Clinical Interventions in Aging Dove

ORIGINAL RESEARCH

Citicoline May Prevent Cognitive Decline in
Patients with Cerebrovascular Disease

Marta Almeria "2, Ignacio Alvarez 2, Jessica Molina-Seguin', Sarah Besora', Mariateresa Buongiorno"z,

Silvia Romero', Laura Casas', Cristina Cano?, Judith Castejon?, Sonia Arribas?, Jerzy Krupinski'”

'Departament de Neurologia, Fundacié Assistencial Hospital Universitari MituaTerrassa, Terrassa, Barcelona, Spain; 2Fundacié per a la Recerca
Biomeédica i Social MituaTerrassa, Terrassa, Barcelona, Spain; 3Healthcare Sciences, Manchester Metropolitan University, Manchester, UK

Correspondence: Marta Almeria, Fundacié Assistencial Hospital Universitari MituaTerrassa, Departament de Neurologia, plaga dels drets humans n |
(planta -3, despatx. 324), Terrassa, Barcelona, 08222, Spain, Tel +34 937365050, Email malmeria@mutuaterrassa.cat

Introduction: Neuroprotective drugs such as citicoline could improve cognitive performance and quality of life. We studied the effect
of citicoline treatment and its association with Vascular Risk Factors (VRF) and APOE on cognition in patients with Subjective
Cognitive Complaints (SCC) and Mild Cognitive Impairment (MCI).

Methods: This is an observational and prospective study with citicoline during 12 months follow-up. Eighty-one subjects who met
criteria for SCC/MCI, aged 50-75 years with VRF were included and prescribed citicoline 1g/day. Subjects with previous cognitive
impairment and any other central nervous system affection were excluded. Wilcoxon Signed Ranks test and paired samples -test were
used to analyze the change in neuropsychological performance.

Results: Mean age of the sample was 68.2 (SD 6.8) years and 26 (32.09%) were females. Fifteen subjects (24.6%) were APOE-¢4 carriers,
fifty-six (76.7%) had hypertension, fifty-eight (79.5%) had dyslipidemia, twenty-one (28.8%) had diabetes mellitus and twenty-six (35.6%) had
cardiopathy. Thirty-two (43.8%) subjects were diagnosed as SCC and forty-one (56.16%) as MCI. During the follow-up, Tweny-six patients
(81.25%) in the group of SCC remained stable, six subjects (18.8%) converted to MCI. Twelve patients (29.9%) with MClI reverted to SCC and
twenty-nine patients (70.7%) remained stable. At follow-up, SCC subjects had an improvement in the global language domain (p=0.03),
naming (p<0.001), attention (p=0.01) and visuospatial abilities (p<0.01). MCI group showed an improvement in the screening test (p=0.03),
delayed memory (p<0.01), global cognition (p=0.04) and in cognitive flexibility (p=0.03). Presence of APOE-¢4 had no impact on the above
findings.

Discussion: SCC subjects showed an improvement in language and attention domains, while those with MCI performed better after
12 months in total scores of MoCA and RBANS domains, some converting back to SCC. This supports the idea that citicoline may
prevent cognitive decline in patients with cognitive deficits.
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Introduction

Stroke is a growing global health-care problem with a substantial burden, resulting in physical or cognitive impairment
and disability or even death." Almost half of stroke survivors have cognitive disturbances” and cognitive deficits
following stroke are even more common than stroke recurrence.> Ganguli et al* observed that previous history of stroke
was associated with poor cognitive performance across all the cognitive domains. Benedictus et al® studied the impact of
cerebrovascular lesions in cognitive decline. 344 patients from the Amsterdam Dementia Cohort with subjective
cognitive decline were evaluated at 1 year follow-up, demonstrating that 16% of subjects progressed from subjective
cognitive complaints (SCC) to mild cognitive impairment (MCI) or dementia, favoring the loss of independence for
activities of daily living and accelerating the need for institutionalization.®’ Other studies pointed out a rate of conversion
of 20% in subjects with SCC to MCL® In the recent review by Craig et al® estimated that the prevalence of vascular
dementia in the first year after stroke ranges from 1.1% to 39.2%. Based on the 16 studies included in the meta-analysis
the pooled prevalence was 18.4% (95% CI 7.4 to 38.7).
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Cerebrovascular risk factors (VRF) have traditionally been associated with stroke. Hypertension, diabetes, and
hypercholesterolemia increase the risk of vascular cognitive impairment and Alzheimer’s type dementia.'®"'? Patients
with atherosclerosis, peripheral vascular disease, or diabetes in combination with APOE-¢4 carriers had a higher risk of
cognitive impairment than those patients without an e4 allele or VRE."?

Safe and effective neuroprotective drugs could improve the outcome for millions of acute stroke patients through
cognitive decline prevention. Citicoline has been proposed to provide neuroprotective effects through multiple mechan-
isms of action and participates in the biosynthesis of acetylcholine and increases metabolism and levels of norepinephrine
and dopamine in the central nervous system.'*'> For its pleiotropic effects it has been proposed as a treatment for
acquired brain damage, Parkinson disease, cognitive decline and stroke.'*'®!7 Several studies demonstrated beneficial
effects in both cognitive vascular decline and neurodegenerative diseases.®'>'%!?

IDEALE was an open-label, multicenter study, to assess the efficacy and safety of treatment with citicoline (1g/day)
in patients with MCI of vascular origin.”® A total of 265 subjects > 65 years old with a Mini Mental State Examination
(MMSE) > 21 and vascular lesions in neuroimaging tests were assessed. MMSE score in the treatment group remained
stable at 3 and 9 months, while the no-treatment group had a decline at 9 months.

One of the critical points about the effectiveness of citicoline is related to the duration of clinical studies, mostly
between 3 and 9 months. Therefore, it is difficult to appreciate the real effects of the treatment in the longer term.”!

Alvarez-Sabin et al*® evaluated in an open-label randomized study subjects treated with citicoline 1g/day. Of 347
subjects, 199 were evaluated by means of a neuropsychological study at 12 months, showing an improvement in all cognitive
domains and a significant improvement in executive functions-attention and temporal orientation compared to the group
without treatment. Treatment with citicoline in patients with a first episode of ischemic stroke was safe and may be effective
in improving cognitive decline. A second study? included patients 6 weeks after having suffered a first ischemic stroke and
showed that treatment with citicoline 1g/day improved cognition and quality of life in these patients at 2 years. Citicoline has
shown a consistent improvement in cognitive function in patients with MCI, especially of vascular origin.**

The studies carried out to date show that the administration of citicoline 1g/day is safe and effective in vascular and
post-stroke cognitive impairment, requiring chronic administration (> 9 months up to 2 years) to demonstrate its
effectiveness.”’

A limitation in the vast majority of the studies is the use of screening tests to assess the cognitive status, mainly the
MMSE. Other studies pointed that the Montreal Cognitive Assessment (MoCA) is better to assess patients with
cerebrovascular pathology.

The study by Sikaroodi et al*> compared performance in MMSE vs MoCA in patients with VRE. Total values in the
MoCA were significantly lower in patients with two or more VRF, not showing differences in the MMSE.

Little is known about the effect of citicoline in patients with VRF and SCC. Our objective was to study the effect of
citicoline treatment and its association with VRF and APOE in cognitive performance in patients with cognitive
complaints and mild cognitive impairment during 12 months follow-up.

Methods

Study Design

This is a prospective interventional study without a control group of the efficacy of citicoline during 12 months follow-
up. Patients with cerebrovascular disease who met criteria for SCC or MCI were evaluated at Hospital Universitari
MutuaTerrassa due to memory complaints. Subjects with previous cognitive impairment and any other CNS affection
were excluded. The study was approved by the local ethic committee and all subjects signed the informed consent. All
participants included in the study were prescribed citicoline 1g/day.

Criteria

Demographic data, underlying comorbidities, blood tests included APOE and previous cognitive impairment were
collected and evaluated in order to assess subjects’ concordance to criteria. Subjects were required to have a stroke-
associated cognitive disorder meeting the following characteristics: a) meet at least 3 or more SCC plus criteria:*® i)
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memory-focused complaint, ii) onset of complaint in the last 5 years, iii) confirmation of cognitive change by an
informant, iv) perception of performing worse than people of the same age, v) APOE-¢4 carriers. Subjects also had to
meet criteria for vascular risk factors according to the Framingham Stroke Risk Profile: having had a previous transient
ischemic attack or minor stroke in the last year or evidence of small vessel pathology assessed with Fazekas > 1.
Exclusion criteria included previous diagnosis of other neurocognitive disorders, history of affective disorder or
psychosis, taking psychotropic medications or others that affect cognition (except stable hypnotic medication) in the 4
weeks prior to inclusion, history of cerebrovascular accident or traumatic brain injury that make difficult to conduct
neuropsychological assessment and any condition that, in the opinion of the investigator, interferes with compliance with
the study procedures.

Procedure

First study visit included the explanation of the protocol and signing the informed consent. Basal neuropsychological
assessment was performed and citicoline was prescribed at 1g/day. If possible adverse events occurred, patients attended
unscheduled clinical visit. Follow-up clinical visit was performed at 6 and 12 months. Treatment was discontinued or
changed to an oral solution in case of adverse events. After 12 months subjects were re-evaluated with the same
neuropsychological battery as at baseline, using parallel versions for the RBANS.

Cognitive Measures

A set of subtests were selected to create a Neuropsychological battery specific for this population. All tests are validated
in our population and are used internationally. The battery included the MoCA test for screening, Repeatable Battery for
the Assessment of Neuropsychological Status (RBANS), Digits Forward and Backward, Corsi Forward and Backward,
Trail Making Test A and B (TMT), Symbol Digit Modalities Test (SDMT), Stroop, Phonemic and Semantic fluency and
Boston Naming Test from the NEURONORMA project (NN). Hospital Anxiety and Depression Scale (HAD) was
administered to assess symptoms of anxiety and depression. A parallel version for the RBANS battery was used in order
to avoid learning effect (version A for basal visit and version B for 12 month follow-up). Categorization of SCC or MCI
was done with Delayed Memory Index of RBANS <85, considering that 1.5 SD below the mean has been frequently
cited in the literature as identifying impairment in MCIL?’

Statistical Analysis

Two groups were created considering the cognitive improvement after follow-up, plus 4 subgroups regarding initial SCC
or MCI status and the cognitive improvement. Kolmogorov—Smirnov tests were performed to evaluate normal distribu-
tion of all quantitative variables in the study.

Descriptives

Demographic and clinical characteristics of subjects were compared across cognitive status, including comparisons
regarding the longitudinal cognitive improvement, using chi-square, fisher exact, Mann—Whitney U or Kruskal-Wallis
tests as appropriate.

Longitudinal Comparisons of Neuropsychological Scores

Wilcoxon Signed Ranks test and paired samples #-test were used to analyze the change in neuropsychological perfor-
mance at baseline and 12 months follow-up. The neuropsychological scores of the different cognitive groups, separately
at baseline and at follow-up, were compared as appropriate with Mann—Whitney U or Student’s ¢-test, or with Kruskal—
Wallis or ANOVA with Bonferroni post-hoc correction.

Differences Among Groups and Effect of Independent Factors
Additionally, we calculated the magnitude of pre-post raw differences of RBANS sub-domains and of the total scores of
the rest of the tests. These differences were compared among cognitive groups following the same method as in the
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previous analysis. Finally, linear regression models were created to evaluate the effect of all VRF plus APOE-¢4 carrier
status over the calculated pre-post cognitive differences.

Statistical analyses were run with SPSS Statistics for Windows, Version 25 (IBM Corp., Armonk, NY). The level of
significance for all analyses was set to 0.05.

Results
A total of 81 patients who had VREF, subjective cognitive complaints and/or mild cognitive impairment were included in
the study and administered 1g/day of citicoline.

In our cohort, 8 patients discontinued treatment. Of the total sample, 10 (12.34%) patients had minor side-effect
reactions after initiating treatment, including headache, dizziness, nausea, and vomiting. Of these patients, 5 (6.17%)
improved and continued treatment switching pills for oral solution.

Descriptives

The mean age of the sample was 68.2 (SD 6.8) years and 26 (32.09%) were females. Frequency of cerebrovascular risk
factors and APOE-¢4 carriers is shown in Table 1. Thirty-two (43.8%) subjects were diagnosed as SCC and 41 (56.16%)
with MCI. No statistical differences were found in clinical characteristics. Subjects in SCC group were significantly
younger (p=0.030) and with higher education (p=0.058). Comparing patients who were cognitively improved at 12
months as compared to those who were not, presence of hypertension was significantly higher in the group with no
improvement (p=0.005).

Longitudinal Cognitive Status
During the follow-up period, 26 patients (81.25%) in the group of SCC remained stable as SCC, 6 subjects (18.8%)
converted to MCI. 12 patients (29.9%) with MCI reverted to SCC and 29 patients (70.7%) remained stable. Patients that
had a worsening in cognition were similar for age and education (p>0.05). Differences in baseline performance between
SCC and MCI were found in all cognitive tests except for Corsi Backward test.

Neuropsychological performance of all subjects at 12 months follow-up is described in Table 2. When analyzing the
follow-up period between groups (Table 3), SCC subjects show an improvement of the RBANS indexes of language
(p=0.03), attention (p=0.01) and visuospatial (p<0.01), plus in the denomination of BNT (p<0.001). Diversely, the MCI

Table | Clinical and Demographic Data of the Studied Population

Characteristics | SCC (N=32) | MCI (N=41) Sig.
Age, y 68 (61-72) 72 (67-73) 0.030
Sex
Females Il (34.37%) 15 (36.58%) 0.854
Males 2| (65.62%) 26 (63.41%)
Education, y 10 (8-15) 8 (4-10) 0.058
APOE-¢4 6 (23.07%) 9 (25.71%) 0813
Fazekas | 19 (67.85%) 20 (55.55%) 0.664
Fazekas 2 6 (21.42%) Il (30.55%)
Fazekas 3 3 (10.71%) 5 (13.88%)
Hypertension 25 (78.12%) 31 (75.06%) 0.801
Dyslipidemia 23 (71.87%) 35 (85.36%) 0.157
DM 8 (25%) 13 (31.07%) 0.530

Note: Data is presented as N (%) or Median (IQR).
Abbreviations: SCC, Subjective Cognitive Complaints; MCI, Mild Cognitive
Impairment; Sig., statistical significance; Y, years; DM, Diabetes Mellitus.
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Table 2 Neuropsychological Performance of All Subjects at 12 Months Follow-Up

Neuropsychological Test/Assessment Score Mean Score Mean Sig.
TO (Basal) TI1 (12 Months)

MoCA Total 23 (18.5-25.5) 24 (19-26) 0.009
RBANS IMI 80.42 £17.67 81.49 £19.08 0.463
RBANS VSPI 102 (96-112) 105 (92-109) 0.167
RBANS LNGI 92 (87-99) 96 (88-102) 0.013
RBANS ATI 68 (60-85) 75 (56-88) 0.019
RBANS DMI 84.22 £ 17.61 86.97 £ 19.03 0.051
RBANS Total 81.58 + 15.97 83.77 £ 17 0.039
Digits forward RBANS 8 (6-9) 8 (7-10) 0.023
Digits Backward 4 (3-5) 4 (3-5) 0.748
Corsi Forward 6 (5-8) 6 (5-7) 0.267
Corsi Backward 547 5 (4-6) 0.367
TMT-A 6l (48.5-93.5) 60 (45-81) 0.950
TMT-B 156.5 (109-217) 138.5 (99-200) 0.503
Semantic fluency 16.84 + 6.05 17.88 + 6.76 0.034
Phonetic fluency Il (7.5-14) Il (8-15) 0.765
Stroop Lecture 78.5 (59-92) 76.5 (62-86) 0.859
Stroop Color 48.16 £ 12.29 49.82 + 12.37 0.577
Stroop Interference 24.78 + 9.46 26.51 = 10.96 0.232
BNT 49 (42-53) 50 (42-55) 0.006
HAD A 642 + 4.13 6.85 + 4.28 0.487
HAD D 5(2-8) 5(3-8) 0.110

Notes: Data is presented as Mean + SD or Median (IQR). Statistically significant differences are marked in bold.
Abbreviations: MoCA, Montreal Cognitive Assessment; RBANS [MI, Repeatable Battery for the Assessment of
Neuropsychological Status Immediate Memory Index; RBANS VSPI, Repeatable Battery for the Assessment of
Neuropsychological Status Visuospatial Index; RBANS LNGI, Repeatable Battery for the Assessment of Neuropsychological
Status Language Index; RBANS ATI, Repeatable Battery for the Assessment of Neuropsychological Status Attention Index;
RBANS DM, Repeatable Battery for the Assessment of Neuropsychological Status Delayed Memory Index; TMT, Trail Making
Test; BNT, Boston Naming Test.

group showed an improvement in total MoCA (p=0.03), delayed memory index of the RBANS (p<0.01), in total RBANS
(p=0.04) and in TMT-B (p=0.03).

The SCC patients that remained stable over 12 months showed a significant mean improvement of 4.5 points in the
language index between both assessments, 6.5 points in the attention index, 3 points in delayed memory index, 8.32
points in TMT-B and 2.69 in total RBANS. The MCI patients that reverted to SCC showed a significant mean
improvement of 3.5 points in language index, 2 points in attention index, 2 points in denomination BNT and 1 point
in MoCA.

Figure 1 shows the neuropsychological performance changes of the RBANS indexes and total MoCA along follow-up
for all groups.
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Table 3 Neuropsychological Performance at 12 Months Follow-Up Regarding Basal Diagnosis

Neuropsychological SCC Sig. MCI Sig.
Test/Assessment TO (Basal)/T1 (12 Months) T0 (Basal)/T1 (12 Months)

MoCA Total 24 (22-28) 25 (23-28) 0.16 20 (16-23) 22 (19-25) 0.03
RBANS IMI 90.63 (14.55) 91.84 (13.21) 0.54 72.46 (15.81) 7341 (19.81) 0.65
RBANS VSPI 108.50 (102-121) 105 (98-109) 0.01 102 (84-109) 100 (84-109) 0.54
RBANS LNGI 97.50 (92-104) 100 (93-105) 0.03 88 (82-96) 90 (85-98) 0.14
RBANS ATI 83.5 (60-88) 85 (77-91) 0.01 60 (56-75) 60 (53-82) 0.62
RBANS DMI 100.78 (8.16) 100.59 (11.15) 0.93 71.29 (10.78) 76.34 (17.07) 0.01
RBANS Total 92.97 (11.19) 94 (9.94) 0.50 72.66 (13.30) 75.78 (17.17) 0.04
Digits forward 8 (7-10) 9 (8-10) 0.09 7 (6-8) 7 (6-8) 0.14
Digits Backward 4 (3-5) 4(3-5) 073 3 (3-4) 3 (3-4) 0.89
Corsi Forward 7 (6-8) 6 (6-8) 038 6 (5-7) 6 (5-7) 0.46
Corsi Backward 6 (5-7) 6 (4-6) 0.10 4 (4-6) 5 (4-6) 0.85
TMT-A 50 (40-68) 54.5 (36-73.5) 027 72 (58-120) 64.5 (52-118) 036
TMT-B 127.5 (97-168.5) | 115.5 (94-173.5) 0.50 201.5 (137-272) | 143.5 (115-240) 0.03
Semantic fluency 19.81 (5.67) 21.03 (6.15) 0.15 1451 (5.32) 15.41 (6.23) 0.13
Phonetic fluency 13 (9-16) 12.71 (3.51) 0.60 9.5 (5-11) 9.76 (4.99) 0.37
Stroop Lecture 88 (71.5-95.5) 78.28 (21.52) 0.33 71.5 (48-82) 71.12 (20.81) 021
Stroop Color 54.16 (11.13) 53.87 (10) 0.87 4326 (11.07) 46.12 (13.28) 033
Stroop Interference 28.45 (8.27) 30 (9.8) 0.23 21.79 (9.40) 2332 (11.12) 0.67
BNT 51 (48-54) 53.5 (50-56) 0.00 44 (39-52) 46 (40-51) 0.42
HAD A 7.31 (4.83) 7.03 (4.06) 0.62 20 (16-23) 6.7 (4.5) 0.18
HAD D 3.5 (1-7.5) 5 (2.5-7.5) 0.06 72.46 (15.81) 6 (3-9.5) 0.52

Notes: Data is presented as Mean * SD or Median (IQR). Statistically significant differences are marked in bold.
Abbreviations: SCC, Subjective Cognitive Complaints; MCI, Mild Cognitive Impairment; Sig., Significance; MoCA, Montreal Cognitive Assessment; RBANS
IMI, Repeatable Battery for the Assessment of Neuropsychological Status Immediate Memory Index; RBANS VSPI, Repeatable Battery for the Assessment of
Neuropsychological Status Visuospatial Index; RBANS LNGI, Repeatable Battery for the Assessment of Neuropsychological Status Language Index; RBANS
ATI, Repeatable Battery for the Assessment of Neuropsychological Status Attention Index; RBANS DMI, Repeatable Battery for the Assessment of
Neuropsychological Status Delayed Memory Index; TMT, Trail Making Test; BNT, Boston Naming Test.

Regression models including VRF and APOE-¢4 status of all subjects showed no influence over longitudinal change
in most cognitive tests. However, an association of hypertension with less change in RBANS attention index (p=0.015),
delayed memory index (p=0.020) and total RBANS (p=0.025) was found. Having dyslipidemia correlated with smaller

differences along follow-up in RBANS attention index (p=0.005).

Discussion

We aimed to evaluate the possible role of citicoline as an effective and safe treatment in a population with mild vascular

cognitive impairment or cognitive complaints.

Both groups (SCC and MCI) were equivalent in terms of sociodemographic characteristics except for age (SCC were
younger) and education (SCC had higher education). These differences were not found in participants that had worse
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Figure | Neuropsychological performance changes of the RBANS indexes and total MoCA for baseline and 12 months in all groups.

Notes: Statistically significant differences (p < 0.05) are indicated with an asterisk. (A) represents neuropsychological performance for the total MoCA scale. (B) represents
neuropsychological performance for the total RBANS scale. (C) shows neuropsychological performance for the Immediate Memory Index of the RBANS. (D) shows
neuropsychological performance for the Visuospatial Index of the RBANS. (E) shows neuropsychological performance for the Language Index of the RBANS. (F) shows
neuropsychological performance for the Attention Index of the RBANS. (G) shows neuropsychological performance for the Delayed Memory Index of the RBANS.
Abbreviations: MoCA, Montreal Cognitive Assessment; RBANS, Repeatable Battery for the Assessment of Neuropsychological Status.
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scores on follow up. The later had the same sociodemographic characteristics and the groups were homogeneous in terms
of APOE and VRF.

Minor adverse events were reported such as headache, dizziness, nausea and vomiting in 10 participants. These
results are in line with results reported by Gareri et al'* were only 2.3% of the subjects presented mild adverse events
related to citicoline. Similarly, Grieb et al'® revealed a favorable safety profile with only a few adverse events mostly
related to digestive symptoms. The later remitted when treatment was interrupted or changed to an oral solution.

Neuropsychological performance at baseline showed significant differences in all cognitive domains between subjects
with SCC and MCI. Although these could be expected in the memory domain, a better performance was also observed in
the non-memory domains in the SCC group. This is in line with the reported evolutive pattern of vascular dementia.*®

Regarding the longitudinal changes of the whole sample, an improvement was observed in the screening MoCA total
scores, in attention, language, processing speed and memory domains as described previously.”” As described by

Sikaroodi et al,**

the MoCA test can be considered as a better screening tool, compared to MMSE, for the detection
of cognitive changes in patients with VRF.

Focusing on the subgroups’ evolution, the 81.25% of SCC subjects were stable one year later, and just the 18.8%
converted to MCI, according to the previously reported slow progression of vascular-related cognitive deficits.”*° The
new finding is that 29.9% of the sample with a baseline diagnosis of MCI reverted to SCC after one year. The subjects
presented an improvement in delayed memory, in total RBANS and in a processing speed. Koepsell et al*® reported a rate
of conversion from MCI to normal or near-normal cognition of 16% of the subjects at one year follow-up. The citicoline
may play a role in stabilizing cognitive decline in MCI subjects with VRF.

We observed cognitive changes even in those subjects who remained in the same stage during the follow-up.
SCC subjects showed an improvement in language and attention domains, while those with MCI performed better
after 12 months in total scores of MoCA and RBANS, delayed and working memory. These results showing
improvement in some domains one year after treatment are consistent with previously described.”*>* The above
supports the idea that not only the progression of vascular cognitive deficits can be slowed down, but also partially
reverted to some extent. A prolonged intake of citicoline may be related with this improvement by controlling the
damage caused by VRFs.

The participants clinical characteristics showed no consistent effect on cognitive changes. Indeed, only the presence
of hypertension had a significant effect on the progression or minor improvement in attention, delayed memory and
overall cognition. We found that being an APOE-g4 carrier had no effect on the progression of cognitive deficits. Other
studies reported the association among APOE, VRF and cognitive decline.'?

Our study has some limitations, as is the lack of a control group. The degree of cognitive decline of our subjects was
compared with similar studies and populations. However, cognitive improvement could be partly attributable to patients’
expectation bias, so placebo-controlled studies are needed to better elucidate the efficacy of citicoline in those patients.
This is a preliminary observational study that gives room to a possible strengthening by enlarging the size sample and
include a control group in future studies. The sample was made up of a larger number of men, as is expected in patients
with vascular risk factors in the normal population. Criteria used to define MCI was based on delayed memory recall
index of the RBANS, future studies should consider the non-memory domains in the definition of MCI especially in
patients with vascular impairment. In our cohort, the learning effect was controlled by using parallel versions of the
neuropsychological tests for the principal neuropsychological scale (RBANS).

In conclusion, our study longitudinally analyzed the effect of citicoline over a 1-year period. Overall, our data suggest
that a daily intake of citicoline 1g may have a beneficial impact on different cognitive domains, and that may be
recommended for its use in patients with cognitive impairment or cognitive complaints related to vascular risk factors.
Citicoline neuroprotective effects are likely to occur with prolonged use, so longer longitudinal and placebo-controlled
studies are needed.

Data Sharing Statement
All study data, including raw and analyzed data and materials are available from the corresponding author on reasonable
request.
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