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Abstract 
Objective: To compare the effectiveness 
of vortioxetine versus escitalopram 
and sertraline as a treatment in 
individuals with major depressive 
disorder (MDD) and post-COVID 
syndrome (PCS). 

Methods: This is a prospective, open-label, 
comparative effectiveness study in 
individuals with new-onset MDD as PCS 
outcome. The study was carried out in 
1 clinical site. Individuals who had a 
history of confirmed SARS-CoV- 
2 infection, who met World Health 
Organization–defined criteria for PCS, 
and who met new-onset of MDD criteria 
according to DSM-5-TR were included. 
Participants that were eligible were 
assigned to receive vortioxetine at 

10–20 mg/d, escitalopram 10–20 mg/d, 
or sertraline 50–200 mg/d over 8 weeks. 
The primary and secondary outcomes were 
changes from baseline to end point in 
Digital Symbol Substitution Test (DSST) 
and Montgomery-Asberg Depression 
Rating Scale (MADRS) or Patient- 
Reported Outcome Measurement 
Information System Fatigue Short Form 
7a (PROMIS 7a), respectively. Data 
were collected during January 2022 
and December 2023. 

Results: 140 participants were assigned 
to received vortioxetine (n = 70), 
escitalopram (n = 36), or sertraline (n = 34). 
Participants assigned to vortioxetine 
exhibited significant changes in DSST 
scores from baseline to end point 
compared to escitalopram or sertraline 
(least squares [LS] mean differences, 

8.25; 95% CI, 6.25–10.25; P < .001; LS 
mean differences, 8.00; 95% CI, 
5.95–10.06; P < .001, respectively). 
Participants in the vortioxetine treatment 
group reported significantly greater 
changes in total MADRS scores from 
baseline to end point compared to 
escitalopram or sertraline (LS mean 
differences, −4.06; 95% CI, −4.92 to 
−3.20; P < .001; LS mean differences, 
−3.94; 95% CI, −4.83 to −3.06; P < .001, 
respectively). 

Conclusion: Vortioxetine has a significant 
procognitive effect. Antidepressant 
effects and improvement in fatigue 
symptoms (PROMIS 7a) also were 
observed. 
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P ost-COVID syndrome (PCS), or long COVID, is a 
multisystemic complication that usually occurs 
3 months after a SARS-CoV-2 infection, persists 

for at least 2 months, and cannot be explained by an 
alternative diagnosis.1 The incidence of PCS ranges from 
10% to 70%, depending on the definition, with most 
estimates at approximately 20%.2 

PCS encompasses symptoms across multiple organ 
systems with differing pathology.3 Cognitive impairment 
and neuropsychiatric disorders are among the most 
common enduring and debilitating findings in 
individuals with persistent post-COVID symptoms.4–7 In 
this context, mood disorders have been shown to have an 

increased risk after SARS-CoV-2 infection in both 
retrospective and prospective studies.5,8,9 

Mood disorders are the leading mental illnesses 
worldwide, contributing to a higher burden of disease and 
an increased risk for disability and suicide.10 According 
to different studies, cognitive decline and mood 
alterations reduce quality of life and may contribute to the 
burden of disease attributable to PCS.11 However, there 
are no approved or established therapeutic options to 
manage cognitive impairment comorbid with mood 
disturbances in individuals who have experienced PCS. 
Although antidepressants, such as the multimodal agent 
vortioxetine, have recently been developed with proven 
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effects on the recovery of cognitive function in 
individuals with major depressive disorder (MDD),12,13 

the effects in PCS have not been evaluated using real- 
world data in large samples. 

A recently published randomized controlled trial 
(RCT) showed that vortioxetine may improve cognitive 
function in individuals with PCS and elevated11 CRP 
levels at baseline. Additionally, this study demonstrated 
significant improvements in depressive symptoms and 
health-related quality of life.11 Therefore, the effect of 
vortioxetine in individuals with PCS may be associated 
with a better response in those with an activated immune 
response or a robust immune-inflammatory response 
during SARS-CoV-2 infection. 

In this context, we conducted a prospective, comparative 
effectiveness study of vortioxetine compared to 2 selective 
serotonin reuptake inhibitors (SSRIs), escitalopram and 
sertraline, as treatment for individuals with MDD and PCS. 

MATERIALS AND METHODS 

Design and Settings 
This is a prospective, open-label, comparative 

effectiveness study of vortioxetine vs 2 SSRIs, escitalopram 
and sertraline, over 8 weeks in individuals with new-onset 
MDD as PCS outcome. The study was carried out in 
1 clinical site (Center for Clinical and Translational 
Research, Colombia) during January 2022 and December 
2023. Sample size was calculated according to effect sizes 
of vortioxetine on Digital Symbol Substitution Test (DSST) 
cognitive function in MDD, which have been estimated 
around Cohen d of 0.2–0.5.11,13 

Participants 
A cohort of COVID-19 survivors derived from a 

teaching hospital affiliated to the Center for Clinical and 

Translational Research with new onset of MDD, and 
subjective cognitive complaints as PCS sequelae were 
recruited for study assessments. A prescreening visit 
considered a cutoff point of Montgomery-Asberg 
Depression Rating Scale (MADRS) ≥26 as positive for 
moderate-to-severe symptoms of depression. Then, 
participants with the following inclusion criteria were 
eligible: adults aged 18–64 years with new-onset MDD 
diagnosed within 12 months of recovering from SARS- 
CoV-2 infection. Participants who were included met 
World Health Organization–defined criteria for PCS 
evidenced by physical, mental, or cognitive subjective 
complaint occurring within 3 months after acute SARS- 
CoV-2 infection and additionally met criteria for new 
onset of MDD according to DSM-5-TR evaluated with the 
Structured Clinical Interview for DSM-5 (SCID-5-CV). 
Participants were excluded if they had pre-existing 
neurological or psychiatric conditions that may cause 
cognitive impairment, adjustment disorder, substance 
use disorders, any medication for a general or mental 
disorder that may affect cognitive function, dyslexia, 
intellectual disability disorders, pregnancy or 
breastfeeding, previous history of mania or hypomania, 
seizures, or active suicide ideation or behavior. 
Participants with autoimmune disease were also 
excluded. For our recruitment strategy, the outreach 
methods included targeted advertisements, referral 
networks within healthcare systems, and community- 
based awareness campaigns. 

Participants that were eligible were assigned 
according to clinical judgment by a psychiatrist to receive 
vortioxetine at 10 mg/d during weeks 1 and 2, and 
20 mg/d from weeks 3–8, or escitalopram 10 mg/d 
during weeks 1 and 2, and 20 mg/d from weeks 3–8, 
or sertraline 50 mg/d during weeks 1 and 2, and 
100–200 mg/d from weeks 3–8. For participants with 
intolerance to higher doses, down-titration according to 
clinical judgment was permitted. 

Clinical Assessments 
A screening visit was performed to identify possible 

eligible participants. This visit consisted of SCID-5-CV, 
medical evaluation, and clinical laboratory testing. 
Individuals who fulfilled the eligibility criteria were 
allocated by a psychiatric judge to initiate vortioxetine, 
escitalopram, or sertraline at the previously mentioned 
dosages. The baseline assessment was completed at visit 
1, and from week 8 onward, clinical assessments were 
conducted every 2 weeks. Participants completed the 
clinical assessments according to the study protocol. 

Clinical scales used during this study were the DSST, 
Perceived Deficits Questionnaire–Depression (PDQ-D), 
Montgomery-Asberg Depression Rating Scale (MADRS), 
Patient-Reported Outcome Measurement Information 
System Fatigue Short Form 7a (PROMIS 7a), and 
Columbia-Suicide Severity Rating Scale (C-SSRS). 

Clinical Points 
• Post-COVID syndrome (PCS) is associated with cognitive 

impairment and mood disorders, yet treatment strategies 
are underexplored. This study highlights vortioxetine as a 
promising option, addressing an urgent need for evidence- 
based interventions in this population. 

• Vortioxetine showed superior efficacy in improving 
cognitive function and depressive symptoms compared 
to SSRIs in patients with PCS-related major depressive 
disorder (MDD). Clinicians might consider it a first-line 
treatment option for managing these dual challenges. 

• Elevated inflammatory markers during SARS-CoV- 
2 infection may predict better responses to vortioxetine. 
Future treatments for PCS-related MDD should 
incorporate biomarker-based stratification for optimized 
outcomes. 
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DSST is a cognitive test that requires individuals to 
match symbols to numbers according to a key located 
at the top of the page. The participants select the 
corresponding symbol as fast as possible. The number of 
correct symbols within 90 seconds is recorded. This test 
has been used widely to detect a range of cognitive 
operations.14 Previously, DSST has been used in clinical 
studies evaluating vortioxetine’s effect in MDD.11–13 

Therefore, the DSST was selected due to its sensitivity in 
assessing attention, processing speed, and executive 
functioning, key domains commonly impaired in PCS. As 
a brief yet reliable tool, it minimizes participant burden 
while capturing meaningful cognitive changes. 

The PDQ-D is a 20-item brief patient-rated scale to 
assess subjective cognitive complaint in individuals with 
MDD.15 PDQ-D has been validated with an excellent internal 
consistency in the subscales (Cronbach α: .81–.96).15 

The MADRS is a widely used clinician-rated measure 
of depressive severity.16,17 Previously, MADRS has been 
used in RCT evaluating vortioxetine in MDD.13 The 
MADRS has been validated in Colombia with and 
excellent internal consistency with a Cronbach α of 0.92.18 

The PROMIS 7a evaluates a variety of self-reported 
symptoms, ranging from minor subjective fatigue to severe. 
A standardized score with a mean of 50 and a standard 
deviation (SD) of 10 is created by rescaling the raw score 
using the T-score. Higher t-score values represent worse 
fatigue symptoms, and lower t-score values represent 
better fatigue symptoms. PROMIS has been used to 
evaluate post-COVID symptoms.19 The short form for adults 
to evaluate fatigue (PROMIS 7a) has demonstrated good 
internal consistency reliability (Cronbach α = .84).20 

Primary Outcome 
Change from baseline to end point (Week 8) in DSST 

score was considered as the primary outcome. 

Secondary Outcome 
Changes from baseline to end point (Week 8) in 

MADRS score and PROMIS 7a were considered as 
secondary outcomes. 

Safety and Tolerability 
Assessments included vital signs, physical examination, 

routinary clinical laboratory test, and reported adverse 
events. Suicidality was evaluated with the C-SSRS. The 
C-SSRS is a tool that uses 4 constructs (severity ideation, 
intensity ideation, behavior, and lethality).21 

Cytokine Panel 
Data regarding cytokine panel were obtained from the 

registry of COVID-19 survivors collected in the Center 
for Clinical and Translational Research for research 
purposes. Briefly, upon admission to the hospital during 
acute SARS-CoV-2 infection, blood samples were 
collected to measure routinary laboratory test and 

cytokines profile levels. Serum was obtained after 
centrifugation for 10 min at 2,000 rpm, and each serum 
sample was stored at –80°C until processing. A Human 
ProcartaPlex TM Multiplex Immunoassay Mix & Match 
of 7 – Plex based on magnetic beads was selected to detect 
serum proteins (Invitrogen, Whatman, Massachusetts). 
These analytes included interleukin (IL)-1 β, IL-4, IL-6, 
IL-8, IL-13, IL-17 α, and TNF-α. Undiluted samples were 
processed following the manufacturer instructions. 
Then, the analytes were analyzed using the Luminex 
100/200 TM (ThermoFisher Scientific, Luminex 
Corporation 12212 Technology Blvd. Austin, Texas). 
All samples and standards were measured in duplicate. 
Primary data were analyzed using Xponet Software 
(Luminex, Austin, Texas). 

Ethical Consideration 
The study protocol was approved by Universidad 

Simon Bolivar Ethics Committee (protocol number: 
CEI-USB-CE-0324-00-00). All participants accepted and 
provided a written informed consent to participate. The 
study follows the Good Clinical Practices, Declaration of 
Helsinki, Belmont Report, and CIOMS. 

Statistical Analysis 
All statistical analyses were performed using Stata/SE 

version 18.0, with two-sided tests of significance 
conducted at an α level of 0.05. Results are reported with 
95% confidence intervals (CIs) to provide measures of 
precision and reliability. The study follows the STROBE 
recommendations of equator network for observational 
studies.22 A t test was used to compare hypothesis testing 
for continuous variables. An intent-to-treat analysis (ie, 
all assigned participants) was used to assess baseline-to- 
end point changes in the DSST, MADRS, and PROMIS 
7a total scores. 

The primary and secondary outcomes analyses were 
conducted using mixed-effects model for repeated 
measures (MMRM) analysis with treatment, visit, 
gender, age, and treatment-by-visit interaction included 
as covariables to examine the baseline-to-end point 
change in the mean score of DSST-measured cognitive 
function and MADRS-measured depressive symptoms. 
PROMIS 7a was also included as a secondary outcome 
and was measured using MMRM analysis. We employed 
MMRM for analyzing longitudinal data, as it accounts 
for missing data under the missing-at-random 
assumption and allows for flexibility in modeling 
changes over time. To ensure robustness, sensitivity 
analyses were performed, including adjustments for age, 
sex, and baseline severity of cognitive impairment. To 
address missing data in primary outcome analyses, the 
last observation carried forward method was used as an 
imputation model. This conservative approach ensures 
that missing values are replaced by the most recent 
available data point, maintaining the integrity of the 
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dataset while avoiding biases introduced by loss to 
follow-up. An unstructured covariance matrix was used 
to account for within-subject correlation. Between-group 
effect sizes were calculated with a least squares mean 
analysis to estimate the change from baseline to 8 weeks 
by both treatment and visit. Additionally, response 
rate (≥50% reduction in MADRS) and remission 
(MADRS ≤10) were obtained. 

Adverse events were collected and reported as 
absolute and relative values. Plots were generated with 
ggplot2 packages in R free software. 

RESULTS 

There were no statistical significant differences 
between groups with respect to baseline 
sociodemographic and clinical characteristics of 
individuals with PCS and MDD, as shown in Table 1. Of 
the 215 participants enrolled who met prescreening, 140 
(65.1%) were assigned to received vortioxetine (n = 70), 
escitalopram (n = 36), or sertraline (n = 34). During the 
8-week open-label treatment period, 7 participants for 
vortioxetine, 3 participants for escitalopram, and 
4 participants for sertraline dropped out for different 
reasons. None presented lethal adverse effects. The 
complete recruitment and enrollment summary is shown 
in Supplementary Figure 1. 

Effectiveness 
Primary end point. An adjusted MMRM analysis was 

conducted on 126 participants with PCS and MDD 
administered treatments according to the 3 groups. 

Participants assigned to vortioxetine exhibited significantly 
changes in DSST scores from baseline to week 8 compared 
to escitalopram or sertraline (LS mean differences, 8.25; 
95% CI, 6.25–10.25; P < .001; LS mean differences, 8.00; 
95% CI, 5.95–10.06; P < .001, respectively) (Figure 1). The 
baseline-to-end point mean change for DSST-measured 
cognitive function was −10.49 ± 0.10, P < .001 for 
vortioxetine. For escitalopram, it was −3.00 ± 0.32, 
P < .001, and for sertraline, it was −3.43 ± 0.28, P < .001 
(Table 2). 

Secondary end point. For MADRS-measured depressive 
symptoms, a significant treatment × time interaction 
(χ2 = 242.4, P < .001) was observed after adjusting for the 
covariables described above. Significant group (χ2 = 107.6, 
P < .001) and time (χ2 = 2,624, P < .001) effects were also 
observed. In this sense, participants’ depressive symptoms 
improved over time and at significantly different rates 
within each treatment group (Figure 2). Participants in the 
vortioxetine arm reported significant changes in MADRS 
scores from baseline to week 8 compared to escitalopram 
or sertraline (LS mean differences, −4.06; 95% 
CI, −4.92 to −3.20; P < .001; LS mean differences, −3.94; 
95% CI, −4.83 to −3.06; P < .001, respectively) (Figure 2). 
The baseline-to-end point mean change for MADRS- 
measured depressive symptoms was 11.31 ± 0.07, 
P < .001 for vortioxetine. For escitalopram, it was 
6.36 ± 0.25, P < .001, and for sertraline, it was 6.00 ± 
0.17, P < .001 (Table 2). 

For PROMIS 7a-measured fatigue symptoms, a 
significant treatment × time interaction (χ2 = 113.2, 
P < .001) was observed after adjusting for the 
covariables described above. Significant group 
(χ2 = 100.1, P < .001) and time (χ2 = 645.3, P < .001) 

Table 1. 
Baseline Characteristics in a Sample of PCS With MDD (n = 126) 
Variable Vortioxetine (n = 63) Escitalopram (n = 33) Sertraline (n = 30) P value 
Baseline characteristics 

Age (years), mean ± SD 40.3 ± 11.3 41.3 ± 13.7 40.0 ± 13.6 .878 
Gender (male), n (%) 35 (55.6) 22 (66.7) 17 (56.7) .559 
Baseline CRP, mean ± SD 3.1 ± 2.8 2.9 ± 2.6 2.7 ± 3.1 .191 
BMI (total score), mean ± SD 33.7 ± 5.2 33.0 ± 6.0 34.1 ± 4.6 .903 
DSST (total score), mean ± SD 55.8 ± 4.2 55.3 ± 4.3 54.9 ± 6.0 .471 
MADRS (total score), mean ± SD 27.5 ± 1.5 27.3 ± 1.6 27.6 ± 1.4 .816 
CGI-S (total score), mean ± SD 4.98 ± 0.8 5.03 ± 0.9 5.1 ± 0.84 .313 
PROMIS 7a (total score), mean ± SD 71.6 ± 12.6 69.7 ± 14.9 72.6 ± 10.5 .927 

Prior interleukins during SARS-CoV-2 infection 
IL-1B, mean ± SD 62.1 ± 37.7 59.4 ± 39.7 62.7 ± 35.6 .913 
IL-4, mean ± SD 63.3 ± 28.3 60.4 ± 30.8 64.4 ± 26.1 .904 
IL-6, mean ± SD 23.9 ± 9.6 22.9 ± 10.5 24.3 ± 8.9 .923 
IL-8, mean ± SD 65.2 ± 25.2 62.3 ± 28.2 66.3 ± 22.6 .917 
IL-13, mean ± SD 20.7 ± 10.8 19.8 ± 11.4 21.0 ± 10.2 .920 
IL-17, mean ± SD 42.9 ± 19.2 41.0 ± 21.0 43.5 ± 17.6 .916 
TNF-α, mean ± SD 38.5 ± 16.9 37.2 ± 19.4 38.7 ± 14.0 .904 

Abbreviations: BMI = body mass index, CGI-S = Clinical Global Impression-Severity, CRP = C-reactive protein, DSST = Digit Symbol Substitution Test, IL = interleukin, 
MADRS = Montgomery-Asberg Depression Rating Scale, MDD = major depressive disorder, PCS = post-COVID syndrome, PROMIS 7a = Patient-Reported Outcome 
Measurement Information System Fatigue Short Form 7a, TNF = tumor necrosis factor. 
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effects were also observed. In this sense, participants’ 
fatigue symptoms improved over time and at 
significantly different rates within each treatment group 
(Supplementary Figure 2). Participants in the 
vortioxetine arm reported significant changes in 
PROMIS 7a scores from baseline to week 8 compared 
to escitalopram or sertraline (LS mean differences, 
−8.02; 95% CI, −9.92 to −4.50; P < .001; LS mean 
differences, −6.46; 95% CI, −7.83 to −4.90; P < .001, 
respectively) (Supplementary Figure 2). The baseline-to- 
end point mean change for PROMIS 7a-measured 
fatigue symptoms was 30.02 ± 0.27, P < .001 for 
vortioxetine. For escitalopram, it was 21.35 ± 0.25, 
P < .001, and for sertraline, it was 22.95 ± 0.27, P < .001. 

Safety 
The total of participants who reported treatment 

adverse events was 17.46% (11 participants) for 
vortioxetine, 18.2% for escitalopram, and 26.7% for 
sertraline. Of those who reported adverse effects in 
the vortioxetine, escitalopram, or sertraline groups, 
nausea was the most common (45.5%, 50.0%, 37.5%, 
respectively), followed by dizziness (36.3%, 33.3%, 
25.0%, respectively), dry mouth (27.3%, 16.7%, 25.0%), 
diarrhea (18.2%, 0%, 12.5%), and constipation (1%, 0%, 
0%, respectively). 

Response Rate and Remission 
After 8 weeks of treatment, the rate of response in 

vortioxetine arm was 81% and remission rate was 36.5%. 
For escitalopram, the response rate was 33.3% and 

remission rate was 12.1%, and for sertraline, the 
response rate was 30% and remission rate was 16.6% 
(Supplementary Figure 3). 

DISCUSSION 

To our knowledge, this is the first prospective, open- 
label, head-to-head, real world comparative effectiveness 
study comparing vortioxetine to other first-line SSRIs in 
individuals with depressive symptoms as a PCS outcome. 
Our results highlight a significant change in cognitive 
function as primary outcome (DSST) and reduced 
depressive symptoms as secondary outcome (MADRS) at 
week 8 in participants treated with vortioxetine compared 
to escitalopram or sertraline. Also, our findings show an 
improvement in psychosocial function mediated by 
fatigue. Finally, the antidepressant response rate and 
remission rates of symptoms were higher in the 
vortioxetine group than in the SSRI groups. 

A recent RCT published by the authors showed that 
vortioxetine improved cognitive function and depressive 
symptoms compared to placebo group using CRP levels 
as a moderator.11 In this sense, the hypothesized 
biological model of cognitive dysfunction in PCS mediated 
by immune-inflammatory dysregulation indirectly 
supports the notion that vortioxetine’s anti- 
inflammatory and immunomodulatory effects may 
contribute to its mechanisms of action.23 Our sample 
evidenced higher mean levels of pro-inflammatory 
cytokines during previous SARS-CoV-2 infection; 
therefore, individuals with a prior activated immune 
response in the context of COVID-19 who develop MDD 
as a PCS outcome may experience greater improvements 
in cognitive function and depressive symptoms when 
treated with vortioxetine compared to SSRIs. 

As depression is a common symptom during PCS,2 

and cognitive dysfunction has previously been established 
in MDD,12,24–26 a common treatment approach is the use 
of SSRIs in PCS depression. A prospective study that 
evaluated SSRIs’ efficacy in PCS depression showed that 
SSRIs have a rapid antidepressant effect in most of these 
individuals.27 SSRI treatment may have a positive effect 
on cognition measures among depressed participants as 
shown in a meta-analysis published by Prado et al.28 

Nevertheless, vortioxetine, a multimodal antidepressant, 
has demonstrated efficacy in adult patients with MDD 
according to several studies.29–31 Also, the efficacy of 
vortioxetine for cognitive function and depressive symptoms 
has been demonstrated in RCT published previously.12,13,32 

However, there are no head-to-head studies comparing 
vortioxetine vs other antidepressants in long 
COVID–associated depression. Notwithstanding, vortioxetine 
has been shown to be effective in MDD with other medical 
comorbidities, eg, diabetes mellitus, cardiovascular disease, 
Alzheimer disease, and Parkinson disease. 

Figure 1. 
Changes in LS Mean Score of DSST in Individuals 
With PCS and MDD 
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Abbreviations: DSST = Digit Symbol Substitution Test, ESC = escitalopram, LS = least 
squares, MDD = major depressive disorder, PCS = post-COVID syndrome, 
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Our findings suggest a robust improvement after 
8-week treatment with vortioxetine when compared 
to escitalopram or sertraline. Preclinical studies 
have reported that vortioxetine mediates the pro- 
inflammatory response in hippocampus in rodent 
models with a cognitive and depressive-like behavior.33 

Vortioxetine increased levels of mRNA and the 
expression of genes related with transcription 
factors, signal transduction, neuroplasticity, and 
neurotransmission, especially in neuroanatomical area 
of hippocampal in mice models.34–36 In these animal 
models with visuospatial memory impairment and 
depressed-like behavior, vortioxetine but not fluoxetine, 
another SSRI, decreased depression-like behavior, 
which is consistent with the clinical findings that 
elderly patients have a lower response to SSRIs.37 

Other in vitro electrophysiological studies have 
observed that vortioxetine enhances synaptic 
transmission inducing long-term potentiation and 
counteracted the 5-HT–induced spontaneous inhibitory 
postsynaptic currents in hippocampal pyramidal neurons, 
unlike sertraline, which does not achieve this effect.38 

Another important preclinical findings regarding 
cognitive impairment attributed to vortioxetine and not 
to SSRIs such as escitalopram is reversed memory 
impairment in rats depleted of 5-HT.39,40 

Additionally, the relationship between inflammation, 
MDD, and PCS has garnered significant attention, as 
emerging evidence suggests that inflammatory processes 
may play a crucial role in the pathophysiology of both 
MDD and PCS. Inflammation has been implicated as 
a key factor in the pathophysiology of MDD, with 
numerous studies indicating that elevated levels of 
pro-inflammatory cytokines correlate with depressive 
symptoms.41–43 In the context of COVID-19, the viral 
infection triggers a robust immune response 
characterized by a cytokine storm, which can lead to 
increased levels of inflammatory markers such as IL-6 
and tumor necrosis factor-α (TNF-α).44–46 These 
inflammatory markers have been shown to be elevated 
not only during the acute phase of the infection but can 
persist in the post-acute phase, contributing to the 
development of depressive symptoms in survivors3,47–52 

Research has demonstrated that the severity of 
depressive symptoms in individuals with PCS is 
proportional to the levels of systemic inflammation 
measured during the acute infection.49,50 Consistent 
with these findings, we identified high levels of 
pro-inflammatory markers in the acute phase in 
individuals without diagnosed mental illness during 
hospitalization for SARS-CoV-2, including higher levels 
of CRP at the baseline. This suggests that the 
inflammatory response elicited by COVID-19 may 
have long-lasting effects on mental health, particularly 
in those who develop new-onset MDD following their 
recovery from the virus. Tab
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The neurobiological mechanisms linking 
inflammation and depression are complex and 
multifaceted. Inflammatory cytokines can disrupt 
neurotransmitter systems, particularly serotonin and 
dopamine, which are critical for mood regulation.27,53 The 
activation of the indoleamine 2,3-dioxygenase (IDO) 
pathway, induced by pro-inflammatory cytokines, leads 
to increased conversion of tryptophan to kynurenine, 
thereby reducing serotonin availability.53 Additionally, 
chronic inflammation may impair neuroplasticity and 
neurogenesis, processes that are vital for emotional 
resilience, further exacerbating depressive symptoms.54 

Available research evidence provides compelling 
evidence that vortioxetine exerts anti-inflammatory 
effects on human monocytes and macrophages.23 This 
study demonstrated that vortioxetine led to an increase 
in the gene expression of peroxisome proliferator- 
activated receptor gamma (PPARγ) in resting monocytes 
and both macrophage populations. PPARγ is known for 
its anti-inflammatory properties and plays a critical role 
in the differentiation of monocytes into macrophages, 
promoting an anti-inflammatory phenotype.55,56 

Furthermore, vortioxetine was found to induce a negative 
trend in the expression of TNF-α, a pro-inflammatory 
cytokine, suggesting that vortioxetine may help mitigate 
inflammatory responses in these immune cells.23 

Fatigue is a common residual symptoms of 
depression. Also, fatigue appears as a symptomatic 
criterion as part of a MDD diagnosis according to 

DSM-5-TR.57 However, fatigue is overlapping in several 
physical and mental disorders.58,59 In acute and PCS, 
fatigue accompanied the course of the illness and 
persistent after 24 months of previous infection.4 

Previous analyses have elucidated that vortioxetine 
improves psychosocial functions in persons with PCS 
mediated by improvement measures of fatigue.60 In our 
analysis, we show that vortioxetine improves PROMIS 7a 
scores with a tendency to obtain after 8 weeks better 
results. Therefore, vortioxetine may improve depressive 
cognitions and physical performance in MDD as a sequela 
of PCS. 

Finally, response and remission rates were higher in 
the group treated with vortioxetine (Supplementary 
Material Figure 3). This finding is interesting due to 
the mixed evidence regarding the reduction of 
depressive symptoms between vortioxetine and other 
antidepressants.61 Although the benefit of vortioxetine 
in the cognitive symptoms of MDD was observed, as 
well as the better functionality demonstrated and 
greater tolerability, a more accurate image of the 
multidimensional nature of MDD and the significance of 
taking into account these factors in the effectiveness of 
interventions in each of the dimensions may be obtained 
by combining various domains (such as mood and 
physical symptoms, cognition, functionality, and quality 
of life) in the clinical and research measurements. 

The observed cognitive improvements with 
vortioxetine may partially reflect its superior 
antidepressant effects compared to SSRIs, given the 
close interplay between mood and cognition in PCS. 
However, vortioxetine’s unique pharmacological 
profile, including modulation of glutamatergic 
neurotransmission and enhancement of neuroplasticity, 
supports an independent pro-cognitive effect. Prior 
studies have reported cognitive benefits in nondepressed 
populations, further suggesting a direct mechanism.62–64 

Future studies should explore these effects using 
mediation analyses to distinguish antidepressant-driven 
changes from primary cognitive improvements. 

There are many other factors that may influence the 
interpretation of our study findings. For example, 
variations in baseline cytokine levels, pre-existing 
medical conditions, and differences in COVID-19 
severity across participants could partially influence 
treatment outcomes. Although a robust statistical model 
was employed to balance key covariates, residual 
confounding cannot be fully excluded due to the study’s 
nonrandomized design. 

Future research should aim to replicate and expand 
upon these findings, with a focus on RCTs that explore 
the role of biomarkers, such as cytokine profiles, in 
mediating treatment outcomes for PCS-related MDD. 
These findings underscore the importance of stratifying 
patients based on inflammatory biomarkers to optimize 
treatment efficacy and guide personalized therapeutic 

Figure 2. 
Estimated MADRS LS Mean from Baseline to 
End-Point (Week 8) Comparing Vortioxetine 
(10–20 mg/d) vs Escitalopram (10–20 mg/d) 
vs Sertraline (50–200 mg/d) 
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Abbreviations: ESC = escitalopram, LS = least squares, MADRS = Montgomery- 
Asberg Depression Rating Scale, SER = sertraline, VOR = vortioxetine. 
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approaches in PCS-related MDD. Future investigations 
should prioritize integrating biomarker-based selection 
criteria and long-term evaluations of vortioxetine’s 
efficacy in diverse PCS populations. 

Our study has several strengths: (1) it used a sample 
calculation according to the expected effects for the 
outcomes, (2) it compared the effectiveness of the 
treatments head-to-head considering 3 domains 
associated with MDD, (3) it used robust estimates and 
explanatory statistical models for prospective follow-up 
studies, (4) it used standardized clinical scales to obtain 
information related to outcomes as well as adverse effects, 
and (5) it had a reduced information bias due to a low 
rate of dropouts during the follow-up. The limitations 
that this study faces are as follows: (1) a small sample 
for the comparison arms; (2) the nonrandomization 
of participants for each of the interventions, which 
increases the risk of selection bias; (3) most participants 
had higher baseline values associated with the cytokine 
profile during acute SARS-CoV-2 infection; a robust 
comparison could not be performed with participants 
without a high immune response during COVID-19 that 
would clarify whether the effect of vortioxetine was 
sustained in the group with a cytokine profile within 
normal ranges; (4) the lack of a comparator group of PCS 
patients without MDD limits the ability to isolate 
inflammatory contributions unique to MDD; and (5) no 
measures of functionality were included beyond the 
Patient-Reported Outcome Measurement obtained 
through PROMIS 7a. 

CONCLUSIONS 

Vortioxetine, a multimodal antidepressant, is an 
effective option as first-line treatment in new-onset MDD 
after SARS-CoV-2 infection. Measure of cognitive 
function and depressive symptoms improved to a greater 
extent with vortioxetine when compared to escitalopram 
or sertraline in PCS participants with MDD. Physical 
symptoms such as fatigue also significantly improved to 
a greater extent than the comparator. Future studies are 
necessary to replicate and extend the findings observed 
in our real-world study. 
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Supplementary Material.  
Supplementary Material Figure 1. STROBE flow diagram of the participants enrolment, 
assigned and follow-up in the real-world-evidence study of vortioxetine vs SSRIs for PCS 
with MDD.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

396 invited for clinical 
study enrolment. 

215 cleared pre-
screening stage 

140 assigned for 
treatments. 

70 allocated to 
vortioxetine 

36 allocated to 
escitalopram 

34 allocated to 
sertraline 

7 discontinued the 
intervention 

3 discontinued the 
intervention 

4 discontinued the 
intervention 

63 completed the 8-
week treatment period 

and included in the 
analysis 

33 completed the 8-
week treatment period 

and included in the 
analysis 
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week treatment period 

and included in the 
analysis 



 
Supplementary Material Figure 2. LS mean score of PROMIS 7a in individuals with PCS 
and MDD treated with vortioxetine vs escitalopram vs sertraline.  

 
VOR = Vortioxetine, ESC = Escitalopram, SER = Sertraline. Fatigue is a common symptom 
occurring in MDD and PCS. Our results showed that fatigue measured by PROMIS 7a decreased 
during the 8-week treatment with significant statistical differences at endpoint in vortioxetine arm 
than SSRIs groups.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Material Figure 3. Response rate (MADRS reduced ³50 symptoms) and 
remission (MADRS £ 10) in individuals with PCS and MDD treated with vortioxetine vs 
escitalopram vs sertraline.   
 

 
VOR = Vortioxetine, ESC = Escitalopram, SER = Sertraline. In the baseline participants have a 
MADRS ³ 26. After 8-weeks of treatment, the rate of response in vortioxetine arm was 81%, 
remission rate 36.5%. For escitalopram, the response rate was 33.3% and remission rate 12.1%, 
and for sertraline the response rate was 30% and remission rate 16.6%.  
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