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ABSTRACT

Background Characterising the psychiatric sequelae

of coronavirus disease 2019 (COVID-19) can inform the
development of long-term treatment strategies. However,
few studies have examined these sequelae at different
time points after COVID-19 infection.

Aims The study aimed to investigate the incidences and
risks of acute and delayed psychiatric sequelae in patients
hospitalised with COVID-19 in Japan.

Methods This retrospective cohort study was conducted
using a database comprising healthcare claims data from
public health insurance enrollees residing in a Japanese
city. We analysed a primary cohort comprising patients
hospitalised with COVID-19 between March 2020 and
July 2021 and two control cohorts comprising patients
hospitalised with influenza or other respiratory tract
infections (RTI) during the same period. We calculated
the incidences of acute (1-3 months after infection) and
delayed (4-6 months after infection) psychiatric sequelae.
These sequelae were identified using diagnosis codes and
categorised as mood/anxiety/psychotic disorder, mood
disorder, anxiety disorder, psychotic disorder or insomnia.
Multivariable logistic regression models were used to
estimate the odds ratios (ORs) of psychiatric sequelae
occurrence after COVID-19 infection compared with
influenza and other RTI.

Results The study population with acute psychiatric
sequela consisted of 662 patients with COVID-19, 644
patients with influenza, and 7369 patients with RTl who
could be followed for 3 months; the study population with
delayed psychiatric sequelae consisted of 371 patients
with COVID-19, 546 patients with influenza, and 5397
patients with RTI who could be followed for 6 months.

In the analysis of acute psychiatric sequelae, COVID-19
had significantly higher odds of mood/anxiety/psychotic
disorder (OR: 1.39, p=0.026), psychotic disorder (OR:
2.13, p<0.001), and insomnia (OR: 2.59, p<0.001) than
influenza, and significantly higher odds of insomnia (OR:
1.44, p=0.002) and significantly lower odds of anxiety
disorder (OR: 0.56, p<0.001) than other RTI. In the
analysis of delayed psychiatric sequelae, COVID-19 had
significantly higher odds of psychotic disorder (OR: 2.25,
p=0.007) than influenza, but significantly lower odds of
anxiety disorder (OR: 0.55, p=0.011) than other RTI.
Conclusions COVID-19 was generally associated with
an increased risk of psychiatric sequelae occurring
within 3 months after infection, but had a lower risk of
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= COVID-19 may be associated with psychiatric se-
quelae, but previous studies have mostly been con-
ducted using interviews and questionnaires that are
susceptible to recall bias. Few studies have charac-
terised the incidences and risks of clinically diag-
nosed psychiatric sequelae at different time points
after infection.

WHAT THIS STUDY ADDS

= Using healthcare claims data containing recorded
diagnoses, we quantified the incidences and risks
of acute (1-3 months after infection) and delayed
(4-6 months after infection) psychiatric sequelae
following COVID-19 infection relative to influenza
and other respiratory tract infections.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our findings shed light on the incidences and risks
of various psychiatric sequelae after COVID-19 in-
fection at different time points, which may support

the development of post-acute treatment strategies.

new psychiatric sequelae developing 4—6 months after
infection.

INTRODUCTION
Coronavirus disease 2019 (COVID-19) was
first reported in Wuhan, China, in December
2019 and quickly escalated from a local
outbreak into an unprecedented global
pandemic by March 2020." In addition to
COVID-19’s  physiological outcomes, this
disease also has psychiatric consequences.”
To increase our understanding of COVID-
19’s overall impact and inform the devel-
opment of long-term treatment strategies,”
there is a need to characterise the psychiatric
sequelae that occur at different time points
after infection.

Previous studies have indicated that
COVID-19 survivors have an elevated risk
of developing psychiatric sequelae, such as
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persistent fatigue,” " anxiety,’” depression,”’ and sleeping

disorders.’ ? ' However, many of these studies were
conducted using questionnaire-based surveys, face-to-
face interviews, and telephone surveys, which are suscep-
tible to recall bias. Furthermore, patients with severe
COVID-19 symptoms who require hospitalisation would
be unable to participate in such studies during or soon
after the acute phase, which increases the risk of selection
bias toward asymptomatic and mild cases.

To address these shortcomings, studies have used
healthcare data to analyse clinically diagnosed psychi-
atric outcomes after COVID-19 infection. For example,
a US study showed that patients with COVID-19 had a
higher risk of mental health disorders when compared
with a non-infected contemporary control group and a
non-infected historical control group (ie, people who did
not experience the pandemic).’ Similarly, a UK study
reported that patients with COVID-19 had higher inci-
dences of anxiety and mood disorders than patients with
influenza or other respiratory tract infections (RTT)."?

It has been proposed that postacute COVID-19
sequelae should include conditions that persist or
develop beyond 3 or 4 weeks after the onset of acute
symptoms.” A systematic review reported that many
studies evaluated the incidences of psychiatric sequelae
within 3 months after COVID-19 infection, whereas few
studies assessed sequelae that developed after that time
period."* In Japan, a study found that patients with
COVID-19 still experienced fatigue and other symptoms
4 months after infection,” but those findings were based
on self-reported subjective symptoms through telephone
interviews without clinical diagnoses. Therefore, there is
aneed to generate evidence on the relationship between
COVID-19 infection and the occurrence of clinically diag-
nosed psychiatric sequelae at different time points in
Japan.

To contribute to this evidence, this study was conducted
to investigate the incidences and risks of acute and
delayed psychiatric sequelae in patients hospitalised with
COVID-19 in Japan using healthcare claims data.

METHODS

Study design and settings

This retrospective cohort study was conducted using data
from September 2019 to October 2021. The data were
provided by the Longevity Improvement & Fair Evidence
(LIFE) Study, which is a research database project
managed by Kyushu University (Fukuoka, Japan)."” The
LIFE Study collects claims data from enrollees of Japan’s
National Health Insurance System and Latter-Stage Older
Persons Health Care System residing in participating
municipalities. The National Health Insurance System
is a public insurance programme for persons aged 0-74
years, and the Latter-Stage Older Persons Health Care
System is a public insurance programme for all persons
aged 275 years and persons aged 65-74 years with specific
diseases. The claims data include recorded diagnoses

based on the International Classification of Diseases, 10th
Revision (ICD-10) codes, drug prescriptions and medical
treatments during clinical encounters.

Study participants

The study participants comprised National Health Insur-
ance System enrollees and Latter-Stage Older Persons
Health Care System enrollees residing in Kobe City
(Hyogo, Japan), which is a LIFE Study participant munic-
ipality. To comparatively evaluate the psychiatric sequelae
of COVID-19 infection, we constructed a primary cohort
and two control cohorts.

The primary cohort consisted of patients who had
been hospitalised with a diagnosis of COVID-19 (ICD-10
codes: U071, U072, B34.2) between March 2020 and July
2021. Next, we constructed an influenza control cohort
comprising patients who had been hospitalised with a
diagnosis of influenza (ICD-10 codes: J09-11) between
March 2020 and July 2021, as well as an RTI control
cohort comprising patients who had been hospitalised
with a diagnosis of any other RTI (J00-06, J12-18, J20-22)
between March 2020 and July 2021. The use of patients
with influenza and patients with other RTT as the control
cohorts is similar to the method employed in a previous
study.'”” We chose this approach because patients with
influenza or other RTI may experience acute symptoms
similar to patients with COVID-19 and could also be
susceptible to the same post-acute sequelae.

We limited the analysis to patients who did not die
during the index hospitalisation. Patients with a diagnosis
of influenza or other RTI were excluded from the primary
cohort, patients with a diagnosis of COVID-19 or other
RTI were excluded from the influenza control cohort and
patients with a diagnosis of COVID-19 or influenza were
excluded from the RTI control cohort. The patients were
followed for 3 months and 6 months after the index infec-
tion. Using the claims data, we identified patients hospi-
talised between 1 March 2020 and 31 July 2021 for the
3-month follow-up (until 31 October 2021), and patients
hospitalised between 1 March 2020 and 30 April 2021 for
the 6-month follow-up (until 31 October 2021).

Outcome measures
The study outcome was the occurrence of psychiatric
sequelae after COVID-19 infection, influenza infection or
other RTL

At present, there is no universally accepted definition
for post-acute COVID-19 symptoms. WHO has proposed
the following clinical case definition: ‘Post COVID-19
condition occurs in individuals with a history of probable
or confirmed SARS-CoV-2 infection, usually 3 months
from the onset of COVID-19 with symptoms and that last
for at least 2 months and cannot be explained by an alter-
native diagnosis.”'® Other studies have also reported that
a large proportion of patients still experience psychiatric
symptoms 6 months after COVID-19 onset.” '* Based on
these reports, we examined the occurrence of psychi-
atric sequelae 1-3 months after the index infection
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(designated ‘acute psychiatric sequelae’) and 4-6 months
after the index infection (designated ‘delayed psychiatric
sequelae’).

The psychiatric sequelae were identified using ICD-10
codes and grouped into five categories: (1) mood/
anxiety/psychotic disorder (ICD-10 codes: F20-29, F30-
F39, F40-F48), (2) mood disorder (F30-F39), (3) anxiety
disorder (F40-F48), (4) psychotic disorder (F20-F29),
and (5) insomnia (F51.0 or G47.0). Patients who had
received diagnoses of any of these psychiatric disorders
6 months before the index infection were excluded
from the analysis. For the analysis of delayed psychiatric
sequelae (4-6 months after the index infection), we also
excluded patients who received diagnoses of any of the
psychiatric disorders in the first 3 months after the index
infection.

Statistical analysis

The patient characteristics were described using means
with SD for continuous variables and numbers with
percentages for categorical variables. To account for vari-
ations in patient characteristics, we acquired information
on patient sex, age and comorbidities. Age was analysed
using three categories (<64 years, 65-74 years, and =75
years). These categories were selected because Japan’s
health insurance system categorises persons aged 65-74
years and 275 years as ‘early elderly’ and ‘late elderly’,
respectively.'"” The following comorbidities were identi-
fied and included in the analysis: hypertension (ICD-10
codes: I110-116), diabetes (E10-E14), chronic lower respi-
ratory disease (J40-J47), heart disease (120-125, I130-152),
chronic kidney disease (N18, I12), chronic liver disease
(K70, K72, K73, K74, K76.0, K76.1, K76.6, K76.8), stroke
(I63), dementia (FO1, FO2, F03, G31.0, G31.83), cancer
(C00-D49, C81-C96), and rheumatoid arthritis (MO05,
MO06).

This analysis sought to compare the incidences of
psychiatric sequelae after COVID-19 infection with the
incidences after influenza infection or other RTIL To
produce comparable estimates, we used propensity score
matching to control for variations between the primary
cohort and control cohorts.'”® We first calculated the
propensity scores for becoming infected with COVID-19
and influenza using multivariable logistic regression
models that adjusted for patient sex, age and comorbid-
ities. Patients with COVID-19 were then matched with
patients with influenza using these propensity scores, and
the incidences of psychiatric sequelae were compared.
The same process was used to match the patients with
COVID-19 with the patients with RTI. Matching was
performed through 1:1 nearest neighbour matching
without replacement using a calliper width of 0.2 SDs of
the logit of the propensity score. Absolute standardised
differences below 0.10 were regarded as showing good
balance between the cohorts.

To evaluate the risk of psychiatric sequelae occurrence
after COVID-19 infection, we constructed multivariable
logistic regression models for each of the five psychiatric

sequelae categories during 1-3 months (acute psychiatric
sequelae) and 4-6 months (delayed psychiatric sequelae)
after infection. These models included COVID-19 infec-
tion as the independent variable of interest, with influ-
enza infection or other RTT as the reference category.
The covariates included patient sex, age and comorbid-
ities. Odds ratios (ORs) and 95% confidence intervals
(CIs) were calculated.

We then conducted a sensitivity analysis to assess
the robustness of our results. In Japanese claims data,
patients may receive suspected diagnoses of psychiatric
disorders. Therefore, such patients may not be under-
going any pharmacological treatment despite having
recorded diagnoses. To provide a more stringent iden-
tification of the outcomes, we defined the psychiatric
sequelae not only through ICD-10 codes but also through
corresponding prescriptions of hypnotics/sedatives, anxi-
olytics, antipsychotics and other central nervous system
agents. Furthermore, the inclusion of these prescriptions
would enable us to focus on more severe psychiatric
disorders that require pharmacological treatment. These
drug prescriptions were identified using Japanese drug
codes recorded in the claims data. Based on these newly
defined outcomes, we recalculated the ORs and 95% Cls
of psychiatric sequelae occurrence after COVID-19 infec-
tion compared with influenza or other RTI.

All statistical analyses were performed using Stata V.17
(Stata Corp, College Station, Texas, USA). Statistical
significance (two sided) was set at 5%.

RESULTS

Figure 1 shows the flowchart of patient selection in the
primary cohort and control cohorts for the 3-month and
6-month follow-up periods. For the 3-month follow-up, we
identified 662 patients who had been hospitalised with
COVID-19, 644 patients who had been hospitalised with
influenza, and 7369 patients who had been hospitalised
with other RTI. For the 6-month follow-up, we identified
371 patients who had been hospitalised with COVID-19,
546 patients who had been hospitalised with influenza,
and 5397 patients who had been hospitalised with other
RTTI. Table 1 summarises the characteristics of the primary
and control cohorts according to follow-up period. For the
3-month follow-up, patients with COVID-19 had a mean
age (SD) of 72.7 (16.5) years, and women accounted for
54.8% of the cohort. For the 6-month follow-up, patients
with COVID-19 had a mean age (SD) of 72.5 (17.1) years,
and women accounted for 55.3% of the cohort. The most
prevalent comorbidity among the patients with COVID-19
was hypertension for both the 3-month follow-up (55.9%)
and 6-month follow-up (58.0%).

Table 2 shows the characteristics of the cohorts after
propensity score matching. After matching the primary
cohort and influenza control cohort for the 3-month
follow-up, the patients with COVID-19 and patients with
influenza had a mean age (SD) of 78.9 (11.5) years and
77.5 (14.1) years, respectively. Women accounted for
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Primary Cohort (COVID-19)

Influenza Control Cohort

RTI Control Cohort

Patients hospitalised with a diagnosis of

Patients hospitalised with a diagnosis of

Patients hospitalised with a diagnosis of

COVID-19 (n=1390)

influenza (n=1112)

other RTI (n=9128)

Excluded:

— Patients with influenza or
other RTI diagnosis (n=718)
— Patients with any
psychiatric disorders
diagnosis 6 months before
index infection (n=10)

7y

—!

Excluded:

— Patients with COVID-19 or
other RTI diagnosis (n=426)
— Patients with any
psychiatric disorders
diagnosis 6 months before
index infection (n=42)

Excluded:

— Patients with COVID-19 or
influenza diagnosis (n=1471)
= Patients with any
psychiatric disorders
diagnosis 6 months before
index infection (n=288)

(n=662)

A
COVID-19 patients for 3-month follow-up

Influenza patients for 3-month follow-up

(n=644)

RTI patients for 3-month follow-up (n=7369)

Excluded:

Excluded:

Excluded:

— Patients with any
psychiatric disorders
diagnosis in the first 3
months after index infection

— Patients with any
psychiatric disorders
diagnosis in the first 3
months after index infection
(n=291) (n=98)

— Patients with any
psychiatric disorders
diagnosis in the first 3
months after index infection
(n=1972)

COVID-19 patients for 6-month follow-up
(n=371)

Influenza patients for 6-month follow-up
(n=546)

RTI patients for 6-month follow-up (n=5397)

Figure 1 Flowchart of patient selection. RTI, respiratory tract infection.

57.5% of patients with COVID-19 and 53.8% of patients
with influenza. For the 6-month follow-up, patients with
COVID-19 and influenza had a mean age (SD) of 78.5
(11.7) years and 78.1 (12.6) years, respectively. Women
accounted for 56.8% of patients with COVID-19 and
55.4% of patients with influenza. After matching the
primary cohort and RTT control cohort for the 3-month
follow-up, the patients with COVID-19 and other RTT had
amean age (SD) of 74.7 (14.7) years and 74.9 (16.1) years,
respectively. Women accounted for 54.4% of patients with
COVID-19 and 55.3% of patients with other RTI. For the
6-month follow-up, the patients with COVID-19 and other
RTI had a mean age (SD) of 74.4 (15.9) years and 73.7
(17.2) years, respectively. Women accounted for 55.0% of
patients with COVID-19 and 54.7% of patients with other
RTI. All absolute standardised differences were below 0.1,
with the exception of age in the matched primary cohort
and influenza control cohort for the 3-month follow-up.
The incidences of acute and delayed psychiatric
sequelae after propensity score matching are presented
in table 3. Among the psychiatric sequelae that occurred
1-3 months after infection in the matched primary
cohort and influenza control cohort, insomnia had
the highest incidence in both patients with COVID-19
(61.7%) and patients with influenza (38.5%). Similarly,
insomnia also had the highest incidence in both patients
with COVID-19 (46.3%) and patients with influenza
(37.9%) 4-6 months after infection. Among the psychi-
atric sequelae that occurred 1-3 months after infection
in the matched primary cohort and RTI control cohort,
insomnia had the highest incidence in both patients with
COVID-19 (61.1%) and patients with other RTI (52.8%).
Similarly, insomnia also had the highest incidence in both

patients with COVID-19 (44.4%) and patients with other
RTI (48.9%) 4—6 months after infection.

Table 4 presents the results of the multivariable
logistic regression analyses of acute and delayed psychi-
atric sequelae in the matched cohorts (ie, patients with
COVID-19 matched with patients with influenza and
patients with COVID-19 matched with patients with
other RTI). For acute psychiatric sequelae occurring
1-3 months after infection, COVID-19 had significantly
higher odds of mood/anxiety/psychotic disorder (OR:
1.39, 95% CI: 1.04 to 1.85, p=0.026), psychotic disorder
(OR: 2.13, 95% CI: 1.42 to 3.18, p<0.001) and insomnia
(OR:2.59,95% CI: 1.97 to 3.41, p<0.001) when compared
with influenza. In contrast, COVID-19 had significantly
higher odds of insomnia (OR: 1.44, 95% CI: 1.14 to 1.82,
p=0.002) and significantly lower odds of anxiety disorder
(OR: 0.56, 95% CI: 0.40 to 0.76, p<0.001) when compared
with other RTI. For delayed psychiatric sequelae occur-
ring 4-6 months after infection, COVID-19 had signifi-
cantly higher odds of psychotic disorder (OR: 2.25,
95%CI: 1.25 to 4.04, p=0.007) when compared with
influenza. In contrast, COVID-19 had significantly lower
odds of anxiety disorder (OR: 0.55, 95% CI:0.34 to 0.87,
p=0.011) when compared with other RTI.

We also conducted a sensitivity analysis in which the
psychiatric sequelae were defined using both ICD-10
codes and drug prescriptions. The results of this sensi-
tivity analysis are shown in table 5. For acute psychi-
atric sequelae occurring 1-3 months after infection,
COVID-19 had significantly higher odds of mood/
anxiety/psychotic disorder (OR: 1.38, 95% CI: 1.02 to
1.87, p=0.038), psychotic disorder (OR: 1.79, 95% CI:
1.19 to 2.70, p=0.005) and insomnia (OR: 2.88, 95% CI:
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Table 1 Patient characteristics
3-Month follow-up 6-Month follow-up
Hospitalised Hospitalised
with Hospitalised Hospitalised with Hospitalised Hospitalised
COVID-19 with influenza with other RTI COVID-19 with influenza  with other RTI
No. of patients 662 644 7369 371 546 5397
Sex
Female 363 (54.8) 345 (53.6) 3901 (52.9) 205 (55.3) 296 (54.2) 2874 (53.3)
Age
Mean (SD), years 72.7 (16.5) 78.5 (14.4) 79.0 (14.2) 72.5(17.1) 78.8 (13.8) 78.6 (14.1)
<64 years 144 (21.8) 52 (8.1) 702 (9.5) 85 (22.9) 38 (7.0) 555 (10.3)
65-74 years 149 (22.5) 123 (19.1) 1189 (16.1) 75 (20.2) 108 (19.8) 906 (16.8)
>75 years 369 (55.7) 469 (72.8) 5478 (74.3) 211 (56.9) 400 (73.3) 3936 (72.9)
Comorbidities
Hypertension 370 (55.9) 415 (64.4) 4805 (65.2) 215 (58.0) 357 (65.4) 3535 (65.5)
Diabetes 306 (46.2) 299 (46.4) 3439 (46.7) 169 (45.6) 261 (47.8) 2509 (46.5)
Chronic lower 111 (16.8) 151 (23.4) 2256 (30.6) 65 (17.5) 133 (24.4) 1702 (31.5)
respiratory disease
Heart disease 227 (34.3) 325 (50.5) 3896 (52.9) 140 (37.7) 276 (50.5) 2857 (52.9)
Chronic kidney 40 (6.0) 64 (9.9) 746 (10.1) 27 (7.3) 53 (9.7) 542 (10.0)
disease
Chronic liver disease 76 (11.5) 80 (12.4) 831 (11.3) 47 (12.7) 69 (12.6) 623 (11.5)
Stroke 53 (8.0) 94 (14.6) 950 (12.9) 37 (10.0) 78 (14.3) 704 (13.0)
Dementia 89 (13.4) 106 (16.5) 1461 (19.8) 55 (14.8) 90 (16.5) 1063 (19.7)
Cancer 113 (17.1) 194 (30.1) 1993 (27.0) 58 (15.6) 160 (29.3) 1454 (26.9)
Rheumatoid arthritis 18 (2.7) 35 (5.4) 368 (5.0) 10 (2.7) 29 (5.3) 281 (5.2)

Values are presented as number (%) unless otherwise indicated.
COVID-19, coronavirus disease 2019; RTI, respiratory tract infection.

2.18 to 3.81, p<0.001) when compared with influenza.
Furthermore, COVID-19 had significantly higher odds
of insomnia (OR: 1.80, 95% CI: 1.42 to 2.27, p<0.001)
when compared with other RTI. For delayed psychiatric
sequelae occurring 4-6 months after infection, COVID-19
had higher odds for all psychotic sequelae (except mood
disorder) when compared with influenza, but these
relationships were not statistically significant (mood/
anxiety/psychotic disorder: OR: 1.09, 95% CIL: 0.70 to
1.70, p=0.688; anxiety disorder: OR: 1.15, 95% CI: 0.54
to 2.43, p=0.715; psychotic disorder: OR: 1.27, 95% CI:
0.69 to 2.35, p=0.436; insomnia: OR: 1.22, 95% CI: 0.82 to
1.80, p=0.322). Finally, COVID-19 had significantly lower
odds of anxiety disorder (OR: 0.56, 95% CI: 0.30 to 1.03,
p=0.011), psychotic disorder (OR: 0.56, 95% CI: 0.34 to
0.94, p=0.027), and insomnia (OR: 0.69, 95% CI: 0.49
to 0.98, p=0.036) occurring 4-6 months after infection
when compared with other RTI.

DISCUSSION

Main findings

In this study, we evaluated the incidences and risks of
acute and delayed psychiatric sequelae among patients

hospitalised with COVID-19 in a major Japanese city. By
using healthcare claims data, we were able to identify
clinically diagnosed infections and psychiatric disorders
in the study patients. Furthermore, the data allowed us
to follow the patients for a relatively long period of time
with fewer dropouts than a previous Japanese study that
used telephone survey data.” Our analysis indicated that
patients with COVID-19 were more likely to develop
mood/anxiety/psychotic disorder, psychotic disorder
and insomnia within 3 months than patients with influ-
enza. Next, patients with COVID-19 were more likely
to develop insomnia and less likely to develop anxiety
disorder within 3 months than patients with other RTIL
In contrast, patients with COVID-19 were more likely to
develop psychotic disorder 4-6 months after infection
than patients with influenza but less likely to develop
anxiety disorder 4-6 months after infection than patients
with other RTI. To our knowledge, this is the first study to
characterise the differences in new and delayed psychi-
atric sequelae among COVID-19 survivors.

We observed that patients with COVID-19 had a higher
risk of developing psychiatric sequelae within 3 months
than patients with other infections, which is consistent
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Table 5 Sensitivity analysis: results of the multivariable logistic regression analyses of psychiatric sequelae after COVID-19 infection

Delayed: 4-6 months after COVID-19 infection

Acute: 1-3 months after COVID-19 infection

COVID-19 vs influenza
OR (95% Cl)

COVID-19 vs other RTI

OR (95% Cl)

COVID-19 vs influenza
OR (95% Cl)

COVID-19 vs other RTI

OR (95%Cl)

P value
0.097

P value
0.688
0.372

P value

P value

0.62 (0.42 to 0.91)

1.09 (0.70 to 1.70)
0.76 (0.42 to 1.38)

0.045

0.77 (0.60 to 0.99)
0.97 (0.71 to 1.32)

0.038
0.026

1.38 (1.02 to 1.87)
1.55 (1.05 to 2.29)
1.04 (0.62 to 1.74)
1.79 (1.19 to 2.70)
2.88 (2.18 to 3.81)

Mood/anxiety/psychotic disorder

Mood disorder

0.190
0.011

0.50 (0.29 to 0.85)
0.56 (0.30 to 1.03)

0.823
0.001

0.715

1.15 (0.54 to 2.43)
1.27 (0.69 to 2.35)
1.22 (0.82 to 1.80)

0.51 (0.35 to 0.76)
0.77 (0.56 to 1.05)
1.80 (1.42 to 2.27)

0.885

Anxiety disorder

0.027

0.56 (0.34 to 0.94)
0.69 (0.49 to 0.98)

0.436

0.322

0.097
<0.001

0.005
<0.001

Psychotic disorder

Insomnia

0.036

In this sensitivity analysis, psychiatric sequelae were defined using both recorded diagnoses and drug prescriptions.

COVID-19, coronavirus disease 2019; RTI, respiratory tract infection.

with the results of a previous study.'> Among our patients,
insomnia had the highest incidence within 3 months
after COVID-19 infection. The incidence of insomnia was
also higher in patients with COVID-19 than in patients
with influenza, although this difference was not statis-
tically significant. A meta-analysis reported that sleep
disturbances (including insomnia) occurred in approx-
imately 34% of patients with COVID-19." In addition,
other studies have indicated that patients with COVID-19
experience higher rates of insomnia than those without
COVID-19."" * The higher risk of insomnia after
COVID-19 infection could be influenced by the onset and
persistence of physical symptoms. The common sequelae
of COVID-19 include fatigue,""" dyspnoea™® ® '’ and
cough.‘l_8 Moreover, patients with COVID-19 can experi-
ence decreased respiratory function even after hospital
discharge.” *' The persistence of such symptoms during
sleep may contribute to the development of insomnia and
other sleep disorders.

This study also found that patients with COVID-19 had
a generally lower risk of anxiety disorder 1-3 months and
4-6 months after infection when compared with patients
with other RTI. These findings differ from those of
previous studies.'' '* It has been reported that the majority
of patients who exhibited anxiety and depressive symp-
toms 3—6 months after COVID-19 onset had already expe-
rienced these symptoms during the first 3 months.* It is
possible that people were generally experiencing more
anxiety during the COVID-19 pandemic® * and may not
have complained of additional anxiety after COVID-19
infection. Patients with COVID-19 also had lower inci-
dences of the other psychiatric sequelae (except for
anxiety disorder) than patients with other RTI, although
these differences were not significant. Other RTI may be
associated with a higher incidence of psychiatric disor-
ders over time. Our findings suggest that COVID-19 has a
long-term disease progression that is stronger than influ-
enza and weaker than other RTT.

The sensitivity analysis, which identified psychiatric
sequelae using drug prescriptions in addition to diag-
nosis codes, produced similar results to the base case
analysis. Patients with COVID-19 who survived the first 30
days after diagnosis have shown an increased use of sleep
medications,"! which indicates a higher incidence of
insomnia. Also, the use of antidepressants may suggest a
higher incidence of mood/anxiety/psychotic disorder.?*
Patients with COVID-19 may require pharmacological
treatment for psychiatric sequelae that develop in the first
1-3 months after infection.

Limitations

Our findings should be interpreted with consideration
of several limitations. First, the study was conducted
using data from a single Japanese city, and our results
may lack generalisability. Kobe city has a population
of 1.5million, which makes it the seventh most popu-
lous city in Japan. Nevertheless, further studies that
cover more regions are needed to verify or refute our
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findings. Second, our analysis used healthcare claims
data, which do not include clinical data such as disease
course or laboratory test results. For example, we did
not have access to the results of pulmonary function
tests and therefore could not ascertain disease severity.
Studies have reported that long COVID-19 symptoms
are more likely to occur in patients who experienced
more severe COVID-19.” ' In Japan, patients with
COVID-19 with mild disease are usually treated at
home or in residential care facilities without medical
care, and only those with severe symptoms are hospital-
ised. As our study focused on hospitalised patients, our
study population may contain more severe COVID-19
cases with a higher susceptibility to long COVID-19
symptoms. In addition, we did not include a healthy
control group sampled from the general population.
Therefore, our findings should be interpreted with
caution. Third, our database did not include informa-
tion on family background and socioeconomic factors,
which could influence the development of psychiatric
sequelae. For example, insomnia is reportedly asso-
ciated with income level and employment status.”
Furthermore, we could not examine any changes in
these factors during the COVID-19 pandemic. Finally,
we were unable to determine the severity of the psychi-
atric disorders. Therefore, we could not consider
any differences in this aspect between the acute and
delayed psychiatric sequelae.

Implications

This is the first study to show that patients with COVID-19
in Japan have a higher risk of developing various psychi-
atric sequelae (especially insomnia) soon after infection,
but are less likely to develop such disorders in the post-
acute phase. Our findings suggest that it is important to
monitor the development of psychiatric disorders soon
after COVID-19 infection.

CONCLUSION

In this study of hospitalised patients in Japan, COVID-19
infection was found to be generally associated with an
increased risk of mood/anxiety/psychotic disorder,
psychotic disorder and insomnia within 3 months when
compared with influenza, as well as an increased risk of
insomnia and reduced risk of anxiety disorder within
3 months when compared with other RTI. However,
there was a generally low risk of developing new psychi-
atric sequelae 4-6 months after COVID-19 infection.
Healthcare professionals should be especially vigilant
for the onset of psychiatric sequelae during the first
3 months after COVID-19 onset. Further research
is needed to explore the development of psychiatric
sequelae at different time points after hospitalisation
for COVID-19.
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