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Abstract 
The World Health Organization has proposed that a search be made for alternatives to vac- 
cines for the prevention and treatment of COVID-19, with one such alternative being selective 
serotonin reuptake inhibitors (SSRIs). This study thus sought to assess: the impact of previous 
treatment with SSRI antidepressants on the severity of COVID-19 (risk of hospitalisation, admis- 
sion to an intensive care unit [ICU], and mortality), its influence on susceptibility to SARS-CoV-2 
and progression to severe COVID-19. We conducted a population-based multiple case-control 
study in a region in the north-west of Spain. Data were sourced from electronic health records. 
Adjusted odds ratios (aORs) and 95%CIs were calculated using multilevel logistic regression. 
We collected data from a total of 86,602 subjects: 3060 cases PCR + , 26,757 non-hospitalised 
cases PCR + and 56,785 controls (without PCR + ). Citalopram displayed a statistically significant 

∗Corresponding author at: Department of Public Health, Praza do Seminario de Estudos Galegos, s/n University of Santiago de Compostela. 
15705, Santiago de Compostela, A Coruña, Spain. 

E-mail address: maruxa.zapata@usc.es (M. Zapata-Cachafeiro). 

https://doi.org/10.1016/j.euroneuro.2023.03.011 
0924-977X/ © 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
( http://creativecommons.org/licenses/by/4.0/ ) 

https://doi.org/10.1016/j.euroneuro.2023.03.011
http://www.elsevier.com/locate/euroneuro
http://crossmark.crossref.org/dialog/?doi=10.1016/j.euroneuro.2023.03.011&domain=pdf
mailto:maruxa.zapata@usc.es
https://doi.org/10.1016/j.euroneuro.2023.03.011
http://creativecommons.org/licenses/by/4.0/


European Neuropsychopharmacology 71 (2023) 96–108 

decrease in the risk of hospitalisation (aOR = 0.70; 95% CI 0.49–0.99, p = 0.049) and progression 
to severe COVID-19 (aOR = 0.64; 95% CI 0.43–0.96, p = 0.032). Paroxetine was associated with a 
statistically significant decrease in risk of mortality (aOR = 0.34; 95% CI 0.12 – 0.94, p = 0.039). 
No class effect was observed for SSRIs overall, nor was any other effect found for the remaining 
SSRIs. The results of this large-scale, real-world data study indicate that, citalopram, could be 
a candidate drug for being repurposed as preventive treatment aimed at reducing COVID-19 
patients’ risk of progressing to severe stages of the disease. 
© 2023 The Author(s). Published by Elsevier B.V. 
This is an open access article under the CC BY license 
( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

espite the fact that vaccines have greatly advanced the 
ght against SARS-CoV-2, it is not envisaged that vac- 
ination alone will succeed in eradicating the pandemic 
 Callaway, 2021 ; Callaway and Ledford, 2021 ; Fred et al., 
021 ). Vaccine hesitancy ( Marcec et al., 2021 ; Wang and 
iu, 2021 ), low vaccination rates in countries with fewer 
esources ( Saha et al., 2021 ), the waning of protection with 
ime ( Israel et al., 2021 ; Shrotri et al., 2021 ), and the ap-
earance of new variants ( Planas et al., 2021 ; del Rio and 
alani, 2022 ) all render it necessary to seek effective alter- 
ative treatments ( Plotkin et al., 2017 ; Smith et al., 2011 ; 
orres et al., 2020 ). The development of new drugs entails 
igh financial and time-related costs, and serves to fur- 
her widen the gap between countries in terms of access 
o COVID-19 treatment ( Alsabhan and Alshammari, 2022 ; 
alusic et al., 2022 ; Sachs et al., 2022 ). The World Health 
rganization (WHO) therefore recommends that considera- 
ion be given to the strategy of repurposing existing drugs 
 Solidarity Trial Consortium et al., 2021 ) that are widely 
vailable and have well understood safety profiles. 
A number of studies have suggested that selective sero- 

onin reuptake inhibitors (SSRIs) may have a beneficial ef- 
ect for early-stage subjects with COVID-19 ( Fritz et al., 
022 ; Hoertel et al., 2021a ; Hoertel et al., 2022a , 2022b ;
umar et al., 2020 ; Meikle et al., 2021 ; Pashaei, 2021 ; 
ajpoot et al., 2021 ; Xiao et al., 2020 ; Zimniak et al., 2021 )
hereas few others have not ( Rauchman et al., 2021 ). Flu- 
oxamine had been proposed as the principal molecule re- 
ponsible for this beneficial effect, causing a number of 
linical trials to be undertaken to evaluate its effective- 
ess ( Lenze et al., 2020 ; Reis et al., 2022 ). Initially, doubts
bout its efficacy on hospitalisation, mechanical ventila- 
ion and mortality led the WHO to advise against its use 
 World Health Organization, 2022 ), although a recent meta- 
nalysis has found that medium doses are associated with 
ower mortality and hospitalisation ( Deng et al., 2023 ). That 
aid, however, the possible effect of other molecules of this 
roup has still to be established. 
The lack of available scientific data based on real pa- 

ients highlights the importance of conducting observational 
tudies with a low risk of bias, which would allow for a 
ody of evidence to be created while minimising the risk of 
xposure to potentially harmful or ineffective treatments 
 Hoertel et al., 2021a ; Sherman et al., 2016 ). Hence, tak- 
ng advantage of the availability of a regional healthcare 
atabase in north-west Spain, which covers close on 2.7 
97 
illion beneficiaries, as well as the medications dispensed 
o them, their comorbidities, and the services provided to 
hem in primary and hospital care, we carried out a case- 
ontrol study to evaluate the association between use of 
SRIs -both overall and by active ingredient- and severity of 
OVID-19, defined as: (1) risk of hospitalisation; (2) risk of 
ntensive care unit (ICU) admissions and (3) risk of mortal- 
ty. As secondary objectives, we assessed their influence on 
4) susceptibility to the virus and (5) progression to severe 
OVID-19. 

. Material and methods 

.1. Study population and setting 

he study took place in Galicia, a region in north-west Spain with a
opulation of approximately 2.7 million, 98% of which is covered by 
he Galician Health Service (GHS). The study period comprised the 
onths of March to December 2020. 

.2. Real world data: the Galician integrated 

ealthcare database 

ata were mainly sourced from the GHS health record system. This 
atabase contains all the clinical information generated at the dif- 
erent levels of the healthcare process, including both primary and 
pecialised care (medical visits, diagnostic tests, surgical interven- 
ions, hospital admissions, etc.). Data were also collected from 

ther healthcare registers (drug prescriptions and dispensing, lab- 
ratory data, the National Health System hospital discharge reg- 
stry [Minimum Basic Data Set/ Conjunto Mínimo Básico de Datos ]). 
hese data were collected by an independent information technol- 
gy company. 

.3. Cases and controls 

e used a population-based multiple case-control design 
 Rothman et al., 2008 ). This design is characterised by using
ata from a representative sample of all cases (in this instance, 
ith exhaustive sampling) in a precisely defined and identified 
opulation (i.e., the population attended by the GHS). These 
ata are then compared to data on persons (controls) randomly 
xtracted from the same population in which the cases appear 
population-based case-controls), an approach that would provide 
 valid estimate of the prevalence of exposure and covariates 
n the population of origin ( Abajo et al., 2020 ). According to

http://creativecommons.org/licenses/by/4.0/
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Fig. 1 Population-based multiple case-control design. 
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othman, this design can be regarded as the most desirable option 
or case-control designs ( Rothman et al., 2008 ). 
A total of 5 case-control substudies were conducted, differing 

n their respective definitions of cases and controls in order to 
espond to each of the designated study objectives ( Fig. 1 and 
upplementary Table S1 ), i.e., severity (hospitalisation, ICU admis- 
ions, mortality), susceptibility to the virus, and progression to se- 
ere COVID-19. 

.3.1. Case-control 1: severity (hospitalisation) 
he effect on risk of hospitalisation was assessed by defining cases 
s all subjects over the age of 18 years with diagnosis of COVID-
9, confirmed by PCR, and admitted to a GHS hospital. To rule out
ubjects admitted due to causes other than COVID-19 infection, a 
aximum of 10 days’ difference was established between the date 
f the PCR + and that of hospital admission. Controls were randomly 
elected from the population that did not present with a PCR + , and
ere matched (up to 20 controls per case) by incidence density, 
ge, sex, primary care service of reference, and health-professional 
tatus, so as to ensure the same risk of exposure to SARS-CoV-2. 

.3.2. Case-control 2: severity (ICU) 
he cases in this substudy were all subjects over the age of 18 years
ith diagnosis of COVID-19, confirmed by PCR, who required admis- 
ion to an ICU at a GHS hospital. As controls, we included the sub-
roup of controls from the Case-control 1 substudy , who were then 
atched with cases from this substudy. 

.3.3. Case-control 3: severity (mortality) 
o assess the effect on risk of mortality in patients with COVID-19, 
ases were defined as subjects over the age of 18 years with diagno-
is of COVID-19, confirmed by PCR, who had been admitted to a GHS 
ospital and had died due to COVID-19 during their hospitalisation. 
he controls were the subgroup of controls from the Case-control 1 
ubstudy who were then matched with cases from this substudy. 

.3.4. Case-control 4: susceptibility to the virus 
ll subjects over the age of 18 years with diagnosis of COVID-19, 
onfirmed by PCR (both hospitalised and non-hospitalised) were 
98 
efined as cases in the substudy on risk of infection. As a control
roup, we used the same controls as those in the Case-control 1
ubstudy , characterised by the absence of a PCR-confirmed COVID- 
9 diagnosis. Although the controls are not matched, this does not 
ffect the validity of the study, since their absence does not pro- 
uce biases, but a decrease in the efficiency of the study ( Rose and
an der Laan, 2009; Rothman et al., 2008 ). 

.3.5. Case-control 5: progression to severe COVID-19 
o establish the effect of SSRIs on progression to severe COVID-19, 
efined as requiring hospital admission among COVID-19 patients, 
e used the same cases as those in the Case-control 1 substudy ,
haracterised by having required admission to a GHS hospital. The 
ontrols, on the other hand, were all patients with diagnosis of 
OVID-19 confirmed by PCR, who did not require hospitalisation. 
s in the susceptibility sub-study, controls were also not matched 
 Rose and van der Laan, 2009 ; Rothman et al., 2008 ). 

.4. Drug exposure 

ased on the drug prescription/dispensing database, we measured 
he use of SSRI antidepressants (code ATC N06AB) prescribed and 
ispensed during the 6 months immediately preceding the index 
ate. The index date was set as 10 days prior to the PCR + date,
o prevent the possibility of the presence of disease symptoms al- 
ering exposure to the medication. The index date was the same 
or controls as for cases, thereby ensuring that the two were 
atched. Separate analyses were performed by treatment group 
nd by active ingredient, i.e., fluoxetine (N06AB03), citalopram 

N06AB04), paroxetine (N06AB05), sertraline (N06AB06), escitalo- 
ram (N06AB10) and fluvoxamine (N06AB08). 

.5. Covariates 

he demographic variables and comorbidities (hypertension, dia- 
etes, chronic obstructive pulmonary disease/COPD, obesity, is- 
haemic heart disease, cerebrovascular accident, heart failure, 
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trial fibrillation, chronic renal failure, cancer, asthma) were 
ourced from hospital and primary care records. Based on drug 
rescription/dispensing records, we assessed exposure to classes of 
rugs (antihypertensives, diuretics, nonsteroidal anti-inflammatory 
rugs/NSAIDs, hypolipidemic agents, anticoagulants, antiaggre- 
ants and glucocorticoids) other than those specifically targeted 
y this study. Also, as a proxy for the degree of chronicity of pa-
ients, we considered the number of different drugs prescribed and 
ispensed for chronic conditions in the 6 months immediately pre- 
eding the index date ( Huber et al., 2013 ). 

.6. Statistical analysis 

isk of hospitalisation, ICU admission, mortality, susceptibility to 
he virus, and progression to severe COVID-19 were assessed us- 
ng multilevel logistic regression ( Brown and Prescott, 2006 ). These 
odels were used because of the structure of the data and because 
hey have many advantages over conditional regression ( Brown and 
rescott, 2006 ; Pinheiro and Bates, 2000 ; Stroup, 2021 )(1) they al- 
ow the analysis of matched and unmatched models; (2) they per- 
it the introduction of random terms to control for heterogeneity 
f initial clusters and time periods; (3) strata where cases match 
xposures with controls still count as events for the calculation and 
or the estimates; among others. To construct the models, the fol- 
owing four levels were considered: patient; case and control strata 
for severity sub-studies); health centre; and pandemic wave. We 
sed random-effects to assess the effect of the pandemic wave and 
ested random-effects for patients, case and control strata, and 
ealth centre. Complementary analyses were performed to assess 
he effect of dose, aetiological window and the contribution of dif- 
erent mechanisms of action (inhibition of acid sphingomyelinase 
nd sigma-1 receptor activation). Results were expressed as ad- 
usted odds ratios (aORs) with their 95% confidence intervals (CIs), 
ith adjustments being made for the above-mentioned covariates. 
djusted estimates were obtained for the effect of antidepressant 
reatment dispensed as compared to the absence of any antidepres- 
ant drug treatment. 
Statistical significance was set at 0.05, and all statistical analy- 

es were performed using the free R Statistical Software environ- 
ent (version 4.1.2). 

.7. Ethics statement 

he study was approved by the Galician Clinical Research Ethics 
ommittee (reference 2020–349) and was conducted according 
o the Helsinki Declaration, and Spanish legislation on biomed- 
cal studies and respect for human rights. The study protocol 
as registered at the European Union Electronic Register of Post- 
uthorisation Studies (EU PAS, reg. no. EUPAS44587). All data were 
xtracted on an anonymised basis, thereby ensuring subjects’ con- 
dentiality and privacy at all times. 

. Results 

ata were collected on 86,602 subjects, made up of: 3060 
ases (subjects with positive PCR who required hospitalisa- 
ion), 228 of whom required admission to an ICU and 413 
ho died during hospitalisation; 26,757 non-hospitalised 
ases (subjects with positive PCR who did not require hospi- 
alisation); and 56,785 subjects with positive PCR. 
The demographic and clinical characteristics of cases and 

ontrols are shown in Tables 1 and 2 . The median age (in- 
erquartile range/IQR) of hospitalised cases was 74 (59–84) 
99 
ears; of ICU admitted cases, 69 (60–76) years; of deceased 
ases, 85 (77–89) years; and of non-hospitalised COVID + , 
7 (33–63) years. The percentage of persons older than 65 
ears among hospitalised cases was 66.7%; in cases admit- 
ed to the ICU, 65.8%; in deceased cases, 94.2%; and in non- 
ospitalised COVID + , 23.4%. The most prevalent comorbidi- 
ies in cases were hypertension, diabetes and obesity. The 
ost commonly consumed active ingredients were escitalo- 
ram and sertraline. 

.1. Risk of hospitalisation 

isk of hospitalisation was assessed on the basis of 3060 
ases and 56,785 controls. While no statistically signif- 
cant differences were observed for SSRIs overall, they 
ere found for citalopram (aOR = 0.70; 95% CI 0.49 – 0.99, 
 = 0.049), which displayed a decreased risk of hospitalisa- 
ion (see Table 3 ). 

.2. Risk of ICU admission 

he effect on risk of ICU admission was ascertained on the 
asis of 228 cases and 4398 controls. No statistically signif- 
cant differences were found for SSRIs overall or for any of 
he active ingredients individually. It should be noted that 
o results relating to the use of citalopram were obtained, 
ince none of the patients who had used this drug required 
dmission to an ICU (see Table 3 ). 

.3. Risk of mortality 

he effect on risk of mortality was assessed on the basis of 
13 cases and 7408 controls. Statistically significant differ- 
nces were found for SSRIs overall (aOR = 0.62; 95% CI 0.42–
.91, p = 0.015) and for paroxetine (aOR = 0.34; 95% CI 0.12–
.94, p = 0.039), showing a decrease in risk in both cases (see
able 3 ). 

.4. Risk of infection 

he analysis of the risk of COVID-19 infection included 
6,602 patients: of these, 29,817 were COVID-19 cases (sub- 
ects with positive PCR, hospitalised and non-hospitalised) 
nd 56,785 were controls. No effect was found for any of the 
ctive ingredients individually. For SSRIs overall, there was 
n aOR of 0.93 (95% CI 0.87–0.99, p = 0.030) (see Table 4 ). 

.5. Risk of progression to severe COVID-19 

isk of progression to severe COVID-19 infection was deter- 
ined on the basis of 3060 cases and 26,757 controls (non- 
ospitalised cases). No effect was observed for SSRIs over- 
ll, but effect was in evidence for citalopram (aOR = 0.64; 
5% CI 0.43–0.96, p = 0.032) (see Table 4 ). 
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Table 1 Demographic and clinical characteristics of COVID-19 cases and matched controls (severity: hospitalisation, ICU admis- 
sions, mortality). 

Severity 

Hospitalisation ICU admissions Mortality 

Characteristic Cases 
( N = 3060) 

Controls 
( N = 56,785) 

Cases 
( N = 228) 

Controls 
( N = 4398) 

Cases 
( N = 413) 

Controls 
( N = 7408) 

Sex; n (%) 
Male 1552 (50.7) 28,729 (50.6) 160 (70.2) 3078 (70.0) 242 (58.6) 4394 (59.3) 
Female 1508 (49.3) 28,056 (49.4) 68 (29.8) 1320 (30.0) 171 (41.4) 3014 (40.7) 

Age , median (IQR) 74 (59–84) 73 (59–84) 69 (61–76) 69 (60–76) 85 (77–89) 84 (75–88) 
Health professional; 
n (%) 

81 (2.6) 1260 (2.2) 8 (3.5) 84 (1.9) — —

Comorbidities; n (%) 
Hypertension 1754 (57.3) 28,020 (49.3) 126 (55.8) 2060 (46.8) 304 (73.6) 4870 (65.7) 
Diabetes 841 (27.5) 10,920 (19.2) 75 (33.2) 900 (20.5) 160 (38.7) 1826 (24.6) 
COPD 398 (13.0) 4569 (8.0) 34 (15.0) 392 (8.9) 89 (21.5) 904 (12.2) 
Obesity 889 (29.1) 10,817 (19.0) 82 (36.3) 809 (18.4) 115 (27.8) 1592 (21.5) 
Ischaemic heart 

disease 
359 (11.7) 4768 (8.4) 32 (14.2) 408 (9.3) 91 (22.0) 942 (12.7) 

Cerebrovascular 
accident 

306 (10.0) 3874 (6.8) 17 (7.5) 243 (5.5) 75 (18.2) 763 (10.3) 

Heart failure 469 (15.3) 4030 (7.1) 24 (10.6) 205 (4.7) 110 (26.6) 831 (11.2) 
Atrial fibrillation 466 (15.2) 5769 (10.2) 33 (14.6) 329 (7.5) 90 (21.8) 1186 (16.0) 
Chronic renal 

failure 
437 (14.3) 4316 (7.6) 31 (13.7) 251 (5.7) 102 (24.7) 912 (12.3) 

Cancer 529 (17.3) 7770 (13.7) 34 (15.0) 620 (14.1) 104 (25.2) 1378 (18.6) 
Asthma 285 (9.3) 3388 (6.0) 16 (7.0) 227 (5.2) 26 (6.3) 387 (5.2) 
Current smoker 809 (26.4) 8532 (15.0) 82 (36.0) 875 (19.9) 88 (21.3) 890 (12.0) 

ICU = intensive care unit; IQR = interquartile range; COPD = chronic obstructive pulmonary disease. 

Table 2 Demographic and clinical characteristics of COVID-19 cases and matched controls (susceptibility and progression to severe 
COVID-19). 

Susceptibility to the virus Progression to severe COVID-19 

Characteristic Cases 
( N = 29,817) 

Controls 
( N = 56,785) 

Cases 
( N = 3060) 

Controls 
( N = 26,757) 

Sex; n (%) 
Male 12,674 (42.5) 28,729 (50.6) 1552 (50.7) 11,122 (41.6) 
Female 17,143 (57.5) 28,056 (49.4) 1508 (49.3) 15,635 (58.4) 

Age , median (IQR) 49 (34–67) 73 (59–84) 74 (59–84) 47 (33–63) 
Health professional; n (%) 1316 (4.4) 1260 (2.2) 81 (2.6) 1235 (4.6) 
Comorbidities; n (%) 

Hypertension 7847 (26.3) 28,020 (49.3) 1754 (57.3) 6093 (22.8) 
Diabetes 3301 (11.1) 10,920 (19.2) 841 (27.5) 2460 (9.2) 
COPD 1128 (3.8) 4569 (8.0) 398 (13.0) 730 (2.7) 
Obesity 4790 (16.1) 10,817 (19.0) 889 (29.1) 3901 (14.6) 
Ischaemic heart disease 1191 (4.0) 4768 (8.4) 359 (11.7) 832 (3.1) 
Cerebrovascular accident 1144 (3.8) 3874 (6.8) 306 (10.0) 838 (3.1) 
Heart failure 1108 (3.7) 4030 (7.1) 469 (15.3) 639 (2.4) 
Atrial fibrillation 1501 (3.7) 5769 (10.2) 466 (15.2) 1035 (3.9) 
Chronic renal failure 2437 (8.2) 4316 (7.6) 437 (14.3) 678 (2.5) 
Cancer 2230 (7.5) 7770 (13.7) 529 (17.3) 1701 (6.4) 
Asthma 2437 (8.2) 3388 (6.0) 285 (9.3) 2152 (8.0) 
Current smoker 4845 (16.2) 8532 (15.0) 809 (26.4) 4036 (15.1) 

ICU = intensive care unit; IQR = interquartile range; COPD = Chronic obstructive pulmonary disease. 

100 
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.6. Complementary analyses 

o analyse the window exposure, we considered the fol- 
owing periods: 1, 2 and 3 months. As can be seen in 
upplementary Tables S2 and S3 , there are no relevant 
hanges between the aORs of the different exposure win- 
ows and the significant results obtained for citalopram and 
aroxetine remain constant, indicating that our findings are 
obust. 
Supplementary Tables S4 and S5 show the association be- 

ween SSRIs grouped by sigma-1 receptor affinity and COVID- 
9 outcomes. The low affinity agonist group was associated 
ith a significant reduction in mortality risk (aOR = 0.34, 95% 

I 0.12–0.94, p = 0.038) and the intermediate affinity agonist 
roup showed a slight significant decrease in susceptibility 
aOR = 0.91, 95% CI 0.83–1.00, p = 0.039). Regarding the func- 
ional inhibition of acid sphingomyelinase (FIASMA) activity 
nd COVID-19 outcomes, we obtained that the group of SS- 
Is with reduced FIASMA activity showed a slight significant 
eduction in susceptibility to the virus (aOR = 0.91; 95% CI 
.83–1.00, p = 0.039). No other significant associations were 
bserved, and the aORs are very similar between high and 
ow activity, as can be seen in Supplementary Tables S6 and 
7 . 
We assessed the effect of dose in the last month and 

ound that increasing dose leads to a greater reduction 
n risk, but without a conclusive dose-response relation- 
hip, due to the low number of subjects in the strata (see 
upplementary Tables S8 and S9 ). 

. Discussion 

his large-scale population-based study using real-world 
ata (RWD) has, for the first time, made it possible to 
stablish that citalopram reduces the risk of hospitalisa- 
ion being required for COVID-19 (aOR = 0.70; 95% CI 0.49–
.99, p = 0.049), partly because possibly it reduces the 
isk of COVID-19 patients progressing to severe stages that 
ight require hospitalisation (aOR = 0.64; 95% CI 0.43–0.96, 
 = 0.032). Moreover, a non-significant, but suggestive, as- 
ociation was observed for risk of mortality and none of 
he patients exposed to this drug required admission to an 
CU. The results obtained lead us to believe that citalopram 

ould be a candidate drug for being repurposed as preven- 
ive treatment aimed at reducing COVID-19 patients’ risk of 
rogressing to severe stages of the disease. 
To our knowledge, this is the first outpatient study to al- 

ow for assessment of the effects of the respective active 
ubstances that go to make up the SSRI class of drugs. Al- 
hough there are other studies that have studied some ac- 
ive ingredient in isolation, our study assessed a total of 
 active ingredients, thereby enabling identification of the 
mportant magnitude of citalopram’s effect in the prog- 
osis of COVID-19 patients. In addition to displaying anti- 
nflammatory properties ( Arteaga-Henríquez et al., 2019 ; 
acre et al., 2010 ), this SSRI has been shown to possess 
n vitro antiviral activity against HIV ( Benton et al., 2010 ; 
reeson et al., 2016 ; Letendre et al., 2007 ) and SARS-CoV- 
 in some cells ( Fred et al., 2021 ). Furthermore, the re- 
ults of the sub-studies of susceptibility and progression to 

evere COVID-19 indicate that is associated with a lower 
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isk of hospitalisation is due, not to that fact that it re- 
uces susceptibility to the virus, but rather to the fact 
hat it decreases the risk of progression to severe stages 
f the disease (aOR = 0.64; 95% CI 0.43–0.96, p = 0.032). Re-
arding mortality, we observed a suggestive risk reduction 
aOR = 0.43; 95% CI 0.17–1.13, p = 0.087), close to statistical 
ignificance and, strikingly, no patient admitted to the ICU 

or COVID-19 had previously taken citalopram, which pre- 
ented us from calculating aORs. Both the lack of signifi- 
ance (in the mortality sub-study) and the absence of cases 
in the ICU admission sub-study) could be due to the fact 
hat citalopram was the second least represented SSRI in 
he hospitalised PCR + population. Despite the lack of sig- 
ificant results, these findings with respect to risk of ICU 

dmission and mortality could be in line with a previous 
tudy ( Hoertel et al., 2021a ), which showed that admin- 
stration of citalopram or escitalopram to patients hospi- 
alised due to COVID-19 was significantly associated with a 
ower risk of intubation or death (HR = 0.60; 95% CI 0.37–
.99, p = 0.045). These results, once confirmed in other RWD 

tudies and/or clinical trials, could have a major clinical im- 
act, since citalopram could be repurposed as an economi- 
al alternative treatment with a good safety and tolerability 
rofile, widely available for reducing the risk of hospitalisa- 
ion of patients with COVID-19. In light of these results, it 
annot be ruled out that citalopram might slow progression 
o severe stages in viral diseases, present or future. 
Over the course of the pandemic, fluvoxamine has been 

onsidered the principal SSRI candidate for management of 
OVID-19 ( Lenze et al., 2020 ; Reis et al., 2022 ; Seftel and
oulware, 2021 ). Initially, doubts about its efficacy on hos- 
italisation, mechanical ventilation and mortality led the 
HO to advise against its use ( World Health Organiza- 
ion, 2022 ), although a recent meta-analysis has found that 
edium doses are associated with lower mortality and hos- 
italisation ( Deng et al., 2023 ). The low prevalence of flu- 
oxamine use in our study rendered it impossible to obtain 
ccurate 95%CIs and conclusive results. 
In contrast, the data analysed did enable us to find a sig- 

ificant association between use of paroxetine and a reduc- 
ion in the risk of mortality due to COVID-19 (aOR = 0.34; 95%
I 0.12–0.94, p = 0.039). Although this finding is in line with 
revious preclinical ( Kutkat et al., 2022 ) and clinical stud- 
es ( Hoertel et al., 2021a ; Nakhaee et al., 2022 ), this result
hould be interpreted with caution, since the absence of as- 
ociation observed in the other sub-studies (risk of ICU ad- 
ission, mortality, susceptibility, and progression to severe 
OVID-19) prevents us from identifying what role paroxetine 
ight play in the clinical course of the disease. 
Our large-scale, population-based RWD study found an 

ssociation between use of SSRIs as a whole and a lower 
isk of mortality (aOR = 0.62; 95% CI 0.42–0.91, p = 0.015),
ut no effect on risk of hospitalisation (aOR = 0.91; 95% CI 
.79–1.04, p = 0.148), ICU admission (aOR = 1.01; 95% CI 0.59–
.72, p = 0.967) or progression to severe forms of the dis- 
ase (aOR = 0.91; 95% CI 0.78–1.06, p = 0.235). In the case of
usceptibility, an aOR of 0.93 (95% CI 0.87–0.99, p = 0.030) 
as obtained but, given that the magnitude of the effect is 
ery small, and is, moreover, not linked to a reduced risk 
f hospitalisation, this result cannot be considered relevant 
rom a clinical and/or public health standpoint. Likewise, 
he analysis by active ingredient failed to detect any effect 
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on hospitalisation, ICU admissions, mortality, susceptibil- 
ty, and progression to severe COVID-19) for the remaining 
SRIs (fluoxetine, sertraline and escitalopram). Since SSRIs 
hare their main therapeutic indications, the difference in 
ffect found in the different active ingredients cannot be 
ttributed to confounding by indication bias. 
To explain the possible effects of SSRIs on COVID-19, sev- 

ral mechanisms of action have been proposed, which we 
iscuss below based on the results of our study: 

i) It has been suggested that serotonin trans- 
porter inhibition may decrease platelet aggre- 
gation ( Sukhatme et al., 2021 ) and exert di- 
rect anti-inflammatory effects ( Dong et al., 2016 ; 
Hashimoto, 2021 ; Ohgi et al., 2013 ; Tynan et al., 2012 ; 
Wang et al., 2019 ), which may be beneficial in patients 
with COVID-19. However, our findings do not support 
this proposal, as serotonin transporter inhibition is the 
common mechanism of action of SSRIs, and in our results 
we did not observe a class effect against COVID-19. 

ii) Another proposed mechanism of action is agonism 

of the sigma-1 receptor (S1R), as its activation de- 
creases cytokine production and systemic inflammation 
( Lenze et al., 2020 ). Although inconclusive, our analy- 
ses suggest slightly superior results for low and interme- 
diate affinity agonists, as observed in previous studies 
( Fritz et al., 2022 ) that rule out this as the mechanism 

involved. 
ii) Finally, the mechanism that is currently the most widely 

accepted, is the functional inhibition of acid sphin- 
gomyelinase, that prevents the entry of SARS-CoV-2 into 
host cells. Both biological data ( Hashimoto et al., 2022 ; 
Hoertel et al., 2021b ; Kornhuber et al., 2022 ) and prior 
observational data ( Fritz et al., 2022 ; Hoertel et al., 
2022a , 2022b ) support this hypothesis and, although 
our results are not conclusive, it is noteworthy that all 
the molecules tested in our study are FIASMA. Although 
the involvement of the FIASMA activity of citalopram in 
COVID-19 has not been previously studied, that of its S 
enantiomer, escitalopram, has been ( Carpinteiro et al., 
2020 ). 

Previous studies have also shown that there might be a 
elationship between some SSRI dose ( Fritz et al., 2022 ; 
oertel et al., 2022b ; Lenze et al., 2020 ; Lu et al., 2022 ;
eis et al., 2022 ) and COVID-19 outcomes. Our data indi- 
ate that, for citalopram and paroxetine, a suggestive dose- 
esponse effect could be observed, although not conclusive 
ue to the low number of subjects in the exposure cate- 
ories ( Tables S8 and S9 ) 

.1. Clinical and public health implications 

lthough the COVID-19 vaccination programme is being con- 
inuously developed, the (a) difficulty of access to vac- 
ine in countries with fewer resources ( Saha et al., 2021 ), 
b) presence of vaccine hesitancy ( Marcec et al., 2021 ; 
ang and Liu, 2021 ), (c) reduction in immunity with time 

 Israel et al., 2021 ; Shrotri et al., 2021 ), and (d) ap-
earance of new variants with immune evasion properties 
nd/or new viruses ( Christie et al., 2021 ; Imran et al., 2021 ;
lanas et al., 2021 ; del Rio and Malani, 2022 ) all underscore 
102 
he need to find effective, economical and widely available 
rug treatment options ( Calusic et al., 2022 ). Hence, a re- 
urposing drug strategy affords a crucially significant alter- 
ative, especially if the drugs in question have already been 
pproved for other indications and have well-established 
afety profiles ( Venkatesan, 2021 ). This is the case of SSRIs, 
hich rank among the most prescribed medications world- 
ide ( Thom et al., 2021 ), and, as a rule, display good toler-
nce and safety profiles ( Devane, 1995 ). Specifically, citalo- 
ram numbers among the SSRIs with greatest acceptability 
 Hoertel et al., 2021a ). 
Treatment with repurposed drugs can be geared to: (i) 

ringing about a reduction in susceptibility to the virus and, 
y extension, in the number of infections; (ii) reducing the 
everity of COVID-19 and, in turn, the number of hospi- 
al admissions; and (iii) decreasing mortality in hospitalised 
atients. From a public health point of view, a drug that 
educed the risk of progression to more severe stages (de- 
reasing the risk of ICU admission and mortality) rather than 
usceptibility per se , would have wider applicability, since 
t would only be necessary to administer it to subjects who 
ere infected and had a higher risk of worse progression. 
Accordingly, the association of the use of citalopram with 

 lower risk of hospitalisation as a consequence of decreas- 
ng progression to severe disease stages (rather than sus- 
eptibility) acquires special relevance. On confirmation of 
hese results, and bearing in mind the low cost of this drug 
nd the low number of doses needed for early treatment of 
OVID-19 (taking the disease’s mean duration into account) 
 Brandal et al., 2021 ; Menni et al., 2022 ), citalopram could
e regarded as an alternative treatment in settings with low 

accine coverage. 

. Strengths and limitations of the study 

he main strength of the current study lies in its large sam- 
le size, obtained by exhaustive sampling that included all 
ases with diagnosis of COVID-19 in 2020 across a region hav- 
ng almost 3 million inhabitants. This made it possible to 
erform an analysis by active substance and rule out an SSRI 
lass effect. Furthermore, to our knowledge, this is the first 
tudy to report data jointly on the effect of SSRIs on risk 
f hospitalisation, ICU admission, mortality, susceptibility 
nd progression to severe stages of COVID-19, thereby mak- 
ng it possible to identify the role played by the various ac- 
ive ingredients of this class of drug in the clinical course of 
he disease. These five outcome variables were adjusted for 
 series of confounding variables, including comorbidities, 
se of other drugs, and socio-demographic factors, some- 
hing that constitutes another important strength. Lastly, 
sing data on medications that are actually dispensed to 
easure the variable of exposure (unlike many other stud- 

es which use prescription-based data sources) decreases 
he risk of misclassification of the variable of exposure: 
ven so, the possibility of residual misclassification due to 
oor adherence to treatment cannot be ruled out ( Lam and 
resco, 2015 ). 
Important limitations must also be considered when it 

omes to interpreting the results of our study. First, be- 
ng an observational study with secondary databases, the 
ain limitation to be considered is the possible existence 
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Table 3 Severity of COVID-19: risk of hospitalisation, ICU admission and mortality. 

Severity 

Risk of hospitalisation Risk of ICU admission Risk of mortality 

CASES: 
PCR + hospitalised 
( n = 3060) 

CONTROLS: 
no PCR+ 
( n = 56,785) 

Adjusted 
OR a 

(95%CI) 

P - 
value 

CASES: 
PCR + admitted 
to ICU 

( n = 228) 

CONTROLS: 
no PCR+ 
( n = 4398) 

Adjusted 
OR a 

(95%CI) 

P - 
value 

CASES: 
PCR + deceased 
( n = 413) 

CONTROLS: 
no PCR+ 
( n = 7408) 

Adjusted 
OR a 

(95%CI) 

P - 
value 

SSRIs 
(N06AB) 

366 b 

(12.0%) 
5893 b 

(10.4%) 
0.91 
(0.79–
1.04) 

0.148 24 b 

(10.5%) 
361 b 

(8.2%) 
1.01 
(0.59–
1.72) 

0.967 45 b 

(10.9%) 
826 b 

(11.2%) 
0.62 
(0.42–
0.91) 

0.015 

Fluoxetine 
(N06AB03) 

41 
(1.3%) 

597 
(1.1%) 

0.89 
(0.64–
1.24) 

0.497 3 
(1.3%) 

39 
(0.9%) 

0.99 
(0.28–
3.48) 

0.988 7 
(1.7%) 

62 
(0.8%) 

1.22 
(0.53–
2.79) 

0.643 

Citalopram 

(N06AB04) 
36 
(1.2%) 

663 
(1.2%) 

0.70 
(0.49–
0.99) 

0.049 0 
(0.0%) 

35 
(0.8%) 

— — 5 
(1.2%) 

106 
(1.4%) 

0.43 
(0.17–
1.13) 

0.087 

Paroxetine 
(N06AB05) 

76 
(2.5%) 

1058 
(1.9%) 

1.07 
(0.84–
1.37) 

0.594 5 
(2.2%) 

64 
(1.5%) 

1.24 
(0.46–
3.33) 

0.670 4 
(1.0%) 

146 
(2.0%) 

0.34 
(0.12–
0.94) 

0.039 

Sertraline 
(N06AB06) 

96 
(3.1%) 

1773 
(3.1%) 

0.81 
(0.59–
1.12) 

0.205 7 
(3.1%) 

102 
(2.3%) 

1.11 
(0.29–
4.20) 

0.874 15 
(3.6%) 

272 
(3.7%) 

0.66 
(0.27–
1.61) 

0.361 

Fluvoxamine 
(N06AB08) 

3 
(0.1%) 

69 
(0.1%) 

0.60 
(0.19–
1.92) 

0.390 1 
(0.4%) 

2 
(0.0%) 

4.95 
(0.34–
71.42) 

0.240 1 
(0.2%) 

7 
(0.1%) 

2.03 
(0.24–
17.43) 

0.518 

Escitalopram 

(N06AB10) 

118 
(3.9%) 

1823 
(3.2%) 

0.94 
(0.77–
1.15) 

0.561 9 
(3.9%) 

127 
(2.9%) 

1.18 
(0.57–
2.46) 

0.657 14 
(3.4%) 

242 
(3.3%) 

0.71 
(0.40–
1.27) 

0.244 

SSRIs = selective serotonin reuptake inhibitors; ICU = intensive care unit; OR = odds ratio. 
a Adjusted for: sex, age, and comorbidities: hypertension, diabetes, COPD, obesity, ischaemic heart disease, cerebrovascular accident, heart failure, atrial fibrillation, chronic renal failure, 

cancer, asthma, current smoker, current use of other pharmacological treatment and number of treatments for chronic diseases. 
b The overall number of subjects exposed to SSRIs is lower than the sum of those exposed to the active ingredients of individual SSRIs, due to the fact that some subjects were exposed to 

more than one SSRI across the study period. 
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Table 4 Susceptibility to the virus and progression to severe COVID-19. 

Susceptibility to the virus Progression to severe COVID-19 

CASES: 
PCR + hospitalised 
& non-hospitalised 
( n = 29,817) 

CONTROLS: 
no PCR+ 
( n = 56,785) 

Adjusted 
OR a 

(95%CI) 

P -value CASES: PCR + 

hospitalised 
( n = 3060) 

CONTROLS: 
PCR + non- 
hospitalised 
( n = 26,757) 

Adjusted 
OR a 

P -value 

SSRIs 
(N06AB) 

2330 b 

(7.8%) 
5893 b 

(10.4%) 
0.93 
(0.87–0.99) 

0.030 366 b 

(12.0%) 
1964 b 

(7.3%) 
0.91 
(0.78–1.06) 

0.235 

Fluoxetine 
(N06AB03) 

320 
(1.1%) 

597 
(1.1%) 

0.90 
(0.77–1.05) 

0.174 41 
(1.3%) 

279 
(1.0%) 

0.97 
(0.66–1.41) 

0.854 

Citalopram 

(N06AB04) 
227 
(0.8%) 

663 
(1.2%) 

0.93 
(0.79–1.11) 

0.425 36 
(1.2%) 

191 
(0.7%) 

0.64 
(0.43–0.96) 

0.032 

Paroxetine 
(N06AB05) 

458 
(1.5%) 

1058 
(1.9%) 

0.95 
(0.84–1.08) 

0.474 76 
(2.5%) 

382 
(1.4%) 

1.06 
(0.80–1.42) 

0.679 

Sertraline 
(N06AB06) 

634 
(2.1%) 

1773 
(3.1%) 

0.94 
(0.80–1.09) 

0.404 96 
(3.1%) 

538 
(2.0%) 

0.77 
(0.53–1.12) 

0.170 

Fluvoxamine 
(N06AB08) 

28 
(0.1%) 

69 
(0.1%) 

0.88 
(0.54–1.43) 

0.600 3 
(0.1%) 

25 
(0.1%) 

0.68 
(0.18–2.50) 

0.560 

Escitalopram 

(N06AB10) 

700 
(2.3%) 

1823 
(3.2%) 

0.91 
(0.82–1.01) 

0.069 118 
(3.9%) 

582 
(2.2%) 

0.98 
(0.77–1.24) 

0.860 

SSRIs = selective serotonin reuptake inhibitors; ICU = intensive care unit; OR = odds ratio. 
a Adjusted for: sex, age, and comorbidities: hypertension, diabetes, COPD, obesity, ischaemic heart disease, cerebrovascular accident, 

heart failure, atrial fibrillation, chronic renal failure, cancer, asthma, current smoker, current use of other pharmacological treatment and 
number of treatments for chronic diseases. 
b The overall number of subjects exposed to SSRIs is lower than the sum of those exposed to the active ingredients of individual SSRIs, 

due to the fact that some subjects were exposed to more than one SSRI across the study period. 
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f residual confounding due to unmeasured or misclassified 
tudy variables, such as the absence of data on the de- 
ree of severity of the main comorbidities associated with 
 higher risk of hospitalisation in COVID-19. In the particu- 
ar case of admission to the ICU, the data must be taken 
ith caution, since there is an under-registration due to 
he creation of additional ICU units that were not regis- 
ered as such. Second, the database we used in our study 
acked information regarding the indications of the pre- 
cribed treatments so we could not adjust for potential indi- 
ations that in previous studies were associated with worse 
OVID-19 outcomes (e.g. dementia, schizophrenia or psy- 
hoses) ( Hassan et al., 2023 ; Landes et al., 2022 ; Liu et al.,
020 ). However, the existence of a possible indication bias 
ould suggest that the risk reduction associated with the 
se of citalopram and paroxetine could be even greater than 
hat observed. Third, given that there is a possible corre- 
ation between SSRI use and the use of benzodiazepines, 
ntipsychotics and other antidepressants, these could act 
s a confounding factor in their relationship with COVID- 
9 ( Fico et al., 2023 ; Hoertel et al., 2022c ). Therefore, we
erformed a sub-analysis in which patients consuming these 
roups of drugs were excluded and the observed relation- 
hips were maintained (data not shown). Fourth, it might be 
hought that the lack of matching in the susceptibility and 
rogression sub-studies could be a limitation. However, ac- 
ording to Rose and Rothman ( Rose and van der Laan, 2009 ; 
othman et al., 2008 ) the lack of matching in case-control 
tudies only decreases efficiency but does not influence the 
isk of bias. Fifth, the data available for study purposes per- 
ain to 2020, a time when (i) vaccines were not yet avail- 
f

104 
ble and (ii) the alpha variant was predominant, so we do 
ot know to what extent the results of our study can be 
xtrapolated to other variants. Lastly, the limited availabil- 
ty of diagnostic tests in the first months of the pandemic 
ight have given rise to some of the controls in reality being 
symptomatic subjects with COVID-19. At all events, both 
his circumstance and the lack of therapeutic adherence 
ould cause one to underestimate the effect of the drugs 
tudied against COVID-19, a factor that leads us to think 
hat the effect found for citalopram might have been even 
reater. 

. Conclusion 

he COVID-19 pandemic has highlighted the need to evalu- 
te the effect of already marketed drugs on COVID-19 sus- 
eptibility, progression and severity. Our RWD study suggests 
hat there is no class effect of SSRIs and that citalopram 

ould reduce the risk of hospitalzation due, fundamentally, 
o the slowing of progression to severe stages of COVID-19. If 
hese results were to be repeated with other databases and 
eplicated in clinical trials, we feel that, given the mag- 
itude of the effect, this finding might well be relevant 
or preventing the progression of early-stage subjects with 
OVID-19 to more severe disease stages. Furthermore, in 
ight of these results, future research could focus on evalu- 
ting the potential effect of citalopram on other present or 

uture viral diseases. 
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