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Objective We investigated the prevalence and associated factors of insomnia disorder among survivors of coronavirus disease of 2019
(COVID-19).
Methods This population-based cohort study used data from the National Health Insurance Service COVID-19 cohort database from
January 1 to June 4, 2020. COVID-19 patients were defined as individuals whose test confirmed that they were infected, regardless of the
severity, and survivors were defined as individuals who recovered from the infection.
Results A total of 299,968 individuals were included in the final analysis, and 6,934 were considered as COVID-19 survivors, while the
control group comprised 292,764 individuals. In the multivariable model after covariate adjustment, COVID-19 survivors had a 3.33-fold
higher prevalence of insomnia disorder than the control group (odds ratio [OR]: 3.33, 95% confidence interval [CI]: 2.98–3.73; p<0.001).
In the sensitivity analysis, the COVID-19 survivors with no specific treatment and the survivors with specific treatment were associated
with a 3.16-fold (OR: 3.16, 95% CI: 2.77–3.59; p<0.001) and 3.89-fold (OR: 3.89, 95% CI: 3.17–4.78; p<0.001) higher prevalence of insomnia disorder than the control group.
Conclusion In South Korea, 5.4% of COVID-19 survivors were diagnosed with insomnia disorder at 6 months follow-up. Thus, insomPsychiatry Investig 2021;18(11):1082-1090
nia disorder is a public health issue for COVID-19 survivors.
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INTRODUCTION
On March 11, 2020, the World Health Organization declared
the coronavirus disease of 2019 (COVID-19) a global crisis.1
Although vaccines are being administered since December 8,
2020,2,3 it is a time consuming process to achieve herd immunity against the infection worldwide, because of the limited
production volume and speed of administration of the vaccine.
Therefore, COVID-19 is still considered a global health crisis.
Globally, approximately 2.2% of individuals diagnosed
with COVID-19 have died due to the infection;4 the remaining 97.8% recovered and have returned to regular life. ThereReceived: July 6, 2021 Revised: August 9, 2021
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fore, the sequelae of COVID-19 survivors have emerged as an
important issue that could assist in enhancing the quality of
life of the survivors.5 Insomnia disorder, the most common
type of sleep disorder, is a clinical condition often seen in hospitalized patients and outpatient clinics.6 Its prevalence ranges from 35% to 50% in the United States7 and 5.78% in South
Korea.8 Moreover, the increase in clinical insomnia disorder
in the Chinese population has been observed as an impact of
COVID-19.9 In China, the estimated immediate prevalence
of insomnia disorder during the COVID-19 pandemic was
reported as 20.05%.9 Additionally, the prevalence of insomnia
disorder during the COVID-19 pandemic has been reported
to be 37.6% in the Greek, 19.1% in the French, and 50.4% in
the Turkish population.10-12 However, previous studies have
focused on the prevalence of insomnia disorder among the
general population, including medical staff, in addition to COVID-19 patients with a shorter follow-up period.9-12 Therefore,
the impact of COVID-19 on the development of insomnia
disorder as a sequela among survivors has not yet been investigated. In South Korea, the National Health Insurance Service
(NHIS) COVID-19 database (DB) has been developed to con-
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duct medical research on COVID-19 patients in the country.
Using this database, we aimed to investigate the prevalence
and associated factors of developing insomnia disorder among
COVID-19 survivors in South Korea. We hypothesized that COVID-19 survivors might have a higher prevalence of insomnia
disorder than other populations with some significant risk factors.

METHODS
Ethical statement

This population-based cohort study follows the guidelines
of the Strengthening the Reporting of Observational Studies
in Epidemiology.13 The Institutional Review Board (IRB) of
Seoul National University Bundang Hospital exempted the
deliberation of the study protocol (X-2009-636-902). Furthermore, the NHIS data sharing service approved the use of data
from the NHIS-COVID-19 DB (NHIS-2021-1-070). The requirement for informed consent was waived by the IRB as the
data were extracted retrospectively using anonymized data
derived from the NHIS-COVID-19 DB.

Database (NHIS-COVID-19 DB)

The Korea Disease Control and Prevention Agency (KDCPA) and NHIS collated the NHIS-COVID-19 DB for medical
research purposes on June 26, 2020, and it was last updated
by the NHIS on December 1, 2020. First, the KDCPA provided the data of all individuals whose polymerase chain reaction (PCR) test from January 1 to June 4, 2020, confirmed that
they were COVID-19 positive. Individuals who were confirmed as COVID-19 positive were defined as COVID-19
patients regardless of the disease severity. The data obtained
comprised patients’ demographics, treatment results, duration of isolation, and confirmation date of the infection. The
data of COVID-19 patients currently receiving in-hospital treatment were excluded from the database as treatment results
were not available yet. Second, the control population was extracted from the database of NHIS by matching. Therefore,
the stratification method was used to match the control population based on the age, sex, and place of residence of COVID-19 patients, and the ratio of matching was 1:15 (COVID-19
patients: Control population). Third, the KDCPA provided
data of individuals who had undergone the COVID-19 PCR
test, and the results were negative. In South Korea, the KDCPA conducted COVID-19 PCR tests for individuals who had
direct or indirect contact with COVID-19 patients in the community or hospital after extensive contact tracing of COVID-19 patients.14 Therefore, the NHIS-COVID-19 DB comprised three groups: 1) COVID-19 positive group, 2) control
population, and 3) negative-tested individuals. All prescription information of procedures and/or drugs and disease di-

agnoses according to the International Classification of Diseases, Tenth Revision (ICD-10) codes from 2015 to 2020 were
also included in the database. Therefore, all underlying diseases of study participants in the NHIS-COVID-19 DB could be
evaluated from January 1, 2015, to December 31, 2019 (5 years).

Study participants: COVID-19 survivors and
control group

In the NHIS-COVID-19 DB, the individuals diagnosed
with COVID-19 and discharged alive from the hospital after
treatment were defined as COVID-19 survivors. Additionally, COVID-19 patients who were not admitted to the hospital
due to mild symptoms or no symptoms were also defined as
COVID-19 survivors if they recovered as confirmed by a PCR
test. In South Korea, all COVID-19 patients are isolated by the
government until their COVID-19 treatment is terminated in
the hospital or they recover from COVID-19, as confirmed
by a negative PCR test. Therefore, the COVID-19 survivors include two groups: 1) those admitted in the hospital after the
diagnosis of COVID-19 and discharged alive, and 2) those
who were not admitted to the hospital due to mild symptoms
or had no symptoms after diagnosis of COVID-19, and isolation was terminated after a confirmed negative PCR test. In
South Korea, COVID-19 patients with severe symptoms, such
as pneumonia, were admitted to the hospital. However, those
who had mild or no symptoms were isolated and closely monitored in government-managed centers. The control group in
this study comprised the control population (matched according to the baseline data of COVID-19 patients) and PCR testnegative individuals. Individuals >20 years old and those who
had a previous history of insomnia disorder till December 31,
2019, were excluded from the final analysis.

Endpoint: development of insomnia disorder

Insomnia disorder was identified using the ICD-10 codes
G47.0 (disorders of initiating and maintaining sleep, insomnia) and F51.0 (non-organic insomnia). It was evaluated from
January 1 till December 1, 2020. In South Korea, the ICD-10
codes of insomnia disorder require registration by physicians
or psychiatrists for patients to receive financial coverage for
the treatment.

Measurement as confounder

The following clinico-epidemiological characteristics were
identified as confounders in this study. Age and gender were
considered as demographic variables, and residence (Seoul,
Gyeonggido, Daegu, Gyeongsangbukdo, and other areas) and
annual income level in 2020, using quartile ratio, were considered as socio-economic status-related information. Regarding
information about underlying diseases, the underlying diswww.psychiatryinvestigation.org 1083
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ability (mild to moderate or severe) and Charlson comorbidity index (CCI) scores were used. The CCI was calculated using the individual comorbidities with the registered ICD-10
codes from 2015 to 2019, as is seen in Supplementary Table 1
(in the online-only Data Supplement). In South Korea, all disabilities have to be registered in the NHIS database to receive
benefits from the social welfare system. Disabilities were divided into 15 types as follows: physical and brain lesion disabilities; visual disturbances; hearing and speech disabilities;
autism; intellectual, mental, renal, heart, and respiratory disorders; hepatopathy; intestinal and urinary fistulae; and epilepsy. Each disability was assigned a grade within a range of
six, based on the severity, and two severity groups were considered (1–3: severe disability and 4–6: mild to moderate disability). In addition to comorbidity information, the underlying psychiatric illnesses such as anxiety disorder, depression,
bipolar disorder, substance abuse, and post-traumatic stress
disorder (PTSD) were considered confounders, as insomnia
disorder is commonly associated with psychiatric disorders.15
Finally, treatment information of COVID-19 patients was collected, including supplemental oxygen therapy, mechanical
ventilator use, continuous renal replacement therapy (CRRT),
extracorporeal membrane oxygenation (ECMO) use, and highflow oxygen therapy. If COVID-19 survivors received any specific treatment according to the treatment information, they
were considered as a part of the specific treatment group.

Statistical analysis

The clinico-epidemiologic characteristics of all participants
in this study were presented as mean values with standard deviations for continuous variables (CCI) and numbers with
percentages for categorical variables (all other variables except for CCI). To compare the characteristics of the COVID-19 survivors and the control group, t-tests and chi-square
tests were used to determine the continuous and categorical
variables, respectively. Univariate and multivariate logistic regression analyses were conducted to determine if COVID-19
survivors were associated with a higher prevalence of insomnia disorder than the control group. For multivariable logistic
regression modeling, all covariates were included in the analysis for adjustment. Next, we constructed multivariable Models 2, 3, and 4 for sensitivity analyses. In multivariable Model
2, the COVID-19 survivors were divided into two groups; that
is, the no specific treatment group and specific treatment group,
and investigated the effect of treatment experience on the development of insomnia disorder among survivors. The treatment information was included in the multivariable Model 3
to examine the effect of the experience of each specific type of
treatment on the development of insomnia disorder among
survivors. The duration of isolation due to COVID-19 was in-
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cluded in multivariable Model 4 as a continuous variable. A
multivariable logistic regression model was constructed for
the development of insomnia disorder after excluding all individuals who died in 2020, as the deaths in 2020 (evaluation
period) may have impacted the development of insomnia disorder in both the COVID-19 survivor and the control group
in this study. Finally, subgroup analyses were performed according to underlying psychiatric illness, gender, age, and CCI.
All multivariable models confirmed that there was no multicollinearity between the variables (variance inflation factor of
<2.0), and Hosmer–Lemeshow tests confirmed that the goodness of fit in the models was appropriate at p>0.05. The results
of the logistic regression models are presented as odds ratios
(ORs) with 95% confidence intervals (CIs). The R software
(version 4.0.3; R Foundation for Statistical Computing, Vienna, Austria) has been used for all analyses, and a p-value <0.05
was considered statistically significant.

RESULTS
Study population

The NHIS-COVID-19 DB initially contained information
regarding 351,377 individuals (COVID-19 patients, 8,070; control population, 121,050 individuals; and negative-tested,
222,257 individuals). However, 23,003 individuals <20 years
old, 11,566 individuals who had mental illness before 2020,
and 179 COVID-19 patients who died due to the infection
during hospitalization were excluded from the final analysis.
Therefore, a total of 299,968 individuals were included in the
final analysis. Among them, 6,934 were considered COVID-19
survivors, while the control group comprised 292,764 participants (Figure 1). The clinico-epidemiological characteristics
COVID-19
(N=8,070)

Test negative
(N=222,257)

Control population
(N=121,050)

Initially screened
(N=351,377)

Exclude
- 23,003 individuals aged
less than 20 years
- 11,566 individuals who
had insomnia before
2020
- 179 COVID-19
patients who died due
to COVID-19

Finally included
(N=299,698)
COVID-19 survivor
(N=6,934)

Control group
(N=292,764)

Figure 1. Flow chart depicting the participant selection process.
COVID-19, coronavirus disease of 2019.
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Table 1. Comparison of clinico-epidemiological characteristics between COVID-19 survivor and the contol group

Variable
COVID-19 survivor (N=6,934)
Control (N=292,764)
p-value
Gender: male
2,706 (39.0)
131,175 (44.8)
<0.001
Age
<0.001
20–29
2,020 (29.1)
66,529 (22.7)
30–39
802 (11.6)
48,359 (16.5)
40–49
976 (14.1)
44,152 (15.1)
50–59
1,427 (20.6)
47,855 (16.3)
60–69
1,018 (14.7)
38,297 (13.1)
70–79
473 (6.8)
25,739 (8.8)
≥80
218 (3.1)
21,833 (7.5)
Residence in 2020
<0.001
Seoul
489 (7.1)
48,925 (16.7)
Gyeonggido
398 (5.7)
52,330 (17.9)
Daegu
4,504 (65.0)
88,734 (30.3)
Gyeongsangbukdo
792 (11.4)
24,013 (8.2)
Other area
751 (10.8)
78,762 (26.9)
Annual income level in 2020
<0.001
Q1 (lowest)
2,092 (30.2)
65,466 (22.4)
Q2
1,360 (19.6)
58,414 (20.0)
Q3
1,444 (20.8)
71,934 (24.6)
Q4
1,933 (27.9)
91,922 (31.4)
Unknown
105 (1.5)
5,028 (1.7)
Underlying disability
<0.001
Mild to moderate
234 (3.4)
13,737 (4.7)
Severe
200 (2.9)
9,513 (3.2)
Charlson comorbidity index
3.1(3.1)
2.3 (2.4)
<0.001
Myocardial infarction
164 (2.4)
9,535 (3.3)
<0.001
Congestive heart failure
342 (4.9)
28,439 (9.7)
<0.001
Peripheral vascular disease
1,015 (14.6)
52,812 (18.0)
<0.001
Cerebrovascular disease
669 (9.6)
39,731 (13.6)
<0.001
Dementia
344 (5.0)
20,261 (6.9)
<0.001
Chronic pulmonary disease
3,438 (49.6)
165,479 (56.5)
<0.001
Rheumatic disease
604 (8.7)
29,612 (10.1)
<0.001
Peptic ulcer disease
2,751 (39.7)
131,995 (45.1)
<0.001
Mild liver disease
2,843 (41.0)
130,337 (44.5)
<0.001
Diabetes without chronic complication
1,469 (21.2)
78,648 (26.9)
<0.001
Diabetes with chronic complication
423 (6.1)
25,834 (8.8)
<0.001
Hemiplegia or paraplegia
94 (1.4)
5,587 (1.9)
0.001
Renal disease
124 (1.8)
12,799 (4.4)
<0.001
Any malignancy
486 (7.0)
40,508 (13.8)
<0.001
Moderate or severe liver disease
23 (0.3)
2,331 (0.8)
<0.001
Metastatic solid tumour
54 (0.8)
7,441 (2.5)
<0.001
AIDS/HIV
7 (0.1)
528 (0.2)
0.122
Underlying psychiatric illness
Anxiety disorder
1,344 (19.4)
66,616 (22.8)
<0.001
Depression
831 (12.0)
45,517 (15.5)
<0.001
Bipolar disorder
141 (2.0)
9,157 (3.1)
<0.001
Substance abuse
66 (1.0)
3,793 (1.3)
0.012
PTSD
8 (0.1)
388 (0.1)
<0.001
Development of insomnia disorder in 2020
377 (5.4)
7,615 (2.6)
<0.001
Presented as mean with standard deviation for Charlson comorbidity index, and number with percentage for other variables (categorical
variables). COVID-19, coronavirus disease of 2019; AIDS, acquired immunodeficiency syndrome; HIV, human immunodeficiency virus
www.psychiatryinvestigation.org 1085
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of the total population in this study are presented in Supplementary Table 2 (in the online-only Data Supplement). Among
the total study population, 7,992 (2.7%) individuals were newly diagnosed with insomnia disorder in 2020. The results of
comparing clinico-epidemiological characteristics between
COVID-19 survivors and the control group are presented in
Table 1. The prevalence of insomnia disorder was significantly
higher in the COVID-19 survivor group (5.4%, 377 of 6,934)
than the control group (2.6%, 7,615 of 292,764) (p<0.001).

No specific treatment for
COVID-19 (N=5,852)

3.16 (2.77, 3.59)

<0.001

adjusted univariable analysis, COVID-19 survivors indicated
a 2.15-fold higher prevalence of insomnia disorder than the
control group (odds ratio [OR]: 2.15, 95% confidence interval
[CI]: 1.94–2.38; p<0.001). In multivariable Model 1, after covariate adjustment, COVID-19 survivors indicated a 3.33-fold
higher prevalence of insomnia disorder than the control group
(OR: 3.33, 95% CI: 2.98–3.73; p<0.001). In multivariable Model 2, the COVID-19 survivors with no specific treatment and
COVID-19 survivors with specific treatment were associated
with a 3.16-fold (OR: 3.16, 95% CI: 2.77–3.59; p<0.001) and
3.89-fold (OR: 3.89, 95% CI: 3.17–4.78; p<0.001) higher prevalence of insomnia disorder than the control group. In multivariable Model 3, the prevalence of insomnia disorder in the
oxygen therapy group and mechanical ventilator use group
was associated with a 2.42-fold (OR: 2.42, 95% CI: 2.28–2.56;
p<0.001) and 1.34-fold (OR: 2.42, 95% CI: 2.28–2.56; p<0.001)
higher prevalence of insomnia disorder, respectively, as compared to the control group. In multivariable Model 4, the increase in the duration of isolation due to COVID-19 by 1 day,
was associated with a 2% higher prevalence of insomnia disorder (OR: 1.02, 95% CI: 1.01–1.03; p<0.001). Other variables
in the multivariable logistic regression Model 1 are presented
in Supplementary Table 3 (in the online-only Data Supplement). In Table 3, similar trends were observed in the sensitivity analyses, such as logistic regression analyses for the development of insomnia disorder in 2020, and this excluded
the 9,097 individuals who died in 2020 (n=291,706).

Specific treatment for
COVID-19 (N=1,082)

3.89 (3.17, 4.78)

<0.001

Subgroup analyses

Insomnia disorder in COVID-19 survivors

Table 2 shows the results of the logistic regression analysis
for the development of insomnia disorder in 2020. In the unTable 2. Logistic regression analysis for development of insomnia
disorder in 2020

Variable

Logistic regression
OR (95% CI)

p-value

Unadjusted (univariable analysis)
COVID-19 survivors
(vs. control)

2.15 (1.94, 2.38)

<0.001

Covariates-adjusted model 1 (multivariable analysis)
COVID-19 survivors
(vs. control)

3.33 (2.98, 3.73)

<0.001

Covariates-adjusted model 2 (multivariable analysis)
Control (N=292,764)

1

Covariates-adjusted model 3 (multivariable analysis)
Control (N=254,735)

1

Supplemental oxygen therapy
for COVID-19 treatment
(N=771)

2.42 (2.28, 2.56)

<0.001

Mechanical ventilator use for
COVID-19 treatment (N=420)

1.34 (1.24, 1.43)

<0.001

CRRT use for COVID-19
treatment (N=8)

0.73 (0.58, 1.32)

0.185

ECMO use for COVID-19
treatment (N=17)

1.33 (0.79, 2.22)

0.280

High flow oxygen therapy for
COVID-19 treatment (N=105)

0.98 (0.88, 1.08)

0.635

Covariates-adjusted model 4 (multivariable analysis)
Duration of isolation due
to COVID-19, day

1.02 (1.01, 1.03)

<0.001

Other variables in the multivariable model 1 are presented in Supplementary Table 3 (in the online-only Data Supplement). OR, odds
ratio; CI, confidence interval; COVID-19, coronavirus disease of
2019; CRRT, continuous renal replacement therapy; ECMO, extracorporeal membrane oxygenation
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Table 4 shows the results of subgroup analyses according to
the presence of underlying psychiatric illness, gender, age, and
CCI. In individuals with psychiatric illness (n=88,742), the
COVID-19 survivors indicated a 2.85-fold (OR: 2.85, 95%
CI: 2.41–3.37; p<0.001) higher prevalence of insomnia disorder than the control group. Individuals without psychiatric
illness (n=210,956) had a 3.80-fold (OR: 3.80, 95% CI: 3.28–
4.41; p<0.001) higher prevalence of insomnia disorder than
the control group. The COVID-19 survivors had a 3.00-fold
(OR: 3.00, 95% CI: 2.48–3.63; p<0.001) and 3.54-fold (OR:
3.54, 95% CI: 3.08–4.06; p<0.001) higher prevalence of insomnia disorder in the male and female groups, respectively.
In the subgroup analyses according to age, the COVID-19
survivors showed a 2.74-fold (OR: 2.74, 95% CI: 2.02–3.72;
p<0.001), 4.16-fold (OR: 4.16, 95% CI: 3.50–4.95; p<0.001),
and 2.97-fold (OR: 2.97, 95% CI: 2.52–3.51; p<0.001) higher
prevalence of insomnia disorder in the 20–39, 40–59, and ≥60
years groups, respectively. In the subgroup analyses according
to CCI, the COVID-19 survivors showed a 4.25-fold (OR:
4.25, 95% CI: 3.59–5.04; p<0.001) and 2.88-fold (OR: 2.88, 95%
CI: 2.48–3.34; p<0.001) higher prevalence of insomnia disor-
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Table 3. Logistic regression analysis for development of insomnia
disorder in 2020, excluding 9,097 individuals who died in 2020 (N=
291,706)

Variable

Logistic regression
OR (95% CI)

<0.001
<0.001

Covariates-adjusted model 2 (multivariable analysis)
Control (N=283,683)

3.22 (2.83, 3.67)

<0.001

Specific treatment for COVID-19
(N=1,068)

3.78 (3.06, 4.67)

<0.001

<0.001

COVID-19 survivors (vs. control) 3.80 (3.28, 4.41)

<0.001

Male (N=133,881)
<0.001

Female (N=165,817)
COVID-19 survivors (vs. control) 3.54 (3.08, 4.06)

<0.001

Age: 20–39 (N=117,710)
COVID-19 survivors (vs. control) 2.74 (2.02, 3.72)
COVID-19 survivors (vs. control) 4.16 (3.50, 4.95)

1

Oxygen therapy for COVID-19
treatment (N=771)

2.42 (2.28, 2.56)

<0.001

Mechanical ventilator use for
COVID-19 treatment (N=420)

1.34 (1.24, 1.43)

<0.001

CRRT use for COVID-19
treatment (N=8)

0.73 (0.58, 1.32)

0.185

ECMO use for COVID-19
treatment (N=17)

1.33 (0.79, 2.22)

0.280

High flow oxygen therapy for
COVID-19 treatment (N=105)

0.98 (0.88, 1.08)

0.635

Covariates-adjusted model 4 (multivariable analysis)
1.02 (1.01, 1.03)

COVID-19 survivors (vs. control) 2.85 (2.41, 3.37)
Individuals without psychitric illness (N=210,956)

<0.001

Age: 40–59 (N=94,410)

Covariates-adjusted model 3 (multivariable analysis)

Duration of isolation due
to COVID-19, day

p-value

OR (95% CI)

COVID-19 survivors (vs. control) 3.00 (2.48, 3.63)

1

No specific treatment for
COVID-19 (N=5,850)

Control (N=254,735)

Multivariable
model

Individuals with psychitric illness (N=88,742)

Covariates-adjusted model 1 (multivariable analysis)
COVID-19 survivors (vs. control) 3.36 (3.00, 3.75)

Variable

p-value

Unadjusted (univariable analysis)
COVID-19 survivors (vs. control) 2.26 (2.03, 2.52)

Table 4. Subgroup analysis

<0.001

OR, odds ratio; CI, confidence interval; COVID-19, coronavirus disease of 2019; CRRT, continuous renal replacement therapy; ECMO,
extracorporeal membrane oxygenation

der in the 0–2 and ≥3 in the CCI group, respectively.

DISCUSSION
In this population-based cohort study, 5.4% of the COVID-19 survivors were diagnosed with insomnia disorder during the six-month follow-up period. After adjustment for covariates, the COVID-19 survivors showed a 3.33-fold higher
prevalence of insomnia disorder than the control group. Furthermore, both the COVID-19 survivor groups, including those
who required specific treatment for COVID-19, were associated with a higher prevalence of insomnia disorder, suggesting that even survivors with mild or no symptoms experienced
insomnia disorder with a higher prevalence than the control
group. Interestingly, in subgroup analyses, higher ORs of COVID-19 survivors for development of insomnia disorder were

<0.001

Age: ≥60 (N=87,578)
COVID-19 survivors (vs. control) 2.97 (2.52, 3.51)

<0.001

CCI: 0–2 (N=168,602)
COVID-19 survivors (vs. control) 4.25 (3.59, 5.04)

<0.001

CCI: ≥3 (N=131,096)
COVID-19 survivors (vs. control) 2.88 (2.48, 3.34)

<0.001

OR, odds ratio; CI, confidence interval; COVID-19, coronavirus disease of 2019; CCI, Charlson comorbidity index

observed in individuals without psychiatric illness or the lower CCI group than in the individuals with psychiatric illness
or higher CCI group.
In this study, insomnia disorder was identified using the
ICD-10 codes G47.0 and F51.0, and the prevalence of insomnia disorder was 2.7%. In a recent study in South Korea, the
prevalence of insomnia disorder in 2013 was 5.78% among
those >20 years old,8 which was higher than that in this study.
As outpatient clinic visits decreased due to the COVID-19
pandemic crisis in 2020,16,17 the diagnosis of insomnia disorder might be lower in 2020 than the previous period. Furthermore, this study might have been influenced by detection bias18
because we used registered ICD-10 codes for insomnia disorder. For example, individuals who were living in areas with better hospitals or outpatient clinics might be more likely diagnosed by a physician as insomnia disorder than those in areas
with poorer access to medical facilities. Therefore, this result
should be interpreted regarding detection bias and the COVID-19 pandemic crisis in 2020.
Insomnia disorder is associated with diseases of the central
nervous system (CNS),19,20 and a reduction in gamma-aminobutyric acid levels in the brain has been reported in patients
with insomnia disorder.21 Severe acute respiratory syndrome
www.psychiatryinvestigation.org 1087
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coronavirus-2 (SARS-CoV-2), a true pathogen of COVID-19,
is known to affect the CNS system.22 In a previous study, Zhou
et al.23 reported that some COVID-19 patients were diagnosed
with viral encephalitis, and SARS-CoV-2 was detected in the
cerebrospinal fluid of their patients, suggesting the neuroinvasive potential of SARS-CoV-2. As neuroinflammation, in
addition to systemic inflammation, has been reported to be
related to the development of insomnia disorder,24,25 the damage to the CNS due to COVID-19 may have led to the higher
prevalence of insomnia disorder in the survivors in this study.
Insomnia disorder is also known to be strongly associated
with psychosocial factors,26 and the impact of mental illness
and stress on the development of insomnia disorder has been
reported in previous studies.27 Previous studies have reported
that COVID-19 survivors suffer from newly diagnosed psychological disorders such as depression, psychosis, PTSD, and
anxiety disorders, which might affect their quality of life.28-31
Furthermore, the higher prevalence of mental illness in the
survivors could also be caused by social stigma, as reported
in previous studies.32,33 A recent study conducted in Germany
reported that COVID-19 patients were at a higher risk of unemployment due to the social stigma of COVID-19.34 Such unemployment is attributed to the development of depression,
according to a previous epidemiological study.35 Geng et al.36
reported a significant bidirectional relationship between insomnia disorder, PTSD, and depression among 1,492 survivors who had experienced the 2008 Wenchuan earthquake in
China. Similarly, during the Middle East Respiratory Syndrome
(MERS) outbreak in South Korea, 28.6% of MERS survivors
were diagnosed with insomnia disorder during the 12-month
follow-up period.37 Based on these perspectives, increased assessment of insomnia disorder among COVID-19 survivors
could also be attributed to psychosocial factors.
A higher association of insomnia disorder among COVID-19 survivors who had to undergo specific treatment for
the infection, such as supplemental oxygen therapy and mechanical ventilation, was observed in this study, as compared
to the survivors with mild or no symptoms. A recent singlecenter descriptive cohort study reported that survivors of
critical illness arising due to COVID-19 were at a higher risk
of developing post-intensive care syndrome (PICS), including
psychiatric illnesses such as PTSD and depression.38 In this
study, COVID-19 patients who required supplemental oxygen therapy or mechanical ventilator support were admitted
to the intensive care units in the hospital. Considering that insomnia disorder is known as an important type of PICS among
survivors following critical illness,39 the results suggest that
COVID-19 survivors who experienced specific therapy may
have a higher probability of developing PICS than other survivors who did not have severe symptoms.
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This study has several limitations. First, some variables such
as body mass index, history of alcohol consumption, and smoking were not included in this study for adjustment, as the NHIS
database did not contain this information. Second, the study
used multivariable adjustment using confounders; however,
unmeasured and unknown confounders may have affected the
results. Third, although information regarding all patients suffering from insomnia disorder should be registered in the
NHIS database to receive proper financial coverage from the
government, it is a possibility that some cases may be missing
due to lack of accessibility to health resources among the national population in South Korea. Fourth, although some treatment information of the COVID-19 survivors has been utilized, the severity of the infection is not reflected in the study’s
laboratory results. Moreover, we did not include the regular
prescription data of hypnotic drugs in defining insomnia disorder because the prescription information of the drug was
not available from September 1, 2020, to December 1, 2020.
A recent cohort study reported that 4.8% (2,206/46,167) of patients with insomnia disorder received hypnotics prescriptions only without an ICD-10 diagnosis.8 Therefore, there might
be some misplaced cases of insomnia disorder using only ICD10 codes in this study. Although some limitations exist, this
study analyzed data from a large population (299,968 individuals) to identify the association of COVID-19 survivors with
the development of insomnia disorder during the 6 months
follow-up period.
Summarily, it can be stated that 5.4% of COVID-19 survivors in South Korea were newly diagnosed with insomnia disorder during the 6 months follow-up period. The COVID-19
survivors showed a 3.33-fold higher prevalence of insomnia
disorder than the control group, and the survivors who needed specific treatment for the infection as well as those who
did not were associated with a higher prevalence of insomnia
disorder, suggesting that the survivors with mild or no symptoms also experienced insomnia disorder. The results suggest
that insomnia disorder is an important public health issue that
needs to be addressed to enhance the quality of life of COVID-19 survivors.
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Supplementary Table 1. The ICD-10 codes used by comorbidity to compute the Charlson comorbidity index

The ICD-10 codes used by comorbidity to compute the Charlson comorbidity index are:
• Myocardial infarction: I21.x, I22.x, I25.2
• Congestive heart failure: I09.9, I11.0, I13.0, I13.2, I25.5, I42.0, I42.5 - I42.9, I43.x, I50.x, P29.0
• Peripheral vascular disease: I70.x, I71.x, I73.1, I73.8, I73.9, I77.1, I79.0, I79.2, K55.1, K55.8, K55.9, Z95.8, Z95.9
• Cerebrovascular disease: G45.x, G46.x, H34.0, I60.x - I69.x
• Dementia: F00.x - F03.x, F05.1, G30.x, G31.1
• Chronic pulmonary disease: I27.8, I27.9, J40.x - J47.x, J60.x - J67.x, J68.4, J70.1, J70.3
• Rheumatic disease: M05.x, M06.x, M31.5, M32.x - M34.x, M35.1, M35.3, M36.0
• Peptic ulcer disease: K25.x - K28.x
• Mild liver disease: B18.x, K70.0 - K70.3, K70.9, K71.3 - K71.5, K71.7, K73.x, K74.x, K76.0, K76.2 - K76.4, K76.8, K76.9, Z94.4
• Diabetes without chronic complication: E10.0, E10.1, E10.6, E10.8, E10.9, E11.0, E11.1, E11.6, E11.8, E11.9, E12.0, E12.1, E12.6, E12.8,
E12.9, E13.0, E13.1, E13.6, E13.8, E13.9, E14.0, E14.1, E14.6, E14.8, E14.9
• Diabetes with chronic complication: E10.2 - E10.5, E10.7, E11.2 - E11.5, E11.7, E12.2 - E12.5, E12.7, E13.2 - E13.5, E13.7, E14.2 - E14.5,
E14.7
• Hemiplegia or paraplegia: G04.1, G11.4, G80.1, G80.2, G81.x, G82.x, G83.0 - G83.4, G83.9
• Renal disease: I12.0, I13.1, N03.2 - N03.7, N05.2 - N05.7, N18.x, N19.x, N25.0, Z49.0 - Z49.2, Z94.0, Z99.2
• Any malignancy, including lymphoma and leukaemia, except malignant neoplasm of skin: C00.x - C26.x, C30.x - C34.x, C37.x - C41.x,
C43.x, C45.x - C58.x, C60.x - C76.x, C81.x - C85.x, C88.x, C90.x - C97.x
• Moderate or severe liver disease: I85.0, I85.9, I86.4, I98.2, K70.4, K71.1, K72.1, K72.9, K76.5, K76.6, K76.7
• Metastatic solid tumour: C77.x - C80.x
• AIDS/HIV: B20.x - B22.x, B24.x
AIDS, acquired immunodeficiency syndrome; HIV, human immunodeficiency virus

Supplementary Table 2. Clinico-epidemiological characteristics of total participants (N=299,698)

Variable
Gender: male

Number (%)

Mean (SD)

133.881 (44.7)

Age
20–29

68,549 (22.9)

30–39

49,161 (16.4)

40–49

45,128 (15.1)

50–59

49,282 (16.4)

60–69

39,315 (13.1)

70–79

26,212 (8.7)

80+

22,051 (7.4)

Residence in 2020
Seoul

49,414 (16.5)

Gyeonggido

52,728 (17.6)

Daegu

93,238 (31.1)

Gyeongsangbukdo

24,805 (8.3)

Other area

79,513 (26.5)

Annual income level in 2020
Q1 (lowest)

67,558 (22.5)

Q2

59,774 (19.9)

Q3

73,378 (24.5)

Q4

93,855 (31.3)

Unknown

5,133 (1.7)

Underlying disability
Mild to moderate
Severe

13,971 (4.7)
9,713 (3.2)

Charlson comorbidity index
Myocardial infarction

3.0 (3.1)
9,699 (3.2)

Congestive heart failure

28,781 (9.6)

Peripheral vascular disease

53,827 (18.0)

Cerebrovascular disease

40,400 (13.5)

Dementia

20,605 (6.9)

Chronic pulmonary disease

168,917 (56.4)

Rheumatic disease

30,216 (10.1)

Peptic ulcer disease

134,746 (45.0)

Mild liver disease

133,180 (44.4)

Diabetes without chronic complication

80,117 (26.7)

Diabetes with chronic complication

26,257 (8.8)

Hemiplegia or paraplegia

5,681 (1.9)

Renal disease

12,923 (4.3)

Any malignancy

40,994 (13.7)

Moderate or severe liver disease

2,354 (0.8)

Metastatic solid tumour

7,495 (2.5)

AIDS/HIV

535 (0.2)

Underlying psychiatric illness
Anxiety disorder

67,960 (22.7)

Depression

46,348 (15.5)

Bipolar disorder

9,298 (3.1)

Substance abuse

3,859 (1.3)

PTSD
Development of insomnia in 2020

396 (0.1)
7,992 (2.7)

SD, standard deviation; AIDS, acquired immunodeficiency syndrome; HIV, human immunodeficiency virus; PTSD, post-traumatic stress
disorder

Supplementary Table 3. Other variables in multivariable logistic regression model 1

Other variables in model 1
Gender: male

Multivariable model
OR (95% CI)
0.99 (0.95, 1.04)

p-value
0.735

Age
20–29

1

30–39

1.62 (1.44, 1.84)

<0.001

40–49

2.40 (2.14, 2.69)

<0.001

50–59

3.11 (2.79, 3.47)

<0.001

60–69

4.35 (3.90, 4.84)

<0.001

70–79

4.89 (4.36, 5.49)

<0.001

80+

5.08 (4.50, 5.73)

<0.001

Residence in 2020
Seoul

1

Gyeonggido

1.09 (1.02, 1.18)

0.018

Daegu

0.61 (0.57, 0.66)

<0.001

Gyeongsangbukdo

0.80 (0.73, 0.88)

<0.001

Other area

1.09 (1.02, 1.17)

0.013

Annual income level in 2020
Q1 (lowest)
Q2

1
0.95 (0.88, 1.02)

0.127

Q3

0.93 (0.87, 0.99)

0.025

Q4

0.94 (0.88, 0.99)

0.031

Unknown

1.08 (0.90, 1.29)

0.408

Underlying disability
Mild to moderate (vs. no disability)

1.06 (0.98, 1.15)

0.135

Severe (vs. no disability)

1.06 (0.96, 1.17)

0.254

Charlson comorbidity index

1.05 (1.03 1.07)

<0.001

Myocardial infarction

1.04 (0.95, 1.14)

0.417

Congestive heart failure

1.09 (1.02, 1.16)

0.009

Peripheral vascular disease

1.06 (1.01, 1.12)

0.029

Cerebrovascular disease

1.06 (1.00, 1.13)

0.055

Dementia

0.86 (0.80, 0.93)

<0.001

Chronic pulmonary disease

1.15 (1.09, 1.21)

<0.001

Rheumatic disease

1.05 (0.99, 1.12)

0.119

Peptic ulcer disease

1.17 (1.11, 1.23)

<0.001

Mild liver disease

1.13 (1.07, 1.19)

<0.001

Diabetes without chronic complication

1.14 (1.07, 1.20)

<0.001

Diabetes with chronic complication

1.04 (0.97, 1.11)

0.293

Hemiplegia or paraplegia

1.08 (0.96, 1.21)

0.196

Renal disease

1.06 (0.97, 1.15)

0.177

Any malignancy

1.24 (1.17, 1.31)

<0.001

Moderate or severe liver disease

0.90 (0.75, 1.08)

0.269

Metastatic solid tumour

1.44 (1.30, 1.59)

<0.001

AIDS/HIV

1.10 (0.72, 1.68)

0.651

1.45 (1.37, 1.53)

<0.001

Underlying psychiatric illness
Anxiety disorder
Depression

1.38 (1.31, 1.46)

<0.001

Bipolar disorder

1.20 (1.09, 1.31)

<0.001

Substance abuse

1.38 (1.20, 1.59)

<0.001

PTSD

1.43 (0.91, 2.24)

0.124

OR, odds ratio; CI, confidence interval; AIDS, acquired immunodeficiency syndrome; HIV, human immunodeficiency virus; PTSD, post-traumatic stress disorder

