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Purroskt. To evaluate the association of COVID-19 infection and vaccination with neuro-
ophthalmic adverse events.

MerHops. In this nationwide population-based retrospective cohort study, 8,498,353
patients were classified into three groups: control, COVID-19 infection, and COVID-19
vaccination. We conducted separate analyses for the early phase (within 60 days) and
late phases (61-180 days) to estimate the incidence rates and hazard ratio (HR) for each
neuro-ophthalmic adverse event. The adverse events included in this analysis were optic
neuritis, papilledema, ischemic optic neuropathy, third nerve palsy, fourth nerve palsy,
sixth nerve palsy, facial palsy, nystagmus, ptosis, blepharospasm, anomalies of pupillary
function, and Guillain-Barré syndrome/Miller Fisher syndrome (GBS/MFS).

Resurts. Neuro-ophthalmic adverse events other than ptosis and GBS/MFS exhibited no
significant increase after COVID-19, and their incidence was extremely low. The incidence
rate of ptosis in both phases was significantly higher in patients administered COVID-19
vaccination (HR = 1.65 in the early phase and HR = 2.02 in the late phase) than in
the control group. Additionally, BNT162b2 conferred a lower ptosis risk than ChAdOx1.
GBS/MFS had a significantly higher incidence rate in the early phase (HR = 5.97) in
patients with COVID-19 infection than in the control group.

ConcLrusions. Ptosis was associated with COVID-19 vaccination, particularly with the
ChAdOx1 vaccine, while GBS/MFS was associated with COVID-19 infection. In contrast,
no association was found between other neuro-ophthalmic adverse events and COVID-19
infection or vaccination. These results may provide helpful insights for diagnosing and
treating the neuro-ophthalmological adverse events after COVID-19.
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ARS-CoV-2 caused an outbreak of an acute respiratory

disease (COVID-19) in December 2019, which contin-
ues to affect people worldwide.!'? The World Health Organi-
zation declared the COVID-19 outbreak a global pandemic
on March 11, 2020. Approximately 758 million COVID-19
cases and 6.8 million COVID-19-related deaths were globally
reported as of March 2023, and at least one dose of a COVID-
19 vaccine has been administered to >5.5 billion individ-
uals worldwide. In South Korea, approximately 30 million
COVID-19 cases have been confirmed, 34,000 COVID-19-
related deaths have been reported, and 44.8 million people
(approximately 87% of the total population) have received
at least one dose of the vaccine.?

With the increasing number of infected individuals and
vaccine recipients, a growing number of ocular adverse
events, including neuro-ophthalmic adverse events, have
been reported.*-® Multiple reports have suggested an asso-
ciation of COVID-19 with optic neuritis’"!! and ophthal-
moplegia related to third or sixth cranial nerve palsy.'>~'®

Copyright 2023 The Authors
iovs.arvojournals.org | ISSN: 1552-5783

Vaccine-related adverse events have also been reported.!*~%?

However, whether COVID-19 infection and vaccination
are directly related to neuro-ophthalmic adverse events is
unclear.

We evaluated the correlation of COVID-19 infection and
vaccination with neuro-ophthalmic adverse events using
the 2016-2022 data in the Korean National Health Claim
Database.

METHODS

Data Source, Neuro-Ophthalmic Adverse Events,
and COVID-19 Vaccines

In this retrospective population-based cohort study, we used
the database of the Korea Disease Control and Prevention
Agency (KDCA) and the Korean National Health Insurance
Service (NHIS) for policy and academic research (KDCA-
NHIS approval no. KDCA-NHIS-2022-1-624). The study was
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approved by the Institutional Review Board of Severance
Hospital (IRB No. 4-2023-0369) and was carried out accord-
ing to the tenets of the Declaration of Helsinki. The need for
informed consent was waived because of the retrospective
nature of the study, which was based on de-identified data.

The data that were requested encompassed all individ-
uals diagnosed with COVID-19 in the Republic of Korea
between January 1, 2020, and December 31, 2021, as well
as all individuals who received COVID-19 vaccinations from
January 2021 to March 31, 2022. During this timeframe,
around 0.5 million people were diagnosed with COVID-19,
and approximately 44 million individuals were vaccinated
against COVID-19. Because of the NHISS’s policy limita-
tions, the data provided for the vaccinated population had
to be restricted to roughly 8.0 million individuals through
random sampling. However, data for all individuals who
were infected were provided. For our study, we analyzed
the requested data for these patients from January 1, 2016,
to March 31, 2022.

During the pandemic, the Korean government provided
obligated and fully complemented healthcare services and
insurance for all COVID-19 patients. The National Health
Insurance Claims-based database contains demographics
and data from inpatient and outpatient healthcare and
pharmaceutical visits, prescriptions, diagnoses, and proce-
dures.?*-26 Data regarding COVID-19 and COVID-19 vaccina-
tion were provide by the KCDA for research and policy use.
The date of infection and the day of the first vaccination were
used as index dates. Through a literature review, we iden-
tified neuro-ophthalmic complications reported in associa-
tion with COVID-19 or COVID-19 vaccination and conducted
an analysis on neuro-ophthalmic complications that can be
specified using ICD-10 codes. Twelve predefined neuro-
ophthalmic adverse events were included in this study:
optic neuritis, papilledema, ischemic optic neuropathy, third
nerve palsy, fourth nerve palsy, sixth nerve palsy, facial
palsy, nystagmus, ptosis, blepharospasm, pupillary func-
tion anomalies, and Guillain-Barré syndrome/Miller Fisher
syndrome (GBS/MFS). Furthermore, the underlying systemic
diseases in the study cohort were investigated. The ICD-10
codes used in this study are presented in Supplementary
Table S1.

Four COVID-19 vaccines were included in this
study: BNT162b2 (Pfizer-BioNTech), ChAdOx1 (Oxford-
AstraZeneca), mRNA-1273 (Moderna), and Ad26.COV2.S
(Johnson & Johnson’s Janssen).

Study Population and Exposures

The initial dataset included 8,498,353 eligible patients aged
>18 years who were infected by COVID-19 or received
COVID-19 vaccination between January 1, 2020, and January
31, 2022. Those without personal information (n = 945),
who had been diagnosed with any neuro-ophthalmologic
adverse events before the index date (n = 207,189), and
whose primary vaccination date was not confirmed (n =
33,720) were excluded. Subjects with <60 days of follow-
up were also excluded (n = 10,000). Finally, 8,246,499
patients were included in the analysis. Subsequently, these
patients were classified into three groups: the control group
included patients without any infections or vaccination (n =
2,647,634); the infection group included patients who had
been infected with COVID-19 at least once during the entire
period (n = 557,135); and the vaccination group included
patients who had not been infected but who were admin-
istered the COVID-19 vaccination before September 2021
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(n = 5,041,730) (Fig. 1). The control group comprised indi-
viduals who had neither been diagnosed with a COVID-19
infection nor received any vaccination from March 1, 2021,
to August 31, 2021. However, these patients were vacci-
nated after September 1, 2021. Therefore the index date
for the control group was set as 180 days before the day
they received their first vaccine dose. The infection group
consisted of patients with a history of COVID-19 infection,
including those infected before (n = 192,980) or after (n =
237,020) vaccination. Furthermore, individuals infected on
the same day as the vaccination day were also included (n
= 5). The index date for the infection group was defined
as the date of the initial confirmation of COVID-19 infec-
tion. The vaccination group comprised individuals who were
vaccinated until August 31, 2021. The index date for the
vaccination group was set as the date of receiving their first
vaccine dose. This study exclusively analyzed data related
to the initial vaccine dose. Those without a confirmed first
vaccination were excluded (Fig. 1). Patients were observed
from the respective index dates for up to a maximum of
180 days. Analyses were divided into an early phase with
an observation period of less than 60 days and a late phase
with an observation period of 61 to 180 days.

Primary and Secondary Outcomes

The primary outcome was the cumulative incidence and
risks of 12 predefined neuro-ophthalmic adverse events
(Supplementary Table S1). Comorbidity was confirmed
when the ICD-10 code was identified more than twice during
the follow-up, whereas the occurrence of adverse events was
confirmed when the ICD-10 code was identified at least once
during the follow-up. It is unlikely for the same code to
be identified twice within a 180-day period because of the
nature of adverse events.

We conducted an ad hoc analysis to explore the corre-
lation between myasthenia gravis (MG; ICD-10: G70) and
COVID-19 infection and vaccination because MG is a
common cause of ptosis, which exhibited statistical signif-
icance in our study, and there have been recent reports
on the association of MG with COVID-19 infection and
vaccines.'®19:27-2

Statistical Analysis

All statistical analyses were performed using SAS version
9.4 (SAS Institute Inc., Cary, NC, USA) and R version 3.5.3
(R Foundation for Statistical Computing, Vienna, Austria).
Baseline characteristics were reported as mean and stan-
dard deviation or frequency (percentage). Statistical signif-
icance was set at P value < 0.05. The cumulative inci-
dence of neuro-ophthalmic adverse events was calculated
using the Kaplan-Meier method. The hazard ratios (HRs)
and 95% confidence intervals (CI) for each type of neuro-
ophthalmic adverse event were calculated using Cox propor-
tional hazards models. Cox model analysis was conducted
separately for the early phase and late phase outcomes.
HRs were adjusted by age, sex, presence of diabetic melli-
tus, hypertension, dyslipidemia, ischemic stroke, or myocar-
dial infarction. With the control group as the reference,
the adequacy of the proportional hazards assumption was
confirmed using log minus-log survival plots with age,
sex, diabetic mellitus, hypertension, dyslipidemia, ischemic
stroke, and myocardial infarction as variables. Univariate
analysis was performed for each variable to determine
the risk factors related to diseases, and variables with



Investigative Ophthalmology & Visual Science

Neuro-Ophthalmic Adverse Events and COVID-19

IOVS | November 2023 | Vol. 64 | No. 14 | Article 37 | 3

The number of subjects in the initial cohort
(Entire population of COVID-19 infected individuals,
and random sampling of vaccinated individuals
between January 2020 and January 2022)

n = 8498353

Individuals with incomplete
demographic records

n =945

Patients diagnosed as neuro-

ophthalmic complications of interest
n=207189

Individuals with incomplete records for
the first COVID-19 vaccination

n= 33720

Observation within less than 60 days

n = 10000

Individuals for final analysis
n = 8246499

Control group
(Group 1)

(Individuals who have not
vaccinated and have not
been infected either
before Sep 2021)

n = 2647634

Infection group
(Group 2)

(Individuals who have
been infected with
COVID-19 at least once

during the entire period)
n= 557135

Vaccination group
(Group 3)

(Individuals who have
received COVID-19
vaccination before Sep
2021, and never infected)

n = 5041730

Ficure 1. Diagram showing the flow of subjects in the current study.

P value < 0.1 in univariate analysis were included in the
multivariate analysis.

REsuLTs
Demographics and Baseline Characteristics

The demographics and baseline characteristics of the study
cohort are presented in the Table. The mean age of partici-
pants in the control, infection, and vaccination groups was

33.41 £+ 13.32, 41.02 + 21.24, and 54.03 £ 17.10 years,
respectively. The proportion of men was the highest in the
control group (53.1% vs. 51.6% vs. 48.5%). The socioeco-
nomic status increased significantly from the control to the
vaccination group, and the residential area differed signif-
icantly among the three groups. Furthermore, the propor-
tion of participants with comorbidities increased signifi-
cantly from the control to the vaccination group. The demo-
graphics of the vaccination group are presented according
to the vaccine type in Supplementary Table S2. Among the
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TaBLe. Baseline Characteristics and Demographics of the Study Population

P Value
Group 1 Group 2 Group 3

Demographic N = 2,647,634 N = 577,135 N = 5,041,730 Group 1 Vs 2 Group 1Vs3 Group2Vs3

Age (yr) 33.34 £+ 13.26 41.02 + 21.24 54.03 + 17.10 <0.0001 <0.0001 <0.0001
<40 1,724,022 (65.12%) 263,216 (47.24%) 1,082,299 (21.47%)
40-64 876,975 (33.12%) 211,421 (37.95%) 2,585,131 (51.27%)
65-74 26,386 (1.00%) 55,773 (10.01%) 809,811 (16.06%)
>75 20,251 (0.76%) 26,725 (4.80%) 564,489 (11.20%)

Sex <0.0001 <0.0001 <0.0001
Male 1,405,924 (53.10%) 287,700 (51.64%) 2,443,542 (48.47%)
Female 1,241,710 (46.90%) 269,435 (48.36%) 2,598,188 (51.53%)

Socioeconomic status <0.0001 <0.0001 <0.0001
High 1,020,600 (38.55%) 227,354 (40.81%) 2,213,813 (43.91%)
Middle 898,258 (33.93%) 176,130 (31.61%) 1,446,352 (28.69%)
Low 728,776 (27.53%) 153,651 (27.58%) 1,381,565 (27.40%)

Residence <0.0001 <0.0001 <0.0001
Urban 1,163,375 (43.94%) 296,637 (53.24%) 2,202,165 (43.68%)
Rural 1,484,259 (56.06%) 260,498 (46.76%) 2,839,565 (56.32%)

Systemic diseases
Hypertension 192,229 (7.26%) 117,177 (21.03%) 1,683,638 (33.39%) <0.0001 <0.0001 <0.0001
Diabetes 164,239 (6.20%) 95,030 (17.06%) 1,239,751 (24.59%) <0.0001 <0.0001 <0.0001
Dyslipidemia 422509 (15.96%) 182,172 (32.70%) 2,342,384 (46.46%) <0.0001 <0.0001 <0.0001
Ischemic stroke 13,452 (0.51%) 12,622 (2.27%) 175,321 (3.48%) <0.0001 <0.0001 <0.0001
Transient ischemic attack 5597 (0.21%) 4504 (0.81%) 67,347 (1.34%) <0.0001 <0.0001 <0.0001
Hemorrhagic stroke 4093 (0.15%) 2631 (0.47%) 26,819 (0.53%) <0.0001 <0.0001 <0.0001
Myocardial infarction 6761 (0.26%) 4826 (0.87%) 60,704 (1.20%) <0.0001 <0.0001 <0.0001
Chronic kidney disease 11,786 (0.45%) 7891 (1.42%) 99,357 (1.97%) <0.0001 <0.0001 <0.0001
Malignancy 72,091 (2.72%) 34,752 (6.24%) 458,332 (9.09%) <0.0001 <0.0001 <0.0001
Hyperthyroidism 33,059 (1.25%) 9410 (1.69%) 115,574 (2.29%) <0.0001 <0.0001 <0.0001
Hypothyroidism 78,612 (2.97%) 29,925 (5.37%) 336,590 (6.68%) <0.0001 <0.0001 <0.0001
Chronic liver disease 121,130 (4.58%) 47,154 (8.46%) 564,063 (11.19%) <0.0001 <0.0001 <0.0001
COPD 12,231 (0.46%) 8625 (1.55%) 124,486 (2.47%) <0.0001 <0.0001 <0.0001

N, numbers; yr, years; SD, standard deviation; COPD, chronic obstructive pulmonary disease.
Data are presented as mean =+ standard deviation or frequency (percent).

5,041,730 individuals in the vaccination group, 1,887,870
(37.4%), 2,534,990 (50.3%), 413,862 (8.2%), and 205,008
(4.1%) had been administered the ChAdOx1, BNT162b2,
mRNA-1273, and Ad26.COV2.S vaccines, respectively. The
number of people vaccinated with each vaccine type varied
because of the timing of vaccine development and issues
related to supply and distribution in South Korea. Addition-
ally, ChAdOx1 and BNT162b2 vaccines, whose supply was
initiated relatively early, were more often administered to
older individuals because of the policy of initiating vaccine
administration for older individuals. These differences in
age distribution were also reflected in the comorbidity ratio
(Supplementary Table S2).

Association of COVID-19 Infection and
Vaccination With Neuro-Ophthalmic Adverse
Events

The cumulative incidence rates of each neuro-ophthalmic
adverse event from the index date to 180 days of
follow-up are presented in Supplementary Table S3. The
Kaplan—Meier curves of each event are provided in Supple-
mentary Figure S1. The HR of each adverse event was
analyzed using a multivariable Cox proportional hazards
model, based on the follow-up duration (early and late
phases). Several conditions showed an increased incidence
rate in the infection and vaccination groups compared to the
control group during the early phase. However, only ptosis

in the vaccination group (HR = 1.65 [95% CI, 1.23-2.21];
P < 0.001) and GBS/MFS in the infection group (HR = 5.97
[95% CI, 2.17-16.43]; P < 0.001) demonstrated a statistically
significant increase (Fig. 2). In the late phase, as in the early
phase, the vaccination group showed a significant increase
in the ptosis incidence rate (HR = 2.02 [95% CI, 1.63-2.49],
P < 0.001), whereas for GBS/MFS, no significant differences
were seen among groups. Additionally, in the late phase, the
infection group showed a significantly higher facial palsy
incidence rate (HR = 0.61 [95% CI, 0.48-0.77]; P < 0.001)
(Supplementary Fig. S2).

We further incorporated all the demographic variables
in an analysis. Although minor numerical differences were
found as compared to the above analysis, the statistically
significant results remained (Supplementary Figures S3 and
S4).

Multivariable Cox proportional hazards models revealed
differences in the incidence rates and HRs between men
and women. In the infection group, during the early phase,
only GBS/MFS showed a significantly increased HR relative
to the control group for both men (HR = 5.63 [95% CI,
1.62-19.55]) and women (HR = 6.53 [95% CI, 1.14-37.42]).
In the late phase, only facial palsy showed a significant
decrease in HR for both men (HR = 0.58 [95% CI, 0.42-0.81])
and women (HR = 0.63 [95% CI, 0.45-0.87]). In the vaccina-
tion group, during the early phase, the ptosis HR was signifi-
cantly increased compared to the control group in both men
(HR = 1.58 [95% CI: 1.04-2.42]) and women (HR = 1.68
[95% CI, 1.12-2.53]), whereas papilledema showed a signifi-
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(A)
Optic Neuritis
Groups Person Event Rate Hazard Ratio HR (95% CI) P-value
Control 2647634 68 156 . 1.00 (ref)
Infection 557135 13 14,2 ——=—————— 0.85(0.46-1.60) 0.621
Vaccination 5041730 132 159 H——=—H 0.72 (0.49-1.06)  0.095
04 1.0 1.6
(C)
Ischemic Optic Neuropathy
Groups Person Event Rate Hazard Ratio HR (95% CI) P-value
Control 2647634 178 40.9 . 1.00 (ref)
Infection 557135 24 262 H——=—— 0.66 (0.42-1.03)  0.069
Vaccination 5041730 487 58.8 ——a—1.10(0.87-1.39)  0.435
04 06 08 10 12 14
(E)
4th Nerve Palsy
Groups Person Event Rate Hazard Ratio HR (95% CI) P-value
Control 2647634 21 48 L 1.00 (ref)
Infection 557 135 4 44 ——=—— 0.75(0.24-2.37) 0.620
Vaccinaton 5041730 51 62 FH=— 0.70 (0.35-1.43)  0.330
05 10 15 20 25
(G)
Facial Palsy
Groups Person Event Rate Hazard Ratio HR (95% CI) P-value
Control 2647634 426 979 . 1.00 (ref)
Infecton 557135 84 917 F——=——— 1.05(0.82-1.35) 0.677
Vaccination 5041730 778 939 —=—f 0.86 (0.74-1.01)  0.066
08 10 12 14
M
Ptosis
Groups Person Event Rate Hazard Ratio HR (95% CI) P-value
Control 2647634 110 253 = 1.00 (ref)
Infection 557135 32 349 H——=——— 1.25(0.81-1.94) 0.320
Vaccination 5041730 582 70.2 b—s—— 1.65(1.23-2.21) <0.001
075 125 175 225
(K)
Anomalies of Pupillary Function
Groups Person Event Rate Hazard Ratio HR (95% CI) P-value
Control 2 647 634 8 18 = 1.00 (ref)
Infection 557 135 3 33 p—=————1297(0.65-13.70) 0.162
Vaccinaton 5041730 14 1.7 t=— 1.32(0.38-4.62) 0.665
0.0 50 100
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(B)
Papilledema
Groups  Person Event Rate Hazard Ratio HR (95% CI) P-value
Control 2647634 18 4.1 1 1.00 (ref)
Infection 557 135 1 11 FP=——0.36(0.05-2.88) 0.337
Vaccination 5041730 11 13 FH=— 0.37(0.13-1.02) 0.055
0.0 1.0 20 30
(D)
3rd Nerve Palsy
Groups Person Event Rate Hazard Ratio HR (95% ClI) P-value
Control 2647634 16 37 L 1.00 (ref)
Infection 557 135 2 22 =——"""""1065(0.13-3,18) 0599
Vaccination 5041730 39 47 pF—=——— 0.95(0.40-2.28) 0.916
00 10 20 30
(F)
6th Nerve Palsy
Groups  Person Event Rate Hazard Ratio HR (95% CI) P-value
Control 2647634 22 51 L] 1.00 (ref)
Infection 557 135 8 87 H—r—=————1135(054-3.34) 0520
Vaccination 5041730 52 6.3 =—— 0.65(0.33-1.29) 0.221
10 20 30
(H)
Nystagmus
Groups  Person Event Rate Hazard Ratio HR (95% CI) P-value
Control 2647634 22 51 * 1.00 (ref)
Infection 557 135 5 55 b——=s——11.47(052-4.14) 0.466
Vaccination 5041730 41 50 H—=—— 1.19(0.59-2.39) 0.624
10 20 30 40
)
Blepharospasm
Groups  Person Event Rate Hazard Ratio HR (95% CI) P-value
Control 2647634 80 18.4 L 1.00 (ref)
Infection 557135 10 109 ——=————— 0.74(0.37-1.48) 0.395
Vaccination 5041730 169 204 p—rs——1.10(0.76-1.59)  0.624
05 10 15
(L)
GBS/MFS
Groups Person Event Rate Hazard Ratio HR (95% ClI) P-value
Control 2647634 12 28 = 1.00 (ref)
Infection 557135 12 13.1 p—=————5.97 (2.17-16.43) <0.001
Vaccination 5041730 41 50 t=—f 1.59(0.62-4.04) 0.332

00 50 100 150

Figure 2. Risks of neuro-ophthalmic complications within 60 days of follow-up in the study groups. The Cox model was adjusted for age,
sex, presence of diabetic mellitus, hypertension, dyslipidemia, ischemic stroke, or myocardial infarction. Rate, incidence rate per 100,000

person-years; ref, reference.

cant decrease in HR (HR = 0.20 [95% CI, 0.06-0.69]). In the
late phase, ptosis still showed a significant increase in HR in
both men (HR = 2.05 [95% CI, 1.48-2.84]) and women (HR
= 1.93 [95% CI, 1.47-2.55]), whereas the HR for third nerve
palsy was significantly decreased in women (HR = 0.37 [95%
CI, 0.14-0.99)).

Association of Ptosis, Myasthenia Gravis, and
Guillain-Barré Syndrome/Miller Fisher Syndrome
With COVID-19

In the previous analyses, three conditions showed signifi-
cantly increased HRs and incidence rates in the infection

and vaccination groups compared to that in the control
group. Considering the number of actual events, only ptosis
and GBS/MFS were significantly increased in the COVID-
19 vaccinated group (Fig. 2 and Supplementary Fig. S2).
Therefore the association between the increased incidence
of these two diseases and the vaccine type was evaluated.
Multivariable Cox proportional hazards models indicated
that the ChAdOx1 vaccine was strongly associated with
ptosis: the incidence rate was 97.00 (HR = 1.71 [95%CI,
1.26-2.32)) in the early phase and 113.6 (HR = 2.55 [95%
Cl, 2.05-3.17] in the late phase (Fig. 3). Throughout the
entire follow-up period, the ptosis incidence rate was higher
for all vaccine groups except the Ad26.COV2.S group than
in the control group. Unlike ptosis, only individuals who
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(A) Ptosis - Early Phase (Within 60 Days) (B) Ptosis - Late Phase (61-180 Days)
Groups  Person Event Rate Hazard Ratio HR (95% Cl) P-value Groups  Person Event Rate Hazard Ratio HR (95% CI) P-value
Control 2647634 110 253 L] 1.00 (ref) Control 2647524 112 12.9 u 1.00 (ref)
ChAdOx1 1887870 301 97.0 | —— 1.90 (1.39-2.59) <0.001 ChAdOx1 1887526 704 113.6 ——=— 2.60 (2.08-3.24) <0.001
BNT162b2 2534990 243 58.3 E— 1.41(1.03-1.95) 0.033 BNT162b2 2534718 459 55.1 —=— 1.57 (1.25-1.98) <0.001
mRNA-1273 413862 31 456 [ 1.63 (1.05-2.53) 0.030 mRNA-1273 413830 72 52.9 s 2.06 (1.53-2.78) <0.001
Ad26.COV2.S 205008 7 208 H———=————1 133(0.61-2.91) 0477 Ad26.COV2.S 205001 10 148 b—s—+— 1.04 (0.54-1.99) 0.905
05 10 15 20 25 30 05 10 15 20 25 30
() (D)
GBS/MFS - Early Phase (Within 60 Days) GBS/MFS - Late Phase (61-180 Days)
Groups  Person Event Rate Hazard Ratio HR (95% Cl) P-value Groups  Person Event Rate Hazard Ratio HR (95% CI) P-value
Control 2647634 12 28 = 1.00 (ref) Control 2647622 12 14 L 1.00 (ref)
ChAdOx1 1887870 22 71 t—=——od 2.25(0.79-6.42) 0.131 ChAdOx1 1887805 37 6.0 p———— 2.78(1.28-6.02) 0.010
BNT162b2 2534990 15 36 +=—H 1.45 (0.50-4.19) 0.496 BNT162b2 2534946 28 34 f—— 1.89(0.90-3.98) 0.092
mRNA-1273 413 862 44 a— 2.00(0.48-8.26) 0.339 mRNA-1273 413858 1 07— 0.41(0.05-3.21) 0.396
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Ficure 3. Risks of ptosis and GBS/MFS in patients with COVID-19 vaccination according to the vaccine type. Risk of ptosis in the (A) early
phase and (B) late phase. Risk of GBS/MFS in the (C) early phase and (D) late phase. Rate, incidence rate per 100,000 person-years; ref,

reference.

received the ChAdOx1 vaccine showed a statistically signif-
icant increase in GBS/MFS in the late phase (Fig. 3).

Furthermore, the ptosis risk factors were additionally
analyzed by multivariate analysis (Supplementary Table S4).
Before 60 days, age, socioeconomic status, residence, and
history of diabetic mellitus and dyslipidemia showed a
significant association with ptosis. The risk increased with
age (HR = 1.04 [95% CI, 1.03-1.05]; P < 0.001) and was
higher for individuals with middle (HR = 1.26 [95% CI, 1.03—
1.55]; P = 0.022) and low (HR = 1.23 [95% CI, 1.01-1.50];
P = 0.036) socioeconomic status than for those with a high
income. The risk was higher for those living in urban areas
than for those living in rural areas (HR = 0.81 [95% CI, 0.69-
0.95]; P = 0.011) and for those with underlying diabetes
(HR = 1.30 [95% CI, 1.07-1.57]; P = 0.008) and dyslipidemia
(HR = 1.41 [95% CI, 1.13-1.76]; P = 0.003). The risk associ-
ated with different vaccine types was also assessed using the
ChAdOx1 vaccine as reference. BNT162b2 posed a signifi-
cantly lower risk of ptosis than did ChAdOx1 (HR = 0.75
[95% CI, 0.63-0.89]; P = 0.001).

Although age (HR = 1.04 [95% CI, 1.03-1.04]; P < 0.001),
residence (HR = 0.86 [95% CI, 0.77-0.96]; P = 0.009), dyslipi-
demia history (HR = 1.41 [95% CI, 1.21-1.63]; P < 0.001),
and BNT162b2 vaccination (HR = 0.61 [95% CI, 0.54-0.68];
P < 0.001) were associated similarly with ptosis in the early
phase, the increased risk in socioeconomic status and history
of diabetes mellitus was not. Furthermore, Ad26.COV2.S
showed a significant association with ptosis (HR = 0.41 [95%
CI, 0.22-0.77]; P = 0.006). Additionally, women had a signifi-
cantly higher risk (1.24 times) than men (HR = 1.24 [95% CI,
1.11-1.40]; P < 0.001). Risk was significantly higher among
patients with hypertension (HR = 1.17 [95% CI, 1.02-1.34];
P = 0.024), hypothyroidism (HR = 1.27 [95% CI, 1.06-1.51];
P = 0.009), and rheumatic diseases (HR = 1.25 [95% CI,
1.06-1.48]; P = 0.009) (Supplementary Table S4).

We further analyzed the association of MG with COVID-
19 infection and vaccination, but found no significant
increase when compared to the control group (Supplemen-
tary Fig. S5).

GBS/MFS incidence showed the greatest increase in the
infection group relative to the control group. Multivariate

analysis was used to identify the risk factors. Among the vari-
ous factors, only hypothyroidism history (HR = 4.22 [95% CI,
1.12-15.90]; P = 0.033) was a statistically significant factor
in the early phase, and only chronic kidney disease history
was a statistically significant factor in the late phase (HR =
10.10 [95% CI, 1.24-81.70]; P = 0.031).

DISCUSSION

Various studies have been published on neuro-
ophthalmologic adverse events associated with COVID-19;
however, several of these involved case reports, and
analytical studies have been limited in confirming accu-
rate associations by their small sample sizes. Our study
was a nationwide, population-based study, which facili-
tated further confirmation of the associations observed in
previous studies. For COVID-19 infection and vaccination,
the incidence rate and risk of the majority of neuro-
ophthalmic adverse events were low, showing minimal
differences compared to the control group. For instance,
no statistically significant difference was observed between
COVID-19 infection, vaccination, and control groups for
optic neuritis, in agreement with a recent paper that found
no association between optic neuritis and vaccination.®®
However, some of the adverse events exhibited a higher
incidence in the infection or vaccination groups than in
the control group, with ptosis and GBS/MFS showing a
statistically significant increase in incidence when consid-
ering the differences in incidence rates and the number of
events.

Ptosis had a higher incidence rate in the vaccination, but
not in the infection group, than in the control group. Partic-
ularly, its incidence rate was higher after 60 d than within 60
d (Fig. 2I and Supplementary Fig. S2I). Ptosis is commonly
induced by third nerve palsy. However, this risk, as indi-
cated by an HR <1 in the infection and vaccination groups,
was not higher than that in the control group (Fig. 2D and
Supplementary Fig. S2D).

We also assessed MG as another condition that can lead
to ptosis. MG is an autoimmune disease where antibodies
against the nicotinic acetylcholine receptors in the neuro-
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muscular junction are produced, inducing fatigable muscle
weakness, such as ptosis.!®3132 Occurrence of MG after
COVID-19 infection or vaccination has been reported in
several studies,'8:?7-2%31 but the small sample size in these
studies hampered conclusions of a direct correlation. We
found no statistically significant association between COVID-
19 infection and MG during the early phase, while during
the late phase, COVID-19 infection was associated with
a reduced MG risk (Supplementary Fig. S5). It is widely
acknowledged that viral or bacterial infections can trig-
ger myasthenic crises in individuals with pre-existing MG.
However, no clear consensus exists on whether MG inci-
dence is higher in COVID-19 patients.!® Similar to previous
studies on the relationship between general infections and
MG, we found no association between COVID-19 infection
and MG onset. Similar to the infection group, the MG inci-
dence rate was not significantly increased in the vaccination
group.

Given the above, the increased ptosis frequency in this
study needs to be interpreted differently. The order of the
cumulative incidence of ptosis in this study was vaccination
group, infection group, and control group (Supplementary
Fig. S1D), consistent with the order of mean age among these
groups (Table). The prevalence of underlying diseases also
showed significant increases, following the same order as
age, across the three groups. Ptosis is generally more preva-
lent in older adults; therefore the difference in incidence is
likely due to age rather than COVID-19, as with other comor-
bidities. Additionally, patients with pre-existing ptosis may
have become aware of their condition after COVID-19 infec-
tion or vaccination. Therefore additional studies are neces-
sary to clarify the association between ptosis and COVID-19
infection.

GBS/MFS also showed a higher incidence rate in
COVID-19 patients. Several case reports and studies on
GBS after COVID-19 infection and vaccination have been
published.?>3° MFS is a GBS subtype. GBS is an immune-
mediated postinfectious syndrome that affects peripheral
nerves and their roots. This is a consequence of molec-
ular mimicry caused by viral or bacterial infection, lead-
ing to the production of anti-ganglioside antibodies that
attack proteins expressed on the axon membrane. A signif-
icant association is suggested to exist between COVID-
19 and GBS, including MFS, given the disease epidemi-
ology and symptom pathogenesis.>> Similarly, we found a
significantly higher HR and incidence rate in the infec-
tion than in the control group, with incidence rates of
13.1 per 100,000 person-years within 60 days. These results
were higher than the previously reported incidence rates
of GBS (1.1-1.8 per 100,000 person-years).’” Considering
that MFS is a GBS subtype, this incidence is extremely
high. This suggests that the COVID-19 infection influences
MFS development, as suggested by several previous studies,
and is predictable considering MFS pathogenesis. Further-
more, in this study, significant results were observed only
in the early phase, with no significant differences in the
late phase. This aligns with the typical onset of GBS/MFS,
which usually occurs within four weeks after the predis-
posing infection. This was also evident in the cumula-
tive incidence rate, which exhibited a significant increase
until approximately 4 weeks, after which it remained rela-
tively stable (Supplementary Fig. S1L). Therefore the risk
factors for GBS/MFS in patients with COVID-19 (age [HR
=1.04 {95% CI, 1.00-1.08}; P = 0.043] and hypothyroidism
history [HR = 4.22 {95% CI, 1.12-15.90} P = 0.033)) iden-
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tified in the early phase of follow-up are likely to be
valid.

Throughout the entire follow-up period, the vaccination
and control groups showed no significant differences in
GBS/MFS (Fig. 2L and Supplementary Fig. S2L). In the sub-
analyses based on vaccine types, during the early phase,
no vaccines showed a significant difference compared to
the control group. In the late phase, only ChAdOx1 exhib-
ited a significant difference compared to the control group,
whereas the other vaccines showed no significant differ-
ences. Although ChAdOx1 showed significant results in the
late phase, considering GBS/MFS onset, the association with
vaccination is unlikely to be significant. A recent report on
the association between COVID-19 vaccines and GBS using
the US vaccine Adverse Event Reporting System?® confirmed
findings similar to that of our study. In that report, the
portion of Ad26.COV2.S among the administered vaccines
was only 3.7%; however, the GBS incidence was 27.8% in
all cases, compared to 35.3% and 36.3% for BNT162b2 and
mRNA-1273, respectively. This represents a nine- to 12-fold
increase in reported GBS after Ad26.COV2.S as compared to
BNT162b2 or mRNA-1273. Compared to the expected inci-
dence, the difference between the BNT162b2 and mRNA-
1273 vaccines was insignificant, whereas a two- to three-
fold higher incidence was found in patients administered the
Ad26.COV2.S than in those administered other vaccines.’®
The aforementioned study showed a significant associa-
tion of GBS with Ad26.COV2.S. This was in contrast to
our findings, which is likely because of the significantly
lower number of patients who received mRNA-1273 and
Ad26.COV2.S in our study than those who received other
vaccines. As MFS is a GBS subtype and has similar patho-
genesis, it would show similar results to those of GBS.

The strengths of this study are its large sample size and
nationwide estimates representing the entire Korean popu-
lation. This enabled us to focus on identifying the inci-
dence of individual diseases, rather than relying on previ-
ously published case reports and studies involving clini-
cal patterns. However, this study has several limitations.
First, there are some limitations inherent to the data per
se. Analyzing information not registered in the database
was impossible. For example, the clinical characteristics
of neuro-ophthalmologic adverse events in patients with
COVID-19 cannot be determined because the clinical presen-
tation of each patient is not registered in the database.
Additionally, the ICD-10 codes for identifying diagnoses
in this study were not fully representative of the adverse
events. We attempted using the ICD-10 codes comprising
a single disease as much as possible; however, in some
cases, such as in GBS/MFS, individual GBS subtypes are
grouped under a single ICD-10 code and were unavoid-
ably included. Furthermore, the baseline characteristics of
each group were heterogeneous, largely due to the way
we defined the control group and the vaccine supply of
South Korea. In principle, the control group should consist
of individuals who are uninfected and simultaneously unvac-
cinated. However, because >98% of adults in South Korea
have been vaccinated, a potential for bias existed during the
analysis because of the limited sample size of the control
group. Therefore, in our study, the control group comprised
individuals who were not infected at the outset but who
subsequently received the vaccine, which led to a relatively
higher proportion of younger than older patients, leading
to a substantial difference in age among groups. Addition-
ally, the shortage in the global vaccine supply in the early
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stages of vaccine distribution led to more relatively older
patients receiving vaccinations early during the pandemic
course, leading to a higher proportion of older patients than
younger patients in the vaccination group. Multivariate Cox
analysis, using all the demographic variables included in this
study, was conducted to address these biases, and the results
obtained remained consistent with those obtained from the
pre-adjusted analysis. However, it is possible that the Cox
analysis may not have been adequately adjusted. There-
fore conducting additional research using cohort matching
could provide a more definitive confirmation of the results.
Moreover, ChAdOx1 was distributed relatively earlier than
the other vaccines at the beginning of the pandemic and
was mainly distributed to military personnel in South Korea.
Therefore groups administered the ChAdOx1 vaccine were
younger and more male dominated than those administered
other vaccines. Finally, this study was conducted exclusively
in South Korea with a relatively homogenous population;
therefore our findings may not be generalizable to other
populations worldwide.

In conclusion, we found no association between neuro-
ophthalmic adverse events other than ptosis and GBS/MFS
with COVID-19 infection or COVID-19 vaccination. However,
we found a higher incidence rate of ptosis in patients who
were vaccinated against COVID-19 than in those without
vaccination. Additionally, patients diagnosed with COVID-
19 had significantly higher incidence rates of GBS/MFS.
Although the COVID-19 pandemic is being brought under
control, several patients still suffer from infection and
vaccine sequelae. Our findings may help clinicians to diag-
nose and treat the adverse events related to COVID-19 infec-
tion and vaccination.
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