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Abstract 

 

Rationale  Cognitive dysfunction is frequent in major depressive disorder (MDD), and brain-

derived neurotrophic factor (BDNF) is involved both in regulation of cognition and in 

therapeutic response in MDD.  

Objectives  The aim of this study was to determine if baseline plasma BDNF might predict 

change in cognitive function in MDD patients treated with vortioxetine or escitalopram, and 

whether the alterations in BDNF levels correlate with changes in cognitive performance during 

treatment.  

Methods  Drug-naive or drug-free patients with MDD (N=121) were sampled and evaluated at 

baseline and 4 weeks after treatment initiation with vortioxetine or escitalopram. Cognitive 

function was evaluated using the F-A-S test, Digit Span test, and Digit Symbol Coding Test. 

Plasma BDNF was determined using ELISA.  

Results  The results of the study indicate that both vortioxetine (V) and escitalopram (E) 

improved cognitive functions evaluated with F-A-S test (V: p<0.001; r=-0.427, E: p<0.001; r=-

0.370), Digit Symbol Coding test (V: p<0.001; r=-0.706, E: p<0.001; r=-0.435) and Digit Span 

test - backward span (V: p=0.001; r=-0.311, E: p=0.042; r=-0.185), while only vortioxetine 

(p<0.001; r=-0.325) improved cognition evaluated with the Digit Span test - forward span. A 

moderate positive correlation between pretreatment plasma BDNF levels and improvement in 

cognitive performance was only detected in patients treated with vortioxetine (delta F-A-S test: 

p=0.011; r=0.325, delta Digit Span Test - forward span: p=0.010, r=0.326).  

Conclusions  These results suggest that higher baseline plasma BDNF levels might be 

associated with improvements in verbal fluency and working memory in vortioxetine, but not 

escitalopram treated patients. Vortioxetine treatment was superior in simple attention 

efficiency. 

 

Keywords: vortioxetine, escitalopram, cognition, memory, executive function, BDNF, 

depression, MDD 

 
 
 
 
 
 
 
 



 
 

Introduction 

 

Brain-derived neurotrophic factor (BDNF), a member of the neurotrophin family, is essential 

for neuronal maintenance and plasticity. The alterations in BDNF function have long been 

implicated in the pathophysiology of major depressive disorder (MDD) (Nedic Erjavec et al. 

2020). Cognitive dysfunction has increasingly been recognized as one of the core features of 

MDD (Semkovska et al. 2019).  

There is compelling evidence on the involvement of BDNF in both depression and 

cognitive deficits in preclinical and clinical studies. In a rat model of post-operative cognitive 

dysfunction, reversible memory and learning difficulties were associated with transient 

reduction in hippocampal BDNF levels (Zhang et al. 2014), whereas a negative correlation 

between hippocampal BDNF mRNA levels and recognition memory was found in rats 

chronically exposed to alcohol (Silva-Peña et al. 2018). In animal models of depression, such 

as learned helplessness or chronic mild stress, the reduction of hippocampal mRNA BDNF 

expression and cognitive deficits were detected, which were improved by antidepressants (Song 

et al. 2006). Strikingly, intranasal BDNF administration induced strong memory improvement 

in mice with induced neurodegeneration (Brachi et al. 2020).  

In clinical studies, the relationship between BDNF and cognition was investigated 

mostly in healthy individuals during different exercise protocols, elderly population with or 

without cognitive impairments, and in patients with schizophrenia. Studies in older population, 

without severe cognitive decline, reported no relationships between plasma BDNF 

concentration and mean cognitive scores on several prospective visits during 9 years, and 

plasma BDNF levels did not predict the rates of change with age in performance on any of the 

cognitive domains (Driscoll et al. 2012), whereas serum BDNF was associated with a decline 

in story memory and digit symbol substitution test scores, but not with the word-list memory, 

or figure selection (Shimada et al. 2014). However, there is strong evidence on the involvement 

of BDNF in cognitive dysfunction in participants with neurodegenerative disorders, particularly 

Alzheimer's disease. Lower cerebrospinal fluid (Forlenza et al. 2015a) and serum BDNF 

(Forlenza et al. 2015b) levels were associated with progression from minimal cognitive 

impairment to Alzheimer's disease. Likewise, plasma BDNF level displayed high sensitivity 

and moderate specificity to discriminate patients with mild neurocognitive disorders due to 

Alzheimer's disease, in which it correlated with the severity of memory impairment (Levada et 



al. 2016). Similarly, in patients with schizophrenia, a meta-analysis reported the correlation 

between reduced BDNF levels and cognitive dysfunction, which was relatively more 

pronounced for verbal memory, processing speed and working memory (Bora et al. 2019). It is 

possible that plasma BDNF had no relationship with cognitive performance in relatively 

cognitively intact adults, which might be altered in conditions characterized by the cognitive 

dysfunction. Interventions might also influence these connections. For example, serum BDNF 

levels correlated with the improvement in Stroop test performance after sprint interval exercise 

in healthy young males (Kijach et al. 2019).  

Despite the reported data on the peripheral BDNF and cognitive indices in different 

illnesses or non-clinical samples, surprisingly little is known about this relationship in MDD 

patients. Actually, we detected only three studies addressing this issue. Elderly, drug-free 

patients with both MDD and cognitive difficulties had lower cerebrospinal fluid BDNF levels 

than those without cognitive decline, despite similar levels of neurodegenerative biomarkers, 

and lower BDNF levels also correlated with worse cognitive performance (Diniz et al. 2014). 

The second cross-sectional trial found no correlation between serum BDNF levels and 

cognition, assessed only by the Hamilton Depression Scale (HAM-D) subscale “cognitive 

disturbance” (Sotamura et al. 2011), which does not cover specific cognitive domains, but rather 

typical symptoms of depression. All participants in the latter trial were on antidepressants 

(Sotamura et al. 2011). The third trial enrolled exclusively MDD patients who suffered from 

executive dysfunction, and investigated whether its normalization was related to baseline 

plasma BDNF, or its changes during treatment with antidepressants (Wagner et al. 2019). 

Therefore, the relationship between circulatory BDNF and cognitive dysfunction in drug-free, 

non-elderly depressed patients, and the dynamics of this ratio during antidepressant treatment, 

was not investigated. 

Vortioxetine recently appeared on the market, and is the only antidepressant, as far as 

we know, that improved cognitive dysfunction on the Digit Symbol Substitution Test (Baune 

et al. 2018). It was also shown to increase BDNF levels in the plasma (Sagud et al. 2016; 

Dvojkovic et al. 2020) and serum (Yan et al. 2019). Given the large amount of data on the 

cognitive dysfunction in MDD, and the involvement of BDNF in both cognition and depression, 

the aim of the present trial was to determine if baseline plasma BDNF might predict change in 

cognitive function in MDD patients treated with vortioxetine or escitalopram, and whether the 

alterations in BDNF levels correlate with changes in cognitive performance during treatment 

with these two antidepressants. 

 



 

Materials and methods 

 

Study design and participants 

We used data from our previous trial (Dvojkovic et al. 2020), to conduct the separate analysis 

on the association of baseline plasma BDNF levels and cognition in MDD patients, and their 

changes during vortioxetine or escitalopram treatment. Thus, several of the methods presented 

here have been previously described (Dvojkovic et al. 2020). Briefly, included were 121 drug-

naive or drug-free patients for at least 4 weeks (except low-dose benzodiazepines given on “as-

needed” basis), diagnosed with MDD with a structured clinical interview (First et al. 1995), 

who had HAMD-17 (Hamilton 1960) score ≥ 15. Key exclusion criteria were other major 

psychiatric disorders, recent alcohol or substance dependence, neurodegenerative and severe 

somatic illnesses, the presence of psychotic features and/or treatment resistance to previous 

antidepressants, intellectual disability or any other condition known to compromise cognitive 

abilities.  

 

Procedures and instruments 

Depression severity was assessed by the Montgomery-Asberg Depression Rating Scale 

(MADRS) (Montgomery and Asberg 1979) and HAMD-17. Cognitive function was evaluated 

by the tests presented in detail in Table 1. 

 

 

---- Table 1 ---- 

 

 
 

Administration of tests and BDNF sampling were carried out at baseline and 4 weeks 

after treatment initiation. After baseline assessment, patients were randomized at 1:1 ratio, to 

vortioxetine or escitalopram, during 4 weeks. Starting doses were 10 mg once daily for both 

drugs. At the discretion of the psychiatrist-investigator, antidepressants might have been 

decreased to 5 mg daily, or increased up to the maximum of 20 mg daily. Only low-dose 

benzodiazepines (up to 10 mg diazepam equivalent on “as needed” basis) were allowed during 

the entire study period.  

 
 



 

Blood sampling 

Blood specimen were taken in 8.5 ml yellow-top Vacutainer tubes with 1.5 ml of acid citrate 

dextrose anticoagulant, after the overnight fast, at 8 a.m. Platelet-poor plasma was obtained 

from whole blood samples by a series of centrifugation. Aliquots of platelet-poor plasma were 

stored at −20°C for BDNF concentration analysis. To decrease possible variability, all samples 

were processed within 1 h of being collected. 

 

Plasma BDNF concentration 

BDNF concentration in platelet-poor plasma was determined using a commercial enzyme-

linked immunosorbent assay (ELISA) according to the manufacturer’s instructions (Quantikine 

ELISA, R&D Systems, Minneapolis, USA). All plasma samples were diluted (1:2) using the 

diluent provided by the manufacturer and added, with standards and blanks, to the 96-well plate 

pre-coated with the monoclonal antibody specific for human BDNF. The plate was incubated 

for 2 hours at RT and, afterwards, a solution containing monoclonal antibodies conjugated to 

horseradish peroxidase was added to each well. After incubation (1 h) at RT, the plate was 

washed with washing buffer to remove any unbound antibodies and a substrate solution was 

added. After 30 min of incubation in the dark at RT, the reaction was terminated using 2N 

sulfuric acid. A microplate reader was used to measure the absorbance of each sample, using a 

wavelength of 450 nm and corrected by absorbance at 570 nm. The intra- and inter-assay 

coefficients of variations were less than 10 %. The concentrations of each sample were 

calculated based on a standard curve. All samples were determined in duplicates. 

 
 

Statistical analysis 

Data were evaluated with Sigma Stat 3.5 (Jandel Scientific Corp., San Jose, California, USA) 

with the level of significance α set to 0.05. The Kolmogorov-Smirnov test was used to test the 

normality of all analyzed parameters, including demographic parameters, clinical parameters, 

and plasma BDNF concentration. Due to the deviation of the mentioned parameters from the 

normal distribution, appropriate non-parametric statistical test, the Mann-Whitney U test, was 

used to compare the results between two groups of patients, while the Wilcoxon signed-rank 

test was used to compare the two dependent data sets. Categorical data was analyzed using a 

chi2 (2) test. Multiple linear regression analysis was performed to eliminate the possible effects 

of age, sex and smoking on plasma BDNF concentration, using BDNF plasma concentration as 

a dependent variable, and age, sex and smoking as independent variables. Correlation between 



plasma BDNF levels and specific cognitive test scores was assessed using Spearman's rank-

order correlation. 

G*Power 3 Software was used to determine a priori sample size and actual power. For 

the Mann-Whitney U test (with α = 0.050; power (1 − β) = 0.80; effect size d = 0.50), total 

desired sample size was 43 per group, for the 2 test (with α = 0.050; power (1 − β) = 0.80; 

effect size ω = 0.50) total desired sample size was 32, and for testing the correlation (with α = 

0.050; power (1 − β) = 0.80; effect size d = 0.50) total desired sample size was 53 per group, 

while the actual sample size was 60 in escitalopram group and 61 for the group treated with 

vortioxetine. Therefore, we had the appropriate sample size and statistical power to detect 

significant differences in the studied groups. 

 
 
 

Results 

 

Both escitalopram- and vortioxetine-treated patients (Table 2) had similar age (p=0.164), 

proportion of smokers (p=0.752) and number of life-time suicide attempts (p=0.395). However, 

group treated with escitalopram had a higher proportion of female subjects (p=0.015), more 

participants with a first depressive episode (p=0.009), and a family history of depression 

(p=0.017), a shorter illness duration (p=0.019), a lower number of depressive episodes 

(p=0.017) and a lower baseline HAMD-17 (p=0.022) and MADRS (p=0.006) scores. The 

Mann-Whitney U test revealed no significant differences in cognitive functions between the 

two groups of patients, both before and after 4 weeks of treatment (Table 2). 

 
 

---- Table 2 ---- 
 
 
 

Related-Samples Wilcoxon Signed-Rank test was used to evaluate the effect of 

antidepressant treatment on the patients’ cognitive functions. In vortioxetine-treated patients 

(Figure 1), significant differences were revealed between baseline and week-4 scores in F-A-S 

test (Z=-4.70; p<0.001; r=-0.427), Digit Span test - forward span (Z=-3.57; p<0.001; r=-0.325), 

Digit Span test - backward span (Z=-3.42; p=0.001; r=-0.311), and Digit Symbol Coding test 

(Z=-7.77; p<0.001; r=-0.706). Likewise, escitalopram-treated patients (Figure 1) had 

significantly different baseline and week-4 scores in F-A-S test (Z=-4.07; p<0.001; r=-0.370), 

Digit Span test - backward span (Z=-2.03; p=0.042; r=-0.185), and Digit Symbol Coding test 



(Z=-4.78; p<0.001; r=-0.435), but a similar score in Digit Span test - forward span (Z=-1.61; 

p=0.108; r=-0.146).  

 
 

---- Figure 1 ---- 
 
 

Figure 1. Effect of vortioxetine and escitalopram treatment on the patients’ cognitive functions 

evaluated with F-A-S test (A), Digit Span test - forward span (B), Digit Span test - backward 

span (C), and Digit Symbol Coding test (D). 

 

As reported previously (Dvojkovic et al. 2020), both HAMD-17 and MADRS scores 

significantly decreased after 4 weeks of treatment with vortioxetine (HAMD-17: Z=-6.65; 

p<0.001; r=-0.605, MADRS: Z=-6.48; p<0.001; r=-0.589) or escitalopram (HAMD-17: Z=-

6.62; p<0.001; r=-0.602, MADRS: Z=-6.52; p<0.001; r=-0.593). Plasma BDNF concentration 

was significantly (Z=-2.37; p=0.018; r=-0.215) increased in the vortioxetine group, but it did 

not differ significantly (Z=-0.88; p=0.379, r=-0.080) within patients before and after treatment 

with escitalopram (Dvojkovic et al. 2020). 

To eliminate the possible effects of age, gender and smoking on plasma BDNF 

concentration, multiple linear regression analysis was performed, using baseline and post-

treatment BDNF as dependent, and age, gender, and smoking as independent variables, 

respectively. Analyses involving the group of patients who were prescribed vortioxetine 

therapy showed no significant effect of age (p=0.05), gender (p=0.451), and smoking (p=0.482) 

on baseline BDNF plasma concentration (F(3,57)=1.87; p=0.145; Radj
2=0.042). This lack of 

significant effect of age (p=0.272), gender (p=0.937), and smoking (p=0.042) on BDNF 

concentration was also detected after treatment with vortioxetine (F(3,57)=2.89; p=0.043; 

Radj
2=0.086). In the group of patients who were prescribed escitalopram therapy, multiple linear 

regression analysis yielded a non-significant model (F(3,56)=0.91; p=0.441; Radj
2=-0.004) due 

to the lack of significant effects of age (p=0.278), gender (p=0.172), and smoking (p=0.996) on 

baseline plasma BDNF concentration. The model was not significant for post-treatment plasma 

BDNF concentration (F(3,56)=2.67; p=0.056; Radj
2=0.078) as a result of the non-significant 

effects of age (p=0.138), gender (p=0.061), and smoking (p=0.132) after treatment with 

escitalopram. 

We observed a significant positive correlation between pretreatment plasma BDNF and 

delta F-A-S test (p=0.011) scores in the group of patients treated with vortioxetine. Likewise, 



positive correlation was observed for delta Digit Span Test - forward span score (p=0.010) in 

the group of patients treated with vortioxetine (Table 3). Both these correlation coefficients 

represent medium effect sizes, as suggested by Cohen et al. (2003).  Additionally, when 

combining the two groups of patients together (Table 3), we detected positive correlation 

(p=0.040) between delta Digit Symbol Coding test scores and delta BDNF level, as well as 

between delta F-A-S test and baseline plasma BDNF (p=0.043). However, we did not observe 

significant correlation between pretreatment or delta BDNF levels and any specific clinical 

measurements in the group of patients treated with escitalopram (Table 3). 

 

---- Table 3 --- 

 

 

 

 

 

 

 

Discussion 

 

The main results of the study were that both vortioxetine and escitalopram significantly 

improved cognitive functions evaluated with F-A-S test, Digit Symbol Coding test and Digit 

Span test - backward span. However, when cognitive functions were evaluated with Digit Span 

test - forward span, only vortioxetine treated patients showed significant cognitive 

improvement. Also, as reported previously (Dvojkovic et al. 2020), both antidepressants led to 

significant clinical improvement assessed with MADRS and HAMD-17. Our results suggest a 

significant positive correlation between pretreatment plasma BDNF levels and delta F-A-S test 

scores and delta Digit Span Test - forward span scores in the group of patients treated with 

vortioxetine. In contrast, no significant correlation between pretreatment BDNF levels and 

specific clinical measurements of cognitive functions in the group of patients treated with 

escitalopram was detected. 

The findings of similar effects of vortioxetine and escitalopram on cognitive function in 

MDD patients is in accordance with results from the study of Vieta et al. (2018). However, our 

results do not agree with superior vortioxetine efficacy on some tested cognitive parameters in 

comparison to escitalopram (Levada and Troyan 2019), and with the meta-analytic evidence on 

the superior effects of vortioxetine versus escitalopram on the Digit Symbol Substitution Test 

(Baune et al. 2018). The discrepancies might be attributed to different number of participants, 



treatment duration and cognitive tests. For example, Levada and Troyan (2019), included 

overall 53 participants, while the present study had more than twice larger sample size. Unlike 

in our present and previous (Dvojkovic et al. 2020) study, vortioxetine led to the greater 

antidepressant efficacy compared to escitalopram (Levada and Troyan 2019). Differences 

between vortioxetine and escitalopram on Rey Auditory Verbal Learning Test (RAVLT), which 

assesses acquisition and recall, but similar effects of both antidepressants on the Trail Making 

Test B (TMT-B), which assesses processing speed, executive function, i.e., set shifting; and on 

the Digit Symbol Substitution Test (DSST), which assesses processing speed, executive 

function, learning, memory, and attention, were reported (Levada and Troyan 2019). The meta-

analysis on vortioxetine efficacy on cognitive dysfunction in MDD patients included only one 

study with 54 escitalopram-treated patients during 8 weeks on Digit Symbol Substitution Test 

scores (Dube et al. 2010). The more recent study, however, reported no differences in the effects 

of vortioxetine and escitalopram on the Digit Symbol Substitution Test, as well as on the 

University of San Diego Performance-based Skills Assessment - Brief (UPSA-B) performance 

after 8 weeks of treatment (Vieta et al. 2018). However, subtle difference between two 

antidepressants was detected, given that vortioxetine was superior with regard to simple 

attention efficiency. 

Our results suggest that the association between baseline plasma BDNF level and 

changes in cognitive test scores is medication- and test- specific, given the significant 

association between baseline BDNF and post-treatment delta F-A-S test and delta Digit Span 

test (forward span) scores, but only in vortioxetine-treated individuals. These findings suggest 

distinct relationship between baseline plasma BDNF and changes in cognitive ratings induced 

by the two antidepressants, with otherwise similar effects on cognitive performance. In other 

words, in vortioxetine-treated patients, pretreatment plasma BDNF levels predicted change 

(improvement) in executive functions and attention, but not in information processing speed. 

 To the best of our knowledge, only one study so far prospectively evaluated the 

relationship between circulatory BDNF and cognition in MDD patients (Wagner et al. 2019). 

In line with our findings, participants with normalized verbal fluency dysfunction during 8-

week treatment had higher baseline plasma BDNF, compared to those with persistent 

dysfunction, which was not observed for dysfunction measured by the Trail making test 

(Wagner et al. 2019). Moreover, all patients who demonstrated normalization on the verbal 

fluency tests had very high baseline plasma BDNF levels. These findings, together with our 

results, support the hypothesis that peripheral BDNF levels might indicate some aspects of the 

cognitive functions dynamic in MDD patients, and, more specifically, that baseline plasma 



BDNF levels were higher in patients with more pronounced improvement in verbal fluency. 

Furthermore, early changes in plasma BDNF levels (2 weeks) did not enhance the likelihood 

for the executive test results normalization (Wagner et al. 2019), which agrees with our findings 

of no correlations between plasma BDNF dynamics and cognitive scale changes during 

treatment with either antidepressant, although plasma BDNF in our trial was determined at 

week 4. This implicates that pretreatment BDNF level, but not its change, correlates with the 

treatment-emergent improvement in certain cognitive scales in MDD patients. However, in the 

latter study, patients were treated with different medications (escitalopram, venlafaxine or 

venlafaxine plus lithium) (Wagner et al. 2019), while we observed this finding only in patients 

on vortioxetine monotherapy. The difference might arise from the distinct mechanism of action 

between vortioxetine and escitalopram, primarily from the specific partial 5HT1A agonism of 

vortioxetine. In the preclinical studies, the 5-HT1A receptor agonist NLX-101, but not 

escitalopram, increased the BDNF protein levels in prefrontal cortex of mice model of cerebral 

ishemia (Aguiar et al. 2020). Therefore, the magnitude of improvement of both fonemic fluency 

and executive functions in vortioxetine-treated patients may be partially related to pre-treatment 

plasma BDNF levels, while escitalopram-induced cognitive improvement could include other 

mechanisms, at least during the short-time treatment.  

Longitudinal studies on the relationship between circulatory BDNF and changes in 

cognition in non-MDD samples, and interventions other than antidepressants, yielded 

inconsistent findings. In agreement with our results, breast cancer patients with higher baseline 

plasma BDNF levels had lower odds of developing persistent subjective cancer-related 

cognitive impairment at the end of chemotherapy (Yap et al. 2020). Likewise, in healthy older 

adults, greater increase of plasma BDNF immediately after physical exercise was associated 

with greater cognitive training gains, but only if such increases preceded cognitive training 

(Nilsson et al. 2020). These results suggest that, after plasma BDNF was first elevated by 

exercise, consequent cognitive training resulted in better cognitive training gains, or post-

exercise increases in plasma BDNF were related to subsequent better cognitive outcome in 

older adults (Nilsson et al. 2020). Moreover, a shorter completion time in Trail making tests 

was correlated with an increase in serum BDNF immediately after single high intensity aerobic 

exercise in healthy young adults (Hwang et al. 2016). In patients with schizophrenia, the change 

in plasma BDNF levels correlated with the attention score improvement (digit span and coding) 

after 12-week olanzapine treatment (Zhang et al. 2018). Likewise, in patients with vascular 

dementia, the increase in serum BDNF level correlated with the increase in MMSE scores after 

12 weeks of fluoxetine treatment (Liu et al. 2014), though the cognitive deterioration in 



dementia is of much higher magnitude than in MDD patients. A change in plasma BDNF levels 

was also associated with self-perceived concentration deficit in a longitudinal study in 

chemotherapy-receiving early-stage breast cancer patients without psychiatric disorder (Ng et 

al. 2017). On the contrary, no associations were found between changes in the symbol search 

cognitive test or semantic and verbal fluency measured by Montreal Cognition Scale (MoCA), 

and changes in serum BDNF (although the trend was positive), in elderly participants from 

long-term nursing facilities after 3 months of physical, dual-task, or cognitive training 

interventions (Rezola-Pardo et al. 2020).   

In contrast, our results do not agree with the findings that low blood levels of BDNF 

were predictive of an improvement in alternating letter verbal fluency (Kalbe et al. 2018). 

Similarly, higher levels of serum BDNF at baseline assessment were associated with smaller 

changes from pre- to post-intervention on memory tests in fibromyalgia patients treated with 

transcranial direct current stimulation combined with a working memory training (Santos et al. 

2018). The differences among studies are in the assessment of the effects of combined cognitive 

and physical interventions in healthy older adults without any past or present psychiatric 

disorder (Kalbe et al. 2018), or in the evaluation of the transcranial direct current stimulation 

combined with a working memory training in fibromyalgia patients (Kalbe et al. 2018) as 

opposed to our individuals with MDD. The results are difficult to compare due to different 

populations, diagnoses, cognitive tests, and interventions. Notwithstanding those differences, 

peripheral BDNF may be a potential, and easy-to-obtain marker for predicting improvement in 

cognitive dysfunction in several clinical populations, such as during physical activity in healthy 

people, patients with dementia or schizophrenia. Our findings broaden this knowledge to MDD 

patients, in which pretreatment BDNF levels appear worth being the candidate marker for future 

studies of pro-cognitive effects of antidepressants. 

Our findings implicate the involvement of peripheral BDNF levels in the cognitive 

effects of vortioxetine, but not escitalopram, although the debate continues whether peripheral 

BDNF is a reliable marker of central BDNF (Giacobbo et al. 2019), and which blood 

compartment is the most reliable source for measuring BDNF. However, positive correlations 

were demonstrated between plasma and serum BDNF in healthy volunteers (Polyakova et al. 

2017) and in drug-free schizophrenia patients with acute exacerbation (Kudlek Mikulic et al. 

2017).  

This study is burdened by several limitations. Sampling in women was taken 

irrespective on the menstrual cycle. Plasma BDNF levels are influenced by hormonal status, 

and its modifications during the menstrual cycle might have influenced the results, at least in 



premenopausal women (Begliuomini et al. 2007). The duration and intensity of physical 

activity, which might influence both plasma BDNF levels and cognition, was not recorded. For 

example, plasma BDNF was reported to increase more than 300% following physical exercise 

(Nilssen et al. 2020). The differences in physical activity prior to inclusion might have 

influenced plasma BDNF and consequent better cognitive test results in a subgroup of 

vortioxetine-treated patients. However, baseline plasma BDNF levels were similar across both 

groups. Like in most similar studies carried out in clinical/psychiatric samples, we cannot rule 

out at least some effects of practice, i.e., improvements in cognitive test performance due to 

repeated exposure to the test materials (Duff et al. 2007). Similarly, without a corresponding 

placebo group, vortioxetine- and escitalopram-specific effects could not be confirmed, although 

the obtained cognition-related differences are suggestive of some unique properties of these 

two drugs. Finally, the patients were randomized in terms of their initial appointments and 

allocation to one of the groups, but they were not appropriately stratified by duration of 

depression as well as gender. This is partly in line with depression occurring more often in 

women than in men (Ma et al. 2019). However, the two groups were similar in age and 

performance on cognitive tests, which is of vital importance given the fact that the main goal 

of our research was to examine possible pro-cognitive effects of the two drugs and the relation 

of these effects to the plasma BDNF.  

 

 

 

Conclusion 

 

Vortioxetine and escitalopram displayed almost identical effects on cognitive functions in 

MDD patients, with vortioxetine being superior only with regard to simple attention efficiency. 

Neither baseline plasma BDNF levels nor its levels after 4 weeks of escitalopram treatment 

were related to the change of any of the cognitive test scores. On the contrary, in patients on 

vortioxetine, higher baseline plasma BDNF levels were associated with the improvement in 

verbal fluency and working memory, while the magnitude of change in BDNF levels did not 

correlate with the change in any cognitive measure in either group. If confirmed in larger patient 

samples, higher baseline plasma BDNF levels might be associated with improvement in some 

aspects of cognition in vortioxetine-, but not escitalopram-treated patients. Given the 

importance of targeting cognitive symptoms in MDD patients, strategies that might increase 

peripheral BDNF levels, such as physical activity (Nilsson et al. 2020) or psychotherapy, might 



further contribute to the cognitive improvement, at least in MDD patients treated by 

vortioxetine. Namely, vortioxetine combined with cognitive behavioral therapy resulted in a 

higher improvement in both cognitive function and serum BDNF levels than vortioxetine 

treatment alone (Yan et al. 2019).  

Vortioxetine was previously reported to produce some additional effects on cognition, 

compared to other antidepressants (Bennabi et al. 2019). Our results extend those findings, 

suggesting that the medication-free MDD patients with higher baseline plasma BDNF levels 

may have greater benefits on executive functions and attention, during treatment with 

vortioxetine, but not with escitalopram, at least for first four weeks. Given the importance of 

cognition on functional outcomes in MDD, plasma BDNF level appears to be a promising 

candidate for future studies on biomarkers of pro-cognitive effects of vortioxetine. Despite 

having similar antidepressant activities, vortioxetine and escitalopram are distinct 

antidepressants. Therefore, establishing patient-related factors which would make them more 

likely to respond to either of those drugs, would lead to the optimal use of those two otherwise 

effective, safe, and widely-prescribed antidepressants.  
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Table 1 Assessment of cognitive functions in the present study  

 
Test Cognitive domain Description 

The F-A-S test  

A subtest of the Neurosensory 

Center Comprehensive 

Examination for Aphasia 

(NCCEA; Spreen and 

Benton 1977) 

It measures phonemic word 

fluency, which is a type of verbal 

fluency, and facilitates 

information retrieval from 

memory. It requires executive 

control over cognitive process 

such as selective attention, mental 

set shifting, internal response 

generation, and self-monitoring. 

Verbal fluency tests, and in 

particular initial letter fluency, are 

widely used as tests of executive 

dysfunction (Walsh and Darby 

1999).  

It assesses phonemic fluency by 

requesting an individual to orally 

produce as many words as 

possible that begin with the letters 

F, A, and S, under time constraints, 

normally 60 seconds per letter. 

Phonemic fluency tests are most 

often scored summing the total 

words produced over three letters. 

The Digit Span test 

A subtest of both the Wechsler 

Adult Intelligence Scale (WAIS) 

and the Wechsler Memory Scales) 

(WMS) (Wechsler 2010) 

 

Generally, this test is routinely 

used as a measure of verbal 

working memory in psychiatric 

populations (Trapp et al. 2017; 

Respino et al. 2020). 

It is divided into 1) Forward span, 

which captures attention efficiency 

and 2) Backward span, that is an 

executive task particularly 

dependent on working memory. 

Respondents read a sequence of 

numbers and are asked to repeat the 

same sequence back to the 

examiner in order (forward span) 

or in reverse order (backward 

span). It can be scored as one 

summary value, or separately for 

forwards and backwards 

performance.  

The Digit Symbol Coding Test  
A subtest of the Wechsler Adult 

Intelligence Scale (WAIS) 

(Wechsler 2010)   

It is perhaps the most commonly 

used test in neuropsychology, 

owing to its brevity, reliability, and 

the minimal impact of language, 

culture and education on test 

performance (Jaeger 2018). In 

practice, it is frequently used as an 

indicator of information processing 

speed (Jaeger 2018). 

A paper-and-pencil test is 

conducted on a sheet of paper, and 

the subject is instructed to match 

symbols to numbers, according to a 

certain key. The number of correct 

symbols within the allowed time, 

usually 120 seconds, constitutes 

the score. 

 



Table 2 Comparison of demographic and clinical data of patients with major depressive disorder treated with 

vortioxetine or escitalopram 

Demographic and clinical parameters Vortioxetine 

N=61 

Escitalopram 

N=60 

Test statistics 

Sex (male/female) 27/34 14/46 2=5.91; p=0.015 

Smoking (yes/no) 22/39 20/40 2=0.10; p=0.752 

Depressive episode (first or 

single/recurrent) 

33/28 46/14 2=6.80; p=0.009 

Family history of depression 

(yes/no) 

12/48 24/36 2=5.71; p=0.017 

Number of suicide attempts 0 (0-2) 0 (0-1) U=1803.0; p=0.395 

Age (years) 52 (18-78) 45.5 (19-67) U=1562.0; p=0.164 

Duration of illness (months) 0 (0-420) 0 (0-192) U=1397.5; p=0.019 

Number of depressive episodes 0 (0-10) 0 (0-10) U=1372.0; p=0.017 

HAMD-17 score  At baseline 23 (17-36) 21 (17-37) U=1388.5; p=0.022 

After 

treatment  

10 (1-26) 8.5 (1-34) U=1806.5; p=0.903 

MADRS score  At baseline 27 (16-51) 24 (17-41) U=1288.5; p=0.006 

After 

treatment  

11 (0-35) 10 (1-46) U=1737.5; p=0.631 

F-A-S test  At baseline 25 (6-57) 28 (7-46) U=1902.5; p=0.707 

After 

treatment  

32 (9-54) 29 (9-71) U=1623.5; p=0.284 

Digit Span test - 

forward span  

At baseline 7 (3-9) 8 (5-9) U=2061.0; p=0.219 

After 

treatment  

8 (4-9) 8 (4-9) U=2001.0; p=0.356 

Digit Span test - 

backward span 

At baseline 5 (2-8) 6 (2-8) U=2085.5; p=0.178 

After 

treatment  

6 (2-9) 6 (2-8) U=1896.0; p=0.729 

Digit Symbol 

Coding test  

At baseline 51.0 (21-85) 55 (21-92) U=2083.5; p=0.189 

After 

treatment  

59 (24-91) 61 (26-100) U=1913.0; p=0.667 

plasma BDNF 

(ng/ml) 

At baseline 0.326 (0.028-

1.103) 

0.342 (0.026-1.574) U=1839.0; p=0.963 

After 

treatment  

0.445 (0.054-

3.196) 

0.330 (0.067-1.392) U=1531.0; p=0.121 

Categorical data was analyzed with 2 test (df=1). Numerical data was analyzed with Mann-Whitney U test and shown 

as median (range). Significant p values are highlighted in bold. HAMD-17, The Hamilton Depression Rating Scale-

17; MADRS, Montgomery-Åsberg Depression Rating Scale; BDNF, brain-derived neurotrophic factor; N, number of 

subjects 

 



Table 3 Correlations of plasma BDNF levels (at baseline, after treatment, and delta BDNF) with specific clinical 

parameters 

Clinical parameters 

Spearman's 

rank 

correlation 

All subjects  

N=121 

Vortioxetine 

N=61 

Escitalopram 

N=60 

plasma BDNF (ng/ml) plasma BDNF (ng/ml) plasma BDNF (ng/ml) 

At baseline Delta (Δ) At baseline Delta (Δ) At baseline Delta (Δ) 

HAMD-17 score 

Delta (Δ) 

rs -0.103 -0.008 -0.177 0.007 -0.023 0.024 

p 0.260 0.930 0.173 0.954 0.862 0.853 

MADRS score 

Delta (Δ) 

rs -0.060 -0.007 -0.079 0.008 -0.022 -0.019 

p 0.511 0.943 0.543 0.952 0.865 0.883 

F-A-S test 

Delta (Δ) 

rs 0.184 0.004 0.325 -0.003 0.081 -0.077 

p 0.043 0.963 0.011 0.982 0.537 0.556 

Digit Span test - 

forward span 

Delta (Δ) 

rs 0.068 -0.061 0.326 -0.225 -0.178 -0.035 

p 0.460 0.509 0.010 0.081 0.174 0.788 

Digit Span test - 

backward span  

Delta (Δ) 

rs 0.001 0.084 0.086 0.028 -0.130 0.050 

p 0.989 0.359 0.508 0.829 0.321 0.702 

Digit Symbol Coding 

test 

Delta (Δ) 

rs 0.034 0.187 0.149 0.071 -0.045 0.171 

p 0.708 0.040 0.252 0.584 0.732 0.190 

Significant p values are highlighted in bold; HAMD-17, The Hamilton Depression Rating Scale-17; MADRS, 

Montgomery-Åsberg Depression Rating Scale; N, number of subjects; Delta (Δ), the percentage of change relative 

to the initial value.  


