
Introduction 

Coronavirus disease 2019 (COVID-19), caused by the novel se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has 
significantly affected mental health worldwide. The pandemic has 
created a unique set of stressors and challenges that have contribut-
ed to the exacerbation of existing mental health conditions and the 
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onset of new ones [1,2]. COVID-19 is associated with several 
mental health issues. The uncertainty surrounding the virus, fear of 
infection, and concerns about the health of loved ones have led to 
increased anxiety and stress among individuals. Lockdowns, social 
isolation, and economic hardships have also contributed to in-
creased stress levels. The pandemic has been associated with an in-
crease in depressive symptoms. Factors such as social isolation, 
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employment loss, and death of loved ones play a role in the devel-
opment or exacerbation of depression. 

Lockdowns, quarantine measures, and social distancing have led 
to increased social isolation and loneliness, which can contribute to 
mental health issues, especially among vulnerable populations, 
such as the elderly. The pandemic has disrupted mental health ser-
vices, making it challenging for some individuals to access the care 
and support they need [3]. Healthcare workers and individuals 
who contracted the virus may be at risk of developing post-trau-
matic stress disorder because of the traumatic experiences they en-
dured during the pandemic [4]. Financial stress resulting from job 
loss or economic instability can contribute to mental health prob-
lems including anxiety and depression [5]. Disruption of daily rou-
tines and the closure of gyms, recreational facilities, and other out-
lets for physical and mental well-being have impacted mental 
health. Stigmatization of individuals who have contracted the virus 
or are frontline healthcare workers has been reported and can lead 
to mental health challenges for those affected [6]. 

It is important to note that the impact of the pandemic on men-
tal health varies widely from person to person. While some indi-
viduals have developed resilience and coping mechanisms, others 
face significant challenges [7]. Patients visiting hospitals may have 
weaker resilience and coping mechanisms than individuals in the 
general population [8]. COVID-19 primarily affects the respirato-
ry system but can have a wide range of effects on various organs 
and systems in the body, including the brain. Emerging evidence 
suggests that COVID-19 is associated with an increased risk of 
cognitive and neurological symptoms, raising concerns about its 
potential impact on dementia [9-11]. Most patients recover from 
COVID-19 within 2 weeks without long-term symptoms. Howev-
er, many people continue to experience memory problems or 
cloudy thinking, even without other symptoms of long COVID. 
These neurological symptoms can last for weeks or months after 
an infection. A recent review has highlighted the high frequency of 
cognitive impairment following the COVID-19 outbreak [11]. 

Previous studies have shown that COVID-19 influences the de-
velopment and worsening of major mental health disorders. This 
study investigated the impact of COVID-19 on the development 
of major mental disorders in patients visiting university hospitals. 

Methods 

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Keimyung University Dongsan 
Hospital (IRB No: DSMC 2023-10-064). The requirement 
of informed consent was waived.

1. Data sources 
This was a single-center, retrospective cohort study of Korean pa-
tients (n = 513,262) who visited Keimyung University Dongsan 
Hospital between November 1, 2018 and October 31, 2023 (study 
period). The Observational Medical Outcomes Partnership Com-
mon Data Model (OMOP CDM) version 5.3.1 database and 
open-source Observational Health Data Sciences and Informatics 
(OHDSI) software were used in the investigation [12]. The 
OHDSI organization provides a large selection of open-source 
tools that handle different analytic scenarios using patient-level ob-
servational data. An open community data standard called the 
OMOP CDM was created to standardize the composition and or-
ganization of observational data and facilitate effective analyses 
that can yield solid support.  

2. Study design  
To investigate the association between COVID-19 and major 
mental disorders, this study was conducted on patients with 
COVID-19 (target group: n = 5,006; mean age, 42.02 ± 22.47 
years) and those without COVID-19 (comparator: n = 367,162; 
mean age, 50.01 ± 22.75 years) who were registered in the database 
of Keimyung University Dongsan Hospital standardized with the 
OMOP CDM. This study was conducted using a medical re-
al-world data (RWD) platform called FeederNet, which is the Fed-
erated E-Health Big Data for Evidence Renovation Network. Feed-
erNet standardizes and de-identifies electronic medical record data 
from approximately 50 large general hospitals in Korea using the 
CDM, and each piece of data is safely stored without the risk of 
personal information being leaked. FeederNet is an RWD platform 
that allows distributed multi-institutional research to be managed 
in hospitals. Researchers who have registered as members of Feed-
erNet can log into the FeederNet server (https://feedernet.com/
member/main) to conduct research. The FeederNet computer ap-
plication was used to extract the current study data [13]. The 
OMOP CDM schema was used to map all patients by providing a 
consistent format for healthcare data and standardizing the clinical 
coding systems. This allowed the analysis code to be shared among 
the network participants’ datasets. 

During the study period, the index date was defined as the first 
day of COVID-19 diagnosis in the COVID-19 group and the first 
day of hospital visit in the control group. Both groups were cen-
sored at the end of the database, at the time of mental disorder 
identification. Patients with a history of any mental disorder prior 
to study enrollment, cases in which any mental disorder occurred 
before the index date, and cases in which the duration of the men-
tal disorder during the follow-up period was less than 14 days were 
excluded from the study. Through 1:5 matching using large-scale 
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propensity score matching (PSM) modeling [14], a control group 
with demographic and clinical characteristics similar to those of 
the target group was extracted from the comparator. The covariates 
used in the PSM included age, sex, prior conditions, and Romano 
et al. [15]’s adaptation of the Charlson Comorbidity Index. After 
PSM, a standardized difference of < 0.25 for every covariate was 
considered negligible [16]. The target group, which was matched 
to the control group, was classified as the COVID-19 group. 

The numbers of patients in the COVID-19 and control groups, 
respectively, extracted for investigating the incidence rates for nine 
major mental disorders were as follows: 1,403 and 7,015 for de-
pressive disorders (Fig. 1); 1,405 and 7,025 for anxiety disorders; 
1,408 and 7,040 for bipolar disorders; 1,407 and 7,035 for schizo-
phrenia; 1,403 and 7,015 for sleep disorders; 1,409 and 7,045 for 
eating disorders; 1,407 and 7,035 for psychoactive substance de-
pendence; and 1,220 and 6,098 for dementia (additionally exclud-
ing patients with a history of dementia prior to the index date). 
Only the flowchart of the data extraction process for depressive 
disorders is provided because the extraction processes for all nine 
mental disorders were nearly identical. 

3. Outcomes 
The outcome event in this study was the initial diagnosis of a ma-
jor mental disorder. The outcome variable used in data analysis 
was the number of new cases of major mental disorders. The major 
mental disorders investigated in this study included anxiety, de-

pressive, and bipolar disorders; schizophrenia; sleep disorders; eat-
ing disorders; psychoactive substance dependence; and dementia. 
The Systematized Nomenclature of Medicine Clinical Terms 
(SNOMED CT) was used to create diagnostic codes [17], and 
these definitions were mapped to other terminologies, such as the 
Korean Classification of Disease 8th version, which is an updated 
version of the International Classification of Diseases 10th revision 
[18]. SNOMED CT is a comprehensive clinical terminology and 
coding system used in healthcare and medical informatics. It is in-
tended to facilitate the standardization and consistency of clinical 
and medical information sharing between information systems 
and healthcare practitioners. The SNOMED CT codes for major 
mental disorders included in this study are as follows: anxiety dis-
orders, 197480006; depressive disorders, 35489007; bipolar disor-
ders, 13746004; schizophrenia, 58214004; sleep disorders, 
39898005; eating disorders, 72366004; psychoactive substance 
dependence, 2403008; and dementia, 52448006. Each SNOMED 
CT code includes all low-level concepts (descendants). The prima-
ry outcome was the incidence of major mental disorders that oc-
curred at least 30 days after the index date. The criterion for the on-
set of various mental disorders was defined as a disease that persist-
ed for at least 14 days. 

4. Statistical analysis 
The open-source OHDSI CohortMethod R package was used in 
this study, and the Cyclops R package was used for large-scale ana-
lytics. FeederNet was utilized for analysis, and ATLAS version 
2.7.5 was the computer software employed. Researchers per-
formed scientific analyses on standardized observational data 
transformed into OMOP CDM using the open-source ATLAS 
software package. Differences in the distribution of demographic 
and clinical characteristics between the two groups before and af-
ter PSM are presented as percentages and standardized differences. 
Categorical variables were compared between the two groups be-
fore and after PSM using the chi-square test. The log-rank test was 
used to evaluate the survival curves between the two groups, and 
the Kaplan-Meier survival analysis was applied to ascertain the dif-
ference in probability of being mental disorder-free between the 
two groups. Adjusted hazard ratios (aHRs) were calculated using a 
multivariate Cox proportional hazards model. The difference in 
survival time between the two groups was calculated using a multi-
variate Cox proportional hazards model that produced aHRs and 
95% confidence intervals (CIs). After adjusting for baseline covari-
ates, a propensity model was fitted, and the propensity scores ob-
tained were used to match the COVID-19 and control groups us-
ing variable ratio matching [19]. A p-value of less than 0.05 was re-
garded as a statistically significant difference. 
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Fig. 1. Flowchart of study subjects in the Common Data Mod-
el network. COVID-19, coronavirus disease 2019.
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Results 

1. Cohort characteristics 
The clinical characteristics of the COVID-19 and control groups 
were almost identical in each analysis that evaluated the incidence 
of major mental disorders. Therefore, only the characteristics in the 
analysis of the incidence of depressive disorders are presented as 
representative data. The baseline characteristics of the study popu-
lation before and after PSM are presented in Tables 1 to 5. After 

PSM, the absolute standardized differences in all baseline character-
istics between the COVID-19 and control groups were <0.25. 

2. Outcome assessment and survival curves 
The maximum “time at risk” days in this study were 1,796 days in 
both the COVID-19 and control groups. The number of subjects, 
follow-up time, number of outcome events, event incidence rate, 
and minimum detectable relative risk are presented in Table 6. The 
observed HR for the risk of major mental disorders in the 

Table 1. Baseline demographic characteristics of study subjects before and after propensity score (PS) adjustment 

Characteristic
Before PS adjustment (%) After PS adjustment (%)

COVID-19 group Control group SD COVID-19 group Control group SD
Age (yr)
  <20 16.1 16.8 –0.05 8.9 9.6 –0.05
  20–24 10.7 3.4 0.29 1.6 1.8 –0.02
  25–29 8.6 4.1 0.19 4.1 4.0 0.01
  30–34 7.1 4.8 0.10 4.6 4.1 0.03
  35–39 6.6 5.7 0.03 3.4 3.3 0.01
  40–44 6.8 6.1 0.03 3.2 2.9 0.02
  45–49 6.5 6.5 0.00 3.1 3.1 0.00
  50–54 6.0 7.6 –0.06 5.2 5.1 0.00
  55–59 6.1 8.9 –0.10 7.1 7.0 0.00
  60–64 7.2 9.6 –0.09 10.0 10.2 –0.01
  65–69 4.9 8.4 –0.14 10.6 10.4 0.01
  70–74 3.7 6.6 –0.13 9.9 9.8 0.00
  75–79 4.2 5.6 –0.07 12.2 12.3 0.00
  >80 5.6 6.0 0.02 16.0 16.3 0.01
Female 48.0 54.3 –0.13 47.9 47.5 0.01

COVID-19, coronavirus disease 2019; SD, standardized difference.

Table 2. Baseline medical history (general) of study subjects before and after propensity score (PS) adjustment 

Characteristic
Before PS adjustment (%) After PS adjustment (%)

COVID-19 group Control group SD COVID-19 group Control group SD
Acute respiratory disease 0.2 0.5 –0.05 0.5 0.6 –0.02
Chronic liver disease 0.3 0.5 –0.04 0.9 0.8 0.02
Chronic obstructive lung disease 0.6 0.3 0.04 1.9 1.0 0.08
Dementia 0.4 0.5 –0.01 1.4 1.2 0.02
Gastroesophageal reflux disease 1.2 3.8 –0.17 3.7 4.2 –0.02
Gastrointestinal hemorrhage <0.1 0.2 –0.02 <0.4 0.2 0.02
Hyperlipidemia 3.1 5.6 –0.12 10.9 12.6 –0.05
Hypertensive disorder 3.6 6.1 –0.12 11.9 12.0 0.00
Obesity <0.1 0.2 –0.06 <0.4 0.3 –0.05
Osteoarthritis 0.3 1.3 –0.10 1.1 1.2 –0.01
Pneumonia 2.0 0.8 0.10 3.8 1.4 0.15
Psoriasis <0.1 0.1 –0.01 <0.4 0.2 0.01
Renal impairment 2.3 1.1 0.10 7.4 3.4 0.18
Rheumatoid arthritis 0.2 0.3 –0.01 0.8 0.5 0.04
Ulcerative colitis <0.1 0.1 –0.01 <0.4 <0.1 0.03
Urinary tract infectious disease 0.1 0.3 –0.04 <0.4 0.3 –0.01
Viral hepatitis C <0.1 0.2 –0.04 <0.4 0.2 0.00

COVID-19, coronavirus disease 2019; SD, standardized difference.
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Table 3. Baseline medical history (cardiovascular disease) of study subjects before and after propensity score (PS) adjustment 

Characteristic
Before PS adjustment (%) After PS adjustment (%)

COVID-19 group Control group SD COVID-19 group Control group SD
Atrial fibrillation 1.1 1.4 –0.03 3.5 4.1 –0.03
Cerebrovascular disease 0.4 1.2 –0.09 1.4 1.4 0.00
Coronary arteriosclerosis <0.1 0.3 –0.06 <0.4 0.3 –0.04
Heart failure 4.5 7.8 –0.14 15.2 17.8 –0.07
Heart disease 1.2 1.4 –0.01 4.2 4.9 –0.03
Ischemic heart disease 2.0 3.5 –0.09 7.1 8.5 –0.05
Peripheral vascular disease <0.1 0.3 –0.06 <0.4 0.5 –0.05
Pulmonary embolism 0.2 0.1 0.02 0.4 0.2 0.04

COVID-19, coronavirus disease 2019; SD, standardized difference.

Table 4. Baseline medical history (neoplasms) of study subjects before and after propensity score (PS) adjustment 

Characteristic
Before PS adjustment (%) After PS adjustment (%)

COVID-19 group Control group SD COVID-19 group Control group SD
Malignant lymphoma 0.2 0.1 0.01 0.6 0.4 0.03
Malignant neoplasm of anorectum 0.1 0.3 –0.04 <0.4 0.3 –0.01
Malignant neoplastic disease 2.3 5.9 –0.18 7.8 8.3 –0.02
Malignant tumor of breast 0.1 0.6 –0.08 0.5 0.6 –0.02
Malignant tumor of colon 0.2 0.3 –0.04 0.6 0.5 0.01
Malignant tumor of lung 0.3 0.4 –0.01 1.1 0.9 0.03
Malignant tumor of urinary bladder <0.1 0.1 –0.01 <0.4 0.3 0.00
Primary malignant neoplasm of prostate 0.1 0.4 –0.06 0.4 0.8 –0.05

COVID-19, coronavirus disease 2019; SD, standardized difference.

Table 5. Baseline medication use history of study subjects before and after propensity score (PS) adjustment 

Characteristic
Before PS adjustment (%) After PS adjustment (%)

COVID-19 group Control group SD COVID-19 group Control group SD
Agents acting on RAS 1.4 1.5 0.00 4.6 4.3 0.01
Antibacterials 9.0 12.3 –0.11 17.7 12.8 0.14
Antidepressants 3.2 1.9 0.08 5.0 3.0 0.10
Antiepileptics 0.7 1.2 –0.06 1.6 1.6 0.00
Antineoplastic agents 0.4 1.1 –0.08 1.4 1.3 0.00
Antithrombotic agents 4.9 7.2 –0.10 14.3 15.4 –0.03
Beta blocking agents 0.8 1.2 –0.04 2.2 2.7 –0.03
Calcium channel blockers 1.6 2.1 –0.04 4.8 4.9 –0.01
Diuretics 3.8 3.3 0.03 10.1 8.9 0.04
Drugs for ARD 13.2 19.9 –0.18 31.4 24.1 0.16
Drugs for OAD 5.0 5.4 –0.02 8.5 6.5 0.07
Drugs used in diabetes 3.3 2.5 0.05 8.3 6.5 0.07
Immunosuppressants 1.7 0.7 0.09 3.4 1.9 0.10
Lipid modifying agents 1.0 1.7 –0.06 3.1 3.4 –0.02
Opioids 50.1 5.1 1.16 7.8 5.9 0.08
Psycholeptics 2.0 3.7 –0.11 3.6 3.4 0.01
Psychostimulant, nootropics 0.2 0.2 –0.01 0.6 0.2 0.05

COVID-19, coronavirus disease 2019; SD, standardized difference; RAS, renin-angiotensin system; ARD, acid-related disorders; OAD, obstructive airway 
disease.
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COVID-19 group relative to that in the control group was 1.54 (95% 
CI, 1.09–2.15; p <0.05) for depressive disorders, 1.90 (95% CI, 
1.25–2.84; p<0.01) for anxiety disorders, 1.11 (95% CI, 0.49–2.25; 
p =0.80) for bipolar disorders, 2.27 (95% CI, 1.76–2.91; p <0.01) 
for sleep disorders, and 3.49 (95% CI, 2.45–4.98; p <0.01) for de-
mentia (Fig. 2). The HR for schizophrenia, eating disorders, and 
psychoactive substance dependence could not be calculated be-
cause the incidence rate was too low. The proportional hazard as-
sumption underlying the Cox regression model was examined 
graphically and cases in which this assumption was not met in the 
survival analysis were excluded. The Kaplan-Meier curves for the 
risk of mental disorders between the COVID-19 and control 
groups over the 5-year follow-up period are shown in Fig. 3.  

Discussion 

This study showed that the major mental disorders associated with 
COVID-19 were dementia and sleep, anxiety, and depressive dis-
orders. In this study, the cumulative incidence (probability) of a 
first diagnosis of dementia in the COVID-19 group was 5.25%. 
Relative to the control group, the HR for dementia in the 
COVID-19 group was 3.49. Taquet et al. [20] reported that the 
probability of receiving a dementia diagnosis for the first time 
within 14 to 90 days following a COVID-19 diagnosis was 1.6% 
(95% CI, 1.2–2.1) in people older than 65 years. In a retrospective 
cohort study, Gollop et al. [21] examined patients aged 65 years or 
older who initially received a diagnosis of acute upper respiratory 
infection (URI) or COVID-19. The study found that after a 
12-month follow-up, 1.84% of patients with COVID-19 and 
1.78% of patients with URI had dementia. However, the present 
study found a higher cumulative incidence of dementia after 
COVID-19 than the two previous studies. Regarding this differ-
ence in the cumulative incidence of dementia, the dependence on 
patient characteristics cannot be ruled out. Because this study in-

vestigated the incidence of dementia in patients who visited a hos-
pital, it may differ from other studies that have investigated the gen-
eral population. In contrast, Freudenberg-Hua et al. [22] reported 
that the 1-year incidence of post-COVID-19 dementia was 12.7%, 
which was a significantly higher cumulative incidence than that re-
ported in this study (5.25%). However, different selection criteria 
were used for the study subjects in both studies. In contrast to 
Freudenberg-Hua et al.’s study [22], which only investigated pa-
tients aged 65 years or older who were hospitalized, our study eval-
uated patients of all ages who visited a hospital, regardless of hospi-
talization status. When our study was reanalyzed for patients aged 
65 years or older, the cumulative incidence of dementia was found 
to be 10.36% (60 of 579), a significant increase. These results 
showed that the risk of dementia after SARS-CoV-2 infection was 
higher in patients who visited hospitals, especially in those hospi-
talized with COVID-19, than in the general population. 

In this study, dementia had the highest HR for major mental dis-

Table 6. Incidence rates and risk of major mental disorders between COVID-19 and control groups 

Outcome
No. of subjects Follow-up time (yr) No. of outcome event Event IR (/1,000 PY)

MDRRCOVID-19 
group

Control 
group

COVID-19 
group

Control 
group

COVID-19 
group

Control 
group

COVID-19 
group

Control 
group

Depressive disorders 1,403 7,015 5,783 23,012 48 133 8.30 5.78 1.75
Anxiety disorders 1,405 7,025 5,839 23,144 36 79 6.16 3.41 2.02
Bipolar disorders 1,408 7,040 5,941 23,519 9 30 1.51 1.28 3.33
Schizophrenia 1,407 7,035 5,963 23,420 2 0 0.34 0.00 NA
Sleep disorders 1,403 7,015 5,682 23,149 99 183 17.42 7.91 1.56
Eating disorders 1,409 7,045 5,978 23,645 0 0 0.00 0.00 NA
Psychoactive substance dependence 1,407 7,035 5,967 23,375 0 0 0.00 0.00 NA
Dementia 1,220 6,098 4,978 18,875 64 74 12.86 3.92 1.90

COVID-19, coronavirus disease 2019; PY, person-years, IR, incidence rate; MDRR, minimum detectable relative risk; NA, not available.

Dementia

Sleep disorder

Bipolar disorder

Anxiety disorder

Depressive disorder

Hazard ratio

0 1 2 3 4 5 6

Fig. 2. Observed hazard ratio and 95% confidence interval for 
major mental disorders between the COVID-19 and control 
groups. COVID-19, coronavirus disease 2019.
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Fig. 3. The Kaplan-Meier survival curves for the risks of major mental disorders in COVID-19 and control groups. (A) Depressive 
disorders, (B) anxiety disorders, (C) sleep disorders, and (D) dementia. COVID-19, coronavirus disease 2019.
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orders. Taquet et al. [20] also reported that the incidence of de-
mentia is higher than that of other mental disorders (e.g., depres-
sion, anxiety disorder, and insomnia). These results may be related 
to differences in the clinical course of each disease. A previous 
study found that while the risk of mood and anxiety disorders de-
creases 1 to 2 months after COVID-19, the risk of dementia and 
cognitive impairment may persist for up to 2 years following infec-
tion [23]. Taquet et al. [23] explained that the persistent increase 
in the risk of cognitive deficits and dementia after COVID-19 sug-
gests that the underlying mechanism must continue to operate even 
after the acute infection has passed. They also explained that mood 
and anxiety disorders notably followed a different pattern in which 
their heightened risk decreased in less than 2 months, and their cu-
mulative incidence did not increase after 2 years. In this study by 
Taquet et al. [23], the HRs for mental disorders 6 months after 
COVID-19 were estimated to be 1.13 for anxiety disorders, 1.08 for 
mood disorders, 1.13 for insomnia, and 1.33 for dementia. Xie et al. 
[24] also analyzed the risk of mental health outcomes in patients 
with COVID-19 versus a control group and found that the 1-year 
HRs for anxiety disorders, depressive disorders, sleep disorders, and 
neurocognitive decline were 1.35, 1.39, 1.41, and 1.80, respectively. 
Similar to previous studies, the present study showed that the HR for 
dementia (3.49) was the highest among the mental disorders. 

To determine whether this result is related to the clinical course 
of the disease described by Taquet et al. [23], we further investigat-
ed the incidence rate per 1,000 person-years of mental disorders in 
the COVID-19 and control groups divided into two periods, with-
in 1 year and 1 year after the index date. We found that the inci-
dence rate of anxiety, depression, and sleep disorders, as well as de-
mentia in the COVID-19 group declined 1 year after the index 
date. The incidence rate declines in the COVID-19 group were as 
follows: depressive disorder (66.4%), anxiety disorder (51.4%), 
sleep disorder (32.1%), and dementia (26.5%). However, the rates 
of decline were similar to those observed in the control group. 
Therefore, it is inappropriate to interpret the high HR for dementia 
in this study as solely based on the clinical course of the disease. 
However, this study showed that the HR for dementia (4.66) was 
much higher than those for other mental disorders (1.51–1.63) 
within 1 year after the index date. These results suggest that the im-
pact of COVID-19 on dementia is much higher than the impact of 
COVID-19 on other mental disorders.  

COVID-19 is associated with an increased risk of cognitive im-
pairment and neurological complications [25,26]. The risk of de-
mentia is increased by COVID-19 according to several recent stud-
ies [9-11]. The chronic inflammation and vascular damage caused 
by COVID-19 increase the risk of cognitive decline and dementia 
[27]. This study confirmed that COVID-19 raises the risk of de-

mentia by showing that the COVID-19 group’s risk of dementia 
was 3.49 times higher than the control group’s risk when followed 
up for up to 5 years following COVID-19 infection. Dementia in-
vestigated in this study comprised all types, including vascular de-
mentia and that caused by neurodegenerative diseases such as Alz-
heimer disease and Parkinson disease. 

Other mental disorders related to COVID-19 identified in this 
study included sleep, anxiety, and depressive disorders. However, 
the incidences of bipolar disorder and schizophrenia in both the 
COVID-19 and control groups were so low that it was difficult to 
assess their association with COVID-19. In addition, there were no 
cases of eating disorders or psychoactive substance dependence 
during the follow-up period in either the COVID-19 or control 
group, making it impossible to evaluate the relationship between 
these diseases and COVID-19. 

Numerous sleep-related problems have been linked to 
COVID-19, both in the acute stage of the illness and as part of its 
chronic symptoms. Some individuals with COVID-19 may have 
trouble falling or staying asleep, often due to the discomfort, pain, 
or anxiety associated with the illness. COVID-19 can cause respi-
ratory problems that may worsen sleep apnea or lead to temporary 
episodes of breathing difficulties during sleep. Some individuals 
with long COVID histories report persistent sleep disturbances as 
a part of their ongoing symptoms. These conditions include in-
somnia, excessive daytime sleepiness, and irregular sleep patterns 
[28,29]. In this study, the incidence of sleep disorders was higher 
in the COVID-19 group than in the control group; however, a de-
tailed analysis by sleep disorder type was not possible because of 
the small number of participants. 

Infectious diseases and anxiety disorders are often linked and 
place significant burdens on individuals, families, and society [30]. 
The influence of COVID-19 on mental health, specifically on anx-
iety disorders, has been substantial. The pandemic and its associat-
ed challenges have led to increased levels of anxiety and the exacer-
bation of preexisting anxiety disorders [31]. Depression is the 
most common mental illness worldwide, and it causes disability. 
Thus, in individuals with post-COVID-19 syndrome, depressive 
symptoms and clinically severe depression may have major effects 
on quality of life [32]. Furthermore, after recovering from 
COVID-19, many people reported psychological symptoms such 
as stress, worry, and sadness because of the mental strain brought 
on by social stigma during the early phases of the outbreak. Thus, 
people who recovered from COVID-19 during the early pandem-
ic, as opposed to the late epidemic, reportedly faced greater stress 
because of social stigma [33]. 

In this study, the estimated likelihood of receiving a new diagno-
sis of mental disorder during the 5 years after a COVID-19 diagno-
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sis was 7.06% for sleep disorders, 2.56% for anxiety disorders, and 
3.42% for depressive disorders. Taquet et al. [20] conducted a large 
multicenter study that examined 62,354 confirmed patients with 
COVID-19 using the TriNetX analytics network (a federated net-
work that records anonymized data from the electronic health re-
cords of 62 healthcare facilities, mostly in the United States). The 
study found that in comparison to six other health issues, 
COVID-19 was linked to a higher incidence of initial psychiatric 
diagnosis within 14 to 90 days following infection. The HR was 
highest for anxiety disorders, insomnia, and dementia. Following a 
COVID-19 diagnosis, the estimated likelihood of receiving a new 
mental health diagnosis at 90 days was 5.8%, 0.1% for psychotic dis-
orders, 2.0% for mood disorders, 4.7% for anxiety disorders, and 
1.9% for insomnia. Since Taquet et al. [20] followed up for only 90 
days after COVID-19 diagnosis, it is difficult to directly compare 
their findings with those of the present study. Our study followed up 
for 5 years after COVID-19 diagnosis, and the HRs for sleep, anxiety, 
and depressive disorders were 2.27, 1.90, and 1.54, respectively.  

The HRs for mental disorders in patients with COVID-19 were 
analyzed in a previous study, and the findings were similar to those 
of the present study. Taquet et al. [34] compared the HRs for men-
tal disorders (first diagnosis) in patients with COVID-19 to those 
with influenza and other respiratory tract infections. Relative to pa-
tients with influenza, the HRs for the first diagnosis of mental dis-
orders in patients with COVID-19 were reported to be 1.79, 1.78, 
2.16, 1.22, and 1.92 for mood disorders, anxiety disorders, psy-
chotic disorders, substance use disorders, and insomnia, respec-
tively. Relative to patients with other respiratory tract infections, 
the HRs for the first diagnosis of mental disorders in patients with 
COVID-19 were reported to be 1.41, 1.48, 1.82, 0.92, and 1.43 for 
mood disorders, anxiety disorders, psychotic disorders, substance 
use disorders, and insomnia, respectively. Because the clinical pa-
rameters and follow-up periods of the present study and those of 
Taquet et al. [34] were different, directly comparing the results of 
the two studies was difficult. However, the results of this and previ-
ous studies confirm that people who had COVID-19 have a higher 
incidence of major mental disorders than those who did not or had 
other respiratory tract infections. 

This study had several limitations. First, a medical record review 
could not verify specific clinical information because the study’s 
analysis relied on the CDM’s de-identified database, which safe-
guards patient privacy. Second, the CDM data used in this study 
are prone to data quality problems inherent in converting electron-
ic medical records into CDM databases. Finally, this study was 
conducted on a limited number of patients who visited a university 
hospital, which is insufficient to investigate the incidence of various 
mental disorders. Thus, it was not possible to examine the inci-

dence of other less common diseases, and it was impossible to in-
vestigate the incidence of specific disease subtypes. Therefore, fur-
ther multi-institutional collaborative research is required. 

In summary, this study investigated the differences in the inci-
dence of the first diagnosis of major mental disorders according to 
the presence or absence of COVID-19 among patients who visited 
a university hospital. The COVID-19 group had a higher inci-
dence of dementia as well as sleep, anxiety, and depressive disor-
ders than the control group. According to this study, the major 
mental disorders linked to COVID-19 are sleep disorders, anxiety 
disorders, depressive disorders, and dementia. 
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