4 (SAS Institute).

RESULTS
In men, the number of ischaemic stroke incidence 
patients was highest in the age group of 60–69 or 70–79 
years, and in women, the number of ischaemic stroke 
incidence patients was highest in the age group 70–79 in 
all years. For those over 80 years of age, the number of 
stroke incidence patients increased sharply between 2010 
and 2019. For both men and women, the number of isch-
aemic stroke incidence patients increased in all house-
hold income groups over 2010–2019 (table 1).

From 2010 to 2019, the number of life-first diagnosed 
ischaemic strokes increased from 20 138 to 26 768 in 
men (33%), and 17 309 to 20 234 in women (17%), over 
the past decade. In men, the crude incidence rate per 
100 000 was 106.7 in 2010, 103.9 in 2015 and 124.8 in 
2019. In women, the crude incidence rate per 100 000 Figure 1  Selection process of study population.
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was 90.1 in 2010, 83.0 in 2016, and 93.4 in 2019. The stan-
dardised rate per 100 000 using the Korean annual popu-
lation was 101.0 in 2010, decreased to 85.7 in 2015, and 
then increased to 92.2 in 2019 in men; and 67.6 in 2010, 
decreased to 50.7 in 2018 and then surged to 55.0 in 2019 
in women. A statistically significant decrease was observed 
in the age-standardised rate for both women and men (p 
for trend (P) in men=0.040, P in women<0.001) (figure 2, 
online supplemental table 1).

For both men and women, the incidence rate increased 
with age, being highest in those aged 80 years or older. 
The gap in the incidence rate between the sexes was the 

smallest in the age group with 20–29, and contrary to the 
general trend, women had a higher rate than men over 
many years. The incidence rate trend decreased in men 
in their 60–69 and 70–79, and in women in their 40–49, 
50–59 and 60–69. The decreasing trends were significant 
in 70–89 in men (P=0.002), and 40–49 (P=0.025), 50–59 
(P=0.002), 60–69 (P<0.001), and 70–79 (P<0.001) in 
women (figure 3, online supplemental table 2).

For the household income analysis, the higher income 
group had a lower stroke incidence over 10 years. The 
age standardised incidence rates of the NHIS beneficia-
ries decreased over the 10 years, but such a trend was not 

Table 1  Characteristics of patients who had an ischaemic stroke by sex, 2010–2019

Year

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Men

Age

 � 20–29 147 162 160 178 205 165 137 118 165 193

 � 30–39 672 702 678 683 701 619 621 634 570 703

 � 40–49 2453 2464 2206 2211 2212 2168 2242 2259 2121 2151

 � 50–59 4562 4717 4844 4871 4991 4834 5283 5323 5366 5891

 � 60–69 5327 5320 5119 5109 5211 5413 5662 6251 6575 7266

 � 70–79 5062 5167 5429 5603 5650 5543 5742 5960 6152 6637

 � 80– 1915 1914 1970 2119 2299 2493 2759 3239 3562 3927

Household income

Medical aid beneficiaries 1296 1256 1236 1218 1182 1166 1281 1429 1582 1643

 � First 2804 3032 2999 3152 3140 3265 3388 3485 3971 4773

 � Second 2808 2869 2913 2802 3062 2905 3329 3469 3389 3258

 � Third 3206 3332 3294 3422 3459 3414 3621 3876 3930 4173

 � Fourth 4172 4090 4130 4338 4333 4299 4490 4742 4752 5536

 � Fifth 5852 5867 5834 5842 6093 6186 6337 6783 6887 7385

Women

Age

 � 20–29 125 139 155 145 153 190 105 125 161 218

 � 30–39 410 462 423 414 413 382 340 365 396 405

 � 40–49 1424 1381 1276 1204 1232 1065 1103 1086 1041 1235

 � 50–59 2459 2508 2578 2462 2416 2386 2326 2291 2317 2626

 � 60–69 3609 3538 3248 3087 3132 3148 3151 3299 3136 3774

 � 70–79 5562 5579 5483 5472 5506 5331 5247 5261 5278 5409

 � 80– 3720 3916 3905 4112 4560 4797 5138 5664 5931 6567

Household income

Medical aid beneficiaries 1649 1690 1481 1464 1419 1378 1437 1489 1589 1724

 � First 2509 2568 2597 2704 2661 2771 2655 2897 2949 3597

 � Second 2060 2065 2095 1,923 2052 1937 2181 2080 2159 2125

 � Third 2423 2532 2429 2424 2491 2488 2461 2599 2571 2878

 � Fourth 3313 3326 3300 3192 3303 3271 3202 3359 3360 3747

 � Fifth 5355 5342 5166 5189 5486 5454 5474 5667 5632 6163
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observed in medical aid beneficiaries (p=0.531) (figure 4, 
online supplemental table 3). The ratio of the incidence 
rate between medical aid beneficiaries and the highest 
income group was 1.5 (CI 1.43 to 1.58) in 2010, and 1.87 
(CI 1.77 to 1.97) in 2019 (figure 4, online supplemental 
table 4).

For the median age of stroke incidence, there was no 
significant change over time (Data not shown).

DISCUSSION
This was a nationwide retrospective cohort study that anal-
ysed how stroke incidence changed for each sex during 
10 years. For this, the crude rate and standardised rate 
were calculated, and subgroup analysis was performed for 
the incidence rates by age and household income.

The crude incidence of stroke, specifically in men, 
showed J-shaped association when plotting crude rate 
on vertical axis against year from 2010 to 2019 on the 
horizontal axis; it was on a downward trend, but has 
increased sharply since 2015. This is also true for the age 
standardised rate, with the overall age standardised rate 
declining, but it has been increasing since 2015. Previous 
studies report it as a detection bias, as people better 
detect minor stroke or change care-seeking behaviours. 

Since stroke severity was not included in our study, it is 
possible that the aforementioned causes resulted in the 
rise in incidence of stroke. The reason for the significant 
increase in 2019 may be that the expansion of the cere-
brovascular MRI health insurance coverage policy has 
improved access to brain imaging, leading to an increase 
in MRI scans and, accordingly, an increase in diagnosis. 
In December 2019, brain-related MRI fiscal expenditures 
increased by 173.8% compared with the fiscal estimate. 
Although not all brain imaging was limited to strokes, it 
would have led to an increase in stroke diagnoses. As the 
access to brain imaging increases, an increase in stroke 
diagnoses is also observed in other countries.20 21

Even though the number of patients who had a stroke 
increased every year, the age-standardised rates decreased 
until 2018 but increased significantly in 2019 for all 
groups. This can be due to two reasons: first, the age of 
the population increased over the period of study,12 and 
second, because the risk factors for stroke were better 
managed.22 A decline in stroke incidence has also been 
observed in high-income countries,2 which is consistent 
with the findings of this study: age-standardised inci-
dence rate of ischaemic stroke decreased from 1990 to 
2014 in Scotland,23 decreased from 2003 to 2013 in Iran,4 
decreased from 2005 to 2018 in Denmark,24 and showed 
a declining trend from 2003 to 2011, then increased until 
2017 in Canada.25

In this study, the incidence rate by age group showed a 
decreasing trend in men over the age of 60, and women 
over the age of 40, while showing a stable trend in the 
younger age groups. According to the Netherlands 
national registries, ischaemic stroke incidences of ages 
18–49 years increased from 1998 to 2010, and the increase 
was greater in those of 18–39 years of age.26 In the Fram-
ingham Study, there was no significant change in stroke 
incidence rate in those of 35–54 years of age, whereas 
there was a significant decrease in those aged 55 years and 
older.27 A Swedish study that tracked the incidence by age 
from 2001 to 2015 reported no change in the incidence in 
those under 65 years of age.3 The different trends in the 
incidence rate by age would be due to different contri-
butions of the risk factors by age, and different trends in 
the prevalence of these risk factors. Temporal trends of 

Figure 2  Trends in crude, age-standardised ischaemic 
stroke incidence rate per 100 000 by sex, 2010–2019.

Figure 3  Trends in crude incidence rate per 100 000 person 
year of ischaemic stroke by sex according to age group.

Figure 4  Trends in the age-standardised incidence rate 
of ischaemic stroke per 100 000 person year according to 
income level (A) and rate ratio of ischaemic stroke incidence 
rates between medical aid beneficiaries and highest income 
group (B).
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stroke risk factors in the Korean population also showed 
different trends by age group.8–10 Further research is 
needed on the factors that cause stroke in different age 
groups, and how they affected the stroke incidence.

In the younger age groups, women are reported to have 
a higher incidence than men,28 29 and this phenomenon 
was also observed in the results of this study. Because this 
study was conducted using claim data, it is difficult to iden-
tify the cause of the higher incidence rates among women 
in their 20s than men. There is a possibility that the prac-
tice to rule out stroke in migraine with aura, which has 
a high prevalence in young women, contributed to the 
higher stroke incidence in women in this study.28

Income inequality in stroke incidence is well known.14–17 
This study also showed that the stroke incidence decreased 
as the income level increased after adjusting for age, and 
the magnitude of this inequality increased over the 10 
years. In particular, it was observed that the stroke inci-
dence rate was highest in the medical aid beneficiary 
group. This seems to have many causes, such as a higher 
prevalence of risk factors of stroke30 in medical aid bene-
ficiaries, and more cases due to excessive medical use, 
which should be further explored. Medical aid benefits 
are reported to use medical care a lot because of the low 
out-of-pocket expenses.31 Expanding the health insur-
ance coverage of cerebrovascular MRI may complement 
the unfulfilled part of stroke diagnosis in patients with 
medical benefits.

A limitation of this study is that it is difficult to accu-
rately capture the incidence because stroke incidence was 
calculated from claim data. However, NHIS claim data 
have very high sensitivity and specificity for stroke-related 
diagnosis.32 In addition, we tried to overcome this limita-
tion by defining the stroke incidence rate by considering 
possible clinical situations, such as hospitalisation via the 
emergency room and brain imaging, along with the diag-
nosis of stroke, which further enhance the specificity and 
sensitivity of the study. We could not include patients who 
had an ischaemic stroke who stayed at home, died before 
imaging or had no imaging in very mild cases.

However, it is of great value to reveal the 10-year stroke 
incidence trend using the same criteria. Moreover, the 
study is valuable as a population-based nationwide inci-
dence study. Although claim data are not as accurate as 
the registration data in calculating the stroke incidence, 
Korea does not have a registration system for the entire 
population. The criteria of this study include several 
elements of the ‘Core Criteria for a Comparable Study of 
Stroke Incidence’.33 Therefore, this nationwide study can 
be used as valuable data on the stroke incidence trend, 
and for international comparison. This contributes to 
global knowledge about stroke epidemiology and can be 
used as policy evidence about stroke-related medical use.

CONCLUSIONS
Stroke incidence rate has increased while the age-
standardised rate has been on the decline since 2010 in 

South Korea. Incidence has decreased among the elderly 
but has not changed in the younger age groups. The 
income-based and sex-based inequality in stroke inci-
dence persisted from 2010 to 2019. In the future, it will be 
necessary to study which factors have a causal relationship 
with the stroke incidence trends. In addition, strategies to 
reduce and prevent stroke in the younger age groups and 
in the low-income groups are needed.
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