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Introduction
Since the emergence of coronavirus disease 2019 (COVID-19) at 
the end of 2019 and the declaration of the COVID-19 pandemic by 
the World Health Organization, more than 510 million infection, 
cases and 6.2 million fatalities have been reported confirmed as of 
May 2022 [1]. There are various subtypes of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2). Variations in SARS-
CoV-2 may be associated with an increase in cases and differences 
in clinical manifestations and vaccine efficacy [2]. Although approx-
imately 9.7 billion vaccine doses have been administered, the dis-

ease remains a tremendous challenge. In addition to the vaccines, 
there are several ongoing trials for COVID-19 treatment, and po-
tential candidates have been studied.

Various clinical manifestations of COVID-19 are reportedly caused 
by interactions between SARS-CoV-2 and the human immune sys-
tem. Immune responses play essential roles in both SARS-CoV-2 
clearance and disease progression. Liu et al. showed that high neu-
trophil proportions and neutrophil-to-lymphocyte ratios result in a 
poor prognosis of COVID-19 [3], and another study revealed that 
CD8 + T cell counts are decreased in COVID-19 patients [4].
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Introduction  Various subtypes of severe acute respiratory 
syndrome coronavirus 2 and variations among immune sys-
tems in different ethnicities need to be considered to under-
stand the outcomes of coronavirus disease 2019 (COVID-19). 
This study aimed to provide evidence for the association be-
tween the use of antidepressants and the severity of COVID-19.
Methods  We used the National Health Information Data-
COVID database. Patients with one or more prescriptions of any 
antidepressant were selected as the exposure group. Detailed 
analyses were performed to determine the type of medication 
associated with the prognosis.
Results  The use of selective serotonin reuptake inhibitors 
(SSRIs) was associated with a lower risk of severe outcomes of 
COVID-19, whereas the use of tricyclic antidepressants (TCAs) 
increased the risk of poor prognosis of COVID-19. Detailed 
analyses showed that escitalopram was significantly associated 
with better clinical outcomes, and nortriptyline was linked to 
more severe COVID-19 outcomes.
Conclusion  This study revealed an association between an-
tidepressants and COVID-19 prognosis. SSRIs were significant-
ly associated with a lower risk of severe outcomes, whereas 
TCAs were related to the poor prognosis of COVID-19.
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Neurotransmitters and neurochemicals can stimulate immune 
cell receptors, and several studies have shown associations be-
tween neurotransmitters and the immune response. For instance, 
the level of serotonin is reduced in inflammatory bowel disease pa-
tients [5], whereas elevated plasma glutamate levels are related to 
immune-mediated diseases, such as human immunodeficiency vi-
rus-associated dementia and some malignancies [6]. In this con-
text, medications that affect neurotransmitter levels could be po-
tential candidates for immune-related disease therapy.

Antidepressants are widely used not only for depression but also 
in medical conditions such as post-traumatic stress disorder, panic 
disorder, and obsessive-compulsive disorder. Their usage is also ex-
tended to off-label indications, including chronic pain and insom-
nia [7]. Although the mechanisms of action of different classes of 
antidepressants may vary, changes in neurotransmitter levels are 
a common result.

Since antidepressants can potentially treat immune-related dis-
eases, several studies have focused on their function as anti-inflam-
matory mediators. A meta-analysis showed that antidepressants 
decrease the levels of inflammatory mediators, including interleu-
kin (IL)-6 and IL-10 [8]. Several studies revealed that fluvoxamine 
decreases clinical deterioration in COVID-19 patients [9–11]. Stud-
ies have also shown that fluoxetine decreases severe symptoms of 
SARS-CoV-2 [12, 13] and even proposed this medication as an ad-
juvant therapeutic agent for COVID-19 [14]. An observational ret-
rospective study in France proposed an association between anti-
depressants and COVID-19 severity [15]. Considering the non-neg-
ligible variations among the immune systems of different ethnicities 
[16] and the diversity of coronavirus subtypes across continents, 
this study aimed to provide evidence of the association between 
the use of antidepressants and the severity of COVID-19 in Asian 
patients.

Methods

Study design, data source, and ethical approval
We conducted a retrospective cohort study using a nationwide 
population cohort to investigate the relationship between antide-
pressant use prior to COVID-19 diagnosis and outcome severity. 
Four classes of antidepressants were included – selective serotonin 
reuptake inhibitors (SSRIs), tricyclic antidepressants (TCAs), sero-
tonin-norepinephrine reuptake inhibitors (SNRIs), and others. An-
tidepressants included in this analysis were as follows: SSRIs: fluox-
etine, citalopram, escitalopram, fluvoxamine, paroxetine, sertra-
line, vortioxetine; SNRIs: venlafaxine, duloxetine, desvenlafaxine, 
milnacipran; TCAs: amitriptyline, clomipramine, doxepin, imipra-
mine, nortriptyline, amoxapine; others: trazodone, bupropion, mir-
tazapine, and tianeptine. We used the National Health Information 
Database (NHID)–COVID-19 provided by the National Health Insur-
ance Sharing Service (NHISS) in cooperation with Korea Centers for 
Disease Control and Prevention. NHID-COVID provided informa-
tion on patients diagnosed with COVID-19 between 1 January 2020 
and 4 June 2020. Due to the Korean single-payer national health 
system, records of inpatient and outpatient visits covered by the 
system are kept in the NHIS database and include diagnostic codes, 

procedures, prescriptions, and demographic information. Codes 
for diagnosis, procedures and prescriptions are encrypted accord-
ing to the International Classification of Diseases, 10th Revision 
(ICD-10), national procedure-coding system, and Anatomical Ther-
apeutic Chemical classification. All codes used in this study are pro-
vided in Supplementary material Table 1. COVID-19 diagnosis con-
firmation date, treatment results, and the number of days in inpa-
tient care were also given. The study protocol was approved by the 
Institutional Review Board of Chungbuk National University (CB-
NU-202007-HR-0122).

Selection of exposure and non-exposure groups
The confirmation date of COVID-19 diagnosis was set as the cohort 
entry date, and 180 days before the entry date was set as the ex-
posure period. Patients with one or more prescriptions of any 
antidepressant(s) were selected as the exposure group. We ascer-
tained exposure to antidepressants according to an intention-to-
treat approach. Patients without antidepressant prescription were 
defined as the non-exposure group. To eliminate the effect of an-
tidepressants after the COVID-19 diagnosis, we excluded patients 
if the antidepressant was started after cohort entry. Subjects with 
missing data were not included. After defining each group, we cal-
culated the logit of the propensity score with logistic regression 
using covariates to clarify the effect of covariates on the patients. 
We used age, sex, and the logit of the propensity score to perform 
one-to-one matching of the exposure and non-exposure groups. 
The caliper used for the propensity score was 0.2. The detailed pro-
cedure for selecting the exposure and non-exposure groups is de-
scribed in ▶Fig. 1.

Severe outcomes
Severe outcomes defined in this study were composites of in-hos-
pital death, intensive care unit admission, mechanical ventilation 
use, extracorporeal circulation, or cardiopulmonary resuscitation, 
which are defined by the national procedure-coding system. Fol-
low-up started from the cohort entry date, and the end date was 
defined as each patient’s first outcome to minimize any time-relat-
ed biases, including immortal time bias [17]. Follow-up duration 
was calculated as the number of days between the cohort entry 
and the end dates.

Potential confounders in multivariable analysis
We assessed age and sex as the demographic factors known to af-
fect COVID-19 severity. Age was stratified into 10-year bands. Co-
morbidities that could be associated with COVID-19 severity (dia-
betes mellitus types 1 and 2, hypertension, congestive heart fail-
ure, cerebrovascular disease, myocardial infarction, chronic 
obstructive pulmonary disease (COPD), asthma, renal disease, liver 
disease, cancer) were also included as confounders. In addition, 
disease states related to the indication of antidepressants (schizo-
phrenia, mood disorder, anxiety) were included [7]. Patients diag-
nosed at least twice before the end date was defined as having co-
morbidities.
Detailed ICD-10 diagnostic codes were described in Supplemen-
tary material Table 2.
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Detailed analysis
We divided the exposure group into four sub-groups according to 
antidepressants (SSRI, SNRI, TCA, and others). In patients with mul-
tiple drug changes, the last prescription before cohort entry was 
selected. Subsequently, drug classes that showed statistically sig-
nificant effects on the severity of COVID-19 were analyzed to de-
termine the type of medication associated with the prognosis.

Sensitivity test
Since not much is known about the interval between antidepres-
sant use and the decrease in inflammatory factors, we conducted 
a sensitivity test with various exposure periods: 30 days, 90 days, 
and 365 days before cohort entry.

Statistical analysis
Baseline characteristics were summarized for the exposure and 
non-exposure groups. Results were presented as numbers and per-
centages for categorical variables, and differences between groups 
were estimated according to chi-square tests. After matching for 
age, sex, and logit of the propensity score, the balance between 
the two groups was assessed by calculating the absolute standard-
ized difference (aSD), and aSD of variables with 0.1 or more were 
considered significant imbalance. We checked the proportional 
hazard assumption by generating a Kaplan–Meier survival plot be-
fore conducting Cox proportional hazard regression analysis. The 
latter was conducted for each covariate to calculate the crude haz-
ard ratio (cHR). Covariates showing statistically significant hazard 
ratios were entered into the multivariate model to estimate adjust-
ed hazard ratios (aHRs). For the plotted Kaplan-Meier plots, we con-
ducted log-rank tests to determine significant differences between 
groups. All statistical analyses were done using the SAS Enterprise 
Guide version 9.4 (SAS Institute Inc., Cary, NC, USA), and a 2-tailed 
confidence interval of 0.05 was considered to indicate statistical 
significance.

Results
Of 8,058 COVID-19 patients, 1,284 patients were included in our 
study. Among them, 684 patients were prescribed one or more an-
tidepressants within the exposure period. After 1:1 propensity 
score matching, the exposure and non-exposure groups were se-
lected (each n = 642; ▶Table 1). The highest number of patients 
were in their 50 s (n = 143, 22.27 %), and there were no patients 
under 9 years of age. Mood disorder and anxiety showed statisti-
cally significant differences between the exposure and non-expo-
sure groups (p < 0.001 and p = 0.017, respectively).

The risk of severe events of COVID-19 is presented in ▶Table 2. 
There were 243 events with severe outcomes and 50 deaths. The 
severe outcomes of COVID-19 were more pronounced in patients 
over 50 than in those in their 20 s, with aHR values increasing with 
age (aHR 3.25, 7.05, 9.68, and 18.93 for the age groups of 50 s, 
60 s, 70 s, and ≥ 80 s, respectively). Female patients had a 35 % lower 
risk than male patients (p < 0.001), and renal diseases or cancers 
were associated with a higher risk of poor prognosis by 57 % 
(p = 0.048) and 38 % (p = 0.046) respectively.

Further analysis was performed to investigate the influence of 
a specific class of antidepressants compared to non-users on se-
vere outcomes of COVID-19. The use of SSRIs resulted in an approx-
imately 34 % decrease in severe outcomes of COVID-19 (aHR: 0.66, 
CI: 0.46–0.96, p = 0.030). TCA users were 48 % more prone to se-
vere COVID-19 outcomes (aHR: 1.48, CI: 1.08–2.02, p = 0.014). The 
use of SNRIs and other antidepressants did not show statistically 
significant associations with COVID-19 severity (▶Table 3). The p-
value of the log-rank test was less than 0.001, meaning that the 
three plots are significantly different. We generated Kaplan-Meier 
survival plots for each significant drug class and non-users to ob-
serve the effect over time (▶Fig. 2). We further examined the link 
between each antidepressant and COVID-19 severity. Among SSRIs, 
escitalopram decreased the risk of COVID-19 severity by 38 % (aHR: 
0.62, CI: 0.40–0.97, p = 0.035), while other SSRIs did not show sta-
tistical significance. Among TCAs, nortriptyline increased the prob-
ability of poor prognosis of COVID-19 by 62 % (aHR: 1.62, CI: 1.00–
2.61, p = 0.049) (▶Table 4).

Findings from sensitivity analyses were largely consistent: the 
use of SSRIs decreased the risk, whereas the use of TCAs increased 
the risk of COVID-19 severity. This was observed in Kaplan–Meier 
plots for each sensitivity test (30, 60, 180, and 365 days). In a log-
rank test used to evaluate differences between groups, the p-val-
ues for each duration were < 0.001, 0.003, 0.012, and 0.015, re-
spectively.

Discussion
The main finding of this study is that SSRI use is associated with a 
34 % decrease in the risk of poor prognosis of COVID-19 (CI: 0.46–
0.96, p = 0.030), whereas TCA use increased the risk of severe out-
comes of COVID-19 by 48 % (CI: 1.08–2.02, p = 0.014). Among 
SSRIs, escitalopram was significantly associated with a 38 % reduc-
tion in severe outcomes of COVID-19 (CI: 0.40–0.97, 0.035). 
Among TCAs, nortriptyline was significantly associated with a 62 % 
higher risk of severity of the disease (CI: 1.00–2.61, 0.049).
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▶Fig. 1 A flowchart showing patient selection for this study.

Patients with confirmed
diagnosis of COVID-19

n = 8,058

Patients eligible
for the study

n = 7,801

Patients prescribed with
one or more antidepressants in

period defining exposure
n = 684

Patients with no antidepressant
prescription in

period defining exposure
n = 7,117

Exclude patients starting
antidepressant after
COVID-19 diagnosis

n = 257

Non-exposure
n = 642

1:1 Propensity score
matching

Exposure
n = 642

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Min KH et al. COVID-19 Prognosis in Association … Pharmacopsychiatry 2022; 55: 220–227 | © 2022. Thieme. All rights reserved. 223

▶Table 1 Baseline characteristics of COVID-19 patients in this study.

Exposure (n = 642) ( %) Non-exposure (n = 642) ( %) aSD

Age (years)  < 0.01
0–9

10–19 1 (0.16 %) 1 (0.16 %)

20–29 69 (10.75 %) 69 (10.75 %)

30–39 42 (6.54 %) 42 (6.54 %)

40–49 71 (11.06 %) 71 (11.06 %)

50–59 143 (22.27 %) 143 (22.27 %)

60–69 127 (19.78 %) 127 (19.78 %)

70–79 91 (14.18 %) 91 (14.18 %)

80 + 98 (15.26 %) 98 (15.26 %)

Sex  < 0.01

Male 252 (39.25 %) 252 (39.25 %)

Female 390 (60.75 %) 390 (60.75 %)

Schizophrenia 0.03

Yes 78 (12.15 %) 68 (10.59 %)

No 564 (87.85 %) 574 (89.41 %)

Mood disorder 0.01

Yes 452 (70.40 %) 355 (55.30 %)

No 190 (29.60 %) 287 (44.70 %)

Anxiety 0.02

Yes 391 (60.90 %) 349 (54.36 %)

No 251 (39.10 %) 293 (45.64 %)

Diabetes mellitus 0.02

Yes 259 (40.34 %) 245 (38.16 %)

No 383 (59.66 %) 397 (61.84 %)

Hypertension  < 0.01

Yes 305 (47.51 %) 299 (46.57 %

No 337 (52.49 %) 343 (53.43 %)

Congestive heart failure 0.06

Yes 82 (12.77 %) 67 (10.44 %)

No 560 (87.23 %) 575 (89.56 %)

Cerebrovascular disease 0.01

Yes 162 (25.23 %) 158 (24.61 %)

No 480 (74.77 %) 484 (75.39 %)

Myocardial infarction 0.04

Yes 23 (3.58 %) 18 (2.80 %)

No 619 (96.42 %) 624 (97.20 %)

Asthma 0.02

Yes 154 (23.99 %) 162 (25.23 %)

No 488 (76.01 %) 480 (74.77 %)

COPD 0.02

Yes 28 (4.36 %) 30 (4.67 %)

No 614 (95.64 %) 612 (95.33 %)

Renal disease 0.03

Yes 21 (3.27 %) 17 (2.65 %)

No 621 (96.73 %) 625 (97.35 %)

Liver disease 0.01

Yes 336 (52.34 %) 333 (51.87 %)

No 306 (47.66 %) 309 (48.13 %)

Cancer 0.05

Yes 60 (9.35 %) 69 (10.75 %)

No 582 (90.65 %) 573 (89.25 %)

Abbreviation: chronic obstructive pulmonary disease (COPD), absolute standardized mean difference (aSD). Absolute standardized mean differences were 
given to show balance of variables between exposure and non-exposure group at the baseline. aSD < 0.1 were considered well balanced.
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This study revealed that older age and sex (male) were associ-
ated with a poor prognosis of COVID-19. Older age is known as a 
risk factor for COVID-19 mortality: patients older than 75 have an 
approximately 13-fold higher mortality risk than those younger 
than 65 years [18]. Although the exact mechanism is unclear, aging 
was attributed to alterations in immune function and excessive pro-
duction of inflammatory factors; thus, aging may increase pro-in-
flammatory responses [19]. The higher susceptibility of males to 
SARS-CoV2 is related to higher angiotensin I converting enzyme 2 
(ACE2) levels in males than in females [20]. Consistent with the re-
sults from another study on patients with COVID-19 [21], our study 
showed that patients with renal disease or cancer had worse out-

comes than those without such comorbidities. Since ACE2 acts as 
the main receptor for SARS-CoV2 and functions in various organs, 
including the kidney, multi-organ complications can be observed.

Neurotransmitters are known to influence innate and adaptive 
immune responses. Antidepressants are used to treat several con-
ditions, including depression, generalized anxiety disorder, and 
neuropathic pain, by increasing the levels of neurotransmitters 
such as serotonin or norepinephrine. SSRIs inhibit 5-hydroxy-
tryptamine (HT) reuptake and thus increase serotonin levels [22]. 
Another antidepressant group, TCA, works by inhibiting the reup-
take of serotonin and norepinephrine and blocking the action of 
acetylcholine [23]. Glutamate identifies receptors such as metabo-

▶Table 2 Risk factors affecting severe outcomes of the COVID-19 infection.

Unadjusted Hr (95 % cI) P-value Adjusted Hr (95 % cI) P-value

Age (years)

20–29 Ref Ref

30–39 0.40 (0.05–3.60) 0.415 0.38 (0.04–3.40) 0.7

40–49 2.15 (0.66–6.99) 0.202 2.00 (0.61–6.51) 0.252

50–59 3.86 (1.36–10.94) 0.011 3.25 (1.13–9.35) 0.029

60–69 9.59 (3.49–26.33)  < .001 7.045 (2.50–19.82)  < .001

70–79 14.13 (5.15–38.78)  < .001 9.68 (3.40–27.54)  < .001

80 + 27.04 (9.98–73.26)  < .001 18.93 (6.70–53.52)  < .001

Sex

Male Ref Ref

Female 0.72 (0.57–0.91) 0.005 0.65 (0.51–0.83)  < .001

Non-exposure Ref Ref

Exposure 1.08 (0.86–1.36) 0.513 1.04 (0.82–1.31) 0.771

Schizophrenia 0.98 (0.68–1.40) 0.897

Mood disorder 1.46 (1.13–1.88) 0.003 1.19 (0.91–1.54) 0.207

Anxiety 1.24 (0.98–1.58) 0.071

Diabetes mellitus 2.25 (1.79–2.84)  < .001 1.12 (0.87–1.45) 0.384

Hypertension 3.49 (2.69–4.52)  < .001 1.13 (0.83–1.53) 0.438

Congestive heart failure 2.98 (2.29–3.87)  < .001 1.29 (0.95–1.73) 0.100

Cerebrovascular disease 2.56 (2.03–3.22)  < .001 1.17 (0.91–1.50) 0.236

Myocardial infarction 2.80 (1.80–4.37)  < .001 1.17 (0.73–1.88) 0.507

Asthma 1.26 (0.98–1.62) 0.077

COPD 2.62 (1.80–3.83)  < .001 0.92 (0.61–1.39) 0.685

Renal disease 3.07 (2.01–4.71)  < .001 1.57 (1.00–2.47) 0.048

Liver disease 1.52 (1.20–1.93)  < .001 0.94 (0.73–1.21) 0.614

Cancer 1.96 (1.44–2.66)  < .001 1.38 (1.01–1.89) 0.046

Abbreviation: chronic obstructive pulmonary disease (COPD); Cox regression hazard model was used to calculate crude and adjusted hazard ratios. 
Adjustments were made using variables showing statistical significance in the univariate analysis.

▶Table 3 Effects on severe outcome of COVID-19 by drug types of the antidepressants.

Unadjusted Hr (95 % cI) P-value Adjusted Hr (95 % cI) P-value

SSRI 0.72 (0.50–1.02) 0.067 0.66 (0.46–0.96) 0.030

TCA 1.58 (1.16–2.14) 0.004 1.48 (1.08–2.02) 0.014

SNRI 0.93 (0.50–1.72) 0.819 0.82 (0.44–1.53) 0.540

Other 1.16 (0.83–1.62) 0.385 1.14 (0.81–1.60) 0.453

Abbreviation: selective serotonin reuptake inhibitor (SSRI), tricyclic antidepressant (TCA), serotonin-norepinephrine reuptake inhibitor (SNRI); Cox 
regression hazard model was used to calculate crude and adjusted hazard ratios (HR). Adjustments were made using variables showing statistical 
significance in the univariate analysis.
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tropic glutamate receptor-1 and N-methyl-D-aspartate receptor 
on lymphocytes and targets dendritic cells and T lymphocytes [24]. 
Dopamine interacts with dopamine D2, D3, and D4 receptors and 
targets macrophages, natural killer cells, and B lymphocytes [25].

In this context, the alteration of neurotransmitter levels might 
affect COVID-19 pathophysiology. Moreover, ACE2 is associated 
with serotonin. A study postulated that ACE2 is significantly linked 
to dopa decarboxylase (DDC) [26]. DDC plays an essential role in 

dopamine and serotonin synthesis. Since ACE2 is coregulated with 
DDC, downregulation of ACE2 expression due to SARS-CoV2 may 
affect pathways relevant to dopamine and serotonin synthesis. Ac-
cordingly, Klempin et al. [27] revealed that ACE2-knockout mice 
have extremely low serotonin levels.

In this study, patients on SSRIs showed a better prognosis than 
those not taking the medication. A previous study also revealed 
that SSRIs are related to a less severe prognosis of COVID-19 [15], 

▶Table 4 Risk of each medication in SSRI and TCA groups.

Unadjusted Hr (95 % cI) P-value Adjusted Hr (95 % cI) P-value

Non-User Ref Ref

SSRI

Fluoxetine 0.79 (0.32–1.92) 0.595 1.17 (0.47–2.90) 0.738

Citalopram – – – –

Escitalopram 0.78 (0.51–1.18) 0.237 0.62 (0.40–0.97) 0.035

Fluvoxamine 1.03 (0.14–7.33) 0.980 1.03 (0.14–7.47) 0.976

Paroxetine 0.37 (0.09–1.49) 0.160 0.62 (0.15–2.51) 0.500

Sertraline 0.66 (0.24–1.78) 0.406 0.60 (0.22–1.65) 0.321

Vortioxetine 0.66 (0.09–4.73) 0.680 0.57 (0.08–4.16) 0.576

TCA

Amitriptyline 1.52 (1.04–2.23) 0.033 1.41 (0.96–2.09) 0.082

Doxepin 1.44 (0.46–4.51) 0.974 2.05 (0.64–6.49) 0.225

Imipramine 1.29 (0.41–4.04) 0.664 1.08 (0.34–3.46) 0.893

Nortriptyline 1.76 (1.10–2.82) 0.018 1.62 (1.00–2.61) 0.049

Abbreviation: selective serotonin reuptake inhibitor (SSRI), tricyclic antidepressant (TCA); Cox regression hazard model was used to calculate crude 
and adjusted hazard ratios (HR). Adjustments were made using variables showing statistical significance in the univariate analysis. HR of citalopram 
was not calculated due to the small number of patients.

▶Fig. 2 The Kaplan-Meier plots of drug classes having a significant effect on the severe outcome of the COVID-19 compared to the non-users.
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while another proposed that SSRIs reduce the risk of coronary heart 
disease by ameliorating inflammation [28]. The role of serotonin 
in the immune system may help explain the association between 
SSRIs and COVID-19 severity; serotonin is recognized by receptors 
such as 5-HT1, 5-HT2, 5-HT3, and 5-HT7 on lymphocytes and tar-
geted immune cells, including macrophage, dendritic cells, eosin-
ophils, and T lymphocytes [29]. As stimulation of serotonin recep-
tors results in the suppression of inflammatory responses, SSRIs 
might lead to anti-inflammatory effects [30, 31].

Consistent with a previous study [15], our results showed that 
SSRIs, especially escitalopram, were significantly associated with a 
reduced risk of intubation or death. It can be speculated that esci-
talopram has higher efficacy given its higher degree of selectivity 
to the receptors [32]. Hence, higher stimulation of receptors by 
escitalopram may lead to more anti-inflammatory outcomes than 
other SSRIs, including citalopram similar to escitalopram. On the 
other hand, we found that TCAs, especially nortriptyline, are linked 
to poor outcomes of COVID-19. The influence of ethnicity on anti-
depressant treatment is important; in comparison with Caucasians, 
patients with African ancestry show a lower response to antide-
pressant therapy [33]. In contrast, another study concluded that 
Asians show greater therapeutic responses than Caucasians and 
are significantly more likely to experience anticholinergic side ef-
fects [34]. Considering ethnicity-based differences in viral variants 
and responses to antidepressants, our study provides invaluable 
information demonstrating the association between antidepres-
sants and COVID-19 prognosis in Asian patients and lays the basis 
for further research on the specific mechanisms and pathways that 
underlie the current results. Moreover, since this outcome cannot 
be mechanically explained, these findings need to be confirmed or 
reproduced in other studies.

TCAs are associated with an increased incidence of adverse cor-
onary artery disease outcomes, and inflammatory factors are rel-
evant to this association [28]. TCAs are related to acetylcholine, 
which identifies muscarinic and nicotinic receptors on lymphocytes 
and targeted macrophages, dendritic cells, and T lymphocytes [35]. 
Acetylcholine acts through the cholinergic anti-inflammatory path-
way and directly affects pro-inflammatory cytokine production 
[36]. As TCAs block the action of acetylcholine, they might ulti-
mately hinder anti-inflammatory effects, thus resulting in severe 
symptoms of COVID-19.

One of the limitations of our study is that laboratory test results, 
which may be associated with severity risk, were not available. Also, 
we could not adjust for possible social factors, including smoking 
and socioeconomic status. Data used in this study were based on 
diagnostic codes and prescription codes; hence, the accuracy of di-
agnoses and medication adherence could not be thoroughly veri-
fied. To minimize the influence of these limitations, we defined the 
selection of exposure and non-exposure groups based on one or 
more prescriptions of any antidepressant in a 180-day time win-
dow before the index date. We also performed sensitivity analyses 
and confirmed the results; hence, information bias may be low. 
Moreover, this study only included antidepressive medications; 
other concomitant medications, including somatic drugs such as 
hypertensive agents, were not included in the analysis. Further re-
search is needed to investigate the effects of other medications. 

Nevertheless, to our knowledge, this is the first study to investigate 
the effects of antidepressants on COVID-19 prognosis in Asian pa-
tients. Therefore, these findings underline the need to further study 
the possible effects of antidepressant medication on the course of 
COVID-19 to increase the probability of an optimal outcome.
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