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Antidepressants have previously been associated with better outcomes in patients hospitalized with COVID-19, but their effect on
clinical deterioration among ambulatory patients has not been fully explored. The objective of this study was to assess whether
antidepressant exposure was associated with reduced emergency department (ED) or hospital visits among ambulatory patients
with SARS-CoV-2 infection. This retrospective cohort study included adult patients (N= 25 034) with a positive SARS-CoV-2 test
performed in a non-hospital setting. Logistic regression analyses tested associations between home use of antidepressant
medications and a composite outcome of ED visitation or hospital admission within 30 days. Secondary exposures included
individual antidepressants and antidepressants with functional inhibition of acid sphingomyelinase (FIASMA) activity. Patients with
antidepressant exposure were less likely to experience the primary composite outcome compared to patients without
antidepressant exposure (adjusted odds ratio [aOR] 0.89, 95% CI 0.79–0.99, p= 0.04). This association was only observed with daily
doses of at least 20mg fluoxetine-equivalent (aOR 0.87, 95% CI 0.77–0.99, p= 0.04), but not with daily doses lower than 20mg
fluoxetine-equivalent (aOR 0.94, 95% CI 0.80–1.11, p= 0.48). In exploratory secondary analyses, the outcome incidence was also
reduced with exposure to selective serotonin reuptake inhibitors (aOR 0.87, 95% CI 0.75–0.99, p= 0.04), bupropion (aOR 0.70, 95%
CI 0.55–0.90, p= 0.005), and FIASMA antidepressant drugs (aOR 0.87, 95% CI 0.77–0.99, p= 0.03). Antidepressant exposure was
associated with a reduced incidence of emergency department visitation or hospital admission among SARS-CoV-2 positive
patients, in a dose-dependent manner. These data support the FIASMA model of antidepressants’ effects against COVID-19.

Translational Psychiatry          (2022) 12:341 ; https://doi.org/10.1038/s41398-022-02109-3

INTRODUCTION
The novel coronavirus SARS-CoV-2 and its variants have created a
worldwide infectious disease crisis in the form of the coronavirus
disease 2019 (COVID-19) pandemic [1]. Because many individuals
around the world have not been fully vaccinated [2] and break-
through infections can sometimes cause severe COVID-19 in
vaccinated individuals [3], effective treatments with favorable
tolerability profiles are urgently needed. Ideal treatments would be
easy to use, low in cost, produced in oral formulations, and rapidly
available globally, including in low and middle income countries.
Repurposing of existing drugs may be imperative to identifying such
therapeutics [4, 5].
Certain antidepressants, particularly selective serotonin reuptake

inhibitors (SSRIs), have shown promise as early treatments for COVID-
19 [6, 7]. Multiple preclinical studies have demonstrated in vitro
efficacy of both SSRIs and non-SSRI antidepressants against SARS-
CoV-2 in human and non-human host cells [8–12]. Potential
mechanisms of action include immunomodulatory activity via
sigma-1 receptor (S1R) agonism and non-S1R pathways (e.g., NF-
κB, inflammasomes, TLR4, PPARγ) [13–15], antiviral and anti-
inflammatory actions via functional inhibition of acid sphingomye-
linase (FIASMA) activity [10, 16–18], as well as serotonin modulatory
and anti-platelet activity of these agents. Among patients with

COVID-19 treated in acute care settings, three large retrospective
observational cohort studies have reported reduced death or
mechanical ventilation among patients with antidepressant exposure
[19–21]. In these studies, the association with improved outcomes
appeared to be strongest among patients taking the SSRIs fluoxetine
or fluvoxamine [19–21]. In the ambulatory setting, the use of
fluvoxamine for 10-15 days was associated with a reduced risk of
clinical deterioration in two randomized, placebo-controlled trials
[22, 23] as well as in one non-randomized observational study [24].
However, the impact of antidepressants other than fluvoxamine have
not been investigated in the ambulatory setting. In addition, prior
studies did not examine a potential dose-response relationship
between antidepressant use and reduced risk of developing severe
COVID-19. Therefore, the goal of this study was to test the hypothesis
that exposure to antidepressants would be associated with reduced
incidence of clinical deterioration, defined as emergency department
(ED) visitation or hospital admission, among ambulatory patients
with COVID-19.

METHODS
This retrospective cohort study was approved by the Human Research
Protection Office at Washington University School of Medicine. A waiver of
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informed consent was obtained to retrieve data from the electronic health
record. This study was conducted at BJC Healthcare, a network of
university-affiliated hospitals and community hospitals located in Missouri
and Illinois. This manuscript has been written according to STROBE
guidelines [25].
The population included patients age 18 or older with a positive SARS-

CoV-2 test (either polymerase chain reaction or antigen test) performed
within the BJC Healthcare network between 3/1/2020 and 5/16/2021.
Because the outcome was ED visitation or hospital admission, patients who
were admitted to a hospital at the time of the test or admitted on the same
day as the test were excluded from the analysis.
Outpatient medication exposure was determined by extracting the

home medication list as documented in the electronic health record of all
ambulatory or inpatient encounters within the study period. For each
medication of interest, exposure was defined as the inclusion of the
medication on the home medication list at any encounter prior to the date
of the first positive SARS-CoV-2 test. The full list of medications retrieved is
found in Table S1. For antidepressants, the strength of the oral formulation
was also recorded. The prescription sig (patient instruction) data were
unavailable, but daily doses were approximated from the formulation
strength by assuming that one tablet/capsule was taken once daily.
To explore potential mechanisms of action, antidepressants were first

stratified by class (i.e., SSRIs, serotonin-norepinephrine reuptake inhibitors,
tricyclic antidepressants, phenylpiperazines). Then, SSRIs were grouped
based on their activity at the S1R [26]: high-affinity agonists (fluoxetine,
fluvoxamine), intermediate-affinity agonists (escitalopram, citalopram),
low-affinity agonist (paroxetine), and antagonist (sertraline). Finally,
antidepressants were classified as drugs with FIASMA activity, defined as
showing an in vitro functional inhibition effect on acid sphingomyelinase
(ASM--i.e., a residual ASM activity <100%) [10, 27], including amitriptyline,
citalopram, clomipramine, desipramine, doxepin, escitalopram, fluoxetine,
fluvoxamine, imipramine, nortriptyline, paroxetine, sertraline, and venla-
faxine, and antidepressants with unknown FIASMA, defined as unknown
residual ASM activity after prolonged (e.g., >6 h) incubation times,
including bupropion, desvenlafaxine, duloxetine, levomilnacipran, mirta-
zapine, nefazodone, trazodone, vilazodone, and vortioxetine.
The primary outcome was a composite of emergency department (ED)

visitation or hospital admission within 30 days after the patient’s first
positive SARS-CoV-2 test. Encounters at any ED or hospital in the BJC
network were identified.

Statistical methods
All analyses were conducted using R version 4.0.3 (R, Vienna, Austria). Code
is available at https://github.com/bafritz/covidantidepressant. P values <
0.05 were considered to be statistically significant. P values were not
adjusted for multiple comparisons, and secondary analyses should be
interpreted as exploratory. No sample size calculation was performed, as all
patients with available data were included. The cohort was divided into
two groups: patients with outpatient exposure to an antidepressant and
those with no outpatient exposure to an antidepressant. Demographic
characteristics, elements of the medical history, and home medication
characteristics were compared between these two groups using chi-square
tests or Wilcoxon rank-sum tests. The dose range for each individual
antidepressant was described using median, interquartile range, and
range. To permit comparisons of dose ranges across medications with
different potencies, strengths were converted to fluoxetine-equivalents
using the conversion factors based on prior work [28] (Table S2).
Crude and adjusted odds ratios for ED or hospital encounters within

30 days were estimated using logistic regression. The primary analysis
compared patients exposed to any antidepressant against patients exposed
to no antidepressant. Medical comorbidity and concurrent use of other
psychotropic medications are more prevalent among patients hospitalized
for COVID-19 with psychiatric disorders [19, 29–31], and these patients are
more likely both to take antidepressants and to develop severe COVID-19
[32, 33]. Therefore, the logistic regression adjusted for sex, age, race and
ethnicity, obesity, Elixhauser comorbidity index [34], history of mood or
anxiety disorder, history of other psychiatric disorders, number of home
medications, and concurrent exposure to benzodiazepines or Z drugs
(eszopiclone, zaleplon, or zolpidem), to antipsychotic drugs, and to non-
antidepressant drugs with FIASMA [35] or S1R activity [36]. Model
discrimination was quantified using the C statistic, and calibration was
assessed using a calibration plot. For each variable in the model, the variance
inflation factor was used to measure multicollinearity with other variables in
the model. A sensitivity analysis was conducted excluding influential outliers,

defined as observations with standardized residuals >3 and Cook’s
distance > 4/n (where n is the number of observations in the model). In
secondary analyses, crude and adjusted odds ratios for each individual
antidepressant and for each class of antidepressants were estimated using
the above-mentioned methods. As an additional secondary analysis, we
examined a potential dose-effect relationship by grouping patients according
to their daily antidepressant dose in fluoxetine-equivalents (<20mg, ≥20mg,
and ≥40mg). Crude and adjusted odds ratios for the primary outcome were
also calculated for each of these groups. In each secondary analysis, the
exposed patients were compared to patients with no antidepressant
exposure (excluding patients exposed to different antidepressants).

RESULTS
Between 3/1/2020 and 5/16/2021, 25 034 outpatients were found
to have a positive SARS-CoV-2 test result. Of these patients, 4557
cases (18.3%) had exposure to at least one antidepressant
documented in the home medication list, at a median
fluoxetine-equivalent daily dose of 22.2 mg (interquartile range
20.0–42.0 mg). Patients with antidepressant exposure were older,
more likely to be female, and more likely to be of White race and
non-Hispanic ethnicity compared to patients without antidepres-
sant exposure (Table 1). Additionally, the patients with antide-
pressant exposure were more likely to take a greater number of
home medications, including any benzodiazepine or Z-drug and
any antipsychotic, and to have diagnoses of mood or anxiety
disorder or other psychiatric disorders. The most common classes
of antidepressants included SSRIs (2744 patients, 60.0%),
serotonin-norepinephrine reuptake inhibitors (994 patients,
21.7%), and phenylpiperazines (761 patients, 16.6%) (Table 2).
Of the 25,034 patients, 2867 patients (11%) had an ED or

hospital encounter within 30 days of the positive SARS-CoV-2 test
result. In a crude analysis, the incidence of an ED or hospital
encounter within 30 days was significantly greater among patients
with antidepressant exposure than among patients without
antidepressant exposure (971/4577= 21.2%, versus 1896/20
457= 9.3%, respectively, p < 0.001). However, after adjusting for
all the potential confounding variables listed in Table 1,
antidepressant exposure was associated with decreased odds of
an ED or hospital encounter (adjusted odds ratio [AOR] 0.89, 95%
CI 0.79–0.99, p= 0.04—Table 3), in a dose-dependent manner (in
those taking <20mg fluoxetine-equivalent daily: AOR 0.94, 95% CI
0.80–1.11, p= 0.48; in those taking ≥20mg fluoxetine-equivalent
daily: AOR 0.87, 95% CI 0.77–0.99, p= 0.04; in those taking ≥40mg
fluoxetine-equivalent daily: AOR 0.79, 95% CI 0.67–0.94, p= 0.006)
(Table 4). Other independent predictors of an ED or hospital
encounter in the logistic regression analysis included male sex,
higher absolute value of the Elixhauser Index, greater number of
home medications, non-White race or Hispanic ethnicity, and
antipsychotic exposure (Table S3). The multivariable model had fair
discrimination (c statistic= 0.78) and acceptable calibration (see
calibration plot Fig. S1). All variance inflation factors were <2,
demonstrating the absence of multicollinearity. In the sensitivity
analysis removing 23 potentially influential outlier observations,
antidepressant exposure remained associated with decreased odds
of the primary outcome (Table S4). In the adjusted secondary
analyses, SSRIs, antidepressants with FIASMA activity, and bupro-
pion were associated with decreased odds of an ED or hospital
encounter (Table 3). When patients were stratified according to
their daily fluoxetine-equivalent doses, SSRIs and antidepressants
with FIASMA activity were associated with decreased odds of the
composite outcome only at daily fluoxetine-equivalent doses of at
least 40mg (Table 4). Bupropion was associated with decreased
odds of the outcome at all doses (Table 4).

DISCUSSION
In this single-center, retrospective cohort of 25,034 ambulatory
patients infected with SARS-CoV-2, exposure to an antidepressant
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was significantly associated with reduced incidence of ED
visitation or hospital admission after adjusting for sociodemo-
graphic characteristics, medical comorbidity, psychiatric condi-
tions, and concurrent treatments, with a significant dose-
dependent relationship. In secondary analyses examining specific
classes of antidepressants, the benefit was observed with
exposure to SSRIs, antidepressants with FIASMA activity, and
bupropion. This association was only observed among patients
exposed to a dose of antidepressants of at least 20mg of
fluoxetine-equivalents per day and was stronger for doses of at
least 40 mg of fluoxetine-equivalents per day.
The results of this study are broadly consistent with recently

published literature examining clinical deterioration in patients

with COVID-19 exposed to pre-illness SSRIs. In a multicenter,
retrospective observational study of 7230 adult patients who were
hospitalized for COVID-19 in Paris, antidepressant use, particularly
fluoxetine, paroxetine, escitalopram, venlafaxine, and mirtazapine,
was associated with reduced risk of intubation or death [19]. In a
subsequent multicenter, retrospective cohort study of 83,584
patients with COVID-19 treated in hospitals, EDs, or urgent care
clinics in the United States, pre-illness SSRI use was associated
with a reduced relative risk of mortality, with the largest effects
observed in patients taking fluoxetine [20]. This study similarly
demonstrates that pre-illness use of antidepressants as a whole,
and SSRIs in particular, is associated with reduced risk of ED
visitations or hospital admission in ambulatory patients infected

Table 1. Characteristics of patients with and without antidepressant exposure.

Variable Number with
missing data

Overall (N= 25,034) With antidepressant
exposure (N= 4577)

Without antidepressant
exposure (N= 20,457)

Pa

N or Median % or IQR N or Median % or IQR N or Median % or IQR

Age (median, IQR) 0 47 32–61 53 39–65 46 31–60 <0.001

Sex 18 <0.001

Female 15,030 60.1 3383 73.9 11,647 57

Male 9986 39.9 1194 26.1 8792 43

Race 1250 <0.001

American Indian/
Alaska Native

51 0.2 10 0.2 41 0.2

Asian 275 1.2 27 0.6 248 1.3

Black or African
American

6389 26.9 716 15.8 5673 29.5

Other 7 <0.1 0 0 7 0

Other Pacific
Islander

54 0.2 9 0.2 45 0.2

White 17,008 71.5 3782 83.2 13,226 68.7

Ethnicity 2909 <0.001

Hispanic 440 2.0 55 1.2 385 2.2

Non-hispanic 21,685 98.0 4376 98.8 17,309 97.8

Obese 3234 11,197 51.4 2619 57.5 8578 49.7 <0.001

Elixhauser Index
(median, IQR)

1854 0 0–0 0 −4 to 3 0 0–0 <0.001

Mood or anxiety
disorder

1854 5884 25.4 3283 71.7 2601 14 <0.001

Other psychiatric
disorder

1854 2417 10.4 1057 23.1 1360 7.3 <0.001

Number of home
medications

0 <0.001

0 11,149 44.5 0 0 11,149 54.5

01–05 4736 18.9 788 17.2 3948 19.3

06–10 3435 13.7 1036 22.6 2399 11.7

11–15 2382 9.5 928 20.3 1454 7.1

16+ 3332 13.3 1825 39.9 1507 7.4

Benzodiazepine or Z
drug

0 1997 8 1181 25.8 816 4 <0.001

Antipsychotic drug 0 582 2.3 452 9.9 130 0.6 <0.001

Non-antidepressant
drug with FIASMA
activity

0 4982 19.9 1949 42.6 3033 14.8 <0.001

Non-antidepressant
drug with S1R activity

0 153 0.6 101 2.2 52 0.3 <0.001

FIASMA functional inhibition of acid sphingomyelinase, IQR interquartile range, S1R sigma-1 receptor.
aP values calculated using Wilcoxon rank-sum test for age and Elixhauser Index. P values calculated using chi square test for all other variables.
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with SARS-CoV-2. On the other hand, some studies have reported
conflicting results. Notably, a meta-analysis found no significant
association between antidepressant use and mortality [37].
However, a critical limitation for interpreting this finding is that
estimates included were adjusted for age, sex and only for a
limited number of comorbid medical conditions, and did not take

into account clinical severity, co-prescriptions, obesity, and
medical indications for antidepressants, so residual confounding
may be at work and possibly mask the association [32].
The largest effect was seen with pre-illness exposure to the

highest dose of SSRIs, hereby stratified as a daily dose ≥40mg of
fluoxetine-equivalents. This finding could be in line with results of

Table 2. Antidepressants used and range of formulation strengths.

Antidepressant Number of patients Strength (mg) Strength (mg Fluoxetine-equivalent)

Median IQR Min to max Median IQR Min to max

Any Antidepressanta 4577 22.2 20–42 2.9–158

Any SSRI 2744 22.2 21–42 8.4–120

Fluoxetine 403 20 20–40 10–90 20 20–40 10–90

Fluvoxamine 17 50 50–100 25–100 15 15–30 7.5–30

Citalopram 507 20 20–40 10–40 22.2 22.2–44.4 11.1–44.4

Escitalopram 812 10 10–20 5–20 22.2 22.2–44.4 11.1–44.4

Paroxetine 179 20 10–30 10–40 23.4 11.7–35.1 11.7–46.8

Sertraline 843 50 50–100 20–100 21 21–42 8.4–42

Vilazodone 38 20 20–40 10–40 30 30–60 15–60

Vortioxetine 52 10 10–20 5–20 30 30–60 15–60

Any Non-SSRI 2591 16.5 8.25–33 0.87–108.8

Any TCA 567 8.25 4–16.5 0.87–63.5

Amitriptyline 333 25 10–50 10–150 8.25 3.3–16.5 3.3–49.5

Clomipramine 7 50 50–62.5 25–75 17.5 17.5–21.9 8.75–26.25

Desipramine 8 37.5 25–50 10–50 7.875 5.25–10.5 2.1–10.5

Doxepin 31 25 10–25 3–150 7.25 2.9–7.25 0.87–43.5

Imipramine 12 25 17.5–50 10–75 7.25 5.07–14.5 2.9–21.75

Nortriptyline 188 25 10–25 10–75 10 4–10 4–30

Any Phenylpiperazine 761 5 5–10 5–30

Nefazodone 2 100 100–100 100–100 8 8–8 8–8

Trazodone 760 50 50–100 50–300 5 5–10 5–30

Any SNRI 994 40 20.1–40.2 7–103.2

Desvenlafaxine 46 50 50–100 25–100 20 20–40 10–40

Duloxetine 559 60 30–60 20–60 40.2 20.1–40.2 13.4–40.2

Levomilnacipran 4 100 60–120 40–120 33 19.8–39.6 13.2–39.6

Venlafaxine 400 75 75–150 25–225 21 21–42 7–63

Other Antidepressant 750

Bupropion 589 150 150–300 75–450 16.5 16.5–33 8.25–49.5

Mirtazapine 165 15 7.5–30 7.5–45 11.85 5.9–23.7 5.9–35.6

SSRIs GROUPED BY S1R AFFINITYb

High affinity 418 20 20–40 10–90

Intermediate affinity 1307 22.2 22.2–44.4 11.1–88.8

Low affinity 179 23.4 11.7–35.1 11.7–46.8

ANTIDEPRESSANTS GROUPED BY FIASMA ACTIVITY

With FIASMA activityc 3414 22.2 20–42 2.1–101.4

With unknown FIASMA activityd 1904 16.5 10–35.3 5–158

FIASMA functional inhibition of acid sphingomyelinase, IQR interquartile range, SNRI serotonin-norepinephrine reuptake inhibitor, SSRI selective serotonin
reuptake inhibitor, S1R sigma-1 receptor, TCA tricyclic antidepressant.
aFor patients taking more than one antidepressant, the strength of each medication was converted to fluoxetine-equivalents, and then these converted
strengths were added together.
bSSRIs with high-affinity agonist activity at S1R included fluoxetine and fluvoxamine. SSRIs with intermediate affinity agonist activity at S1R included
escitalopram and citalopram. SSRIs with low-affinity agonist activity at S1R included paroxetine.
cAntidepressants with FIASMA activity included amitriptyline, citalopram, clomipramine, desiparmine, doxepin, escitalopram, fluoxetine, fluvoxamine,
imipramine, nortriptyline, paroxetine, sertraline, and venlafaxine.
dAntidepressants with unknown FIASMA activity included bupropion, desvenlafaxine, duloxetine, levomilnacipran, mirtazapine, nefazodone, trazodone,
vilazodone, and vortioxetine.
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Table 3. Associations between exposure variables and ED or hospital encounter within 30 days.

Exposure Na Encounter Unadjusted Adjustedb

N % Odds ratio 95% CI p Odds ratio 95% CI p

No Antidepressant 20,457 1896 9.3 Ref Ref Ref Ref Ref Ref

Any Antidepressant 4577 971 21.2 2.64 2.42–2.87 <0.001 0.89 0.79–0.99 0.04

Any SSRI 2744 559 20.4 2.50 2.26–2.78 <0.001 0.87 0.75–0.99 0.04

Fluoxetine 403 84 20.8 2.58 2.02–3.29 <0.001 0.93 0.71–1.22 0.62

Fluvoxamine 17 4 23.5 3.01 0.98–9.25 0.05 0.79 0.24–2.54 0.69

Citalopram 507 103 20.3 2.50 2.00–3.11 <0.001 0.90 0.71–1.16 0.42

Escitalopram 812 157 19.3 2.35 1.96–2.81 <0.001 0.79 0.64–0.98 0.03

Paroxetine 179 34 19 2.30 1.58–3.34 <0.001 0.67 0.45–1.01 0.05

Sertraline 843 181 21.5 2.68 2.26–3.18 <0.001 0.92 0.75–1.12 0.41

Vilazodone 38 14 36.8 5.71 2.95–11.06 <0.001 1.63 0.80–3.34 0.18

Vortioxetine 52 12 23.1 2.94 1.54–5.61 0.001 0.85 0.43–1.72 0.66

Any Non-SSRI 2591 614 23.7 3.04 2.75–3.37 <0.001 0.93 0.82–1.06 0.28

Any TCA 567 152 26.8 3.59 2.96–4.34 <0.001 1.03 0.84–1.28 0.75

Amitriptyline 333 92 27.6 3.74 2.93–4.77 <0.001 1.10 0.85–1.44 0.47

Clomipramine 7 2 28.6 3.92 0.76–20.20 0.10 0.66 0.12–3.55 0.62

Desipramine 8 0 0 NA NA NA NA NA NA

Doxepin 31 8 25.8 3.41 1.52–7.62 0.003 0.88 0.38–2.04 0.77

Imipramine 12 4 33.3 4.89 1.47–16.27 0.010 1.51 0.44–5.19 0.51

Nortriptyline 188 53 28.2 3.84 2.79–5.30 <0.001 1.13 0.81–1.59 0.47

Any Phenylpiperazine 761 203 26.7 3.56 3.01–4.21 <0.001 1.00 0.82–1.22 0.99

Nefazodone 2 0 0 NA NA NA NA NA NA

Trazodone 760 203 26.7 3.57 3.02–4.22 <0.001 1.00 0.82–1.22 0.98

Any SNRI 994 226 22.7 2.88 2.47–3.37 <0.001 0.88 0.73–1.06 0.17

Desvenlafaxine 46 13 28.3 3.86 2.03–7.34 <0.001 1.36 0.69–2.71 0.38

Duloxetine 559 136 24.3 3.15 2.58–3.84 <0.001 0.89 0.71–1.11 0.30

Levomilnacipran 4 1 25 3.26 0.34–31.39 0.31 1.13 0.11–11.82 0.92

Venlafaxine 400 81 20.2 2.49 1.94–3.19 <0.001 0.81 0.61–1.07 0.13

Other Antidepressant

Bupropion 589 103 17.5 2.07 1.67–2.58 <0.001 0.70 0.55–0.90 0.005

Mirtazapine 165 60 36.4 5.59 4.06–7.71 <0.001 1.22 0.86–1.74 0.27

SSRIs GROUPED BY S1R AFFINITYc

High affinity 418 88 21.1 2.61 2.05–3.32 <0.001 0.93 0.72–1.22 0.61

Intermediate affinity 1307 257 19.7 2.40 2.07–2.77 <0.001 0.83 0.70–0.99 0.04

Low affinity 179 34 19 2.30 1.58–3.34 <0.001 0.67 0.45–1.01 0.05

ANTIDEPRESSANTS GROUPED BY FIASMA ACTIVITY

With FIASMA activityd 3414 707 20.7 2.56 2.32–2.81 <0.001 0.87 0.77–0.99 0.03

With unknown FIASMA activitye 1904 461 24.2 3.13 2.79–3.51 <0.001 0.94 0.81–1.09 0.39

CI confidence interval, FIASMA functional inhibition of acid sphingomyelinase, SNRI serotonin-norepinephrine reuptake inhibitor, SSRI selective serotonin
reuptake inhibitor, S1R sigma-1 receptor, TCA tricyclic antidepressant.
aN represent the number of patients included during calculation of the unadjusted odds ratio. In the multivariable logistic regression used to obtain the
adjusted odds ratios, no imputation of missing values was performed and only complete cases were included. For example, in the primary analysis of exposure
to any antidepressant versus exposure to no antidepressant, the total number of patients in the multivariable logistic regression was N= 21,051.
bModels were adjusted for sex, age, race and ethnicity, obesity, number of diagnoses, history of mood or anxiety disorder, history of other psychiatric
disorders, number of home medications, concurrent exposure to benzodiazepine or Z drug, concurrent exposure to antipsychotic drugs, and concurrent
exposure to non-antidepressant drugs with FIASMA or S1R activity (listed in Table S1).
cSSRIs with high-affinity agonist activity at S1R included fluoxetine and fluvoxamine. SSRIs with intermediate affinity agonist activity at S1R included
escitalopram and citalopram. SSRIs with low-affinity agonist activity at S1R included paroxetine.
dAntidepressants with FIASMA activity included amitriptyline, citalopram, clomipramine, desiparmine, doxepin, escitalopram, fluoxetine, fluvoxamine,
imipramine, nortriptyline, paroxetine, sertraline, and venlafaxine.
eAntidepressants with unknown FIASMA activity included bupropion, desvenlafaxine, duloxetine, levomilnacipran, mirtazapine, nefazodone, trazodone,
vilazodone, and vortioxetine.
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a prior meta-analysis showing that most antidepressants, mainly
SSRIs, are significantly associated with reduced levels of several
pro-inflammatory cytokines (i.e. IL-6, IL-10, TNF-alpha, CCL-2)
among depressed individuals [38]. Given that elevations in these
cytokines are associated with severe COVID-19, any protective
effect of SSRIs may plausibly act through immunomodulation.
Examination of additional subgroups in this study permitted

inferences on the mechanisms by which SSRIs and other
antidepressants may provide a protective effect during SARS-
CoV-2 infection. The incidence of ED visitation or hospital
admission was significantly reduced among patients exposed to
antidepressants with FIASMA activity (including paroxetine). Acid
sphingomyelinase (ASM) plays a key role in the transduction of
pathological signals into the cell. Hydrolysis of sphingomyelin,
catalyzed by ASM, results in the production of ceramide, a
lipophilic sphingolipid that gathers within the outer layer of the
cell membrane. “Rafts” of ceramide allow necessary receptor
proteins to aggregate, facilitating pathological signal transduction

[27, 39]. Antidepressant-mediated inhibition of ASM may provide
protection against COVID-19 both via reduced viral entry into cells
(due to reduced formation of ceramide-enriched membrane
domains) and via reduced inflammatory response [6, 16]. The
use of antidepressants with FIASMA activity against SARS-CoV-2
infection has been studied in preclinical models [10] and in a
multicenter retrospective cohort study. Among individuals hospi-
talized with severe COVID-19, the use of a medication with
FIASMA activity was associated with reduced hazards of intubation
or death [35]. Similar results were observed in another cohort of
individuals with psychiatric disorders hospitalized for severe
COVID-19 [21]. In a retrospective cohort study conducted at an
adult psychiatric facility, exposure to antidepressants was
associated with a reduced incidence of COVID-19 infection [40],
and a similar result was found for fluoxetine in a large
pharmacopeia-wide association study [41]. Additionally, ceramide
levels, sphingomyelinase activity, and ceramidase activity have all
been correlated with COVID-19 severity and with inflammatory

Table 4. Associations between selected antidepressant exposures and ED or hospital encounter within 30 days, stratified by fluoxetine-equivalent
dosea.

Exposure N Encounters Unadjusted Adjustedb

n % Odds ratio 95% CI P Odds ratio 95% CI p

Any Antidepressant

No antidepressant 20,457 1896 9.3 Ref Ref Ref Ref Ref Ref

<20mg Fluoxetine-
equivalent

1140 261 22.9 2.91 2.51–3.36 <0.001 0.94 0.80–1.11 0.48

≥20mg Fluoxetine-
equivalent

3437 710 20.7 2.55 2.32–2.80 <0.001 0.87 0.77–0.99 0.04

≥40mg Fluoxetine-
equivalent

1684 345 20.5 2.52 2.22–2.87 <0.001 0.79 0.67–0.94 0.006

Any SSRI

No antidepressant 20,457 1896 9.3 Ref Ref Ref Ref Ref Ref

<20mg Fluoxetine-
equivalent

321 62 19.3 2.34 1.77–3.10 <0.001 0.81 0.60–1.10 0.18

≥20mg Fluoxetine-
equivalent

2423 497 20.5 2.53 2.26–2.82 <0.001 0.88 0.77–1.02 0.09

≥40mg Fluoxetine-
equivalent

1049 210 20 2.45 2.09–2.87 <0.001 0.81 0.67–0.98 0.03

Bupropionc

No antidepressant 20,457 1896 9.3 Ref Ref Ref Ref Ref Ref

<20mg Fluoxetine-
equivalent

362 64 17.7 2.10 1.60–2.77 <0.001 0.71 0.52–0.95 0.02

≥20mg Fluoxetine-
equivalent

227 39 17.2 2.03 1.43–2.88 <0.001 0.68 0.47–0.99 0.04

Antidepressants with FIASMA Activityd

No Antidepressant 20,457 1896 9.3 Ref Ref Ref Ref Ref Ref

<20mg Fluoxetine-
equivalent

718 157 21.9 2.74 2.28–3.29 <0.001 0.89 0.73–1.09 0.25

≥20mg Fluoxetine-
equivalent

2696 550 20.4 2.51 2.26–2.79 <0.001 0.88 0.77–1.01 0.07

≥40mg Fluoxetine-
equivalent

1178 229 19.4 2.36 2.03–2.75 <0.001 0.78 0.65–0.94 0.009

CI confidence interval, FIASMA functional inhibition of acid sphingomyelinase, SSRI selective serotonin reuptake inhibitor,
aAnalyses stratified by fluoxetine-equivalent dose were performed for classes of antidepressants and individual drugs (if not already included in one of the
classes) that were significantly associated with reduced ED or hospital encounters (adjusted p value < 0.05 in Table 3).
bModels were adjusted for sex, age, race and ethnicity, obesity, number of diagnoses, history of mood or anxiety disorder, history of other psychiatric
disorders, number of home medications, concurrent exposure to benzodiazepine or Z drug, concurrent exposure to antipsychotic drugs, and concurrent
exposure to non-antidepressant drugs with FIASMA or S1R activity (listed in Table S1).
cBupropion not tested at ≥40mg fluoxetine-equivalent due to small number of cases (N= 5).
dAntidepressants with FIASMA activity included amitriptyline, citalopram, clomipramine, desiparmine, doxepin, escitalopram, fluoxetine, fluvoxamine,
imipramine, nortriptyline, paroxetine, sertraline, and venlafaxine.
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markers [42–45], lending further support for FIASMA as an
explanatory mechanism behind the associations reported in
observational studies.
In contrast, no dose-response effect was observed in this cohort

when the SSRIs were stratified according to their level of S1R
affinity. The relatively high adjusted odds ratio for the one S1R
antagonist, sertraline, suggests it may be less protective than other
SSRIs; however, the confidence intervals for all SSRI odds ratios
overlap, and therefore, the strengths of the effects cannot be
distinguished. Although the S1R-mediated anti-inflammatory
effects of fluvoxamine have been studied in some detail, the
effects of other SSRIs on the S1R are not as well understood.
Additionally, the beneficial effects of SSRIs and non-SSRI agents
with serotonin antagonism may be time-dependent in COVID-19,
owing to their diverse anti-platelet [46] and serotonin modulating
properties [47]. On one hand, early or pre-illness use of SSRIs may
be beneficial by diminishing the degree of serotonin loading onto
mature platelets during the viral replication phase [48], before the
onset of severe platelet activation and pathogenic platelet
mediator release that are hallmarks of the inflammatory phase
in COVID-19. Thus, early or pre-illness SSRI use preemptively
reduces a key content of platelet granules, serotonin, which is
demonstrated to cause pathogenicity in illnesses driven by
immune-mediated platelet activation [49] and also drives immu-
nothrombosis in severe COVID-19 [50]. On the other hand, the
direct serotonin receptor inhibitory effects of some SSRIs and non-
SSRI agents (e.g., bupropion) may be beneficial even after the
inflammatory phase has begun [40, 49, 51], by inhibiting the pro-
thrombotic and pro-inflammatory action of released serotonin
from severely activated platelets in this illness. Further research is
necessary to explore the optimal timing of treatment with
serotonin modulating agents. If antidepressants are demonstrated
to have multiple modalities of action as discussed above, their
benefit may not be limited to a specific phase of illness, unlike
antivirals (best if given in the first 5 days of symptoms) and
systemic steroids (if given too early, could suppress the
appropriate immune response to the virus) [52, 53].
Interestingly, exposure to bupropion, a non-SSRI dopamine, and

norepinephrine reuptake inhibitor, was significantly associated
with improved outcomes in this study. Although we cannot rule
out the possibility that this association may result from multiple
testing or that the pattern of confounding may be different for
bupropion (often used for indications other than depression
compared to other antidepressants), its effect on ASM has never
been formally tested, to our knowledge. However, bupropion may
have S1R agonist activity, although this has been incompletely
evaluated [54]. It is also a negative allosteric modulator of
serotonin type 3 A (5HT3A) receptors [55]. Another 5HT3
antagonist, ondansetron, was associated with better outcomes,
including reduced mortality in a study of COVID-19 inpatients [51].
Therefore, it may be worthwhile to further explore the repurpos-
ing of 5HT3A antagonists as treatment for COVID-19. Blocking the
5HT3A receptor with the selective antagonist MDL 72222 totally
prevented adverse respiratory effects of exogenous serotonin
administration in a study of cats [56]. Relevant to this, a majority of
patients in the inflammatory phase of COVID-19 experience severe
platelet activation and excessive platelet aggregates [57], and
consequently platelet serotonin is acutely released from platelet
granules into plasma. Since plasma serotonin in patients with
COVID-19 reaches levels several folds beyond normal, and even
significantly beyond levels seen in other etiologies of acute
respiratory distress syndrome [58], early blockage of the 5HT3A
receptor may minimize adverse effects of excessive platelet
serotonin release, perhaps preventing or ameliorating respiratory
deterioration and other potential complications of sustained
plasma serotonin rise in COVID-19. Lastly, other mechanisms such
as bupropion’s ability to lower the levels of the inflammatory
mediators TNF-alpha and interferon-gamma in preclinical models

may additionally contribute to the beneficial association demon-
strated in this study [59].
Of note, the incidence of antidepressant exposure in this cohort

(18.3%) was higher than the incidence reported in previous
cohorts. Between 2015 and 2018, the National Health and
Nutrition Examination Survey found that 13.2% of American
adults used an antidepressant within the past 30 days [60]. The
higher incidence reported in this manuscript may reflect the well-
documented increase in both depressive symptoms [61] and
antidepressant use [62] since the start of the pandemic. Another
possibility is that individuals who take antidepressants may have
been more likely to develop COVID-19 compared to other
community-dwelling adults, resulting in selection bias. Alterna-
tively, individuals taking antidepressants may have been more
likely to have their SARS-CoV-2 testing performed within the
university-affiliated healthcare system rather than at other testing
sites in the community.
One of the strengths of this work is the rigorous adjustment for

confounding variables employed in the analysis. When compared
to patients without antidepressant exposure, patients with
antidepressant exposure were older, had more diagnoses includ-
ing other psychiatric diagnoses, and took more medications at
home including other psychoactive medications (Table 1). Thus,
antidepressant exposure would act as a surrogate marker for
overall degree of comorbidity if proper risk adjustments were not
performed. This explains why antidepressant exposure was
associated with increased risk of ED visitation or hospital
admission in the initial unadjusted analysis. A comprehensive risk
adjustment, however, not only eliminated this ostensible
increased risk, but instead revealed an association in the opposite
direction toward protection against ED visitation or hospital
admission in those with antidepressant exposure.
This study also has limitations that should be noted. First, this

was an observational study, and therefore the observed associa-
tions should not be interpreted as causal effects. Residual
confounding cannot be ruled out, especially because patients
with depression may have different patterns of healthcare
utilization compared to other patients with similar degree of
physical illness [63]. However, the presence of biologically
plausible mechanisms for the observed associations and the
agreement with other recent studies reinforces the validity of our
findings and posits that prospective interventional studies of SSRIs
other than fluvoxamine may be appropriate for the early
treatment of COVID-19. Second, information on vital status was
unavailable unless patients died while in the hospital, which
prevented the addition of death to the composite outcome. Third,
medication daily dosages were approximated using the formula-
tion strength because prescription sig data were not available.
Although this is not a perfect approximation, it is likely reasonable
because the medications included in the analysis are usually
prescribed as one tablet/capsule once daily. Fourth, medication
start and stop dates were not available, so the analyses could not
adjust for the duration of antidepressant use. Fifth, this analysis
was conducted at a single healthcare system. Although the
healthcare system in this study has a wide footprint, including
academic and non-academic hospitals that serve both urban and
rural communities, these findings may not be generalizable to
other settings. However, the congruence of our observations with
the findings of other recent studies mitigate the concerns about
generalizability. Sixth, some patients may have sought ED or
inpatient care at facilities outside this healthcare system, and
these visits would not have been detected. Seventh, information
about vaccination was not available. Finally, the magnitude of the
associations may be underestimated given the high rate of
antidepressant discontinuation in the clinical outpatient setting
[64].
In conclusion, pre-illness exposure to antidepressants was

associated with a decreased odds of ED visitation or hospital
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admission among ambulatory patients infected with SARS-CoV-2.
This association appears to be related to exposure to SSRIs and in
particular to the agents with FIASMA activity. When designing
future prospective studies, researchers should consider SSRIs and
other antidepressants with FIASMA activity as candidate interven-
tions for outpatient therapy of COVID-19, prescribed at a dose of
at least 40mg/day of fluoxetine-equivalents.

REFERENCES
1. Hoertel N, Blachier M, Blanco C, Olfson M, Massetti M, Rico MS, et al. A stochastic

agent-based model of the SARS-CoV-2 epidemic in France. Nat Med.
2020;26:1417–21.

2. Ritchie H, Matieu E, Rodés-Guirao L, Appel C, Giattino C, Ortiz-Ospina E, et al.
Coronavirus pandemic (COVID-19) vaccinations. 2020; OurWorldInData.org.

3. Centers for Disease Control and Prevention. The possibility of COVID-19 after
vaccination: breakthrough infection. 2021.

4. Singh TU, Parida S, Lingaraju MC, Kesavan M, Kumar D, Singh RK. Drug repur-
posing approach to fight COVID-19. Pharm Rep. 2020;72:1479–508.

5. Venkatesan P. Repurposing drugs for treatment of COVID-19. Lancet Respir Med.
2021;9:e63.

6. Hoertel N. Do the selective serotonin reuptake inhibitor antidepressants fluox-
etine and fluvoxamine reduce mortality among patients with COVID-19? JAMA
Netw Open. 2021;4:e2136510.

7. Hoertel N, Sánchez-Rico M, Cougoule C, Gulbins E, Kornhuber J, Carpinteiro A,
et al. Repurposing antidepressants inhibiting the sphingomyelinase acid/cer-
amide system against COVID-19: current evidence and potential mechanisms.
Mol Psychiatry. 2021;26:1–2.

8. Zimniak M, Kirschner L, Hilpert H, Geiger N, Danov O, Oberwinkler H, et al. The
serotonin reuptake inhibitor Fluoxetine inhibits SARS-CoV-2 in human lung tis-
sue. Sci Rep. 2021;11:5890.

9. Schloer S, Brunotte L, Mecate-Zambrano A, Zheng S, Tang J, Ludwig S, et al. Drug
synergy of combinatory treatment with remdesivir and the repurposed drugs
fluoxetine and itraconazole effectively impairs SARS-CoV-2 infection in vitro. Br J
Pharm. 2021;178:2339–50.

10. Carpinteiro A, Edwards MJ, Hoffmann M, Kochs G, Gripp B, Weigang S, et al.
Pharmacological inhibition of acid sphingomyelinase prevents uptake of SARS-
CoV-2 by epithelial cells. Cell Rep. Med. 2020;1:100142.

11. Dechaumes A, Nekoua MP, Belouzard S, Sane F, Engelmann I, Dubuisson J, et al.
Fluoxetine Can Inhibit SARS-CoV-2 in vitro. Microorganisms. 2021;9:339.

12. Schloer S, Brunotte L, Goretzko J, Mecate-Zambrano A, Korthals N, Gerke V, et al.
Targeting the endolysosomal host-SARS-CoV-2 interface by clinically licensed
functional inhibitors of acid sphingomyelinase (FIASMA) including the anti-
depressant fluoxetine. Emerg Microbes Infect. 2020;9:2245–55.

13. Sukhatme VP, Reiersen AM, Vayttaden SJ, Sukhatme VV. Fluvoxamine: a review of
its mechanism of action and its role in COVID-19. Front Pharm. 2021;12:652688.

14. Hashimoto Y, Suzuki T, Hashimoto K. Mechanisms of action of fluvoxamine for
COVID-19: a historical review. Mol Psychiatry. 2022;27:1–10.

15. Facente SN, Reiersen AM, Lenze EJ, Boulware DR, Klausner JD. Fluvoxamine for
the early treatment of SARS-CoV-2 infection: a review of current evidence. Drugs
2021;81:2081–9.

16. Kornhuber J, Hoertel N, Gulbins E. The acid sphingomyelinase/ceramide system
in COVID-19. Mol Psychiatry. 2021;27:1–8.

17. Hoehn RS, Jernigan PL, Japtok L, Chang AL, Midura EF, Caldwell CC, et al. Acid
Sphingomyelinase Inhibition in Stored Erythrocytes Reduces Transfusion-
Associated Lung Inflammation. Ann Surg. 2017;265:218–26.

18. Carpinteiro A, Gripp B, Hoffmann M, Pöhlmann S, Hoertel N, Edwards MJ, et al.
Inhibition of acid sphingomyelinase by ambroxol prevents SARS-CoV-2 entry into
epithelial cells. J Biol Chem. 2021;296:100701.

19. Hoertel N, Sánchez-Rico M, Vernet R, Beeker N, Jannot AS, Neuraz A, et al.
Association between antidepressant use and reduced risk of intubation or death
in hospitalized patients with COVID-19: results from an observational study. Mol
Psychiatry. 2021;26:5199–212.

20. Oskotsky T, Maric I, Tang A, Oskotsky B, Wong RJ, Aghaeepour N, et al. Mortality
risk among patients with COVID-19 prescribed selective serotonin reuptake
inhibitor antidepressants. JAMA Netw Open. 2021;4:e2133090.

21. Hoertel N, Sánchez-Rico M, Gulbins E, Kornhuber J, Carpinteiro A, Abellán M, et al.
Association between FIASMA psychotropic medications and reduced risk of
intubation or death in individuals with psychiatric disorders hospitalized for
severe COVID-19: an observational multicenter study. Transl Psychiatry.
2022;12:90.

22. Lenze EJ, Mattar C, Zorumski CF, Stevens A, Schweiger J, Nicol GE, et al. Flu-
voxamine vs placebo and clinical deterioration in outpatients with symptomatic
COVID-19: a randomized clinical trial. Jama 2020;324:2292–2300.

23. Reis G, Dos Santos Moreira-Silva EA, Silva DCM, Thabane L, Milagres AC, Ferreira
TS, et al. Effect of early treatment with fluvoxamine on risk of emergency care
and hospitalisation among patients with COVID-19: the TOGETHER randomised,
platform clinical trial. Lancet Glob Health. 2021;10:e42–e51.

24. Seftel D, Boulware DR. Prospective cohort of fluvoxamine for early treatment of
Coronavirus Disease 19. Open Forum Infect Dis. 2021;8:ofab050.

25. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. Lancet
2007;370:1453–7.

26. Ishima T, Fujita Y, Hashimoto K. Interaction of new antidepressants with sigma-1
receptor chaperones and their potentiation of neurite outgrowth in PC12 cells.
Eur J Pharm. 2014;727:167–73.

27. Kornhuber J, Muehlbacher M, Trapp S, Pechmann S, Friedl A, Reichel M, et al.
Identification of novel functional inhibitors of acid sphingomyelinase. PLoS ONE.
2011;6:e23852.

28. Hayasaka Y, Purgato M, Magni LR, Ogawa Y, Takeshima N, Cipriani A, et al. Dose
equivalents of antidepressants: evidence-based recommendations from rando-
mized controlled trials. J Affect Disord. 2015;180:179–84.

29. Hoertel N, Sánchez-Rico M, Muela P, Abellán M, Blanco C, Leboyer M, et al. Risk of
death in individuals hospitalized for COVID-19 with and without psychiatric
disorders: an observational multicenter study in France. Biol. Psychiatry Glob
Open Sci. 2022. https://doi.org/10.1016/j.bpsgos.2021.12.007. online ahead of
print.

30. Hoertel N, Sánchez-Rico M, Vernet R, Jannot AS, Neuraz A, Blanco C, et al.
Observational study of haloperidol in hospitalized patients with COVID-19. PLoS
ONE. 2021;16:e0247122.

31. Hoertel N, Sánchez-Rico M, Vernet R, Jannot AS, Neuraz A, Blanco C, et al.
Observational Study of Chlorpromazine in Hospitalized Patients with COVID-19.
Clin Drug Investig. 2021;41:221–33.

32. Hoertel N, Sánchez-Rico M, Herrera-Morueco JJ, de la Muela P, Gulbins E, Korn-
huber J, et al. Comorbid medical conditions are a key factor to understand the
relationship between psychiatric disorders and COVID-19-related mortality:
results from 49,089 COVID-19 inpatients. Mol. Psychiatry. 2021:1–3.

33. Hoertel N, Sánchez-Rico M, Gulbins E, Kornhuber J, Vernet R, Beeker N, et al.
Association between benzodiazepine receptor agonist use and mortality in
patients hospitalized for COVID-19: a multicenter observational study. Epidemiol
Psychiatric Sci. 2022;31:e18.

34. van Walraven C, Austin PC, Jennings A, Quan H, Forster AJ. A modification of the
Elixhauser comorbidity measures into a point system for hospital death using
administrative data. Med Care. 2009;47:626–33.

35. Hoertel N, Sánchez-Rico M, Gulbins E, Kornhuber J, Carpinteiro A, Lenze EJ, et al.
Association between FIASMAs and reduced risk of intubation or death in indi-
viduals hospitalized for severe COVID-19: an observational multicenter study. Clin
Pharm Ther. 2021;110:1498–511.

36. Hashimoto K. Repurposing of CNS drugs to treat COVID-19 infection: targeting
the sigma-1 receptor. Eur Arch Psychiatry Clin Neurosci. 2021;271:249–58.

37. Vai B, Mazza MG, Delli Colli C, Foiselle M, Allen B, Benedetti F, et al. Mental
disorders and risk of COVID-19-related mortality, hospitalisation, and intensive
care unit admission: a systematic review and meta-analysis. Lancet Psychiatry.
2021;8:797–812.

38. Köhler CA, Freitas TH, Stubbs B, Maes M, Solmi M, Veronese N, et al. Peripheral
alterations in cytokine and chemokine levels after antidepressant drug treatment
for major depressive disorder: systematic review and meta-analysis. Mol Neuro-
biol. 2018;55:4195–206.

39. Kornhuber J, Tripal P, Reichel M, Terfloth L, Bleich S, Wiltfang J, et al. Identification
of new functional inhibitors of acid sphingomyelinase using a structure-property-
activity relation model. J Med Chem. 2008;51:219–37.

40. Clelland CL, Ramiah K, Steinberg L, Clelland JD. Analysis of the impact of anti-
depressants and other medications on COVID-19 infection risk in a chronic
psychiatric in-patient cohort. BJPsych Open. 2021;8:e6.

41. MacFadden DR, Brown K, Buchan SA, Chung H, Kozak R, Kwong JC, et al.
Screening large population health databases for potential coronavirus disease
2019 therapeutics: a pharmacopeia-wide association study of commonly pre-
scribed medications. Open Forum Infect Dis. 2022;9:ofac156.

42. Marín-Corral J, Rodríguez-Morató J, Gomez-Gomez A, Pascual-Guardia S, Muñoz-
Bermúdez R, Salazar-Degracia A, et al. Metabolic signatures associated with
severity in hospitalized COVID-19 patients. Int J Mol Sci. 2021;22:4794.

43. Khodadoust MM. Inferring a causal relationship between ceramide levels and
COVID-19 respiratory distress. Sci Rep. 2021;11:20866.

44. Torretta E, Garziano M, Poliseno M, Capitanio D, Biasin M, Santantonio TA, et al.
Severity of COVID-19 Patients Predicted by Serum Sphingolipids Signature. Int J
Mol Sci. 2021;22:10198.

45. Mühle C, Kremer A, Vetter M, Schmid J, Achenbach S, Schumacher F, et al. COVID-
19 and its clinical severity are associated with alterations of plasma sphingolipids

B.A. Fritz et al.

8

Translational Psychiatry          (2022) 12:341 

https://doi.org/10.1016/j.bpsgos.2021.12.007


and enzyme activities of sphingomyelinase and ceramidase. medRxiv 2022.
https://doi.org/10.1101/2022.01.19.22269391

46. Roweth HG, Yan R, Bedwani NH, Chauhan A, Fowler N, Watson AH, et al. Cita-
lopram inhibits platelet function independently of SERT-mediated 5-HT transport.
Sci Rep. 2018;8:3494.

47. Herr N, Bode C, Duerschmied D. The effects of serotonin in immune cells. Front
Cardiovasc Med. 2017;4:48.

48. Hergovich N, Aigner M, Eichler HG, Entlicher J, Drucker C, Jilma B. Paroxetine
decreases platelet serotonin storage and platelet function in human beings. Clin
Pharm Ther. 2000;68:435–42.

49. Cloutier N, Allaeys I, Marcoux G, Machlus KR, Mailhot B, Zufferey A, et al. Platelets
release pathogenic serotonin and return to circulation after immune complex-
mediated sequestration. Proc Natl Acad Sci USA. 2018;115:E1550–9.

50. Althaus K, Marini I, Zlamal J, Pelzl L, Singh A, Häberle H, et al. Antibody-
induced procoagulant platelets in severe COVID-19 infection. Blood
2021;137:1061–71.

51. Bayat V, Ryono R, Phelps S, Geis E, Sedghi F, Etminani P, et al. Reduced mortality
with ondansetron use in SARS-CoV-2-infected inpatients. Open Forum Infect Dis.
2021;8:ofab336.

52. Horby P, Lim WS, Emberson JR, Mafham M, Bell JL, Linsell L, et al. Dexamethasone
in hospitalized patients with Covid-19. N. Engl J Med. 2021;384:693–704.

53. Hoertel N, Sánchez-Rico M, Vernet R, Beeker N, Neuraz A, Alvarado JM, et al.
Dexamethasone use and mortality in hospitalized patients with coronavirus
disease 2019: A multicentre retrospective observational study. Br J Clin Pharm.
2021;87:3766–75.

54. Dhir A, Kulkarni SK. Possible involvement of sigma-1 receptors in the anti-
immobility action of bupropion, a dopamine reuptake inhibitor. Fundam Clin
Pharm. 2008;22:387–94.

55. Pandhare A, Pappu AS, Wilms H, Blanton MP, Jansen M. The antidepressant
bupropion is a negative allosteric modulator of serotonin type 3A receptors.
Neuropharmacology 2017;113:89–99.

56. Kopczyńska B, Szereda-Przestaszewska M. 5HT2 and 5HT3 receptors’ contribution
to modeling of post-serotonin respiratory pattern in cats. Life Sci.
2004;75:2281–90.

57. Nishikawa M, Kanno H, Zhou Y, Xiao TH, Suzuki T, Ibayashi Y, et al. Massive image-
based single-cell profiling reveals high levels of circulating platelet aggregates in
patients with COVID-19. Nat Commun. 2021;12:7135.

58. Zaid Y, Guessous F, Puhm F, Elhamdani W, Chentoufi L, Morris AC, et al. Platelet
reactivity to thrombin differs between patients with COVID-19 and those with
ARDS unrelated to COVID-19. Blood Adv. 2021;5:635–9.

59. Kast RE. Anti- and pro-inflammatory considerations in antidepressant use during
medical illness: bupropion lowers and mirtazapine increases circulating tumor
necrosis factor-alpha levels. Gen Hosp Psychiatry. 2003;25:495–6.

60. Brody DJ, Gu Q. Antidepressant Use Among Adults: United States, 2015-2018. in
NCHS Data Brief, no 377. Hyattsville, MD, National Center for Health Statistics;
2020.

61. Ettman CK, Abdalla SM, Cohen GH, Sampson L, Vivier PM, Galea S. Prevalence of
depression symptoms in US adults before and during the COVID-19 pandemic.
JAMA Netw Open. 2020;3:e2019686.

62. Rabeea SA, Merchant HA, Khan MU, Kow CS, Hasan SS. Surging trends in pre-
scriptions and costs of antidepressants in England amid COVID-19. Daru
2021;29:217–21.

63. Luber MP, Meyers BS, Williams-Russo PG, Hollenberg JP, DiDomenico TN, Charl-
son ME, et al. Depression and service utilization in elderly primary care patients.
Am J Geriatr Psychiatry. 2001;9:169–76.

64. Sawada N, Uchida H, Suzuki T, Watanabe K, Kikuchi T, Handa T, et al. Persistence
and compliance to antidepressant treatment in patients with depression: a chart
review. BMC Psychiatry. 2009;9:38.

AUTHOR CONTRIBUTIONS
Dr. Fritz had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis. Concept and design: Fritz,
Lenze, Reiersen. Acquisition, analysis, or interpretation of data: All authors. Drafting of
the manuscript: Fritz. Critical revision of the manuscript for important intellectual
content: All authors. Statistical analysis: Fritz. Administrative, technical, or material
support: Lenze, Reiersen.

FUNDING
This project was supported by Washington University Institute of Clinical and Translational
Sciences grant UL1TR002345 from the National Center for Advancing Translational
Sciences with additional support from Fast Grants and from the Washington University
Department of Psychiatry. Dr. Fritz’s time was supported by a grant from the Foundation
for Anesthesia Education and Research (MRTG08152020FRITZ).

COMPETING INTERESTS
N.H. reported being listed as an inventor on a patent application related to methods
of treating COVID-19, filled by Assistance Publique-Hôpitaux de Paris, and he has
received consulting fees and nonfinancial support from Lundbeck outside this study.
E.J.L. and A.M.R. are co-inventors on a patent application related to methods of
treating COVID-19, filed by Washington University in St. Louis. E.J.L. has grant support
from Meractus Ventures-Fast Grants (COVID-19 treatment research) and PCORI, and
he has done consulting for Boehringer-Ingelheim and Prodeo. No other disclosures
were reported.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41398-022-02109-3.

Correspondence and requests for materials should be addressed to Bradley A. Fritz.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

B.A. Fritz et al.

9

Translational Psychiatry          (2022) 12:341 

https://doi.org/10.1101/2022.01.19.22269391
https://doi.org/10.1038/s41398-022-02109-3
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Association between antidepressant use and ED or hospital visits in outpatients with SARS-CoV-2
	Introduction
	Methods
	Statistical methods

	Results
	Discussion
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




