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Citicoline Improves Verbal Memory in Aging
Paul A. Spiers. PhD; Diane Myers. MA; Gail S. Hochanadd. PhD;
Harris R. Liebennan, PhD; Richard J. Wurtman, MD

Obiectlve: To test the verbal memory of older volunteers given citicoline.
Design: A randomized, double-blind, placebo-controlled,
parallel group design was employed in the initial study. After data analysis, a subgroup was identified whose members
had relatively inefficient memories. These subjects were recruited for a second study that used a crossover design. The
subjects took either placebo or citicoline, 1000 mg/d, for 3
months in the initial study. In the crossover study, subjects
took both placebo and citicoline, 2000 mg/d, each for 2
months.

Subiects: The subjects were 47 female and 48 male volunteers 50 to 85 years old. They were screened for dementia, memory disorders, and other neurological problems. Of the subjects with relatively inefficient memories,
32 participated in the crossover study.
Main Ovtco.e Measure: Verbal memory was tested at
eachstudy visitusinga logicalmemorypassage.Plasmacho-
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line concentrations were measured at baseline; at days 30,
60, and 90 in the initial study; and at day 60 of each treatment condition in the crossover study. Plasma choline
concentrations and memory scores were analyzed using
repeated-measures analysis of variance and covariance, followed by planned comparisons when appropriate.

Results: In the initial study, citicoline therapy improved delayed recall on logical memory only for the
subjects with relatively inefficient memories. In the crossover study, the higher dosage of citicoline was clearly
associated with improved immediate and delayed logical memory.
Conclusions: Citicolinetherapy improved verbalmemory
functioning in older individuals with relatively inefficient memories. Citicoline may prove effective in treating age-related cognitive decline that may be the precursor of dementia.
(Arch Neurol. 1996;53:441-448)

HOLINERGICbrain neurons playa central role in
learning and memory. 1.2
These functions can be disrupted by giving normal
volunteers anticholinergic agents, such as
scopolamine,).~ and can be restored byacetylcholinesterase
inhibitors. ).7 It is unclear, however, whether the administration of choline, acetylcholine's precursor,
can improve human memory. In some studies, oral choline therapy producea only
modest effects~.8; in another study, high
doses of phosphatidylcholine, the principal dietary choline source, significantly reduced the number of trials required by normal subjects to learn a list of nonsense
syllables. This effect was greatest among
subjects who had initially required more trials to learn a similar list. Otherwise normal individuals with relatively poor memory
function may, therefore, be the best candidates for choline supplementation.

The purpose of the present study was
to determine whether oral administration
of citicoline (cytidine diphosphocholine)
(Ferrer Internacional, Barcelona,Spain), a
metabolic intermediate that completely
dissociates to choline and cytidine on entering the body,IOimprovesmemoryin wellfunctioning older subjects. Besides promotingacetylcholinebiosynthesis,thisdrug
may also enhance synaptic transmission by
facilitating the formation of neural membranes. Choline and cytidine,acting in concert, enhance phosphatidylcholine synthesis in cultured cells, II rat brain slices, 12 and
whole brain in vivo, I) and this increase is
followed by proportionate changes in levels of the other major membrane phospho-
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See Subjects and Methods
on next page
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SUBJECTS AND METHODS
SUBJECTS

The total study population was composed of 95 older subjects (47 women and 48 men) who were recruited through
print advertisements or from a population that had previously participated in studies at the Clinical Research Center (CRC) of the Massachusetts Institute of Technology,
Cambridge. Exclusion criteria precluding participation in
this study included active medical, neurological, or psychiatric illness or a history of any condition that might significantly influence performance on cognitive testing.
Subjects were screened by medical history, physical
examination, blood work, and electrocardiogram as well
as by single photon emission computed tomography;all findings and values had to fall within normal limits for the subject's age. Subjects also had to score 26 or greater (out of a
possible score of 30, which is considered normal) on the
Mini-Mental State Examination. The Vocabulary subtest
of the Wechsler Adult Intelligence Scale-Revised was administered to assessgeneral intelligence, with a score at the
25th percentile (averagerange) or better required. The Logical Memory subtest of the Wechsler Memory Scaleand the
Rey-Osterreith Complex Figure Test were administered to
assess verbal and nonverballeaming; scores on these measures also had to be at least in the average range for age
(see LezakJOfor descriptions of all of these tests).
Informed consent was obtained from each subject after
the experimentalproceduresand risksassociatedwiththe consumption of citicoline had been fully explained. Subjectrecruitment, informedconsent procedures, and all experimental methods were approved by the Massachusetts Institute of
Technology Committee on the Use of Humans as Experimental Subjects. Citicoline is an Investigational New Drug
approved for human research by the Food and Drug Administration. Subjectswere monitOredclosely for adverseexperiences and encouraged to report any health complaints. A
study physician was available on 24-hour call. Adverseexperiences were recorded on case report forms, and subjects
were followedup until such adverseexperiences resolvedor
the subject wasdropped from the stUdy.Anysubjectdropped
as a result ofan adverseexperienceor for noncompliancewas
debriefed according to the guidelines of the Committee on
the Use of Humans as Experimental Subjects. Any adverse
event ofsufficientseverityto result in a subject beingdropped
from the study and believed to be related to treatment with
the experimental compound was to be reported to the Food
and Drug Administration. No such event occurred.
Subjects were assigned to either the placebo or active
drug condition according to a blind randomization schedule that was applied to successively recruited subjects
without regard to age, education, or baseline performance
on screening measures. One subject was dropped for

noncompliance during screening, and those data were not
included in the baseline comparisons (n=94). The age and
educational characteristics of the 2 experimental groups and
their baseline performance on the criterion measure are presented in Tall.e 1 . Subjects ranged in age from 50 to 85
years, with a mean (~SD) age of 67.2 (~9.3) years. There
was no significant difference in the mean age of male
(67.9~8.2 years) vs female (66.4~ lO.3 years) subjects or
in the mean age of subjects randomly assigned to the placebo group (67.9~9.5 years) vs the citicoline group
(66.2~9.0 years). The sample was well educated, with a
mean of 14.3 years of schooling. Men had significantly
(t=2.23, P<.03) more years of schooling (l5.3~2.7 years)
than women (l4.1~2.6years). Subjects assigned by the randomization process to the placebo group had significantly
(t=- 2.28, P<.02) more years of education (l5.3~2. 7 years)
than subjects assigned to the citicoline group (l4.1~2.6
years). There was no drug group-by-sex interaction when
these data were subjected to analysis of variance (ANOVA),
however, since the mean years of education of the men and
women in each drug group were not significantly different. There were no significant differencesin baseline plasma
choline concentrations between men and women or between the citicoline and placebo groups. There were no significant differences between baseline performances on immediate and delayed logical memory.
Baselineperformance on a logical memory passage was
used to classify subjects as having relatively inefficient
memories. As described above, the sample was stratified
into age groups, and the mean (SD) performance for each
age group at baseline was calculated for immediate recall.
Based on whether they scored below the mean relative to
their peers, the subjects were then classified as having either average or relatively inefficient memories. Forty-nine
subjects (22 in the citicoline group, 27 in the placebo group)
were classified as having relatively inefficient memories
based on these criteria, and this group's performance was
still within the normal range on this task.
A total of 32 subjectswere recruited from this pool who
were willing and able to participate in the relatively inefficient memory crossover study, 16 from the group assigned
by the initial randomization to drug treatment and 16 from
the group assigned to the placebo condition. The ages and
educational characteristics of these 2 groups and their baseline performances on the criterion measures are presented
in Table 1.Two-tailed t tests and analyses of variance did not
reveal any significant comparisons or interactions between
these 2 groups by gender, age, or years of education. These
subjects ranged in age from 54 to 86 years, with a mean of
73.1 years. These groups, like the initial sample, were well
educated, with 14.3 mean years of schooling.
There were no significant differences in baseline
plasma choline concentrations between men and women
(t=-O.23, P<.83) or between the citicoline and
placebo groups (t=O.92, P<.36). There was no drug

lipids.13 In addition, citicoline may enhance dopaminer-

gic neurotransmission. Ii This action could also facilitate
memory improvement, given that the arousal and attention components of this function depend on catechol-

aminergic systems.Ii Oral dose tolerance and pharmacokinetic studies suggest that citicoline is well tolerated and

safe,1j.18 producing onlyinfrequent, minor side effects,even
during 15 months of daily administration.l~
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Citicoline has been reported to accelerate recovery
from strokelOand from traumatic brain injury.19,ll.13
In a
1989 study, Agnoli et ap4 tested the potential of this
compound for improving memory in elderly patients
(mean age, 74 years) complaining of mild to moderate
memory problems. While the authors did not clearly
define their criteria for memory impairment, the mean
Mini-Mental State Examination score for their sample
j3, MAY 1996
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group-by-sex interaction. There was no significant difference between men and women in their baseline performance on logical memory (1=1.77,P<.09). Similarly, there
was no significant difference between the citicoline and placebo subgroups in their baseline perfonnance on logical
memory (1=0.71, P<.48). There was no drug group-bysex interaction.
PROCEDURE

Citicoline and placebo tablets were fonnulated by Ferrer
lntemacional SA in Barcelona, Spain. Tablets were identical in appearance, taste, and packaging. Once accepted
into the protocol, all subjects took 1 tablet of placebo
twice daily for 1 week prior to baseline studies to become
acclimated to the experimental regimen. Subjects were
then assigned to either the citicoline or placebo group
according to the randomization schedule and were supplied with either placebo or citicoline tablets (500 mg),
which they took twice daily for 3 months. If they continued in the crossover study, subjects were supplied with
either placebo or citicoline tablets at the beginning of each
treatment condition. They took 2 tablets twice daily for 2
monthS during each condition, with a lO-day washout
period prior to crossing over.
Subjects were required to spend 1 morning per month
at the CRC,beginning at the end of the initial placebo week,
for a total of 4 visits (baseline and days 30, 60, and 90) in
the initial study and 5 more visits (days 30 and 60, washout, and days 30 and 60) in the crossover study. At these
monthly visits, vital signs were measured, health histories
were recorded, and blood samples were taken by CRC nursing staffwho were blind to treatment assignment. After their
nursing visit, at baseline, day 30, and day 90 in the initial
study and at day 60 of each condition in the crossover study,
a battery of cognitive tests was administered by a trained
technician who was also blind to treatment assignment.

subject's immediate oral recall. Approximately 30 minutes later, delayedrecall wasmeasured. The LogicalMemory
subtest stories of the Wechsler Memory Scaleand the Wechsler MemoryScale-Revised,which contained the same number of target bits of information, were used at the various
testing sessions. Alternate fonns were used at the different
stUdy visits, but the same fonn was used for all subjects at
each specific study visit. For example. all subjects heard
the American tiner story at baseline and the Police Dogs
story at day 30. All tests were administered and scored using standard criteria by the same examiner, who remained
blind to treatment conditions. Scoring and data entry were
verified by the principal investigator, who was also blind
to treatments, and initial data analyses were conducted before the treatment assignment code was broken.

MEASURES

Subjects had fasting blood samples drawn, consumed a
normal breakfast, and then took their morning tablet;
approximately 2 hours later, second blood samples were
obtained. Laboratory tests performed included urinalysis,
complete blood cell count, platelet count, and partial thromboplastin time, and the following concentrations were
measured: blood glucose, serum urea nitrogen, creatinine,
electrolytes, calcium, phosphorus, plasma proteins, bilirubin, alkaline phosphatase, aspartate aminotransferase, amylase, and creatine kinase. Plasma was also obtained and
frozen for later assay to determine choline concentrations.
The verbal memory task was administered at the baseline, day 30, and day 90 visits in the initial study and at
both day 60 visits in the crossover study. A narrative passage was read aloud to the subject once, followed by the
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was 20.1 (SD, 3.25). In the standardization research for
the Mini-Mental State Examination, a score of 20 or
less was found to be consistent with dementia,
delirium, or affective disorder but not with normal
aging.25After receiving citicoline, 1000 mg/d, or placebo for 3 and 6 weeks, subjects were tested using the
Randt Memory Test, a measure that was specifically
designed for longitudinal pharmacological studies.26
ARCH NEUROlJVOL
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STATISTICAL

ANALYSIS

Four subjects were dropped from the initial study as a result of adverse experiences (see below) and 1 subject for
noncompliance during screening; data from the remaining 90 subjects were included in the statistical analysis. Choline assay results for all remaining subjects in each drug
group (44 in the citicoline group, 46 in the placebo group)
were compared by 2-factor (timeXdrug) repeatedmeasures ANOVA,followed by planned comparisons (1tailed 1tests). This analysis was used to determine whether
there were any significantdifferencesin plasma choline concentrations betWeen the 2 experimental groups at days 30,
60, and 90. Performance on immediate and delayed logical memory was also compared at days 30 and 90 by repeated-measures analysis of covariance (ANCOVA), with
baseline performance controlled to account for the significant difference in years of education between the experimental samples in this parallel group design. Two-factor
repeated-measures ANCOVAs were also applied to the
memory data of subjects classified in the relatively inefficient memory groups, followed by planned comparisons
(1-tailed 1tests).
For the crossover stUdy, plasma choline assays were
compared by 2-factor (timeXgroup) repeated-measures
ANOVA,followedby planned comparisons (1-tailed 1tests).
This analysis was used to determine whether there were
any significant differences in plasma choline concentrations betWeen the 2 groups at washout and day 60 during
either condition. Performance on immediate and delayed
logical memory was compared by charting the subjects' perfonnance at baseline and day 90 of the initial study and at
day 60 during each condition of the crossover study using
2-factor(timeXgroup) repeated-measures ANOVAs.If there
was a significant group-by-time interaction, single-factor
(time) ANOVAs were used to compare the performance of
each group at baseline and during each treatment condition, followedby planned comparisons (Student-NewmanKeuls test).

The results were considered promising, with citicolinetreated subjects showing a specific, statistically significant improvement in acquisition efficiency, although
they did not differ from placebo-treated subjects in
overall memory performance.
The present studies were designed to extend the
initial findings of Agnoli et alH in a population of normal older volunteers using a more widely available
53. MAY 1996

Table1. Demographic
Characteristics
andBaselinePerfonnances
01Subjects
In the Initial Studyandthe RelativelyInefficientMemoryCrossover
Study.

Age"

StudyGroup

Education, ,

Initial Study
66.2 (9.0)
67.9 (9.5)
-0.91
<.37

Citicoline (n=48)
Placebo (n=46)
Unpaired t
2-Tailed P

14.1(2.6)
15.3(2.7)
-2.29
<.02

10.6(3.4)
10.8(2.9)
-0.21
<.83

9.6(3.7)
9.6(2.9)
-O.Ot
<.99

13.7 (1.9)
14.8 (2.6)
-1.32
<.20

9.4(8.8)
8.8(2.4)
-0.71
<.48

U(2.8)
7.8(2.5)
0.73
<.

Crossover Study
Received

citicoline

Received

placebo

in the initial study

(n=16)

in the initial study (n= 16)

Unpairedt
2-TailedP

74.0 (8.7)
72.2 (9.6)
-0.58
<.57

·

Valuesaremean(SO).

standardized measure of memory function: passages
from the logical Memory subtest of the Wechsler
Memory Scale and the Wechsler Memory ScaleRevised.27This task more closely resembles the memory
requirements of real life, as the subject is read a selected
passage aloud and then asked to repeat it, as opposed
to being drilled repeatedly on a list of related or unrelated words. This task is also more like the demands of
normal human memory, in that subjects are asked to
recall what they have heard and then, after a delay, to
retrieve it.
Although a few of our subjects reported mild forgetfulness, none complained of malignant memory disorders or showed evidence of memory impairment on
screening examinations. Furthermore, none met the operational criteria for age-associated memory impairment (complaint of poor memory and objective evidence of memory performance 1 SD or more below the
mean for young adults).l8 Subtypes of memory changes
associated with senescence other than age-associated
memory impairment havebeen proposed,l9including ageconsistent memory impairment (test performance within
1 SDbelow the mean for the patient's agegroup) and latelifeforgetfulness(test performance> 1SDbelow the mean
for the patient's age group). In DSM-1V(Diagnosticand
Statistical Manual of Mental Disorders, Fourth Edition),
it is proposed that the term age-relatedcognitive decline
be used to classify such conditions; however, no specific criteria are proposed, and no specific definition is
provided for the memory-related changes. However, any
subject whose performance was below the mean for his
or her peers might be considered to have a relativelY-inefficient memory. Consequently, once the data from the
entire sample had been analyzed, we tested the hypothesis that subjects with normal but relatively less efficient memory were more likely to benefit from choline
supplementation.
Relatively inefficient memory was defined as a performance score that fellbelow the mean for the subject's
peers within our sample. Subjects with relatively inefficient memory were identified as follows:First, the sample
was stratified into 3 age groups (50 to 64. 65 to 74, and
75 to 85 years). Second, the mean (SO) performance for
ARCH ~EL'ROLNOL
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each age group at baseline was calculated for immediate
recall. Third, subjects were classified as having either average or relatively inefficient memory, based on whether
they scored below the mean relative to their peers. The
logical memory data were then analyzed separately for
the relatively inefficient memory group.
RESl"LTS
ADVERSE EXPERIENCES

Subjects were encouraged to report any health complaints to the CRC nursing staff and were queried for adverse symptoms during their monthly visits. Forty such
complaints or adverse experiences were reported in the
initial study. Of these, 4 were clearly the result of concurrent medical problems unrelated to the subjects' participation in the protocol (eg, cerebral aneurysm). These
subjects were dropped from the study, leaving a total of
36 adverse experiences reported by 90 subjects during 3
months receiving either placebo or citicoline. These complaints were grouped into categories, including insomnia, epigastric distress (diarrhea, constipation, nausea),
headache (head pain, blurred vision), rash, and cardiac
complaints (palpitations, chest pain), none of which occurred with significantly greater frequency among citicoline-treated subjects. In fact, the total number of adverse experiences in the initial study was greater among
subjects receiving placebo than among those receiving
citicoline ('I
2).
In the crossover study, only 9 adverse experiences
were reported by the 32 subjects. Of these, 3 were clearly
the result of concurrent medical problems unrelated to
the subjects' participation in the protocol (eg, macular
degeneration). These subjects were dropped from the
study, leaving a total of 6 adverse experiences reported
by 29 subjects in 6 months. These 6 adverse experiences included 9 symptoms that could be grouped according to the categories used for the initial study. There
were 4 episodes of epigastric distress, 2 of rash, 2 of headache, and 1 of insomnia. The insomnia episode occurred during the placebo period, but all others took place
during citicoline treatment. Two other subjects also had
53. MAY 1'1'16
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to be dropped from the a~alysis of the crossover study
results. One subject was dropped for incomplete data because of noncompliance during cognitive testing at his
last visit. The other subject was dropped beca,use a brain
tumor was diagnosed shortly after he completed participation in the crossover study. This left 27 crossover subjects (14 in the citicoline group, 13 in the placebo group)
from whom data could be used for treatment analyses.
In summary, no adverse events were judged by CRC physicians to be related to citicoline treatment in either the
initial study or the crossover study that required medical intervention, termination from the stUdy. or an emergent report to the Food and Drug Administration.

Table2. AdverseExperienC8$
Reported
bySubjects
DuringtheInitialStudy
No. of Subjects
I

Complaint
Insomnia
Epigastricdistress
Diarrhea
Constipation
Nausea
Headache
Headpain
Blurredvision
Allergicrash
Cardiac
Palpitations
Chestpain
Total

CHOLINE
Repeated-measures ANOVA of plasma choline concentrations yielded a significantmain effectfor drug (F=7.71,
P<.OO7) in the initial stUdy. There was no main effect
for time comparing results over days 30, 60, and 90, and
the interaction term was not significant. Planned comparisons (I-tailed t tests) showed that at each study visit,
citicoline-treated subjects had significantly higher mean
plasma choline concentrations than placebo-treated subjects (t=2.26, P<.02; t=0.77, P<.04; and t=1.97, P<.03
at days 30, 60, and 90, respectively).
In the crossover study, repeated-measures ANOVA
of plasma choline concentrations comparing placebo with
citicoline yielded a significant main effect by drug
(F=Sl.S2, P<.OOl). There was no significant subgroupby-drug interaction (citicoline vs placebo) and no groupby-drug interaction. Planned comparisons showed that
citicoline treatment resulted in much higher plasma choline concentrations than placebotreatment forboth groups
of subjects (t=2.26, P<.OOl).
LOGICAL MEMORY
Repeated-measures ANCOVAs for all subjects in the initial study yielded a main effect for time on both the immediate (F=S.22, P<.03) and delayed (F=7.0S, P<.Ol)
logical memory tasks. There was no main effect for drug,
nor was there a drug-by-time interaction. The main effect for time showed that all subjects improved their performance compared with baseline.
For the relatively inefficient memory group in the
initial study, repeated-measures ANCOVAs yielded no
main effects and no interaction effects on the immediate
logical memory task. On delayed logical memory, there
were no main effects, but a trend (F=2.7S, P<.lO) was
observed toward a drug-by-time interaction, suggesting
that citicoline-treated subjects consistently improved in
their performance compared with baselinewhen they were
tested at days 30 and 90. Planned comparisons applied
to improvement in recall from baseline scores revealed
that this trend was caused by a significant difference in
favor of citicoline for delayed logical memory at day 90
(t=1.6S, P<.OS). These data regarding performance improvement for the whole sample vs the relatively inefficient memory group on immediate and delayed logical
memory at days 30 and 90 are presented in Tab.e 3.
In the crossover study, 2-factor repeated-measures

L

1

Clticollne

3

1

4
1
5

3
1
4

2
4
2

1
1
1

0
1
22

1
1
14

ANOVA of the 2 groups under each treatment condition
showed a significant main effect of treatment condition
(F=23.7S, P<.OOl) and a significant group-by-treatment
interaction (F=3S.24, P<.OOl) for immediate recall. For
delayed recall, 2-factor repeated-measures ANOVA also
showed a significant main effect of treatment condition
(F=9.9S,P<.OOl) and a significantgroup-by-treatment interaction (F=lS.OS, P<.OOl). Single-factor repeatedmeasures ANOVAs showed a significant main effect for
treatment condition in the citicoline (F=32.36, P<.OOl)
and placebo (F=30.42, P<.OOl) subgroups on immediate recall as well as significant main effects of treatment
condition in the citicoline (F=9.47, P<.OOl) and placebo
(F=24.36, P<.OOl) subgroups on delayed recall. Planned
comparisons revealed that for both the immediate and
delayed recall tasks, the best performance of both the
citicoline and placebo subgroups (P<.OS) was during
the citicoline treatment condition (Tab.e 4, Figure I,
and Figure 2).
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Allsubjects, regardlessof experimental treatment, showed
a practice effect, improving their verbal memory performance compared with the baseline. When the data were
analyzed for the relativelyinefficientmemory group, there
was no significant main effect for treatment, illustrating
the importance of practice effects in such a repeatedmeasures design.There werestatistical trends in the analysis, however, which planned comparisons showed were
related to a significant difference on delayed recall performance. The subjects with relativelyinefficient memory
who received citicoline maintained their improvement
from day 30 to day 90, whereas subjects who received
placebo showed initial improvement at day 30, consistent with practice, but subsequently stayed the same or
declined in performance by day 90. This finding suggested that the resultsobservedwith citicolinewere caused
by more than a simple practice effect.
When subjects with relatively inefficient memory
were studied while receiving a higher dose of cHicoline, verbal memory clearly improved. This effect was
MAY 1996
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Table3. ImprovementFromBaselineIn ImmediateandDelayedLogicalMemoryIn the Initial Study.
Impmement In LogicalMemoryScore
Day30

Citicoline
Placebo
Unpairedt
Hailed P

1.95 (3.90)
2.17 (3.52)
-0.28
<.39

I
SublectsWIthRelltlvely
lneft1dentMemory
(N-49)
immediate
3.23 (3.57)
2.78 (3.65)
0.43
<.33

Citicoline
Placebo
Unpairedt
Hailed P

1.43 (3.69)
2.17 (3.62)
-0.96
<.17

Delayed
2.50 (3.4)
2.60 (3.90)
-0.17
<.43

All
Sublects
(N=90)

Study Group

All
SUblects
(11=90)
3.16 (3.41)
2.76 (2.47)
0.64
<.26
2.93 (3.41)
2.72 (2.78)
0.33
<$I

·

Valuesaremean(SO).

Tlble 4. Immediate
Ind Delayed
logical MemoryIn the InlUalStudyInd the RtIatIwfr 1DdIcIeIt"~._~.
I.8gIcaIIlllllary

~

""

"'::1::~:;

DayII. IIIIIIIIIIIIIJ
I

StudyGroup

Baseline

I

PIIceIIo
IauD8dIaI8

CIIIC8III8

Receivedciticoline In the initial study (1I=14)t
Receivedplacebo in the initialstudy (n=13)t

9.14(2.68)
9.07(2.56)

...
13.38(2.81)

12.93(2.23)

Received
citicolinein the initialstudy(n=14)t
Received
placeboInthe Initialstudy(n=13)t

8.43(2.93)
8.08(2.53)

Delayed
...
12.00(3.39)

11.21(2.29)

· Valuesare mean (SO).
tP<.05

by the 5tudent.Newman-Keulstest.

a Baseline

. Day90.CiIicoIine-lnilial

C Baseline
Study

C Day60.~Study
. Day60.CiticolinH:rossover
Study

15

i:'
0
E
..
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2

Day 90, PIacebo-IniIiaI

.

Day 60. CiticoIine-Crossover

Study

..

Day 60. I'IacebcH:rosso

Study
Study

20

20

:!

.

3

0

o
Immediate Memory

Immediate Memory

Delayed Memory

-

-

-

Memcxy

Figure 1. Performanceon immediateand delayedlogical memory for
sUbjectswho took citicoline in the initial study.

Figure 2. Performanceon immediate and delayedlogical memory for
subjects who took placebo in the initial study.

attributable
to the citicoline.
since performance
was
significantly
lower when the same subjects were taking placebo. This suggests that the optimal dose of
citicoline for producing cognitive effects in this population may be higher than was previously supposed.

although still well within tolerance limits, given the
absence of serious side effects observed in this and
other studies.
This study was designed to test the earlier report by
Agnoli et alzi that citicoline facilitates memory acquisi-
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tion in the elderly. We did not observe such an effect in
our overall population; however, this sample was higherfunctioning than that studied by Agnoli et al,H according to their mean Mini-Mental State Examination scores.
When we studied subjects with relatively inefficient
memory, we did find that citicoline facilitated memory
acquisition and retention, confirming the findings of Agnoli et aL Since plasma choline concentrations were significantly higher for subjects when they were receiving
citicoline, these findings confinn that subjects were compliant during the treatment condition and support the
view that the drug's memory effect may result from
changes in brain choline metabolism mediated by acetylcholine and phosphatidylcholine.
Overall, this study showed that citicoline improved verbal memory in elderly subjects whose performance was below that of their peers. Our test sample was
composed of well-educated, functionally independent
older adults. None of the subjects exhibited dementia,
although a few might have met the criteria for age- .
associated memory impainnent. Most of our subjects were
perfonning above average for their age on this memory
task at baseline. For those who were not performing as
well as their high-functioning peers, however,results were
dramatic in the relatively inefficient memory crossover
study. The mean age of subjects with relatively inefficient memory was 6 to 8 years older than the mean age
of the population for the initial study, with most of the
former in their early 70s. The mean level of education of
the subjects with relatively inefficient memory, however, was not different from that of the initial study population. Thus, the finding that verbal memory was improved by the dose of citicoline used in the crossover study
suggests that this compound may be useful in the treatment of individuals who experience reduced memory
functioning with advancing age. While certain authorsJ1have suggested that this should be viewed as a normal, inevitable consequence of senescence, othersJ2have
maintained that age-related changes in cognitive function should no more be tolerated than declining visual
acuity observed with aging and should not remain untreated.
This study suggests that citicoline should also prove
helpful for elderly who are more typical intellectually than
the sample described here. Furthermore, citicoline may
provide considerable benefit to older individuals with ageassociated memory impainnent or other symptoms of mild
cognitive impairment-symptoms that may herald the
onset of progressive cognitive decline and may in fact be
the precursors of dementia. HResearch to discover those
abilities that would be most predictive of such impending progressive declineHidentified verbal memory. While
the verbal memory task identified differed from that used
in the present study, it remains to be determined whether
citicoline could improve performance on verbal memory
tasks other than logical memory, specifically for patients experiencing mild cognitive impainnent. To the
extent that citicoline can reverse such impairments and
may delay the onset of such dementing conditions, further research should be conducted with this compound
in patients who are experiencing memory loss or other
forms of mild cognitive impairment.
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