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IMPORTANCE Psychiatric outcomes after COVID-19 have been of high concern during the
pandemic; however, studies on a nationwide level are lacking.

OBJECTIVE To estimate the risk of mental disorders and use of psychotropic medication
among individuals with COVID-19 compared with individuals not tested, individuals with
SARS-CoV-2-negative test results, and those hospitalized for non-COVID-19 infections.

DESIGN, SETTING, AND PARTICIPANTS This nationwide cohort study used Danish registries

to identify all individuals who were alive, 18 years or older, and residing in Denmark between
January 1and March 1, 2020 (N = 4152 792), excluding individuals with a mental disorder
history (n = 616 546), with follow-up until December 31, 2021.

EXPOSURES Results of SARS-CoV-2 polymerase chain reaction (PCR) testing (negative,
positive, and never tested) and COVID-19 hospitalization.

MAIN OUTCOMES AND MEASURES Risk of new-onset mental disorders (International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision, codes FOO-F99) and
redeemed psychotropic medication (Anatomical Therapeutic Chemical classification codes
NO5-NO06) was estimated through survival analysis using a Cox proportional hazards model,
with a hierarchical time-varying exposure, reporting hazard rate ratios (HRR) with 95% Cls.
All outcomes were adjusted for age, sex, parental history of mental illness, Charlson
Comorbidity Index, educational level, income, and job status.

RESULTS A total of 526 749 individuals had positive test results for SARS-CoV-2 (50.2% men;
mean [SD] age, 4118 [17.06] years), while 3124 933 had negative test results (50.6% women;
mean [SD] age, 49.36 [19.00] years), and 501110 had no tests performed (54.6% men; mean
[SD] age, 60.71[19.78] years). Follow-up time was 1.83 years for 93.4% of the population.
The risk of mental disorders was increased in individuals with positive (HRR, 1.24 [95% Cl,
117-1.31]) and negative (HRR, 1.42 [95% Cl, 1.38-1.46]) test results for SARS-CoV-2 compared
with those never tested. Compared with individuals with negative test results, the risk of
new-onset mental disorders in SARS-CoV-2-positive individuals was lower in the group aged
18 to 29 years (HRR, 0.75 [95% Cl, 0.69-0.81]), whereas individuals 70 years or older had

an increased risk (HRR, 1.25 [95% Cl, 1.05-1.501). A similar pattern was seen regarding
psychotropic medication use, with a decreased risk in the group aged 18 to 29 years (HRR,
0.81[95% Cl, 0.76-0.85]) and elevated risk in those 70 years or older (HRR, 1.57 [95% ClI,
1.45-1.701]). The risk for new-onset mental disorders was substantially elevated in hospitalized
patients with COVID-19 compared with the general population (HRR, 2.54 [95% ClI,
2.06-3.14]); however, no significant difference in risk was seen when compared with
hospitalization for non-COVID-19 respiratory tract infections (HRR, 1.03 [95% Cl, 0.82-1.29]).

CONCLUSION AND RELEVANCE In this Danish nationwide cohort study, overall risk of
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COVID-19 and Risk for Mental Disorders After SARS-CoV-2 PCR Testing in Denmark

he COVID-19 pandemic has severely impacted human

health worldwide. COVID-19, besides being an infec-

tious respiratory illness, can affect multiple organ
systems,! including the brain,?* with high prevalence of per-
sisting neuropsychiatric symptoms after initial SARS-CoV-2
infection.* In the beginning of the pandemic, a SARS-CoV-2 in-
fection of the brain was initially suspected as a potential mecha-
nism for the neuropsychiatric complications; but, increasing
evidence shows that indirect immune-mediated mecha-
nisms and sequelae from critical illness are more important.>
Thus, the effects on the brain might be similar to those
observed after other types of infections of similar disease
severity, as severe non-COVID-19 infections are also linked
to an increased risk of mental disorders.®®

Two large-scale studies using data from electronic
health care records report increased risk of new-onset men-
tal disorders after COVID-19 compared with influenza,®:©
while another large-scale study found no difference between
patients hospitalized with COVID-19 and patients admitted
for other severe acute respiratory tract infections.! Fur-
thermore, studies investigating patients in contact with
primary care found no difference in incident mental illness
between those with positive and negative test results for
SARS-CoV-2,'? while another study found that those with
mild COVID-19 even had lower rates of mental disorders
compared with those with negative test results.!® Data from
hospital electronic health care records only capture indi-
viduals in contact with the health care system, while miss-
ing the majority of individuals with positive test results
for SARS-CoV-2 without a hospital contact. This might
introduce a surveillance bias,'* as patients with COVID-19
were more vigilantly monitored during the pandemic. More-
over, prior studies that include information about primary
and secondary care are based on selected cohorts from US
veterans!© or specific health care organizations,® which
reduces generalizability of their findings. Additionally,
study results could be biased by the lack of adjustment for
important confounding measures when investigating psy-
chiatric outcomes, such as socioeconomic factors and fam-
ily history of mental illness. Currently, comprehensive
nationwide studies that can capture all individuals tested
for SARS-CoV-2 and adjust for important confounding mea-
sures are lacking.

Therefore, we conducted the first nationwide study
to date, to our knowledge, covering all SARS-CoV-2 poly-
merase chain reaction (PCR) tests performed in the whole
of Denmark and all psychiatric hospitalizations and
prescriptions for psychotropic medication. We aimed to
study the association between COVID-19 and subsequent
risk of mental disorders and use of psychotropic medica-
tion. Specifically, the study objective was to compare the
risk of incident mental disorders and psychotropic medica-
tion use in (1) individuals with positive test results for
SARS-CoV-2 compared with those who had negative test
results and those not tested at all, and (2) patients hospital-
ized for COVID-19 compared with patients hospitalized
for non-COVID-19 infections and with individuals not
hospitalized.
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Key Points

Questions What is the subsequent risk of mental disorders
among individuals with SARS-CoV-2 infection, and are the
associations specific for COVID-19?

Findings In this cohort study including the total adult population
of Denmark and covering all SARS-CoV-2 polymerase chain
reaction tests, the overall risk of new-onset mental disorders

was increased in SARS-CoV-2-positive individuals compared

with individuals not tested; however, the risk did not exceed that
of SARS-CoV-2-negative individuals. Patients hospitalized with
COVID-19 had markedly increased risk compared with the general
population, although the risk was similarly elevated compared
with patients hospitalized for non-COVID-19 infections.

Meaning These findings suggest that deterioration of mental
health after hospitalization for COVID-19 is common but no more
frequent than after other infections with similar severity.

Methods

Study population

Figure 1 provides a schematic overview of the study popula-
tion and design. Data were obtained by linkage of the nation-
wide Danish registries using unique personal registration num-
bers, which are assigned to every resident in Denmark at the
time of birth.'® All register-based personal information was
anonymized for research purposes without requiring in-
formed consent, and the project was approved by the Danish
Data Protection Agency. This study followed the Strengthen-
ing the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.

The population was defined via the Danish Civil Registra-
tion System,'® providing information on age, sex, and par-
ents of all individuals born in Denmark. All individuals alive
and resident in Denmark between January 1 and March 1,
2020, and 18 years or older were included. Individuals with
a history of mental disorders (International Classification of
Diseases, Eighth Revision [ICD-8] codes 290-315; Interna-
tional Statistical Classification of Diseases and Related Health
Problems, Tenth Revision [ICD-10] codes FOO-F99) before March
1, 2020, were excluded from the study population for analy-
ses of new-onset mental disorder, and we excluded all indi-
viduals with a prior prescription of a psychotropic medica-
tion (Anatomical Therapeutic Chemical classification [ATC]
codes NO5-NO6) for analyses of new-onset first redemption
of any psychotropic medication. Individuals were followed
from March 1, 2020, until outcome, censoring, or end of fol-
low-up on December 31, 2021 (eFigure 1 in Supplement 1).

Registers

Study populations were linked via the personal unique regis-
tration number to the following registers: the Danish Psychi-
atric Central Research Register,'” which contains data on all
inpatient and outpatient contacts with Danish psychiatric
facilities; the Danish Microbiology Database,'® with all SARS-
CoV-2 PCR tests performed in Denmark; the Danish National
Hospital Registry,'® which contains records of all inpatient,
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Figure 1. Schematic Presentation of Study Design and Structure of Data Analysis

‘ Study population ‘ ‘ SARS-CoV-2 testing during study period Cox proportional hazards model with a hierarchical time-varying exposure
4000000 - — Individuals Tested negative  Tested positive
O 0 O
3500000 n=526749 H 1t * +—
00000 [
nd
3000000 Y 2 >
0000000
[ ] Not tested rd
= 2500000 ? : >
E 1| [ Negative :
N - Positive n=3124933 am —)
{ n=4152792 } $ 2000000 |
k] o - 5th I ]
* Allindividualsalive 5 1500000 | %3 e hoached 18 followup -
and resident in = 2.5% Turned 18 y of age after
Denmark between study start 6th :[:—
January 1, 2020, 1000000 2.0% Censored by death :
and March 1, 2020 1.2% Censored by emigration ! >
o Aged 218y 5000001 1.0% Experienced primary i
« No history of outcome n=501110 nth y >
mental disorders 0
March 1, August 1, January 1, June 1, December 31, March 1, August 1, January 1, June 1, December 31,
2020 2020 2021 2021 2021 2020 2020 2021 2021 2021
Study period (1.83y) Study period (1.83y)
Observation time : Confounder
in exposure | adjustment
groups Risk of incident e Age
C+O+C " °:tlcz,med | Sex
¢ Mental disorders [ .
No test for > (F00-F99) < * Comorbidities
A P |« Education
s P Y T e |+ Jobstatus
Negative SARS-CoV-2 (NO5-NO6) 3  Income
[ ] | Parental history

Positive SARS-CoV-2 of mental illness

SARS-CoV-2 polymerase chain reaction testing of study population during the
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in potentially 3 different exposure groups are shown. Exposure is time-varying
and hierarchical (ie, status can change from not tested to negative or positive

and from negative to positive but not vice versa). Individual numbers 1st, 2nd,
3rd, etc, illustrate examples of each individual in the study contributing
observation time to different groups of exposure.

outpatient, and emergency department visits at Danish hos-
pitals; the Danish National Prescription Registry,2° contain-
ing complete information from all pharmacies in Denmark
with redeemed prescriptions since 1995; and the Database
for Integrated Labour Market Research,?! containing data on
most recent educational level completed, income level, and
association with the job market. Diagnostic information was
based on the ICD-8 from 1977 to 1993 and on the ICD-10
from 1994. Treatment in Danish hospitals is free of charge
for all residents, ensuring that all psychiatric admissions
are represented in the Danish Psychiatric Central Research
Register.

Exposures: SARS-CoV-2 Testing

and COVID-19 Hospitalization

All SARS-CoV-2 PCR testing records were retrieved from the
Danish Microbiology Database. Multiple tests per individual were
available with unique dates indicating when testing was per-
formed (eFigure 2 in Supplement 1). The exposure variable con-
sisted of 3 groups: not tested, negative test results, or positive test
results defined in a hierarchical and time-varying manner. Indi-
viduals were included in the not-tested group until tested and
moved to the negative or positive groups, depending on the

JAMA Psychiatry August 2023 Volume 80, Number 8

result of the SARS-CoV-2 test on the date of the test. At the date
of the first positive SARS-CoV-2 test result, individuals moved
to the positive group and remained there (Figure 1). Severity of
the primary exposure was further analyzed in several variations:
COVID-19 hospitalization defined as hospital admission with
ICD-10 codes B34.2 or B97.2, admission within 2 days before to
14 days after a positive SARS-CoV-2 PCR test result, and admis-
sion duration of at least 12 hours; admission to the intensive care
unit (ICU) were captured using the Danish national ICU database
procedural codes NABB and/or NABE?2; total COVID-19-related
admission days; total number of positive SARS-CoV-2 test results
(2 positive test results separated by 30 days); and time from
first positive test result to outcome.

Exposure of COVID-19 hospitalization was also a time-
varying exposure and compared with exposure for hospital-
ization for other infections, including any respiratory tract
infection, and separately for pneumonia and influenza (see
eTable 1in Supplement 1 for specific ICD-10 codes). A wash-
out period was introduced excluding all individuals who had
been hospitalized for any infection between 2010 to the start
of study period (March 1, 2020) to ensure that the hospital
contact for other infections was for a new-onset and not a re-
current condition.
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Outcomes: Mental Disorders and Psychotropic

Medication Use

Primary outcomes were any mental disorder using ICD-10 codes
FOO0 to F99 and first redemption of any psychotropic medication
using ATC codes NO5 to NO6. Secondary outcomes were subclas-
sified diagnoses in organic mental disorders (ICD-10 codes FOO-
F09); schizophrenia spectrum disorders (ICD-10 codes F20-F29);
mood disorders (ICD-10 codes F30-F39); neurotic, stress-related,
and somatoform disorders (ICD-10 codes F40-F48); and specific
medication in the groups of antidepressants (ATC code NO6A),
antipsychotics (ATC code NO5A), anxiolytics (ATC code NO5B),
and antidementia drugs (ATC code NO6D). Date of onset was
defined as first psychiatric contact or first redemption of psycho-
tropic medication (eTable 1in Supplement 1).

Confounding Variables

Basic confounders were defined as age in years and sex. Con-
founders of susceptibility for any diagnosis were parental his-
tory of mental illness (any ICD-10 diagnosis code of FOO-F99
or ICD-8 code of 290-315) and the Charlson Comorbidity Index>?
(0,1, 2, 3, or 24 chronic disorders). Socioeconomic confound-
ers were educational level (elementary school, vocational train-
ing or high school, and short- and long-cycle higher educa-
tion), income (divided in quintiles), and work status (working,
unemployed, retired, not in the workforce, or student).

Statistical Analysis

A Cox proportional hazards model was used for survival analy-
sis and hazard rate ratios (HRR) with 95% CIs were reported as
measures of relative risk. Calendar time rather than age was used
astheunderlying time scale, as the degree of exposure to SARS-
CoV-2 and the outcome of mental disorders were highly depen-
dent on the specific calendar time, while exposure and out-
come were relatively constant when stratifying the result in
age groups. It was recently shown that using calendar time im-
proves precision and reduces bias for modeling during the
COVID-19 pandemic,?* and this ensured that abrupt changes in
outcome rate on the baseline hazard time scale are controlled
for. All analyses were adjusted for age in a time-varying man-
ner, whereas adjustment for the variables of sex, parental
history of mental illness, Charlson Comorbidity Index, educa-
tional level, income, and job status were defined at start of fol-
low-up. Primary and secondary outcomes were investigated in
groups with and without SARS-CoV-2 testing, in SARS-CoV-2-
positive vs -negative groups, in patients hospitalized with
COVID-19 vs the general population, and in patients hospital-
ized with COVID-19 vs other infections. The effect of COVID-19
exposure severity was only investigated with the primary out-
come. We performed several sensitivity analyses to investi-
gate the robustness of our findings. First, we analyzed inci-
dence rates of primary outcome at different time periods over
the total study period to see if incidence rates were markedly
increased during specific time periods. Second, in contrast to
our primary model where all individuals were included at March
1, 2020, sensitivity analyses were performed with a dynamic
population that only included individuals at the date of their
first SARS-CoV-2 test. Third, we investigated effect modifica-
tion of all confounder variables by testing their interaction with
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the exposure variable. Two-tailed P < .05 indicated statistical
significance. Statistical analyses were conducted by 1 investi-
gator (R. H. B. C.) using R, version 4.2.2, with survival package
version 3.4-0 (R Project for Statistical Computing).

. |
Results

Demographics

The study population consisted of 4152 792 individuals with
amean [SD] age of 48.84 [19.02] years (50.5% women, 49.5%
men) who were living in Denmark between January 1 and
March 1, 2020, and were 18 years or older before the end of fol-
low-up on December 31, 2021. A total of 526 749 individuals
(12.68%) had positive test results for SARS-CoV-2 (49.8%
women and 50.2% men; mean [SD] age, 41.18 [17.06] years),
while 3124 933 (75.25%) only had negative SARS-CoV-2 test re-
sults (50.6% women and 49.4% men; mean [SD] age, 49.36
[19.00] years), and 501110 (12.07%) had no SARS-CoV-2 tests
performed (45.4% women and 54.6% men; mean [SD] age,
60.71 [19.78] years) during the study period. Follow-up time
was 1.83 years for 93.4% of the population, and a total of
39528 002 SARS-CoV-2 PCR tests were analyzed. eFigure 3
in Supplement 1 depicts a study flowchart and eTable 2 in
Supplement 1 summarizes demographic characteristics.

Testing for SARS-CoV-2 and the Risk

of New-Onset Mental Disorders

Overall, the risk of mental disorders wase increased in indi-
viduals with positive (HRR, 1.24 [95% CI, 1.17-1.31]) and nega-
tive (HRR, 1.42 [95% CI, 1.38-1.46]) SARS-CoV-2 test results
compared with those never tested for SARS-CoV-2 (Figure 2).
There were no significant temporal effects on the increased
risk of new-onset mental disorders with time since a positive
SARS-CoV-2 test (eTable 3 in Supplement 1).

Positive vs Negative SARS-CoV-2 Test Results

and the Risk of New-Onset Mental Disorders

Compared with those with negative test results, individuals
with positive SARS-CoV-2 test results had an overall lower risk
of a new-onset mental disorder (HRR, 0.87 [95% CI, 0.82-
0.92]), primarily seen among individuals aged 18 to 29 years
(HRR, 0.75 [95% CI, 0.69-0.81]), whereas among individuals
30 years and older, no significant difference was observed
(HRR, 1.03[95% CI, 0.96-1.11]). However, in individuals 70 years
and older, there was an increased risk of mental disorders
when compared with individuals with negative test results
(HRR, 1.25 [95% CI, 1.05-1.50]) (Figure 3).

Furthermore, individuals with multiple SARS-CoV-2 in-
fections (=2) had an increased risk of new-onset mental dis-
orders compared with individuals with only negative test re-
sults (HRR, 1.66 [95% CI, 1.10-2.50]) (eTable 4 and eFigure 4
in Supplement 1). Last, an increasing number of comorbidi-
ties was associated with increased risk of mental disorders in
both SARS-CoV-2-positive and -negative individuals com-
pared with those not tested (eFigure 5 in Supplement 1). The
risks of specific mental disorder categories are detailed in
Figure 2.
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Figure 4. Risk of New-Onset Mental Disorders After Hospitalization
for COVID-19 or Non-COVID-19 Infections

No. of HRR Lower : Higher

Subgroup events  (95% Cl)? risk : risk
Exposure

General population 31712 1 [Reference]

COVID-19 87 2.54(2.06-3.14) —=—

Non-COVID-19 infection 736 2.52(2.34-2.72) -

Non-COVID-19 229 2.42(2.12-2.76) -

respiratory infection

Pneumonia 178 2.62 (2.26-3.05) —-—

Influenza <5

L B E—

0.5 1 2 4
HRR (95% Cl)

Any incident mental disorder is defined as International Statistical Classification
of Diseases and Related Health Problems, Tenth Revision, codes FOO to F99.
Due to Danish General Data Protection Regulation rules applied to the use

of the nationwide registers, outcome results from groups with fewer than

5 individuals are prohibited to be displayed to ensure data privacy; thus, risk
was not calculated in the group with influenza. Error bars indicate 95% Cls.
Individuals with a prior hospitalization for a respiratory tract infection between
2010 and March 2020 were excluded prior to analysis to ensure that the
hospital contact for other respiratory tract infections was new onset and not
arecurrent condition. All analyses were adjusted for age, sex, parental history
of mental iliness, Charlson Comorbidity Index, educational level, income, and
work status. HRR indicates hazard rate ratio.

2 No statistical difference between COVID-19 and all other non-COVID-19
infections.

SARS-CoV-2 Testing and the Risk of First-Time Use

of Psychotropic Medication

Individuals with positive test results for SARS-CoV-2 had a
slightly increased risk of redeeming psychotropic medication
compared with those with negative test results (HRR, 1.04 [95%
CI, 1.01-1.08]), with lower risk in the group aged 18 to 29 years
(HRR, 0.81 [95% CI, 0.76-0.85]) and increased risks in those
30 years or older (HRR, 1.20 [95% CI, 1.16-1.25]). Overall, the
risk of subsequently needing treatment with psychotropic
medication increased with increasing age and was highest
among individuals 70 years or older (HRR, 1.57 [95% CI, 1.45-
1.70]) (Figure 3). Compared with those who had negative test
results, individuals with positive test results for SARS-CoV-2
had an increased risk of redeeming anxiolytics (HRR, 1.22[95%
CI, 1.10-1.35]), alower risk of using antidepressants (HRR, 0.85
[95% CI, 0.81-0.90]), and no significant difference regarding
antipsychotics and antidementia medication (Figure 2).

COVID-19 Hospitalization and the Risk

of New-Onset Mental Disorders

Hospitalization for COVID-19 was associated with an in-
creased risk of a new-onset mental disorder with HRR of 2.33
(95% CI, 1.94-2.80) compared with the general population not
hospitalized for COVID-19, which was even higher among pa-
tients with COVID-19 admitted to the ICU (HRR, 3.61[95% ClI,
2.18-5.99]). However, no significant difference was seen be-
tween patients with COVID-19 with short (1-2 days) com-
pared with longer (>5 days) hospitalizations (HRR, 1.07 [95%
CI, 0.61-1.87]) (eTable 5 in Supplement 1). Regarding the risk
of specific mental disorder categories, patients hospitalized for
COVID-19 had an increased risk of organic mental disorders

JAMA Psychiatry August 2023 Volume 80, Number 8
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(HRR, 2.64 [95% CI, 1.95-3.58]), including dementia (HRR, 2.20
[95% CI,1.52-3.20]), schizophrenia spectrum disorders (HRR,
3.00[95% CI, 1.83-4.91]), affective disorders (HRR, 2.30 [95%
CI, 1.70-3.12]), and neurotic, stress-related, and somatoform
disorders (HRR, 2.78 [95% CI, 2.16-3.58]) (Figure 2).

COVID-19 Hospitalization Compared

With Hospitalization for Other Infections

Compared with individuals without hospitalizations, the risk
of new-onset mental disorders was similarly increased (all
P < .001) among individuals hospitalized for COVID-19 (HRR,
2.54 [95% CI, 2.06-3.14]), any other non-COVID-19 infection
(HRR, 2.52 [95% CI, 2.34-2.72]), any respiratory tract infec-
tion (HRR, 2.42[95% CI, 2.12-2.76]), and pneumonia (HRR, 2.62
[95% CI, 2.26-3.05]) (Figure 4 and eTable 6 in Supplement 1).
Nossignificant difference was seen in the risk for specific men-
tal disorders between hospitalized patients with COVID-19 and
those hospitalized for non-COVID-19 respiratory tract infec-
tions (HRR, 1.03[95% CI, 0.82-1.29]) (Figure 2 and eTable 6 in
Supplement 1).

Sensitivity Analysis

During the total study period, outcome events between those
tested and not tested for SARS-CoV-2 (eFigure 6 in Supple-
ment 1) and incidence rate ratios stratified in age groups be-
tween those with positive and negative test results (eFigure 7
in Supplement 1) were stable. We created a second dynamic
population (starting with O) only including those tested for
SARS-CoV-2 while excluding those never tested (ending
with 3 651682). The findings were similar between SARS-CoV-
2-positive vs SARS-CoV-2-negative individuals regarding
primary and secondary outcomes as our original analysis, ex-
cept for the risk of new-onset organic mental disorders (ICD-10
codes FOO-F09), which was increased in those with positive
testresults (HRR, 1.21[95% CI, 1.02-1.43]) (eTable 7 in Supple-
ment 1). eTables 8 to 13 in Supplement 1 provide details on
effect modification.

|
Discussion

This nationwide cohort study of all SARS-CoV-2 PCR tests per-
formed in Denmark investigated the association of COVID-19
with the subsequent risk of mental disorders and use of psy-
chotropic medication. Overall, individuals who were tested for
SARS-CoV-2 had a higher risk of new-onset mental disorders
compared with individuals who were never tested. However,
when compared with those with negative test results, the risk
of new-onset mental disorders was not further increased ex-
cept among older individuals. Regarding psychotropic medi-
cation use in individuals with positive test results compared
with those with negative test results for SARS-CoV-2, there was
a slightly greater risk that increased with age and was highest
among individuals 70 years and older. Patients hospitalized
for COVID-19 had a substantially increased risk of new-onset
mental disorders compared with the general population, but
the risks were similarly increased as after hospitalization for
non-COVID-19 infections.
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Previous large-scale studies have been hampered by lack
of nationwide coverage that is present in the Danish regis-
ters, which might explain some of the conflicting results, par-
ticularly in hospitalized patients, for whom some studies
showed increased risk in patients with COVID-19 compared
with influenza and other respiratory tract infections,®'° while
others, including our study, found that COVID-19 was not as-
sociated with further risk increase than observed after other
respiratory tract infections. The databases used for study analy-
sis might influence study outcomes, as both the US-based
TriNetX database (TriNetX LLC)® and the US Veterans Health
Administration'® are based on electronic health records, and
the UK-based Qresearch! database links primary care data with
hospital records, whereas our study uses the Danish registers
with nationwide coverage of all PCR tests conducted, includ-
ing all hospitalizations and prescriptions on a nationwide scale
in a tax-funded universal health care system with extensive
adjustments for potential confounders.

Differencesin testing behavior and test availability between
countries could result in different patients with COVID-19 cap-
tured in the respective databases. In the US, it was estimated that
between February 2020 and September 2021, only 1in 4 people
with a SARS-CoV-2 infection were detected,?” while individuals
with mild or no symptoms went undetected,?® as the incentive
for being tested increases with increasing disease severity. Con-
trary to the US, from May 2021, all SARS-CoV-2 PCR testing in
Denmark was free of charge and available for all,?” which removed
economic barriers for lower socioeconomic groups, leading to a
larger detection rate of mild cases (ensuring capture of almost
all cases as those with positive test results on lateral flow anti-
gen tests had to confirm this with a PCR test). Furthermore,
Denmark introduced a nationwide “Corona passport” in May
2021 that gave access to social and educational activities if one
could provide a negative SARS-CoV-2 test result. This could partly
explain the lower risk in young (aged 18-29 years) individuals with
positive test results as access to social life, which correlates
with mental well-being,?® increases the risk of getting infected
with SARS-CoV-2. Additionally, the increased risk in individu-
als with negative SARS-CoV-2 test results could to some extent
be explained by an underlying non-COVID-19 respiratory tract
infection that would motivate the individual to get a PCR testand
concurrently increase the risk of a new-onset mental disorder.”®
Nonetheless, a substantial proportion of our study cohort
(12.07%) had no testing recorded. Our study and others'? show
that these 2 groups (negative test results and never tested) are
dissimilar regarding mental disorder outcomes and therefore
a control group based on the absence of SARS-CoV-2 detection
will result in a different control group than that based on the
presence of a negative SARS-CoV-2 test result.

It seems that COVID-19 severity plays a crucial role in the
subsequent risk of mental disorders. An isolated episode of
SARS-CoV-2 infection without hospitalization had a small in-
crease in risk compared with those not tested, those with mul-
tiple SARS-CoV-2 infections had a slightly higher risk, whereas
hospitalization for COVID-19 was associated with a large risk in-
crease and greatest among patients in the ICU, but similar to that
for patients hospitalized for non-COVID-19 infections. This find-
ing suggests that disease severity is associated with increased
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risk of mental health outcomes rather than the underlying
microbiological agent and is not a specific effect that is only seen
after a SARS-CoV-2 infection. Non-COVID-19 specific mecha-
nisms behind this association of increased mental disorder
risk in severe respiratory tract infections could include hyper-
inflammatory states®® seen in patients hospitalized with
COVID-19%°-! and other respiratory tract infections,>? autoim-
mune reactions,® neuropsychiatric symptoms associated with
the post-ICU syndrome,?** and preexisting poorer health among
hospitalized patients with COVID-19, which influence future
risk of mental disorders. In contrast, viral neurotropism is un-
likely to be an important mechanism due to its rarity.>*

Strength and Limitations

The strengths of our study include that it is a nationwide study
ofauniversally tax-funded health care system that allowed us to
follow up all individuals with PCR testing for SARS-CoV-2, regard-
less of health care access or COVID-19 severity, and all inpatient
and outpatient diagnoses of mental disorders adjusting for a com-
prehensive set of confounders. This greatly reduces selection
bias regarding study exposure and vastly increases the validity
of the outcome and the generalizability of our findings.

This study also has some limitations. Behavioral patterns in
response to fear of COVID-19 and incentive to get a SARS-CoV-2
PCR test could affect the risk of exposure and outcome, factors
that are not entirely captured in the registries (eg, fear of getting
COVID-19 urges increased PCR testing driven by underlying anxi-
ety thatincreases the risk of being diagnosed with an anxiety dis-
order). Furthermore, the outcome of psychotropic medication
cannot be solely attributed to treatment for a mental disorder,
as these drugs can also be used for treating insomnia or pain and
in a palliative setting, and we only included mental disorder
diagnoses categorized in the F-chapter of the ICD-10.

. |
Conclusions

The findings of this cohort study suggest that there is an over-
all higher risk of incident mental disorders among individuals
who are positive for SARS-CoV-2 compared with those never
tested but lower compared with those with negative test results,
although moderated by age, as the lower risk was observed
among individuals aged 18 to 29 years while those 70 years or
older had an increased risk. Furthermore, psychotropic medica-
tion use was slightly increased among individuals positive for
SARS-CoV-2 compared with those with negative test results, es-
pecially among individuals 70 years or older. Additionally, the
risk increased with increasing severity and was highest among
critically ill hospitalized patients with COVID-19 compared with
the general population, but similarly elevated among patients
hospitalized for non-COVID-19 infections. Future studies should
include even longer follow-up time and preferentially include
immunological biomarkers to further investigate the impact
of infection severity on potential long-term sequelae; further-
more, there is a clear need to disentangle the molecular brain
mechanisms leading to neuropsychiatric symptoms after severe
infections to improve the treatments and elucidate molecular
underpinnings to mental disorders.
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