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Purpose: Retinal vascular occlusive disease (RVOD) may occur as a consequence of systemic vascular dysfunction. Although
RVOD has been associated with coronary artery disease, its incidence after acute coronary syndrome (ACS) and the influence of
lipid control remain unclear.

Materials and Methods: Using data from the Korean National Health Information Database (2002-2022), we conducted a nation-
wide retrospective cohort study including 55040 patients with newly diagnosed ACS [unstable angina (UA) or myocardial infarc-
tion (MI)] and age- and sex-matched controls. RVOD outcomes included retinal artery occlusion (RAO) and retinal vein occlusion
(RVO). Low-density lipoprotein-cholesterol (LDL-C) control was stratified into four categories (excellent, good, suboptimal, poor)
based on guideline-recommended targets. Competing risk analysis was performed to estimate adjusted hazard ratios (aHRs).
Results: The risk of RVOD was higher in both the UA group [aHR=1.67, 95% confidence interval (CI): 1.56-1.79] and MI group
(aHR=1.34, 95% CI: 1.15-1.56) compared with controls. Stratified analysis showed elevated risk in older patients (=65 years) and
males. Among LDL-C groups, poor LDL-C control (=100 mg/dL) was associated with the highest RVOD risk (aHR = 2.27), com-
pared with both the ACS-free control group and the excellent control group (<55 mg/dL).

Conclusion: ACS is independently associated with increased RVOD risk, particularly among patients with UA, older age, and
poor LDL-C control. Intensive lipid-lowering therapy and ophthalmologic follow-up may reduce vision-threatening vascular
events in this high-risk population.

Key Words: Retinal vascular occlusive disease, acute coronary syndrome, low-density lipoprotein, unstable angina, myocardial
infarction

INTRODUCTION

Acute coronary syndrome (ACS) is characterized by myocar-
dial infarction (MI) and unstable angina (UA)." Following ACS,
vascular inflammation and oxidative stress not only harm the
cardiovascular system but also affect blood vessels in periph-
eral tissues, potentially contributing to retinal vascular occlu-
sive disease (RVOD).>* Previous studies suggest that retinal
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vascular diseases, especially microangiopathy, often coincide
with cerebrovascular and renal vascular diseases*® and are as-
sociated with various cardiovascular conditions such as coro-
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nary artery disease (CAD).*® CAD involves vascular endothe-
lium damage caused by atherosclerosis, a key pathological
mechanism implicated in RVOD."

While several previous studies have suggested that RVOD is
associated with an increased risk of subsequent cardiovascular
disease,'"* few have investigated the risk of RVOD specifically
in patients with ACS. Most of these studies were based on rela-
tively small cohorts. Furthermore, despite the differing patho-
physiological mechanisms of ACS subtypes—such as chronic
vascular stress and progressive atherosclerosis in UA versus
acute plaque rupture and thrombosis in MI—studies specifi-
cally assessing RVOD risk across these subtypes remain scarce.

Managing low-density lipoprotein-cholesterol (LDL-C) lev-
els in ACS patients has become a cornerstone strategy for pre-
venting disease recurrence and systemic vascular complica-
tions. LDL-C targets in ACS patients are progressively being
lowered, with recent guidelines recommending a target of less
than 55 mg/dL for individuals with a history of ACS."'* How-
ever, while the relationship between LDL-C levels and RVOD
remains underexplored, particularly in individuals with prior
cardiovascular events, some evidence suggests a significant in-
crease in RVOD risk with elevated LDL-C levels.'>'

This study aimed to investigate the risk of RVOD following
ACS, stratified by its subtypes, UA and MI, to explore potential
differences in RVOD incidence based on their distinct patho-
physiological characteristics. Additionally, it assessed the inci-
dence of RVOD in relation to LDL-C levels, highlighting the
importance of effective LDL-C control. By incorporating sub-
type-specific analysis, this study seeks to provide nuanced
clinical guidance for maintaining retinal vascular health and
preventing complications in ACS patients.

MATERIALS AND METHODS

This nationwide study, approved by the Institutional Review
Board of Myongji Hospital (IRB NO. 2023-07-003-003), was
conducted retrospectively using de-identified data, thus waiv-
ing the need for informed consent.

Data source

We utilized health claims data from 2002 to 2022 obtained
from the National Health Information Database (NHID), man-
aged by the National Health Insurance Service (NHIS) of South
Korea. The NHID contains comprehensive data, including per-
sonal demographics, lifestyle information, health checkup re-
sults, and medical treatment records for the Korean popula-
tion. For this study, a comprehensive cohort was constructed
by integrating all available medical records and leveraging the
nationally representative datasets provided by the NHIS.

Study population
Patients with MI diagnosed between January 2002 and De-
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cember 2022 were identified using the most recent version of
the Korean Classification of Disease codes, based on the In-
ternational Classification of Diseases, from the NHID. To en-
sure accuracy, ACS cases were defined by the following cri-
teria: 1) presence of a relevant diagnosis code (120, 121.0-121.4,
124); 2) undergoing an muscle and brain fraction of creatine
kinase or troponin test at the first diagnosis (index date) of
ACS; and 3) undergoing coronary angiography, percutaneous
coronary intervention, or coronary artery bypass grafting. Pa-
tients with ACS were categorized into two main groups: UA and
M], including non-ST-segment elevation MI (NSTEMI) and ST
elevation MI (STEMI). The index date was defined as the first
date of ACS diagnosis or the first date of enrollment in the
control group. A 2-year washout period (January 2002 to De-
cember 2003) was applied to exclude individuals with a prior
history of ACS and to include only incident cases, in accor-
dance with previous nationwide cohort studies using claims
data.'”" The following exclusion criteria were applied: 1) age
<20 years and 2) history of RVOD prior to the index date of ACS
(UA/MI).

Among the entire cohort of ACS patients, individuals were
classified into four groups based on the degree of LDL-C con-
trol: 1) excellent: LDL-C <55 mg/dL with >50% reduction from
baseline; 2) good: 55 mg/dL < LDL-C <70 mg/dL with >50% re-
duction from baseline; 3) suboptimal: 70 mg/dL < LDL-C <100
mg/dL or <50% reduction from baseline; and 4) poor: LDL-C
2100 mg/dL. The LDL-C reduction rate was calculated based
on follow-up lipid panels performed within 2 years after the in-
dex ACS event. These cutoff values were determined in refer-
ence to the current guidelines, which emphasize more inten-
sive LDL-C lowering in patients at very high cardiovascular risk,
including those with ACS. The guidelines recommend achiev-
ing an LDL-C level of <55 mg/dL and a 250% reduction from
baseline as optimal targets in this population.

The control cohort was selected from the NHID using a ran-
dom number generator. For each ACS patient, ACS-free indi-
viduals with health checkup data were randomly sampled from
the NHID and matched by age and sex. The same exclusion cri-
teria were applied to both cohorts before matching.

For all participants, data on age, sex, type of insurance (as a
proxy for income), medical visit records, dates of diagnosis and
treatment, and comorbidity data were included in the analysis.
Baseline characteristics, health checkup data, anthropometric
measurements, and lifestyle questionnaires obtained within 2
years of the index date were incorporated into the final statisti-
cal analyses for both the ACS (UA/MI) and control groups.

Definition of outcomes and covariates

RVOD was identified as a potential outcome based on diag-
nostic codes confirmed by ophthalmologists.***' The primary
outcomes included: 1) entire RVOD (H34), including all retinal
vascular obstructive conditions such as retinal microembo-
lism; 2) retinal artery occlusion (RAO), defined by H340-2; and
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3) retinal vein occlusion (RVO), defined by H348-9.

Covariates for RVOD, including demographics, lifestyle fac-
tors, and basic comorbidities, were included in the final analy-
sis. The following variables were collected: 1) age; 2) sex (male
or female); 3) income; 4) smoking status (none, former, or cur-
rent); 5) alcohol consumption (no or yes); 6) presence of atrial
fibrillation (AF); 7) body mass index (kg/m?); 8) total choles-
terol (mg/dL); 9) fasting glucose (mg/dL); and 10) systolic and
diastolic blood pressure (mm Hg). These data were obtained
through anthropometric measurements and lifestyle question-
naires using the NHIS System. The collected covariates were in-
corporated into the final regression model. Follow-up was cen-
sored at the end of the study period (December 31, 2022).

Statistical analysis

Data handling and statistical analyses were performed by an
independent data analyst (J. L.) trained in big data analytics at
the Health Insurance Review and Assessment Institute. Con-
tinuous variables were compared among the three groups us-
ing one-way analysis of variance, and categorical variables
were analyzed using the chi-square test. Incidence rates of
RVOD in the UA, M, and control groups were evaluated using
the log-rank test. Given the issue of competing risks, traditional
survival methods such as Kaplan-Meier or Cox proportional
hazards regression may yield biased survival estimates. There-
fore, competing risk analysis was employed to estimate the

Retinal Vascular Occlusion after Acute Coronary Syndrome

cause-specific hazards of RVOD in the ACS group relative to
the control group. Hazard ratios (HRs) were calculated after
adjusting for covariates. Additionally, stratified analyses were
conducted by sex and age (<65 years vs. >65 years). All analy-
ses were performed at a 95% confidence level and results are re-
ported as meantstandard deviation. Statistical analyses were
conducted using SAS Enterprise Guide version 6.1 (SAS Inc.,
Cary, NC, USA).

RESULTS

Baseline characteristics

After applying the washout periods and exclusion criteria,
55040 patients newly diagnosed with ACS and 55040 age- and
sex-matched controls were included during the enrollment
period (January 2004 to December 2022) (Fig. 1). The mean
age was 64.019.0 years in the control group and 64.1+9.3 years
in the ACS group. The proportion of male participants was
70.7% in the control group and 70.8% in the ACS group. The
median follow-up duration was 10.8 years overall, 9.8 years in
the ACS group, and 13.2 years in the control group. Within the
ACS group, 49475 patients were diagnosed with UA, and 5565
patients were diagnosed with MI. Baseline characteristics of
the ACS and control groups are compared in Table 1.

The entire Korean population
aged 20>years
(n=42749682)

- « Age between 20-79 years

« 2-years washout period

« Exclude previous history of ACS during
y the washout periods (2002—2003)

Incident ACS cases+cardiac enzyme test
at the same date during 2004—-2022
(n=352991)

« Include cases of laboratory data within
f 2 years from the index data

>
»

Incident ACS cases+cardiac enzyme test
+PCl, thrombolysis during 20042022

A4

All eligible control cases
during 20042022

Real-world ACS cases
with laboratory data
(n=55040)

(n=83761) (n=490737)
< 1:1 exactage, sexmatch >V
ACS group Control group

Non-ACS healthy controls
with laboratory data
(n=55040)

Fig. 1. Flow diagram of the cohort identification process. ACS, acute coronary syndrome; PCI, percutaneous coronary intervention.
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Table 1. Baseline Characteristics of Acute Coronary Syndrome Cohorts and the Control Group

Variables Control cohort (n=55040) UA cohort (n=49475) MiI cohort (n=5565) p
Continuous variables
Age (yr) 64.0+9.0 64.3+9.0 64.0+13.3 <0.001
BMI (kg/m?) 23.55%17.39 24.77+3.02 2458+3.00 <0.001
Systolic BP (mm Hg) 131.13£18.72 128.79+16.48 128.68+17.00 <0.001
Total cholesterol (mg/dL) 197.76+46.63 174.64+45.26 185.91+49.33 <0.001
HDL-C (mg/dL) 55.14+14.96 49.15+19.92 47.55+13.76 <0.001
LDL-C (mg/dL) 105.96+37.06 93.55+44.33 106.15+52.19 <0.001
Categorical variables

Age group (yr)

<65 25813 (46.9) 22683 (45.8) 3130(56.2) <0.001

>65 29227 (53.1) 26792 (54.2) 2435 (43.8) <0.001
Male sex 38950 (70.7) 34496 (69.7) 4453 (80.0) <0.001
Smoking

None 33579(61.0) 26158 (52.8) 2443 (43.8) <0.001

Former 5739(10.4) 12836 (25.9) 1351(24.3) <0.001

Current 15725 (28.6) 8306 (21.3) 1575(31.9) <0.001
Alcohol consumption

No 31899 (57.9) 32404 (65.4) 3534 (63.5) <0.001

Yes 23141 (42.1) 17071 (34.6) 2031(36.5) <0.001
Income

Upper 9470 (17.2) 7193 (14.5) 903 (16.2) <0.001

Middle upper 10433 (18.9) 7067 (14.2) 834 (14.9) <0.001

Middle lower 12111 (22.0) 10667 (21.6) 1321(23.7) <0.001

Lower 23026 (41.9) 23463 (49.7) 2399 (45.2) <0.001
Atrial fibrillation 44.(0.001) 266 (0.005) 11(0.001) <0.001
Hypertension 10395 (18.8) 45899 (92.7) 4635 (83.2) <0.001
Diabetes mellitus 7198 (13.0) 37330(75.4) 3530(63.4) <0.001
Dyslipidemia 630 (1.14) 46686 (94.3) 4846 (87.1) <0.001

UA, unstable angina; MI, myocardial infarction; BMI, body mass index; BP, blood pressure; HDL-C, high-density lipopratein-cholesterol; LDL-C, low-density lipo-

protein-cholesterol.
Data are presented as mean=+standard deviation or n (%).

Table 2. Risk of Retinal Occlusive Diseases in Participants with Acute Coronary Syndrome Compared with Controls in the Established Cohort from the

National Health Insurance Service Database of South Korea

Retinal Control cohort UA cohort Ml cohort HR_UA HR_MI
diseases N of IR* (95% CI) N of IR* (95% CI) N of IR* (95% CI) (95% CI)* (95% CI)*
events events events
RVOD 2059 283.67(283.63-283.71) 2260  509.21(509.14-509.28) 197  361.76(361.60-361.92) 1.67(1.56-1.79)  1.34(1.15-1.56)
RAO 223 30.12(30.11-30.13) 501  108.48(108.45-108.51) 34 60.70 (60.64—60.76) 2.05(1.69-2.50) 1.08(0.66-1.78)
RVO 1450  198.44(198.41-198.47) 2214  494.75(494.68-494.82) 191  348.80(348.64-348.96) 1.43(1.31-1.56) 1.34(1.11-1.63)

UA, unstable angina; MI, myocardial infarction; IR, incidence rate; Cl, confidence interval; HR, hazard ratio; RVOD, retinal vascular occlusive disease; RAQ, reti-

nal artery occlusion; RVO, retinal vein occlusion.

*Adjusted for age, sex, body mass index, income, mortality, smoking, alcohol consumption, total cholesteral, systolic blood pressure, fasting glucose, and history

of atrial fibrillation.

Risk of RVOD in each ACS group (UA/MI) compared
to control group

During the follow-up period, total RVOD developed in 4516
(4.1%) patients across the entire cohort. In the UA group, 2260
(4.7%) patients developed total RVOD, 501 (0.7%) had RAO,
and 2214 (4.5%) had RVO (Table 2). In the MI group, 197 pa-
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tients (3.5%) had total RVOD, 34 (0.6%) had RAO, and 191
(3.4%) had RVO. The incidence rates (per 100000 person-years)
were as follows: UA group, 509.21 for total RVOD, 108.48 for
RAO, and 494.75 for RVO; MI group, 361.76 for total RVOD,
60.70 for RAO, and 348.80 for RVO; control group, 2059 (3.7%)
patients developed total RVOD, 223 (0.4%) had RAO, and 1450
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Table 3. Risk of Retinal Vascular Occlusive Disease in Patients with Acute Coronary Syndrome Compared with Controls, Stratified by Age Group and
Sex, in the Established Cohort from the National Health Insurance Service Database of South Korea

Control cohort UA cohort MI cohort
Strata | of N of N of oo i
IR* (95% Cl) IR* (95% Cl) IR** (95% CI) (5% CI)* (5% CI)*
events events events

RVOD according to age group (yr)

Age<65 959 254.38(254.33-354.43) 936 390.64(390.56—390.72) 92 261.74(26157-26191) 1.45(1.31-1.60) 1.07(0.86-1.34)

Age >65 1100 315.32(315.26-315.38) 1324 648.34(648.23-648.45) 105  543.87(543.54-54420) 179(1.63-1.96) 1.53(1.24-1.89)
RVOD according to sex

Male 1350 265.88(265.84-265.92) 1481 476.10(476.02-476.18) 159  354.83(354.66-355.00) 1.65(1.51-1.79)  1.40(1.18-1.66)

Female 709 325.09(325.01-325.17) 779 586.81(586.68-586.94) 38  393.98(393.58-394.38) 1.65(1.47-1.85)  1.16(0.83-1.64)

UA, unstable angina; MI, myocardial infarction; IR, incidence rate; Cl, confidence interval; HR, hazard ratio; RVOD, retinal vascular occlusive disease.
*Adjusted for age, sex, body mass index, income, mortality, smoking, alcohol consumption, total cholesterol, systolic blood pressure, fasting glucose, and history

of atrial fibrillation.

(2.6%) had RVO, with incidence rates of 283.68, 30.12, and
198.44 per 100000 person-years for total RVOD, RAO, and RVO,
respectively.

In the competing risk analysis adjusted for AF, the UA group
demonstrated a higher risk than the control group for total
RVOD [adjusted HR (aHR)=1.67; 95% confidence interval (CI):
1.56-1.79], RAO (aHR=2.05; 95% CI: 1.69-2.50), and RVO (aHR=
1.43; 95% CIL: 1.31-1.56). In the MI group, the risks were also el-
evated compared with the control group: total RVOD (aHR=1.34;
95% CI: 1.15-1.56) and RVO (aHR=1.34; 95% CI: 1.11-1.63).
The mean interval between exposure and total RVOD diagno-
sis was 5.8+4.2 years in the UA group, 7.0+4.9 years in the MI
group, and 9.2+4.9 years in the control group.

Stratified analysis according to age group and sex
The risk of total RVOD stratified by age group and sex in the
ACS and control groups is presented in Table 3. Among indi-
viduals aged =65 years, the aHR for total RVOD was 1.79 (95%
CI: 1.63-1.96) in the UA group and 1.53 (95% CI: 1.24-1.89) in
the MI group, compared with the control group. In the younger
age group, the aHR for total RVOD was 1.45 (95% CI: 1.31-1.60)
in the UA group and 1.07 (95% CI: 0.86-1.34) in the MI group.
In the male population, the aHR for total RVOD was 1.65
(95% CI: 1.51-1.79) in the UA group and 1.40 (95% CI: 1.18-1.66)
in the MI group, compared with the control group. In the fe-
male population, the aHR for total RVOD was 1.65 (95% CL:
1.47-1.85) in the UA group and 1.16 (95% CI: 0.83-1.64) in the
MI group.

Risk of RVOD according to the LDL-C control groups
in ACS patients
Based on LDL-C control, 2435 patients were categorized in
the excellent group, 1467 in the good group, 16530 in the sub-
optimal group, and 6260 in the poor group. The baseline char-
acteristics of each LDL-C group are detailed in Supplementary
Table 1 (only online) (https://www.aaojournal.org).

The incidence rates for RVOD (per 100000 person-years)
were: 491.89 in the excellent group, 486.57 in the good group,
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560.02 in the suboptimal group, and 643.95 in the poor group
compared with 283.66 in the control group. In the competing
risk analysis, the aHR for total RVOD was 1.80 (95% CI: 1.44-
2.15) in the excellent group, 1.85 (95% CI: 1.40-2.43) in the good
group, 1.93 (95% CI: 1.74-2.13) in the suboptimal group, and
2.27 (95% CI: 2.00-2.58) in the poor group, compared with the
control group (Fig. 2).

In the sub-analysis, the risk of total RVOD was also assessed
across LDL-C control groups, using the excellent group as the
reference (Table 4). Compared with the excellent group, the
aHR for total RVOD was 1.02 (95% CI: 0.85-1.23) in the good
group and 1.02 (95% CI: 0.86-1.22) in the suboptimal group,
neither of which reached statistical significance (all p>0.05). In
the poor group, the aHR for total RVOD was 1.24 (95% CI: 1.02-
1.50) compared with the excellent group, indicating a statisti-
cally significant increased risk.

DISCUSSION

Herein, we found that the risk of RVOD remained elevated af-
ter all types of ACS and that the risk increased as the LDL-C lev-
els remained uncontrolled after ACS. Several studies have dem-
onstrated an association between the occurrence of RVOD
following MI. This study stratified ACS into UA and MI to ex-
plore differences in RVOD risk based on their distinct patho-
physiological mechanisms and associated vascular complica-
tions. UA, driven by chronic vascular stress and progressive
atherosclerosis, is often linked to localized and systemic vascu-
lar inflammation.?** In contrast, MI, primarily resulting from
acute plaque rupture and thrombosis, is associated with system-
ic embolic events and acute ischemic complications, such as
stroke.”* Analysis of the association between RVOD and the
mechanistic distinction of ACS subtypes was hypothesized to
provide a deeper understanding of their respective vascular
risks. This study was also based on the fact that tight LDL-C
control should be recommended after the diagnosis of ACS and
that vascular pathology caused by LDL-C can be associated

https://doi.org/10.3349/ym;.2025.0128
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IR (per 100,000 PY) HR (95% Cl) Risk of RVOD
No ACS 283.67 1.00 (Ref) )
LDL-C after ACS ;
LDL-C<55 491.89 1.80 (1.44-2.15) P —.—
55 LDL-C<70 48657 1.85 (1.40-2.43) S
70< LDL-C<100 560.02 1.93 (1.74-2.13) i —a
100< LDL-C 643.95 2.27 (2.00-2.58) i -
0.1 1 2 4

Hazard ratio

Fig. 2. Risk of RVOD in control and ACS cohorts according to LDL-C strata in the established cohort from the National Health Insurance Service database
of South Korea. ACS, acute coronary syndrome; LDL-C, low-density lipoprotein cholesterol; Cl, confidence interval; HR, hazard ratio; RVOD, retinal vascu-

lar occlusive disease.

Table 4. Risk of Retinal Vascular Occlusive Diseases in Control and ACS Cohorts according to LDL-C Strata in the Established Cohort from the National

Health Insurance Service Database of South Korea

Group N of events PY per 100,000 IR (95% CI) Adjusted HR' (95% CI)
LDL-C control after ACS™
LDL-C<55 89 18093.46 491.89(389.70-594.08) 1.00
55<LDL-C<70 56 11508.99 486.57 (359.12-613.99) 1.02(0.85-1.23)
70<LDL-C<100 n7 128029.09 560.02 (519.02-600.62) 1.02 (0.86-1.22)
100<LDL-C 313 48605.65 643.95 (572.66-715.24) 1.24(1.02-1.50)

ACS, acute coronary syndrome; PY, person-years; Cl, confidence interval; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol.
*All units of LDL-C are expressed in mg/dL; "Adjusted for age, sex, body mass index, income, mortality, smoking, alcohol consumption, total cholesterol, systolic

blood pressure, fasting glucose, and history of atrial fibrillation.

with RVOD."* Investigating whether RVOD varies with the de-
gree of LDL-C management could provide meaningful insights.
This study focused on the risk of RVOD after ACS, stratified by
ACS type and LDL-C management level, addressing a signifi-
cant gap in existing research.

We found that patients with ACS, including both UA and M],
had a higher risk of RVOD compared with the control group.
RVOD and ACS share common pathophysiological mecha-
nisms related to systemic vascular pathology, including athero-
sclerosis.”**® Additionally, endothelial dysfunction is a key
pathophysiological mechanism that may contribute to a pro-
thrombotic and proinflammatory state, impaired retinal vaso-
dilation, vascular ischemia, and atherosclerotic changes.” In-
terestingly, the risks of RVO, RAO, and RVOD were consistently
higher in the UA group than in the MI group. Although MI is
generally considered more severe and is typically associated
with acute plaque rupture and a robust systemic inflammatory
response,® our findings suggest that UA—despite its less acute
presentation—may confer a greater long-term risk of retinal
vascular events. This could be explained by the older age and
higher burden of chronic vascular comorbidities commonly
observed in UA patients, as well as by the progressive nature of
atherosclerosis in this group. Importantly, RVOD does not nec-
essarily arise solely from overt vascular occlusion in the arterial
or venous systems. Rather, it may reflect a broader spectrum of
retinal microvascular dysfunction, including chronic endothe-
lial injury, increased vascular stiffness, and impaired retinal
hemodynamics. In particular, UA is often associated with long-
standing systemic vascular stress, which may predispose pa-
tients to these non-occlusive forms of microvascular compro-

https://doi.org/10.3349/ym;.2025.0128

mise. These mechanisms may underlie the consistently elevated
HRs for RVOD observed in the UA group compared to both
controls and MI patients. Furthermore, the correlation between
RAO and UA differed from that observed in the MI cohort. The
risk of RAO was not significantly higher in the MI group than
in the control group, whereas RAO incidence was significantly
higher in the UA group. RAO, another component of RVOD, is
primarily caused by embolic sources originating from the ca-
rotid artery or heart.*" AF is a leading cause of cardioembolic
events. Our findings may be primarily attributed to the ap-
proximately fourfold higher prevalence of AF in the UA group
compared to the MI and control groups. In addition, the possi-
bility exists that meaningful results may not have been derived
because of the significantly lower number of events in the MI
group than in the UA group.

In a subgroup analysis, we did not observe an increased risk
in the younger or female MI group. Younger MI patients are
known to have a higher proportion of males and a lower prev-
alence of conventional risk factors such as diabetes mellitus
(DM), hypertension, and dyslipidemia compared to older pa-
tients.” These chronic vascular conditions are closely associat-
ed with RVOD, which may explain why the risk of RVOD was
not significantly elevated in young MI patients. Additionally,
the proportion of males in the MI group was markedly higher
than that in the UA and control groups, resulting in a smaller
sample size of female patients with MI. This limited sample size
may have contributed to the lack of statistical significance for
RVOD risk in female MI patients.

Interestingly, the risk of RVOD in the ACS group was ap-
proximately 1.8 times higher than in the control group, even
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with successful LDL-C control (<55 mg/dL). Among all LDL-C
control groups after ACS, the group with LDL-C levels >100 mg/
dL demonstrated a significantly higher risk of RVOD compared
to the group with LDL-C levels <55 mg/dL. Furthermore, there
was a sequential increase in RVOD risk as LDL-C levels rose.
The results of this study suggest that LDL-C levels should be
maintained below 100 mg/dL to prevent RVOD after ACS. Con-
trolling LDL-C levels is a fundamental treatment strategy for
ACS. Current guidelines for LDL-C control after ACS recom-
mend maintaining LDL-C levels below 70 mg/dL or 55 mg/dL
in high-risk patients."** Although there are slight discrepancies
among the guidelines, there is a trend toward lower target lev-
els and stricter control recommendations. To reflect both ear-
lier and more recent guidelines,'**** LDL-C levels were divid-
ed into four groups in this study. Our findings suggest that
LDL-C control after ACS may be associated not only with re-
ducing ACS recurrence but also with preventing complications
such as RVOD. These results further support existing guide-
lines for lipid-lowering therapy and highlight its importance in
preventing ophthalmological complications following ACS.

This study had several limitations. First, the total number of
RAO cases among RVOD events was low because RAO is a rare
condition, and all RAO cases prior to the index date of ACS di-
agnosis were excluded. Despite the limited number of events,
analyzing the association between these conditions would have
been more challenging without access to a large-scale dataset.
Further studies are needed to confirm this hypothesis. Second,
the mean age of the study and control groups was approximate-
ly 67 years, resulting in a large proportion of elderly individu-
als. Consequently, a high rate of loss to follow-up was observed
in both the study and control groups. To mitigate potential im-
balances, an exact age- and sex-matched control group was
used. Third, NSTEMI, STEM]I, and UA are traditionally recog-
nized subtypes of ACS. However, with advancements in high-
sensitivity cardiac troponin assays, the distinction between UA
and NSTEMI has become less clear, leading to the classifica-
tion of ACS as NSTE-ACS or STE-ACS, based on ECG findings.
This retrospective study employed the traditional UA and MI
(STEMI and NSTEMI) classification based on cardiac enzyme
levels, reflecting the data collected before high-sensitivity as-
says were widely available. Finally, this study did not account for
the angiographic complexity or severity of CAD in patients with
ACS. Moreover, NSTEMI, STEMI, and UA are the traditional
types of ACS. With advancements in high-sensitivity cardiac tro-
ponin assays, some cases now blur the line between UA and
NSTEM], leading to the classification of ACS as NSTE-ACS or
STE-ACS based on ECG findings. In addition, since the primary
therapeutic target in lipid management after ACS is LDL-C, the
associations of other lipid parameters such as triglycerides and
high-density lipoprotein-cholesterol with clinical outcomes
were not assessed. Further studies are needed to explore
these relationships.

In conclusion, this study provides valuable insights for clini-
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cal practice. RVOD occurred more frequently after ACS, regard-
less of subtype, and ACS remained a significant independent
risk factor for RVOD. Our findings highlight that ocular compli-
cations capable of causing blindness remain a significant con-
cern after ACS, particularly in patients with poor LDL-C control.
In UA patients, elderly individuals (=65 years), and male MI pa-
tients, additional caution is warranted. For ACS patients with
embolic risk factors, sudden vision loss should prompt evalua-
tion for potential RAO. Furthermore, active LDL-C control and
regular ophthalmological follow-up are strongly recommend-
ed to prevent RVOD after ACS.
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