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Abstract.
Background: Souvenaid® is a medical food that contains nutrients that can help synapse synthesis in Alzheimer’s disease
(AD). The potential effectiveness of combination therapy of Souvenaid with cholinesterase inhibitors (AChEI) is currently
not well-known.
Objective: To look into the effect of combination therapy with Souvenaid plus AChEI in people with mild AD in the
real-world.
Methods: We carried out a retrospective analysis in mild AD patients attending a memory clinic. Three groups were studied
according to the treatment they received: Souvenaid alone (n = 66), AChEI alone (n = 84), and Souvenaid+AChEI (n = 70).
Treatment effects were evaluated at baseline, 6 and 12 months. Cognitive functioning was assessed by Mini-Mental State
Examination (MMSE), Rey Auditory Verbal Learning Test (RAVLT), Symbol Digit Modalities Test (SDMT), Boston Naming
Test (BNT), Trail Making Test (TMT/A-B), Phonemic and Semantic Verbal Fluency Test (PVFT/SVFT); neuropsychiatric
symptoms were evaluated by the Neuropsychiatric Inventory (NPI); functional capacity was assessed by the Bayer Activities
Daily Living Scale (BAYER-S). A Mixed Model for Repeated Measures analysis was carried out to evaluate changes in
outcome scores.
Results: After 12 months Souvenaid+AChEI showed significant improvement in MMSE (p < 0.001), RAVLT (p < 0.0001),
SVFT (p = 0.002), PVFT (p = 0.007), TMTA (p = 0.039), TMTB (p = 0.001), and NPI (p < 0.0001) compared to AChEI alone.
Conclusion: Souvenaid showed cognitive and behavioral benefits in mild AD patients. These effects increased when Sou-
venaid and AChEI were used in combination. This study can serve as a model for the design of prospective controlled trials
that help to support the combined use of Souvenaid and antidementia drugs in AD.
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INTRODUCTION

Alzheimer’s disease (AD) is one of the leading
causes of cognitive and functional impairment among
older persons and has negative consequences for
patients, caregivers, and society [1]. At present, no
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cure for AD is available and the results of several clin-
ical trials conducted to find disease course-modifying
therapies have failed [2, 3]. Current treatments only
manage to slow down the progression of symptoms
or delay institutionalization of the patient [4, 5].
Moreover, the available drugs are often adminis-
tered too late, when the neuronal damage already
affects some crucial brain areas. Hence, given the
progressive course of AD there is an opportunity for
treatment through the development of new therapeu-
tic approaches. Along with amyloid-� aggregation
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and the tau protein hyperphosphorylation [6], another
key pathophysiological characteristics in the early
stages of AD is a reduction of synaptic connections
[7]. Synaptic loss can lead to disruption of neu-
ronal communication and is hypothesized to play
a significant contribution in the course of the dis-
ease [8–10]. Moreover, some components needed to
synthesize phospholipids, the main components of
synaptic membrane, are depleted in AD [11]. Slowing
synaptic loss while improving synapse function could
help maintain neuronal communication and thus
positively affect cognitive functioning. Therefore,
reducing loss of synapses and improving synapse
functionality offers a potential approach for interven-
tion in AD [8, 12].

Souvenaid is a medical nutritional supplement
that contains a combination of docosahexaenoic
acid (DHA), eicosapentaenoic acid (EPA), uridine
monophosphate, choline, phospholipids, selenium,
B vitamins, vitamins C, E, and folic acid. Uridine
monophosphate, choline, DHA, and EPA are precur-
sors for the formation of neuron membranes and the
proper function of neurons and their combination is
aimed at helping the synapse formation and memory
function in AD [13].

Findings from preclinical research show that this
specific combination of nutrients contributes to the
reduction of AD-related brain pathologies in a neu-
roprotective manner [14–16]. In addition, previous
clinical trials evaluated Souvenaid in patients with
mild cognitive impairment due to AD or dementia
of the Alzheimer’s type and showed that Souvenaid
benefited memory functioning in early AD patients
taking no anti-dementia drugs [17–19]. On the con-
trary, the results of a recent Cochrane review states
that there is no strong evidence that Souvenaid shows
significant results for people with AD in the prodro-
mal phase or in the mild and moderate phases of
dementia [20].

The LipiDiDiet study showed no significant effect
of Souvenaid treatment in people with prodromal AD
on the Neuropsychological Test Battery primary out-
come after 24-month intervention [21]. However, the
results also showed a level of cognitive impairment
lower than expected in these patients, implying that
the primary endpoint is underpowered. Group differ-
ences on hippocampal atrophy were observed. In an
extension of the intervention to a 36-month period,
the LipiDiDiet clinical trial showed significant ben-
efits on cognitive decline suggesting that Souvenaid
effects on disease progression may be enhanced with
longer-term use over time [22]. Recently, the recom-

mendations of an expert consensus stated that there is
evidence for Souvenaid to be considered as a thera-
peutic option in some patients with mild AD and those
with mild cognitive impairment due to AD (MCI-AD)
[23].

Currently cholinesterase inhibitors (AChEI) are
the most frequently prescribed drugs to address early
to moderate AD manifestations [24]. Nevertheless,
studies that consider the potential efficacy of com-
bining Souvenaid with AChEIs for the treatment of
AD including prodromal AD are lacking. Recently,
a prospective, non-interventional research showed
that mild AD patients taking Souvenaid alone and
the Souvenaid plus AChEI combination had signifi-
cantly lower monthly increases in Clinical Dementia
Rating Scale scores [25] than either those patients
taking AChEIs alone or those receiving no treatment
[26]. Therefore, since there appears to be a poten-
tial usefulness for adding Souvenaid to usual AChEI
treatment in AD, further evidence supporting the use
of combination therapy is worthwhile.

The objective of this research is to shed light on
the potential synergistic effect of the combination of
Souvenaid with AChEI in patients with mild AD in
a real-world context. For this purpose, we conducted
a review of data from AD patients who attended a
memory clinic over a 12-month period.

METHODS

Patient selection

We retrospectively identified patients diagnosed
with Alzheimer’s disease (AD) attending the
Alzheimer Disease Center and Memory Clinic of
the Instituto Andaluz de Neurociencia (IANEC),
Málaga, Spain, between January 2017 and Decem-
ber 2020. We selected AD patients from the
IANEC memory clinic records. For the diagnosis of
AD, the criteria established by the National Insti-
tute on Aging Alzheimer’s Association workgroups
(NIA/AA) were followed. To be included in the study
AD patients had to be at stage 3 or 4 of the Reisberg
Global Deterioration Scale (GDS) [27]. These GDS
stage are a criterion to prescribe Souvenaid at the
IANEC memory clinic.

The researchers collected data from the patients’
medical history. All selected participants were asked
to allow data collection on their medical history.
In addition to demographic and clinical characteris-
tics, information on treatment with Souvenaid alone



J.M. Garcı́a-Alberca et al. / Souvenaid in Alzheimer’s Disease 1461

or AChEI alone or both substances combined, neu-
rological and psychiatric data, neuropsychological
evaluation, and magnetic resonance imaging (MRI)
were collected. These evaluations are included in the
routine examinations that patients undergo every six
months at the IANEC.

We excluded patients who presented focal neuro-
logical signs, epileptic seizures, brain inflammation,
uncontrolled psychiatric disorders, incomplete med-
ical chart, and sensory impairments such as severe
vision and hearing impairment disorders.

We considered as candidates those patients who
had received treatment for 12 months with any of
the following medications: Souvenaid (1 dose per
day), donepezil (10 mg per day), galantamine (16
or 24 mg per day), or rivastigmine patch (9.5 or
13.3 mg per day). Patients were classified into three
groups according to the treatment followed: Souve-
naid alone, AChEI alone, or Souvenaid plus AChEI.
Patients also were receiving stable doses of other
classes of medications including antihypertensives
(39.1%), anticoagulants (4.2%), calcium channel
blockers (11.4%), diuretics (18.3%), lipid reducing
agents (35.6%), and antidiabetic drugs (19.6%).

During the study period, a total of 332 patients
with AD were identified. Of these 332 subjects, 28
potential participants were not included because they
had no sufficient data in their medical charts, 20 were
unable to be contacted, 17 declined or did not meet
the inclusion criteria (n = 47).

As this was a retrospective study, the sample size
was not determined a priori. The study was approved
by the Málaga Local Ethics Committee and a writ-
ten informed consent was signed by patients or their
legal representative. The study was guided by the
ethical standards adopted by the XVIII World Medi-
cal Assembly Declaration of Helsinki and subsequent
revisions.

Assessment

Recorded data were collected on the effects of
drugs studied on cognitive functioning, behavioral
and psychological symptoms, and functional capac-
ity. Evaluations were carried out at three points in
time: at baseline (the day of assessment and treatment
initiation), at 6 months and at 12 months.

Cognitive function

The Mini-Mental State Examination (MMSE) [28]
is a 30-item questionnaire that is used broadly to

assess cognitive impairment, where lower scores indi-
cate poorer cognitive functioning.

The Rey Auditory Verbal Learning Test (RAVLT)
[29] is designed as a word list learning task to eval-
uate verbal episodic memory and to follow changes
in memory function over time. In this study, imme-
diate recall was assessed using five repetitions of
free-recall of a list of 15 nouns. The total encoding
was obtained from the sum of the number of words
recalled in the five trials.

The Symbol Digit Modalities Test (SDMT) [30]
is frequently used for evaluation of visual-spatial
processing and information processing speed. This
consists of converting symbols in the form of
meaningless geometric figures into oral or written
responses in the form of a number, according to an
established key. After being guided to complete the
first 10 sample items, the number of responses the
patient can give in 90 seconds is recorded.

The Boston Naming Test (BNT) [31] is a visual
confrontational word retrieval test that includes black
and white drawings of various animate and inanimate
objects. The BNT is a widely used test for assessing
lexical access ability. We used the reduced 15-item
BNT.

The Trail Making Test (TMT) [32] is a tool
designed to evaluate attention, flexibility of thought
and visuospatial ability. The TMT has two parts: in
the first part (TMT-A) it is necessary to quickly join
the numbers with lines, these being randomly placed
in numerical order and in the second part (TMT-B)
it is necessary to join the numbers and letters with
lines, these being randomly placed, for example join-
ing the 1 with the A, the 2 with the B, etc. The patient
is taught to complete both parts of the test as quickly
and thoroughly as possible.

Semantic Verbal Fluency Test (SVFT) and Phone-
mic Verbal Fluency Test (PVFT) were used to assess
verbal fluency [33]. Both activate multiple cogni-
tive functions: working memory, sustained attention,
executive functions, semantic memory, search and
retrieval strategies for lexical items, among others. In
the SVFT, all valid animal names evoked in 1 minute
are counted. In the PVFT, subjects had to indicate as
many words as possible beginning with the letter “P”
for 1 minute.

Neuropsychiatric symptoms

The Neuropsychiatric Inventory (NPI) [34] was
used to assess the most frequent behavioral and psy-
chological symptoms of dementia (BPSD) in AD
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Table 1
Demographic and clinical data at baseline of study participants

Variable Overall Souvenaid AChEI Souvenaid+AChEI p
(n = 220) (n = 66) (n = 84) (n = 70) ANOVA/χ2

Age 75.77 ± 5.60 75.92 ± 5.96 75.50 ± 5.22 75.94 ± 5.77 0.857
Sex
Female 131 (59.5) 41 (62.1) 52 (61.9) 38 (54.3) 0.554
Male 89 (40.5) 25 (37.9) 32 (38.1) 32 (45.7)
Marital status
Married 84 (38.2) 28 (42.4) 30 (35.7) 26 (37.2) 0.795
Single/divorced 20 (9.1) 4 (6.1) 8 (9.5) 8 (11.4)
Widowed 116 (52.7) 34 (51.5) 46 (54.8) 36 (51.4)
Education, y 6.55 ± 1.92 6.50 ± 1.92 6.61 ± 2.06 6.51 ± 1.75 0.932
MMSE 20.91 ± 2.17 20.86 ± 2.16 21.10 ± 1.98 20.73 ± 2.27 0.541
RAVLT 18.31 ± 3.15 18.50 ± 2.95 18.32 ± 3.11 18.11 ± 3.23 0.763
SVFT 8.38 ± 1.88 8.42 ± 1.74 8.44 ± 1.68 8.27 ± 1.18 0.450
PVFT 8.68 ± 1.75 8.68 ± 1.84 8.74 ± 1.67 8.61 ± 1.51 0.830
TMTA 163.7 ± 38.52 163.0 ± 39.14 163.31 ± 36.19 164.81 ± 21.37 0.819
TMTB 238.49 ± 38.56 243.08 ± 42.55 235.63 ± 49.82 237.59 ± 35.38 0.490
SDMT 23.48 ± 9.76 22.08 ± 10.62 25.26 ± 9.12 22.67 ± 9.48 0.098
BNT 9.60 ± 1.90 9.64 ± 1.59 9.39 ± 1.93 9.83 ± 2.12 0.364
NPI 24.21 ± 5.67 23.26 ± 5.12 24.35 ± 5.48 24.96 ± 6.31 0.210
BAYER-S 9.00 ± 1.19 9.04 ± 1.13 9.17 ± 1.18 8.77 ± 1.22 0.118

Values are mean ± SD or number (%), ANOVA analysis of variance, χ2, Chi-square. MMSE, Mini-Mental State Examination;
RAVLT, Rey Auditory Verbal Learning Test; SVFT; Semantic Verbal Fluency Test; PVFT; Phonemic Verbal Fluency Test; TMTA,
Trail Making Test part A; TMTB, Trail Makin Test part B; SDMT, Symbol Digit Modalities Test; BNT Boston Naming Test; NPI,
Neuropsychiatric Inventory; BAYER-S, Bayer Activities of Daily Living Scale.

patients. The NPI is made up of 12 domains in which
frequency of symptoms is scored from 1 to 4 points
and their severity from 1 to 3 points. A composite
score of up to 12 points for each domain and up to
144 points for the total NPI can be obtained.

Functional performance

The Bayer Activities of Daily Living Scale
(BAYER-S) [35] was used to evaluate the functional
capacity of the patients. The scale consists of 25 items
that score from 1 to 10 to be answered by the patient’s
family caregiver. Lower scores indicate better func-
tional performance.

Statistical analysis

Demographic and clinical characteristics were
obtained: mean, standard deviation in the case of
quantitative variables; and number and percentage
in the case of qualitative. Analyses of variance
(ANOVA) for continuous variables or nonparamet-
ric tests for categorical variables were performed for
comparisons between groups at baseline.

To study changes in cognitive, functional, and neu-
ropsychiatric scores over follow-up, a Mixed Model
for Repeated Measures (MMRM) analysis was car-
ried out and the effects of time, treatment and their

interaction were included in the analyses. Post hoc
analyses were performed with a Bonferroni correc-
tion for group comparisons. Results were adjusted for
the participants sex, age at baseline, level of educa-
tion and AChEI doses. Cohen’s d standardized effect
sizes were calculated and defined as small d = 0.20,
medium d = 0.50 and large d = 0.80 [36].

All analyses were performed using SPSS Statis-
tics (Version 25.0). A p-value ≤0.05 was considered
statistically significant.

RESULTS

We recruited a total of 220 patients who met
the inclusion criteria and whose medical data were
available in the medical charts for analysis (131
female, 89 male). The mean age of the sample was
of 75.77 ± 5.60 years (range 64–96) and an average
of 6.55 ± 1.92 years of education (range 6–13). All
patients were Caucasian. There was no difference
at baseline between patients treated with Souvenaid
alone (n = 66) and those treated with AChEI alone
(n = 84) or with Souvenaid plus AChEI (n = 70) in
relation to the clinical and demographic variables
(Table 1).
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Cognitive performance

With regard to the MMSE, the MMRM analysis
showed a statistically significant time by treatment
effect (F(2,217) = 40.657, p < 0.0001). The Souvenaid
plus AChEI group had better results than the AChEI
group at 12-month follow-up (+0.17 points, 95% CI:
0.15, 0.32; p < 0.001; Cohen’s d = 0.26) and showed
an improvement already at 6 months. The Souvenaid
plus AChEI group had better results than the Sou-
venaid group at 12-month follow-up (+0.90 points,
95% CI: 0.61, 0.14; p < 0.0001; Cohen´s d = 0.62) and
showed an improvement already at 6 months (Fig. 1).

Concerning the RAVLT, the MMRM analysis
showed a statistically significant time by treatment
effect (F(2,217) = 54.522, p < 0.0001). The Souvenaid
plus AChEI group yielded better results than the
AChEI group at 12-month follow-up (+2.15 points,
95% CI: 1.07, 3.23; p < 0.0001; Cohen´s d = 0.75).
The Souvenaid plus AChEI group yielded better
results than the Souvenaid group at 12-month follow-
up (+1.61 points, 95% CI: 0.46, 2.76; p = 0.002;
Cohen´s d = 0.59) (Fig. 1).

In regard to the SVFT, the MMRM analysis
showed a statistically significant time by treatment
effect (F(2,217) = 16.054, p < 0.0001). The Souvenaid
plus AChEI group rendered better results than the
AChEI group at 12-month follow-up (+0.74 points,
95% CI: 0.22, 1.25; p = 0.002; Cohen´s d = 0.38).
The Souvenaid group rendered better results than
AChEI group at 12-month follow-up (+1.20, 95% CI:
0.67, 1.72; p = 0.001; Cohen´s d = 0.72) and had an
improvement already at 6 months (Fig. 1).

Regarding the PVFT, the MMRM analysis showed
a statistically significant time by treatment effect
(F(2,217) = 9.837, p < 0.0001). The Souvenaid plus
AChEI group had better results than the AChEI
group at 12-month follow-up (+0.83 points, 95% CI:
0.18, 1.46; p = 0.007; Cohen’s d = 0.45). The Sou-
venaid group had better results than AChEI group
at 12-month follow-up (+0.81, 95% CI: 0.15, 1.45;
p = 0.01; Cohen’s d = 0.44). (Fig. 1).

With regard to the TMTA, the MMRM analysis
showed a statistically significant time by treatment
effect (F(2,217) = 36.976, p < 0.0001). The Souvenaid
plus AChEI group yielded better results than the
AChEI group at 12-month follow-up (–9.70 points,
95% CI: –19.05, –3.05; p = 0.039; Cohen’s d = 0.25)
(Fig. 1).

Concerning the TMTB, the MMRM analysis
showed a statistically significant time by treatment
effect (F(2,217) = 12.836, p < 0.0001). The Souvenaid

plus AChEI group had better results than the AChEI
group at 12-month follow-up (–25.69 points, 95%
CI: –39.74, –11.64; p = 0.001; Cohen’s d = 0.52). The
Souvenaid plus AChEI group had better results than
the Souvenaid group at 12-month follow-up (–21.12
points, 95% CI: –36.02, –6.22; p = 0.002; Cohen’s
d = 0.41) (Fig. 1).

The Mixed Model analysis showed no statistically
significant time by treatment effect neither for the
SDMT (F(2,217) = 1.440, p = 0.239) nor for the BNT
(F(2, 217) = 1.586, p = 0.207). There were no signif-
icant differences between-groups.

All three treatment groups showed statistically sig-
nificant improvements on all measures at 12 months
from baseline (Table 2).

Neuropsychiatric symptoms

In regard to the NPI, the MMRM analysis showed
a statistically significant time by treatment effect
(F(2,217) = 8.129, p < 0.0001). The Souvenaid plus
AChEI group had better results than the AChEI group
at 12-month follow-up (–2.92 points, 95% CI: –5.84,
–1.99; p < 0.0001; Cohen’s d = 0.55) and showed
an improvement already at 6 months. The Souve-
naid group yielded better results than the AChEI
group at 12-month follow-up (–2.12 points, 95% CI:
–5.07, –1.15; p = 0.001; Cohen’s d = 0.41) and had an
improvement already at 6 months (Fig. 1). All three
treatment groups showed statistically significant dif-
ferences at 12 months from baseline (Table 2).

Functional performance

With regard to the BAYER-S, the MMRM analysis
showed no statistically significant time by treatment
effect (F(2,217) = 1.586, p = 0.207). There were no
significant differences between-groups. None of the
three treatment groups showed statistically signifi-
cant differences at 12 months from baseline (Table 2).

Safety analysis

Patients who experienced treatment-related
adverse events were 18.6% in the Souvenaid group,
37.2% in the AChEI group, and 39.4% in the
Souvenaid plus AChI group. Table 3 shows the
adverse events that occurred in the three treatment
groups; the most frequently reported were nausea
(9.01%) and dizziness (6.06%) for Souvenaid group;
nausea (8.33%), vertigo (8.33%), dizziness (7.14%),
skin rash (5.95%), fatigue (5.95%), somnolence
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Fig. 1. Significant results from the mixed model analysis at 12-month follow-up. T0, baseline; T1, 6 months; T2, 12 months. Numbers in
the bars are 90% percentile. MMSE, Mini-Mental State Examination; RAVLT, Rey AuditoryVerbal Learning Test; SVFT, Semantic Verbal
Fluency Test; PVFT, Phonemic Verbal Fluency Test; TMTA, Trail Making Test part A; TMTB, Trail Makin Test part B; SDMT, Symbol
Digit Modalities Test; BNT, Boston Naming Test; NPI, Neuropsychiatric Inventory; BAYER-S, Bayer Activities of Daily Living Scale.
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Table 2
Rating scales performance over 12-month follow-up

Variable T0 T1 T2 Difference p Difference p
(T1-T0) (T2-T0)

MMSE
Souvenaid 20.86 ± 2.06 21.53 ± 2.10 22.23 ± 2.18 +0.67 <0.0001 +1.37 <0.0001
AChEi 21.10 ± 1.92 22.04 ± 1.96 22.96 ± 2.75 +0.94 <0.0001 +1.86 <0.001
Souvenaid+AChEI 20.73 ± 2.27 22.13 ± 2.16 23.13 ± 2.29 +1.40 <0.0001 +2.40 <0.0001

RAVLT
Souvenaid 18.50 ± 2.95 19.05 ± 2.76 20.02 ± 2.63 +0.55 <0.0001 +1.52 <0.0001
AChEi 18.32 ± 3.01 18.67 ± 3.06 19.48 ± 2.88 +0.35 <0.0001 +1.16 <0.0001
Souvenaid+AChEI 18.11 ± 3.23 18.41 ± 3.04 21.63 ± 2.78 +0.30 <0.0001 +3.52 <0.0001

SVFT
Souvenaid 8.42 ± 1.74 9.58 ± 1.30 11.32 ± 1.59 +1.16 <0.0001 +2.90 <0.0001
AChEi 8.44 ± 1.68 8.89 ± 1.94 10.12 ± 1.71 +0.45 <0.0001 +1.68 <0.0001
Souvenaid+AChEI 8.27 ± 1.68 8.77 ± 1.72 10.86 ± 1.96 +0.50 <0.0001 +2.59 <0.0001

PVFT
Souvenaid 8.68 ± 1.34 9.73 ± 1.13 11.14 ± 1.91 +1.05 <0.0001 +2.46 <0.0001
AChEi 8.74 ± 1.77 9.38 ± 1.48 10.33 ± 1.75 +0.64 <0.0001 +1.59 <0.0001
Souvenaid+AChEI 8.61 ± 1.51 9.59 ± 1.71 11.16 ± 1.92 +0.98 <0.0001 +2.55 <0.0001

TMTA
Souvenaid 163.0 ± 28.14 153.64 ± 28.18 146.36 ± 32.78 –9.36 <0.0001 –16.64 <0.001
AChEi 163.31 ± 33.19 159.61 ± 29.48 153.57 ± 36.20 –3.70 <0.0001 –9.74 <0.001
Souvenaid+AChEI 164.81 ± 28.37 153.47 ± 29.59 143.87 ± 42.10 –11.34 <0.0001 –20.94 <0.001

TMTB
Souvenaid 243.08 ± 44.55 190.88 ± 45.43 169.32 ± 50.48 –52.20 <0.0001 –73.76 <0.001
AChEi 235.63 ± 43.82 199.93 ± 43.86 173.89 ± 47.17 –35.70 <0.0001 –61.74 <0.001
Souvenaid+AChEI 237.59 ± 45.38 193.19 ± 38.90 148.20 ± 51.57 –44.40 <0.0001 –89.39 <0.001

SDMT
Souvenaid 22.08 ± 10.62 27.38 ± 8.18 30.21 ± 8.79 +5.30 <0.001 +8.13 <0.001
AChEi 25.26 ± 9.12 28.57 ± 9.69 33.08 ± 9.60 +3.31 0.002 +7.82 <0.001
Souvenaid+AChEI 22.67 ± 9.48 22.46 ± 10.41 31.63 ± 10.93 –0.21 0.192 +8.96 <0.001

BNT
Souvenaid 9.64 ± 1.59 10.67 ± 1.28 12.44 ± 1.15 +1.03 <0.001 +2.80 <0.001
AChEi 9.39 ± 1.93 10.93 ± 1.21 12.07 ± 1.33 +1.54 <0.001 +2.68 <0.001
Souvenaid+AChEI 9.83 ± 2.12 11.00 ± 1.35 12.10 ± 1.32 +1.17 <0.001 +2.27 <0.001

NPI
Souvenaid 23.26 ± 5.12 16.11 ± 5.37 12.86 ± 5.11 –7.15 <0.0001 –10.40 <0.0001
AChEi 24.35 ± 4.48 20.45 ± 5.94 14.98 ± 5.28 –3.90 <0.0001 –9.37 <0.0001
Souvenaid+AChEI 24.96 ± 6.31 16.73 ± 5.26 12.06 ± 5.33 –8.23 <0.0001 –12.90 <0.0001

BAYER-S
Souvenaid 9.04 ± 1.13 8.34 ± 1.61 9.43 ± 0.51 –0.70 0.422 +0.39 0.310
AChEI 9.17 ± 1.18 8.37 ± 1.62 9.32 ± 1.11 –0.80 0.306 +0.15 0.782
Souvenaid+AChEI 8.77 ± 1.22 8.50 ± 1.62 8.74 ± 1.22 –0.27 0.768 –0.03 0.256

T0 baseline, T1 follow-up 6 months, T2 follow-up 12 months, Values are mean ± SD. MMSE, Mini-Mental State Examination; RAVLT, Rey
Auditory Verbal Learning Test; SVFT, Semantic Verbal Fluency Test; PVFT, Phonemic Verbal Fluency Test; TMTA, Trail Making Test part
A; TMTB, Trail Makin Test part B; SDMT, Symbol Digit Modalities Test; BNT, Boston Naming Test; NPI, Neuropsychiatric Inventory;
BAYER-S, Bayer Activities of Daily Living Scale.

(5.95%), and constipation (5.95%) for the AChEI
group and nausea (14.28%), dizziness (8.57%),
headaches (7.14%), and skin rashes (7.14%) in
the Souvenaid+AChEI group. None of the patients
presented serious side effects and all of them were
temporary and resolved spontaneously.

DISCUSSION

The combination treatment of Souvenaid with
AChEI for 12 months was well tolerated and showed

significant improvement in cognitive functioning
and behavioral symptomatology in patients suffering
from early AD. These results, based on real clini-
cal practice, suggest that combining two drugs whose
actions are based on different mechanisms could pro-
vide greater efficacy in the treatment of early AD than
using each drug separately. Moreover, these results
may be useful for designing future prospective clin-
ical trials to provide further evidence in support of
combination therapy in patients with AD.

The combination of Souvenaid and AChEI yielded
a statistically significant improvement over AChEI
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Table 3
Treatment adverse events reported

Souvenaid AChEI Souvenaid+AChEI p
(n = 66) (n = 84) (n = 70) Fisher’s Exact Test

Nausea 6 (9.0) 7 (8.3) 10 (14.3) 0.31
Headache 3 (4.5) 5 (5.9) 5 (7.1) 0.43
Dizziness 4 (6.1) 6 (7.1) 6 (8.6) 0.15
Constipation 0 5 (5.9) 4 (5.7) 0.42
Diarrhea 1 (1.5) 4 (4.8) 4 (5.7) 0.28
Insomnia 0 4 (4.8) 4 (5.7) 0.20
Somnolence 0 5 (5.9) 2 (2.8) 0.16
Tremor 0 3 (3.6) 3 (4.3) 0.11
Fatigue 0 5 (5.9) 3 (4.3) 0.13
Vertigo 0 7 (8.3) 4 (5.7) 0.26
Agitation 0 3 (3.6) 4 (5.7) 0.31
Skin rashes 0 5 (5.9) 5 (7.1) 0.05
Dry mouth 3 (4.5) 3 (3.6) 4 (5.7) 0.17

Data are number (%).

alone after the 12-month follow-up in MMSE,
RAVLT, SVFT, PVFT, TMTA, TMTB, and NPI.
Furthermore, the combined treatment also showed
improvement already at 6 months in the MMSE and
NPI. In the same line, the Souvenaid plus AChEI
group showed a significant improvement compared
to Souvenaid treatment alone at 12 months in MMSE,
RAVLT and TMT-B. In addition, the combined treat-
ment also showed an improvement already at 6
months in the MMSE. These results suggest that
combined treatment may benefit performance in sev-
eral cognitive areas: sustained attention, short-term
memory, verbal episodic memory, working memory,
linguistic competence, executive functioning, visu-
ospatial ability, and semantic knowledge.

Regarding treatment with Souvenaid alone, a sig-
nificant improvement over AChEI alone was seen in
SVFT, PVFT, and NPI after the 12-month follow-
up. In addition, the Souvenaid group also showed
an improvement already at 6 months in SVFT and
NPI. The positive effect observed in the Souvenaid
group alone coincides with the findings presented
by other studies showing the efficacy of Souvenaid
in improving cognitive function in people with MCI
and mild AD, while maintaining a good safety profile
[17, 18, 21, 22, 37]. Overall, the results of these stud-
ies support the hypothesis that Souvenaid can benefit
patients with mild AD. This multinutrient interven-
tion showed beneficial effects on several cognitive
functions, as well as on functional capacity, brain
atrophy and disease advance. Interestingly, our find-
ings also showed that along with the observed benefits
on cognition, the Souvenaid treatment alone also
yielded significant improvement on neuropsychiatric
symptoms.

Regarding the benefit of the addition of Souve-
naid to AChEIs, our findings showed a significant
improvement at 12 months on most cognitive
measures and also on neuropsychiatric measures
compared to AChEI group alone or Souvenaid group
alone. These superior benefits of the Souvenaid plus
AChEI treatment group are especially relevant in
episodic memory, as measured by the RAVLT, whose
deficiency is one of the early manifestations in the
initial stages of AD and is thought to be associated
with synaptic dysfunction [38, 39]. The evidence of
the improvement obtained by the combined treatment
on cognitive function was reinforced by the positive
results obtained in most of the tests used in the assess-
ment, which seems to benefit performance not only
in memory but also in other cognitive areas. Fur-
thermore, our study also shows relevant benefits of
combined treatment for neuropsychiatric symptoms
compared to AChEI treatment alone.

Importantly, the clinical significance of the statis-
tically significant effect observed with the combined
treatment could be ascertained by the value of
the effect sizes obtained, which reached a median
Cohen’s d of 0.43 for the combined treatment com-
pared to AChEI alone and 0.54 for Souvenaid alone.
This is in agreement with data from randomized con-
trolled trials of Souvenaid in AD that showed that
effect sizes for cognitive, functional, and behavioral
outcomes tend to confirm that Souvenaid can achieve
clinically evident effects in patients with mild AD
[40]. Nevertheless, given the retrospective nature of
our study these results should be considered as indica-
tive and exploratory and interpreted with caution.

Based on these findings, a potential synergistic
effect based on the addition of different mecha-
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nisms of action exerted by both treatment groups
should be considered. Since AD is a multifactorial
disorder, it is of interest to investigate the associa-
tion of different therapeutic approaches to address
the different factors involved in its pathogenesis,
including cholinergic deficit and synaptic dysfunc-
tion. The loss of the brain cholinergic neurons and
the deterioration of neurotransmission related to
reduced acetylcholinesterase activity are critical fac-
tors involved in AD pathogenesis [41, 42]. Therefore,
improving brain acetylcholine levels by inhibiting
acetylcholinesterase enzyme activity is one of the
main therapeutic strategies. In this regard, the ability
to restrain acetylcholinesterase action is the basis for
the use of AChEIs, potentially restoring physiologi-
cal levels of acetylcholine at the synapse. In this way,
it would improve the functioning of the cholinergic
system [42].

The specific nutrient combination of Souvenaid
was specifically selected and designed to supply
membrane precursors and cofactors that enhance the
efficiency in phospholipid turn over, to preserve neu-
ron membrane integrity and, consequently, extend the
synaptic connectivity. This approach has been sup-
ported by the results of several studies. Based on the
knowledge that the electroencephalography (EEG)
signal reveals the synchronous activity of synaptic
clusters and can thus be considered a derivate of
underlying synaptic functionality, some EEG clinical
trials have explored the effectiveness of Souvenaid on
neural networks in mild AD patients [43]. The results
of these studies show that Souvenaid contributes to
the maintenance of brain connectivity in mild AD,
which could potentially compensate for the gradual
deterioration of neural networks as the disease pro-
gresses, thus supporting that Souvenaid influences
connectivity and function of synapses [18, 44]. On
the other hand, a cohort study of patients with MCI
at risk for progression to AD used 18F-FDG PET
scans as a direct indicator of synaptic function and
organization. The results found that scans of patients
taking Souvenaid showed less significant worsening
of glucose metabolism compared to the significant
worsening of those patients who did not take Souve-
naid [37]. In line with findings in preclinical studies,
proton magnetic resonance spectroscopy reveals that
Souvenaid affects brain phospholipid metabolism in
mild AD [45].

All things considered, the benefits of combined
treatment with Souvenaid and AChEIs showed in
our study could be based on the potential sum of
the acetylcholinesterase inhibitory result caused by

AChEI added to the potential positive effect of Sou-
venaid on development and functioning of synapses.

A strength of this study was the one-year follow-up
period, which may indicate that the clinical bene-
fit of Souvenaid plus AChEI could be related to its
long-term use. This is consistent with findings from
a recent clinical trial showing the positive effects of
Souvenaid after 36 months of treatment on prodro-
mal AD [22]. In addition, all patients in the study
went through a complete neuropsychological evalua-
tion based on broadly used neuropsychological tests.
Semiannual evaluations favored close monitoring of
clinical changes.

This study has some limitations that should be kept
in mind when reading the validity of the findings.
Since this was a retrospective study, assignment of
patients to treatment groups could not be randomized,
which could affect the attained results reached. Fur-
thermore, the observational nature of the study does
not allow causality to be concluded. Moreover, as this
was a single-center study, only a limited number of
patients could be recruited. Moreover, we considered
AChEIs as a whole without focusing specifically on
any of them. Therefore, clinical differences could be
found if the AChEIs were studied individually. Nev-
ertheless, the available scientific evidence does not
show superiority of any one single AChEI [46].

Conclusions

Treatment with Souvenaid yielded cognitive and
behavioral benefits in patients with early AD, prob-
ably due to the positive effect exerted on functional
neuronal connectivity. The combined use of Souve-
naid and AChEI led to greater benefits, probably due
to the combination of different pathophysiological
mechanisms so that the combined treatment seems
to be superior to the treatment with AChEI alone
or Souvenaid alone. Importantly, the findings of the
present study pave the way for future longitudinal
controlled trials to provide further evidence on the
efficacy of the combination of Souvenaid and other
medications in MCI due to AD and in mild to moder-
ate AD. In addition, this study could help clinicians
in the pharmacological approach to the early stages
of AD.
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