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Purpose: Selective serotonin reuptake inhibitors (SSRIs) enhance angiogenesis and neuro-
genesis. Brain-derived neurotrophic factor (BDNF) and vascular endothelial growth factor 
(VEGF) play an important role in neurogenesis and angiogenesis. However, the effect of 
SSRIs on cognition and serum BDNF and VEGF in patients with vascular cognitive impair-
ment no dementia (VCIND) is largely unknown.
Patients and Methods: It was an open label study. Fifty VCIND patients were randomly 
allocated to receive fluoxetine (20 mg/d; n = 25) or no fluoxetine (control group; n = 25) for 
12 weeks. VCIND patients received fluoxetine 20 mg/d and secondary prevention of stroke 
for 12 weeks in the fluoxetine group, whereas the control group received only secondary 
prevention of stroke for 12 weeks. The primary outcome and secondary outcome were of 
assessment of Alzheimer’s Disease Assessment Scale cognitive subscale (ADAS-cog) score, 
Ten Point Clock drawing test score (TPC), Verbal Fluency Test (VFT), Trail Making Test 
form a (TMTa), Trail Making Test form b (TMTb) and Digit Span Test score at baseline and 
week 12 in the both groups. And serum concentration of BDNF and VEGF was also tested at 
baseline and week 12 in both groups.
Results: After 12 weeks, TPC scores increased more significantly in the fluoxetine group 
than in the control group, while TMTa score and TMTb score were decreased more 
significantly in the fluoxetine group than in the control group. We also found that the 
serum concentration of BDNF and VEGF in the fluoxetine group increased more signifi-
cantly than in the control group. However, we found no significant differences in mean 
change from baseline between fluoxetine and control group in ADAS-Cog score, Digit Span 
Test score and VFT score.
Conclusion: Fluoxetine may enhance cognition in certain cognitive domains and serum 
concentration of BDNF and VEGF in patients with VCIND.
Keywords: cognition, enhancement, neuroprotection, selective serotonin reuptake inhibitors

Introduction
Vascular cognitive impairment no dementia (VCIND) is a mild stage of vascular 
cognitive impairment (VCI), which is a spectrum of cognitive impairments caused 
by or associated with vascular factors.1

So far, the exact pathophysiology and neurobiology of VCI has not been fully 
understood. Some regulatory mechanisms and cellular signal transduction, includ-
ing oxidative stress, neuroinflammation, endothelial dysfunction, hypoperfusion, 
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destruction of blood-brain barrier, cortical hyperexcitabil-
ity and neurotransmitter imbalance, are considered to play 
a role in VCI.2 Many research and treatment methods have 
been tried to be applied to VCI, including drug therapy 
and non-drug therapy. Acetylcholinesterase (AChE) inhi-
bitor such as donepezil hydrochloride, galantamine, kaba-
latin, etc., and an N-methyl-D-aspartic acid (NMDA) 
glutamate receptor antagonist (memantine) can be used 
in the treatment of vascular dementia. However, the role 
of Acetyl-L-Carnitine in AD and other cognitive disorders 
is still controversial due to the lack of evidence-based 
medical evidence.3 By non-pharmaceutical means, 
a systematic TMS evaluation of VCI patients can promote 
the diagnostic process, enhance the therapeutic arsenal, 
and predict the prognosis.4

VCIND is an important stage of VCI and does not 
follow a unidirectional progression towards dementia.5 

That means if patients with VCIND were handled well, 
and they might not develop vascular dementia definitely. 
Whereas, there are no drugs licensed for the treatment of 
VCIND, and treatment is limited to controlling known 
vascular risk factors.

Selective serotonin reuptake inhibitors (SSRIs) are 
widely used antidepressant. However, preclinical study 
found that antidepressants including SSRIs had direct 
effects on brain functions associated with plasticity, neu-
rogenesis, and neuronal differentiation.6 Furthermore, stu-
dies have also shown that chronic antidepressant 
administration increases neurogenesis and the expression 
of cyclic adenosine monophosphate (cAMP) response ele-
ment binding protein, an important upstream signaling 
molecule of brain-derived neurotrophic factor (BDNF) in 
the adult rat hippocampus,7,8 In addition, the results show 
that SSRIs increase vascular endothelial growth factor 
(VEGF) expression in the hippocampus and that fluoxetine 
induction of VEGF occurs in both neurons and endothelial 
cells.8 Furthermore, a previous study showed BDNF- 
induced VEGF release in a neuroblastoma cell line, and 
BDNF-TRKB signaling stimulated VEGF release in pri-
mary cortical neurons.9 Clinical study found that remission 
of depression was correlated with improved outcomes with 
rehabilitation after stroke.10 However, recent studies 
showed that administration of antidepressant also might 
be useful in fostering recovery in nondepressed patients 
with stroke.11 Clinical studies showed that SSRIs 
enhanced motor function and cognition in nondepressed 
patients with stroke.11,12 A small retrospective clinical 
study of selective serotonin reuptake inhibitor showed 

benefits on executive function in patients with VCI.13 

Our previous clinical study also showed that fluoxetine 
could enhance cognition and increase serum concentration 
of BDNF in patients with vascular dementia (VaD).14 In 
light of the observed beneficial effects of antidepressants 
and previous research, we hypothesized that SSRIs would 
enhance cognitive function and increase serum concentra-
tion of BDNF and VEGF in patients with VCIND.

Patients and Methods
Study Design and Patients
This prospective study was conducted at Xiangyang 
Central Hospital from June 2012 to June 2019. The study 
was performed according to the Declaration of Helsinki 
and subsequent revisions and was approved by institu-
tional review boards of Xiangyang Central Hospital. 
Written informed consent was obtained from each partici-
pant (or legal representative).

Sample Size
The study was designed to detect a clinically meaningful 
difference in cognition between the two groups. A sample 
size of 50 (minimum of 25 treatment and 25 control) was 
needed to detect such a difference with a statistical power 
of 80% at a 5% significance level according to the results 
of previous trials.15

Inclusion Criteria
The inclusion criteria were: (1) age 45–80 years; (2) his-
tory of stroke and/or neuroimaging (computed tomography 
or magnetic resonance imaging) showing evidence of cer-
ebrovascular disease; (3) cognitive impairment did not 
meet the Diagnostic and Statistical Manual of Mental 
Disorders-IV (DSM-IV) criteria for dementia;16 (4) cogni-
tive impairment was judged to have a vascular cause and 
the Hachinski Ischemic Score was greater than 7.17 (5) 
The VCIND covers one or multiple cognitive impairment 
domains, of which the instrumental activities of daily 
living could be normal or slightly affected. In the mean-
while, it does not disturb the main daily-life independency.

Exclusion Criteria
Participants were excluded if they had depression accord-
ing to DSM-IV diagnostic criteria, including mild, moder-
ate, and major depressive disorder patients.16 The patients 
will also be excluded if they had (1) respiratory failure, 
heart failure, other organ failure, pregnancy, or a tumor 
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that could put the patient at special risk; (2) history of 
neurodegenerative diseases including Alzheimer’s disease, 
Parkinson’s disease, multiple system atrophy and 
Huntington’s disease that could interfere with the efficacy 
evaluations; (3) severe aphasia that could make the parti-
cipants unable to perform neuropsychological tests; (4) 
history of alcohol and/or other drug abuse, or use of antic-
holinesterase, or other drugs that could potentially improve 
cognition within 1 year prior to enrollment. Participants 
were administered an interview for DSM-IV diagnostic 
criteria for depression16 at the 12-week follow-up and 
were also excluded if they met these criteria.

Randomization and Blind
All participants underwent a standardized baseline assess-
ment including a physical and neurological examination. 
Allocation of participants to the control group or fluoxetine 
group was made by reference to a statistical series based on 
a random number table drawn up for each participant at each 
center by Doctor Tong Li. It was an open-label study and the 
investigators were aware of the allocation of participants. 
However, the data collectors were blinded to group alloca-
tion. Data analysis was conducted by the first author on a de- 
identified database.

Treatment
VCIND patients received fluoxetine 20 mg/d and second-
ary prevention of stroke for 12 weeks in the fluoxetine 
group, whereas the control group received only secondary 
prevention of stroke for 12 weeks. Secondary prevention 
of stroke is about controlling known vascular risk factors.

Follow-Up and Efficacy and Safety 
Outcomes
VCIND patients were followed up at weeks 4 and 8 by 
telephone and at week 12 by a visit to the clinic. 
Information about any adverse reactions was collected at 
each follow-up. The primary outcome was cognitive 
assessment using the Alzheimer’s Disease Assessment 
Scale cognitive subscale (ADAS-Cog) and Ten Point 
Clock drawing test (TPC) score at baseline and week 12 
in both groups by an experienced neuropsychologist.18,19 

The secondary outcome was measurement of Mini-Mental 
State Examination (MMSE),20 Verbal Fluency Test 
(VFT), Trail Making Test form a (TMTa), Trail Making 
Test form b (TMTb) and Digit span test score at baseline 
and week 12 in both groups.21–23 The cognitive subscale 

of the ADAS-Cog has 12 items. The total score of ADAS- 
Cog ranges from 0 to 70, and higher scores indicating 
more severe cognitive impairment. The test has previously 
been validated into four domains: attention, language, 
memory, praxis. The executive function was assessed 
using the TPC. The Trail Making Test form a and 
b (TMTa and TMTb) assesses visual searching speed, 
attention, and mental flexibility. For both parts, the time 
range required to accomplish the test is measured sepa-
rately. The Digit Span Test requires subjects to repeat an 
orally presented series of numbers of increasing length, 
first forward and then backward. The Verbal Fluency Test 
evaluates the ability to form and fluently utter words 
compatible with given criteria. The participant is required 
to list in 60 seconds as many words as possible that 
belong to a given semantic category (fruit, vegetable and 
animal). The score was the sum of three 1 min trials with 
different letters. The serum concentration of BDNF and 
VEGF was measured at baseline and week 12 in both 
groups.

Statistical Analysis
The data are presented as the mean ± standard deviation. 
The two-sample t-test (or the Mann–Whitney U-test for 
data with a non-normal distribution) was used to compare 
baseline characteristics between the two groups. Pearson 
χ2 test was used to compare the gender distribution in the 
two groups. The primary and secondary outcomes were 
compared across the two time points (baseline and week 
12) with the two-tailed paired t-test for paired samples in 
each of the two groups. Significance of the results was set 
at p < 0.05. All statistical analyses were carried out using 
Statistical Package for the Social Sciences version 12 soft-
ware (SPSS Inc., Chicago, IL, USA).

Results
Recruitment
One hundred and fifty-seven patients with VCIND were 
screened and a total of 50 patients were recruited and 
randomized into two groups: fluoxetine and control 
group. Forty-seven patients completed the 12-week fol-
low-up. Of the 50 patients with VCIND, informations on 
study outcomes was available for 47 patients (94%) as one 
patient withdrew and another patient was unconnected in 
the fluoxetine group before a follow-up of cognitive eva-
luation carried out at week 12. One patient in the control 
group was unconnected at week 8.
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Table 1 shows the demographic and clinical characteris-
tics of VCIND patients in the fluoxetine and control groups. 
The two treatment groups were well balanced in terms of 
gender (p = 0.571), age (p = 0.800), years of education (p = 
0.796), body mass index (p = 0.640), TIA (p = 0.544), stroke 
(p = 0.765), cardiovascular disease (p = 0.777), smoking (p = 
0.083), hypertension (p = 0.564), diabetes mellitus (p = 
0.254), hypercholesterolaemia (p = 0.571), MMSE score (p 
= 0.947), ADAS-Cog score (p = 0.759), TPC score (p = 

0.326), VFT score (p = 0.827), TMTa score (p = 0.125), 
TMTb score (p = 0.171), Digit span test score (p = 0.330), 
BDNF (p = 0.885) and VEGF (p = 0.074).

Efficacy
Baseline and week 12 ADAS-Cog score, TPC score, VFT 
score, TMTa score, TMTb score, Digit span test score, 
serum concentration of BDNF and VEGF are shown in 
Table 2. There were significant differences in mean change 

Table 1 Demographic and Clinical Characteristics of VCIND Patients Randomized to the Fluoxetine and Control Groups

Characteristic Fluoxetine Group Control Group p value

Gender (male/female), n 14/11 12/13 0.571
Age (years), mean (SD) 65.3 (7.4) 64.8 (7.1) 0.800

BMI (kg/m2), mean (SD) 23.9 (2.1) 23.6 (2.3) 0.640

Education (years), mean (SD) 11.2 (3.1) 11.0 (2.2) 0.796
TIA, n (%) 7 (28%) 9 (36%) 0.544

Stroke, n (%) 17 (68%) 16 (64%) 0.765

Cardiovascular disease, n (%) 8 (32%) 7 (28%) 0.777
Smoking, n (%) 13 (52%) 7 (28%) 0.083

Hypertension, n (%) 13 (52%) 14 (56%) 0.564
Diabetes Mellitus, n (%) 13 (52%) 9 (36%) 0.254

Hypercholesterolaemia, n (%) 11 (44%) 12 (48%) 0.571

MMSE score, mean (SD) 24.8 (2.1) 24.9 (2.1) 0.947
ADAS-Cog score, mean (SD) 21.6 (3.5) 21.9 (3.4) 0.759

TMTa, mean (SD) 73.9 (13.6) 67.8 (14.1) 0.125

TMTb, mean (SD) 231.6 (34.2) 216.7 (41.1) 0.171
TPC score, mean (SD) 5.6 (1.4) 6.0 (1.1) 0.326

VFT score, mean (SD) 24.7 (4.9) 25.0 (5.3) 0.827

Digit span score, mean (SD) 5.4 (1.0) 5.6 (0.8) 0.330
BDNF (ng/mL), mean (SD) 21.2 (3.2) 21.4 (5.7) 0.885

VEGF (pg/mL), mean (SD) 47.1 (15.5) 58.6 (27.2) 0.074

Abbreviations: BMI, body mass index; MMSE, Mini-Mental State Examination; n, number of patients; SD, standard deviation; TPC, Ten-Point Clock Drawing; TMTa, Trail 
Making Test (Parts a); TMTb, Trail Making Test (Parts b); VCIND, vascular cognitive impairment no dementia; VFT, Verbal Fluency Test; BDNF, brain-derived neurotrophic 
factor; VEGF, vascular endothelial growth factor.

Table 2 Mean Change from Baseline and Week 12 ADAS-Cog Score, TPC Score, and Digit Span Test Score and VFT Score of VCIND 
Patients Stratified by Treatment Group

Baseline Week 12 Mean Change from Baseline to Week 12

Fluoxetine 
Mean (SD)

Control 
Mean (SD)

Fluoxetine 
Mean (SD)

Control 
Mean (SD)

Fluoxetine 
Mean (SD)

Control 
Mean (SD)

p value

MMSE 24.8 (2.1) 24.9 (2.1) 26.0 (2.1) 25.2 (2.4) 1.3 (1.4) 0.3 (1.1) 0.013

ADAS-Cog 21.6 (3.5) 21.9 (3.4) 19.4 (3.6) 20.5 (3.9) −2.4 (2.7) −1.1 (2.1) 0.08
TPC 5.6 (1.4) 6.0 (1.1) 6.7 (1.3) 6.5 (1.1) 1.2 (1.1) 0.5 (0.8) 0.017

Digit span 5.4 (1.0) 5.6 (0.8) 5.7 (1.1) 5.7 (1.1) 0.4 (1.5) 0.04 (1.2) 0.442

VFT 24.7 (4.9) 25.0 (5.3) 25.4 (4.7) 25.5 (5.4) 0.8 (2.3) 0.5 (2.4) 0.595
TMTa 73.9 (13.6) 67.8 (14.1) 65.5 (15.7) 61.8 (11.9) −8.8 (7.2) −4.9 (3.9) 0.03

TMTb 231.6 (34.2) 216.7 (41.1) 207.5 (39.5) 206.1 (40.7) −26.4 (15.9) −8.1 (9.6) <0.0001

BDNF (ng/mL) 21.2 (3.2) 21.4 (5.7) 25.7 (4.0) 21.5 (6.9) 6.2 (3.2) 2.2 (3.9) <0.0001
VEGF (pg/mL) 47.1 (15.5) 58.6 (27.2) 58.4 (25.7) 53.5 (21.2) 11.3 (25.1) −5.1 (24.8) 0.024

Abbreviations: ADAS-Cog, Alzheimer’s Disease Assessment Scale cognitive subscale; MMSE, Mini-Mental State Examination; SD, standard deviation; TPC, Ten-Point Clock 
Drawing; TMTa, Trail Making Test (Parts a); TMTb, Trail Making Test (Parts b); VCIND, vascular cognitive impairment no dementia; VFT, Verbal Fluency Test.
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from baseline between fluoxetine and control in MMSE 
score (p = 0.013) TPC score (p = 0.017), TMTa score (p = 
0.03) and TMTb (p < 0.0001) score serum concentration 
of BDNF (p < 0.0001) and VEGF (p = 0.024). However, 
we found no significant differences in mean change from 
baseline between fluoxetine and control in the primary 
endpoints of ADAS-Cog score (p = 0.08), Digit Span 
Test score (p = 0.442) and VFT score (p = 0.595) 
(Table 2).

Discussion
In the present study, we investigated the effects of fluox-
etine on cognitive function and concentration of serum 
BDNF and VEGF in patients with VCIND. Patients 
receiving fluoxetine demonstrated improvement mainly in 
MMSE score, TPC score, TMTa score and TMTb score, 
neuropsychological tests assessing executive function and 
increased concentration of serum BDNF and VEGF, com-
pared with patients receiving only secondary prevention of 
stroke. Patients in the control group also demonstrated 
some improvement in executive function though it did 
not reach statistical significance.

A small clinical study was conducted in patients with 
Alzheimer’s disease and reported that fluoxetine enhanced 
memory and cognition in patients with mild cognitive 
impairment,24 and sertraline improved executive function 
in patients with VCI.13 Moreover, citalopram improved 
dexterity in chronic stroke patients,25 and escitalopram 
was associated with improved cognitive recovery follow-
ing stroke compared with placebo and problem solving 
therapy.12 What is more, in our previous study we found 
fluoxetine enhanced cognition and increased serum BDNF 
concentration in patients with VaD.14 Our study is consis-
tent with these previous studies. We found improvement in 
cognitive function following treatment with fluoxetine in 
patients with VCIND. Thus, SSRIs may be an alternative 
treatment for improving cognitive impairment in patients 
with VCIND.

In preclinical studies, multiple beneficial effects of 
SSRIs have been demonstrated in both normal and dis-
eased brains. First, fluoxetine may have a neuroprotective 
effect.7 Second, growing evidence suggests that SSRIs 
have neurotrophic effect.3 The effects of chronic and 
acute treatment with SSRIs on tropomyosin-related kinase 
(TrkB) autophosphorylation and TrkB protein levels have 
been tested in animal studies and escitalopram increased 
BDNF and TrkB mRNA levels in the hippocampus and 
prefrontal cortex of juvenile rats after 4 days of 

treatment.26 TrkB is a high-affinity receptor for BDNF, 
and its autophosphorylation results in activation and serves 
as an indirect signal of neuronal release.26

In another study, experimentally lowering brain 
BDNF or lowering expression of TrkB in neural pro-
genitor cells in the hippocampus diminished the antide-
pressant efficacy in animal models.27 Furthermore, 
evidence also shows that blockage of hippocampal neu-
rogenesis diminishes the antidepressant-like effects of 
fluoxetine, suggesting involvement of BDNF in antide-
pressant actions.28 In our previous study we also found 
increased serum BDNF concentration in patients with 
VaD treated with fluoxetine.14 A preclinical study also 
showed that vascular endothelial growth factor (VEGF) 
was identified as a key mediator of both the cytogenetic 
and behavioral actions of antidepressants.29 Chronic 
fluoxetine administration significantly increased 
endothelial cell proliferation in the subgranular zone 
(SGZ) and VEGF receptor signaling was identified 
induction of endothelial cell proliferation as an action 
of antidepressants.29 In our study, we also found 
increased concentration of serum BDNF and VEGF in 
patients with VCIND treated with fluoxetine. Thus, we 
speculate that the improvement in global cognitive func-
tion observed in our study may be partly related to 
remodeling of the hippocampal circuitry and increased 
dentate gyrus neurogenesis and angiogenesis. However, 
a small clinical study did not find any improvement in 
the memory of patients with Alzheimer’s disease who 
were treated with fluoxetine.30 Overall, the utility of 
SSRIs for cognitive recovery in patients with VCIND 
should be investigated further in future studies.

Our study has significant implications. Impairments of 
cognition are a major contributor to disability and 
decreased quality of life following stroke.31 Vascular cog-
nitive impairment has been associated with increased care-
giver burden and health-care costs.32 The results from this 
follow-up study suggest that fluoxetine is useful in 
VCIND, which means the patients with VCIND have the 
chance to enhance their cognition and have the potential to 
significantly reduce the burden of this disease. SSRIs 
would be a simple and widely applicable treatment for 
patients with VCIND.

To our knowledge, this is the first study describing the 
impact of fluoxetine on cognition and concentration of 
serum BDNF and VEGF in patients with VCIND. 
However, we must note that our findings are limited by 
the open-label drug administration protocol and small 
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sample size. Larger double-blind, placebo-controlled stu-
dies with a longer period of follow-up are needed to 
confirm these findings in the future.

Conclusions
In our study, we found that fluoxetine was associated 
with improved cognitive recovery in certain cognitive 
domains and increased concentration of serum BDNF 
and VEGF in patients with VCIND compared with 
matched controls who did not receive fluoxetine. The 
utility of fluoxetine in patients with VCIND requires 
further investigation.

Data Sharing and Data Accessibility
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data. All the original specific data and the other study 
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