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Abstract

Background Retinal vascular occlusions, including retinal vein occlusion and retinal artery occlusion, are common
causes of visual impairment. In order to evaluate the national medical burden and help improve ophthalmic health
care policy planning, we investigated the incidence of retinal vascular occlusive diseases from 2011 to 2020 in Korea.

Methods This study is a nationwide population-based retrospective study using data from the Korea national
health claim database of the Health Insurance Review and Assessment (HIRA) service. We identified retinal vascular
occlusive diseases registered from January 1, 2009, to December 31, 2020, according to the retinal vascular occlusion
code (H34) and its sub-codes from international classification of disease, tenth revision diagnosis code. We used data
from the entire Korean population based on the 2015 census of the population in Korea to calculate standardized
incidence rates.

Results We identified 348,775 individuals (male, 161,673 [46.4%]; female, 187,102 [53.6%)]) with incident retinal vascu-
lar occlusion (H34), 10,451 individuals (males, 6,329 [60.6%)]; females, 4,122 [39.4%]) with incident central retinal artery
occlusion (H34.1), and 252,810 individuals (males, 114,717 [45.4%]; females, 138,093 [54.6%)]) with incident retinal

vein occlusion (H34.8) during the 10-year study period. The weighted mean incidence rate of retinal vascular occlu-
sion was 7041 (95% Cl, 70.18-70.65) cases/100,000 person-years. The weighted mean incidence rate of central retinal
artery occlusion was 2.10 (95% Cl, 2.06-2.14) cases/100,000 person-years. The weighted mean incidence rate of retinal
vein occlusion was 50.99 (95% Cl, 50.79-51.19) cases/100,000 person-years.

Conclusion The total retinal vascular occlusion and retinal vein occlusion showed a decreasing trend until 2020.
However, the central retinal artery occlusion decreased until 2014 and remained stable without a significant further
decline until 2020. The incidence of total retinal vascular occlusion and retinal vein occlusion was higher in females
than in males, while the incidence of central retinal artery occlusion was higher in males. All retinal vascular occlusive
diseases showed an increasing incidence with older age; the peak age incidence was 75-79 years for total retinal
vascular occlusion and retinal vein occlusion, and 80-85 years for central retinal artery occlusion.
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Introduction

Retinal vascular occlusions, including retinal vein
occlusion (RVO) and retinal artery occlusion (RAO),
are common causes of visual impairment. The two
forms of occlusion have different pathophysiology,
systemic implications, and management; however,
both are associated with increased age and cardiovas-
cular risk factors such as hypertension, diabetes, and
dyslipidemia [1-4]. Their symptoms can vary greatly,
from minor visual discomfort to complete blindness,
depending on the location and extent of the occlusion.
RAO, including branch RAO (BRAO) and central RAO
(CRAO), require specific systemic assessments for
diagnosis and treatment. Fundamentally, RAO must be
distinguished from venous occlusion, but mixed forms
may exist, and an unspecified retinal vascular occlu-
sion International Classification of Disease, Tenth Revi-
sion (ICD-10) diagnosis code has been used clinically
[5]. Previously, some studies have investigated the inci-
dence of CRAO and RVO in the Republic of Korea until
2015 [6, 7].; however, they did not investigate the over-
all incidence of retinal vascular occlusion or unspeci-
fied retinal vascular occlusion cases. In this study, we
investigated the incidence of CRAO and RVO extend-
ing the research period until 2020. We also evaluated
the incidence of overall retinal vascular occlusion
using ICD-10 H34 code, which integrates all types of
retinal vascular occlusion. The H34 code consists of
the retinal vascular occlusion code (H34) and its sub-
codes, transient RAO (TRAQO) (H34.0), CRAO (H34.1),
other RAOs (H34.2), other retinal vascular occlusions
(H34.8), and retinal vascular occlusion, unspecified
(H34.9), from ICD-10. The findings derived from this
study may help assess the public health burden associ-
ated with retinal vascular occlusion and improve oph-
thalmic health care policy planning.

Methods

Ethical statement

The study protocol was reviewed and approved by the
Institutional Review Board of Gyeongsang National
University, Changwon Hospital (approval no. GNUCH
2021-08-004) and was conducted in accordance with the
tenets of the Declaration of Helsinki. The requirement
for written informed consent was waived by the Institu-
tional Review Board of Gyeongsang National University,
Changwon Hospital (approval no. GNUCH 2021-08-004)
because this study analyzed secondary data from the
Korea national health claim database of the Health Insur-
ance Review and Assessment (HIRA) service. The data-
set did not include personal information such as patient
name, social security number, address, or phone number.
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Only non-identifiable publicly available aggregate results
were released for public research.

HIRA and database

We used the South Korea health claims data recorded
from January 1, 2009, to December 31, 2020, by the
HIRA service. As of 2022, the total population of Korea
was 51.63 million; of this, approximately 97% are enrolled
in the Korean National Health Insurance (NHI) scheme,
which is a compulsory health insurance. The claims,
reviewed by the HIRA, include data on diagnoses, pro-
cedures, prescription records, demographic information,
and direct medical costs. The HIRA also reviews claims
from the Medical Assistance Program and Medical Care
for Patriots and Veterans Affairs Scheme, which cover the
medical expenses of NHI uninsured Korean population.
Therefore, the HIRA database covers the entire Korean
population and contains all Korean medical claims [8].
Patients in the HIRA are identified by their Korean Resi-
dent Registration Number, which is a unique identifica-
tion number assigned to each Korean resident at birth.
This ensures that there are no duplications or omissions
when accessing the data [9].

Identification of patients with incident retinal vascular
occlusions

We identified retinal vascular occlusive diseases reg-
istered from January 1, 2009, to December 31, 2020,
according to the Retinal vascular occlusion code (H34)
and its sub-codes; TRAO (H34.0), CRAO (H34.1), other
RAOs (H34.2), other retinal vascular occlusions (H34.8),
and unspecified retinal vascular occlusion (H34.9) from
ICD-10. We were not permitted to access the HIRA data-
base for 2008 or earlier; therefore, we could not exclude
retinal vascular occlusion cases diagnosed before 2009.
Hence, we excluded cases with retinal vascular occlu-
sion diagnostic codes between 2009 and 2010 to remove
any potential preexisting cases of retinal vascular occlu-
sion. All remaining patients had a disease-free period of
at least 2 and 11 years before the index data; accordingly,
they were considered to have had incident cases of retinal
vascular occlusion [7].

Statistical analysis

Statistical analyses were performed using R software
version 4.2.1 (R Core Team. R Foundation for Statistical
Computing, Vienna, Austria, 2022) and SAS software
version 9.4 (SAS Institute, Inc.; Cary, NC, 2015). We cal-
culated the yearly unadjusted retinal vascular occlusive
disease incidence rates from 2011 to 2020 using the num-
ber of retinal vascular occlusive disease cases identified
and the corresponding midyear population. The Korean
population for each year was obtained from resident
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registration data in Korea (available at http://kosis.kr;
accessed May 30, 2022), categorized into 5-yearly age
groups and by sex. Next, we applied the direct method of
standardization to estimate the incidence rates, standard-
ized for age for each study year, using the 2015 Census of
Population in Korea (available at http://kosis.kr, accessed
May 30, 2022) as the standard population. Using these
estimated standardized incidence rates, we calculated the
weighted mean annual incidence rates of retinal vascular
occlusive diseases from 2011 to 2020 and estimated the
95% confidence intervals (CIs) for the incidence rates per
100,000 person-years based on the Poisson distribution.
Statistical analysis referred to the method used in previ-
ous studies [6, 7].

Results

Retinal vascular occlusion (H34)

We identified 348,775 individuals (male, 161,673 [46.4%];
female, 187,102 [53.6%]) with incident retinal vascular
occlusion(H34) during the 10-year (2011-2020) study
period (Table 1).

The weighted mean incidence rate of retinal vascular
occlusion during the 10 years was 70.41 (95% CI, 70.18-
70.65) cases/100,000 person-years). By sex, these were
65.35 (95% CI, 65.03 to 65.67) and 75.47 (95% CI, 75.13 to
75.81) cases/100,000 person-years, in males and females,
respectively.

The incidence rate increased considerably with increas-
ing age, until age 75-79 years, with an incidence rate of
296.32 (95% CI, 293.41-299.25) cases/100,000 person-
years. By sex, the highest incidence rate occurred in
females aged 75-79 years (308.83; 95% CI, 304.98-312.72)
and males aged 80-84 (297.23; 95% CI, 290.78-303-78)
cases/100,000 person-years (Table 1, Fig. 1).

Overall, the male-to-female incidence ratio was 0.87. In
most age groups, the incidence of retinal vascular occlu-
sion was higher in females than males (Table 1). Males
had a higher incidence of retinal vascular occlusion inci-
dence than females among individuals aged 0—4, 10-19,
25-54, and > 79 years (Table 1).

The overall trend of the age-standardized incidence
rates of retinal vascular occlusion decreased from 2011
to 2020 in Korea. There were slight increases in 2015 and
2019 compared with the previous years, but the over-
all trend was not significantly different. Females had a
higher incidence than males in all periods (Fig. 2).

CRAO (H34.1)
We identified 10,451 individuals (males, 6,329 [60.6%];
females, 4,122 [39.4%]) with incident CRAO (H34.1) dur-
ing the 10-year (2011-2020) study period (Table 2).

The weighted mean incidence rate of CRAO during
the 10 years was 2.10 (95% CI, 2.06 - 2.14) cases/100,000

Page 3 of 12

person- years. By sex, these were 2.55 (95% CI, 2.49 to
2.61) and 1.66 (95% CI, 1.61 to 1.71) cases/100,000 per-
son-years, in males and females, respectively.

The incidence rate increased considerably with age,
until 80—84 years, with an incidence rate of 12.38 (95%
CI, 11.62 to 13.17) cases/100,000 person-years. By sex,
the highest incidence rate occurred in females (9.08;
95% CI, 8.29-9.93) and males (18.78; 95% CI, 17.20-
20.47) cases/100,000 person-years, aged 80-84 years
(Table 2, Fig. 3).

Overall, the male-to-female incidence ratio was 1.54.
CRAO occurred more commonly in males than females
across most age groups (Table 2). The incidence of
CRAO was higher in males than in females among indi-
viduals aged 5-19 and > 29 years (Table 2).

Until 2014, the age-standardized incidence of CRAO
decreased. However, there was a slight increase in 2015
followed by a decrease in 2016. Thereafter, the age-
standardized incidence rate remained stable without a
further significant decline until 2020 ; the males had a
higher incidence than females in all periods (Fig. 4).

RVO (H34.8)

We identified 252,810 individuals (males, 114,717
[45.4%]; females, 138,093 [54.6%]) with incident RVO
(H34.8) during the 10-year (2011-2020) study period
(Table 3).

The weighted mean incidence rate of RVO dur-
ing the 10 years was 50.99 (95% CI, 50.79- 51.19)
cases/100,000 person-years. By sex, the weighted mean
incidence rates of RVO in males and females were 46.32
(95% CI, 46.06 to 46.59) and 55.65 (95% CI, 75.13 to
75.81) cases/100,000 person-years, respectively.

The incidence rate increased considerably with age,
until age 75-79 years, with an incidence rate of 219.596
(95% CI, 217.10-222.12) cases/100,000 person-years.
By sex, the highest incidence rate occurred among
females aged 75-79 years (235.00; 95% CI, 231.65-
238.40) and males aged 80-84 (210.92; 95% CI, 205.51-
216-44) cases/100,000 person-years (Table 3, Fig. 5).

Overall, the male-to-female incidence ratio was 0.83.
The females had a higher incidence rate than males
in most age groups (Table 3). The males had a higher
incidence of RVO than females among individuals aged
10-19, 25-54, and > 79 years (Table 3).

The age-standardized incidence of RVO in Korea
showed an overall decreasing trend from 2011 to 2020.
Although there was a slight increase in 2015-2016, it
did not significantly affect the overall trend of RVO
incidence in Korea. The females had a higher incidence
than males in all periods (Fig. 6).
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Fig. 1 Total incidence rates by age group in retinal vascular occlusion in the Korean population from 2011 to 2020
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Fig. 2 The age-standardized incidence rates of retinal vascular occlusion in the Korean population from 2011 to 2020

Discussion

In this nationwide population-based cohort study, the
overall trend of age-standardized incidence rates of reti-
nal vascular occlusion and RVO decreased from 2011 to
2020 in Korea; females had a higher incidence than males
in all periods. However, the age-standardized incidence
rates of CRAO decreased through 2014 and remained
similar until 2020 without further decline; females had a

higher incidence than males in all periods. The incidence
of RVO was significantly higher than that of CRAO.
RVOs are much more common than RAOs and have a
better prognosis [4, 5, 10, 11]. The pathophysiology and
systemic implications of the two forms of occlusions dif-
fer greatly, but both occur more commonly in the older
population (aged>50 years) and are associated with car-
diovascular risk factors [1-5]. Over the last decade,
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Fig. 4 The age-standardized incidence rates of central retinal artery occlusion in the Korean population from 2011 to 2020

awareness, treatment, and control of risk factors for Car- in Korea [12—14]. With the better control of CVD risk
diovascular diseases (CVDs) risk factors, such as hyper-  factors, the incidence rates of both stroke and coronary
tension, diabetes, and smoking, have generally improved  heart disease also decreased in Korea, from 2006 to 2010
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Fig. 6 The age-standardized incidence rates of retinal vein occlusion in the Korean population from 2011 to 2020

[15]. According to previous nationwide population-
based cohort studies, CRAO and RVO incidence rates
decreased from 2004 to 2015 in Korea [6, 7]. They sug-
gested that since CVDs risk factors are also associated
with CRAO and RVO, the decreasing trend in the inci-
dence of CRAO and RVO may be related to the success-
ful control of CVDs risk factors. They also expected this
decreasing trend to continue [6, 7].

Compared with earlier studies, our study period
was extended to 2020. From 2011 to 2020, the

age-standardized incidence rates of total retinal vascu-
lar occlusion and RVO decreased. Although there were
slight increases in 2015 and 2019 for total retinal vascu-
lar occlusion and 2015-2016 for retinal vein occlusion,
the overall trend declined from 2011 to 2020. However,
the age-standardized incidence rate of CRAO decreased
until 2014, after which it increased slightly in 2015 and
then decreased again in 2016, remaining stable with-
out a significant further decline until 2020. Contrary to
expectations of previous studies, the age-standardized
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incidence rate of CRAO has remained stagnant rather
than continuously decreasing. Therefore, we searched
for the latest trends in previous studies on how CVDs
and their risk factors have changed. According to a study
investigating the epidemiology of CVDs and their risk
factors in South Korea from 1983 to 2018 [16], although
Korea’s CVD mortality rate is decreasing the most, glob-
ally, the burden of CVDs is still increasing because of the
rapid aging of the population and increasing number of
patients with prevalent CVDs, which is expected to con-
tinue into the future. Among the risk factors for CVD,
hypertension control has significantly improved; how-
ever, there is scope for further improvement. Smoking
rates are declining significantly but are still high for males
and increasing for females. The incidence of obesity, dia-
betes, and hypercholesterolemia is increasing, and action
is required to reverse the trend. As the older-aged popu-
lation is increasing, especially those with complex risk
factors and chronic diseases, managing high-risk groups
will become an important task for preventing CVDs in
Korea. Therefore, further retinal vascular occlusive dis-
ease reduction may be difficult unless CVDs and their
risk factors are managed more effectively.

The incidence of retinal vascular occlusion increased
significantly with age, peaking between the ages of 75 and
79 years, similar to the prevalence rate in systemic CVDs
[7, 13, 17]. The incidence rates of RVO increased with
age and peaked by age 75-79. This result is similar to
those of a previous study [7]. Among all retinal vascular
occlusive diseases, RVO accounted for the most signifi-
cant proportion, and the peak age for RVO and total reti-
nal vascular occlusive disease are similar. The incidence
of CRAO also increased with age, peaking between the
ages of 80—-85. Compared to a previous study, the peak
age of CRAO incidence was delayed from 75-79 to years
to 80-85 years [6]. The reason for the lower incidence
of retinal vascular occlusion in the oldest group, may be
due to difficulties in detecting symptoms and using medi-
cal care because of old age. In addition, since CRAO has
more pronounced symptoms than RVO, it is possible that
the peak incidence was observed at a slightly older age.
As the population ages, a similar trend is expected in the
future, and the peak age is expected to be delayed.

Regarding the age-standardized incidence rates from
2011 to 2020, the incidence of retinal vascular occlusion
and RVO was higher in females, while the incidence
of CRAO was higher in males. When analyzed by age
group, females had a higher incidence of retinal vascu-
lar occlusion than males among those aged 5-9, 20-24,
and 55-79 years. Females had a higher incidence of
RVO than males among individuals aged 0-9, 20-24,
and 55-79 years. Among individuals aged 5-19 and
>29 years, males had a higher incidence of CRAO than
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females. These results show a sex distribution similar to
that reported in previous domestic studies [6, 7]. A pre-
vious study [7] explained the higher incidence of RVO
in females aged 20-29 years to be due to an increased
risk of arterial and venous thrombosis because of oral
contraceptive usage as well as preeclampsia/eclamp-
sia in pregnant women. In those aged > 50 years, it
was explained that RVO incidence in females would be
higher than that in males, due to the increased risk of
CVD caused by hormonal changes due to menopausal
transition in females. In addition, while smoking and
drinking decreased in males, they increased in females.
The relatively high rate of hospital visits by females was
also a reason for their increased RVO incidence. The
reason for the generally high CRAO rate in males than
that in females remains unclear. According to studies
examining sex differences in the incidence of CVDs in
South Korea [16], the incidence of most CVDs such as
stroke and ischemic heart disease is higher in males.
Unlike other types of CVD, heart failure occurs more
frequently in females than in males and shows rap-
idly increasing mortality, incidence, and prevalence
trends. Males and females also exhibit different pat-
terns of CVD risk factor prevalence. In males, exposure
to various risk factors increases rapidly in middle age
but shows little change after 60 years of age. However,
exposure to multiple risk factors continues to increase
in females throughout their lifetime. Thus, females aged
> 70 years have more risk factors than males of the
same age.

In America, a recent study [18] using (Intelligent
Research in Sight (IRIS) registry) data between 2013
and 2017, including 1,251,476 retinal vascular occlu-
sion cases, reported sex at the onset of RAO and RVO.
Cases were categorized based on diagnosis codes as
RAO, with subtypes of TRAO, partial RAO (PRAO),
BRAO, and CRAO; and as RVO, with subtypes venous
engorgement (VE), branch RVO (BRVO), and central
RVO (CRVO). Females had slightly higher incidences
of TRAO, VE, and BRVO, whereas males had higher
incidences of PRAO, BRAO, CRAO, and CRVO. Pre-
vious studies have suggested that venous thrombo-
embolism is more common in females aged < 55 years
because of pregnancy, postpartum conditions, and
the use of oral contraceptives. However, among older
populations, cases tend to be more common in males
because of CVD risk factors [19, 20]. To date, several
epidemiological studies have been conducted on reti-
nal vascular occlusion, but studies investigating drug
use and comorbidities are yet to be conducted. In addi-
tion, epidemiological studies on factors other than for
CVDs that can affect retinal vascular occlusion, such as
thrombosis and vasculitis, are lacking. If such studies
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are conducted in the future, the relationship between
retinal vascular occlusion and sex can be explained in
greater detail.

Further research on the correlation between recently
emerging diseases and retinal vascular occlusion is
required. As the coronavirus disease 2019 (COVID-19)
spread rapidly worldwide, the World Health Organiza-
tion (WHO) declared an international public health
emergency in January 2020. In March, it was declared
a global pandemic [21]. COVID-19 is caused by a new
type of coronavirus, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). It has been reported that,
in addition to respiratory infections, SARS-CoV-2 may
cause coagulation activation and systemic inflamma-
tory response abnormalities, resulting in thrombotic
microangiopathy and venous or arterial thromboembolic
complications in COVID-19 patients [22, 23]. In ocular
manifestations, RAO and RVO may be associated with
thromboembolic complications. This study investigated
the 10-year incidence rates, including that in 2020. How-
ever, the number of COVID-19 patients in South Korea
in 2020 was relatively small, and an effect of COVID-
19 on retinal vascular occlusion is limited in this study.
Additional research is needed to analyze the incidence of
RVO, CRAOQO, and retinal vascular occlusion from 2021 to
2022 as well as patients with COVID-19.

Our study has several limitations. First, we used a dif-
ferent institutional database than the previous studies
with which we compared; however, they were all nation-
wide cohort studies [6, 7]. And they used data from the
Korean National Health Insurance Service (NHIS). On
the other hand, our study used HIRA data. Almost all
Koreans (97%) are enrolled in the NHI program, and
most receive medical treatment at least once a year.
Data are collected by the HIRA and the results of the
review are sent to the NHIS. The data handled by NHIS
and HIRA cover almost the entire Korean population
and can be analyzed for various research purposes [24].
Because both institutions provide data for the entire pop-
ulation enrolled in the NHI, it is impossible to compare
their exact figures, but the changes in the overall trend
can be confirmed. Second, we could not access hospital-
based medical records for confirmation of retinal vas-
cular occlusion occurrences or review the clinical data.
Therefore, the accuracy of the data may be lower owing
to the potential of misclassification of the diagnoses.
Third, because this study used a claims database, it was
difficult to standardize the clinical characteristics and
interobserver variability in the diagnosis of retinal vascu-
lar occlusion. Fourth, we couldn’t have data about other
systemic vascular diseases. Additional studies might be
needed to analyze the correlation between retinal vascu-
lar occlusion and systemic vascular disease.
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In conclusion, this nationwide cohort study deter-
mined the nationwide incidence of retinal vascular
occlusion over a 10-year period for the first time. We
also updated the recent nationwide incidence rates
of CRAO and RVO. The decreasing trend in the RVO
incidence continues to follow the trend in previous
studies until 2020. The total retinal vascular occlusion
showed a decreasing trend over time. However, the
CRAO decreased until 2014 and remained stable with-
out a significant further decline until 2020. The inci-
dence of total retinal vascular occlusion and RVO was
higher in females than in males, while the incidence of
CRAO was higher in males. All retinal vascular occlu-
sive diseases showed an increasing incidence with older
age; the peak age incidence was 75-79 years for total
retinal vascular occlusion and RVO, and 80-85 years
for CRAO. Further studies are required to evaluate the
long-term changes in total retinal vascular occlusion,
CRAQ, and BRVO incidence rates and their association
with vascular comorbidities in Korea.
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