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Objective: To examine differences in mortality and/or severe acute respiratory syndrome between se-
lective serotonin reuptake inhibitor- (SSRI) users and non-SSRI users up to 60 days after a positive SARS-
CoV-2 real-time reverse transcription PCR test.
Methods: Retrospective cohort study including all Danish residents above the age of eighteen with a
positive SARS-CoV-2 PCR test from 26 February, 2020 to 5 October, 2021. The follow-up period was
60 days. The primary outcome was all-cause mortality, and the secondary outcome was severe acute
respiratory syndrome. Exposure of interest was SSRI use. Differences between SSRI users and non-users
were examined with Cox regression.
Results: Altogether, 286,447 SARS-CoV-2 positive individuals were identified, and 7113 met the criteria
for SSRI use. SSRI users had a mean age of 50.4 years, and 34% were males. Non-SSRI users had a mean
age of 41.4 years, and 50% were males. Similar vaccination frequency was observed among the two
groups. Sertraline was the most commonly used SSRI, followed by citalopram and escitalopram. We
found 255 deaths among SSRI users (3.6%) and 2872 deaths among non-SSRI users (1.0%). SSRI use was
significantly associated with increased mortality, with a hazard ratio of 1.32 (95% confidence interval, 1.16
e1.50; p 0.015), even when adjusting for age, sex, vaccination status, and comorbidities.
Discussion: We found significantly higher mortality when comparing SSRI users to non-SSRI users within
60 days after a positive SARS-CoV-2 PCR test. Even when considering possible residual confounding, a
positive effect of SSRI intake seems highly unlikely. Our study therefore speaks against the hypothesis of
repurposing SSRI drugs for COVID-19 treatment. Marius Ahm Stauning, Clin Microbiol Infect 2023;▪:1
© 2023 The Author(s). Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology
and Infectious Diseases. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
Introduction

To battle COVID-19, repurposing of existing drugs has drawn
substantial interest from research communities [1]. Among others,
the ability of selective serotonin reuptake inhibitors (SSRI) to
artment of Clinical Microbi-
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function as a sigma-1-receptor (S1R) agonist has drawn attention. It
has been suggested that SSRI binding to S1R could prevent COVID-
19-related cytokine storm and reduce organ damage [1,2]. A recent
meta-analysis found a significant reduction in mortality and a non-
significant trend towards less hospitalization among COVID-19
patients taking SSRIs [3]. However, existing studies are, in many
cases, impaired by low sample sizes, lack information on vaccina-
tion status, have varying definitions for SSRI use, and introduce
possible population bias by only examining specific sub-groups,
such as patients seeking hospital examination or closely defined
high or low-risk groups [3e12]. In Denmark, extensive nationwide
real-time reverse transcription PCR testing for SARS-CoV-2 was
of Clinical Microbiology and Infectious Diseases. This is an open access article under
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conducted during the pandemic, and all results were stored in a
national database. Furthermore, through data from national regis-
tries, we can account for vaccination status, comorbidities, socio-
economic factors, and prescription pickups at pharmacies in a
nationwide cohort, including both hospitalized and non-
hospitalized subjects. The aim of this study was to examine dif-
ferences in mortality and severe acute respiratory syndrome be-
tween SSRI users and non-SSRI users up to 60 days after a positive
SARS-CoV-2 PCR test.
Methods

Study population and design

This was a retrospective cohort study assessing mortality and/or
severe acute respiratory syndrome up to 60-days after a positive
SARS-CoV-2 test. The study included all Danish residents above
18 years of age with a positive SARS-CoV-2-PCR test from 26
February, 2020, to 5 October, 2021. Exposure of interest was SSRI
use. SSRI users were compared with the remaining population.
Study participants could only enter the study once, and only the
first positive test was used.
Data sources

SARS-CoV-2 test results were obtained from the Danish
Microbiology Database (MIBA) [13]. All SARS-CoV-2 test facilities
in Denmark are by law obliged to submit test results to the
register. Data on medications were obtained from the Danish
National Prescription Registry [14]. The register contains all
prescriptions made by doctors licensed in Denmark and records
of all prescription medication sold in Danish pharmacies [14].
Medications are classified according to the international
Anatomical Therapeutic Chemical Classification System (ATC)
[14]. Data on hospital contacts and comorbidities were obtained
from the Danish National Patient Register (LPR3) [15]. This
register holds information on all in- and outpatient hospital
contacts and procedures covering public and private sector
hospitals [15]. Furthermore, the register has records of acute and
chronic diagnoses made by doctors licensed in Denmark,
covering private and public sector hospitals as well as private
practitioners [15]. Entries covering our study period are classi-
fied according to the International Classification of Diseases,
10th revision (ICD-10). Income information was obtained from
the Income Statistics Register [16]. Data on educational status
was obtained from Danish Education Registers [17]. Remaining
data were obtained from The Danish Civil Registration System
[18]. All data were made available through the national statis-
tical authority “Statistics Denmark”. Unique and permanent
personal identifiers allowed cross linkage between the different
registries.
Definition of SSRI use

We included all SSRI products with labelling permission in
Denmark in our study; i.e. fluoxetine, citalopram, paroxetine, ser-
traline, fluvoxamine, and escitalopram (ATC codes N0AB03,
N0AB04, N0AB05, N0AB06, N0AB08 and N0AB10). We defined
active SSRI use as prescription pickups with sufficient daily
dispensing to cover a period from at least two days before and
14 days after the positive SARS-CoV-2 PCR test, using the pre-
scription date, dose, and the number of tablets sold. This method
has been described more extensively earlier [19].
Please cite this article as: StauningMA et al., COVID-19mortality among se
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Covariates

Comorbidities were identified using predefined lists of ICD-10
and ATC codes and expressed as Charlson Comorbidity Index
scores (Charlson index) [20]. ICD-10 and ATC codes used to identify
baseline comorbidities are listed in Table S1. The Charlson index
was grouped into the following categories; 0, 1e2, and �3. Vacci-
nationwas defined as at least one vaccination dosewith a European
Medical Agency (EMA)-approved SARS-CoV-2 vaccine at least
14 days prior to a positive SARS-CoV-19 test. Educationwas defined
as the highest obtained level of education according to the Danish
Ministry of Children and Educations definitions. Income levels were
defined as equivalent annual household income according to defi-
nitions by Statistics Denmark.

Outcome

Our outcomes were all-cause mortality and/or severe acute
respiratory syndrome with COVID-19. Severe acute respiratory
syndromewith COVID-19 was defined as hospitalization for at least
24 h with ICD-10 diagnosis code B972A (severe acute respiratory
syndrome due to COVID-19) or intensive care unit (ICU) admission
defined by procedure codes “NABE” (observation at ICU), “NABB”
(treatment at ICU), or “BGDA0” (respirator treatment). Endpoint
analyses were made in three separate analyses; one with mortality,
one with severe acute respiratory syndrome, and one with a
composite of mortality and severe acute respiratory syndrome
(Fig. 1).

Statistical analyses

Baseline characteristics were stratified according to SSRI use. For
age, the median and interquartile range was calculated. Differences
in baseline data between SSRI users and non-users were examined
with a t test and a chi-squared test. In case of missingness, cases
were omitted from the analysis. Outcomes were analysed using
KaplaneMeier method and hazard ratios (HR) estimated with Cox
regressions. The starting time for risk calculation was the time of a
positive PCR test. HR was estimated both unadjusted and adjusted
for age, sex, vaccination status, and Charlson index. Charlson index
scores were entered as a categorical variable, since it was created
and validated as a categorical scoring system. All statistical tests
were two-sided, with p < 0.05 considered statistically significant.
All calculations were performed in R version 4.2 [21].

Sensitivity analysis

Sensitivity analyses were done by comparing time to event from
a positive SARS-CoV-2 PCR test until death and/or severe acute
respiratory syndrome, reducing the follow-up period to 30 days,
and sub-group analysis according to age, sex, Charlson Index,
vaccination status, and dominant virus variant in the society.
Furthermore, we tested the effect of applying the Charlson index
scores as individual variables in a multivariable analysis. Lastly, we
included all comorbidities and socio-economic variables from the
baseline table along with age, sex, and vaccination in a multivari-
able analysis, and performed sensitivity test of missingness by
assigning missing values to best and worst case.

Ethics declaration

Data were only available encrypted through Statistics Denmark
as deidentified entries. The permission to access and analyse data
was granted by The Danish Health Data Authority.
lective serotonin reuptake inhibitor usersdresults from a nationwide
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Results

Baseline data

A total of 286,447 eligible study participants with a positive
SARS-CoV-2 PCR test were identified (Fig. 1). Of these, 7113 met the
criteria for SSRI use. SSRI users were significantly older and had a
higher percentage of people of Danish ethnicity, males, and people
living alone than non-users (Table 1). Sertraline was the most
commonly used SSRI, followed by citalopram and escitalopram
(Table 2). A similar level of education was observed, but a lower
annual income was seen for SSRI users (Table 1). Equal vaccination
frequency and time fromvaccination to a positive test was observed
among the two groups (Table 1). SSRI users had fewer SARS-CoV-2
tests done before testing positive than non-SSRI users, but both
groups were tested frequently (Table 1).

Risk assessment

We identified 255 deaths among SSRI users (3.6%) and 2872
deaths among non-SSRI users (1.0%) 60 days after the positive
SARS-CoV-2 PCR test. The risk of death and severe acute respiratory
syndrome was higher for SSRI users than for non-SSRI users
(Table 2, Fig. 2). The HR for death remained statistically significant
after adjusting for Charlson index, age, and vaccination (HR, 1.32;
95% CI, 1.16e1.50; p 0.015; Table 2). When stratifying SSRIs ac-
cording to type of drug, only sertraline, citalopram, and paroxetine
remained statistically significant (Table 2).

Results of sensitivity analysis

The reduction of follow-up period did not alter the results. No
difference was observed in time-to-event between SSRI users and
Fig. 1. Study design and study population. All data were obtained from Danish National Adm
inhibitor (SSRI) intake was defined as pharmacy pickups with sufficient daily dispensing to
test. The total number of tests included subjects aged <18 years old. According to Statistics
and 5.85 million at the end of the study period. Of these individuals, 4.67 million were �18 y
test was used.

Please cite this article as: StauningMA et al., COVID-19mortality among se
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non-SSRI users. A positive effect of SSRI was not seen in any of the
sub-group analyses (Table 3 and Table S2). When entering all
comorbidities and socio-economic variables of the baseline table
along with age, sex, and vaccination status, HR was 1.22 (95% CI,
1.07e1.40; p 0.003) (Fig. 3) No major change was seen when
entering the Charlson index comorbidities as individual variables,
or by applying best- and worst-case scenarios to missing variables
(Figs. S1eS3).

Discussion

Summary of the principal findings

We found significantly higher mortality when comparing SSRI
users to non-SSRI users up to 60 days after a positive SARS-CoV-2
PCR test. The association remained significant, even when adjust-
ing for vaccination, comorbidities, socio-economic factors, age, and
sex.

Findings in relation to existing literature

To our knowledge, our study is by far the most extensive study
conducted on the effect of SSRIs on COVID-19, and we are the first
to show SSRI intake being significantly associated with increased
risk of death [1,3]. In previous retrospective studies, Oskostky et al.
(3401 SSRI users of 85,584 included) and Hoertel et al. (first study,
195 SSRI users of 7345 included; second study, 388 SSRI users of
41,293 included) showed a significantly reduced mortality risk
among SSRI users, while Rauchman et al. (832 SSRI/SNRI users of
9044 included) showed an non-significant trend towards reduced
mortality risk [4e6,12]. These studies differ markedly from our
study by only including hospitalized patients [4e6,12]. Denmark
has had one of the world's most comprehensive COVID-19 test
inistrative registries available through Statistics Denmark. Selective serotonin reuptake
cover a period of at least two days before and 14 days after a positive SARS-CoV-2 PCR
Denmark, the Danish population was 5.82 million at the beginning of the study period
ears old. Study participants could only enter the study once, and only the first positive

lective serotonin reuptake inhibitor usersdresults from a nationwide
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Table 1
Baseline data of the study populationa

Variable Non-SSRI users (n ¼ 279,334) SSRI users (n ¼ 7113) Total (n ¼ 286,447) pb

Male sex (%) 139,125 (49.8) 2410 (33.9) 141,535 (49.4) <0.001
Age (y), mean (SD) 41.4 (7.6) 50.4 (19.1) 41.6 (17.7) <0.001
Vaccinated (%) 27,037 (9.7) 747 (10.5) 27,784 (9.7) 0.0217
Days from vaccination to positive test, mean (SD) 74.6 (59.8) 85.1 (67.5) 74.9 (60) <0.001
Number of tests until positive, mean (SD)
Including first positive test 21.6 (13.3) 16.6 (11.8) 21.4 (13.3) <0.001
Excluding first positive test 20.5 (13.1) 15.7 (11.6) 20.4 (13.1) <0.001

Charlson Comorbidity Index score
0 (%) 258,086 (92.4) 5858 (82.4) 263,944 (92.1)
1e2 (%) 17,976 (6.4) 1006 (14.1) 18,982 (6.6)
�3 (%) 3272 (1.2) 249 (3.5) 3521 (1.2) <0.001

Comorbidities
AIDS/HIV (%) 53 (0.0) 4 (0.1) 57 (0.0) 0.0760
Malignancy (%) 4650 (1.7) 228 (3.2) 4878 (1.7) <0.001
Liver disease (%) 716 (0.3) 53 (0.7) 769 (0.3) <0.001
Cerebrovascular disease (%) 2139 (0.8) 216 (3.0) 2355 (0.8) <0.001
Chronic pulmonary disease (%) 4910 (1.8) 323 (4.5) 5233 (1.8) <0.001
Dementia (%) 1214 (0.4) 221 (3.1) 1435 (0.5) <0.001
Heart failure (%) 1698 (0.6) 104 (1.5) 1802 (0.6) <0.001
Myocardial infarction (%) 689 (0.2) 29 (0.4) 718 (0.3) 0.0104
Peptic Ulcer disease (%) 405 (0.1) 25 (0.4) 430 (0.2) <0.001
Peripheral Vascular disease (%) 1226 (0.4) 74 (1.0) 1300 (0.5) <0.001
Renal disease (%) 1291 (0.5) 64 (0.9) 1355 (0.5) <0.001
Rheumatic disease (%) 1955 (0.7) 92 (1.3) 2047 (0.7) <0.001
Diabetes (%) 13,357 (4.8) 651 (9.2) 14,008 (4.9) <0.001
Hypertension (%) 18,099 (6.5) 859 (12.1) 18,958 (6.6) <0.001
Schizophrenia, schizotypal, and delusional disorders (%) 1519 (0.5) 177 (2.5) 1696 (0.6) <0.001

Highest obtained education
Basic school (%) 81,001 (30.1) 2194 (31.6) 83,195 (30.1)
High school/vocational (%) 104,854 (38.9) 2702 (39.0) 107,556 (38.9)
Short/medium length higher education (%) 57,300 (21.3) 1459 (21.0) 58,759 (21.3)
Long higher education (%) 26,096 (9.7) 581 (8.4) 26,677 (9.7) <0.001
Missing (%) 10,083 (3.6) 177 (2.5) 10,260 (3.6)

Level of income, quartiles
Lowest (%) 69,359 (25.3) 966 (13.6) 70,325 (25.0)
Mid-lowest (%) 67,922 (24.8) 2404 (34.0) 70,326 (25.0)
Mid-highest (%) 68,232 (24.9) 2094 (29.6) 70,326 (25.0)
Highest (%) 68,710 (25.1) 1616 (22.8) 70,326 (25.0) <0.001
Missing (%) 5111 (1.8) 33 (0.5) 5144 (1.8)

Ethnicity
Native Danish (%) 200,666 (72.6) 5635 (79.4) 206,301 (72.7)
Immigrant (%) 56,369 (20.4) 1285 (18.1) 57,654 (20.3)
Descendant from immigrant (%) 19,535 (7.1) 180 (2.5) 19,715 (6.9) <0.001
Information missing 2764 (1.0) 13 (0.2) 2777 (1.0)

Living conditions
Living in nursing home (%) 4169 (1.5) 649 (9.1) 4818 (1.7) <0.001
Living alone (%) 100,691 (36.0) 3017 (42.4) 103,708 (36.2) <0.001

SD, standard deviation; SSRI, selective serotonin reuptake inhibitor.
a Mean and SD are shown for age, time from vaccination to positive test, and number of tests. The number and percentage of the group are shown for the remaining

variables. Missing cases were only observed for ethnicity, income, and education. Number of missing cases is listed in the main table.
b p assigns the difference between SSRI users and non-users. Data were obtained from Danish National Administrative registries available through Statistics Denmark.
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regimens, with high-quality tests made available to the public free
of charge without the need for medical referral. With our nation-
wide sample size, we can thus close a gap in the current literature.
Further we present data on a number of variables not included in
previous studies, such as vaccination status, testing frequency and
virus variant [4e6,12]. While the study by Oskostky et al. and the
first study by Hoertel et al. were conducted before EMA approval of
vaccinations, the study by Rauchman et al. and the second study of
Hoertel et al. were conducted after [4,12]. Uneven distribution of
vaccinated study participants could thus bias these studies. We find
a high testing frequency among both SSRI users and non-SSRI users
but find that SSRI users are tested a bit less. We cannot exclude that
differences in testing practice could have identified more asymp-
tomatic cases in the non-SSRI group and affected our risk
assessment.

In Denmark, extensive mass screening was carried out. In
countries pursuing other testing strategies, other differences in
testing practice could arise. Previous studies do not report testing
Please cite this article as: StauningMA et al., COVID-19mortality among se
cohort, Clinical Microbiology and Infection, https://doi.org/10.1016/j.cmi.
frequency and could thus potentially both under- and overestimate
the SSRIs effect on mortality. Previous studies have highlighted
fluoxetine and fluvoxamine as superior to other SSRIs, and a recent
Cochrane review found that fluvoxamine in addition to standard
care might slightly reduce all-cause mortality in SARS-CoV-2-
positive patients [1,3,11]. Due to limited use in our study popula-
tion, we have not been able to examine fluvoxamine. Still, when
stratifying SSRI according to drug type, we saw a substantial
reduction in HR for death among fluoxetine users (HR, 0.42; 95% CI,
0.06e2.98; p 0.39). With the broad 95% CI, caution is, however,
advised, and our results should not be taken as evidence for
fluoxetine effect.

Strengths and limitations of the study

The Danish population is a relatively homogenous ethnicity.
Furthermore, the registry does not contain information on lifestyle
factors and symptom onset. Several lifestyle factors, such as
lective serotonin reuptake inhibitor usersdresults from a nationwide
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Table 2
Hazard ratiosa

Outcome Number of
events

HR, unadjusted [95% CI] HR, age- and
sex-adjusted
[95% CI]

HR, age-, sex-, and Charlson
comorbidity index
score-adjusted
[95% CI]

HR-, age-, sex-, Charlson
comorbidity index score-,
and vaccination-adjusted
[95% CI]

Death
Non-SSRI users (n ¼ 279,334) 2872 Reference Reference Reference Reference
Total SSRI users (n ¼ 7113) 255 3.53 [3.11e4.02] p < 0.001 1.51 [1,33e1,72] p < 0.001 1.33 [1.17e1.51] p < 0.001 1.32 [1.16e1.50] p 0.015
Sertraline (n ¼ 4092) 121 2.91 [2.42e3.49] p < 0.001 1.47 [1.22e1.76] p < 0.001 1.27 [1.06e1.53] p < 0.001 1.29 [1.08e1.55] p 0.006
Citalopram (n ¼ 1740) 98 5.60 [4.58e6.85] p < 0.001 1.64 [1.34e2.00] p < 0.001 1.41 [1.15e1.73] p < 0.001 1.36 [1.11e1.67] p 0.003
Escitalopram (n ¼ 759) 28 3.64 [2.51e5.29] p < 0.001 1.31 [0.91e1.91] p 0.15 1.28 [0.88e1.86] p > 0.019 1.29 [0.89e1.87] p 0.18
Paroxetine (n ¼ 231) 7 2.98 [1.42e6.26] p 0.0039 2.35 [1.12e4.94] p 0.02 2.08 [0.99e4.37] p 0.05 1.99 [0.95e4.19] p 0.07
Fluoxetine (n ¼ 209) 1 0.33 [0.047e2.37] p 0.27 0.43 [0.06e3.04] p > 0.40 0.41 [0.06e2.94] p 0.38 0.42 [0.06e2.98] p 0.39
Fluvoxamine (n ¼ 1) 0 NA NA NA NA
Severe acute respiratory

syndrome
Non-SSRI users (n ¼ 279,334) 3199 Reference Reference Reference Reference
Total SSRI users (n ¼ 7113) 162 2.0 [1.71e3.1] p < 0.001 1.18 [1.01e1.39] p < 0.04 1.07 [0,91e1.26] p 0.4 1.07 [0.91e1.25] p 0.4
Sertraline (n ¼ 4092] 67 1.43 [1.13e1.83] p 0.004 0.99 [0.78e1.26] p 0.94 0.89 [0.70e1.14] p 0.35 0.90 [0.75e1.15] p 0.39
Citalopram (n ¼ 1740) 61 3.09 [2.40e3.99] p < 0.001 1.3 [1.03e1.72] p 0.03 1.19 [0.92e1.54] p 0.18 1.16 [0.93e1.50] p 0.24
Escitalopram (n ¼ 759) 24 2.79 [1.87e4.17] p < 0.001 1.48 [0.99e2.20] p 0.06 1.39 [0.93e2.08] p 0.11 1.39 [0.93e2.08] p 0.11
Paroxetine (n ¼ 231) 7 2.68 [1.28e5.63] p 0.009 1.79 [0.85e3.75] p 0.13 1.71 [0.81e3.59] p 0.16 1.64 [0.78e3.45] p 0.19
Fluoxetine (n ¼ 209) 3 0.90 [0.29e2.80] p 0.86 0.88 [0.28e2.74] p 0.83 0.85 [0.27e2.64] p 0.78 0.89 [0.29e2.76] p 0.84
Fluvoxamine (n ¼ 1) 0 NA NA NA NA
Severe acute respiratory

syndrome or death
Non-SSRI users (n ¼ 279,334) 5217 Reference Reference Reference Reference
Total SSRI users (n ¼ 7113) 365 2.79 [2.51e3.1] p < 0.001 1.40 [1.25e1.55] p < 0.001 1.24 [1.12e1.38] p < 0.001 1.23 [1.11 e1.37] p < 0.001
Sertraline (n ¼ 4092) 168 2.22 [1.90e2.59] p < 0.001 1.31 [1.12e1.53] p < 0.001 1.16 [0.99e1.35] p 0.06 1.17 [1.00e1.37] p 0.05
Citalopram (n ¼ 1740) 137 4.33 [3.65e5.13] p < 0.001 1.52 [1.28e1.80] p < 0.001 1.33 [1.12e1.58] p 0.001 1.29 [1.09e1.53] p 0.004
Escitalopram (n ¼ 759) 45 3.24 [2.42e4.35] p < 0.001 1.43 [1.07e1.92] p 0.02 1.36 [1.02e1.83] p 0.04 1.36 [1.02e1.83] p 0.04
Paroxetine (n ¼ 231) 12 2.85 [1.62e5.02] p < 0.001 1.90 [1.08e3.43] p 0.27 1.76 [1.0e3.1] p 0.05 1.69 [0.96e2.99] p 0.07
Fluoxetine (n ¼ 209) 3 0.55 [0.18e1.72] p 0.30 0.56 [0.18e1.73] p 0.31 0.53 [0.17e1.66] p 0.28 0.55 [0.18e1.71] p 0.30
Fluvoxamine (n ¼ 1) 0 NA NA NA NA

HR, hazard ratio; SSRI, selective serotonin reuptake inhibitor.
a Differences in outcome between SSRI users and non-SSRI users within 60 days after a positive SARS-CoV-2 PCR test. SSRI intake is defined as pharmacy pickups with

sufficient daily dispensing to cover a period of at least two days prior to and 14 days after a positive SARS-CoV-2 PCR test. Severe acute respiratory syndrome is defined as
�24 h of hospitalisation with the ICDe10 diagnosis code B972A or intensive care unit admission. Hazard ratios were estimated with Cox regressions.

Fig. 2. 60-day mortality of selective serotonin reuptake inhibitor (SSRI) users vs. non-SSRI users. Sixty-day mortality was analysed using the KaplaneMeier method. Exposed ¼ SSRI
users; not exposed ¼ non-SSRI users. Day zero was the date of the positive SARS-CoV-2 PCR test. SSRI use is defined as pharmacy pickups with sufficient daily dispensing to cover a
period of at least two days prior to and 14 days after a positive SARS-CoV-2 PCR. The starting time for risk-time calculation was defined as the time of the positive PCR test. Data
were obtained from Danish National Administrative registries available through Statistics Denmark; see the method section for details.
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Table 3
Sub-group analysisa

Sub-group Non-SSRI users SSRI users Deaths, non-SSRI users Deaths, SSRI users Hazard ratio (95% CI) p

Age <39 y 143,316 2246 13 1 4.1 [0.5e31.3] 0.17
Age �39 y 136,018 4867 2859 254 1.3 [1.2e1.5] <0.001
Females 140,209 4703 1279 144 1.3 [1,1e1.6] <0.001
Males 139,125 2410 1593 111 1.3 [1.1e1.6] <0.001
Unvaccinated 252,297 6366 2642 234 1.3 [1.2e1.5] <0.001
Vaccinated 27,037 747 230 21 1.4 [0.9e2.1] 0.18
Charlson Comorbidity Index score ¼ 0 258,086 5858 1112 84 1.6 [1.3e2.0] <0.001
Charlson Comorbidity Index score ¼ 1e2 17,976 1006 1108 107 1.2 [1.0e1.5] 0.04
Charlson Comorbidity Index score �3 3272 249 652 64 1.2 [0.9e1.5] 0.25

SSRI, selective serotonin reuptake inhibitor.
a Differences in outcome between SSRI users and non-SSRI users within 60 days after a positive SARS-CoV-2 PCR test for different sub-groups of the study population. The

age cut-off was set at 39 years, since 39 was the overall median. Hazard ratios were adjusted for age, sex, vaccination status, and Charlson Comorbidity Index score. See the
method section for definitions of individual variables.
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smoking and obesity have been associated with poor COVID-19
outcomes [22]. An uneven distribution of lifestyle factors could
thus affect our risk assessment. Regarding symptom onset, it could
be noted that we find a similar time-to-event for SSRI users and
non-users, indicating that they are tested at the same stage of
infection. Mental illness has previously been associated with an
increased risk of poor COVID-19 outcomes [23]. We included
schizophrenia, schizotypal and delusional disorders in our analysis,
but psychiatric diseases not accounted for could affect our risk
assessment. As with all study designs, not including direct drug
Fig. 3. Multivariable analysis including comorbidities and socio-economic variables. HR, ha
male sex. The endpoint was all-cause mortality within 60 days after a positive SARS-CoV-2 P
cover a period of at least two days prior to and 14 days after a positive SARS-CoV-2 PCR tes
reference. For income, “lowest quartile” serves as reference. For education, “basic school” serv
obtained from Danish National Administrative registries available through Statistics Denma

Please cite this article as: StauningMA et al., COVID-19mortality among se
cohort, Clinical Microbiology and Infection, https://doi.org/10.1016/j.cmi.
intake observation and study participants' compliance to drug
prescriptions is a limitation. We tried to account for this limitation
by basing SSRI intake on actual pharmacy pickups. Lastly, it should
be noted that the study is retrospective and therefore limited to
examining the effect of ongoing use rather than interventions. The
strength of our study is the nationwide sample size, the compre-
hensive nationwide SARS-CoV-2 PCR testing, and the use of central
registers. The Danish registries are of high quality, and several
studies have confirmed data validity [14e18,24,25]. In contrast to
previous studies, we used the Charlson index as an adjustment tool.
zard ratio; SSRI, selective serotonin reuptake inhibitor. CI95, 95% confidence interval; s,
CR test. SSRI intake was defined as pharmacy pickups with sufficient daily dispensing to
t. Hazard ratios were estimated with Cox regressions. For ethnicity, “Danish” serves as
es as reference. In case of missingness, cases were omitted from the analysis. Data were
rk; see the method section for definitions and details.
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The Charlson index has the benefit of being a well-tested risk
assessment tool, with an ability to account for a combined effect of
several different combinations of comorbidities [26]. Furthermore,
the Charlson index more closely resembles the working conditions
of clinical accessing overall health-status comorbidity rather than
attempting to isolate the effect of individual comorbidities. On the
other hand, the Charlson index is limited by only including a pre-
selected number of comorbidities and not accounting for the fact
that the pre-selected comorbidities might have different impacts
on mortality risk under different conditions.
Understanding possible mechanisms

It is unclear whether the increased HR for death is caused by
interactions between SARS-CoV-2 and SSRI or residual confound-
ing. The current dominant hypothesis for the beneficial effects of
SSRI intake is anti-inflammatory effects due to SR1 modulation
[2,27,28]. Given that a positive effect of SSRI seems highly unlikely
with the results of our study, our study speaks against this hy-
pothesis. In the literature, fluoxetine and fluvoxamine are often
highlighted due to their strong SR1 affinity [3,27]. It could be noted
that the affinity of sertraline for SR1 is higher than that of fluoxetine
[29]. Still we found a significantly increased HR for death among
sertraline users. One could speculate that a potential anti-
inflammatory effect would decrease in long-term users due to
restored balances in the immune system over time. Even though it
is speculative, we cannot exclude such a mechanism, and it could
explain the discrepancy between our study and studies where SSRIs
are given to non-users.
Implications for practice or policy

Based on an assumption of SR1 modulation, The U.S. National
Institute of Health (NIH) have included the SSRI fluvoxamine as a
possible experimental treatment in their guideline for COVID-19
treatment [30]. Our study has not found evidence to support such
practice. SSRI can be lifesaving and well indicated to treat depres-
sion. Due to the retrospective nature of our study, we can only show
an association and not a direct causal relationship. We are therefore
not recommending discontinued use of well-indicated SSRI. On the
other hand, a positive effect on COVID-19 from SSRI appears un-
likely, and the use of SSRI as treatment or prophylaxis for COVID-19
should therefore also be avoided following a do-no-harm principle.
Implications for future research

Previous studies have called for research to investigate the po-
tential anti-viral and anti-inflammatory effects of SSRI intake in
COVID-19 patients [2e6]. Our results raise the question of whether
such studies would be fruitful. However, in light of our results, it
could be interesting to examine mortality and risk of clinical
deterioration following an infection in a range of other psycho-
tropic drugs, as they could represent a risk factor to be considered
for clinical decision making.
Conclusion

We found significantly higher mortality when comparing SSRI
users to non-SSRI users within 60 days after a positive SARS-CoV-2
PCR test. Even when considering possible residual confounding, a
positive effect of SSRI intake appears highly unlikely. Our study
therefore speaks against the hypothesis of repurposing SSRI drugs
for COVID-19 treatment.
Please cite this article as: StauningMA et al., COVID-19mortality among se
cohort, Clinical Microbiology and Infection, https://doi.org/10.1016/j.cmi.
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