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The younger male population (age: < 45 years) should be cautious about receiving the COVID-19 mRNA
vaccine and should be closely monitored for myocarditis after vaccination. Vaccination was associated
with short-term protection against venous and arterial thrombotic events, as well as hemorrhagic events.
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Background/Aims: Although COVID-19 vaccines reduce COVID-19 severity, various safety concerns have emerged. This
study, involving a population-based cohort, used health insurance data to investigate potential vaccine-related major out-
comes, including cardiac, pulmonary, and thromboembolic diseases.

Methods: This retrospective cohort study involved data from 2,017,884 vaccinated (at least two doses) individuals and
334,583 unvaccinated individuals. The incidences of myocarditis, myocardial infarction, atrial fibrillation, interstitial lung dis-
ease, pulmonary thromboembolism, deep vein thrombosis, and cerebrovascular disease were compared between the vacci-
nated and the unvaccinated groups at 1 week to 3 months after vaccination.

Results: The study population had a mean age of 54 years (male: 44.6%). Among the vaccinated, 57.7% received the
mRNA vaccine only, whereas 35.5% received the adenoviral vector vaccine alone. Multivariate logistic analysis revealed that
vaccination was significantly associated with the early development of myocarditis. The mRNA vaccine, a younger age, and
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hyperlipidemia were independent indicators of poor myocarditis prognosis after vaccination. However, the incidence of myo-
cardial infarction at 1-2 weeks post-vaccination, as well as pulmonary thromboembolism and cerebrovascular disease (both
at 3 months post-vaccination), were significantly lower in the vaccinated group when compared with the unvaccinated one.
However, there was no significant association between vaccination and interstitial lung disease, atrial fibrillation, or deep vein
thrombosis.

Conclusions: The younger male population (age: < 45 years) should be cautious about receiving the COVID-19 mRNA vac-
cine and should be closely monitored for myocarditis after vaccination. Vaccination was associated with short-term protec-

tion against venous and arterial thrombotic events, as well as hemorrhagic events.

Keywords: COVID-19 vaccines, Myocarditis; Myocardial infarction; Pulmonary embolism; Cerebrovascular disorders

INTRODUCTION

Following the declaration of the coronavirus disease-19
(COVID-19) pandemic in 2019, numerous vaccines, includ-
ing adenoviral vector vaccines (e.g., AZD1222 and Ad26.
COV2.S) and mRNA vaccines (BNT162b2 and mRNA-1273)
were rapidly developed. Although these vaccines are all
based on the viral spike (S) protein antigen, their modes of
antigen presentation to the immune system vary [1]. Ear-
ly COVID-19 studies indicated that the efficacies of these
vaccines for COVID-19 prevention ranged from 66% to
95% [2-6], leading to their authorization for global admin-
istration for emergency use or their approval by the United
States Food and Drug Administration [7].

Although phase 3 trials showed that these vaccines were
tolerable when compared with placebo [3,4,8], safety con-
cerns about their risk arose because of reports about the
occurrence of various conditions, including myocarditis, vac-
cine-induced immune thrombotic thrombocytopenia, and
Guillain-Barre syndrome following vaccination [9-11]. In-
deed, potential age- and gender-associated safety concerns
about vaccination were highlighted by real-world cohort
studies [12-14]. However, these studies did not compare the
incidence rates of the complications with those observed in
unvaccinated individuals during the COVID-19 pandemic.
Therefore, a definite association between the vaccine and
these adverse events is not established.

Recently, our team reported various vaccine-related ad-
verse events in a population-based cohort from Seoul de-
rived from national health insurance data [15,16]. Here, we
investigated the incidence of major potential vaccine-asso-
ciated events during the short-term period (< 3 months),
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such as cardiac diseases (e.g., myocarditis and arrhythmia),
respiratory diseases (e.g., interstitial lung disease [ILD]), and
arterial or venous thrombotic events, as well as their prog-
nostic factors in vaccinated vs. unvaccinated individuals.

METHODS

Study design and population

This retrospective cohort study is based on the Korea Na-
tional Health Insurance Database. As of January 1, 2021,
about 50% of Seoul residents were randomly selected for
inclusion in the study. The study group was then analyzed to
determine the incidence of vaccination-related major events
of interest at 1 week to 3 months after vaccination based
on the International Classification of Diseases 10th Revision
(ICD-10) codes (Supplementary Table 1). Individuals who re-
ceived two or more COVID-19 vaccinations were defined as
vaccinated and the date of their second vaccination (before
September 30, 2021) was recorded as their index date. For
non-vaccinated individuals, September 30, 2021, was re-
corded as the index date. Individuals who received only one
vaccination dose were excluded from the analysis. Next, the
diagnostic records of the year before the index date were
reviewed, and individuals with vaccination-related major
events as a primary or secondary diagnosis were excluded
from further analysis. Cases in which such events were re-
corded as the primary diagnosis after the index date were
defined as event occurrences.

Ethical approval for the study was granted by the institu-
tional review board of Ewha Womans University Mokdong
Hospital (IRB No. 2022-07-003). The study adhered to the
Declaration of Helsinki guidelines. The requirement for writ-
ten informed consent was waived because this is a retro-
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spective study.

Data collection

The records of the randomly selected patients were re-
viewed to retrieve data on demographics (e.g., age and
gender), vaccination status and type, primary and secondary
diagnoses (from 2020-2021), hospital visit dates, underly-
ing diseases, and COVID-19 history.

The following covariates were used for multivariate anal-
ysis: age, gender, insurance premium grade, Charlson’s
comorbidity index, and the presence of diabetes, hyperten-
sion, hyperlipidemia, chronic obstructive pulmonary disease,
and prior COVID-19 infection (Supplementary Table 2). In-
surance premiums were categorized into the low, middle,
and high grades based on the health insurance premium.
The selection of diagnostic codes for each disease based on
Charlson’s comorbidity index was based on the previous
study by Sundararajan et al. [17]. The presence of diseases
included in the Charlson’s comorbidity index, as well as dia-
betes, hypertension, hyperlipidemia, and chronic obstructive

KJIM™

pulmonary disease, were defined based on whether they
were registered as primary or secondary diagnoses more
than twice in the year before the index date. COVID-19 in-
fection was defined as the presence of the ICD-10 code,
U071, as the primary or secondary diagnosis before the in-
dex date.

Statistical analyses

The student t-test was used to compare continuous vari-
ables. Categorical variables were compared using the Chi-
square test or Fisher's exact test. The incidence rate was
calculated per 10,000 persons. A logistic regression model
was used to calculate the odds ratio with the corresponding
95% confidence interval (95% Cl) and p value. The Cox
regression model was used to calculate the hazard ratio (HR)
with the corresponding 95% Cl and p value. If an individual
died without experiencing the event of interest, the obser-
vation was treated as censored at the time of death. No
missing data were present in the analytic dataset. p < 0.05
indicated statistically significant differences. All statistical

Randomly selected 50% of adult population (= 20 years old) in Seoul from the Korea
National Health Insurance Database as of January 1, 2021 (N = 4,203,887)

v

Unvaccinated for COVID-19
(N = 364,873)

Exclusion:
Deaths before index date (N = 13,920)

Unvaccinated for COVID-19 as of index date
(30 Sep 2021, N = 350,953)

Exclusion:

Diagnosed vaccination-related major events of
interest before index date (N = 16,370)

- Myocarditis (N = 58)

- Myocardial infarction (N = 2,698)

- Cerebrovascular disease (N = 8,546)

- Atrial fibrillation (N = 4,165)

- Interstitial lung disease (N = 517)

- Pulmonary thromboembolism (N = 2,525)

- Deep vein thrombosis (N = 2,014)

\ 4

Finally analyzed unvaccinated group for
COVID-19 (N = 334,583)

Figure 1. Flow chart of the study population.
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Vaccinated for COVID-19
(N =3,839,014)
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Deaths or individuals who received single dose
(N = 1,684,625)

Vaccinated for COVID-19 2 2 doses
(N =2,154,389)

Exclusion:

Diagnosed vaccination-related major events of
interest before index date (N = 136,505)

- Myocarditis (N = 929)

- Myocardial infarction (N = 21,983)

- Cerebrovascular disease (N = 68,267)

- Atrial fibrillation (N = 35,515)

- Interstitial lung disease (N = 5,356)

- Pulmonary thromboembolism (N = 13,261)

- Deep vein thrombosis (N = 11,582)

\

Finally analyzed vaccinated group for
COVID-19 (N = 2,017,884)
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Table 1. Demographic characteristics of the study population according to vaccination status

Vaccination for COVID-19

Variables Total No Ves p value

Total 2,352,467 334,583 (14.22) 2,017,884 (85.78)

Gender
Male 1,048,588 (44.57) 153,240 (45.80) 895,348 (44.37) <0.001
Female 1,303,879 (55.43) 181,343 (54.20) 1,122,536 (55.63)

Age (yr) 53.98 + 16.82 44.49 + 16.54 55.55 + 16.34 <0.001

20-29 271,547 (11.54) 63,768 (19.06) 207,779 (10.30) <0.001
30-39 250,938 (10.67) 88,485 (26.45) 162,453 (8.05)
40-49 300,520 (12.77) 72,023 (21.53) 228,497 (11.32)
50-59 564,105 (23.98) 47,855 (14.30) 516,250 (25.58)
60—69 552,629 (23.49) 33,346 (9.97) 519,283 (25.73)
70-79 285,398 (12.13) 15,027 (4.49) 270,371 (13.40)
80— 127,330 (5.41) 14,079 (4.21) 113,251 (5.61)

Insurance level
Low 605,294 (25.73) 97,298 (29.08) 507,996 (25.17) < 0.001
Middle 650,010 (27.63) 105,314 (31.48) 544,696 (26.99)

High 1,097,163 (46.64) 131,971 (39.44) 965,192 (47.83)

cal
0 1,584,070 (67.34) 285,426 (85.31) 1,298,644 (64.36) < 0.001
1 406,147 (17.26) 25,172 (7.52) 380,975 (18.88)
2< 362,250 (15.40) 23,985 (7.17) 338,265 (16.76)

Comorbidity
Diabetes 364,163 (15.48) 19,076 (5.70) 345,087 (17.10) <0.001
Hyperlipidemia 745,422 (31.69) 36,749 (10.98) 708,673 (35.12) < 0.001
Hypertension 638,792 (27.15) 30,948 (9.25) 607,844 (30.12) <0.001
COPD 96,424 (4.10) 6,675 (2.00) 89,749 (4.45) < 0.001

COVID-19 history 17,499 (0.74) 3,363 (1.01) 14,136 (0.70) <0.001

First and second vaccination products
AZD1222 and AZD1222 716,623 (35.51)

AZD1222 and BNT162b2 136,343 (6.76)
AZD1222 and mRNA-1273 2 (0.00)
AZD1222 and JNJ-78436735 6 (0.00)
BNT162b2 and AZD1222 4(0.00)
BNT162b2 and BNT162b2 1,134,592 (56.23)
BNT162b2 and mRNA-1273 28 (0.00)
BNT162b2 and JNJ-78436735 1(0.00)
mMRNA-1273 and BNT162b2 5(0.00)
mMRNA-1273 and mRNA-1273 30,269 (1.50)
INJ-78436735 and AZD1222 5(0.00)
INJ-78436735 and BNT162b2 6 (0.00)

First and second vaccination types

No vaccination 334,583 (100)

Only mRNA vaccine
Only adenoviral vector vaccine
Heterologous vaccination

1,164,901 (57.73)
716,623 (35.51)
136,360 (6.76)

Data are presented as number (%) or mean = standard deviation.

CCl, Charlson comorbidity index; COPD, chronic obstructive pulmonary disease.
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analyses and data curation were done on the SAS Enterprise
Guide (SAS Institute, Cary, NC, USA).

RESULTS

Baseline characteristics

Out of the randomly selected study group (50% of the Seoul
population), there were 4,203,887 adults aged > 20 (Fig.
1). Of these, 2,154,389 had received the second dose of

Myocarditis

Myocardial infarction
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the COVID-19 vaccine as of September 30, 2021, whereas
350,953 remained unvaccinated. After excluding individuals
who had been diagnosed with the major events of interest
before the index date, the final study group involved data
from 2,017,884 vaccinated individuals and 334,583 unvac-
cinated individuals.

The entire study population had a mean age of 54 years
and 44.6% of the population was male. Before the index
date, 0.74% of the study group had been diagnosed with
COVID-19 (Table 1). When compared with the unvaccinat-
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Figure 2. Cumulative incidence rate (IR) (per 10,000 persons) of the
14 newly diagnosed vaccination-related major events of interest. (A) Myo-
carditis. (B) Myocardial infarction. (C) Atrial fibrillation. (D) Interstitial
: : : : lung disease. (E) Pulmonary thromboembolism. (F) Deep vein thrombo-
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sis. (G) Cerebrovascular disease. *p < 0.05; **p < 0.01; ***p < 0.001.
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ed group, the vaccinated group was older, with a higher
proportion of females, higher insurance levels, and a high-
er rate of underlying health conditions. Of the vaccinated
group, 57.7%, 35.5%, and 6.8% had received the mRNA
vaccine only, the adenoviral vector vaccine only, and heter-
ologous vaccines, respectively.

Cardiac, pulmonary, and thromboembolic
effects of COVID-19 vaccines
Figure 2 presents the cumulative incidence of major adverse

Disease Period aOR 95% Cl
Myocarditis 1 week
2 weeks 22915 3.182-165.012
1 month 32.242 4.498-231.115
3 months 3.921 2.059-7.468
Ml 1 week 0.238 0.101-0.557
2 weeks 0.449 0.221-0.912
1 month 0.757 0.436-1.314
3 months 0.844 0.609-1.170
AF 1 week 0.755 0.314-1.812
2 weeks 0.930 0.479-1.805
1 month 0.848 0.552-1.302
3 months 1.041 0.804-1.347
ILD 1 week 0.838 0.191-3.689
2 weeks 1.513 0.359-6.383
1 month 1.210 0.522-2.805
3 months 1.077 0.693-1.675
PTE 1 week 1.467 0.185-11.655
2 weeks 1.820 0.237-13.998
1 month 1.461 0.342-6.247
3 months 0.558 0.330-0.942
DVT 1 week 2.084 0.269-16.162
2 weeks 3.623 0.483-27.186
1 month 2.414 0.572-10.182
3 months 1.583 0.625-4.011
CeVD 1 week 0.929 0.480-1.799
2 weeks 0.899 0.563-1.437
1 month 0.837 0.613-1.143
3 months 0.793 0.666-0.944

The Korean Journal of Internal Medicine Vol. 40, No. 5, September 2025

events of interest stratified by vaccination status. The inci-
dence of myocarditis was consistently higher in the vacci-
nated group across all time points. Additionally, the vacci-
nated group exhibited higher 3-month incidence rates of
myocardial infarction (M), atrial fibrillation (AF), ILD, and
cerebrovascular disease compared with the unvaccinated
group. Detailed incidence rates are provided in Supplemen-
tary Table 3, and rates stratified by vaccine type are shown
in Supplementary Figure 1.

To comprehensively evaluate these associations, we con-
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Figure 3. Forest plot of the adjusted logistic regression model in newly diagnosed patients with vaccination-related major events. aOR,
adjusted odds ratio; Cl, confidence interval; MI, myocardial infarction; AF, atrial fibrillation; ILD, interstitial lung disease; PTE, pulmonary
thromboembolism; DVT, deep vein thrombosis; CeVD, cerebrovascular disease.
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Disease aHR 95% Cl pvalue
Myocarditis ~ 3.919 2.058-7.463 —e—>» < 0.001
M 0.836  0.603-1.159 —o— 0.282
AF 1.028 0.795-1.331 —4 0.831
ILD 1.058  0.681-1.645 —— 0.802
PTE 0.551 0.326-0.930 ——i 0.026
DVT 1.579 0.623-4.000 ° 0.336
CeVD 0.783 0.657-0.932 o 0.006

l
0
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Figure 4. Forest plot of the adjusted Cox analysis model in newly diagnosed patients with vaccination-related major events. aHR, adjust-
ed hazard ratio; Cl, confidence interval; MI, myocardial infarction; AF, atrial fibrillation; ILD, interstitial lung disease; PTE, pulmonary throm-
boembolism; DVT, deep vein thrombosis; CeVD, cerebrovascular disease.

ducted both cumulative incidence (logistic regression) and
time-to-event (Cox regression) analyses, with results pre-
sented in Figures 3 and 4, respectively. The multivariate
logistic analysis demonstrated that vaccination was signifi-
cantly associated with an increased risk of myocarditis from
1 week to 3 months post-vaccination (Fig. 3).

Although the incidence of Ml and cerebrovascular disease
appeared higher in the vaccinated group at 3 months (Fig.
2), multivariate logistic analysis revealed that vaccination
was associated with a lower risk of Ml (1-2 weeks post-vac-
cination), pulmonary thromboembolism (PTE), and cerebro-
vascular disease at 3 months (Fig. 3).

While AF and ILD also showed higher unadjusted inci-
dence in the vaccinated group (Fig. 2), multivariate logistic
analysis did not confirm significant associations (Fig. 3).

Similarly, multivariate Cox analysis revealed that vaccina-
tion was significantly associated with the development of
myocarditis (HR: 3.919) and that it was associated with fa-
vorable effects on lower rates of PTE (HR: 0.551) and cere-
brovascular disease (HR: 0.783) (Fig. 4).

Risk factors for the development of
myocarditis after COVID-19 vaccination

Because myocarditis was the only adverse event observed
in the vaccinated group, we analyzed its prognostic fac-
tors. The risk of developing myocarditis in the group that
received the mRNA vaccine was 5.62-fold higher compared
with the group that received only the adenoviral vaccine

https://doi.org/10.3904/kjim.2025.056

(p < 0.001). Furthermore, younger age and hyperlipidemia
were identified as independent risk factors for the develop-
ment of myocarditis following vaccination in the multivari-
ate Cox analysis (Supplementary Table 4). Gender was not
found to be a significant risk factor in this analysis. However,
subgroup analysis based on age and gender revealed that
the incidence of myocarditis was only higher in vaccinated
younger males when compared with unvaccinated counter-
parts (Supplementary Table 5).

DISCUSSION

To the best of our knowledge, this study is the first to inves-
tigate the potential impact of vaccination on major events by
comparing vaccinated and unvaccinated individuals during
the same pandemic period, using a large, population-based
cohort. Our analysis found that the rate of myocarditis was
significantly increased in patients who received the mRNA
vaccines. Additionally, younger age and comorbid hyperlip-
idemia were identified as independent risk factors for myo-
carditis after vaccination. However, the risk of Ml (at 1-2
weeks after vaccination) and PTE and cerebrovascular dis-
ease (both at 3 months after vaccination) were significantly
lower in vaccinated individuals, and there was no significant
association between vaccination and ILD, AF, or deep vein
thrombosis.

Although the unvaccinated group included a higher pro-
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portion of young males, multivariate analysis revealed an
increased risk of myocarditis following vaccination, con-
sistent with previous reports. Since the start of COVID-19
vaccinations, there have been concerns about the risk of
myocarditis following the administration of mRNA vaccines
[9,18,19]. Using a population-based cohort study, Anders et
al. showed that when compared with the unvaccinated, the
mMRNA-1273 vaccine was associated with an increased risk
of myocarditis (adjusted HR: 3.92, 95% ClI: 2.30-6.68) [20].
A recent meta-analysis of 11 studies also showed that the
BNT162b2 and mRNA-1273 vaccines were associated with
an increased incidence of pericarditis or myocarditis (relative
risk [RR] =2.19, 95% Cl: 1.46-3.29 and RR =4.15, 95% ClI:
1.87-9.22, respectively) [21]. Following mRNA vaccination,
myocarditis can occur through various mechanisms, such as
the activation of proinflammatory cascades after detection
of the mRNA vaccine as an antigen, vaccine-induced spike
protein IgG antibodies that cross-react with myocardial pro-
teins, MRNA immune reactivity, and cellular immunity to +1
ribosomal frameshifting [22-24].

The multivariate Cox analysis of risk factors for myocardi-
tis revealed that the condition was more prevalent in young-
er individuals, with a significantly higher incidence observed
in vaccinated males aged 30-45 years than their unvacci-
nated counterparts. Previous studies have also reported that
COVID-19 vaccination-associated myocarditis was more
prevalent in young, male adults (aged between teens to
the 30s) who had received more than two vaccine doses
[19,23,25]. A study investigating the incidence of myocar-
ditis in vaccinated Koreans found that those aged 12-17
years were the most frequently affected and sudden deaths
because of COVID-19 vaccination-related myocarditis main-
ly occurred in those aged < 45 years [26]. It is hypothesized
that this is because of sex hormone differences, whereby
testosterone suppresses anti-inflammatory cells, whereas
estrogen inhibits proinflammatory T cells [23]. In this study,
we compared the vaccinated population with the unvac-
cinated group within the same period and found that the
incidence of myocarditis was significantly higher in males
aged up to 45 years. This suggests that post-vaccination
myocarditis should be a concern not only for those in their
10s and 20s but also for the young to mid-adult population
aged under 45 years.

It should be noted that our analysis found that vaccinated
patients had lower risks of PTE, MI, and cerebrovascular dis-
ease when compared with the unvaccinated group. To date,

808 www.kjim.org

The Korean Journal of Internal Medicine Vol. 40, No. 5, September 2025

numerous studies have assessed the association between
venous thromboembolism (VTE) and viral vector vaccines.
The epidemiological study by Andrews et al. [27] found a
significant increase in the rate of VTE in individuals aged
< 65 years, who had received the AZD1222 vaccine with-
in @ month of the first dose when compared with unvac-
cinated individuals. Bikdeli et al. [28] also showed that the
incidence of venous thrombosis within 30 days of vaccina-
tion was higher in those who received a viral vector vaccine
when compared with historical incidence. Arterial thrombo-
sis [10,29] and cerebrovascular disease [30] have also been
reported following vaccination. These observations are
hypothesized to be caused by the spike antigen- and the
adenoviral vector-associated thrombotic thrombocytopenia
[31]. The mechanism underlying the hypothesized effect
may involve the generation of PF4-polyanion autoantibod-
ies, the infiltration of megakaryocytes by adenoviral vectors,
the expression of the spike protein on platelet surfaces, and
the direct activation of platelets and endothelial cells by the
adenoviral vector [32].

Some studies have reported opposing findings, with some
indicating that mRNA vaccines are not associated with ve-
nous and arterial thrombotic events, ischemic stroke, or Ml
[33,34]. Some studies have also suggested no association
between adenoviral vector vaccines and thrombotic events.
A phase 3 clinical trial involving Ad26.COV2.S observed only
one VTE event in the study group, a rate that was equivalent
to that observed in the control group [5]. Houghton et al.
[35] compared the incidence of VTE before and after vac-
cination in a cohort of 792,010 patients, including 48,453
individuals who received the adenoviral vector vaccine, and
found no overall increase in the risk of VTE, especially in
the adenoviral vector vaccine subgroup (adjusted HR: 0.97,
95% Cl: 0.63-1.50). Interestingly, Simpson et al. [36] also
reported that those vaccinated with mRNA vaccines had sig-
nificantly fewer VTE events compared with unvaccinated,
suggesting the vaccines may prevent thrombosis (adjusted
RR =0.50, 95% Cl: 0.40-0.62). Moreover, some studies in-
dicate that the vaccines also prevented arterial thrombosis
[36,37], including stroke, MI, and hemorrhagic cerebrovas-
cular disease [38].

Here, we find that although onset times differed,
COVID-19 vaccination exhibited protection against PTE, M,
and cerebrovascular disease for at least 3 months. Although
there is no hypothesis explaining this mechanism, the fol-
lowing possibility can be considered. It has been suggested
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that COVID-19 infection increases the risk of thrombosis
[39,40]. Therefore, COVID-19 vaccination may reduce the
risk of COVID-19-associated thrombosis. Xie et al. [41] re-
ported that regardless of the type of vaccine, being unvac-
cinated or partially vaccinated significantly increased the risk
of VTE in ambulatory COVID-19 patients when compared
with being fully vaccinated (HR: 5.50, 95% Cl: 3.00-10.08).
Furthermore, Zisis et al. [38] found that the COVID-19 vac-
cine significantly reduced the risk of VTE and cerebrovas-
cular disease 28 and 90 days after infection. Although we
adjusted for COVID-19 patients in our multivariate analysis,
this adjustment may not have been effective because of as-
ymptomatic infections, which may not have been tested.
Previous findings indicate that the asymptomatic infection
rate during a period similar to when our study was con-
ducted ranged from 20-80% [42]. Thus, in the vaccinated
group, the incidence of thrombosis might have appeared
to decrease because of asymptomatic COVID-19 infections.
Hence, the interpretation of these results should be consid-
ered with caution.

We also investigated the relationships between vaccina-
tion and ILD or AF, which are currently unclear. Although
the potential risk of ILD development after vaccination has
been suggested by case series [43,44], no large-scale stud-
ies have established this association. There is controversy
about whether AF occurs after vaccination, and the results
have been heterogeneous [45,46]. In this study, although
the incidences of ILD and AF were higher in the vaccinated
group than in the unvaccinated group at 3 months after
vaccination, multivariate analysis did not reveal significant
differences. Further research on the long-term effects of
vaccination on these conditions will be necessary.

However, this study has some limitations. First, because it
relied on national insurance data, the analyses of the major
events of interest and COVID-19 infection were based on
diagnostic codes only. Because diagnosis assignments may
differ between physicians, incidence rates might be under-
estimated. Additionally, ICD codes could have limited ac-
curacy in identifying medical conditions in the absence of
disease-specific imaging or procedure codes [47]. Selection
bias or reporting bias may also exist, particularly in the un-
vaccinated group, owing to disparities in healthcare-seek-
ing behavior. However, our strategy of using diagnostic
codes might be the most efficient method for real-world,
large-scale cohort studies. Future studies should incorporate
more rigorous, disease-specific definitions and account for
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alternative causes of medical conditions (e.g., viral infec-
tions, medication-induced effects) by utilizing complemen-
tary data sources. A history of COVID-19 infection may also
need to be validated using serological data or more compre-
hensive infection surveillance beyond ICD codes.

Secondly, the major events that were analyzed may ex-
hibit heterogeneity. However, based on previous studies, by
focusing on diseases that the vaccine could potentially influ-
ence, we obtained efficient and prompt results. Third, this
study involved Asian adults. Because COVID-19 complica-
tions and the incidences of adverse events after vaccination
may vary by race and age [19,48], further research involving
different populations and those aged < 18 years old is nec-
essary. In addition, only individuals who were fully vaccinat-
ed with two or more doses were included in the vaccination
group, consistent with previous studies [2,4,8,20]. The vac-
cine products were also heterogeneous. Since major events
may occur after a single dose, future studies should include
partially vaccinated individuals and assess outcomes based
on the specific vaccine products used. The index date was
not exactly matched between the vaccinated and unvacci-
nated groups. Due to the scale and structure of the popula-
tion-based dataset, individual-level date matching was not
feasible within the scope of this study. However, because
COVID-19 vaccination was implemented over a relative-
ly short period during the pandemic, the bias introduced
using a common index date for the unvaccinated group is
likely minimal. Furthermore, baseline health status differed
between the vaccinated and unvaccinated groups. During
the early phase of Korea's national vaccination program,
individuals with underlying conditions were prioritized for
vaccination. To mitigate this potential bias, we performed
multivariable adjustments for baseline characteristics and
comorbidities. Finally, this study only analyzed the short-
term effects of vaccination on major events. This limitation
arose because, at the planning stage, only a limited amount
of time had elapsed since the commencement of the vacci-
nation campaign. Therefore, the time frames were selected
based on biological plausibility and evidence from prior lit-
erature [2,19,27,33]. We are currently analyzing the long-
term effects of vaccination, and our findings will be updated
in the future.

In conclusion, this population-based cohort study investi-
gated the incidence and risk factors of potential vaccine-as-
sociated major events in vaccinated vs. unvaccinated indi-
viduals. We confirmed the short-term effects of COVID-19
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vaccines on major cardiac, pulmonary, and thromboembolic
disease events. Our findings show that COVID-19 vaccina-
tion was significantly associated with the early development
of myocarditis. Notably, mRNA vaccines, a younger age, and
hyperlipidemia were risk factors for myocarditis. The vaccine
also demonstrated short-term protection against venous and
arterial thrombotic events, as well as hemorrhagic events.
We recommend carefully weighing the risks and benefits
of vaccination based on individual patient conditions. After
vaccination, individuals at a higher risk for myocarditis, such
as young male adults (< 45 years old) should be closely mon-
itored or considered for personalized vaccination strategies.

KEY MESSAGE

1. This study evaluated the incidence of COVID-19
vaccine-related major events.

2. Vaccination was associated with the development
of myocarditis, especially with mRNA vaccines.

3. Vaccination significantly lowered the risk of M,
PTE, and cerebrovascular disease.

4. There was no significant association between vac
cination and ILD, atrial fibrillation, or DVT.
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