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Purpose: This study aimed to assess the risk of ocular adverse events, including retinal artery occlusion
(RAQ), retinal vein occlusion (RVO), noninfectious uveitis (NIU), noninfectious scleritis (NIS), optic neuritis (ON),
ischemic optic neuropathy (ION), and ocular motor cranial nerve palsy (OMCNP), after coronavirus disease 2019
(COVID-19) infection.

Design: Population-based self-controlled case series (SCCS).

Participants: The study included patients from the entire Korean population of 52 million who experienced
incident RAO, RVO, anterior NIU, nonanterior NIU, NIS, ON, ION, or OMCNP between January 1, 2021, and
October 29, 2022.

Methods: This nationwide SCCS utilized data from the Korea National Health Insurance Service and the Korea
Disease Control and Prevention Agency. The risk period after infection was defined as up to 24 weeks after COVID-
19 infection. Conditional Poisson regression was used to calculate the relative incidence rate ratios (IRRs) for RAO,
RVO, anterior NIU, nonanterior NIU, NIS, ON, ION, and OMCNP during the designated risk periods.

Main Outcome Measures: The IRRs for RAO, RVO, anterior NIU, nonanterior NIU, NIS, ON, ION, and
OMCNP during the risk periods.

Results: The study included 9336, 103 362, 201 010, 25 428, 23 744, 3026, 69 933, and 16 335 cases of
incident RAO, RVO, anterior NIU, nonanterior NIU, NIS, ON, ION, and OMCNP, respectively. The IRRs (95%
confidence interval) during the early risk period (1—8 weeks) were 0.94 (0.83—1.07), 1.01 (0.97—1.04), 1.00
(0.98—1.03), 0.96 (0.90—1.03), 1.00 (0.94—1.07), 0.97 (0.81—1.17), 0.97 (0.93—1.01), and 1.02 (0.94—1.11),
respectively. In the late risk period (9—24 weeks), the IRRs were 1.02 (0.92—1.12), 1.01 (0.98—1.04), 1.01
(0.99-1.03), 1.02 (0.97—1.08), 1.02 (0.97—1.08), 0.99 (0.85—1.15), 1.02 (0.99—1.06), and 0.97 (0.90—1.03),
respectively. Stratified analyses showed that in patients with a history of cerebro-cardiovascular disease, the risk
of RAO increased during the late risk period, with an IRR (95% confidence interval) of 1.19 (1.02—1.40).

Conclusions: The risk of incident RVO, anterior NIU, nonanterior NIU, NIS, ON, ION, or OMCNP did not
increase after COVID-19 infection. The risk of incident RAO increased only in individuals with preexisting cardio-
cerebrovascular disease.
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The coronavirus disease 2019 (COVID-19) pandemic has
significantly impacted global health care." Over 775 million
people have been infected worldwide, resulting in
approximately 7.0 million deaths. This crisis spurred the
rapid development and deployment of COVID-19 vac-
cines, with 5.6 billion people receiving >1 dose.” This
pandemic has sparked considerable interest in
understanding the systemic effects of both COVID-19

© 2024 by the American Academy of Ophthalmology
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/). Published by Elsevier Inc.

infection and vaccination, leading to numerous epidemio-
logical studies.

The COVID-19 vaccination is generally recognized for
its favorable safety profile,” with the potential for
increased risk reported only for specific, rare conditions
such as myocarditis, perimyocarditis, Guillain-Barré

syndrome, and thrombosis with thrombocytopenia
syndrome.J'_?’ In contrast, COVID-19 infection is
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known to elevate the risk of major systemic diseases,
including cardiovascular and cerebrovascular events ~as
well as autoimmune and inflammatory diseases.’
These differences in risk are thought to be due to the
different 1mmune responses elicited by vaccination and
infection.'

In ophthalmology, large-scale population-based studies
have examined the risk of ocular adverse events after
COVID-19 vaccination.'® ' These studies, with adequate
case numbers and statistical power, generally report an
encouraging safety profile for COVID-19 vaccines. How-
ever, despite the widespread and prevalent nature of
COVID-19 infection, there is relatively limited evidence on
the risk of ocular adverse events after infection. Most
existing studies are case series, with only a few cohort
studies reported.”” ** These cohort studies face significant
challenges: (1) a limited number of cases, resulting in low
statistical power; and (2) potential bias due to difficulties in
ensuring comparability between infected and noninfected
groups, despite rigorous cohort design and statistical
adjustments.

Conducting cohort studies on COVID-19 infection using
health care databases poses challenges in group compara-
bility for several reasons. Firstly, individuals in the COVID-
19 infected group may differ from the noninfected group in
terms of their level of social activity, adherence to govern-
ment quarantine and health policies, and health care utili-
zation, which cannot be statistically adjusted. Secondly, due
to quarantine protocols, many infected individuals, espe-
cially those who need to work, might not report their
infection, leading to potential misclassification bias where
many in the noninfected group might have actually been
infected. Additionally, the noninfected group might include
individuals who are actually residing abroad, thus having no
exposure or diagnosis opportunity within the country. The
self-controlled case series (SCCS) method effectively ad-
dresses these issues.”””° Unlike traditional cohort designs
that compare different groups, the SCCS approach treats
individuals as their own controls, emphasizing "when" the
event occurs rather than "who" 1is affected. This
methodology inherently adjusts for all measured and
unmeasured time-invariant confounders, making it espe-
cially suitable for studies on COVID-19 vaccination and
infection where establishing adequate control groups is
challenging.

To overcome the limitations of previous epidemiologic
studies on ocular adverse events after COVID-19 infection,
this study conducts a comprehensive evaluation of the as-
sociation between COVID-19 infection and a range of
adverse ophthalmic events by undertaking the largest SCCS
analysis on the entire Korean population.

Methods

Setting

This nationwide, population-based SCCS utilized data from the
Korean National Health Insurance Service (NHIS) and the Korea
Disease Control and Prevention Agency (KDCA). The NHIS, a
mandatory universal health care system in South Korea, provides
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comprehensive data on demographics, health claims, and mortality
for the entire Korean population. Demographic data included age,
sex, and income, while claims data encompassed clinical visit
dates, prescription codes, and diagnostic codes based on the
Korean Classification of Diseases eighth revision, aligned with the
International Classification of Diseases, 10th revision, with specific
adaptations for Korea. The KDCA database provided information
on COVID-19 infection, including diagnosis dates. These infection
records were linked to NHIS claims data using anonymized iden-
tifiers. Detailed information about the databases is available in the
literature.”’

Outcome Measures and Other Parameters

The outcomes of interest in determining the association with
COVID-19 infection in this study were retinal artery occlusion
(RAO), retinal vein occlusion (RVO), noninfectious uveitis (NIU),
noninfectious scleritis (NIS), optic neuritis (ON), ischemic optic
neuropathy (ION), and ocular motor cranial nerve palsy (OMCNP).
Outcome measures were defined based on the presence of diag-
nostic and medication prescription codes. The precise definitions
are provided in Table S1 (available at
www.ophthalmologyscience.org), which have also been applied
in previous epidemiological studies.”®

Additional parameters, including age, sex, income level, and
residential area, were extracted from the NHIS database. Income
was categorized into low or moderate-to-high, with low income
encompassing the lower 25th percentile based on household in-
come. Residential areas were classified as urban or rural, with
urban areas defined by the Korean government as those residing in
7 designated metropolitan/special cities. Data on past cardio-
cerebrovascular and rheumatic autoimmune diseases over the last
5 years were also collected, with definitions provided in Table S1
(available at www.ophthalmologyscience.org).

Study Population and Observation Period

The SCCS is a case-only design with a predetermined observation
period. The observation period of the present study was defined
from January 1, 2021, to October 29, 2022. Due to the small
number of COVID-19 infection cases before 2021, which raised
concerns about the identifiability of individual characteristics, the
government did not permit the linkage of these COVID-19 cases
with claim data. Consequently, the observation period did not
include dates prior to 2021, and individuals diagnosed with
COVID-19 before 2021 were excluded from the study population.
Individuals diagnosed with the specified ocular diseases (RAO,
RVO, NIU, NIS, ON, ION, or OMCNP) during this observation
period were identified. Exclusions were made for those with a prior
history of these ocular diseases within the 6 years before the
observation period, those who died during the study period, and
those with missing infection or demographic data. The final dataset
for the SCCS analyses comprised incident cases of outcome
measures without censoring or missing data (Fig 1).

Statistical Analysis

For SCCS analysis, we divided the observation period of the study
subjects into distinct risk and control periods. The risk period
extended up to 24 weeks (168 days) postinfection, divided into an
early risk period (8 weeks or 56 days) and a late risk period (up to
24 weeks). In cases of reinfection within 24 weeks, the risk period
restarted from the new infection date, with observation censored if
it concluded before the full 24 weeks. All other times during the
study were considered control periods. A detailed scheme of risk
and control periods for a typical clinical scenario is illustrated in
Figure 2.
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The entire South Korean population registered in 2021 and 2022 (N = 52 million)

Individuals diagnosed with disease from Jan 1, 2021 to Oct 29, 2022 without previous diagnosis

- 1. Retinal artery occlusion (N = 9640)

- 2. Retinal vein occlusion (N = 104870)

- 3. Non-infectious anterior uveitis (N = 202966)

- 4. Non-infectious non-anterior uveitis (N = 25757)
- 5. Non-infectious scleritis (N = 23926)

- 6. Optic Neuritis (N = 3112)

- 7. Ischemic optic neuropathy (N = 70638)

- 8. Ocular motor cranial nerve palsy (N = 16843)

COVID-19 infection prior to Jan 1, 2021

- 1. Retinal artery occlusion (N = 9)

- 2. Retinal vein occlusion (N = 83)

- 3. Non-infectious anterior uveitis (N = 158)

- 4. Non-infectious non-anterior uveitis (N =13)

- 5. Non-infectious scleritis (N = 16)

- 6. Optic Neuritis (N = 3)

- 7. Ischemic optic neuropathy (N = 56)

- 8. Ocular motor cranial nerve palsy (N = 11)

Missing demographic data

- 1. Retinal artery occlusion (N = 28)

- 2. Retinal vein occlusion (N = 183)

- 3. Non-infectious anterior uveitis (N = 358)

Deceased during the study period

- 1. Retinal artery occlusion (N = 267)

- 2. Retinal vein occlusion (N = 1242)

- 3. Non-infectious anterior uveitis (N = 1440)

- 4. Non-infectious non-anterior uveitis (N = 268)
- 5. Non-infectious scleritis (N = 128)

- 6. Optic Neuritis (N = 78)

- 7. Ischemic optic neuropathy (N = 533)

- 8. Ocular motor cranial nerve palsy (N = 449)

- 4. Non-infectious non-anterior uveitis (N = 48)
- 5. Non-infectious scleritis (N = 38)

- 6. Optic Neuritis (N = 5)

- 7. Ischemic optic neuropathy (N = 116)

- 8. Ocular motor cranial nerve palsy (N = 48)

- 1. Retinal artery occlusion (N = 9336)

- 2. Retinal vein occlusion (N = 103362)

- 3. Non-infectious anterior uveitis (N =201010)

- 4. Non-infectious non-anterior uveitis (N = 25428)
- 5. Non-infectious scleritis (N = 23744)

- 6. Optic Neuritis (N = 3026)

- 7. Ischemic optic neuropathy (N = 69933)

- 8. Ocular motor cranial nerve palsy (N = 16335)

Self-controlled case series analyses: incident cases without censoring and missing data

Figure 1. Flow chart of subject selection for the self-controlled case series. COVID-19 =

Control Period Early Risk Period Late Risk Period

coronavirus disease 2019.

Control Period Early Risk Period Late Risk Period

v v v

v v v

8 weeks 24 weeks 8 weeks
15t COVID-19 infection 2 COVID-19 infection
Strengthened Social Distancing Step-by-step Social Distancing Lifted
Jan 1, 2021 Nov 1, 2021 Apr 18,2022

Figure 2. Illustration of self-controlled case series design in a common clinical scenario. The risk period was up to 24 weeks (168 days) after infection and
was divided into an early risk phase (8 weeks or 56 days) and a late risk phase (9 to 24 weeks). All other times during the study were deemed control periods.
The observation period was divided into 3 segments: before November 1, 2021; between November 1, 2021, and April 18, 2022; and after April 18, 2022.
November 1, 2021, marked the start of the nationwide shift from social distancing to a gradual normalization, while April 18, 2022, marked the official end

of social distancing measures in Korea. COVID-19 = coronavirus disease 2019.

Return to Normalcy

Oct 29, 2022
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To estimate the incidence rate ratios (IRRs) and 95% confi-
dence intervals for ocular adverse events during risk periods
compared with control periods, we used conditional Poisson
regression, accounting for within-individual correlation structure.
Given that the degree of social distancing could influence health
care utilization and act as a time-varying confounder, we adjusted
for this by dividing the observation period into 3 phases: before
November 1, 2021; between November 1, 2021, and April 18,
2022; and after April 18, 2022. November 1, 2021, marked the
commencement of a nationwide transition from social distancing to
a gradual return to normalcy, and April 18, 2022, marked the
official lifting of social distancing in Korea. Sensitivity analyses
were conducted by excluding patients who were not infected with
COVID-19 during the observation period to minimize potential
misclassification bias related to incorrect classification of COVID-
19 exposure (Sensitivity Analysis 1) and extending the control
period only up to 1 week prior to the positive test result to allow for
asymptomatic or paucisymptomatic infection resulting in ocular
sequelae (Sensitivity Analysis 2). Additionally, stratified analyses
were performed based on age, sex, income, residential area, and
history of cardio-cerebrovascular and rheumatic autoimmune
diseases.

All statistical analyses were performed using SAS version 9.4
(SAS Institute Inc) and R version 4.0.4 (The R Foundation for
Statistical Computing; http://www.r-project.org).

Ethics Statement

The study adhered to the tenets of the Declaration of Helsinki and
was approved by the Institutional Review Board of Samsung
Medical Center (IRB File Number SMC 2023-05-132). The
requirement for informed consent was waived due to the use of
deidentified public data and the retrospective nature of the study.
Approval for the use of NHIS and KDCA databases was obtained
(Research Number KDCA-NHIS-2024-1-190).

Results

Demographics

A total of 9336 RAO, 103 362 RVO, 212 953 anterior NIU,
25 428 nonanterior NIU, 23 744 NIS, 3026 ON, 69 933
ION, and 16 335 OMCNP cases were included in the study.
The average age varied across the diseases, ranging from 51
years (ON) to 68 years (RAO). In the RAO and OMCNP
groups, the proportion of males was >1.5 times higher than
females. There were no noticeable differences in income
level or residential area among the disease groups. In the
RAO group, >30% of individuals had a history of cerebro-
cardiovascular disease. Detailed demographic information is
provided in Table 2. Among these patients, the number of
individuals infected with COVID-19 was 3356, 40 039,
90 320, 10 715, 10 836, 1308, 32 104, and 6855, respec-
tively, representing approximately 40% of the study popu-
lation. The COVID-19 infection characteristics of the study
population are detailed in Table 3. Baseline characteristics
of patients infected with COVID-19 (subjects of the sensi-
tivity analysis) are shown in Table S4 (available at
www.ophthalmologyscience.org), ~ with no  notable
differences in overall clinical characteristics trends.
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Risk of Ocular Adverse Events

The IRRs for ocular adverse events during the postinfection
period compared with those during the control period for all
disease groups are detailed in Figure 3. None of the diseases
showed an increased incidence rate during the postinfection
period. These results were consistent even in sensitivity
analyses excluding patients without a history of COVID-
19 infection (Sensitivity Analysis 1, detailed in Table S5,
available at  www.ophthalmologyscience.org)  and
excluding the 1-week period prior to infection from the
control period (Sensitivity Analysis 2, detailed in Table S6,
available at www.ophthalmologyscience.org).

Stratified Analyses

Stratified analyses were conducted for each disease, with
detailed results presented in Figures S4 to S11 (available at
www.ophthalmologyscience.org; RAO, RVO, anterior NIU,
nonanterior NIU, NIS, ON, ION, and OMCNP,
respectively). Overall, most stratified groups did not show
an increased incidence rate during the postinfection
period. However, in patients with a history of cerebro-
cardiovascular disease, the risk of RAO increased, with an
IRR (95% confidence interval) of 1.19 (1.02—1.40) during
the late-risk ~ period (Fig S4, available at
www.ophthalmologyscience.org).

Discussion

In this nationwide SCCS study involving the entire Korean
population, we found no general increase in the risk of
ocular adverse events after COVID-19 infection. However,
further stratified analyses revealed that individuals with a
history of cardio-cerebrovascular disease exhibited an
increased incidence rate of RAO during the late risk period.

The postulated mechanism for the increased risk of car-
diovascular and systemic autoimmune diseases after
COVID-19 infection is the inflammatory response driven by
the infection.””' > The release of pro-inflammatory cyto-
kines such as interleukin-6, tumor necrosis factor-¢,, and
interleukin-1p results in a heightened inflammatory state
that can induce vascular endothelial injury and promote
hypercoagulability.” This inflammatory environment can
also contribute to the development of autoimmune
conditions. '’ Additionally, the formation of antibodies
against severe acute respiratory syndrome coronavirus 2
could directly influence target organs through molecular
mimicry.”* The host immune response to COVID-19
infection begins with the innate immune response at 0 to
3 days postinfection, followed by the adaptive immune
response starting 4 to 10 days postinfection.’
Immunoglobulins specific to the severe acute respiratory
syndrome coronavirus 2 spike protein increase 10 to 14
days postinfection to neutralize the virus and start to
decrease around 8 weeks postinfection, indicating a
subsidence of the overall immune response to COVID-19
infection.””° Therefore, we designated an 8-week early
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Table 2. Baseline Characteristics of the Study Population in the Self-Controlled Case Series Study

Characteristics

Number of patients, No.
Age, yrs
Mean + SD
Median (interquartile range)
Sex, No. (%)
Male
Female
Income level, No. (%)
Low
Moderate to high
Residential area, No. (%)
Urban
Rural
Previous disease history, No. (%)
Cerebro-cardiovascular
Rheumatic autoimmune

Characteristics

Number of patients, No.
Age, yrs
Mean + SD
Median (interquartile range)
Sex, No. (%)
Male
Female
Income level, No. (%)
Low
Moderate to high
Residential area, No. (%)
Urban
Rural
Previous disease history, No. (%)
Cerebro-cardiovascular
Rheumatic autoimmune

RAO
9336

6746 £ 13.29
70 (61-176)

5772 (61.83)
3564 (38.17)

2436 (26.09)
6900 (73.91)

3929 (42.08)
5407 (57.92)

3130 (33.53)
1452 (15.55)

NIS
23 744

51.29 + 18.78

53 (38—65)

11 359 (47.84)
12 385 (52.16)

5328 (22.44)
18 416 (77.56)

11 113 (46.80)
12 631 (53.20)

3068 (12.92)
2722 (11.46)

RVO
103 362

63.49 £+ 13.80
64 (55—13)

47 498 (45.95)
55 864 (54.05)

28 300 (27.38)
75 062 (72.62)

41 317 (39.97)
62 045 (60.03)

23 338 (22.58)
14 223 (13.76)

ON
3026

51.13 £ 19.05
54 (37—66)

1367 (45.18)
1659 (54.82)

769 (25.41)
2257 (14.59)

1370 (45.27)
1656 (54.73)

405 (13.38)
375 (12.39)

Anterior NIU
201 010

55.12 + 18.99
59 (43—69)

96 754 (48.13)
104 256 (51.87)

48 984 (24.37)
152 026 (75.63)

72 097 (35.87)
128 913 (64.13)

29 956 (14.9)
23 731 (11.81)

ION
69 933

52.34 + 21.32
57 (40—68)

31 628 (45.23)
38 305 (54.77)

16 611 (23.75)
53 322 (76.25)

26 758 (38.26)
43 175 (61.74)

10 964 (15.68)
7617 (10.89)

Nonanterior NIU

25428

57.61 £ 16.60
60 (49—69)

10 984 (43.20)
14 444 (56.80)

6661 (26.20)
18 767 (73.80)

11 377 (44.74)
14 051 (55.26)

4217 (16.58)
3561 (14.00)

OMCNP
16 335

56.24 + 21.61
62 (48—11)

9878 (60.47)
6457 (39.53)

3986 (24.40)
12 349 (75.60)

7230 (44.26)
9105 (55.74)

3366 (20.61)
1645 (10.07)

ION = ischemic optic neuropathy; NIS = noninfectious scleritis; NIU = noninfectious uveitis; OMCNP = ocular motor cranial nerve palsy; ON = optic

neuritis; RAO = retinal artery occlusion; RVO = retinal vein occlusion; SD = standard deviation.

Table 3. Characteristics of Coronavirus Disease 2019 Infection of the Study Population for Self-Controlled Case Series Studies

Characteristics

Number of patients, No.
Infected patients, No. (%)
Number of infection, No. (%)
Never been infected
Once
>2 times

Characteristics

Number of patients, No.
Infected patients, No. (%)
Number of infection, No. (%)
Never been infected
Once
>2 times

RAO

9336
3356 (35.95)

5980 (64.05)
3312 (35.48)
44 (0.47)

NIS

13 744
10 836 (45.64)

12 908 (54.36)
10 638 (44.80)
198 (0.83)

RVO

103 362
40 039 (38.74)

63 323 (61.26)
39 425 (38.14)
614 (0.59)

ON

3026
1308 (43.23)

1718 (56.77)
1277 (42.20)
31 (1.02)

Anterior NIU

201 010
85 216 (42.39)

115 794 (57.61)
83 554 (41.57)
1662 (0.83)

ION

69 933
32 104 (45.91)

37 829 (54.09)
31 320 (44.79)
784 (1.12)

Nonanterior NIU

25 428
10 715 (42.14)

14 713 (57.86)
10 522 (41.38)
193 (0.76)

OMCNP

16 335
6855 (41.97)

9480 (58.03)
6696 (40.99)
159 (0.97)

ION = ischemic optic neuropathy; NIS = noninfectious scleritis; NIU = noninfectious uveitis; OMCNP = ocular motor cranial nerve palsy; ON = optic

neuritis; RAO = retinal artery occlusion; RVO = retinal vein occlusion.
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Forest plot IRR (95% Cl)

1. Retinal artery occlusion

- Control period 8,693 5,770,616 1.00 (reference)

- Early risk period, 0 to 56 days (8 weeks) 245 185,603 0.94 (0.83-1.07)

- Late risk period, 57 to 168 days (24 weeks) 398 270,893 1.02 (0.92-1.12)
2. Retinal vein occlusion

- Control period 94,947 63,431,120 1.00 (reference)

- Early risk period, 0 to 56 days (8 weeks) 8135l 2,226,244 1.01 (0.97-1.04)

- Late risk period, 57 to 168 days (24 weeks) 5,064 3,285,090 1.01 (0.98-1.04)

3. Non-infectious anterior uveitis

- Control period 194,027 129,377,631

1.00 (reference)

:

+

:

—
D—é—.—l

-
- Early risk period, 0 to 56 days (8 weeks) 7,632 5,064,248 '—Ih—' 1.00 (0.98-1.03)
- Late risk period, 57 to 168 days (24 weeks) 11,294 7,597,772 - 1.01 (0.99-1.03)

4. Non-infectious non-anterior uveitis !
- Control period 23,301 15,471,628 i 1.00 (reference)
- Early risk period, 0 to 56 days (8 weeks) 838 597,440 -—I—i—- 0.96 (0.90-1.03)
- Late risk period, 57 to 168 days (24 weeks) 1,289 891,408 —_—— 1.02 (0.97-1.08)

5. Non-infecti scleritis !
- Control period 21,204 14,306,049 + 1.00 (reference)
- Early risk period, 0 to 56 days (8 weeks) 958 609,263 '—Ib—o 1.00 (0.94-1.07)
- Late risk period, 57 to 168 days (24 weeks) 1,582 921,936 — . 1.02 (0.97-1.08)

6. Optic neuritis !
- Control period 2,743 1,834,799 + 1.00 (reference)
- Early risk period, 0 to 56 days (8 weeks) 110 73,242 : 0.97 (0.81-1.17)
- Late risk period, 57 to 168 days (24 weeks) 173 110,301 t 0.99 (0.85-1.15)

7. Ischemic optic neuropathy !
- Control period 63,361 42,114,049 + 1.00 (reference)
- Early risk period, 0 to 56 days (8 weeks) 2,459 1,806,207 .-.ﬁ-. 0.97 (0.93-1.01)
- Late risk period, 57 to 168 days (24 weeks) 4,113 2,725,055 - 1.02 (0.99-1.06)

8. Ocular motor cranial nerve palsy H
- Control period 14,893 9,935,696 l 1.00 (reference)
- Early risk period, 0 to 56 days (8 weeks) 596 384,895 -—i—-—- 1.02 (0.94-1.11)
- Late risk period, 57 to 168 days (24 weeks) 846 574,854 e 0.97 (0.90-1.03)

T

1.0

0.8

1.2
Incident rate ratio

Figure 3. Incidence rate ratios of ocular adverse events during the risk periods in the self-controlled case series study. There was no increase in the incidence
rate among any disease group during the postinfection period. CI = confidence interval; IRR = incidence rate ratio.

risk period, acknowledging these temporal dynamics. Given
that COVID-19 can induce long-term immune status alter-
ations, direct endothelial damage, and a prothrombotic state,
we extended the observation to a late-risk period of up to 6
months (24 weeks) postinfection to explore these potential
risks further.

Various ocular diseases have been documented in case
series following the COVID-19 infection.”” However,
limited population-based studies have been conducted on
ophthalmic diseases after COVID-19 infection. Most of the
studies focused on retinal vascular occlusion and have
presented conflicting conclusions.””****  Park et al
conducted a cohort study in Korea, utilizing randomly
sampled data to compare the incidence rates of RAO and
RVO between COVID-19 infection and control groups.””
Their study found no significant differences in the
incidence rates of RAO and RVO between the 2 groups.
In contrast, Modjtahedi et al conducted a cohort study
using the data of patients diagnosed with COVID-19 in an
integrated health care organization in the United States.”*
While they did not observe a significant increase in the
risk of RAO, they reported a significant increase in the
risk of RVO after COVID-19 infection, with an adjusted
IRR of 1.54 (95% confidence interval: 1.05—2.26).
Furthermore, Li et al performed a cohort study using the
TriNetX network in the United States.”® They compared

patients with COVID-19 infection to those without a his-
tory of the infection and found a significant increase in the
risk of RVO within 12 weeks postinfection in the COVID-
19 group.

The challenges in the aforementioned studies lie in
ensuring comparability between cohort groups. Individuals
with COVID-19 may engage in different social activities,
adhere differently to health care policies, and utilize health
care services to a different degree compared with those
without COVID-19. These unmeasured confounders can
introduce significant bias into the assessment of ocular
adverse event incidence. Additionally, many infected in-
dividuals do not get tested or disclose their infection,
particularly self-employed individuals concerned about
quarantine issues. This may lead to misclassification bias,
where infected individuals of specific subsets of population
are incorrectly included in the control group. Moreover, in
Park et al’s study, only 4 cases of RAO and 66 cases of
RVO were reported within the COVID-19 infection cohort
during the study period. Similarly, in Modjtahedi et al’s
study, the post-COVID infection period included only 16
cases of RAO and 65 cases of RVO. These small case
numbers are insufficient to achieve robust statistical power.
The limited number of cases in these studies is likely due to
their focus on the early COVID-19 pandemic period before
2022. As a result, they are less representative of later
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variants, such as the Omicron variant, which has much
higher transmissibility and has resulted in a significantly
larger number of infections worldwide. The present study
addresses these limitations of previous research by using a
large SCCS and offers evidence on the risk of ocular adverse
events after COVID-19 infection.

Overall, our study found that COVID-19 infection does
not significantly impact ocular diseases. However, for pa-
tients with preexisting cardio-cerebrovascular disease,
COVID-19 infection appears to increase the risk of RAO.
This finding aligns with existing research indicating that
COVID-19 infection can cause vascular endothelial damage
and a hyperthrombotic state, thereby increasing the risk of
myocardial infarction and stroke.”'""' Conversely, the
frequency of ocular inflammatory events such as uveitis,
scleritis, and ON was not particularly elevated in the
postinfection period. This may possibly be attributed to
the specificity of privileged ocular immunity, which
differs from the systemic immune system, potentially
leading to a less pronounced immune response in the eyes
despite systemic inflammation caused by COVID-19
infection.

The strengths of this study include the large sample size
and the use of the SCCS design, which inherently corrects
for time-invariant confounding factors. Moreover, this study
investigated the risk of various ocular conditions associated
with COVID-19 infection, filling gaps left by previous
population-based studies. However, there are some limita-
tions to consider. First, the diagnoses of ophthalmic diseases
were based on diagnostic codes entered by physicians into
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