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Abstract

Objective: We conducted a narrative review to investigate whether antidepressant therapy, includ-

ing the use of selective serotonin reuptake inhibitors (SSRIs) or serotonin-norepinephrine reuptake

inhibitors (SNRIs) or the use of supportive drugs (i.e., citicoline or choline alfoscerate) as a substitute

for antidepressant therapy, reduces depression in patients with cerebrovascular diseases.

Methods: A systematic search of the PubMed and Web of Science databases was performed,

including review articles and other studies to identify additional citations. Only 4 of 1566 pub-

lications met the inclusion/exclusion criteria and were selected.

Results: Studies showed that post-stroke depression (PSD) could be treated with antidepressant

therapy, as well as supportive drugs such as citicoline or choline alfoscerate, which may have

antidepressant effects.

Conclusions: The findings support the efficacy of citicoline as a treatment for depression.

Studies aimed to discover the characteristics of these psychostimulants in relation to PSD treat-

ment should be performed.
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Introduction

Worldwide, cerebrovascular diseases are the
second leading cause of death and the third
leading cause of disability.1 Incidence rates
for stroke in people aged 55 to 64 years
range between 10 and 20 per 10,000 individ-
uals, increasing to 200 per 10,000 individuals
in the elderly population.2 Motor and cogni-
tive impairment resulting from stroke signif-
icantly interferes with the quality of life of
patients,3 also affecting behavioral and emo-
tional domains.4

Post-stroke depression (PSD) is a mood
disorder characterized by depression and
anhedonia caused by stroke. A recent
meta-analysis reported that approximately
30% of stroke survivors suffer from PSD
within 5 years.5 The depressive symptoms
gradually increase during the first 6months,
ease slightly at approximately 12months,
and worsen again during the second year
after the stroke. Patients with PSD usually
present a wide range of symptoms such as
sleep disturbance, fatigue, weight changes,
and apathy, which lengthen the hospital
stay and decrease participation in rehabili-
tation programs, resulting in reduced func-
tional improvement.6 Thus, the patient’s
tendency to become socially isolated
can affect the recovery of cognitive
functions such as memory, language, atten-
tion, understanding, and calculation, lead-
ing to further cognitive impairment7,8

Antidepressant treatments have shown pos-
itive results in the PSD population.9 These
drugs stimulate neurogenesis and influence
the plasticity of the new neurons generat-
ed.10 Such benefits can be extended to
mood symptoms, thus encouraging motor,
cognitive, and executive recovery.11

Selective serotonin reuptake inhibitors
(SSRIs) and serotonin-norepinephrine
reuptake inhibitors (SNRIs) are frequently
used to treat depressive symptoms. SSRIs
are considered the first-choice treatment
because their side effects are generally

well-tolerated.12 In contrast, SNRIs are

associated with more side-effects such as

irritability, insomnia, nausea, vomiting,

and cardiovascular responses.13

Citicoline is an endogenous nucleotide

compound that participates in the biochemi-

cal process of phosphatidylcholine synthesis

and is one of the most abundant cell mem-

brane lipids in human and animal tissues.14

Citicoline participates in neuronal processes

by enhancing brain functions, as well as

reducing cognitive deficits and improving

memory performance. Therefore, citicoline

has been successfully used as a neuroprotec-

tive agent to prevent neuronal aging and

improve memory,15 in addition to slowing

the degeneration of neurological diseases

and glaucoma.16,17 Citicoline increases norepi-

nephrine and dopamine levels in the

central nervous system by acting on brain

metabolism and neurotransmitter modula-

tion, leading to an improved depressive pro-

file.18 Although the effects of citicoline and

choline supplementation on recovery in

stroke survivors have been reported in the lit-

erature,19 few studies have investigated the use

of these drugs to treat PSD without an anti-

depressant therapy (i.e., SSRIs or SNRIs).
This narrative review investigates the

effects of pharmacological treatments for

depression (i.e., SSRIs and SNRIs) in the

post-stroke population. We also examined

the role of citicoline and choline alfoscerate

as adjuvant antidepressant treatments.

Methods

Search strategy

Studies in the literature were identified by

searching the PubMed and Web of Science

databases. The search combined the follow-

ing terms using logical boolean operators

(i.e., AND, OR), as approtiate: “Post

stroke depression”, “Depression post cere-

brovascular disease”, “Depression and mild
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cognitive impairment in cerebrovascular

disease”, “SSRI”, “SNRI”, “Citicoline”,

and “Choline”. The same queries were

used when searching both databases.
Inclusion and exclusion criteria
Studies that satisfied the following crite-

ria were included in this review:

a. The study population included cerebro-

vascular patients;
b. The effects of antidepressant therapy

were investigated in patients with PSD;
c. Pharmacological treatments included

either SSRIs and SNRIs or citicoline

and choline;
d. Written in English.

Studies that met the following criteria

were excluded:

a. Studies conducted on animals rather

than humans;
b. The aim was not focused on using either

SSRIs, SNRIs, or citicoline to treat PSD;
c. The study was a dissertation, commen-

tary, letter, or editorial.

Systematic integrative and narrative

reviews were included. We only considered

articles published from 2002 to 2018.

Study selection

The procedure for study selection included

three phases. First, articles not written in

English and duplicates were removed.

Second, the titles and abstracts were

screened for relevance to the specific phar-

macological treatment of PSD. Third, the

full text of all potential articles was evalu-

ated in depth (Figure 1).

Results

We identified 1566 studies: 1167 articles

from PubMed and 399 articles from the

Web of Science. However, only 4 of these

1566 studies were selected (Figure 1).
The articles included 883 patients with

diagnoses of stroke and depression. As

reported in Table 1, one article20 highlight-

ed the antidepressant effects of SSRIs and

SNRIs, two studies21,22 examined, respec-

tively, the role of duloxetine (i.e., an

SNRI) and the use of citalopram (i.e., an

SSRI) compared with cognitive behavioral

therapy and rehabilitation. The last selected

article18 investigated the role of citicoline in

depressive treatment. There were no studies

concerning the effects of choline on PSD.

Four measures of depression were identified

(Table 2), and one study20 used a standard-

ized form with the patient’s data and reha-

bilitative information.

Efficacy of antidepressant treatment

for PSD

Engelter et al.20 conducted a prospective, mul-

ticenter, exploratory study. They observed the

Figure 1. Study selection procedure.
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frequency and determinants of using
pharmacological enhancement in stroke
rehabilitation (PESR). PESR involves the
use of agents that could improve the post-
stroke recovery to support regular rehabili-
tative therapies. Their sample included 464
patients, of whom 257 had taken agents
that could potentially enhance recovery.
The most commonly used drugs were
SSRIs, SNRIs, levodopa, and acetylcholin-
esterase inhibitors. SSRIs and SNRIs were
predominately used to improve depressive
symptoms, whereas levodopa was exclusive-
ly used to improve motor rehabilitation in
the absence of an otherwise established
indication.

Zhang et al.,21 in their prospective
cohort study, enrolled 95 ischemic stroke
patients without symptoms of depression.
With the aim of assessing the effectiveness
of duloxetine in preventing PSD, patients
were randomly divided into two groups:
47 received duloxetine for 12 weeks as
medication for depression, in addition to
the routine therapy for ischemic stroke,
while 48 controls only received the routine
therapy without any antidepressants.
Follow-up observations were performed
for 24 weeks by evaluating depression, cog-
nitive and neurological function, rehabilita-
tion, and the quality of life of patients.
Their findings indicated that the use of
duloxetine decreased the incidence of PSD
and accelerated functional and cognitive
recovery by improving the patient’s quality
of life. Gao et al.22 conducted a random-
ized, controlled trial on 274 patients with
ischemic stroke without a history of depres-
sion. By comparing three interventions
(placebo vs SSRIs vs cognitive behavioral
therapy without antidepressants), they
aimed to assess the appropriate treatments
for PSD at different times after the acute
event. Thus, patients were enrolled at
different times after discharge, and all
underwent rehabilitation. No significant
differences were observed among the three

treatments in patients enrolled up to
3 months after discharge. In contrast,
among patients recruited at 6 months, the
group receiving SSRIs showed improve-
ment, whereas among patients recruited at
9 months, an improvement was observed in
the group receiving cognitive behavioral
therapy. Moreover, the group of patients
taking SSRIs showed significantly greater
rates of adverse events, without significant
differences among time periods of recruit-
ment. A subgroup analysis was also per-
formed according to PSD onset. The
results showed significant effects of SSRI
treatment when the onset of PSD was
delayed (3 to 6 months after stroke) or
late (more than 6 months after stroke),
while no effects were observed among treat-
ments for early-onset PSD (the first 3
months after a stroke, including hospitali-
zation). Their hypothesis was that effects of
antidepressants are not evident in the early
phase because the recovery of function itself
reduces depression.

Roohi-Azizi et al.,18 in their randomized
trial, evaluated the effectiveness of citicoline
as an adjuvant therapy for major depres-
sion. They enrolled 50 patients with major
depressive disorder who were previously
treated with an SSRI and allocated them
into two groups: one group receiving citico-
line and one placebo group. Depression was
evaluated at baseline and after 2, 4, and 6
weeks. The results showed a significantly
greater improvement of the citicoline
group compared with the placebo group
at all assessment times. This effect was
accompanied by a significantly greater rate
of remission in the citicoline group. These
results support the consideration of citico-
line as an effective adjuvant therapy in the
treatment of major depressive disorder.

Discussion

Almost one-third of stroke survivors
suffer from depression, especially during
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rehabilitation.23 Indeed, a decrease in moti-
vation reduces compliance and increases
resistance during rehabilitative treatments.
Because depression interferes with function-
al recovery, early recognition of depressive
symptoms is important to improve func-
tional recovery.24 Although depressive
symptoms appear in the first month after
the stroke, tending to become chronic over
time,4 the onset of depression depends on
the interaction of different factors, such
as the severity of stroke and disability,
cognitive impairment, personality, general
vascular damage, and psychosocial and
genetic factors.25 Hence, it is essential to
define new guidelines for early detection
and management of PSD.

Indeed, it is important to plan a pharma-
cological therapy for recovery of a patient’s
deficits, being careful to monitor the
patient’s response. Recently, the American
Heart Association Stroke Council pub-
lished a scientific statement concluding
that antidepressant medications may be
effective in treating PSD, although further
research is needed to determine the optimal
timing, threshold, and medications for
treatment.26 In this review, we considered
studies reporting effects of antidepressant
drugs such as SSRIs and SNRIs in PSD
treatment. We found that SSRIs are the
first-choice medication, acting as inhibitors
of serotonin reuptake, and are generally
well-tolerated.27 SSRIs are involved in com-
plex signaling cascades, which result in an
increase in neurogenesis that stimulates
axonal sprouting and promotes the devel-
opment of new synapses.28 A recent trial
reported lower rates of PSD occurrence
together with a significant improvement in
motor functions in subjects taking SSRIs
compared with placebo controls, even
when the statistical model controlled for
the reduction in depression.29 These find-
ings raised the question of whether depres-
sion prevents motor recovery or whether
SSRIs may affect neuroplasticity and

motor recovery.26 The benefits of SSRIs
on factors such as motor recovery, cogni-
tive/executive functioning, and partial or
full independence in daily life are associated
with an improvement in quality of life.30

However, further research is needed to
determine how to improve quality of life
in individuals with or at risk for PSD.

Another type of medication used to
treat PSD is SNRIs (which are often com-
pared with SSRIs in adult patients with
depression). However, SNRIs should be
cautiously used because of their side
effects.13 Notably, the findings of a recent
meta-analysis including 12 randomized
controlled trials (n¼ 1121) suggested a ben-
eficial effect of antidepressants on remission
and responses (measured as a >50% reduc-
tion in mood scores), reporting a higher
rate of adverse events, especially central
nervous system and gastrointestinal side
effects, in subjects who received the active
medication compared with those who
received the placebo.31 Indeed, norepineph-
rine can increase sympathetic nervous
system activity, including tachycardia and
hypertension, which is considered an
important risk factor for cardiovascular
and cerebrovascular events.32 Overall,
both types of drugs exhibited long-term
benefits, but considering the complexity of
post-stroke outcomes, some psychostimu-
lants could be useful to support antidepres-
sant therapy.33

Recently, trials of alternative nondrug
therapies for PSD to alleviate the adverse
effects and drug dependence caused by anti-
depressants have been conducted, including
methods such as acupuncture34 and the use
of citicoline and choline alfoscerate. Thus,
we also searched for studies assessing the
efficacy of citicoline and choline alfoscerate
not only as adjuvant therapies, but also
considering their potential antidepressant
effects. However, we found few studies
focused on this topic. Notably, most of
these studies were conducted on animals,
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showing that citicoline can be used as an
adjuvant drug to reduce neuronal degener-
ation and increase neurotransmitter levels
(i.e., dopamine, norepinephrine, and seroto-
nin) to improve the management of certain
neurodegenerative disorders.35,36 Other
studies have evaluated effects on cognition
and dementia, showing only marginal
effects on depression.37 However, the rela-
tionship between depression and deteriora-
tion of cognitive functions (concentration,
attention, or memory) is well known.
Indeed, citicoline acts on neurotransmitters
with functional neuroprotective and neuro-
restorative effects on brain damage,
improving cognitive impairment.33 In addi-
tion, we found studies indicating that citico-
line administration can improve mood
disorders in patients with bipolar
depression.38,39

The use of citicoline in elderly depressed
patients has been shown to reduce the risk
of side effects caused by traditional antide-
pressants, decreasing the period of hospital-
ization.40 According to Secades,41 this
psychostimulant also improves motor func-
tions during the rehabilitation phase after
stroke, especially in the early stage and
over the first 6 months, to preserve neuro-
cognitive functions. Similarly, Jadavji
et al.19 observed a neuroprotective role of
choline after stroke, reporting its antioxi-
dant activity and mechanisms that enhance
neuroplasticity. Sharp et al.42 suggested the
importance of analyzing the impact of the
cholinergic system on possible post-
ischemic neuroprotective effects.

The main limitation of this study is the
limited amount of evidence from pooled
data, especially concerning studies evaluat-
ing the effectiveness of adjuvant therapy
based on the use of citicoline and choline
in support of antidepressant therapy.
Indeed, only one study was included in
our analysis.18 In their study, Roohi-Azizi
et al. showed how citicoline could be con-
sidered an effective adjuvant to citalopram

in the treatment of depression. This inter-

esting result leads us to speculate the effica-

cy of these psychostimulants in influencing,

facilitating, and accelerating patient recov-

ery. However, the characteristics of citico-

line and choline alfoscerate in relation to

depression treatment should be further

investigated, especially in stroke patients.

Another limitation was the different assess-

ments for depression used in the selected

studies. In particular, one study measured

the level of depression with a self-reported

survey,20 and patients could have underes-

timated or overestimated their symptoms.

Future long-term intervention studies for

PSD should investigate the action of new

psychostimulant drugs on depressive symp-

toms to evaluate a possible improvement in

functional recovery.
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