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Objective: To assess the efficacy and safety of Vortioxetine and Escitalopram in improving cognition in patients with major 
depressive disorder (MDD).
Methods: At baseline, 131 MDD patients and 70 healthy controls completed the Hamilton Depression Scale (HAMD-17), Hamilton 
Anxiety Scale (HAMA), Snaith-Hamilton Pleasure Scale (SHAPS) and MATRICS Consensus Cognitive Battery (MCCB). Patients 
with MDD were randomly divided into Vortioxetine (n = 62) and Escitalopram (n = 69) groups with an 8-week follow-up research. 
ANOVA for repeated measurement was utilized to compare the efficacy of Vortioxetine and Escitalopram.
Results: The total scores of HAMD-17, HAMA and SHAPS scales had statistical difference between MDD cases and healthy controls 
(P < 0.001) at baseline. After 8 weeks of treatment, the scale scores of the HAMD-17, HAMA and SHAPS had lowered in both 
groups, with no statistical difference between two groups (P > 0.05). At baseline, MDD patients had defects in Speed of Processing, 
Attention Vigilance, Verbal Learning, Visual Learning, Reasoning and Problem Solving, and Social Cognition, compared with healthy 
controls. After 8 weeks of treatment with Vortioxetine or Escitalopram, the patients had improved in the aspects of cognitive functions 
above except Social Cognition. Numerical improvements of MCCB scale were found in the two groups, P > 0.05. Most adverse events 
were mild or moderate, with nausea being the most common adverse event.
Conclusion: Both Vortioxetine and Escitalopram can improve the mental status and cognitive functions in MDD patients, with mild 
or moderate adverse events.
Trial Registration: www.chictr.org.cn, identifier: ChiCTR1900024858.
Keywords: vortioxetine, escitalopram, major depressive disorder, randomized controlled trial, efficacy

Introduction
Major Depression disorder (MDD), a common mental disorder, features high prevalence, high relapse rate, high suicide 
rate, and heavy economic burden. The latest epidemiological studies show that the lifetime prevalence of MDD is 3.4% 
in China.1 The DALY rate of MDD is 409.7 per 100,000 people in China in 2017.2 The treatment of MDD is faced with 
the dilemma of low remission rate and residual symptoms. According to STAR*D trial, most MDD participants received 
citalopram and other antidepressants. However, after 12 weeks of treatment with 4 different antidepressants in 1 year, 
only 67% of patients finally achieved clinically remission.3 MDD patients recover slowly due to residual cognitive 
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symptoms during remission; thus, remission may not be achieved after multiple interventions.4 MDD patients have lower 
remission rates due to cognitive impairment.5 Evidence suggests that MDD patients show clinical deficits in five 
cognitive domains: attention, response inhibition, verbal memory, decision speed, and information processing. Even if 
the depressive symptoms are significantly alleviated, the cognitive symptoms still lack corresponding improvement.6

Previous findings suggest that escitalopram and vortioxetine have inherently greater efficacy and acceptability than 
other antidepressants.7 Studies demonstrate that Escitalopram, one of the most selective SSRI, has great efficacy in 
relieving the symptoms of MDD in China.8 Furthermore, latest meta-analyses have showed that Escitalopram and other 
SSRIs have modest positive effect on recovery of cognition.9

Vortioxetine was approved for MDD treatment by the Federal Drug Administration in 2013 and approved for clinical 
use in China in 2017. Unlike Escitalopram, Vortioxetine is a multimodal antidepressant, acting on six pharmacological 
targets through two different modes of action, including inhibiting the reuptake of the 5-HT transporter (SERT), 
antagonizing 5-HT3, 5-HT7 and 5-HT1D, agonizing 5-HT1A and partially agonizing 5-HT1B.10 Studies found that 
Vortioxetine enhances LTP and long-lasting changes in hippocampal synaptic functions; it also stimulates neurogenesis, 
increases dendritic length, and promotes neuronal neurotransmission and synaptic neuroplasticity in this brain region.11 

Behavioral studies indicate that Vortioxetine has antipsychotic and antidepressant activity in different animal models.12 It 
has also been shown to promote memory, cognition and executive functions in a variety of animal models.13,14 Clinical 
studies in many countries have reported the clinical effects of Vortioxetine on cognitive function in patients with 
depression.15–18 A Single-Arm RELIEVE China Study demonstrates short- and long-term effectiveness and tolerability 
of Vortioxetine for patients with MDD in China.19 Meanwhile, a network meta-analysis shows that Vortioxetine provides 
statistically significant improvements in cognitive function compared with other antidepressants, possibly due to its 
unique pharmacological profile.20

The clinical efficacy and safety of Vortioxetine have been confirmed in Asian countries, and some studies suggest that 
Vortioxetine is better tolerated than other antidepressants.7,21 However, there is currently a lack of head-to-head 
comparative study in the Chinese population.

Therefore, this randomized, head-to-head, 8-week study is aimed to evaluate the efficacy and the cognitive function 
benefit of Vortioxetine compared with Escitalopram in MDD patients in China.

Methods
Participants
Patients who meet the diagnostic criteria for MDD according to the Diagnostic and Statistical Manual of Mental 
Disorders, Five Edition (DSM-5)22 were recruited from the Department of Psychiatry at the First Affiliated Hospital, 
College of Medicine, Zhejiang.

The inclusion criteria used in this study for patient selection were : (1) patients aging from 18 to 45; (2) patients with 
MDD meeting the diagnostic criteria of DSM-5;22 MDD diagnosed for the first time without any treatment, or relapsed 
depression without treatment; (4) the total score of Hamilton Depression Scale (HAMD-17) ≥17; (5) Han-nationality, 
right-handed; and (6) junior high school education or above.

The exclusion criteria were as follows: (1) patients who received the use of antidepressants or other psychiatric drugs, 
or other antidepressive treatments such as transcranial magnetic stimulation (TMS) and electroshock; (2) comorbidities 
or a history of other mental disorders;22 (3) a first-degree relative with a history of mental disorder; (4) secondary mental 
disorders caused by drugs or organic factors; (5) a history of major neurological diseases (eg epilepsy, stroke), physical 
diseases (eg heart disease, hypertension, liver disease), and endocrine diseases (eg diabetes); (6) a history of alcohol or 
drug abuse or dependence; (7) contraindications for magnetic resonance imaging (MRI) (eg metal implants, 
claustrophobia).

This study was approved by the Ethics Review Committee of the First Affiliated Hospital of Zhejiang University 
School of Medicine (approval number: No. 2019(1014)) and was registered at China Clinical Trial Registry (www.chictr. 
org.cn, registration number: ChiCTR1900024858). All subjects had signed the informed consent before the study.
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Healthy Controls
The health controls (n=70) underwent free psychological tests. Healthy controls and MDD patients were matched by age, 
sex, and years of education. Exclusion criteria were the same as for patients with MDD.

Study Design, Medications, Randomization, and Blinding
The study consisted of an initial screening and psychological test of patients and healthy controls, starting from 06/02/ 
2020, followed by a randomized, 8-week and active controlled treatment.

All eligible patients were then randomly assigned to either of two groups: Vortioxetine or Escitalopram group based 
on a computer-generated randomization scheme stratified by the center.

Vortioxetine: The patients took 5 mg orally after supper for the first 2 days, and 10 mg orally on the third day. If the 
4-week decrease rate of HAMD-17 score was less than 50%, the dosage could be gradually increased to 15–20 mg 
per day. Vortioxetine was continuously used for 8 weeks.

Escitalopram: Took 5mg orally after supper for the first 2 days and changed to 10mg orally after supper on the 
third day. If the 4-week decrease rate of HAMD-17 score was less than 50%, the dose could be gradually increased to 
15–20 mg per day. Escitalopram was continuously used for 8 weeks.

The efficacy and safety assessments were performed by trained practitioners who were blind to the treatment that the 
patients were receiving.

Concomitant Medication
Benzodiazepines and propranolol tablets can be used together. However, benzodiazepines should not be administered 
within 6 hours before a predetermined efficacy or safety rating. Other antidepressants and any prescription drugs, illicit 
mood-altering drugs, or over-The-counter drugs with psychotherapeutic properties were not permitted.

Assessments
Primary Outcome: Efficacy Assessments
The primary efficacy variable was the change in HAMD-17 total score from baseline to endpoint (week 8). Secondary 
efficacy variables included changes from baseline to endpoint in Hamilton Anxiety Rating Scale (HAMA) and Snaith- 
Hamilton Pleasure Scale (SHAPS) scores. Trained assessors with relevant clinical expertise performed all efficacy 
assessments. Where possible, scale administration was conducted by the same rater at all scheduled visits from baseline 
to final assessment (weeks 2, 4, and 8 or at early withdrawal).

Secondary Outcome: Cognitive Function Assessments
MATRICS Consensus Cognitive Battery (MCCB) was conducted at baseline and week 8 to assess cognitive function. 
The MCCB has seven factors in total, assessing cognitive function from aspects such as Speed of Processing, Attention 
Vigilance, Working Memory, Verbal Learning, Visual Learning, Reasoning and Problem Solving, and Social Cognition.

Safety Assessments
Treatment-emergent adverse events (TEAEs) were evaluated and recorded from baseline to final assessment (weeks 2, 4, 
and 8 or at early withdrawal).

Statistical Analysis
The intention-to-treat (ITT) analysis set included all randomized patients who received at least one dose of study drug at 
baseline and had at least one HAMD-17 total score assessment after baseline. The analysis set for each protocol included 
all randomized patients who completed the study without major protocol deviations. Efficacy variables, including 
HAMD-17 total score using the last observation carried forward (LOCF) method, were analyzed primarily in the ITT 
set. The safety analysis set included all patients who received at least one dose of study drug. The continuous variables 
were described using the mean standard deviation (SD). For repeated measures, we used a mixed-effect model. The 
mixing procedure was used to provide an overall assessment of the effect of treatment group (GROUP), treatment time 
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(TIME), and the interaction between GROUP and TIME. The comparison statement is used to compare the average 
levels of each variable between GROUP/TIME after controlling the impact of TIME/GROUP. Statistical analysis was 
performed using SPSS 21.0 (IBM Institute Inc).

Results
Subject Disposition, Baseline Demographics, and Clinical Characteristics
A total of 210 people met the inclusion criteria, 70 healthy controls and 140 patients with depression, 9 of whom refused 
to sign the informed consent form, and 131 MDD patients were finally enrolled. MDD patients were randomly divided 
into 2 groups, 62 in the Vortioxetine group and 69 in the Escitalopram group. After 2 weeks, 4 weeks, and 8 weeks of 
treatment, the numbers of patients in the Vortioxetine group were 55, 50, and 31, respectively, and the numbers in the 
Escitalopram group were 56, 50, and 47, respectively (Figure 1). The ITT analysis set included 55 patients in the 
Vortioxetine group and 56 in the Escitalopram group, and these populations were used for the analysis of efficacy-related 
measures. Due to the attrition rate and limited time points of cognitive assessment, the per-protocol (PP) analysis set were 
used in efficacy analysis and the comparison of Vortioxetine and Escitalopram between baseline and 8 weeks of MCCB, 
including 31 patients in the Vortioxetine group and 47 patients in the Escitalopram group who completed the entire study 
period. The safety analysis includes all 131 patients that underwent randomization.

The demographic and clinical characteristics of MDD patients and healthy controls are shown in Table 1. There was 
no statistical difference in general information regarding age, gender and years of education, with all P > 0.05. There 
were statistically significant differences in the total scores of HAMD-17, HAMA and SHAPS scales between MDD cases 
and healthy controls (P <0.001). There were also differences in MCCB scores including Speed of Processing, Attention 
Vigilance, Working Memory, Verbal Learning, Visual Learning, Reasoning and Problem Solving, and Social Cognition 
between the two groups, with all P < 0.05. The demographic and clinical characteristics of patients in Vortioxetine and 
Escitalopram groups are also shown in Table 1. There was no statistical difference in characteristic information and the 
total scores of HAMD-17, HAMA, SHAPS and the other MCCB scales between two study groups, except that the scores 
of Working Memory in MCCB were significantly different, with P <0.01.

Primary Outcome: Treatment Effect
The changes of the total HAMD-17, HAMA and SHAPS scores in the two groups were listed in Table 2. There was 
no statistical difference in the total scores of HAMD-17, HAMA and SHAPS between the Vortioxetine and 
Escitalopram groups at baseline, 2-, 4- and 8-week treatments, with all P > 0.05. In addition, we found that the 
total HAMD-17 (F = 209.638, P < 0.001), HAMA (F = 122.323, P < 0.001) and SHAPS (F = 13.907, P < 0.001) 
scores at different follow-up points were significantly different compared with baseline, and the mean scores of these 
scales gradually decreased over time after the use of antidepressants (Figure 2), but there was no difference between 
the scales of the two groups (P > 0.05). No interaction between drug and follow-up time was found in the three scales 
(P > 0.05). The results obtained by ITT and PP analysis methods were basically consistent as listed in Table 2 and 
Supplement Table 1.

Cognitive Function Between the Two Groups
The changes of MCCB scores between the Vortioxetine and Escitalopram groups are listed in Table 3. The significant 
improvements of Attention Vigilance (45.15 vs 50.31), Speed of Processing (39.73 vs 47.65), Working Memory (39.78 
vs 45.22), Verbal Learning (40.26 vs 47.19), and Reasoning and Problem Solving (41.70 vs 48.67) were discovered in the 
Vortioxetine group after the 8-week treatment (P1 < 0.05). Escitalopram had improved cognition regarding Speed of 
Processing (41.63 vs 48.77), Attention Vigilance (44.39 vs 47.84), Verbal Learning (43.23 vs 50.00), Visual Learning 
(43.42 vs 49.63) and Reasoning and Problem Solving (43.56 vs 49.07), with statistical differences (P2 < 0.05). Compared 
with before treatment, there were no differences in the scores of seven factors in MCCB between the two groups after 
8 weeks of treatment, with all P3 > 0.05.
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Safety Findings
The adverse reactions of MDD cases treated with Vortioxetine or Escitalopram within 8 weeks are shown in Table 4. 
There were 58 cases of treatment-emergent adverse events (TEAEs), 33 (53.2%) in the Vortioxetine group and 25 
(36.2%) in the Escitalopram group. Most adverse events were mild or moderate, with nausea in 22 cases (35.5%) of 
Vortioxetine group and 13 (18.8%) of Escitalopram group being the most common adverse event. No deaths or serious 
adverse events occurred during the study.

Assessed for eligibility (n=210)

Excluded  (n=9)
¨   Declined to participate (n=9)

¨Lost to follow-up  (n= 3)

¨ (n=1)

¨No-compliance (n=1)

¨

¨Lost to follow-up  (n= 5)

Vortioxetine (n=62)
¨ Received allocated intervention (n=62) 
¨ Did not receive allocated intervention  (n= 0) 

¨ (n=2)

¨Protocol violation (n=2)
¨ Lost to follow-up  (n= 9)

Escitalopram (n=69)
¨ Received allocated intervention (n=69) 
¨ Did not receive allocated intervention (n= 0) 

¨ Lost to follow-up  (n=2)

¨ (n=1)

Randomized (n= 131)

¨Lost to follow-up  (n= 3)
¨No-compliance (n=1)
¨Protocol violation (n= 2) 

¨Lost to follow-up  (n= 16)
¨Adverse events (n=3)
¨ pregnancy (n=1)

Healthy Controls (n= 70)

Figure 1 CONSORT diagram of participants through the trial.
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Discussion
Vortioxetine was launched in China in 2017, and there are few relevant head-to-head comparative trials in China. In 
contrast, there are many clinical studies of Escitalopram in the treatment of MDD patients. The remission rate of 
Escitalopram in the treatment of MDD in China has reached 72.8% at week 8 in the intention-to-treat group.23 

Escitalopram is the most recommended prescription antidepressant due to its high remission rate. In our study, after 
8 weeks of treatment, there was no statistical difference in the efficacy between the Vortioxetine group and the 

Table 1 Demographic and Clinical Characteristics of Comparison Groups at Baseline (Mean ± SD)

Variables MDD 
(n=131)

Healthy Controls 
(n=70)

P Vortioxetine 
(n=62)

Escitalopram 
(n=69)

P

Age, years 28.11±7.44 28.40±8.21 0.798 28.08±7.30 28.13±7.62 0.970

Gender, n (%) 0.690 0.574

Male 34 (25.95) 20 (28.57) 18 (29.03) 16 (23.19)
Female 97 (74.05) 50 (71.43) 44 (70.97) 53 (76.81)

Education, years 13.92±2.75 14.31±1.82 0.230 13.72±2.93 14.10±2.58 0.433

Course of illness (Month) median 
(P25,P75)

12(6,24) 10(4,24) 12(6,36) 0.186

Total HAMD-17 score 23.60±4.05 2.41±2.748 <0.001 23.27±4.11 23.88±4.01 0.392
Total HAMA score 20.87±6.59 1.46±1.78 <0.001 20.98±6.29 20.77±6.90 0.852

Total SHAPS score 32.11±6.82 19.33±5.55 <0.001 32.05±7.28 31.94±6.55 0.911

MCCB factor score
Speed of processing 40.97±11.62 50.21±9.20 <0.001 39.73±10.82 41.63±11.37 0.330

Attention vigilance 44.08±8.471 47.06±8.28 0.011 45.15±8.38 44.39±8.09 0.599

Working memory 43.54±11.59 46.70±10.22 0.063 39.78±10.71 46.12±12.73 <0.01
Verbal learning 41.38±9.89 48.84±8.24 <0.001 40.26±11.20 43.23±9.69 0.106

Visual learning 43.26±12.60 51.69±8.84 <0.001 46.52±11.93 43.42±13.08 0.160

Reasoning & problem solving 42.34±10.14 48.54±9.60 <0.001 41.70±9.30 43.56±11.16 0.305
Social cognition 33.82±12.05 44.69±12.24 <0.001 35.74±10.75 34.52±12.08 0.544

Note: Data are presented as means ± SD unless otherwise stated. 
Abbreviations: HAMD-17, Hamilton Depression Scale; HAMA, Hamilton Anxiety Scale; SHAPS, Snaith-Hamilton Pleasure Scale; MCCB, MATRICS Consensus Cognitive Battery.

Table 2 Comparison of Clinical Scales at Baseline and After Treatment Using ITT Analysis

Variables Vortioxetine 
(n=62)

Escitalopram  
(n=69)

P Time Group Time×Group

HAMD-17

Baseline 23.27±4.11 23.88±4.01 0.392
2 weeks 15.92±5.29 15.28±7.47 0.567 P <0.001 P=0.540 P=0.264

4 weeks 14.34±6.19 13.06±7.12 0.277

8 weeks 12.53±6.40 11.67±7.26 0.473
HAMA

Baseline 20.98±6.29 20.77±6.90 0.852
2 weeks 14.53±6.18 13.33±6.87 0.298 P <0.001 P=0.330 P=0.596

4 weeks 13.24±6.20 12.35±7.36 0.456

8 weeks 12.02±6.34 10.51±7.51 0.219
SHAPS

Baseline 32.05±7.28 31.94±6.55 0.911

2 weeks 31.72±7.72 30.98±7.39 0.592 P <0.001 P=0.656 P=0.627
4 weeks 30.15±7.37 30.17±7.47 0.985

8 weeks 29.20±8.07 27.98±7.64 0.386

Notes: Data are presented as means ± SD. t-test and repeated-measures ANOVA were used for the P value.
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Escitalopram group (Table 2). Our results reveal that the efficacy of Vortioxetine is essentially the same as that of 
Escitalopram in Chinese population. Considering the status of Escitalopram as one of the most widely used antidepres-
sants, Vortioxetine, with a different mechanism of action, may be a promising option for patients who derive optimal 
benefit from first-line antidepressant therapy.

Cognitive dysfunction is increasingly recognized as an important symptom of MDD and an important dimension in 
antidepressant treatment. Research suggests that cognitive dysfunction in MDD includes psychomotor processing, 
declarative memory, working memory, executive functions, and attention.24,25 In previous clinical studies, cognitive 
assessment tools such as Digit Symbol Substitution Test (DSST), Wisconsin Card Sorting Test (WCST), Stroop Test, Rey 
Auditory Verbal Learning Test (RAVLT) and Trail Making Test (TMT) have been used.26 However, different tests have 
limitations in assessing cognitive function. Likewise, the various tools used in clinical trials can lead to heterogeneous 
results. In comparison, MCCB provides more multidimensional parameters and therefore is more closely related to the 
multiple symptoms of mental illness, which could assess the severity of the symptoms more comprehensively and serve 
as a potentially sensitive cognitive marker to identify the early pathological state changes of psychosis.27 Studies have 
showed that MCCB has been widely used to assess cognitive functions in clinical trials and shown stable internal 
consistency and reliability in Chinese patients with MDD of different ages.28–32

In our study, MDD patients showed cognitive impairments compared with healthy individuals, including: Speed of 
Processing, Attention Vigilance, Verbal Learning, Visual Learning, Reasoning and Problem Solving, and Social 
Cognition (Table 1). Previous review mentioned that in addition to common cognitive symptoms such as inattention 
and psychomotor slowdown, MDD also has response inhibition, cognitive flexibility, semantic verbal fluency, and 
executive function compared with healthy people.25 These cognitive impairments severely impact the prognosis and 
social function of patients.

Baseline  2 week   4 week   8 week

Escitalopra

Vortioxetine

C
h

an
g

es
 in

 H
A

M
D

-1
7 

S
co

re
Figure 2 HAMD-17 scores were significantly improved after the 8 weeks use of Escitalopram and Vortioxetine. ####P < 0.0001 in Vortioxetine group. ****P < 0.0001 in 
Escitalopram group. n.s.P > 0.05.

Table 3 Comparison of Vortioxetine and Escitalopram Between Baseline and 8 weeks of MCCB Using PP Analysis

Variables Vortioxetine P1 Escitalopram P2 Change from baseline P3

Baseline 8 weeks Baseline 8 weeks Vortioxetine Escitalopram

MCCB

Speed of processing 39.73±10.82 47.65±10.43 0.001 41.63±11.37 48.77±10.68 <0.001 7.92±10.79 7.14±7.90 0.977

Attention vigilance 45.15±8.38 50.31±10.23 <0.001 44.39±8.09 47.84±10.13 0.003 5.15±6.30 3.45±6.76 0.304

Working memory 39.78±10.71 45.22±9.75 0.019 46.12±12.73 48.77±12.28 0.290 5.44±11.27 2.65±16.211 0.446

Verbal learning 40.26±11.20 47.19±10.33 <0.001 43.23±9.69 50.00±10.15 <0.001 6.93±7.56 6.77±10.85 0.579

Visual learning 46.52±11.93 49.78±9.88 0.121 43.42±13.08 49.63±12.15 0.001 3.26±10.57 6.21±11.51 0.537

Reasoning & problem solving 41.70±9.30 48.67±9.42 <0.001 43.56±11.16 49.07±10.27 <0.001 6.96±8.35 5.51±9.32 0.727

Social cognition 35.74±10.75 34.11±12.89 0.533 34.52±12.08 36.21±13.28 0.246 −1.63±14.08 1.69±9.31 0.279

Notes: P1: The differences between baseline and 8 weeks of vortioxetine group. P2: The differences between baseline and 8 weeks of escitalopram group. P3: The differences 
between vortioxetine and escitalopram group. Bold text: P < 0.05.
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Meanwhile, our study found that after 8 weeks of treatment, both Vortioxetine and Escitalopram could improve 
cognitive symptoms, but there was no statistical difference between the two antidepressants. Our results are similar to 
those published by Vieta E in 2018: at week 8, Digit Symbol Substitution Test (DSST) and the University of San Diego 
Performance-based Skills Assessment-Brief (UPSA-B) performance had improved in Vortioxetine group and 
Escitalopram group, with no statistically significant treatment difference.33 A study of a larger scale comparing the 
effects of antidepressants on cognitive function measured by DSST demonstrated that Vortioxetine was more efficacious 
than Escitalopram and other antidepressants.20

In terms of safety, the most common adverse event of the two drugs in our study was nausea, which was a mild-to- 
moderate reaction and was acceptable to patients. The incidence rate is similar to that of previous clinical studies at 
around 30%.17,34 The incidence of nausea was slightly higher with Vortioxetine than with Escitalopram, which was 
consistent with the results of Vieta E.33

Notably, cognitive dysfunction has been identified and emphasized in MDD patients and significantly contribute to 
social functional disabilities.35 In the treatment of MDD, multiple antidepressants could effectively improve the core 
symptoms, while the cognitive function impairment still lacks targeted management.36 Recent studies have shown that 
even with adequate treatment of conventional selective serotonin reuptake inhibitors (SSRIs), a significant proportion of 
MDD patients still have residual symptoms of cognitive function impairment,37,38 or even be negatively affected in terms 
of cognitive ability.39,40 In addition to the antidepressant effects, the multimodal antidepressants like Vortioxetine have an 
independent effect on improving cognition,41 thus to provide an overall improvement of patients’ symptoms and social 
functioning. Vortioxetine works as a 5-HT3, 5-HT7 and 5-HT1D receptor antagonist, a partial 5-HT1B receptor agonist, 
a 5-HT1A receptor agonist, and a 5-hydroxytryptamine transporter (SERT) inhibitor, combining the 5-HT reuptake 
inhibition with modulations of other key 5-HT receptors.42 Its blockage of the 5-HT3 receptors would improve the 
glutamatergic and serotoninergic transmission and also the firing of pyramidal neurons in prefrontal cortex, which plays 
a key role in the cognitive improvement.43 Likewise, it could block the 5-HT7 receptor prominently expressed in the 
limbic areas, which are the key brain regions associated with anhedonia, cognition dysfunction and many other 
symptoms.44 Besides, Vortioxetine has been shown to enhance cognition in MDD patients by affecting brain metabolites, 
including altering neurobiochemical metabolites levels in the frontal lobe-thalamus-cingulate gyrus loop.32 Therefore, 
Vortioxetine may have advantages in targeting cognitive dysfunction compared to traditional SSRIs. Although our study 
showed no significant difference between Vortioxetine and Escitalopram in improving cognitive function in MDD 
patients, it still needs to be studied and demonstrated in a larger population sample in the future. Clinical biochemical 

Table 4 Summary of TEAEs in the 8-Week Treatment Period (All Patients Treated*)

Vortioxetine (n=62) Escitalopram (69)

Treatment-emergent adverse events (TEAEs), subjects, n (%)
Any TEAE 35(56.4%) 31 (45.1%)

TEAEs leading to discontinuation 4(6.5%) 2(2.9%)

Serious TEAEs 0(0%) 0(0%)
Serious TEAEs leading to discontinuation 0(0%) 0(0%)

Nausea 22(35.5%) 13(18.8%)

Somnolence 4(6.5%) 8(11.6%)
Constipation 0(0.0%) 1(1.5%)

Diarrhea 1(1.6%) 4(5.8%)
Pruritus 3(4.8%) 1(1.5%)

Erythra 1(1.6%) 1(1.5%)

Tremor 0(0.0%) 1(1.5%)
Headache 1(1.6%) 0(0%)

Dizziness 2(3.2%) 2(2.9%)

Heart palpitations 1(1.6%) 0(0.0%)

Note: *Patients who received at least one dose of investigational medical product. 
Abbreviation: TEAE, Treatment emergent adverse event.
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measures and pre-clinical studies are urgently required to further investigate mechanisms of Vortioxetine in cognition 
improvement.

It is worth mentioning that some promising drugs and neuromodulation technology have emerged, providing more 
actionable clinical recommendations for the treatment of MDD and other mental disorders. Novel pharmacological 
interventions, such as Ketamine/Esketamine and Psilocybin, have shown significant antidepressant effect and work faster 
compared with traditional antidepressants. Single or multiple infusions of Ketamine are both effective and safe in the 
treatment of MDD45 and multiple infusions of Ketamine show a long-lasting antidepressant effect.46 Esketamine 
provides an even more ultra-rapid and long-lasting antidepressant effect for MDD and its adjunctive intranasal admin-
istration brings convenience to the treatment mode.47 However, the remission rate of Esketamine might not be better than 
that of intravenous ketamine48 and the relatively high price limits the patient accessibility. Neither Ketamine nor 
Esketamine has showed cognition improvement independent of antidepressant effect30,46,49 or any significant difference 
between treatment-resistant depression (TRD) and non-TRD.48 The long-term therapeutic effect and safety of Ketamine/ 
Esketamine and their benefits in combination with other antidepressants need further clarification in large-scale 
randomized clinical trials. Psilocybin also has a rapid onset of antidepressant effect50 similar to Ketamine/Esketamine, 
mainly improving the depression and anxiety symptoms in MDD.51,52 Psilocybin shows the ability to increase brain 
network integration globally which has not been observed in Escitalopram, implying the mechanism of its antidepressant 
action in TRD.53 On the other hand, adverse events and suicidal behaviour occurred more frequently with the use of 
Psilocybin.54 Larger and longer trials are required to determine the long-term efficacy, safety, and tolerability of 
Psilocybin in MDD. Neuromodulation technology using non-invasive physical stimulus, such as nonconvulsive electro-
therapy (NET) and stanford neuromodulation therapy (SNT), has greatly enriched the treatment of MDD. The anti-
depressant efficacy of NET on depression is similar to that of electroconvulsive therapy (ECT) with significantly fewer 
neurocognitive impairments.55 Compared with the pharmacological treatments in MDD, NET has limited patient 
acceptance and shows no significant improvement in cognitive impairment, but works well as an effective treatment 
for TRD.56,57 In addition to the electrical stimulation, repetitive transcranial magnetic stimulation (rTMS) is also 
a clinically mature intervention for MDD. SNT is a faster and more efficient form of rTMS, enhancing antidepressant 
effect through acceleration, interval stimulation, higher total pulse doses and individualized targeting, and has greatly 
improved the response rate and remission rate of treatment for TRD, with barely any adverse events.58 Taken together, 
SNT may lead to better outcomes as a promising therapeutic innovation for patients who lack benefits from previous 
treatments. Future studies in this area should further investigate treatment parameters, widespread application in larger 
patient groups and clinical benefit of combination therapy.

Several explanations may account for our results that failed to replicate previous findings regarding cognitive 
symptom outcomes. First, a total of 131 MDD patients were recruited in this study with a relatively high attrition rate, 
as the small sample size could have affected the significance of the results. The possible reason is that people were 
prohibited from going out due to COVID-19. The medication was available in provincial capital cities but hardly 
accessible in small cities, thus many patients stopped taking Vortioxetine due to the difficulty in obtaining medicines, but 
Escitalopram is available in most hospitals, which made the dropout rate of the Escitalopram group in this study lower 
than the Vortioxetine group. Also, the price of Vortioxetine is much higher than that of Escitalopram, which may result in 
the higher dropout rate of Vortioxetine group. Second, we chose HAMD-17, HAMA and SHAPS to evaluate depressive 
symptoms and MCCB to evaluate the cognitive function of patients with MDD. The lack of significant differences 
between the two groups may be due to the low sensitivity of the selected scales. Third, the relatively short duration of 
eight-week treatment period might not fully reflect the long-term effects of symptoms and cognition improvement 
achieved by Vortioxetine and Escitalopram. The potential advantages long-term benefits of both medications could be 
further evaluated in prospective trials with a prolonged period. Meanwhile, sufficient biomarkers such as plasma factors, 
intestinal flora and magnetic resonance imaging were not included in this study, which could help detect possible 
pathological mechanisms of MDD and different pharmacological mechanisms of Vortioxetine and Escitalopram. We have 
also collected blood, feces, and functional magnetic resonance data, and will further analyze the biological mechanisms 
in the future.
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Conclusions
Both Vortioxetine and Escitalopram can improve the mental status and cognitive functions in MDD patients, with mild or 
moderate adverse events. There is no significant difference in the efficacy and the cognitive function benefit between 
Vortioxetine and Escitalopram. Further verification in a large sample population is needed in the future. Some promising 
drugs, physical therapy and psychotherapy should be jointly explored as well in order to bring up more advanced clinical 
guidance.

Significant Outcomes
● Both Vortioxetine and Escitalopram can improve the mental status and cognitive function, with mild or moderate 

adverse events.

Limitations
● The small sample size and attrition rate could have affected the significance of the results.
● Long-term trials and widespread patients population are required to verificate the efficacy and cognition improvements 

of Vortioxetine and Escitalopram.
● More comprehensive parameters need to be introduced for clinical evaluation of Vortioxetine and Escitalopram.
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