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Introduction
Cytidine diphosphate-choline (CDP-Choline), or citicoline, is 
a pharmaceutical product constituted by the combination of 2 
natural molecules (cytidine and choline).1,2 These endoge-
nous compounds participate in the biosynthesis of phosphati-
dylcholine, an important phospholipid of the cell membranes.3 
Citicoline can be administered orally, intravenously, or both; 
at doses ranging from 500 to 2000 mg per day.1 Citicoline has 
an adequate safety profile, with minimum toxicity, and rapid 
metabolization.4

It has been proposed to provide neuroprotective effects 
through multiple mechanisms of action. While in vitro studies 
have shown that anoxia decreases the synthesis of structural 
phospholipids, studies in animal models have reported a reduc-
tion in the incorporation of marked precursors into phospho-
lipids of neuronal subcellular fractions. In addition, cell 
membrane glycerophospholipids are broken down by the action 
of different phospholipases, producing free fatty acids and ara-
chidonic acid derivatives.4,5 When ischemia conditions are 
prolonged, aggression upon membranes becomes more intense, 
as a loss of function of membranes, accumulation of Na+ and 
Ca2+ inside the cell, triggering of ischemic cascade, and subse-
quent cell death are observed. Finally, synthesis of endogenous 
CDP-choline is compromised under ischemic conditions, as 
cells lack the high-energy phosphate compounds required for 
this route. Moreover, since synthesis of structural phospholip-
ids is time-dependent, a higher impact on the metabolism of 
neuronal phospholipids the longer the time under hypoxia 

conditions.4,5 Citicoline promotes the biosynthesis of struc-
tural phospholipids in neuronal cell membranes (especially 
phosphatidylcholine), enhances brain metabolism (by 
increasing class III histone deacetylase sirtuin-1), and raises 
levels of norepinephrine and dopamine in the central nerv-
ous system.4,5 It also increases serotonin levels, while reduc-
ing levels of glutamate. Altogether, these effects contribute 
to neuroprotection in hypoxia. Furthermore, citicoline 
restores the activity of mitochondrial ATPase and membrane 
Na+/K+ ATPase, restrains phospholipase A2 activation 
(and blocking the neuroinflammation caused by ischemia 
and the production of reactive oxygen species), and acceler-
ates the reabsorption of cerebral edema.4,5

Citicoline has also been shown to modulate neurotransmit-
ter levels, since it acts as a dopaminergic agonist, having a sig-
nificant effect on both dopamine levels and their metabolites in 
the corpus striatum. Several studies have reported an increased 
dopamine synthesis after citicoline administration, which 
might be triggered by the activation of tyrosine hydroxylase. 
This higher dopamine synthesis leads to the inhibition of 
dopamine reuptake, which might be related to the citicoline 
action upon phospholipid synthesis. In addition, citicoline acts 
upon other monoamines, serotonin and norepinephrine, mus-
carinic and nicotinic receptors, and glutamate, opioids, and 
GABA, having important modulating effects on several intra-
cellular signaling processes (Figure 1).4,5

A worse cardiovascular risk profile has been associated with 
poorer cognitive function and smaller brain volumes in regions 

Role of Citicoline in Patients With Mild Cognitive 
Impairment

Pedro E Bermejo1,2 , Rodolfo Dorado2  
and María Ascensión Zea-Sevilla2,3

1University Hospital Puerta de Hierro-Majadahonda, Madrid, Spain. 2Instituto Neurológico 
Beremia, Madrid, Spain. 3Alzheimer’s Centre Reina Sofia-CIEN Foundation, Madrid, Spain.

ABSTRACT: The term mild cognitive impairment (MCI) defines an intermediate state between normal aging and dementia. Vascular cognitive 
impairment refers to a decline in cognitive function that is caused by or associated with vascular disease and comprises all the spectrum of 
cognitive impairments, from MCI of vascular origin to vascular dementia. One of the available treatments for cognitive impairment is cytidine 
diphosphate-choline (CDP-Choline), or citicoline. The objective of the present manuscript is to provide complete evidence about the efficacy 
of citicoline for MCI, especially of vascular origin, but also due to other neurodegenerative disorders. Citicoline is a pharmaceutical product 
constituted by the combination of 2 natural molecules (cytidine and choline) and is marketed as a food supplement. It has been proposed 
to provide neuroprotective effects through diverse mechanisms of action. Taking into account the available literature, citicoline has shown a 
consistent improvement in cognitive function in patients with MCI, especially of vascular origin. Moreover, it provides beneficial effects on vas-
cular, Alzheimer, and mixed dementias, stroke sequelae, intracerebral hemorrhages, traumatic brain injuries, and neurodegenerative diseases. 
Long-term treatment with citicoline has also been demonstrated to be well-tolerated and has not been associated with severe adverse events. 
Citicoline is a safe, well-tolerated, and promising agent with evidenced neuroprotective properties.

KeyWoRdS: Alzheimer, cerebrovascular, dementia, Citicoline, cognitive, impairment, neurodegenerative

ReCeIVed: March 17, 2022. ACCePTed: January 6, 2023. 

TyPe: Review

FundIng: The author(s) received no financial support for the research, authorship, and/or 
publication of this article.

deClARATIon oF ConFlICTIng InTeReSTS: The author declared no potential 
conflicts of interest with respect to the research, authorship, and/or publication of this 

article.

CoRReSPondIng AuTHoR: Pedro E Bermejo, Department of Neurology, University 
Hospital Puerta de Hierro-Majadahonda, C/Joaquín Rodrigo, 1, Majadahonda 28222, 
Madrid, Spain.  Email: Pedro.bermejo.v@gmail.com

1152496 EXN0010.1177/26331055231152496Neuroscience InsightsBermejo et al
review-article2023

https://uk.sagepub.com/en-gb/journals-permissions
mailto:Pedro.bermejo.v@gmail.com


2 Neuroscience Insights 

identified as early predictors of cognitive decline6,7. Exogenous 
citicoline has been suggested to be beneficial for cognitive 
impairment of diverse causes, stroke, traumatic brain injuries, 
and brain aging.3,7 The objective of the present review is to 
provide complete evidence about the efficacy of citicoline for 
mild cognitive impairment (MCI), especially of vascular origin, 
but also neurodegenerative disorders.

Mild Cognitive Impairment
The term MCI defines an intermediate state between normal 
aging and dementia.8 It is characterized by impaired function 
in one or more of the following domains: learning and mem-
ory; language; visuo-spatial; executive; or psychomotor.9 Its 
prevalence in adults aged 60 or over is estimated to be between 
6.7% and 25.2%.10 Clinical studies have determined that 10% 
to 15% of individuals with a diagnosis of amnestic MCI will 
progress to dementia each year, compared with 1% to 2% in 
those without a diagnosis.11

Citicoline on vascular cognitive impairment

Vascular cognitive impairment refers to a decline in cognitive 
function that is caused by or associated with vascular disease.11 
It defines the spectrum of cognitive impairments, from MCI of 
vascular origin to vascular dementia (VaD).12 Vascular cogni-
tive impairment is characterized by several executive functions, 
information processing, memory, and personality disorders, 
usually caused by a disruption of the frontal-subcortical net-
works due to lesions in the white matter. However, vascular 
lesions in other subcortical structures such as the thalamus or 
basal ganglia might contribute to this cognitive impairment.12

A systematic review showed the prevalence of vascular MCI 
(with no dementia) varying between 24% and 75% in stroke 
patients, and from 4% to 19% in cohorts with low (or non-
reported) stroke prevalence.12,13 Vascular MCI encompasses 
memory deficit, slowed information processing, mood 

and personality disorders, and executive dysfunction.12 The 
disruption of frontal-subcortical networks associated with 
white matter lesions represents the most important pathologi-
cal substrate for vascular MCI. Further vascular lesions in the 
white matter and/or subcortical structures (such as the thala-
mus and basal ganglia) may also contribute to cognitive 
decline.12 Cardiovascular factors play a primary role in cogni-
tive impairment, especially arterial hypertension, dyslipidemia, 
and diabetes. Primary objectives in the management of cogni-
tive impairment include lifestyle modifications and control of 
vascular risk factors.14 The early detection of cognitive changes 
is carried out with scales and/or questionnaires. The most fre-
quently used screening instruments are the Mini-Mental 
Status Examination (MMSE) and the Montreal Cognitive 
Assessment (MoCA).12 The MMSE has low sensitivity to 
detect MCI, whereas the MoCa is sensitive to MCI with cer-
ebrovascular disease. The Hachinski Ischemic Score has also 
been validated as an assessment tool to differentiate major 
types of dementia (primary degenerative, vascular, and 
mixed).15 However, the accuracy of the Hachinski score for 
different dementia subtypes such as vascular dementia, mixed 
dementia, or Alzheimer’s disease has been considered poor 
during the last years, with the presence of a significant pro-
portion of misclassifications.16

Diverse studies have revealed the efficacy of citicoline for 
the treatment of mild cognitive impairment, which is usually 
administered orally as monotherapy (Table 1).7,17,18 The open-
label, multicenter, Italian IDEALE study compared the effec-
tiveness and safety of the administration of oral citicoline (1 g/
day) in 265 patients with vascular MCI and 84 patients receiv-
ing no treatment (control group), so no placebo was adminis-
tered to this group, which might represent a limitation of this 
study.17 The MMSE scores improved slightly after the treat-
ment with citicoline, whereas a significant difference was found 
between citicoline and control groups at 3 and 9 months 
(Figure 2). No adverse events were recorded. In this study, citi-
coline was effective and well tolerated in patients with vascular 
MCI. The retrospective, observational, multicenter VITA 
study evaluated the efficacy of citicoline in elderly patients suf-
fering from stupor associated with complex geriatric syn-
drome.18 Citicoline showed significant improvements in terms 
of the National Institute of Health Stroke Scale (NIHSS), the 
Rankin Scale, and the activities of daily living (ADL) Scale. 
Moreover, a recent observational program aimed to study the 
effect of citicoline on the state of higher mental functions in 
patients with MCI. After 2 weeks of treatment, it was observed 
an improvement in concentration, memory, verbal imagination 
productivity, counting functions, visual-motor coordination 
and dynamic praxis, and mental work.19

Finally, Cochrane systematic review, with data from 1978 to 
2005 of 13 double-blind, placebo-controlled studies using citi-
coline for cognitive impairment due to chronic cerebral disor-
ders, concluded that citicoline provides an overall positive 
short- and medium-term effect on memory and behavior.20 

Figure 1. Pathway of citicoline neuroprotection.
Abbreviations: ArAc, arachidonic acid; GSH, glutathione; nSMase, neutral 
sphingomyelinase; PLA2, phospholipase A2; PtdCho, phosphatidylcholine; ROS, 
reactive oxygen species.
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When different outcomes were analyzed, a standardized mean 
difference of −0.09 (−0.23, 0.05), 0.19 (0.06, 0.32), and −0.60 
(−1.05, −0.15) were obtained for attention, memory, and behav-
ior. These results highlighted that citicoline had a positive 
effect on both memory and behavior in at least the medium 
term, especially in patients suffering from cognitive deficits 
associated with cerebrovascular disorders. However, there was 
evidence of little effect on attention. The clinical trials were 
homogeneous, even though they included patients from differ-
ent clinical groups, as in the case of attention, or percentages of 
inconsistent variance of 42.7% among the studies in the case of 
behavior. Therefore, the authors concluded that further research 
on this compound is needed, especially regarding the long-
term effect of citicoline in patients diagnosed with currently 
accepted standardized criteria.

Citicoline for vascular, Alzheimer, and mixed 
dementias

Alzheimer’s disease (AD) and cerebrovascular diseases are 
leading causes of cognitive impairment, accounting for up to 
80% of cases.14 AD is a degenerative disorder mainly linked to 

β-amyloid and tau deposition, which leads to a progressive 
deterioration in different skills such as memory, language, per-
ceptual proficiency, attention, orientation, and problem-solv-
ing. On the other hand, vascular dementia is a heterogeneous 
disease arising from cerebrovascular lesions, whose number, 
location, and extent characterize its entity, and in which 
dementia is only secondary.21,22 In addition, several differences 
have been reported regarding neurodegeneration of both white 
and grey matter between both diseases. While AD shows a 
reduced disruption in white matter and axial diffusivity, both 
these disturbances are more present in vascular dementia.23 
Finally, in older patients, a mixed type of dementia can be 
observed in AD patients who present a certain degree of cere-
brovascular lesions.24

They are frequently presented as a mixture of neuropatholo-
gies. Indeed, cognitive differences between vascular MCI pre-
ceding AD are not immediately obvious, and cannot be 
differentiated with simple cognitive assessments like MMSE.13 
There is also evidence about the linkage between AD and cer-
ebrovascular diseases such as vascular dementia.25

Sirtuins are NAD-dependent protein deacetylases that can 
regulate age-related diseases. Out of the 7 different sirtuins 
described in mammals, SIRT1 plays a key role in regulating the 
self-renewal of adult hippocampal neural stem cells (aNSCs)/
adult neural progenitor cells and acts as a potential mediator of 
the effect of metabolic changes.26 Therefore, SIRT1 has been 
widely studied in several diseases such as Alzheimer’s disease, 
Parkinson’s disease, Huntington’s disease, and cerebral ischemia 
among others, with its activation representing a therapeutic 
target regarding these diseases.27 Indeed, CDP-choline has 
been shown to increase SIRT1 protein expression in rat brain, 
cultured neurons and circulating blood mononuclear cells, 
which is strongly linked with the neuroprotection provoked by 
this drug.28

Diverse studies have evaluated the efficacy of citicoline in 
VaD, AD, and mixed dementias.29,30 Citicoline is usually 
administered in combination with cholinesterase inhibitors, 

Table 1. Summary of the studies involving citicoline on vascular cognitive impairment.

STUDy DESiGN SAMPLE SiZE TREATMENT ARMS OUTCOMES

Controneo et al16 Open, 
multicenter

349 elderly 
patients

Oral citicoline 500 mg twice a 
day or placebo

in the treatment group, MMSE scores remained 
unchanged, while they decreased in the control 
group (+0.5 and −1.9 respectively over 9 months). 
Significant differences were observed between the 
arms at both 3 and 6 months (P < .0001 for both).

Putignano et al17 Retrospective, 
observational

197 patients 
over 65 years

Treatment arm 2000 mg of 
intravenous in the first phase, 
1000 mg of intramuscular 
citicoline in the second phase. 
Control group 500 cc saline 
and 500 cc glucose 5%.

Comparisons between treatment and control 
groups (after 2 months): NiHS scale: 11.1 ± 4.6 
versus 17.7 ± 5.3
Rankin Scale: 3.7 ± 0.7 versus 4.5 ± 0.7
Activities of Daily Living: 2.0 ± 1.4 versus 0.5 ± 0.7
instrumental Activities of Daily Living: 2.3 ± 2.5 
versus 0.2 ± 0.6

Fioravanti and 
yanagi18

Systematic 
review

14 studies – Standardized mean differences −0.09 (−0.23, 
0.05), 0.19 (0.06, 0.32), and −0.60 (−1.05, −0.15) 
for attention, memory, and behavior

Figure 2. Evolution of the mini-mental status examination scores 

between citicoline and control groups (modified from Cotroneo et al16).
Abbreviations: MMSE, mini-mental status examination.
Asterisks represent significant differences between groups.
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compared to monotherapy in patients with mild cognitive 
impairment, as it has shown improvement in cognition, mood, 
and behavioral symptoms compared to cholinesterase inhibi-
tors alone.30 Cohen et al,29 in a randomized, double-blind clin-
ical trial, comparing citicoline and placebo, showed no 
difference in neuropsychological performance at the 12-month 
follow-up for the 2 groups. The drug was administered for 
1 year, with the participants undergoing both MRI imaging 
and a battery of different tests to assess different neuropsycho-
logical functions such as global functioning, attention, memory, 
visual skills, language, or psychomotor functions. No signifi-
cant differences were observed in any of the cognitive domains 
between placebo and citicoline arms (P > .05 in all tests) nor in 
the MRI (P = .17). Thus, the authors could not demonstrate a 
beneficial effect of citicoline in patients with VaD.

Regarding AD, citicoline has primarily been evaluated com-
bined with other therapeutic agents. The retrospective case-
control CITIRIVAD study demonstrated the superior 
effectiveness of oral citicoline plus rivastigmine versus rivastig-
mine alone in terms of slower disease progression.31 Similarly, 
the Citicholinage study revealed significantly higher scores in 
MMSE in patients with AD receiving citicoline plus cho-
linesterase inhibitors (AChEIs) than those with a single 
AChEI after 3 (17.6 vs 16.0) and 9 months (17.9 vs 15.4).32 A 
systematic review evaluating the effects of citicoline in combi-
nation with other AD drugs analyzed data from 2 retrospective 
studies involving 563 elderly patients improvement was 
observed in cognition, mood, and behavioral symptoms with 
the combination of citicoline and AChEIs versus AChEIs 
monotherapy. Differences were observed among the different 
AChEIs. Patients administered with the combination of done-
pezin + citicoline showed better cognitive function, with 
MMSE scores of 18.15 ± 4.21 and 18.49 ± 3.98 at the first 
and second follow-up visits. The trends between baseline and 
first and second follow-up visits were improved, being more 
evident between baseline and the second time frame (mean dif-
ferences of 0.65 and 0.81). In comparison, patients undergoing 
rivastigmine + citicoline treatment reported values of 
16.89 ± 2.53 and 17.07 ± 2.66, respectively (P = .007 and .002 
compared to the donepezin + citicoline therapy, respectively).30 
Tanaka et al,33 found an association between cognitive perfor-
mance and the increase in the cerebral blood flow of patients 
with VaD treated with citicoline. Moreover, Corona et  al5,34 
suggested that the beneficial effects of citicoline in patients 
with dementia might derive from its ability to improve the 
activity of noradrenergic, dopaminergic, and serotonergic 
systems.

Citicoline on stroke sequelae

Stroke is an important cause of disability.35,36 Up to one-third 
of stroke survivors may subsequently develop cognitive impair-
ment or dementia.37 Moreover, many patients presenting post-
stroke vascular cognitive impairment have a history of multiple 

strokes.37 Different therapies have been proposed for the 
recovery and treatment of ischemic stroke, including citico-
line.2 The efficacy of citicoline for the treatment of acute stroke 
has been studied in multiple randomized trials, and most of 
them have shown positive effects during the acute and subacute 
phases of ischemic stroke.38 Alvarez-Sabín et  al assessed the 
safety and efficacy of citicoline in the long-term with patients 
after ischemic stroke.39,40 In an open-label, randomized, paral-
lel study of 1 year of follow-up, patients with first-ever ischemic 
stroke receiving citicoline showed greater improvement of cog-
nitive function, especially attention-executive functions and 
temporal orientation (P = .005).41 Among the limitation of this 
study was the absence of the use of placebo as a control. 
Therefore, the open-label design of this study could have influ-
enced the results, especially bearing in mind that some cogni-
tive improvement in the citicoline group might be attributable 
to the expectation bias of patients. Another study published by 
Bermejo et al40 suggested that citicoline prevented the develop-
ment of MCI and dementia in patients who suffered a stroke, 
hemorrhage, or traumatic brain injury. In another study of 
2 years of follow-up, citicoline correlated with improvement of 
cognitive function and better quality of life.41

Citicoline and Parkinson’s disease and glaucoma

Citicoline has demonstrated beneficial effects on neurodegen-
erative diseases such as Parkinson’s disease (PD) and glau-
coma.4 Regarding PD, citicoline might act by increasing 
dopamine levels and inhibiting dopamine reuptake in the 
brain.42 Combining citicoline with the main current PD treat-
ment, levodopa, allows for a 50% reduction in levodopa dosage, 
reducing the adverse effects of this drug.5 Also, it activates bio-
synthesis of structural phospholipids of neuronal membranes, 
increases brain metabolism and both norepinephrine and 
dopamine levels, and restores the activity of mitochondrial 
ATPase and membrane Na+/K+ ATPase in PD patients.5 
These pharmacological characteristics and action mechanisms 
indicate that citicoline might be used for the treatment of cer-
ebrovascular diseases. A prospective, placebo-controlled, rand-
omized study evaluated the effect of citicoline combination 
therapy on MCI in 185 patients with PD.43 The MoCA and 
Scales for Outcomes in Parkinson’s disease-Cognition scores 
after 12 and 18 months of treatment were significantly higher 
with citicoline than placebo. Moreover, the decrease in plasma 
phospholipid concentrations was significantly greater with citi-
coline after the same period of time. The authors concluded 
that there was evidence of a positive and consistent effect of the 
drug on both memory and behavior. However, they also pointed 
out that the length of the studies was low (3 months or less). A 
systematic review of data from 2 cross-over studies, 3 rand-
omized, controlled studies, and 2 open-label prospective stud-
ies of 355 patients with PD concluded that citicoline provided 
significant improvements in cognitive status, rigidity, akinesia, 
tremor, handwriting, and speech.42
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Cognitive Impairment, Vascular Disease, and 
COVID-19
The etiological agent for coronavirus disease (COVID-19), 
that is, the severe acute respiratory syndrome (SARS)-CoV-2 
(SARS-CoV-2), has also been evidenced to cause damage in 
the brain.44 In fact, numerous case reports and cohort studies 
have described cognitive impairment and neurodegeneration 
in COVID-19 patients. One case study described a dysex-
ecutive syndrome (inattention, disorientation, or poorly 
organized movements in response to a command) in 33% of 
patients with a severe infection that were discharged from 
the hospital.45,46 Neurologic syndromes and stroke upon 
admission predict a significantly greater risk for in-hospital 
mortality (OR:1.4 and 3.1, respectively), regardless of dis-
ease severity.46 Moreover, acute cerebrovascular disease (such 
as ischemic stroke and intracerebral hemorrhages) is a clini-
cal feature in COVID-19 patients.47 Mechanisms causing 
the cognitive impairment in COVID-19 (whether infec-
tious, toxic, vascular, and/or metabolic) remain unclear48 
although vascular damage seems to be one of the most 
important factors in this complication.49 For this reason, citi-
coline has been proposed as a treatment to correct MCI due 
to COVID-19.49

Recently, Turana et al50 reviewed the potential role of citico-
line in combating the pathophysiology and neurological com-
plications of COVID-19. They stated that this therapy could 
be considered as a treatment option in the management of both 
short and long-term neurological complications caused by 
COVID-19-related hyperinflammation and damaging effects 
on the neurovascular system. The authors based this claim on 
the maintenance of an adequate phospholipid structure and 
function in brain cells provoked by citicoline, playing a poten-
tial role in coping with both cognitive decline and other neuro-
logical complications through its anti-inflammatory, anti-viral, 
neuroprotective, neurorestorative, and acetylcholine neuro-
transmitter synthesis actions.

Conclusion
Citicoline is a safe, well-tolerated, and promising agent with 
evidenced neuroprotective properties. Taking into account the 
available literature, citicoline has shown a consistent improve-
ment in cognitive function in patients with MCI, especially of 
vascular origin. Moreover, it provides beneficial effects on vas-
cular, AD, and mixed dementias, stroke sequelae, intracerebral 
hemorrhages, traumatic brain injuries, and neurodegenerative 
diseases. Long-term treatment with citicoline has also shown 
to be well-tolerated and has not been associated with severe 
adverse events.5,51

However, more scientific evidence is needed to support 
these claims. More causal evidence is needed through the per-
forming of animal studies, in addition to better controlled 
human studies, since in many of the trials presented here, no 
placebo was administered to the control groups.
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