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Abstract.

Background: Depressive symptoms are common in Alzheimer’s disease (AD) patients and are associated with an increased
functional decline. Selective serotonin reuptake inhibitor antidepressants showed a limited efficacy.

Objective: The purpose of this work was to evaluate if a higher brain cholinergic stimulation induced by the association
between the acetylcholinesterase inhibitor donepezil and the cholinergic precursor choline alphoscerate has any effect on
depression in AD patients.

Methods: Patients were selected among those recruited in the ASCOMALVA (association between the cholinesterase inhibitor
donepezil and the cholinergic precursor choline alphoscerate in AD) trial. Depressive symptoms were investigated in 90 AD
patients through the neuropsychiatric inventory at baseline and after 3, 6, 9, 12, 18, and 24 months of treatment. Patients were
randomized in a group association therapy (45 subjects) receiving donepezil 10 mg plus choline alphoscerate 1,200 mg/day,
and a group monotherapy (45 subjects) receiving donepezil 10 mg/day plus placebo. Based on the results of the MMSE
at the recruitment patients were divided into 3 groups: severely impaired (score < 15); moderately impaired (score 19-16);
mild-moderately impaired (score 24-20).

Results: Depression symptoms were significantly lower (p < 0.05) in patients treated with donepezil plus choline alphoscerate
compared to patients treated with donepezil alone. Subjects of the group having mild to moderate cognitive impairment were
those more sensitive to the association treatment.

Conclusion: Depression symptoms of AD patients in the mild to moderate stage probably could to benefit of a stronger
cholinergic stimulation induced by associating donepezil with the cholinergic precursor choline alphoscerate.
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INTRODUCTION

Depressive symptoms are common in Alzheimer’s
disease (AD) patients, their prevalence ranging from
16% to 45% and represents one of the most common
behavioral and psychological symptoms of demen-
tia (BPSD) [1-3]. Subjects most often show some of
them as the reduction in positive affect and pleasure,
isolation, social withdrawal, and irritability [4], that
lower their and their caregiver’s quality of life [5,
6]. Depression is associated with institutionalization
[7] by increasing the risk of behavioral disturbances,
functional decline [8], and mortality [9, 10].

Depression is a symptom of AD but may also rep-
resents a trait of the prodromal phase of the disease as
well as arisk factor for AD [11]. Based on these obser-
vations, it has been suggested that both in depression
and in AD there is the implication of common neu-
rological pathways [12—15]. Moreover, white matter
lesions of vascular type [16], hippocampal atrophy,
and inflammatory phenomena which are present both
in depression and AD, probably represent the com-
mon neuropathological substrate of the two disorders
[17].

For patients with AD and depression, depression
treatment should be initiated as soon as possible.
Selective serotonin reuptake inhibitors (SSRIs) [18],
particularly citalopram and sertraline, are still the first
line drugs for treating depressive symptoms in AD,
but they have limited efficacy. Systematic reviews
and meta-analyses did not report enough evidence
to support this practice [19, 20]. For example, citalo-
pram has demonstrated effect on delusions, anxiety,
and irritability, but not on depression/dysphoria [21]
and the use of this drug is associated with cogni-
tive worsening [22]. Sertraline was more effective
than placebo, in the long term [23]. The Cochrane
review on depression in dementia shows, globally,
weak evidence of efficacy for these treatments [24],
and other drugs such as antipsychotics and anticon-
vulsants have not shown more effect [19].

In contrast, the acetylcholinesterase inhibitor
(AChE-I) donepezil leads to a long-term improve-
ment in depression/dysphoria, anxiety, and apa-
thy/indifference [25-27]. The administration of a
stronger cholinergic stimulation by associating to
the AChE-I donepezil to the cholinergic precursor
choline alphoscerate, significantly reduced apathy in
AD [28]. This effect is probably due to the higher
brain acetylcholine bioavailability that this pre-
cursor/inhibitor association induces. These results,
which are in agreement with previous data on choline

alphoscerate [29], can be theoretically explained by
an involvement of the cholinergic system in depres-
sive symptoms of AD subjects.

In this work, we have compared the effect of treat-
ment with the AChE-I donepezil alone or plus choline
alphoscerate compared on depressive symptoms in
AD patients. The analysis was done on AD patients
recruited for the randomized trial ASCOMALVA
(Association between the cholinesterase inhibitor
Donepezil and the cholinergic precursor of choline
alphoscerate in Alzheimer’s disease) [30]. Analysis
included 24 months of observation.

MATERIALS AND METHODS

In the double-blind randomized trial ASCOMA-
LVA [30, 31] out of 113 patients recruited, 71 subjects
had depression symptoms at the baseline, and 19
patients developed depression symptoms during the
period of observation. In these patients, randomly
allotted to the treatment with donepezil 10 mg/day
plus choline alphoscerate 1,200 mg/day (Association
Therapy group, AT) or with donepezil 10 mg/day plus
placebo (Monotherapy group, MT) the effect of phar-
macological treatment on depression were assessed
comparatively.

The mean age of patients was 77 =7 years and
the Mini-Mental State Examination (MMSE) score
at baseline was between 14 and 24. All patients and
their caregivers signed an informed consent.

Depression was investigated at the recruitment
by an informal interview, and by the Frequency x
Severity depression subtest of the Neuropsychiatric
Inventory (NPI) at baseline and after 3, 6, 9, 12, 18
and 24 months. Caregiver’s distress was measured by
the NPI-Distress of depression subtest.

Cognitive functions were investigated by the
MMSE and Alzheimer’s Disease Assessment Scale
Cognitive subscale (ADAS-Cog). MMSE is the best-
known and the most often used short screening tool
for providing an overall measure of cognitive impair-
ment in clinic and research settings.

The ADAS-Cog is considered the gold standard for
assessing the efficacy of antidementia treatments in
clinical trial on patients with AD.

The main results for the primary and secondary
outcome measures of the ASCOMALVA trial are
reported elsewhere [30, 31].

The present description will be limited to the anal-
ysis of the effect of pharmacological treatment on
depression in the AT and MT groups of patients.
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Table 1
Demographic and clinic characteristics of depressed AD patients examined
90 SUBJECT (27 M)
Baseline 12th month p versus 24th month p versus
Baseline Baseline
Age
MT 76+7
AT 78+7
p versus MT 0.10165
Education
MT 7+4
AT 7+4
p versus MT 0.90572
MMSE
MT 204+£2.7 19.1£54 0.15901 17.5+5.9* 0.00359
AT 18.4+3.6% 16.4 +4.5%% 0.02373 15.3 £4.6* 6.75834E-4
p versus MT 0.00418 0.01252 0.05656
NPI (FxS)
MT 243+£173 232+£163 0.74539 29.7+£19.5 0.16677
AT 21.5+12.3 2454152 0.31748 26.5+12.8 0.06565
p versus MT 0.38364 0.69351 0.35909
NPI (distress)
MT 11.5+8.1 122+8.6 0.66936 17.1+14.7* 0.02688
AT 120£79 13.4£9.5 0.43716 14.8+8.6 0.11642
p versus MT 0.77436 0.53863 0.36297

Data are expressed as means £ S.D. MT, Monotherapy (donepezil 10 mg/day + placebo); AT, Associ-
ation therapy (donepezil 10 mg/day + choline alphoscerate 1,200 mg/day); MMSE, Mini-Mental State
Evaluation; NPI (FxS), Neuropsychiatric Inventory frequency multiplied by severity; NPI (stress), Neu-
ropsychiatric Inventory caregiver distress. *p <0.05 by versus baseline, #p <0.05 versus monotherapy.

Procedures

Presence and severity of depression were measured
by the depression subscale of the NPI, a well-known
test which allows a semi-quantitative assessment of
various behavioral symptoms of AD [32]. Depression
scores were obtained by multiplying frequency to
severity. The score >1 in the depression subfield indi-
cates its presence in the last 4 weeks; the maximum
score representing the highest level of depression
is 12.

Statistics

The correlation between the age and gender of
the whole sample and the severity of behavioral
symptoms (NPI-F) was assessed by the Pearson’s
test of correlation. The variation during treatment
in depression sub-item of NPI (NPI-F, NPI-D) for
each treatment group were evaluated at baseline
and at each follow up analysis by contrast state-
ment in proc mixed. Analysis of variance (ANOVA)
for repeated measure with Bonferroni correction
were used for the comparison between treatment
groups.

Ethics

The ASCOMALVA trial was approved by the
Ethics Committee of the National Hospital, “A. Car-
darelli”, Naples, Italy.

RESULTS

Among the patient population of the ASCOMA-
LVA trial (113 subjects), 90 subjects (27 males) (mean
age 77 £ 7 years) presented depression symptomatol-
ogy. Forty-five patients (12 males), with a mean age
of 76 =7 years were in the AT group and forty-five
(15 males) with a mean age of 78 =7 years were in
MT group. The demographic and clinic characteris-
tics of AD patients with depression are summarized
in Table 1.

By analyzing the items of the NPI, we have found,
after two years of treatment, a significant difference in
depression scores between group AT and group MT
patients. An increase in the severity and frequency of
depression symptoms was observed in patients of the
MT group compared to the baseline (Table 2). After
two years of treatment, the severity of depression
was not related to the assumption of antidepressants,
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Table 2
Analysis of depression items of the NPI depression subtest, after two years of treatment
Subtest NPI Depression
Baseline 24th month p versus Difference from
Baseline baseline (SD)
Depression (FxS) in MT subject 42+42 6.3 +4.4* 0.00330 2.1+64
Depression (FxS) in AT subject 47444 4.6+4.2% 0.93208 -0.1+5.0*
p versus MT 0.88708 0.03076 0.04798

Data are expressed as means £ S.D. For the significance of abbreviations, see legend to Table 1. *p < 0.05

versus baseline, *p < 0.05 versus monotherapy.
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Fig. 1. NPI depression subscore (frequency x severity) at the baseline and during the 24 months of observation in AD patients with MMSE
score < 15 indicating severe cognitive impairment (A), with MMSE score 16-19 indicating moderate cognitive impairment (B) and MMSE
score 20-24 indicating mild-moderate cognitive impairment (C). *p < 0.05 versus baseline; #p < 0.05 versus monotherapy.

as reported elsewhere [33]; data of NPI and antide-
pressant intake were converted to qualitative data,
the number of patients respondent/non respondent to
therapy were confronted by chi-square test that not
showed significant response (p=0.077). The corre-
lation of the therapy was also confronted by odds
ratio for the antidepressant efficacy, data shoved not
significant correlation (OR: 2.65, C.I. 0.50 to 14.12;
p=0.254).

Stratification of patients according to MMSE
scores at the recruitment revealed that the 23.5%
of the sample included subjects with a low score
(< 15) (group A), the 64.7% subjects with an inter-
mediate score (16—19) (group B), and the remaining
11.8% of the patients had higher MMSE scores
(20-24) (group C). In group C patients, those with
high MMSE scores indicative of a mild-moderate
cognitive impairment, the difference between the

two treatments was statistically significant (Fig. 1C),
whereas it was not significant in patients with low
and intermediate MMSE scores (Fig. 1A, B).

Stratification of patients according to ADAS-Cog
scores revealed that the 23.5% of the sample included
subjects with a high score (44—60), the 64.7% sub-
jects with an average score (27-43) and the remaining
11.8% of the individuals had low ADAS-Cog scores
(11-26). Similarly, as observed for the MMSE scores,
in subjects with mild-moderate ADAS-Cog scores,
the difference between monotherapy and association
therapy was statistically significant (Fig. 2C). No sta-
tistically significant differences were noticeable in
NPI depression scores between the two treatments in
patients with moderate or severe ADAS-Cog scores
(Fig. 2A, B). Depression severity was not related to
the FAB score (correlation: —0,016 p=0.699) (data
not shown).
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Fig. 2. NPI depression subscore (frequency x severity) at the baseline and during the 24 months of observation in AD patients with ADAS-
Cog scores 44—60 indicating severe cognitive impairment (A), with ADAS-Cog scores 27-43 indicating moderate cognitive impairment (B)
and ADAS-Cog scores 11-26 indicating mild-moderate cognitive impairment (C). *p <0.05 versus baseline; #p <0.05 versus monotherapy.

DISCUSSION

Over one-third of AD patients suffer from depres-
sive symptoms [34-36] or from major depression
[37-39]. These conditions contribute to the func-
tional decline of these subjects [8, 40-42]. In this
and other studies, the depression is more frequent
in women than men, probably because women are
more sensitive to depression [43—45]. Epidemiology
and neuropsychology studies have shown a substan-
tial impact of the depressive symptoms, alone or in
combination, on the cognitive decline in AD [46],
even if different assessments tools are employed [13].
The treatment of depressive symptoms AD is still a
challenge as antidepressants, mainly belonging to the
family of SSRI, have a limited effect [47], suggesting
the presence in AD patients of a wider involvement
of neurotransmitter systems than in patients showing
depression only.

A different mechanism leading to depression and
involving acetylcholine (ACh) has been hypothesized
in the past [48]. This hypothesis has been revis-
ited on the basis of the results coming from studies
of neuroimaging and functional evaluation in AD
patients and depressed subjects [49]. These studies
have demonstrated that the areas mainly involved in
mood regulation are the hippocampus and the subcor-
tical networks of the frontal lobe [50]. These brain
areas are structurally and functionally damaged in

AD patients showing depression, particularly in the
presence of relevant vascular risk factors [35, 47].
Hence, ACh may have a significant impact not only
on attention and learning but on mood regulation too
[52-54] through a quite complex mechanism consist-
ing in the coordination of the neural networks.

Neuropathological studies have also reported in
AD patients with depression, the presence of white
matter lesions in subcortical and frontal areas [16].
These aspects are attributed to the coexistence of
neurodegeneration and vascular impairment in these
subjects which represent a large majority of AD
patients [55]. Choline alphoscerate has demonstrated
to have a neuroprotective effect and has shown a
clear benefit on the cognitive and behavioral symp-
toms in AD subjects with cerebrovascular injury [30,
31]. Unlike the other cholinergic precursors, choline
alphoscerate is probably capable of being rapidly
absorbed and crossing the blood-brain barrier acting
as a donor of metabolically active choline in the brain
and basal forebrain cholinergic structures involved
cognitive activities which are particularly sensitive
to ischemia [56]. A recent study reported that admin-
istration of it, would protect the brain by reducing
transthyretin deposition (an amyloidogenic protein)
and preventing neuroinflammation [57].

The coexistence of both neurodegenerative and
vascular injury occurred also in our sample of sub-
jects. In fact our patients which had AD diagnosed
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according to the National Institute of Neurologi-
cal and Communicative Disorders and Stroke and
the Alzheimer’s Disease and Related Disorders
Association (NINCDS-ADRDA) criteria [58], for
being included in the ASCOMALVA trial [30]
were required to show brain ischemic lesions doc-
umented by neuroimaging techniques and to have
at least two vascular risk factors (as hypertension,
diabetes, obesity, ischemic heart disease, hyper-
cholesterolemia, hyperhomocysteinemia, smoking,
previous cerebrovascular events, family history of
cardio-cerebrovascular diseases). On the other hand,
as reported in systematic reviews and meta-analysis,
patients treated previously with SSRI, did not have
relevant improvement of depressive symptoms [19,
24, 59].

Previous preclinical studies have shown that
choline alphoscerate alone or in association with an
AChE-I enhances cholinergic transmission [30, 31,
60, 61]. Based on these observations, we have evalu-
ated if a higher amount of acetylcholine obtained by
associating donepezil and choline alphoscerate might
have a favorable effect on depression in subjects
with AD. In general, our study has shown a stabil-
ity of the depressive symptoms in subjects receiving
donepezil plus choline alphoscerate for 24 months,
whereas patients receiving donepezil only had a wors-
ening of these symptoms. The more pronounced
effect was found in subjects with mild-moderate cog-
nitive impairment and not in those with moderate
and severe impairment. It is probable that the more
pronounced effect of the association therapy occurs
in the presence of a relatively limited damage of
the cholinergic system. A more relevant impairment
of the brain cholinergic system probably exceeds
the possibility of compensating this imbalance by
increasing cholinergic tone and making more ACh
available. Furthermore, it cannot be excluded that
connections among cholinergic, glutamatergic [62,
63], and monoaminergic pathways [64] in the subcor-
tical networks of the frontal lobe, might be involved
in n the pathophysiology of affective disorders.

Our data could seem conflicting with the large use,
particularly in the past years, of anticholinergic drugs
for depression. Recent studies have suggested that
depression may be relieved by the cholinergic stimu-
lation of a subtype of nicotinic receptors, the alpha7
receptor, through the improvement of hippocampal
function [65]. It is also well known that the hip-
pocampus is involved in depression as well as in
cognitive dysfunctions. In AD it can represent a cross-
road between behavioral and cognitive symptoms

[66]. Furthermore, SSRI indirectly may act on the
cholinergic system by increasing brain ACh levels by
inhibiting the cholinesterase [67]. In this perspective,
it cannot be excluded that a pronounced cholinergic
stimulation induced by the association cholinergic
precursor and inhibitor might help to preserve the
networks involved in mood regulation.

This study has strengths and weaknesses: the
longtime of observation and treatment (24 months)
represent strength points, while the size of the sam-
ple and the post hoc nature of the data are weak points.
We are also aware that even the adequacy of the term
Depression—as it is defined by the Diagnostic and
Statistical Manual of Mental Disorders (DSM)—may
be inadequate to the symptoms of AD. In fact, it
has been suggested that the depressive symptoms
might be better grouped in the category “affective
syndrome” which includes apathy, anxiety, and irri-
tability.

Depressive symptoms were measured by one scale
only, the NPI subtest depression frequency x severity,
which is due to the fact that the study of depressive
symptoms was a secondary outcome of ASCOMA-
LVA trial. On the other hand, the NPI cannot be
considered an exhaustive test for measuring depres-
sion in AD, although no other tools are available for
assessing depressive symptoms in AD.

Increasing evidence suggests a crucial role of brain
membrane lipids (n-3 polyunsaturated fatty acids,
glycerolipids, glycerophospholipids, and sphingo-
lipids) in depression- and anxiety-related behaviors
[68]. It cannot be excluded that the beneficial effect
elicited by choline alphoscerate in depression symp-
toms in AD may be due besides to the induction of
an increase of ACh bioavailability, to an activity on
neuronal reparatory mechanisms promoted by brain
membrane lipids.
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