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Abstract

Objective: To compare selective serotonin reuptake inhibitors (SSRIs) and nootropic drugs in

the reduction of anxiety and depressive symptoms in post-stroke patients.

Methods: This retrospective cohort study included patients diagnosed with post-stroke depres-

sion that were treated with either SSRIs or nootropic drugs (i.e. citicoline or choline alphos-

cerate). Depression and anxiety were assessed using the Hamilton Rating Scales. Statistical

associations between the use of nootropic drugs and mood disorder improvements were deter-

mined by measuring assessment scores at 6-months.

Results: A total of 44 post-stroke patients with depression (aged 45–75 years) were enrolled in

the study: 20 were treated with SSRIs and 24 received nootropic drugs. From baseline to follow-

up, the SSRI group showed a large effect size with regard depression (success rate difference

[SRD] 0.57; 95% confidence interval [CI] 0.21, 0.79) and anxiety (SRD 0.49; 95% CI 0.14, 0.74),

whereas the nootropic group showed a small effect size for depression (SRD 0.16; 95% CI –0.17,

0.46) and a small effect size for anxiety (SRD 0.36; 95% CI –0.03, 0.62).

Conclusion: The administration of nootropic drugs could be a valid therapeutic strategy

to manage post-stroke patients suffering from mild–moderate anxiety or anxious-depressive

syndrome, but this requires further research.
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Introduction

Stroke (ischaemic or haemorrhagic) has a
severe impact on multiple functional
domains and generally causes a greater
range of disabilities, affecting the patient’s
quality of life and generating negative emo-
tional states.1 Indeed, if from the motor
point of view some patients can return to
their pre-stroke functional level, acquiring a
greater autonomy in daily living activities,
they can present other problems ranging
from cognitive deficits to the difficulty in
social reintegration.1

In the past, several studies were focused
on motor disabilities and only recently are
studies appearing on behavioural, cognitive
and emotional impairment.2 Post-stroke
depression (PSD) is a common neuropsy-
chiatric condition in this class of patients,
which is a potential mortality risk factor.3

Indeed, approximately 85% of patients
with cerebrovascular disease suffer from
PDS.4 The most common, but not exclu-
sive, symptoms are apathy, fatigue, sleep
disturbances and weight alterations, which
compromise the quality of life of the sub-
ject, hindering their rehabilitation treat-
ment and causing further disabilities and
interpersonal problems.5,6 It is crucial to
treat depressive symptoms in order to
improve the disease recovery. Research
has shown an improvement in mood
disorders of patients with cerebrovascular
diseases through the use of classic
antidepressants.7

The onset of depressive symptoms
depends on psychosocial and genetic

factors, general vascular damage, the sever-

ity of the stroke and disability, cognitive

impairment and on the interactions of

other conditions.8 In the vast majority of

cases, PSD appears in the first month

after the stroke onset and tends to become

chronic over time, interfering with the func-

tional recovery.8 Patients can experience

reduced compliance and increased resis-

tance during rehabilitative treatments,

because of their low self-esteem and lack

of motivation.9,10

The association between PSD and the

patient’s cognitive impairment has been

shown to be different among the various

types of cerebral infarction.9 Although

patients with PSD have Mini Mental

Examination State scores lower than non-

PSD patients, the scores were significantly

lower in patients with partial anterior circu-

lation infarction compared with patients

with lacunar circulation infarction or

posterior circulation infarction.11 The asso-

ciation between cognitive impairment

and depression is mutual because the

relationship is very complex.12 However,

antidepressant treatment stimulates the

neurogenesis process and the benefits of

treatment might not only cover depressive

symptoms but also promote cognitive and

motor recovery.13,14

Selective serotonin reuptake inhibitors

(SSRIs) and serotonin-norepinephrine

reuptake inhibitors are frequently chosen

for the treatment of depression. Notably,

SSRIs are the first-choice drugs since their

side-effects are generally well tolerated.15
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Most research supports the efficacy of these

antidepressants,13 but very few studies have

evaluated the efficacy of other pharmaco-

logical therapies, such as psychostimu-

lants.16 Indeed, drugs such as citicoline or

choline alphoscerate could be used for the

treatment of mood disorders in post-

ischaemic stroke patients, as supportive

drugs to the antidepressant treatment

or as an alternative therapy in mild

symptomatology.16

The aim of this study was to investigate

whether a therapy based on nootropic

drugs could be at least as effective in the

reduction of anxiety and depressive symp-

toms as an antidepressant therapy in

patients with PSD.

Patients and methods

Study population

This retrospective cohort study evaluated

consecutive patients with a diagnosis of

depression after a stroke that attended

the Centre of Neurovascular Disease of

the IRCCS Neurolesi “Bonino-Pulejo”,

Messina, Italy from May 2018 to January

2019. The study selected outpatients within

1 year from the stroke onset that had a

diagnosis of PSD and were treated with

either antidepressants or nootropic drugs

(i.e. 1000mg citicoline once daily orally

for 6 months; 600mg choline alphoscerate

once daily orally for 6 months). The exclu-

sion criteria were as follows: (i) previous

history of depression; (ii) presence of other

neurological or psychiatric illnesses;

(iii) presence of cognitive disorders

(Montreal Cognitive Assessment [MOCA]

< 26);17 (iv) combined use of antidepres-

sants and nootropic drugs. The electronic

health records of all eligible patients were

anonymously screened for medications and

neuropsychological evaluations from the

hospital database. Only patients with com-

plete records were selected for this study.
No study protocol approval was neces-

sary due to the retrospective design of the

study. However, all patients provided

signed informed consent.

Outpatient procedure

The outpatient procedure involved screen-

ing for mood disorders (e.g. depression and

anxiety)during the first visit to the centre

(baseline) and after 6 months (follow-up).

Cognitive functions were screened using

the MOCA in order to quickly assess

memory, attention, language, praxis abili-

ties and space-time orientation.17Anxiety

and depression were assessed using the

Hamilton Anxiety Rating Scale (HAM-A)

and Hamilton Depression Rating Scale

(HAM-D).18According to the severity of

PSD, patients could be treated with antide-

pressants, such as SSRIs, or with nootropic

drugs.

Statistical analyses

All statistical analyses were undertaken

using the R statistical package (R version

3.5.0; R Foundation for Statistical

Computing, Vienna, Austria) with a 95%

of confidence level with a 5% alpha error.

Continuous data are presented as mean�
SD and categorical data as frequencies (%).

Categorical data were compared using

v2-test with continuity correction. Mann–

Whitney U-test was used to compare con-

tinuous data. The extent of the difference

between two groups of observations was

assessed using the effect size success rate

difference (SRD) and the corresponding

95% confidence interval (CI). An ‘improve-

ment’ was considered to have occurred if a

change in the assessment score allowed the

patient to be placed in the next cut-off of

the scale (e.g. from moderate at baseline to
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mild at follow-up). A P-value <0.05 was

considered statistically significant.

Results

The electronic health records of 134 eligible

outpatients with a stroke were anonymous-

ly screened (Figure 1). Of these, 60 outpa-

tients were initially screened and excluded

due to a lack of a PSD diagnosis or they did

not meet the inclusion/exclusion criteria.

The remaining 74 patients were further

screened and 30 were excluded (nine due

to treatment with other medications and

21 due to lack of follow-up evaluations).

A total of 44 patients (23 males and

21 females; age range, 45–75 years) were

included in this study.
Of the 44 patients included in this study,

20 were treated with an SSRI (group 1) and

24 received only nootropic drugs (group 2).

The demographical and clinical character-

istics of the two groups are summarized in

Table 1. There were no significant differen-

ces between the two groups in terms of age,

sex, education, stroke onset and MOCA

score at baseline.
Comparing the two groups at baseline,

there were large effect sizes for both anxiety

(SRD 0.664; 95%CI 0.37, 0.84) and depres-

sion (SRD 0.787; 95%CI 0.52, 0.91)

(Table 1). From baseline to follow-up,

there was a large effect size for depression

in group 1 (SRD 0.57; 95% CI 0.21, 0.79)

and a small effect size in group 2 (SRD

0.16; 95% CI –0.17, 0.46); and a large

effect size for anxiety in group 1 (SRD

0.49; 95% CI 0.14, 0.74) and a small effect

size in group 2 (SRD 0.36; 95% CI¼ –0.03,

0.62). The proportions of patients with an

Figure 1. Patient flow chart showing the screening, exclusion and selection of patients with a diagnosis of
post-stroke depression (PSD).
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improvement in anxiety (P< 0.01) and

depression (P¼ 0.04) were significantly

higher in group 1 compared with group 2

with medium effect sizes between the two

groups.

Discussion

This current study evaluated the overall

improvement in mood in patients with

PSD after 6 months of treatment following

the diagnosis of depression stratified

according to the treatment used. The cur-

rent findings showed an improvement in

both anxiety and depression symptoms in

the majority of patients that were treated

with antidepressants (group 1). These find-

ings were not surprising because citicoline

acts on neurotransmitters and results in

functional neuroprotective and neurores-

torative effects for brain damage.19

Citicoline is usually used to preserve neuro-

cognitive functions.20 It is generally well

tolerated regardless of the mode of admin-

istration or dosage.21 The current study

found that the nootropic group (group 2)

were more anxious and depressed at base-

line, which might explain the lower levels of

improvements observed compared with the

group taking antidepressants (group 1). In
future randomized controlled trials, the

random distribution of baseline scores in

study groups should avoid this problem.

Choline and citicoline were initially admin-

istered to patients with PSD that com-

plained of mild impairment in cognitive

performance.22 Nootropics are substances

that increase cognitive ability by improving

brain skills and function.23

The psychostimulant citicoline is biolog-

ically active, increases levels of dopamine

and acetylcholine and inhibits apoptosis

associated with cerebral ischaemia.23 An

experimental stroke model demonstrated

the contribution of citicoline to the produc-

tion of the re-growth of dendritic spines,

which was correlated with functional recov-

ery.24 Other interesting research based on
animal models demonstrated that citicoline

enhanced learning and memory tasks,

reducing cognitive deficits after brain

injury.24

Although research has demonstrated the

efficacy of citicoline on the improvement of

cognitive impairment and on the enhance-
ment of neuroplasticity,25 just a few studies

Table 1. Demographic and clinical characteristics of patients (n¼ 44) with a diagnosis of post-stroke
depression that were included in a retrospective study to investigate whether a therapy based on nootropic
drugs was at least as effective as an antidepressant therapy.

Characteristic

Group 1

n¼ 20

Group 2

n¼ 24 SRD 95% CI

Male 8 (40.0) 15 (62.5) –0.225 –0.56, 0.11

Age, years 59.9� 9.3 63.9� 9.6 –0.262 –0.56, 0.10

Education, years 9.5� 3.9 8.6� 4.2 0.144 –0.20, 0.45

Time since stroke onset, days 71.5� 12.4 65.2� 10.1 0.079 –0.28, 0.42

MOCA score 19.7� 6.4 20.7� 4.3 –0.010 –0.36, 0.34

HAM-A score 17.3� 7.5 8.3� 5.9 0.664 0.37, 0.84

HAM-D score 18.3� 5.7 8.9� 5.8 0.787 0.52, 0.91

Anxiety improvement 10 (50.0) 2 (8.3) 0.417 0.12, 0.71

Depression improvement 16 (80.0) 11 (45.8) 0.342 0.03, 0.65

Data presented as mean� SD or n of patients (%).

SRD, success rate difference; CI, confidence interval; MOCA, Montreal Cognitive Assessment; HAM-A, Hamilton Anxiety

Rating Scale; HAM-D, Hamilton Depression Rating Scale.
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have investigated its effect on mood disor-
der improvement.23 For example, a ran-
domized clinical trial demonstrated that
citicoline was an effective adjuvant to cita-
lopram in the treatment of major depressive
disorder.26 Comparing HAM-D scores of
patients treated with citalopram plus citico-
line and patients treated with citalopram
plus placebo, the clinical trial observed a
significantly greater rate of remission in
the citalopram plus citicoline group.26 The
clinical trial also studied the antidepressant
effect of its metabolite cytidine and the cit-
icoline therapeutic potential in bipolar dis-
order (observing a reduction of manic
symptoms) and in patients with substance
abuse disorder (observing a reduction of
craving and of depressive symptoms).26

Findings suggest that the effect of citicoline
on depressive symptoms may be mediated
by its effect on brain metabolism and by its
modulation of a number of neurotransmit-
ters (increasing acetylcholine, noradrenaline,
serotonin and dopamine concentration).27

This current study had several limita-
tions. First, being retrospective did not
allow for observations of the effects on
patients treated with an antidepressant
therapy in combination with nootropic
drugs. This will be considered in future pro-
spective studies, as well as the importance
of randomly assigning patients to each
group, matching them for demographic
characteristics (e.g. age and sex) and clinical
condition, after the calculation of an ade-
quate sample size. Thus, this study should
be considered as explorative as it was not
able to detect smaller yet clinically relevant
differences. Secondly, the sample size was
small and the follow-up short. Future stud-
ies should test the potential of citicoline on
a larger patient number with longer follow-
up to better evaluate the long-term effects
of nootropic treatment.

In conclusion, this finding suggests that
the administration of nootropic drugs could
be a valid therapeutic strategy to manage

post-stroke patients with mild–moderate
anxiety or anxious-depressive syndrome,
which is very common because depression,
in many cases, occurs as a comorbidity with
anxiety.28 In the future it would be interest-
ing to investigate the use of other drugs that
have the potential to be effective in the
treatment of emotional disturbances follow-
ing a stroke.
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