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and James |. Hudson'?

!Psychiatric Epidemiology Research Program and Biological Psychiatry Laboratory, McLean
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Initial controlled trials of the serotonergic antidepressant fluvoxamine showed
promise for treatment of mild to moderate COVID-19 in outpatients, although
more recent outpatient data have been less encouraging. Turning to studies of
hospitalized patients, a retrospective cohort study by Hoertel and associates
in 2021 found a markedly reduced risk of intubation or death among patients
hospitalized with COVID-19 who were receiving serotonergic antidepressants
at the time of admission vs. those not receiving antidepressants. In an
attempt to replicate these latter findings, we performed a similarly designed
study of 500 individuals hospitalized with COVID-19 in a large academic
hospital system who were taking a serotonergic antidepressant at the time of
admission compared with two groups (N = 573 and N = 593) not receiving an
antidepressant. In analyses controlling for demographic and clinical variables,
we found no significant difference in effect between the antidepressant group
and either of the two comparison groups [hazard ratios (95% CI) for intubation
or death 1.1 (0.83-1.5) and 1.1 (0.86-1.5); and for death alone 1.3 (0.93-1.8)
and 1.1 (0.85-1.7)]. Examining the results of our study, along with those of
Hoertel et al. and three additional retrospective cohort studies in inpatients
published in the interim, the data permit only very limited conclusions, with the
findings on the effect of serotonergic antidepressants ranging from a strongly
protective effect to no effect. Although there are numerous threats to validity
that might account for this wide range of findings, we could not identify any
principal factor or set of factors that could clearly explain the differences.

antidepressants, COVID-19, selective serotonin reuptake inhibitors, serotonin-
norepinephrine reuptake inhibitors, retrospective cohort study, clinical effectiveness
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Introduction

that
particularly selective serotonin reuptake inhibitors (SSRIs),

Growing evidence indicates antidepressants,
may possess anti-inflammatory and antiviral properties (1-4)—
suggesting that SSRIs might represent potential treatments for
the novel coronavirus SARS-CoV-2 disease (COVID-19). A
subset of SSRIs, specifically fluvoxamine and to a lesser degree
fluoxetine and citalopram/escitalopram, are agonists at the
sigma-1 receptor (5, 6), which has been identified as a potential
target for COVID-19 therapeutics (7, 8). This property has been
hypothesized to play a role in the efficacy of SSRIs in preventing
severe COVID-19 (5, 6). Congruent with these findings, several
initial studies of fluvoxamine in outpatients with COVID-19
(9-11), two of which were randomized placebo-controlled
trials (9, 10), demonstrated a significant reduction in clinical
deterioration on some outcome measures. However, more
recent findings with fluvoxamine have been less encouraging:
in April 2022, the U.S. Food and Drug Administration (FDA)
declined a request for an emergency use authorization of
fluvoxamine for outpatient treatment, citing two unpublished
additional trials that had failed to demonstrate a benefit, both
of which were terminated early for futility, and concluding
that overall there were important “limitations in the available
clinical study results” (available at https://www.accessdata.fda.
gov/drugsatfda_docs/nda/2020/EUA%20110%20Fluvoxamine
%20Decisional%20Memo_Redacted.pdf). Note that the FDA
had access to extensive unpublished data derived both from
recent studies that had appeared already in the literature and
data from additional studies for which no data at all had been
published thus far. Thus, the FDA report is an important source
of information on outpatient studies of fluvoxamine in COVID,
in that it contains substantial new information that has not yet
appeared in the published scientific literature.

In addition to studies in outpatients, two inpatient studies
have assessed the effect of open-label treatment of COVID-19
with fluvoxamine (12) and fluoxetine (13), respectively. Both
reported a reduced risk of death in patients receiving these
antidepressants compared with patients not receiving them, but
these studies are severely limited by the lack of randomization
and the absence of a placebo control group. Further details
of these studies of antidepressants, with special attention to
SSRIs (especially fluvoxamine), can be found in the recent
comprehensive review by Hashimoto et al. (5). These authors
also consider in depth the theoretical rationale for use of
these medications, including a detailed discussion of potential
mechanisms of action.

Given the urgency to develop novel COVID-19 treatments,
additional data from retrospective cohort studies of individuals
receiving antidepressants “incidentally” at the time of
developing COVID-19 (that is, antidepressants prescribed
for indications other than COVID-19) may help to assess
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clinical effectiveness. To address this issue, Hoertel et al. (14)
assessed the association of antidepressant treatment with the
primary outcome of risk of intubation or death among patients
hospitalized with COVID-19 in 39 French hospitals early in the
pandemic from January 24, 2020 to April 1, 2020. Comparing
345 patients prescribed antidepressants with patients not
prescribed antidepressants, they found a markedly reduced risk
of intubation or death [hazard ratio (95% confidence interval)
= 0.52 (0.43-0.73), adjusted for age, sex, and clinical variables
including co-occurring medical conditions] and risk of death
alone [hazard ratio = 0.64 (0.48-0.86)]. The strongest evidence
favored medications that inhibited serotonin reuptake (termed
“serotonergic antidepressants” below in this paper), including
SSRIs, serotonin-norepinephrine reuptake inhibitors (SNRIs),
and mirtazapine.

After reading this paper, we attempted to replicate its
findings for the case of serotoninergic antidepressants, using a
design as similar as feasible to that of the original. Specifically,
we performed a retrospective cohort study examining the risk
of intubation or death among hospitalized COVID-19 patients
treated in a large academic healthcare system who had either
been prescribed a serotonergic antidepressant (“exposed”) or not
prescribed a serotonergic antidepressant (“unexposed”) at the
time of hospital admission.

Since the publication of Hoertel et al. study, and before
our study was completed, three more similar retrospective
cohort studies have appeared, with one study finding a strongly
protective effect of antidepressants as a whole (15), another
finding only a slight protective effect (16), and the third finding
no protective effect at all (17). Before examining these three
newer studies, we first present the results of our own study below
and then discuss possible explanations for the disparate findings
among all five of the retrospective cohort studies.

Note that additional studies pertaining the use of
antidepressants in the inpatient setting have been published
[e.g., Fei et al. (18) and Vai et al. (19); these have been reviewed
by Hashimoto et al. (5)]. However, due to marked differences in
design, the results of these studies cannot be directly compared
to each other, or to the results of the present study, or to the
results of the four other retrospective cohort studies that have
appeared. Moreover, these studies are difficult to interpret due
to inherent limitations of their designs, and hence provide only
limited evidence bearing on the efficacy of antidepressants in
treating severe COVID.

Materials and methods
Patient medical records
Prior to initiating study procedures, we obtained approval

from the Mass General Brigham Institutional Review Board
including a Waiver of Informed Consent/Authorization. Using
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a retrospective cohort design, we searched electronic medical
records of all patients hospitalized in the Mass General Brigham
Healthcare System (Massachusetts, USA) whose first (index)
admission with a diagnosis of COVID-19 occurred between
February 1, 2020 and March 3, 2021. The exposed group
(antidepressant group; N = 500) represented all patients
receiving treatment at the index admission with any of the of
serotonergic antidepressants found by Hoertel et al. (14) to be
associated with a reduced risk of intubation or death (SSRIs,
SNRIs, and mirtazapine). There were two unexposed groups,
each representing a random sample of patients with COVID-
19 who were not receiving any antidepressant at the index
admission. Non-Antidepressant Group 1 (N = 573) represented
a sample frequency matched for age, sex, and race/ethnicity to
patients in the antidepressant group and Non-Antidepressant
Group 2 (N = 593) represented a sample frequency-matched
for the same demographic characteristics as non-antidepressant
group 1, and additionally frequency-matched for “comparative
health,” as described below.

Data were obtained through the Mass General Brigham
Healthcare System Research Patient Data Registry (RPDR),
a centralized data registry that gathers clinical information
from several Mass General Brigham hospitals (Massachusetts
General Hospital, Brigham and Womens Hospital, Newton-
Wellesley Hospital, Faulkner Hospital, and Mass General
Brigham Salem Hospital). The RPDR has been described
elsewhere (20) and has been used in several prior publications
[e.g., (21-23)]. We located potential cases using the RPDR Query
Tool, which can identify patients with specific demographics,
diagnoses, laboratory tests, medications, molecular medicine,
health history, microbiology, procedures, providers, and/or
transfusion services.

We created an RPDR query for patients aged 18 years
or older whose first admission to a Mass General Brigham
hospital with a diagnosis of COVID-19 occurred between
February 1, 2020 and March 3, 2021, and who were taking an
antidepressant. This query identified 1,111 patients, whose data
were then reviewed to confirm diagnosis and antidepressant
status. Patients not taking an antidepressant within 48h of
admission were excluded. Additionally, any patients taking an
antidepressant that was not included in the set of serotonergic
antidepressants examined by Hoertel et al. (14) (i.e., fluoxetine,
fluvoxamine, sertraline, paroxetine, citalopram, escitalopram,
venlafaxine, duloxetine, desvenlafaxine, mirtazapine) were
excluded. This review yielded a final sample of 500 patients,
which we term the “Antidepressant” group.

We then submitted a second and third RPDR query for
patients whose first admission to a Mass General Brigham
hospital with a diagnosis of COVID-19 occurred during the
same time interval, but who were not taking any antidepressant
at the time of that admission. In the second query, we
sought patients who were frequency-matched for age, sex,
and race/ethnicity to patients in the antidepressant-exposed
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COVID-19 group. This query returned 1,003 patients.
This group was similarly reviewed to confirm diagnosis
and medication status. Any patients who were taking an
antidepressant within the year prior to their index admission
were excluded, resulting in a final unexposed group of 573
patients in Non-Antidepressant Group 1. In the third query,
we sought patients who were frequency-matched for the
same characteristics as for the second query, but who were
also matched for “comparative health,” which is a proxy for
healthcare utilization derived from the number of diagnostic
codes, medication orders, and test results from hospital visits
for each patient (23, 24). This query returned 1,007 patients,
who were reviewed in the same manner as the previous
groups, resulting in a final unexposed group of 593 patients in
Non-Antidepressant Group 2. Note that of the patients from
the second and third queries included in the final sample, there
were 108 duplicates; that is, patients who were included in
both groups.

Data analysis

The observation period for all patients started with the day of
the index admission and continued through the discharge date
of the last hospital admission in the record up to a maximum
of 118 days (which was the maximum observation time used by
Hoertel et al.).

The primary outcome was the composite endpoint

of either intubation death  (i.e,
without  death, followed by
death, or death without intubation), and the secondary
death  (with

outcome

occurrence or

intubation intubation
intubation).
(with

outcome without
An  ancillary
without death).

The primary measure of effect was the estimated hazard

was or

was  intubation or

ratio from a proportional hazards model. The secondary
measure of effect was the risk ratio. The models for the hazard
ratio and risk ratio were adjusted, using inverse probability
weighting (25), for age in categories (19-29, 30-39; 40-49;
50-59; 60-69; 70-79; 80-89; 90-103 y); race/ethnicity (using
categories shown in Table 1); co-occurring disorders in nine
ICD-10 diagnostic categories based on the index admission
note (see Table 1); and secular time period (in four 90-
day categories starting from the first admission date in the
sample, which was March 12, 2020). For the proportional
hazards models, we found no evidence for violations of
the proportional hazards assumption through inspection of
loglog plots, comparison of proportional hazards model-
predicted curves with observed survival curves, and tests of
weighted residuals.

To evaluate the statistical significance of comparisons
between groups, we adopted a hierarchical approach to control
for type I error. We first evaluated the primary analysis of the

frontiersin.org


https://doi.org/10.3389/fpsyt.2022.951065
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Brennan et al.

10.3389/fpsyt.2022.951065

TABLE 1 Demographic characteristics, co-occurring disorders, and frequency of outcomes in study groups.

Study group
Antidepressant? Non-antidepressant 1P Non-antidepressant 2¢

n =500 n=>573 n=>593
Demographic characteristics
Age, median (IQR) y 71 (60, 82) 71 (58, 80) 71 (59, 80)
Sex
Female, No. (%) 284 (56.8) 297 (51.8) 316 (53.3)
Male, No. (%) 216 (43.2) 276 (48.2) 277 (46.7)
Race
White, No. (%) 390 (78.0) 397 (69.3) 413 (69.7)
African American, No. (%) 45 (9.0) 57 (10.0) 54 (9.1)
Asian American or Pacific Islander, No. (%) 9(1.8) 13 (2.3) 22 (3.7)
Other or not recorded, No. (%) 56 (11.2) 106 (18.4) 104 (17.5)
Ethnicity
Non-Hispanic, No. (%) 413 (82.6) 435 (75.9) 460 (77.6)
Hispanic, No. (%) 71 (14.2) 109 (19.0) 108 (18.2)
Other or not recorded, No. (%) 16 (3.1) 29 (5.0) 25 (4.2)
Co-occurring disorders (ICD-10 code)
Neoplasms (C00-D49) 46 (9.2) 90 (15.7) 81(13.7)
Disorders of the blood and immune system (D50-D89) 123 (24.6) 164 (28.6) 185 (31.2)
Diabetes (E10, E11) 121 (24.2) 131 (22.9) 140 (23.6)
Obesity (E66) 57 (11.4) 68 (11.9) 47 (7.9)
Diseases of the circulatory system (100-199) 361 (72.2) 418 (73.0) 430 (72.51)
Diseases of the respiratory system (J00-J99) 335 (67.0) 404 (71.5) 421 (71.0)
Mood and anxiety disorders (F30-F48) 195 (39.0) 79 (13.8) 91 (15.4)
Other psychiatric disorders (F00-F29, F50-F99) 130 (26.0) 87 (15.2) 114 (19.2)
Diseases of the nervous system (G00-G99) 175 (35.0) 153 (26.7) 161 (19.2)
Observation time
Days under observation, median (IQR) 7 (4, 15) 7 (4, 15) 7 (4, 16)
Outcomes
Intubation or death composite, No. (%) 120 (24.0) 119 (20.7) 127 (21.4)
Death, No. (%) 101 (20.2) 87 (15.2) 102 (17.2)
Intubation 35(7.0) 50 (8.7) 46 (7.8)

IQR, interquartile range.

2Patients prescribed one or more antidepressant medications on admission (see text and Table 2 for details).

YFrequency matched to antidepressant group by age, sex, and race/ethnicity.

“Frequency matched to antidepressant group by age, sex, race/ethnicity, and “comparative health.”

primary outcome (the estimated hazard ratios for intubation or
death of the Antidepressant Group vs. each of the two Non-
Antidepressant Groups separately) with alpha set at 0.05, two-
sided. If either of these tests yielded a P-value of <0.05, two-
tailed, we considered the result statistically significant, and then
proceeded to evaluate the statistical significance of the remaining
comparisons using a false discovery rate (26) of 5%. If neither of
the primary two comparisons was statistically significant, then
we did not perform further formal testing, but rather reported
point estimates along with nominal 95% confidence intervals.
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In such cases we also calculated the maximum hazard ratio
that we could exclude (i.e., the maximum protective effect of
antidepressants that is consistent with the data), using a test
for non-equivalence, based on the 90% confidence interval of
our measured effect sizes (27, 28). This test estimates a value
of the hazard ratio for which there is <5% probability that
the true hazard ratio exceeds this magnitude; that is, a 5%
error rate.

In addition to the main analyses, we also performed
exploratory subgroup analyses without formal statistical testing
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TABLE 2 Antidepressant medications prescribed to the 500 patients in the antidepressant group at the time of admission to the hospital, and hazard
ratios for death in those prescribed individual antidepressants or classes of antidepressants vs. those not prescribed antidepressants.

Hazard ratioc (95% CI)

Dose, mg VS. non- VS. non-
antidepressant antidepressant

Antidepressant medication No.2(%) median (IQR)b Group 1 Group 2
Selective serotonin reuptake
inhibitors
Citalopram 61 (12.2) 20 (10, 20) 0.86 (0.39, 1.9) 0.77 (0.35, 1.7)
Escitalopram 47 (9.4) 10 (10, 20) 1.9 (0.99, 3.5) 1.7 (0.89, 3.1)
Fluoxetine 57 (11.4) 20 (20, 40) 0.94 (0.35, 2.5) 0.83(0.31,2.2)
Paroxetine 24 (4.8) 25 (20, 40) 0.57 (0.15,2.2) 0.51 (0.13, 1.9)
Sertraline 127 (25.4) 50 (50, 100) 0.98 (0.59, 1.7) 0.87 (0.53, 1.4)
Any selective serotonin reuptake 313 (62.6) 1.00 (0.67, 1.5) 0.89 (0.61, 1.3)
inhibitor
Sigma-1 receptor agonist 164 (32.8) 1.2 (0.69, 2.0) 1.03 (0.62,1.7)
(citalopram, escitalopram, or
fluoxetine)
Serotonin-norepinephrine
reuptake inhibitors
Duloxetine 73 (14.6) 60 (30, 60) 1.1 (0.55,2.3) 1.01 (0.49, 2.1)
Venlafaxine 39 (7.8) 75 (75, 150) 2.2(1.1,4.3) 1.9 (1.00, 3.8)
Any serotonin-norepinephrine 111 (22.2) 1.6 (0.95,2.7) 1.4 (0.86,2.4)
reuptake inhibitor
Mirtazapine 128 (25.6) 14 (7.5, 15) 1.7 (1.1,2.7) 1.5(1.01,2.4)

IQR, interquartile range.

254 patients were prescribed two antidepressants, and one patient was prescribed three antidepressants.

bNumber of patients with missing dose information: citalopram (2); escitalopram (3); fluoxetine (2); paroxetine (2); sertraline (4); duloxetine (3); venlafaxine (2); mirtazapine (5).

“Estimate adjusted for age, sex, race, ethnicity, co-occurring disorders, and secular time period.

for each individual antidepressant, and for various classes
of antidepressants, including SSRIs, SNRIs, mirtazapine, and
sigma-1 receptor agonists [defined as escitalopram, citalopram,
fluoxetine, or fluvoxamine, based on Table 1 in Hashimoto et al.
(5)]. Also, because there is a potential effect of COVID vaccines
on the outcomes of interest, and because we lacked reliable
data on vaccine status, we performed a sensitivity analysis
restricted to patients admitted prior to December 11, 2020, the
date on which the first COVID vaccine became available in the
United States

All analyses were performed using Stata 16.1 (Stata
Corporation, College Station, Texas).

Results

The frequency of demographic characteristics, co-occurring
disorders, and study outcomes are presented in Table 1. The
frequency of individual antidepressants and their median dose
are presented in Table 2.
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Survival curves for the Antidepressant Group and
the two
intubation are presented in Figure 1, and for death in

Non-Antidepressant  Groups for death or
Figure 2.

The estimated hazard ratios and risk ratios for outcomes in
the Antidepressant Group vs. the Non-Antidepressant Groups
are presented in Table 3.

Across all outcomes, the estimated hazard ratios and risk
ratios were close to the null value of 1.0, with confidence
intervals ranging from a modestly protective effect to a markedly
harmful effect. Notably, the two primary comparisons—the
hazard ratios for intubation or death in the Antidepressant
Group vs. each of the Non-Antidepressant Groups—yielded
results that were not statistically significant (P = 0.52 and
P = 0.39, respectively), and thus we performed no further
formal hypothesis testing as specified in the Methods. For the
outcome of death or intubation, we could not exclude protective
effects as great as a hazard ratio of 0.86 and harmful effects
as great as a hazard ratio of 1.3; for the outcome of death,
we could not exclude protective effects as great as a hazard
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— === Non-Antidepressant 2

FIGURE 1

Survival curves for the composite outcome of intubation or
death in the antidepressant group and the two
non-antidepressant groups.

ratio of 0.89 and harmful effects as great as a hazard ratio
of 1.7.
In of

antidepressants and classes of antidepressants (including

exploratory  subgroup analyses individual
those identified as sigma-1 receptor agonists), we found
no convincing evidence for differential effects, in that the
hazard ratios were overlapping for all comparisons (see
Table2 for the estimated hazard ratios for the outcome
of death; see Supplementary Table S1 for the full set of
estimated hazard ratios and risk ratios for all outcomes).
In our sensitivity analysis restricted to the period before
COVID vaccines of

the total sample), the estimates changed slightly in the

were available (comprising 68.2%
direction of the null value of 1.0 for hazard ratios and
risk ratios, compared with those in the full sample (see
Supplementary Table S1).

Discussion

We sought to replicate the results of a retrospective cohort
study of hospitalized patients with COVID-19 (14), which
found that a range of serotonergic antidepressant medications
(SSRIs, SNRIs, and mirtazapine) was associated with a marked
protective effect for the joint of outcome of intubation or death,
as well as for death alone. We failed to replicate these results,
with hazard ratios and risk ratios little different from the null
value. Notably, our study had sufficient power to exclude even
a modest protective effect, namely a hazard ratio of <0.86 for
intubation or death, and <0.89 for death alone.

Three additional retrospective cohort studies have now
appeared, similar in design to those of Hoertel et al. and ours,
finding markedly different estimates of the treatment effect
of antidepressants in hospitalized patients with COVID-19.
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FIGURE 2
Survival curves for the outcome of death in the antidepressant
group and the two non-antidepressant groups.

Oskotsky et al. (16) examined medical records from patients
who presented with COVID-19 at 87 health care centers
across the United States, including urgent care, observation,
emergency, or inpatient settings, from January to September
2020. These investigators found a slightly reduced risk for death
in the 3,401 patients prescribed SSRI antidepressants compared
with those not prescribed SSRIs [risk ratio = 0.92 (0.85-
0.99), adjusted for age, sex, race/ethnicity, encounter type, and
clinical characteristics including co-occurring medications]. In
an analysis restricted to individuals prescribed fluoxetine, they
found that fluoxetine was associated with a moderately reduced
risk [risk ratio = 0.72 (0.54-0.97)].

Rauchman et al. (17) examined medical records of patients
hospitalized with COVID-19 at six hospitals in western
United States between March 20, 2020 to March 20, 2021.
These investigators found no significant difference in risk
for death in the 832 patients prescribed SSRIs or SNRIs at
admission compared with those who were not prescribed these
antidepressants [odds ratio = 0.96 (0.79-1.2), adjusted for age,
sex, and race/ethnicity, but not for clinical characteristics such
as co-occurring medical conditions]. No subgroup analyses for
individual antidepressants were reported.

Diez-Quevedo et al. (15) examined medical records from
patients in Badalona, Spain hospitalized with COVID-19 from
March 1, 2020 to November 20, 2020 and followed until
December 17, 2020. They found a significantly reduced risk
of death among the 164 patients who had been prescribed
antidepressants during the year prior to admission, of whom
only 118 were apparently taking antidepressants at the time of
hospital admission [hazard ratio = 0.43 (0.25, 0.74)]. This study
is difficult to interpret or to compare with the others considered
above, because the details of exposure to antidepressants are
unclear and the statistical analysis controlled for medical
complications during the hospital admission itself—which could
have been influenced by exposure to antidepressants.
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TABLE 3 Estimated hazard ratios and risk ratios for outcomes in antidepressant group vs. non-antidepressant group 1? and non-antidepressant

group 2°.
Outcome
Between-group comparisons of risk Death or intubation Death Intubation
Hazard ratio® (95% CI)
Antidepressant vs. non-antidepressant 1 1.1 (0.83-1.5) 1.3 (0.93-1.8) 0.86 (0.53-1.4)
Antidepressant vs. non-antidepressant 2 1.1 (0.86-1.5) 1.1 (0.85-1.5) 1.1 (0.66-1.7)
Risk ratio® (95% CI)
Antidepressant vs. non-antidepressant 1 1.1 (0.86-1.4) 1.2 (0.92-1.7) 0.85(0.53-1.3)
Antidepressant vs. non-antidepressant 2 1.1 (0.84-1.4) 1.1 (0.80-1.4) 1.0 (0.65-1.7)
CI, confidence interval.
#Frequency matched to antidepressant group by age, sex, and race/ethnicity.
hFrequency matched to antidepressant group by age, sex, race/ethnicity, and “comparative health.”
“Estimate adjusted for age, sex, race, ethnicity, co-occurring disorders, and secular time period.
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the outcome of death, because each study provided information

sufficient to obtain this measure, either directly in the paper or
through reported data that allowed for its calculation. As shown
in Figure 3, two clusters emerge. For the five studies together,
there is strong evidence against a homogeneous effect, whereas
within each cluster, the data are consistent with a homogeneous
effect. In other words, the within-cluster differences in estimates
are consistent with the role of chance, but the between-cluster
estimates are not.

In attempting to explain these disparate findings, it is useful
to first consider how well these various studies emulate an ideal
randomized clinical trial, sometimes termed the “target trial”
(25, 30). Several recent observational studies have exemplified
how to emulate a target trial effectively (30-32). In our case,
a rough sketch of the underlying target trial would be (a) a
randomized controlled trial with a placebo arm and multiple
active treatment arms (one for each antidepressant of interest),
(b) enrolling individuals without COVID-19 from a given
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source population, who (c) would be followed until they
developed a positive test for SARS-CoV-2, and then (d) would
be treated using a uniform standard treatment algorithm that
would exclude any non-study psychotropic medications. Those
developing illness severe enough to warrant hospital-level care
would then enter a second phase of the study, wherein the
time of onset of clinical outcomes of interest (e.g., ventilatory
assistance; death; remission of illness) would be recorded and
then used to estimate measures of relative effect between
treatment groups (e.g., hazard ratio, risk ratio).

Clearly, the available retrospective cohort studies fall well
short of the rigor required for this target trial. Potential threats
to the internal validity of the studies (i.e., factors that might
bias within-study estimates of treatment effects) would include
selection bias, bias due to measurement error, and unmeasured
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confounding. Additionally, even assuming perfect internal
validity, a study might still lack external validity with respect to
other source populations of interest, including those underlying
the other observational studies. Finally, for all within-study and
between-study comparisons, the effects of sampling variability
(and more generally, the role of chance) must be considered.

All of the available studies are potentially vulnerable to
selection bias (i.e., the study participants were not representative
of individuals with severe COVID-19 in the underlying source
population) and measurement error (e.g., inaccurate or missing
data in the medical records reviewed, especially with regard to
antidepressant use). We have little ability to estimate the degree
of selection bias in the studies, nor what direction that bias might
take. It is also difficult to assess the effect of measurement error,
but this would be likely non-differential, thus tending to bias
results toward the null.

All of the studies attempted to control for confounding
by adjusting for demographic features (e.g., age and sex),
and all but one (Rauchman et al.) adjusted for co-occurring
medical conditions. Although the studies differed somewhat
in their chosen set of co-occurring conditions and how these
conditions were assessed, it is not clear that any of these
choices was appreciably superior or inferior to the others
in terms of controlling for confounding. Also important in
pharmacoepidemiology studies is the threat of “confounding
by indication,” where the indication for selecting a treatment
also has an effect on the outcome (25, 33). In response to this
issue, all of the studies except for Rauchman et al. controlled
for indications for treatment (e.g., mood disorder). Moreover, in
our study, the results of controlling for co-occurring conditions,
including potential indications for antidepressant treatment, did
not have any appreciable effect on the estimates. Thus, there is
little reason to suspect that residual confounding by indication
accounts for more than a small portion of the differences
between the studies. Finally, although the statistical methods to
control for confounding differed somewhat—including inverse-
probability weighting (Hoertel et al. and our study), propensity
scores (Oskotsky et al.), and inclusion of covariates into
regression models (Rauchman et al. and Diez-Quevedo et al.)—
all of these methods represent commonly used and valid choices,
and thus would likely account for only a negligible portion of the
differences in estimates between studies (25).

Looking next at between-study differences not attributable
to bias, we first consider geographic and temporal differences.
The five studies were done in France, Spain, and three settings
in the United States, with the European studies yielding
substantially higher estimates of treatment effect—conceivably
reflecting differences in the characteristics of individuals
prescribed antidepressants or differences in treatments
administered for severe COVID-19.

The studies also differed in the time period examined,
with the study of Hoertel et al. uniquely focusing only on the
earliest weeks of the pandemic, whereas the other studies used
later-occurring and longer time periods of collection. Thus,
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secular variations in the prevalence of SARS-CoV-2 variants,
together with treatment advances as the pandemic progressed,
might contribute to between-study differences. Notably, the
mortality rate among the non-antidepressant groups in the
Hoertel et al. study was 34%, whereas in the other, later studies
it ranged from 16 to 23%.

Looking next at exposure to specific antidepressants,
the distribution and dosage of antidepressants differed only
modestly among the three studies reporting these data (Hoertel
et al., Oskotsky et al. and our study), with the great majority
of participants prescribed antidepressants in the recommended
range for treatment of major depressive disorder. The study by
Diez-Quevedo et al. provides the least amount of information
on exposure and is difficult to interpret because nearly one
third of participants were not receiving antidepressants at the
time of hospitalization, but had received antidepressants only
at some time in the previous year. Nevertheless, somewhat
surprisingly, the study reported the greatest protective effect
of antidepressants against death among the five studies. On
balance, with the possible exception of the Diez-Quevedo et al.
study, differences in distribution and dosage of antidepressants
seem unlikely to have contributed substantially to the between-
group differences in estimates of effects.

Looking at differences between the studies in demographic
and clinical characteristics of participants, it seems unlikely that
these differences would have had a major effect. The one possible
exception is the Oskotsky et al. study, where the mean age of
patients was 64 years—substantially lower than the three other
studies reporting this information (mean 74 years for Hoertel
et al; median >71 years for Rauchman et al; and median 74
years for ours). This lower age, coupled with the fact that 26%
of the first encounters for COVID-19 were not at a hospital
admission, but rather at a lower level of care, suggests that
patients may have had a better prognosis and less severe illness
than those in the other studies.

Finally, we consider the role of chance, with a focus on
control for the effects of multiple comparisons. For the main
comparisons between individuals prescribed vs. not prescribed
any antidepressant (which was the primary comparison for all
studies except Diez-Quevedo et al.), control for multiplicity
would not seem to be required for valid interpretation. Here, the
chance of falsely rejecting the null hypothesis is much <5% for
Hoertel et al. and Diez-Quevedo et al., slightly <5% for Oskotsky
et al,, and much higher than 5% for Rauchman et al. and for
our study.

Looking next at the “subgroup” analyses assessing the effect
of individual antidepressants, Hoertel et al. report findings from
ten individual antidepressants (examining only the primary
analysis of the primary outcome), and obtain P-values of
<0.05 for five of them. However, since this analysis involves
ten individual comparisons, these P-values, uncorrected for
multiple comparisons, would not meet the threshold for control
of either the experiment-wise type I error rate or the false
discovery rate at <5% using any of three standard statistical
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procedures (see Supplementary material). Oskotsky et al. report
that their analytic plan called for subgroup comparisons of
fluoxetine and fluvoxamine. But since only two individuals
in their sample were prescribed fluvoxamine, they could not
perform a comparison separately for this medication. The P-
value for the fluoxetine-alone comparison was 0.03. Strictly
speaking, however, this comparison should be considered as
a part of a set of four study comparisons (Table 3 of their
paper), and thus the experiment-wise type I error rate and false
discovery rate would be >5% for the fluoxetine comparison.
Thus, after correcting for the error rate inflation due to multiple
comparisons, neither study provides convincing evidence that
any individual antidepressant is protective against COVID-19
beyond a difference consistent with chance. These results are
consistent with our own subgroup analyses, which yielded no
evidence for differential effects by individual antidepressant,
type of antidepressant (SSRI vs. SNRI vs. mirtazapine), or sigma-
1 receptor agonism (high vs. low). We also found little change in
our results when restricted to the time period before vaccines for
COVID-19 were available.

In summary, although initial controlled trials of the
serotonergic antidepressant fluvoxamine showed promise for
treatment of mild to moderate COVID-19 in the outpatient
setting, more recent data have produced more disappointing
results, as noted above and as reviewed comprehensively
by Hashimoto et al. (5). Turning to the inpatient setting,
the five existing retrospective cohort studies of serotonergic
antidepressant medications in inpatients with COVID-19
permit only very limited conclusions. The data remain
insufficient to conclude that any individual antidepressant
exhibits a statistically significant protective effect, and the
studies’ findings on the effect of serotonergic antidepressants
as a whole range from a strongly protective effect to no
effect. Although there are numerous threats to study validity
that might account for this wide range of findings, we
could not identify any principal factor or set of factors
that could clearly account for the differences. Further
observational studies, crafted to approach more closely
the ideal “target trial” described above, may help to resolve
these questions.
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