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Abstract: Stroke, as the leading cause of physical disability and cognitive impairment, has a very
significant impact on patients’ quality of life (QoL). The objective of this study is to know the
effect of citicoline treatment in Qol and cognitive performance in the long-term in patients with
a first ischemic stroke. This is an open-label, randomized, parallel study of citicoline vs. usual
treatment. All subjects were selected 6 weeks after suffering a first ischemic stroke and randomized
into parallel arms. Neuropsychological evaluation was performed at 1 month, 6 months, 1 year
and 2 years after stroke, and QoL was measured using the EuroQoL-5D questionnaire at 2 years.
163 patients were followed during 2 years. The mean age was 67.5 years-old, and 50.9% were women.
Age and absence of citicoline treatment were independent predictors of both utility and poor quality
of life. Patients with cognitive impairment had a poorer QoL at 2 years (0.55 vs. 0.66 in utility,
p = 0.015). Citicoline treatment improved significantly cognitive status during follow-up (p = 0.005).
In conclusion, treatment with long-term citicoline is associated with a better QoL and improves
cognitive status 2 years after a first ischemic stroke.
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1. Introduction

Although age-standardized rates of stroke mortality have decreased worldwide in the past two
decades, the absolute number of people who have a stroke every year, stroke survivors, related deaths,
and the overall global burden of stroke (DALYs lost) are great and increasing [1]. We must remain
mindful that substantial post-stroke disability is considered a worse outcome than death for many
people. The presence of stroke represents a nearly 1.9 fold increase in cognitive decline [2]. Almost
half of stroke survivors have cognitive impairment [3]. Cognitive decline after stroke is even more
common than stroke recurrence [4]. Cognitive impairment causes loss on independence for activities
of daily living and may accelerate the need of institutionalization [5,6], and quality of life declines after
first ischemic stroke [7]. Thus, an increased focus on stroke survivors, in particular of their cognitive
and physical function, is needed. Quality of life (QoL) after stroke is of vital concern for survivors, so
understanding the factors that can influence on it is necessary to help stroke survivors.

Among various scales available for measuring QoL, one of the most commonly used is the
EuroQoL-5D, a scale that has demonstrated its value and reliability for measuring quality of life in
patients who have suffered a stroke [8,9].
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Our objective is to know the effect of citicoline treatment in Qol and cognitive performance in the
long-term in patients with a first ischemic stroke.

2. Results

A total of 163 patients who had suffered a first ischaemic stroke were assessed after 2 years.
The mean age was 67.5 ˘ 10.7 years and 83 (50.9%) were women. Among the risk factors, 60.1% of
patients had hypertension, 40.5% dyslipidaemia and 30.9% diabetes mellitus; 29.4% were smokers,
and 12.3% had atrial fibrillation. Stroke severity, measured using baseline NIHSS, was 13 (10–16).
86 patients (52.8%) were being treated with citicoline and 77 (47.2%) were not. Baseline characteristics
of patients that received and did not received citicoline are shown in Table 1. During the follow-up
period, 13 patients (8%) had stroke recurrence, 7 (8.1%) treated with citicoline and 6 (7.8%) not
treated (p = 0.935). Quality of life of these patients at 2-year follow-up according to the EuroQoL-5D
questionnaire is shown in Figure 1, where the involvement of each dimension on the scale is represented.
The mean overall Utility index was 0.63 ˘ 0.28, with 37 (22.7%) patients being classified within the
group with poor or very poor quality of life (utility < 0.5). The median VAS scale score was 70 (50–85)
with a range from 0 to 100.

Table 1. Baseline characteristics in patients who received and did not received citicoline.

Parameters
Citicoline p

Yes (n = 86) No (n = 77)

Sex (female) 54.7% 46.8% 0.314
Age 68.5 ˘ 9.8 66.4 ˘ 11.4 0.200

Years of education 5.8 ˘ 3.7 5.1 ˘ 3.3 0.173
Smoking 24.4% 35.1% 0.137
Alcohol 17.4% 24.7% 0.256

Dyslipidaemia 34.9% 46.8% 0.123
Diabetes mellitus 38.4% 24.7% 0.061

Hypertension 59.3% 61%) 0.821
Atrial Fib. 12.8% 11.7% 0.830

Coronary heart disease 4.7% 10.4% 0.161
AMI 11.6% 14.3% 0.613
PAD 4.7% 5.2% 1.000

Baseline NIHSS 13 (10–16) 14 (10–16.5) 0.518
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The comparison of utility with demographic variables, risk factors and severity (Table 2) showed
that women who had suffered a stroke had a worse quality of life (0.58 vs. 0.67; p = 0.030). Similarly,
older patients (p = 0.046), with a higher initial stroke severity (p = 0.016) and those with PAD (p = 0.047)
were also significantly correlated with a worse utility. Patients with previous hypertension presented
a tendency to have a worse quality of life (0.59 vs. 0.67; p = 0.078), although this difference was
not statistically significant. The analysis between patients who took citicoline and those who did
not, showed that the patients being treated with this drug had significantly better QoL than the rest
(0.67 ˘ 0.26 vs. 0.58 ˘ 0.30; p = 0.041). A multivariate analysis using a linear regression model showed
age (β =´0.005 [95%CI: ´0.009, ´0.001]; p = 0.024) and treatment with citicoline (β = 0.112 [95%CI:
0.027, 0.198]; p = 0.010) as independent predictors of utility. Thus, for each 10-year increase in patient’s
age, utility decreased by a mean of 0.05 points; therefore quality of life worsens with age. Furthermore,
irrespective of age, patients who took citicoline improved their quality of life according to this index
by a mean of 0.112 points.

Table 2. Utility according to demographic variables, risk factors, and severity.

Parameters Utility p

Sex
Male 0.67 ˘ 0.27

0.030Female 0.58 ˘ 0.29

Age R: ´0.156 0.046

Years of education R: 0.081 0.306

Smoking No 0.62 ˘ 0.27
0.670Yes 0.64 ˘ 0.31

Alcohol
No 0.64 ˘ 0.29

0.306Yes 0.58 ˘ 0.27

Dyslipidaemia No 0.63 ˘ 0.26
0.763Yes 0.62 ˘ 0.31

Diabetes mellitus
No 0.64 ˘ 0.28

0.316Yes 0.59 ˘ 0.29

Hypertension No 0.67 ˘ 0.26
0.078Yes 0.59 ˘ 0.29

Atrial Fib.
No 0.64 ˘ 0.27

0.199Yes 0.53 ˘ 0.35

Coronaryheart disease No 0.62 ˘ 0.29
0.521Yes 0.68 ˘ 0.24

AMI
No 0.62 ˘ 0.28

0.465Yes 0.67 ˘ 0.30

PAD
No 0.64 ˘ 0.28

0.047Yes 0.43 ˘ 0.30

Baseline NIHSS R: ´0.188 0.016

R: correlation coefficient.

The variables associated with poor or very poor quality of life are shown in Table 3. Only old age
was significantly associated with a poor quality of life (70.7 vs. 66.6; p = 0.039). Moreover, although
not achieving statistically significant differences, there was a trend for females (p = 0.054), patients
with hypertension (p = 0.069), and those with PAD (p = 0.079) of having worse quality of life. When
treatment with citicoline was analysed, we observed that 28.6% of patients not receiving this drug had
a poor or very poor quality of life compared with 17.4% of those under treatment, these differences
did not achieve statistical significance (p = 0.090). After performing a logistic regression analysis, we
observed that age (OR 1.048 [95%CI: 1.010, 1.087]; p = 0.012) and the absence of citicoline treatment
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(OR 2.321 [95%CI: 1.057, 5.100]; p = 0.036) were independent predictors of poor or very poor quality of
life. After adjusting for age, treatment without citicoline was associated with a worse quality of life.
As seen in Figure 2, treatment with citicoline is associated with a better quality of life, both in older
age groups as well as in younger patients.

Table 3. Variables associated with poor or very poor quality of life.

Parameters
Quality of Life p

Good/Acceptable Poor/Very Poor

Sex (female) 46.8% 64.9% 0.054
Age 66.6 ˘ 10.2 70.7 ˘ 12.1 0.039

Years of education 5.7 ˘ 3.6 4.8 ˘ 3.2 0.152
Smoking 29.4% 29.7% 0.966
Alcohol 19.8% 24.3% 0.555

Dyslipidaemia 40.5% 40.5% 0.994
Diabetes mellitus 31.0% 35.1% 0.631

Hypertension 56.3% 73.0% 0.069
Atrial Fib. 10.3% 18.9% 0.161

Coronary heart disease 7.9% 5.4% 0.604
AMI 13.5% 10.8% 0.669
PAD 3.2% 10.8% 0.079

Baseline NIHSS 13 (10–16) 14 (11–17) 0.301
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Figure 2. Citicoline compared with quality of life for different age groups. Patients not treated with
citicoline were more likely to have a poor quality of life in all age subgroups. Quintiles: 1st: <60, 2nd:
60–64, 3rd:65–70, 4th:70–75, 5th: >75.

In the VAS assessment, no significant differences were observed, but some variables as age
(p = 0.073), sex (p = 0.051) and PAD (p = 0.074) tended to be associated in the same way as they were
with the utility. Patients treated with citicoline had also better scores on this scale (72.5 (50–90) vs.
70 (40–80), p = 0.063), although differences did not achieve statistical significance.

Patients treated with citicoline had less cognitive impairment at 2 year follow-up (27.9% vs. 39%)
without achieving statistically significant differences. However, citicoline group showed a significant
improvement during follow-up (p = 0.005). (Figure 3). Untreated group did not show significant changes.
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Figure 3. Global cognitive impairment during follow-up. Patients treated with citicoline show
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Moreover, GCI was associated with a poorer quality of life at 2 years (0.55 vs. 0.66 in utility,
p = 0.015). (Figure 4).
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3. Discussion

As the leading cause of cognitive and physical disability, stroke has a very significant impact on
the quality of life of patients. The mean utility index in our study is 0.63 ˘ 0.28 and nearly one quarter
(22.7%) of the patients present a poor or very poor quality of life two years after a first ischaemic stroke.
Treatment with long-term citicoline improves cognitive status of stroke patients and is associated with
a better quality of life at 2 years.
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In previous studies where post-stroke QoL was measured [10–21], the utility measurement
varied between 0.47 and 0.88 (Table 4), which could be explained by the fact that the follow-up times
varied greatly between studies (from 3 months to 5 years) and that the type of stroke evaluated was
different from one study to another. These publications showed that patients with a better QoL, i.e.,
an utility of 0.88, are TIA patients with 3 months of follow-up [19], and conversely those patients
with a worse QoL, i.e., an utility of 0.47, are individuals with longer follow-up (2 years) including
ischemic and hemorrhagic strokes [10,15]. Although stroke type clearly had an influence, the follow-up
time did not seem to be as important in measuring quality of life, since according to the studies by
Luengo-Fernandez R., et al. [17] and López-Bastida J., et al. [15], the values of this index did not change
significantly between 6 months and 5 years of follow-up. Only an American study of first ischaemic
strokes [7] found a significant worsening in quality of life starting in the 3rd year, although the quality
of life index was measured in a different way (QLI) and there were no significant changes in those
patients with private health insurance.

The mean utility in our study was similar to two previous publications in which quality of life
in ischaemic strokes was evaluated [11,17]; 0.68 at the 4-year follow-up in the German study [11]
and 0.66 at the 2-year follow-up in the OXVASC trial from the UK [17]. The VAS scale values in the
trials evaluating stroke patients were similar to ours, with mean scores ranging from 51.6 to 67.3
(Table 4). Taking into account each of the dimensions of the EuroQoL-5D scale, we observed that usual
activities were the most disrupted in our study, affecting more than half of the patients. This was in
correlation with data of most of previous studies [13,18,20,22,23], having also patients more affected in
usual activities.

In the current study, women had worse quality of life at 2 years compared to men, which
agrees with the results of other studies [10–12,17,19,21]. If we focus on studies evaluating only
ischaemic stroke, men were significantly better in the OXVASC study [17] and it was even described as
an independent predictor of good quality life in a multivariate analysis; similar results were obtained
in the American study by Bushnell, C.D., et al. [21]. The German study [11] did not show statistically
significant differences although women had less quality of life. Furthermore, there is a more recent
study including only patients with ischaemic stroke (BASIC Project) [24] in which again a worse
prognosis was also found in the quality of life of women, being highly statistically significant after
an adjusted regression model. Similarly to most studies [7,10–12,17,19,25], older age was correlated
with a worse quality of life in our patients, remaining as an independent predictor in a multivariate
analysis, in agreement with most studies [7,10,17,19,22,25]. In our study, we also found a statistically
significant correlation with the initial stroke severity. This correlation was also established in all
the articles that evaluated this issue [7,10,13,17,19,21,23], and it was reported as an independent
predictor in most of them [7,10,17,19,21,23]. In this study, we found that treatment with citicoline was
an independent predictor of utility with a beta of 0.112 in the regression model. This means that the
mean utility of patients receiving citicoline is 0.112 higher than the rest of patients. Although this
difference is statistically significant, it does not seem to be a substantial change. However, it is difficult
to establish if this difference is clinically relevant or not, since there is not any known cutoff validated
in stroke patients.

Demonstrated efficacy of citicoline in improving cognitive functions after an ischaemic stroke [26]
may be responsible for this beneficial effect on post-stroke quality of life. Three studies in the literature
measured patient cognitive status using the mini mental examination [11,18,22] and in all of them
there were highly significant correlations with the utility, which would reinforce our hypothesis that
long-term treatment with citicoline at high doses would be associated with a better quality of life of
patients by improving patients’ neurocognitive function after a first ischemic stroke. Our study also
shows a progressive and significant improvement in cognitive status during follow-up when patients
are treated with long-term citicoline. This improvement is maintained even after the first year post
stroke, a period from which untreated patients begin to show a slight decrease of cognitive functions,
which could be an age-dependent effect. Moreover, the results of the present study also show that
patients with GCI have a poorer quality of life.



Int. J. Mol. Sci. 2016, 17, 390 7 of 11

Table 4. Literature review of recent quality of life studies using the EuroQoL-5D scale in stroke.

Study Year Country Follow-up n Stroke Type Utility or
Equivalent VAS Sex Age NIHSS Multivariate (Worse Quality of

Life) Other

Sturm, J.W., et al. [10] 2004 Australia 2 years 225 Ischaemic and
haemorrhagic

0.47 (95% CI
0.42–0.52) N.A. Females

worse (sig.)
Old age

worse (sig.)
Worse with higher
NIHSS (sig.)

Age, sex, NIHSS, and socioecon.
status –

Haacke, C., et al. [11] 2006 Germany 4 years 54 Ischaemic 0.68 ˘ 0.33 56.5 Females
worse (n.s.)

Old age
worse (sig.) N.A. IB, anal continence, continence

and depression.

Worse with lower IB, higher
mRS, impairment (MMSE) and
depression.

Xie, J., et al. [12] 2006 USA >1 year 1040 Stroke 0.69 (SE 0.01) 61.6
(SE 0.08)

Females
worse

Worse in old
age N.A. N.A. –

Pinto, E.B., et al. [13] 2011 Brazil 2 years 67 Stroke 0.52 ˘ 0.36 N.A. N.A.
No

correlation
with age (n.s.)

Worse with higher
NIHSS (sig.) N.A. –

Hansson, E.E., et al.
[14] 2012 Sweden 1 year 283 Stroke 0.5 ˘ 0.39 62.5 ˘ 21.8 N.A. N.A. N.A. N.A. –

López-Bastida, J.,
et al. [15] 2012

Canary
Islands,
Spain

1 year 94
Stroke

0.49 ˘ 0.42 56 ˘ 27
N.A. N.A. N.A. N.A.

Quality of life does not change
in 1–2–3 years.2 years 205 0.47 ˘ 0.44 51.6 ˘ 27

3 years 149 0.46 ˘ 0.45 55 ˘ 25

Hornslien, A.G., et al.
[16] (SCAST) 2012

Northern
Europe

6
months

870 Stroke: Candesartan
Placebo

0.74 (0.59–0.88)
0.78 (0.62–0.88)

66 ˘ 20
N.A. N.A. N.A. N.A.

MMSE: 28 (25–29); Does not
compare it with quality of life.882 67.3 ˘ 19

Luengo-Fernández,
R., et al. [17]
(OXVASC)

2013 UK

1 month

314 Ischaemic stroke

0.64 ˘ 0.33

N.A.
Females

worse (sig.)
Old age

worse (sig.)
Worse with higher
NIHSS (sig.)

Sex, Age, NIHSS, risk factors,
stroke type

Does not vary in 1–5 years.1 year 0.70 ˘ 0.27
2 years 0.66 ˘ 0.29
5 years 0.67 ˘ 0.31

Sprigg, N., et al. [18]
(ENOS) 2013 Countries

worldwide
3

months 2238 Ischaemic and
haemorrhagic N.A. 65.8 ˘ 22.4 N.A. N.A. N.A. N.A.

Worse with lower IB, higher
mRS, impairment (MMSE) and
depression.

Wang, Y.-L., et al. [19]
(CHANCE) 2014 China

3
months

5104 TIAs 0.88 ˘ 0.21
84 ˘ 15 Females

worse (sig.)
Old age

worse (sig.)
Worse with higher
NIHSS (sig.)

Age, hypertension, DM, NIHSS,
and various treatments

Worse at higher mRS.
89 (80–85)

Golicki, D., et al. [20] 2014 Poland
4

months 112 Stroke 0.691 ˘ 0.267
60.7 ˘ 22.4

N.A. N.A. N.A. N.A. Correlation with Barthel and
mRS60 (45.5–80)

Bushnell, C.D., et al.
[21] 2014 USA 1 year 1370 Ischaemic (including

TIAs) 0.83 (0.74–1) N.A. Females
worse (sig.) N.A. Worse with higher

NIHSS (sig.) NIHSS and sex No changes in quality of life
during 1 year

Current study 2015 Spain 2 years 163 First ischaemic stroke
0.63 ˘ 0.28 64.4 ˘ 25

70 (50–85)
Females

worse (sig.)
Old age

worse (sig.)
Worse with higher
NIHSS (sig.)

Age, treatment with citicoline –
0.70 (0.59–0.79)

N.A.: Not Available; n.s.: not significant; sig.: statistically significant; CI: Confidence interval; SE: Standard error; MMSE: Mini Mental State Examination.
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Apart from its neuroprotective effects, citicoline also possesses a substantial neuroregenerative
potential [27–34] that may explain better its beneficial effects in post-stroke cognitive impairment and
quality of life. Since experimental studies have shown that neurorepair mechanisms initiated after
cerebral ischemia remain active beyond twelve months [35], the use of drugs that enhance neurorepair
mechanisms as citicoline [27–34], would be indicated for periods of time longer than one year in order
to improve post-stroke sequelae and prevent cognitive decline associated with age, as shown by the
results of this study.

The study has some limitations. One of them is that the open-label design of the study could have
influenced our results; more specifically, some cognitive improvement in the citicoline group might be
attributable to patients’ expectation bias, so placebo-controlled studies are needed to better elucidate
the efficacy of citicoline in stroke patients. Another limitation of this study is that only the evaluation
of the quality of life at 2 years was contemplated. Having evaluations during early time points would
have probably allowed us having an idea of critical timing in improvement or drug administration.
However, considering the changes in cognitive performance and the relationship between cognitive
impairment and quality of life, it makes us think that quality of life of patients could have a similar
evolution in the follow-up.

In conclusion, stroke negatively impacts quality of life, especially in usual activities. Nearly one
quarter of ischaemic stroke survivors have a poor or very poor quality of life 2 years after the stroke.
Citicoline independently predicts a better quality of life at 2 years and improves cognitive status of
stroke patients during follow-up.

4. Materials and Methods

4.1. Patients

The patients participated in a study designed to measure the effect of long-term treatment with
citicoline (1g/day orally) on the cognitive functions of patients who had suffered a first ischaemic
stroke [26]. Appropriated secondary stroke prevention measures were used in all recruited patients.
When indicated, neurorehabilitation treatment was made according to the Stroke Unit protocol of
the Vall d’Hebron Hospital.Global cognitive status was defined as the mean of all standardized
(0–100) cognitive functions scores. It was considered as global cognitive impairment (GCI) an overall
score <40. More details on the neuropsychological assessment are described in the previous study
of Alvarez-Sabín J, et al. [26]. For the present study, we evaluated the patients who had completed
the 2-year follow-up. During all the follow-up time no patient received any drug that could modify
cognitive functions or alertness.

The study was approved by Vall d’Hebron Hospital IRB; informed consent was obtained in
all patients.

4.2. Quality of Life

Patient quality of life was measured using the EuroQoL-5D health questionnaire adapted for
use in Spain [36], in which five health dimensions were assessed: mobility, self-care, usual activities,
pain/discomfort and anxiety/depression, each with three levels of severity (1: no problems, 2: some
problems or moderate problems, 3: serious problems). Based on this scale we were able to obtain
an overall index [37] (utility) ranging from 0 to 1, where 1 represented the patient without any health
problems or with the best possible health status and 0 the worst health status or death. Starting from
the best possible health status (utility = 1), each dimension affected could be penalised differently on
this scale [37]. This index was distributed similarly to the study of Christensen et al. [38], where utility
distribution revealed two groups of patients according to a cut-off point of 0.5. Thus, in line with
other studies [15,19], a utility score <0.5 was used to identify those patients with a poor or very poor
quality of life. These patients were characterised by being affected in some way in all dimensions or by
having a level 3 severity in at least one of them. The visual analogue scale (VAS) of the EuroQol-5D
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questionnaire was also assessed. This scale measures the patient’s subjective state using a thermometer
with scores ranging from 0 to 100, where 0 is the worst imaginable health status and 100 the best
imaginable health status.

4.3. Statistical Analysis

Statistical analysis was performed using the SPSS Statistics 17.0 software (SPSS Inc., Chicago,
IL, USA).

The comparisons made with the utility index were assessed using Student’s t-test for categorical
variables and Pearson’s correlation coefficient for continuous variables, except for the NIHSS scale
which was assessed with the Spearman’s correlation coefficient. A multiple linear regression analysis
was performed to obtain variables independently associated with a worse utility, including in the
model those variables with significance under 0.1 in the bivariate analysis.

The variables related with GCI and a worse quality of life (utility < 0.5) were assessed using
Pearson’s Chi-square test or, if necessary, Fisher’s exact test in categorical variables, and Student’s t-test
in numeric variables, except for NIHSS where the Mann-Whitney U test was applied. The variables
independently associated with a poor or very poor quality of life were obtained with a logistic
regression model using the forward selection stepwise method, including variables with significance
under 0.1 in the bivariate analysis.

The comparisons made with the VAS were evaluated using Spearman’s correlation coefficient in
continuous variables and the Mann-Whitney U test in categorical variables. Changes in GCI during
follow-up were assessed using the linear trend chi-square test.

p-Values < 0.05 were considered statistically significant in all comparisons.

Author Contributions: Jose Alvarez-Sabín, Carlos Jacas and Manuel Quintana contributed to the
conception and design of the study; Jose Alvarez-Sabín, Estevo Santamarina, Olga Maisterra, Carlos Jacas,
Carlos Molina and Manuel Quintana contributed to data acquisition; statistical analysis was performed by
Manuel Quintana; Jose Alvarez-Sabín and Manuel Quintana analyzed and interpreted the data; Jose Alvarez-Sabín,
Estevo Santamarina, Olga Maisterra and Manuel Quintana drafted the manuscript and critically revised the
manuscript for important intellectual content; all authors read and approved the final manuscript.

Conflicts of Interest: Jose Alvarez-Sabín, Estevo Santamarina and Carlos Molina have received honoraria for
giving lectures from Ferrer Grupo. Olga Maisterra, Carlos Jacas and Manuel Quintana have no conflicts of interest.
The authors did not receive any payment for writing or contributing to the report.

Abbreviations

QoL Quality of Life
VAS Visual Analogue Scale
NIHSS National Institutes of Health Stroke Scale
TIA Transient Ischemic Attack
PAD Peripheral Arterial Disease
GCI Global Cognitive Impairment

References

1. Feigin, V.L.; Forouzanfar, M.H.; Krishnamurthi, R.; Mensah, G.A.; Connor, M.; Bennett, D.A.; Moran, A.E.;
Sacco, R.L.; Anderson, L.; Truelsen, T.; et al. Global and regional burden of stroke during 1990–2010: Findings
from the Global Burden of Disease Study 2010. Lancet 2014, 383, 245–254. [CrossRef]

2. Rajan, K.B.; Aggarwal, N.T.; Wilson, R.S.; Everson Rose, S.A.; Evans, D.A. Association of cognitive
functioning, incident stroke, and mortality in older adults. Stroke 2014, 45, 2563–2567. [CrossRef] [PubMed]

3. Barker Collo, S.; Feigin, V.L.; Parag, V.; Lawes, C.M.; Senior, H. Auckland Stroke Outcomes Study. Part 2:
Cognition and functional outcomes 5 years poststroke. Neurology 2010, 75, 1608–1616. [CrossRef] [PubMed]

4. Alvarez Sabín, J.; Román, G.C. Citicoline in vascular cognitive impairment and vascular dementia after
stroke. Stroke 2011, 42 (Suppl. S1), S40–S43. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/S0140-6736(13)61953-4
http://dx.doi.org/10.1161/STROKEAHA.114.005143
http://www.ncbi.nlm.nih.gov/pubmed/25104848
http://dx.doi.org/10.1212/WNL.0b013e3181fb44c8
http://www.ncbi.nlm.nih.gov/pubmed/21041784
http://dx.doi.org/10.1161/STROKEAHA.110.606509
http://www.ncbi.nlm.nih.gov/pubmed/21164117


Int. J. Mol. Sci. 2016, 17, 390 10 of 11

5. Royall, D.R.; Lauterbach, E.C.; Kaufer, D.; Malloy, P.; Coburn, K.L.; Black, K.J. The cognitive correlates of
functional status: A review from the Committee on Research of the American Neuropsychiatric Association.
J. Neuropsychiatr. Clin. Neurosci. 2007, 19, 249–265. [CrossRef] [PubMed]

6. Gaugler, J.E.; Kane, R.L.; Kane, R.A.; Clay, T.; Newcomer, R. Caregiving and institutionalization of cognitively
impaired older people: Utilizing dynamic predictors of change. Gerontologist 2003, 43, 219–229. [CrossRef]
[PubMed]

7. Dhamoon, M.S.; Moon, Y.P.; Paik, M.C.; Boden Albala, B.; Rundek, T.; Sacco, R.L.; Elkind, M.S. Quality of life
declines after first ischemic stroke. The Northern Manhattan Study. Neurology 2010, 75, 328–334. [CrossRef]
[PubMed]

8. Dorman, P.J.; Waddell, F.; Slattery, J.; Dennis, M.; Sandercock, P. Is the EuroQol a valid measure of
health-related quality of life after stroke? Stroke 1997, 28, 1876–1882. [CrossRef] [PubMed]

9. Dorman, P.; Slattery, J.; Farrell, B.; Dennis, M.; Sandercock, P. Qualitative comparison of the reliability of
health status assessments with the EuroQol and SF-36 questionnaires after stroke. Stroke 1998, 29, 63–68.
[CrossRef] [PubMed]

10. Sturm, J.W.; Donnan, G.A.; Dewey, H.M.; Macdonell, R.A.; Gilligan, A.K.; Srikanth, V.; Thrift, A.G. Quality
of life after stroke. The North East Melbourne Stroke Incidence Study (NEMESIS). Stroke 2004, 35, 2340–2345.
[CrossRef] [PubMed]

11. Haacke, C.; Althaus, A.; Spottke, A.; Siebert, U.; Back, T.; Dodel, R. Long-term outcome after stroke.
Evaluating health-related quality of life using utility measurements. Stroke 2006, 37, 193–198. [CrossRef]
[PubMed]

12. Xie, J.; Wu, E.Q.; Zheng, Z.J.; Croft, J.B.; Greenlund, K.J.; Mensah, G.A.; Labarthe, D.R. Impact of stroke
on health-related quality of life in the noninstitutionalized population in the united states. Stroke 2006, 37,
2567–2572. [CrossRef] [PubMed]

13. Pinto, E.B.; Maso, I.; Pereira, J.L.; Fukuda, T.G.; Seixas, J.C.; Menezes, D.F.; Cincura, C.; Neville, I.S.; Jesus, P.A.;
Oliveira-Filho, J. Differential aspects of stroke and congestive heart failure in quality of life reduction: A case
series with three comparison groups. Health Qual. Life Outcomes 2011, 9, 65. [CrossRef] [PubMed]

14. Hansson, E.E.; Beckman, A.; Wihlborg, A.; Persson, S.; Troein, M. Satisfaction with rehabilitation in relation
to self-perceived quality of life and function among patients with stroke—A 12 month follow-up. Scand. J.
Caring Sci. 2013, 27, 373–379. [CrossRef] [PubMed]

15. López-Bastida, J.; Oliva Moreno, J.; Worbes Cerezo, M.; Perestelo Perez, L.; Serrano-Aguilar, P.;
Montón-Alvarez, F. Social and economic costs and health-related quality of life in stroke survivors in
the Canary Islands, Spain. BMC Health Serv. Res. 2012, 12, 315. [CrossRef] [PubMed]

16. Hornslien, A.G.; Sandset, E.C.; Bath, P.M.; Wyller, T.B.; Berge, E. Effects of Candesartan in acute stroke on
cognitive function and quality of life: Results from the Scandinavian candesartan acute stroke trial. Stroke
2013, 4, 2022–2024. [CrossRef] [PubMed]

17. Luengo Fernandez, R.; Gray, A.M.; Bull, L.; Welch, S.; Cuthberston, F.; Rothwell, P.M. Quality of life after
TIA and stroke. Ten-year results of the Oxford Vascular Study. Neurology 2013, 81, 1588–1595. [CrossRef]
[PubMed]

18. Sprigg, N.; Selby, J.; Fox, L.; Berge, E.; Whynes, D.; Bath, P.M.W. Very low quality of life after acute stroke:
Data from the efficacy of nitric oxide in stroke trial. Stroke 2013, 44, 3458–3462. [CrossRef] [PubMed]

19. Wang, Y.L.; Pan, Y.S.; Zhao, X.Q.; Wang, D.; Johnston, S.C.; Liu, L.P.; Meng, X.; Wang, A.X.; Wang, C.X.;
Wang, Y.J. Recurrent stroke was associated with poor quality of life in patients with transient ischemic attack
or minor stroke: Finding from the CHANCE trial. CNS Neurosci. Ther. 2014, 20, 1029–1035. [CrossRef]
[PubMed]

20. Golicki, D.; Niewada, M.; Karlińska, A.; Buczek, J.; Kobayashi, A.; Janssen, M.F.; Pickard, A.S. Comparing
responsiveness of the EQ-5D-5L, EQ-5D-3L and EQ VAS in stroke patients. Qual. Life Res. 2014. in press.

21. Bushnell, C.D.; Reeves, M.J.; Zhao, X.; Pan, W.; Prvu-Bettger, J.; Zimmer, L.; Olson, D.; Peterson, E. Sex
differences in quality of life after ischemic stroke. Neurology 2014, 82, 922–931. [CrossRef] [PubMed]

22. Franceschini, M.; La Porta, F.; Agosti, M.; Massucci, M. Is health-related-quality of life of stroke patients
influenced by neurological impairments at one year after stroke? Eur. J. Phys. Rehab. Med. 2010, 46, 389–399.

23. Fischer, U.; Anca, D.; Arnold, M.; Nedeltchev, K.; Kappeler, L.; Ballinari, P.; Schroth, G.; Mattle, H.P. Quality
of life in stroke survivors after local intra-arterial thrombolysis. Cerebrovasc. Dis. 2008, 25, 438–444. [CrossRef]
[PubMed]

http://dx.doi.org/10.1176/jnp.2007.19.3.249
http://www.ncbi.nlm.nih.gov/pubmed/17827410
http://dx.doi.org/10.1093/geront/43.2.219
http://www.ncbi.nlm.nih.gov/pubmed/12677079
http://dx.doi.org/10.1212/WNL.0b013e3181ea9f03
http://www.ncbi.nlm.nih.gov/pubmed/20574034
http://dx.doi.org/10.1161/01.STR.28.10.1876
http://www.ncbi.nlm.nih.gov/pubmed/9341688
http://dx.doi.org/10.1161/01.STR.29.1.63
http://www.ncbi.nlm.nih.gov/pubmed/9445330
http://dx.doi.org/10.1161/01.STR.0000141977.18520.3b
http://www.ncbi.nlm.nih.gov/pubmed/15331799
http://dx.doi.org/10.1161/01.STR.0000196990.69412.fb
http://www.ncbi.nlm.nih.gov/pubmed/16339458
http://dx.doi.org/10.1161/01.STR.0000240506.34616.10
http://www.ncbi.nlm.nih.gov/pubmed/16946158
http://dx.doi.org/10.1186/1477-7525-9-65
http://www.ncbi.nlm.nih.gov/pubmed/21831270
http://dx.doi.org/10.1111/j.1471-6712.2012.01041.x
http://www.ncbi.nlm.nih.gov/pubmed/22804807
http://dx.doi.org/10.1186/1472-6963-12-315
http://www.ncbi.nlm.nih.gov/pubmed/22970797
http://dx.doi.org/10.1161/STROKEAHA.113.001022
http://www.ncbi.nlm.nih.gov/pubmed/23660849
http://dx.doi.org/10.1212/WNL.0b013e3182a9f45f
http://www.ncbi.nlm.nih.gov/pubmed/24107865
http://dx.doi.org/10.1161/STROKEAHA.113.002201
http://www.ncbi.nlm.nih.gov/pubmed/24149005
http://dx.doi.org/10.1111/cns.12329
http://www.ncbi.nlm.nih.gov/pubmed/25307297
http://dx.doi.org/10.1212/WNL.0000000000000208
http://www.ncbi.nlm.nih.gov/pubmed/24510493
http://dx.doi.org/10.1159/000126917
http://www.ncbi.nlm.nih.gov/pubmed/18417961


Int. J. Mol. Sci. 2016, 17, 390 11 of 11

24. Lisabeth, L.D.; Reeves, M.J.; Baek, J.; Skolarus, L.E.; Brown, D.L.; Zahuranec, D.B.; Smith, M.A.;
Morgenstern, L.B. Factors influencing sex differences in poststroke functional outcome. Stroke 2015, 46,
860–863. [CrossRef] [PubMed]

25. Cramm, J.M.; Strating, M.M.H.; Nieboer, A.P. Satisfaction with care as a quality-of-life predictor for stroke
patients and their caregivers. Qual. Life Res. 2012, 21, 1719–1725. [CrossRef] [PubMed]

26. Alvarez-Sabín, J.; Ortega, G.; Jacas, C.; Santamarina, E.; Maisterra, O.; Ribo, M.; Molina, C.; Quintana, M.;
Román, G.C. Long-term treatment with citicoline may improve poststroke vascular cognitive impairment.
Cerebrovasc. Dis. 2013, 35, 146–154. [CrossRef] [PubMed]

27. Alvarez-Sabín, J.; Román, G.C. The role of citicoline in neuroprotection and neurorepair in ischemic stroke.
Brain Sci. 2013, 3, 1395–1414. [CrossRef] [PubMed]

28. Hurtado, O.; Cárdenas, A.; Pradillo, J.M.; Morales, J.R.; Ortego, F.; Castillo, J.; Moro, M.A.; Lizasoain, I.
A chronic treatment with CDP-choline improves functional recovery and increases neuronal plasticity after
experimiental stroke. Neurobiol. Dis. 2007, 26, 105–111. [CrossRef] [PubMed]

29. Rosell, A.; Barceló, V.; García-Bonilla, L.; Delgado, P.; Fernández-Cadenas, I.; Hernández-Guillamon, M.;
Montaner, J. Neurorepair potencial of CDP-Choline altercerebral ischemia in mice. Cerebrovasc. Dis. 2012, 33
(Suppl. S2), 419–420.

30. Sobrino, T.; Rodríguez-González, R.; Blanco, M.; Brea, D.; Pérez-Mato, M.; Rodríguez-Yáñez, M.; Leira, R.;
Castillo, J. CDP-choline treatment increases circulating endotelial progenitor cells in acute ischemic stroke.
Neurol. Res. 2011, 33, 572–577. [CrossRef] [PubMed]

31. Gutiérrez-Fernández, M.; Rodriguez-Frutos, B.; Fuentes, B.; Vallejo-Cremades, M.T.; Alvarez-Grech, J.;
Expósito-Alcaide, M.; Díez-Tejedor, E. CDP-choline treatment induces brain plasticity markers expression in
experimental animal stroke. Neurochem. Int. 2012, 60, 310–317. [CrossRef] [PubMed]

32. Diederich, K.; Frauenknecht, K.; Minnerup, J.; Schneider, B.K.; Schmidt, A.; Altach, E.; Eggert, V.;
Sommer, C.J.; Schäbitz, W.R. Citicoline enhances neuroregenerative processes after experimental stroke in
rats. Stroke 2012, 43, 1931–1940. [CrossRef] [PubMed]

33. Kuprinski, J.; Abudawood, M.; Matou-Nasri, S.; Al-Baradie, R.; Petcu, E.B.; Justicia, C.; Planas, A.; Liu, D.;
Rovira, N.; Grau-Slevin, M.; Secades, J.; Slevin, M. Citicoline induces angiogenesis improving survival
of vascular/human brain microvessel endothelial cells through pathways involving ERK1/2 and insulin
receptor substrate-1. Vasc. Cell 2012, 4, 20.

34. Bramanti, V.; Campisi, A.; Tomassoni, D.; Li Volti, G.; Caccamo, D.; Cannavò, G.; Currò, M.; Raciti, G.;
Napoli, M.; Ientile, R.; Vanella, A.; Amenta, F.; Avola, R. Effect of acetylcholine precursors on proliferation
and differentiation of astroglial cells in primary cultures. Neurochem. Res. 2008, 33, 2601–2608. [CrossRef]
[PubMed]

35. Osman, A.M.; Porritt, M.J.; Nilsson, M.; Kuhn, H.G. Long-term stimulation of neural progenitor cell migration
after cortical ischemia in mice. Stroke 2011, 42, 3559–3565. [CrossRef] [PubMed]

36. Badia, X.; Roset, M.; Montserrat, S.; Herdman, M.; Segura, A. La versión española de la EuroQol: Descripción
y aplicaciones. Med. Clin. 1999, 112 (Suppl. S1), 79–86.

37. Herdman, M.; Badia, X.; Berra, S. El EuroQol-5D: Una alternativa sencilla para la medición de la calidad de
vida relacionada con la salud en atención primaria. Aten. Prim. 2001, 28, 425–429. [CrossRef]

38. Christensen, M.C.; Mayer, S.; Ferran, J.M. Quality of life after intracerebral hemorrhage: Results of the factor
seven for acute hemorrhagic stroke (FAST) trial. Stroke 2009, 40, 1677–1682. [CrossRef] [PubMed]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons by Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1161/STROKEAHA.114.007985
http://www.ncbi.nlm.nih.gov/pubmed/25633999
http://dx.doi.org/10.1007/s11136-011-0107-1
http://www.ncbi.nlm.nih.gov/pubmed/22230965
http://dx.doi.org/10.1159/000346602
http://www.ncbi.nlm.nih.gov/pubmed/23406981
http://dx.doi.org/10.3390/brainsci3031395
http://www.ncbi.nlm.nih.gov/pubmed/24961534
http://dx.doi.org/10.1016/j.nbd.2006.12.005
http://www.ncbi.nlm.nih.gov/pubmed/17234423
http://dx.doi.org/10.1179/016164110X12807570510176
http://www.ncbi.nlm.nih.gov/pubmed/21708065
http://dx.doi.org/10.1016/j.neuint.2011.12.015
http://www.ncbi.nlm.nih.gov/pubmed/22226841
http://dx.doi.org/10.1161/STROKEAHA.112.654806
http://www.ncbi.nlm.nih.gov/pubmed/22581817
http://dx.doi.org/10.1007/s11064-008-9829-z
http://www.ncbi.nlm.nih.gov/pubmed/18841472
http://dx.doi.org/10.1161/STROKEAHA.111.627802
http://www.ncbi.nlm.nih.gov/pubmed/21980195
http://dx.doi.org/10.1016/S0212-6567(01)70406-4
http://dx.doi.org/10.1161/STROKEAHA.108.538967
http://www.ncbi.nlm.nih.gov/pubmed/19265046
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Patients 
	Quality of Life 
	Statistical Analysis 


