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Evidence has suggested an increased risk of psychiatric manifestations following viral infections including coronavirus disease-2019
(COVID-19). However, psychiatric adverse events (AEs) after COVID-19 vaccination, which were documented in case reports and
case series, remain unclear. This study is aimed to investigate the psychiatric AEs after COVID-19 vaccination from a large
population-based cohort in Seoul, South Korea. We recruited 50% of the Seoul-resident population randomly selected from the
Korean National Health Insurance Service (KNHIS) claims database on 1, January, 2021. The included participants (n = 2,027,353)
from the Korean National Health Insurance Service claims database were divided into two groups according to COVID-19
vaccination. The cumulative incidences per 10,000 of psychiatric AEs were assessed on one week, two weeks, one month, and three
months after COVID-19 vaccination. Hazard ratios (HRs) and 95% Confidence interval (Cls) of psychiatric AEs were measured for the
vaccinated population. The cumulative incidence of depression, anxiety, dissociative, stress-related, and somatoform disorders,
sleep disorders, and sexual disorders at three months following COVID-19 vaccination were higher in the vaccination group than no
vaccination group. However, schizophrenia and bipolar disorders showed lower cumulative incidence in the vaccination group than
in the non-vaccinated group. Depression (HR [95% CI] = 1.683 [1.520-1.863]), anxiety, dissociative, stress-related, and somatoform
disorders (HR [95% CI] = 1.439 [1.322-1.568]), and sleep disorders (HR [95% Cl] = 1.934 [1.738-2.152]) showed increased risks after
COVID-19 vaccination, whereas the risks of schizophrenia (HR [95% CI] = 0.231 [0.164-0.326]) and bipolar disorder (HR [95% CI] =
0.672 [0.470-0.962]). COVID-19 vaccination increased the risks of depression, anxiety, dissociative, stress-related, and somatoform

disorders, and sleep disorders while reducing the risk of schizophrenia and bipolar disorder. Therefore, special cautions are
necessary for administering additional COVID-19 vaccinations to populations vulnerable to psychiatric AEs.
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INTRODUCTION

In the unprecedented era of coronavirus disease-2019 (COVID-19),
the global outbreak of COVID-19 has had an unpredictable and
heterogeneous impact on the healthcare system worldwide [1, 2].
Especially in mental illness, COVID-19 showed an increased risk of
mental health problems together with lockdown, social distan-
cing, and uncertain causes [3, 4]. There have been growing
concerns that the COVID-19 pandemic has increasingly had a
detrimental effect on long-term mental health at an early stage in
the development of vaccines [5, 6].

The rapid development of COVID-19 vaccines, ranging from
mRNA-based vaccines (BNT162b2, mRNA-1273) to viral vector
vaccines (cDNA-based vaccines; AZD1222, JNJ-78436735), has
contributed to overcoming the COVID-19 pandemic in the view of
severity and mortality [1, 7]. However, it has also given rise to new
issues such as post-COVID-19 sequelae and vaccine-related
adverse events (AEs) [2, 5-10]. With their issues, mental health is
still an unsolved concern in the post-COVID-19 era [4, 6]. Many
studies have focused on the correlation between mental health
and COVID-19 breakthrough [11]. However, mental illness as a
result of the COVID-19 vaccine itself, specifically post-vaccination

psychiatric AEs was not well-studied, with scant evidence in the
literature, which was documented primarily in the form of case
reports and case series [12-15].

In this study, we investigated the psychiatric AEs including
schizophrenia, depression, bipolar disorder, anxiety, dissociative,
stress-related, and somatoform disorders, sleep disorders, and
sexual disorders after COVID-19 vaccination from a population-
based cohort using the Korean National Health Insurance Service
(KNHIS) claims database in Seoul, South Korea.

MATERIALS AND METHODS

The concept and protocol of this study were approved by the Institutional
Review Board (IRB) of our institute, which waived the requirement for
informed consent because data analyses were performed retrospectively
using anonymized data derived from the South Korean NHIS database.

Data source

We used the KNHIS claims database to recruit a randomly selected 50% of
the population residing in Seoul on 1 January 2021 with their diagnostic
records up to 31 December 2021. The process of selecting a random 50%
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50% of the population residing in Seoul from NHIS database
at 1, January, 2021 (n = 4,348,412)

Excluded |

| age <20 years (n = 144,525)

I Subjects (n =4,203,887) |

I COVID-19 Vaccination I

l

Vaccination (+)
(n=3,839,014)
Subjects who did not received | Excluded |

second dose (n = 1,684,625) A
Vaccinated subjects

at 1, October, 2021
(n=2,154,389)

Excluded

Underlying disease

«  Schizophrenia (n = 19,947)
Depression (n = 152,876)
Bipolar disorder (n =35,223)
Anxiety, dissociative, stress-related,
somatoform disorders (n = 197,020)
Sleep disorders (n = 26,035)
Eating disorder (7 = 2,266)
Sexual disorders (n = 2,023)

Vaccinated subjects
(n=1,718,999)

Fig. 1 Flowchart of this study.

of the population in Seoul was carried out by the KNHIS system. After
authorization by KNHIS, the data collection was performed in November
2022. The psychiatric AEs included schizophrenia, mood disorders
(depression, and bipolar disorder), anxiety, dissociative, stress-related,
and somatoform disorders (anxiety disorders, obsessive-compulsive
disorder, reacting to severe stress, and adjustment disorders, conversion
disorders, somatoform disorders, and other neurotic disorders), sleep
disorders, eating disorders, and sexual disorders using the International
Classification of Diseases (ICD) Tenth Revision codes after the index date.
This population-based cohort study was also conducted by the Strength-
ening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines [16].

Study population

A total of 4,348,412 individuals living in Seoul, South Korea, constituting
50% of the population, were included and investigated as of January 1,
2021. Individuals under 20 years (n=144,525) were excluded, leaving
4,203,887 individuals for analysis. We initially divided into two groups
based on COVID-19 vaccination and defined as vaccinated group as
individuals who received two doses of the COVID-19 vaccine. For the
3,839,014 vaccinated population, we excluded 1,684,625 individuals who
did not receive a second dose by 1, October 2021. For 364,873
unvaccinated population, we excluded 13,890 individuals who died on 1,
October 2021. The diagnostic records for the year preceding the index
date were traced to investigate the causal relationship between vaccine
administration and AEs. The occurrence of the target psychiatric disorders
was defined as receiving a primary diagnosis of the disease from the day
following the index date. Individuals who had received a primary or
secondary diagnosis of any target disease for a year prior to index date
were excluded from the study. We finally included the participants defined
by two groups in this study: the vaccinated group (n = 1,718,999) and the
non-vaccinated group (n = 308,354) (Fig. 1).

Outcome measurements

The primary outcome measure was the cumulative incidence of psychiatric
AEs per 10,000 population at one week, two weeks, one month, and three
months between two groups. The secondary outcome measures were risks
of psychiatric target AEs for COVID-19 vaccination using the odd ratios
(ORs) and hazard ratios (HRs). Furthermore, subgroup analyses were also
conducted based on gender, age, the number of COVID-19 vaccine doses,
the vaccine type (MmRNA vaccine, cDNA vaccine, and heterologous
vaccination), health insurance level, presence of diabetes mellitus (DM),
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Vaccination (-)
(n=364,873)

i Excluded ['1y aths (n = 13,890)

Non-vaccinated subjects
at 1, October, 2021
(n=350,983)

Excluded | Underlying disease

«  Schizophrenia (n = 4,182)
Depression (n = 13,469)
Bipolar disorder (n=6,717)
Anxiety, dissociative, stress-related,
somatoform disorders (7 = 15,934)
Sleep disorders (n = 1,895)
Eating disorder (n = 319)
Sexual disorders (n = 113)

Non-vaccinated subjects
(n=308,354)

hypertension (HTN), hyperlipidemia, and chronic obstructive pulmonary
disease (COPD). Age, gender, insurance level, Charlson’s comorbidity index
(CCl), presence of DM, HTN, hyperlipidemia, and COPD, and prior COVID-19
infection history were extracted using their ICD-19 codes, which were
suggested by Sundararajan et al. [17]. The presence of comorbid diseases
(i.e,, DM, HTN, hyperlipidemia, and COPD), categories of CCl, and the prior
COVID-19 infection history were determined based on receiving a primary
or secondary diagnosis at least twice within one year before the index
date. The National Health Insurance (NHI) premium was used as a proxy for
income, as it is proportional to monthly income, encompassing both
earnings and capital gains. The income quantiles of the enrolled
participants were subdivided into three groups (low-, middle- and high-
income groups in medical aid enrollees and the 0-33, 34-66, and 67-100
centiles of NHI enrollees). Detailed information for ICD-10 codes used for
analysis is presented in Supplementary Table 1.

Statistical analysis

Statistical analysis was performed using the SAS Enterprise Guide (version
8.3, SAS Institute, Cary, NC, USA). A normal distribution was confirmed with
the Kolmogorov-Smirnov test. Baseline patient characteristics and
comorbidities were reported as means + standard deviation for continuous
variables and ratio for categorical variables. Student'’s t test was performed
for continuous variables and the chi-square test for categorical variables.
The cumulative incidence was calculated per 10,000 populations. To
identify the association between COVID-19 vaccination and psychiatric AEs,
a multiple logistic regression model was used for ORs, corresponding to
95% Cls. Cox proportional hazards regression was used to estimate the HRs
and 95% Cls. Two-sided p values of 0.05 or less were considered to indicate
statistical significance.

RESULTS

The participants’ characteristics

In total, 2,027,353 subjects were included in this study. Among
them, 308,354 (15.21%) had not received the COVID-19 vaccine
(i.e., non-vaccinated subjects, no vaccination group in this study),
whereas 1,718,999 (84.79%) were vaccinated against COVID-19
(i.e., vaccinated subjects, the vaccinated group in this study). The
baseline characteristics of the vaccinated and non-vaccinated
groups are presented in Table 1.
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Table 1. Baseline characteristics of the patients stratified by COVID-19 vaccination in Seoul, South Korea.

Gender (n)
Male
Female

Age (years)

20-29 years (n)
30-39 years (n)
40-49 years (n)
50-59 years (n)
60-69 years (n)
70-79 years (n)
>80 years (n)
Insurance level (n)
Low
Moderate
High
CClI (n)
0

v =

2

Comorbidity (n)
DM
Hyperlipidemia
HTN
COPD

Prior COVID-19 infection (n)

1st vaccination product (n)
AZD1222
BNT162b2
mMRNA-1273
JNJ-78436735

2nd vaccination product (n)
AZD1222
BNT162b2
mRNA-1273
JNJ-78436735

1st-2nd vaccination product (n)
AZD1222-AZD1222
AZD1222-BNT162b2
AZD1222-mRNA-1273
AZD1222-JNJ-78436735
BNT162b2-AZD1222
BNT162b2-BNT162b2
BNT162b2-mRNA-1273
BNT162b2-JNJ-78436735
mRNA-1273-BNT162b2
mMRNA-1273-mRNA-1273
JNJ-78436735-AZD1222
JNJ-78436735-BNT162b2

Molecular Psychiatry (2024) 29:3635 - 3643

Total
(n =2,027,353)

955,180 (47.11%)
1,072,173 (52.89%)
53.07 + 16.70°

248,526 (12.26%)
228,104 (11.25%)
271,478 (13.39%)
495,117 (24.42%)
463,848 (22.88%)
226,411 (11.17%)
93,869 (4.63%)

508,737 (25.09%)
571,150 (28.17%)
947,466 (46.73%)

1,419,603 (70.02%)
325,012 (16.03%)
282,738 (13.95%)

291,780 (14.39%)
594,939 (29.35%)
520,673 (25.68%)
68,185 (3.36%)
15,090 (0.74%)

712,187 (41.43%)
980,129 (57.02%)
26,676 (1.55%)

7 (0.00%)

593,773 (34.54%)
1,098,521 (63.90%)
26,698 (1.55%)

7 (0.00%)

593,766 (34.54%)
118,413 (6.89%)
2 (0.00%)

6 (0.00%)

4 (0.00%)
980,100 (57.02%)
24 (0.00%)

1 (0.00%)

4 (0.00%)

26,672 (1.55%)

3 (0.00%)

4 (0.00%)

Vaccination

No (n =308,354)

144,719 (46.93%)
163,635 (53.07%)
44.18 £ 16.28%

59,155 (19.18%)
82,599 (26.79%)
67,299 (21.83%)
43,916 (14.24%)
30,091 (9.76%)
13,440 (4.36%)
11,854 (3.84%)

88,192 (28.60%)
98,141 (31.83%)
122,021 (39.57%)

267,773 (86.84%)
20,352 (6.60%)
20,229 (6.56%)

15,993 (5.19%)
30,622 (9.93%)
26,531 (8.60%)
4,956 (1.61%)
3,099 (1.01%)

P
Yes (n=1,718,999)
0.028
810,461 (47.15%)
908,538 (52.85%)
54.67 + 16.26% <0.001*
<0.001
189,371 (11.02%)
145,505 (8.46%)
204,179 (11.88%)
451,201 (26.25%)
433,757 (25.23%)
212,971 (12.39%)
82,015 (4.77%)
<0.001
420,545 (24.46%)
473,009 (27.52%)
825,445 (48.02%)
<0.001
1,151,830 (67.01%)
304,660 (17.72%)
262,509 (15.27%)
275,787 (16.04%) <0.001
564,317 (32.83%) <0.001
494,142 (28.75%) <0.001
63,229 (3.68%) <0.001
11,991 (0.70%) < 0.001

712,187 (41.43%)
980,129 (57.02%)
26,676 (1.55%)

7 (0.00%)

593,773 (34.54%)
1,098,521 (63.90%)
26,698 (1.55%)

7 (0.00%)

593,766 (34.54%)
118,413 (6.89%)
2 (0.00%)

6 (0.00%)

4 (0.00%)
980,100 (57.02%)
24 (0.00%)

1 (0.00%)

4 (0.00%)

26,672 (1.55%)

3 (0.00%)

4 (0.00%)
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Table 1. continued

Total
(n=2,027,353)

1st-2nd vaccination type (n)
No vaccination 308,354 (15.21%)
1,006,805 (49.66%)
593,766 (29.29%)
118,428 (5.84%)

50.71+23.16

Only mRNA vaccine
Only cDNA vaccine
Heterologous vaccination
Vaccination interval (days)

Vaccination p

No (n =308,354) Yes (n=1,718,999)
308,354 (100.00%)
1,006,805 (58.57%)
593,766 (34.54%)
118,428 (6.89%)
50.71+23.16

n number, CCl Charson’s comorbidity index, DM Diabetic mellitus, HTN Hypertension, COPD Chronic obstructive pulmonary diseases, AZD-1222 AstraZeneca
ChAdOx1-S recombinant vaccine, BNT162b2 Pfizer-BioNTech Comirnaty, mRNA-1273 Moderna Spikevax, JNJ-78436735 Janssen/Johnson and Johnson COVID-19

Vaccine.
Al values expressed as mean * standard deviation.

The cumulative incidences per 10,000 of psychiatric AEs
following the COVID-19 vaccination

The cumulative incidence of the psychiatric AEs at three months was
0.51 (95% Cl, 0.40-0.62) vs 1.98 (95% Cl, 1.48-2.47) for schizophrenia,
1830 (95% Cl, 17.66-18.93) vs 1424 (95% Cl, 12.91-15.57) for
depression, 0.79 (95% Cl, 0.66-0.92) vs 1.39 (95% Cl, 0.98-1.81) for
bipolar disorder, 2841 (95% Cl, 27.62-29.21) vs 20.27 (95% dl,
18.68-21.86) for anxiety, dissociative, stress-related, and somatoform
disorders, 0.30 (95% Cl, 0.22-0.38) vs 0.32 (95% Cl, 0.12-0.53) for
eating disorder, 28.85 (95% Cl, 28.05-29.96) vs 12.19 (95% Cl,
10.96-13.43) for sleep disorders, 0.27 (95% Cl, 0.19-0.34) vs 0.03 (95%
Cl, 0.00-0.10) for sexual disorders between the vaccinated group and
non-vaccinated group. Therefore, the cumulative incidences of
schizophrenia (p <0.001) and bipolar disorder (p=0.002) were
significantly lower in the vaccinated group than in the non-
vaccinated group. Meanwhile, depression (p <0.001), anxiety, dis-
sociative, stress-related, and somatoform disorders (p < 0.001), sleep
disorders (p<0.001), and sexual disorders (p=0.007) showed
significantly higher cumulative incidence in the vaccinated group
than in the non-vaccinated group. There was no statistical difference
in the cumulative incidence of eating disorders at three months
between the two groups (p=0.724). Detailed information of
cumulative incidence was presented in Table 2.

The cumulative incidences per 10,000 of psychiatric AEs
according to vaccine types

Our data was also stratified by vaccine type including vaccination
using mRNA-based vaccine only (only mRNA vaccine), vaccination
using cDNA-based vaccine only (only cDNA vaccine), and
heterologous vaccination, which were compared by non-
vaccinated group. For decreased incidences of schizophrenia
and bipolar disorder following COVID-19 vaccination, schizophre-
nia showed the lowest cumulative incidence at three months in
the case of heterologous vaccination (0.42; 95% Cl, 0.05-0.79)
compared to other vaccine types with statistical significances
(p <0.001). The lowest cumulative incidence of bipolar disorder at
three months was observed in the case of vaccination using only
cDNA vaccine (0.39; 95% Cl, 0.23-0.55) with a statistical difference
(p<0.001). For increased incidences of depression, anxiety,
dissociative, stress-related, and somatoform disorders, sleep
disorders, and sexual disorders following COVID-19 vaccination,
the highest cumulative incidence of depression at three months
was significantly observed in heterologous vaccination (23.31;
95% Cl, 20.56-26.05) compared to other vaccine types (p < 0.001).
However, the cumulative incidence of depression at three months
was lower in the case of vaccination using only cDNA vaccine
(12.26; 95% Cl, 11.37-13.15) than in the non-vaccinated group
(14.24; 95% Cl, 12.91-15.57) with statistical differences (p = 0.014).
The incidence of anxiety, dissociative, stress-related, and
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somatoform disorders was significantly observed to be highest
in the case of heterologous vaccination (31.75; 95% Cl,
28.55-34.95), followed by only mRNA vaccination (29.13; 95% Cl,
28.08-30.18) and only cDNA vaccination (26.53; 95% Cl,
25.22-27.83) (p < 0.001). The incidence of sleep disorders at three
months was significantly observed to be high level in both cases
of only cDNA vaccination (34.78; 95% Cl, 33.28-36.28), and
heterologous vaccination (32.09; 95% Cl, 28.87-35.31), followed
by only mRNA vaccination (24.98; 95% Cl, 24.00-25.96) (p < 0.001).
The cumulative incidences of sexual disorders showed no
statistical differences up to one month (p > 0.05). At three months,
the sexual disorder showed differences in cumulative incidence
according to vaccine types (p=0.04). There was no statistical
difference in the cumulative incidence of eating disorders at three
months (p =0.785) according to vaccine types. The cumulative
incidences of psychiatric AEs according to vaccine type are
presented in Fig. 2 and Supplementary Table 2.

The risks of psychiatric AEs following the COVID-19
vaccination

In the Cox proportional hazard model in this study, the HR for
COVID-19 vaccination was 0.231 (95% Cl, 0.164-0.326) for
schizophrenia, 1.683 (95% Cl, 1.520-1.863) for depression, 0.672
(95% Cl, 0.470-0.962) for bipolar disorder, 1.439 (95% Cl,
1.322-1.568) for anxiety, dissociative, stress-related, and somato-
form disorders, 0.796 (95% Cl, 0.395-1.604) for eating disorders,
1.934 (95% Cl, 1.738-2.152) for sleep disorders, and 6.556 (95% Cl,
0.890-48.296) for sexual disorders. Therefore, COVID-19 vaccina-
tion significantly decreased the risks of occurrence for schizo-
phrenia and bipolar disorder, while significantly increasing the
risks for depression, anxiety, dissociative, stress-related, and
somatoform disorders, and sleep disorders. There was no effect
of COVID-19 vaccination on the occurrence of eating disorders
and sexual disorders (Fig. 3a).

In the multivariate logistic model in this study, the ORs of target
psychiatric AEs, except for bipolar disorder at one week, two
weeks, and one month showed statistical significance, indicating
similar patterns for HRs in the Cox proportional hazard model. For
bipolar disorder, the OR showed 1.166 (95% Cl, 0.240-5.670;
p = 0.849) at one week, 0.946 (95% Cl, 0.304-2.949; p = 0.924) at
two weeks, 0.982 (95% Cl, 0.463-2.079; p = 0.962) at one month,
and 0.674 (95% Cl, 0.471-0.964; p = 0.031). The detailed informa-
tion for ORs of target psychiatric AEs was described in
Supplementary Table 3.

The risks of psychiatric AEs according to the COVID-19
vaccine type

We further assessed the risks of target psychiatric AEs according to
the COVID-19 vaccine. For schizophrenia and bipolar disorder

Molecular Psychiatry (2024) 29:3635 - 3643
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which were observed to have lower occurrences following COVID-
19 vaccination, the HRs of schizophrenia were 0.239 (95% Cl,
0.163-0.352) in only mRNA vaccination, 0.218 (95% Cl,
0.138-0.343) in only cDNA vaccination, and 0.227 (95% Cl,
0.091-0.566) in heterologous vaccination with statistical signifi-
cances. On the other hand, the HR of bipolar disorder was
statistically significant only in the case of only cDNA vaccination
(0.339; 95% Cl, 0.196-0.587). For depression, anxiety, dissociative,
stress-related, and somatoform disorders, and sleep disorders
which were observed to have higher occurrences following
COVID-19 vaccination, the HRs of depression (1.777; 95% Cl,
1.527-2.067), anxiety, dissociative, stress-related, and somatoform
disorders (1.521; 95% Cl, 1.338-1.729), and sleep disorders (2.080;
95% Cl, 1.855-2.332) showed the highest levels in the case of
heterologous vaccination with statistical significances, respec-
tively. There were no statistical differences in risks of eating
disorders and sexual disorders according to vaccine types (Fig. 3b).

The ORs of target psychiatric AEs, except for bipolar disorder at
one week, two weeks, and one month also showed statistical
significance, indicating similar patterns for HRs in the Cox
proportional hazard model. For bipolar disorder, the OR for only
cDNA vaccination showed 1.581 (95% Cl, 0.172-14.496; p = 0.685)
at one week, 0.459 (95% Cl, 0.073-2.893; p = 0.407) at two weeks,
0.191 (95% Cl, 0.039-0.939; p = 0.042) at one month, and 0.340
(95% Cl, 0.197-0.589; p < 0.001). The detailed information for ORs
of target psychiatric AEs according to vaccine types was described
in Supplementary Table 3.

P
<0.001
<0.001
0.002
<0.001
<0.001
0.724
0.007

95% ClI
1.48-2.47
0.40-0.62
12.91-15.57
17.66-18.93
0.98-1.81
0.66-0.92
18.68-21.86
27.62-29.21
10.96-13.43
28.05-29.66
0.12-0.53
0.22-0.38
0.00-0.10
0.19-0.34

14.24
18.30
39
79
12.19
28.85
0.32
0.30
0.03

27

1.98
51
20.27
28.41

Three months
1

event
439
3145
43
136
625
4884
376
4960
]

51

]

46

61
88

<0.001
0.026
0.299
<0.001
<0.001
0.735
0.154

P

95% ClI
0.47-1.09
0.09-0.21
3.85-5.36
5.26-5.97
0.10-0.48
0.14-0.27
5.83-7.66
9.08-10.01
3.55-5.01
8.53-9.43
0.00-0.21
0.04-0.12
0.00-0.00
0.05-0.14

|
0.78
5
461
5.61
0.29
0
6.75
9.55
4.28
8.98
0.10
0.08
0.00
9

One month
event
24
2
1544

20
1641
13

3

26
14
965
9
35
14
0
16

P
0.018
0.097
0.517
<0.001
<0.001
0.349
0.617

Subgroup analysis for psychiatric AEs based on gender, age,
insurance level, and CCl

As age increases, the risks of schizophrenia (HR, 1.027; 95% Cl,
1.016-1.039) and sleep disorders (HR, 1.014; 95% Cl, 1.012-1.016)
significantly increase and the risks of depression (HR, 0.969; 95%
Cl, 0.966-0.971), bipolar disorder (HR, 0.982; 95% Cl, 0.971-0.993),
anxiety, dissociative, stress-related, somatoform disorders (HR,
0.988; 95% Cl, 0.986-0.990) significantly decrease. Considering the
HR values, age does not seem to largely affect the risk of
psychiatric AEs. For the insurance level, the HR of schizophrenia at
the high insurance level was 0.593 (p=0.007) with statistical
differences compared to the low insurance level. The HRs of
depression at the high insurance level and middle insurance level
were respectively 0.904 (p=0.014) and 0.824 (p <0.001) with
statistical differences. There were no statistical differences in other
psychiatric disorders for the insurance levels. For CCl, a higher
score of CCl more than 2 significantly increased the risks of
depression (HR, 1.393; 95% Cl, 1.217-1.596), anxiety, dissociative,
stress-related, somatoform disorders (HR, 1.440; 95% (|,
1.306-1.587), and sleep disorders (HR, 1315 95% Cl,
1.198-1.444) than zero score of CCl. Based on these results,
women are mostly susceptible to psychiatric AEs (except for
sexual disorders) compared to men. Detailed information for Cox
proportional hazard model for psychiatric AEs was presented in
Supplementary Table 4.

95% CI
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0.00-0.26
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12

54
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2

6

0

8

0.017
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0.655
0.014
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1.000

P

95% ClI

0.02-0.30
0.01-0.06
0.52-1.17
0.92-1.23
0.00-0.15
0.01-0.08
1.12-2.00
2.04-2.49
0.60-1.28
1.71-2.13
0.00-0.15
0.00-0.04
0.00-0.00
0.00-0.02

6
0.03
4

|
0.
0.8
0.06
5
1.56
26

1.07
0.94
1.92
0.06
0.02
0.00
0.01

One week
event
5
6
2
184
389
30

2
8
2
2
3
0
1

1,718,999
308,354
1,718,999
308,354
1,718,999

308,354
1,718,999

Total
number
308,354
308,354
1,718,999
308,354
1,718,999
308,354
1,718,999

DISCUSSION

The post-sequelae of COVID-19 and vaccine-related AEs have
globally been concerns for mental iliness, ranging from mild signs
of mental symptoms to psychiatric disorders [18]. During the
prolonged COVID-19 pandemic, there has been an emerging
trend in complications of COVID-19 infection and vaccination,
intensifying the psychosocial burdens [5, 18, 19]. Despite the
considerable clinical benefits of the COVID-19 vaccination, it
paradoxically made managing psychiatric disorders more challen-
ging due to the contradictory outcomes associated with COVID-19
vaccination [11, 13-15, 18-21]. Here, we conducted a population-
based retrospective cohort study for psychiatric AEs after COVID-
19 vaccination in Seoul, South Korea. From our cohort between

Vaccination

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

Table 2. The cumulative incidence of psychiatric adverse events (AEs) following COVID-19 vaccination.

Yes
[e]
Yes
| cumulative incidence, C/ confidence interval.

Anxiety, dissociative,
stress-related,
somatoform

Bipolar disorder
disorders

Diseases
Schizophrenia
Depression
Sleep disorders
Eating disorders
Sexual disorders
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Incidence Rate (IR)
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Sleep disorders
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°

°
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Fig. 2 Cumulative incidence rates of mental disorders following COVID-19 vaccination according to vaccine type. a Schizophrenia.
b Depression. ¢ Bipolar disorder. d Anxiety, dissociative, stress-related, and somatoform disorders. e Sleep disorder. f Sexual disorders.

1,718,999 vaccinated subjects and 308,354 non-vaccinated sub-
jects, we found that the vaccinated subjects showed a significantly
higher incidence of depression, anxiety, dissociative, stress-
related, and somatoform disorders, sleep disorders, and sexual
disorders and a significantly lower incidence of schizophrenia and
bipolar disorder than the non-vaccinated subjects. Furthermore,
COVID-19 vaccination increased risks of depression, anxiety,
dissociative, stress-related, and somatoform disorders and sleep
disorders but reduced risks of schizophrenia and bipolar disorder.

Some evidence between COVID-19 and mental illness has
gradually grown since the most common symptoms of the long-
COVID-19 pandemic were depression/anxiety, psychotic disorder,
and cognitive impairment (called brain fog) experienced by 22%
of patients within 6 months after COVID-19 infections [4, 14].
However, there have been contradictory reports between mental
iliness and COVID-19 vaccinations. Chaudhuri et al. reported that
vaccination significantly alleviated psychological distress mea-
sured by the General Health Questionnaire in the UK Household
Longitudinal cohort study [18]. Meanwhile, Balasubramanian et al.
reviewed the reports of psychiatric AEs to COVID-19 vaccines,
which illustrated 14 cases of psychiatric reactions including
psychosis, depression, and anxiety, dissociative, stress-related,
and somatoform disorders [15]. To our knowledge, there are
scarce studies on the association between vaccines and psychia-
tric AEs. Therefore, our population-based cohort study provides
robust evidence for the psychiatric AEs after COVID-19 vaccina-
tions. Furthermore, our study provided risks of psychiatric AEs
according to vaccine type, revealing that the psychiatric disorders
(depression, anxiety, dissociative, stress-related, and somatoform
disorders, and sleep disorders) with increased risks due to COVID-
19 vaccination showed the highest risk in the case of hetero-
geneous vaccination. Meanwhile, occurrences of schizophrenia
consistently decreased risks according to vaccine type but bipolar
disorder showed significantly decreased risks from only cDNA
vaccination.

Two representative mood disorders, depression, and bipolar
disorders, showed contrasting trends for COVID-19 vaccination.
The serotonin theory is that depression is caused by an
alternation of the hypothalamic-pituitary-adrenal (HPA) axis,
particularly serotonin (5-hydroxytryptamine or 5-HT) [22-24].
Along with this theory, the selective serotonin reuptake inhibitor

SPRINGER NATURE

is currently the main drug to treat depression [22]. Serotonin,
known as a neurotransmitter, is important to immune systems as
the regulator of immune responses and inflammatory processes
by central and peripheral mechanisms [22, 24]. For reports of
COVID-19 vaccines, the association between adrenal crisis and
COVID-19 vaccination has been suggested with the possible risk
of heterologous vaccination [25, 26] Therefore, COVID-19 may
alternate the HPA axis, which can potentially increase the risk of
depression from our study. In our study, HR for bipolar disorder
was found to be 0.672 (95% Cl, 0.470-0.962) in association with
COVID-19 vaccination. However, this result was primarily caused
by only cDNA vaccination with a notable lower HR of 0.339 (95%
Cl, 0.196-0.587). Interestingly, other types of COVID-19 vaccina-
tions did not demonstrate a significant impact on the
occurrences of bipolar disorder. These distinctive findings
suggested that the differential effects along with vaccine types
may be underestimated in mental illness, particularly bipolar
disorder [12, 27].

The immune response mediated by COVID-19 vaccination
manifests in a variety of ways across different sites in our body
[28]. Trougakos et al. described that the AEs following COVID-19
vaccination may related to the proinflammatory action of the lipid
nanoparticles or the delivered mRNA and proinflammatory effects
of the produced antigens-spike protein and/or its peptides
fragments [29]. The COVID-19 vaccination activated proinflamma-
tory cytokines such as interleukin (IL)-1, IL-6, and tumor necrosis
factor-a mediated by CD4% T cells [28]. Many immune-related
factors have been suggested for the expression of psychosis [13].
The hyperinflammatory status can increase dopamine with
N-inhibition of methyl-d-aspartate receptor (NMDAR), which leads
to psychosis [30]. Furthermore, an autoimmune response caused
by the spike protein and encoded viral protein in the vaccine can
be a potential factor in the manifestation of schizophrenia [31, 32].
Of many vaccination methods, Lee et al. described that the
heterologous vaccination enhanced B cells and CD4" T cell
responses [33]. Proinflammatory effects can be exacerbated by
preexisting inflammatory conditions after administration of mRNA
lipid nanoparticles [29]. This heightened immune response may
influence the occurrence of schizophrenia, as presented in our
study. However, the profound pathophysiological mechanisms
should be performed in future translational research [27].
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Fig. 3 The risk factors for mental disorders in this population. a The risks of psychiatric adverse events (AEs) according to COVID-19
vaccination. b The risks of psychiatric adverse events according to the COVID-19 vaccine types.

Anxiety and stress-related disorders are the main concerns for
COVID-19 infection and vaccination, which were widely studied
from fear to vaccine hesitancy [34]. Conversion disorders,
characterized by paralysis, sensory disturbances, and seizures are
associated with alternation of brain function networks [35]. Our
study showed increased risks of anxiety, dissociative, stress-
related, and somatoform disorders, and sleep disorders, which
were heightened by heterologous vaccination. Most patients who
were infected with COVID-19 experienced chronic fatigue with
mild cognitive impairment (i.e., brain fog) [21, 35, 36]. Abel et al.
described that COVID-19 infection increased the risks of fatigue
and sleep disorders from the UK primary care data [21]. The
mechanism is thought to be caused by a decrease in cerebral
blood flow, and it is similar to neuropsychiatric disorders affected
by inflammatory processes and immune responses [37]. Since
COVID-19 vaccination is also associated with immune responses,
both clinicians and vaccinated subjects should be cautious of
these manifestations, especially anxiety, dissociative, stress-
related, and somatoform disorders, and sleep disorders that can
also be affected by COVID-19 vaccination in our study. Therefore,
the COVID-19 vaccination increases the manifestation of neurosis-
related disorders but decreases that of psychosis-related disorders.

With the increasing evidence of extrapulmonary manifestations
including neurological and psychiatric symptoms, COVID-19
infection as well as vaccination may affect the central and
peripheral nervous system with profound cellular and molecular
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mechanisms [6, 38, 39]. The spike protein, especially brain-
infiltrating SARS-CoV-2 spike protein has been suggested as an
important target for the development of neurological and
psychiatric disorders. Several mechanisms involved in spike
protein have been proposed at the mice level such as TLR2-
mediated depression, TLR4-mediated cognitive dysfunction, and
anxiety mediated by non-cell autonomous hippocampal neuronal
cell deaths by inducing IL-1B from glial cells [40]. Importantly, a
recent study suggested that mRNA vaccines have slippery
sequences inducing +1 ribosomal frameshifting products after
vaccinations as a consequence of N'-methylpseudouridine-
induced ribosome stalling [41]. Although the pathogenesis
remains unclear, our study suggests that neuroinflammation
caused by spike proteins may contribute to occurrences of some
psychiatric AEs such as depression and anxiety, dissociative, stress-
related, and somatoform disorders. Therefore, future translational
research may provide the pathophysiological differences between
psychosis and neurosis from the COVID-19 vaccination.

To supplement our hypothesis regarding the mechanism of
action after COVID-19 vaccination, we tried further study using the
gene sets enrichment analysis (Supplementary Table 5). We found
that schizophrenia-related genes share the enrichment pathway
for bile acid metabolism. Bile acids prevent the binding of spike
protein with angiotensin-converting enzyme Il (ACE2) and
modulate the expression of ACE2, suggesting the protective role
[42]. Our study also showed that COVID-19 vaccination reduced
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risks of schizophrenia. For depression, as an increased risk after
COVID-19 vaccination, the results were shown for the deep
interaction of spike protein-related factors such as NLRP3
inflammasome [40]. This supports that the presence of the spike
protein plays a crucial role in the manifestation of diseases after
COVID-19 vaccination. Regarding the neurosis, the Rap1 signaling
was observed as an enrichment pathway in the genes of
neuroticisms. It regulates MAPK pathways that are important for
SARS-CoV-2 virus replication [43, 44]. However, these findings will
have to be validated by future experimental studies.

This study has several limitations. First, we collected the claims
data based on ICD-19 codes, which led to potential errors regarding
mismatching or misclassification could have occurred. Second,
previous studies have suggested the impact of poverty rates on
mental disorders but there are differences in the baseline
characteristics between the two groups in this study [45, 46].
Although propensity score matching could be a statistical option to
overcome this limitation, the real-world data is scarce on the
psychiatric AEs following the COVID-19 vaccination so future studies
through the process of propensity score matching should be
addressed for COVID-19 vaccine-related psychiatric AEs. Meanwhile,
both schizophrenia and bipolar disorders often manifest at a young
age (under 20 years old) [47]. However, our study protocol didn’t
include the adolescent population group because our study
protocol has been approved by our IRB to analyze adults more
than 20 years old. Furthermore, the COVID-19 vaccination for
adolescents in South Korea has been authorized since October 2021,
which made it impossible to collect COVID-19 vaccine-related AEs of
the population under 20 years old in our study protocol. Thus, future
studies for adolescents considering the manifestation of psychiatric
disorders will be needed on COVID-19 vaccine-related AEs. Third, we
measured psychiatric AEs up to three months following COVID-19
vaccination. This study did not contain the long-term follow-up
COVID-19 vaccine-associated AEs. Last, despite being a population-
based study targeting the population in Seoul, South Korea, it
cannot be generalized to the entire population, globally since
psychiatric disorders could be related to ethnic and genetic
backgrounds. Therefore, a global-scale real-world study for adverse
events of COVID-19 vaccination will be important in the future.

In conclusion, this population-based cohort study revealed that
COVID-19 vaccination differentially affects occurrences of psychia-
tric disorders. It increased the risks of depression, anxiety,
dissociative, stress-related, and somatoform disorders, and sleep
disorders while reducing the incidence and risk of schizophrenia
and bipolar disorder. Our findings suggested that the relationship
between COVID-19 vaccination and mental illness may be
underestimated along with the complexity of its impact on
mental health. Thus, close observation and special caution are
necessary for administering additional COVID-19 vaccinations to
populations vulnerable to psychiatric AEs.

DATA AVAILABILITY

The datasets analyzed during the current study are available through an application
to the National Health Insurance Service, South Korea. This protects the
confidentiality of the data and ensures that Information Governance is robust.

REFERENCES

1. Lundberg-Morris L, Leach S, Xu Y, Martikainen J, Santosa A, Gisslén M, et al. Covid-
19 vaccine effectiveness against post-covid-19 condition among 589 722 indivi-
duals in Sweden: population based cohort study. Bmj. 2023;383:2076990.

2. Lee DS, Kim JW, Lee KL, Jung YJ, Kang HW. Adverse events following COVID-19
vaccination in South Korea between February 28 and August 21, 2021: a
nationwide observational study. Int J Infect Dis. 2022;118:173-82.

3. Moreno C, Wykes T, Galderisi S, Nordentoft M, Crossley N, Jones N, et al. How
mental health care should change as a consequence of the COVID-19 pandemic.
Lancet Psychiatry. 2020;7:813-24.

SPRINGER NATURE

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

. Jefsen OH, Kolbaek P, Gil Y, Speed M, Dinesen PT, Sonderskov KM, et al. COVID-19

vaccine willingness amongst patients with mental illness compared with the
general population. Acta Neuropsychiatr. 2021;33:273-6.

. Nalbandian A, Sehgal K, Gupta A, Madhavan MV, McGroder C, Stevens JS, et al.

Post-acute COVID-19 syndrome. Nat Med. 2021;27:601-15.

. Gupta A, Madhavan MV, Sehgal K, Nair N, Mahajan S, Sehrawat TS, et al. Extra-

pulmonary manifestations of COVID-19. Nat Med. 2020;26:1017-32.

. Barouch DH. Covid-19 vaccines - immunity, variants, boosters. N Engl J Med.

2022;387:1011-20.

. Wang W, Wang CY, Wang SI, Wei JC. Long-term cardiovascular outcomes in COVID-

19 survivors among non-vaccinated population: a retrospective cohort study from
the TriNetX US collaborative networks. EClinicalMedicine. 2022;53:101619.

. Patone M, Handunnetthi L, Saatci D, Pan J, Katikireddi SV, Razvi S, et al. Neuro-

logical complications after first dose of COVID-19 vaccines and SARS-CoV-2
infection. Nat Med. 2021;27:2144-53.

. Buchan SA, Seo CY, Johnson C, Alley S, Kwong JC, Nasreen S, et al. Epidemiology

of Myocarditis and Pericarditis Following mRNA vaccination by vaccine product,
schedule, and interdose interval among adolescents and adults in Ontario,
Canada. JAMA Netw Open. 2022;5:2218505.

. Sun HL, Zhao YJ, Sha S, Li XH, Si TL, Liu YF, et al. Depression and anxiety among

caregivers of psychiatric patients during the late stage of the COVID-19 pan-
demic: a perspective from network analysis. J Affect Disord. 2024;344:33-40.

. Kita A, Fuyuno Y, Matsuura H, Yamaguchi Y, Okuhira K, Kimoto S. Psychiatric

adverse reaction to COVID-19 vaccine booster presenting as first-episode acute
mania with psychotic features: A case report. Psychiatry Res Case Rep.
2023;2:100143.

. Grover S, Rani S, Kohat K, Kathiravan S, Patel G, Sahoo S, et al. First episode

psychosis following r eceipt of first dose of COVID-19 vaccine: a case report.
Schizophr Res. 2022;241:70-1.

. Harrison PJ, Taquet M. Neuropsychiatric disorders following SARS-CoV-2 infec-

tion. Brain. 2023;146:2241-7.

. Balasubramanian |, Faheem A, Padhy SK, Menon V. Psychiatric adverse reactions

to COVID-19 vaccines: a rapid review of published case reports. Asian J Psychiatr.
2022;71:103129.

. von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke JP.

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. Bmj. 2007;335:806-8.

. Sundararajan V, Henderson T, Perry C, Muggivan A, Quan H, Ghali WA. New ICD-

10 version of the Charlson comorbidity index predicted in-hospital mortality. J
Clin Epidemiol. 2004;57:1288-94.

. Chaudhuri K, Howley P. The impact of COVID-19 vaccination for mental well-

being. Eur Econ Rev. 2022;150:104293.

. Penninx B, Benros ME, Klein RS, Vinkers CH. How COVID-19 shaped mental health:

from infection to pandemic effects. Nat Med. 2022;28:2027-37.

Nishimi K, Neylan TC, Bertenthal D, Seal KH, O'Donovan A. Association of psy-
chiatric disorders with incidence of SARS-CoV-2 breakthrough infection among
vaccinated adults. JAMA Netw Open. 2022;5:e227287.

Abel KM, Carr MJ, Ashcroft DM, Chalder T, Chew-Graham CA, Hope H, et al.
Association of SARS-CoV-2 Infection With Psychological distress, psychotropic
prescribing, fatigue, and sleep problems among UK primary care patients. JAMA
Netw Open. 2021;4:e2134803.

Otte C, Gold SM, Penninx BW, Pariante CM, Etkin A, Fava M, et al. Major
depressive disorder. Nat Rev Dis Primers. 2016;2:16065.

Vieta E, Berk M, Schulze TG, Carvalho AF, Suppes T, Calabrese JR, et al. Bipolar
disorders. Nat Rev Dis Primers. 2018;4:18008.

Moncrieff J, Cooper RE, Stockmann T, Amendola S, Hengartner MP, Horowitz MA.
The serotonin theory of depression: a systematic umbrella review of the evi-
dence. Mol Psychiatry. 2023;28:3243-56.

Maguire D, McLaren DS, Rasool |, Shah PM, Lynch J, Murray RD. ChAdOx1 SARS-
CoV-2 vaccination: a putative precipitant of adrenal crises. Clin Endocrinol.
2023;99:470-3.

Markovic N, Faizan A, Boradia C, Nambi S. Adrenal crisis secondary to COVID-19
vaccination in a patient with hypopituitarism. AACE Clin Case Rep. 2022;8:171-3.
Cozzolino A, Hasenmajer V, Newell-Price J, Isidori AM. COVID-19 pandemic and
adrenals: deep insights and implications in patients with glucocorticoid disorders.
Endocrine. 2023;82:1-14.

Li C, Lee A, Grigoryan L, Arunachalam PS, Scott MKD, Trisal M, et al. Mechanisms
of innate and adaptive immunity to the Pfizer-BioNTech BNT162b2 vaccine. Nat
Immunol. 2022;23:543-55.

Trougakos IP, Terpos E, Alexopoulos H, Politou M, Paraskevis D, Scorilas A, et al.
Adverse effects of COVID-19 mRNA vaccines: the spike hypothesis. Trends Mol
Med. 2022;28:542-54.

Tang SW, Helmeste D, Leonard B. Inflammatory neuropsychiatric disorders and
COVID-19 neuroinflammation. Acta Neuropsychiatrica. 2021;33:165-77.

Molecular Psychiatry (2024) 29:3635 - 3643



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Yonker LM, Swank Z, Bartsch YC, Burns MD, Kane A, Boribong BP, et al. Circulating
spike protein detected in Post-COVID-19 mRNA vaccine myocarditis. Circulation.
2023;147:867-76.

Yesilkaya UH, Sen M, Tasdemir BG. A novel adverse effect of the BNT162b2 mRNA
vaccine: first episode of acute mania with psychotic features. Brain Behav Immun
Health. 2021;18:100363.

Lee HK, Go J, Sung H, Kim SW, Walter M, Knabl L, et al. Heterologous ChAdOx1-
BNT162b2 vaccination in Korean cohort induces robust immune and antibody
responses that includes Omicron. iScience. 2022;25:104473.

McNeil A, Purdon C. Anxiety disorders, COVID-19 fear, and vaccine hesitancy. J
Anxiety Disord. 2022;90:102598.

Espay AJ, Aybek S, Carson A, Edwards MJ, Goldstein LH, Hallett M, et al. Current
concepts in diagnosis and treatment of functional neurological disorders. JAMA
Neurol. 2018;75:1132-41.

Morin CM, Drake CL, Harvey AG, Krystal AD, Manber R, Riemann D, et al. Insomnia
disorder. Nat Rev Dis Primers. 2015;1:15026.

Theoharides TC, Stewart JM, Hatziagelaki E, Kolaitis G. Brain “fog,” inflammation
and obesity: key aspects of neuropsychiatric disorders improved by luteolin.
Front Neurosci. 2015;9:225.

Khayat-Khoei M, Bhattacharyya S, Katz J, Harrison D, Tauhid S, Bruso P, et al.
COVID-19 mRNA vaccination leading to CNS inflammation: a case series. J Neurol.
2022;269:1093-106.

Theoharides TC. Could SARS-CoV-2 spike protein be responsible for long-COVID
syndrome? Mol Neurobiol. 2022;59:1850-61.

Fontes-Dantas FL, Fernandes GG, Gutman EG, De Lima EV, Antonio LS, Hammerle
MB, et al. SARS-CoV-2 Spike protein induces TLR4-mediated long-term cognitive
dysfunction recapitulating post-COVID-19 syndrome in mice. Cell Rep.
2023;42:112189.

Mulroney TE, Péyry T, Yam-Puc JC, Rust M, Harvey RF, Kalmar L, et al. N'-
methylpseudouridylation of mRNA causes +1 ribosomal frameshifting. Nature.
2024;625:189-94.

Fiorucci S, Urbani G, Biagioli M, Sepe V, Distrutti E, Zampella A. Bile acids and bile
acid activated receptors in the treatment of Covid-19. Biochem Pharmacol.
2023;115983. https://doi.org/10.1016/j.bcp.2023.115983.

Zhang YL, Wang RC, Cheng K, Ring BZ, Su L. Roles of Rap1 signaling in tumor cell
migration and invasion. Cancer Biol Med. 2017;14:90-9.

Hadzega D, Babisova K, Hyblova M, Janostiakova N, Sabaka P, Janega P, et al.
Analysis of transcriptomics data from COVID-19 patients: a pilot research. Folia
Microbiol. 2024;69:155-64.

Das-Munshi J, Chang CK, Bakolis I, Broadbent M, Dregan A, Hotopf M, et al. All-
cause and cause-specific mortality in people with mental disorders and intel-
lectual disabilities, before and during the COVID-19 pandemic: cohort study.
Lancet Reg Health Eur. 2021;11:100228.

Bennett JE, Pearson-Stuttard J, Kontis V, Capewell S, Wolfe |, Ezzati M. Con-
tributions of diseases and injuries to widening life expectancy inequalities in
England from 2001 to 2016: a population-based analysis of vital registration data.
Lancet Public Health. 2018;3:586-97.

Ortiz-Orendain J, Gardea-Resendez M, Castiello-de Obeso S, Golebiowski R,
Coombes B, Gruhlke PM, et al. Antecedents to first episode psychosis and mania:
comparing the initial prodromes of schizophrenia and bipolar disorder in a ret-
rospective population cohort. J Affect Disord. 2023;340:25-32.

Molecular Psychiatry (2024) 29:3635 - 3643

H.J. Kim et al.

AUTHOR CONTRIBUTIONS

EMC conceptualized the study. HJK, M-HK, and EMC designed the study. HJK, M-HK,
and EMC analyzed and interpreted the data. M-HK acquired the data. HJK and EMC
drafted the manuscript. HJK, M-HK, MGC, and EMC critically reviewed the work. MGC
verified the data in the study. All authors had full access to all the data and had final
responsibility for the decision to submit for publication.

COMPETING INTERESTS

The authors declare no competing interests.

ETHICS

The study protocol was approved by the Institutional Review Board of our institute
(IRB No.: EUMC 2022-07-003), which waived the requirement for informed consent
because data analyses were performed retrospectively using anonymized data
derived from the South Korean NHIS database.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541380-024-02627-0.

Correspondence and requests for materials should be addressed to Eun Mi Chun.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

5Y Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

SPRINGER NATURE


https://doi.org/10.1016/j.bcp.2023.115983
https://doi.org/10.1038/s41380-024-02627-0
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Psychiatric adverse events following COVID-19 vaccination: a population-based cohort study in Seoul, South�Korea
	Introduction
	Materials and methods
	Data�source
	Study population
	Outcome measurements
	Statistical analysis

	Results
	The participants’ characteristics
	The cumulative incidences per 10,000 of psychiatric AEs following the COVID-19 vaccination
	The cumulative incidences per 10,000 of psychiatric AEs according to vaccine�types
	The risks of psychiatric AEs following the COVID-19 vaccination
	The risks of psychiatric AEs according to the COVID-19 vaccine�type
	Subgroup analysis for psychiatric AEs based on gender, age, insurance level, and�CCI

	Discussion
	References
	Author contributions
	Competing interests
	Ethics
	ADDITIONAL INFORMATION




