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Abstract. Souvenaid aims to improve synapse formation and function. An earlier study in patients with Alzheimer’s disease
(AD) showed that Souvenaid increased memory performance after 12 weeks in drug-naı̈ve patients with mild AD. The Souvenir
II study was a 24-week, randomized, controlled, double-blind, parallel-group, multi-country trial to confirm and extend previous
findings in drug-naı̈ve patients with mild AD. Patients were randomized 1 : 1 to receive Souvenaid or an iso-caloric control
product once daily for 24 weeks. The primary outcome was the memory function domain Z-score of the Neuropsychological
Test Battery (NTB) over 24 weeks. Electroencephalography (EEG) measures served as secondary outcomes as marker for synaptic
connectivity. Assessments were done at baseline, 12, and 24 weeks. The NTB memory domain Z-score was significantly increased
in the active versus the control group over the 24-week intervention period (p = 0.023; Cohen’s d = 0.21; 95% confidence interval
[−0.06]–[0.49]). A trend for an effect was observed on the NTB total composite z-score (p = 0·053). EEG measures of functional
connectivity in the delta band were significantly different between study groups during 24 weeks in favor of the active group.
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Compliance was very high (96.6% [control] and 97.1% [active]). No difference between study groups in the occurrence of
(serious) adverse events. This study demonstrates that Souvenaid is well tolerated and improves memory performance in drug-
naı̈ve patients with mild AD. EEG outcomes suggest that Souvenaid has an effect on brain functional connectivity, supporting
the underlying hypothesis of changed synaptic activity.

Keywords: Alzheimer’s disease, dietary management, medical food, membrane phosphatide synthesis, nutritional intervention,
randomized clinical trial, synapse formation, synaptic activity
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INTRODUCTION

The main pathological hallmarks of Alzheimer’s
disease (AD) are known to include the accumulation
of amyloid-� plaques and neurofibrillary tangles due
to abnormal protein processing. From the very start of
the disease process, there is synaptic loss and reduced
synaptic activity/connectivity in specific brain areas [1,
2]. In addition, synapse loss is considered to be the most
direct structural correlate of cognitive performance in
AD [3], compared with the number of plaques or tan-
gles, or degree of neuronal loss [2]. Synapses consist
principally of neuronal membranes, and the neuronal
and synaptic loss observed in AD has been linked
to the degeneration of these membranes [4, 5]. This
degeneration may account for the disturbed organiza-
tion of brain networks, and support for this has been
found in human studies showing impaired functional
brain connectivity in patients with AD compared with
controls [6, 7]. As such, synaptic loss and membrane-
related pathology provide potentially useful targets for
intervention in AD.

Administration of nutrients that are precursors for
the abundant phosphatides in neuronal membranes
can, in experimental animals, increase the forma-
tion and cellular levels of brain phosphatides [8].
In vitro and in vivo studies have demonstrated that
supplementation with docosahexaenoic acid (DHA)
or eicosapentaenoic acid (EPA), uridine (as uridine
monophosphate [UMP]), and choline not only increase
phosphatide synthesis [8], but also increase neurite out-
growth, levels of specific pre- or post-synaptic proteins,
and the number of dendritic spines, all prerequisites
for new synapse formation [9, 10]. Furthermore, B
vitamins as co-factors enhance endogenous precur-
sor synthesis via the regeneration of methyl groups,
therefore affecting the availability of precursors [11],
and potentially synaptogenesis. The administration
of combinations of phospholipid synthesis-promoting
nutrients has also been shown to enhance cognitive
function and neurotransmitter release in animal models
[12, 13].

These observations suggested that administering
specific nutrients could increase synapse formation
and synaptic function, and could potentially ame-
liorate cognitive disturbances of patients with AD
[14]. This hypothesis formed the basis for the devel-
opment of Souvenaid® (Nutricia N.V., Zoetermeer,
The Netherlands), a product intended as a medical
food* for oral consumption under medical supervision
with the purpose of addressing disease-specific nutri-
ent requirements. Souvenaid contains the nutritional
combination FortasynTM Connect, which includes pre-
cursors and other specific nutrients required to enhance
neuronal membrane formation (Table 1).

Synaptic dysfunction is a pathological process
involved in the early stages of AD [1, 2]. Target-
ing synaptic loss and membrane-related pathology
might therefore be most efficacious at this stage. Fur-
thermore, it is commonly accepted in the field that
interventions must be administered as early as possible.
Therefore, the efficacy and tolerability of Souve-
naid was first tested in a double-blind, controlled,
multi-country, proof-of-concept study (Souvenir I
study, Dutch Trial Register #ISRCTN72254645)
involving 225 drug-naı̈ve patients with mild AD (Mini-
Mental State Examination [MMSE] scores, 20–26).
In that study, Souvenaid was well tolerated and
improved 12-week memory performance as measured
by delayed verbal recall testing, the co-primary end-
point of the study. The other co-primary outcome
(Alzheimer’s Disease Assessment Scale-cognitive

∗A medical food is (in the USA) defined in 21 U.S.C. §360ee(b)(3)
as “a food which is formulated to be consumed or administered enter-
ally under the supervision of a physician and which is intended for
the specific dietary management of a disease or condition for which
distinctive nutritional requirements, based on recognizable scientific
principles, are established by medical evaluation”1. A comparable
definition exists in the harmonized legislation of the European Union
(cf. Article 1,2(b) of Commission Directive 1999/21/EC of 25 March
1999 on dietary foods for special medical purposes.

1 US Food and Drug Administration. Frequently Asked Questions
About Medical Foods. College Park, MD: FDA, Center for Food
Safety and Applied Nutrition, US Department of Health and Human
Services; 2007.
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Table 1
Nutritional composition of Fortasyn™ Connect, the nutrient combi-

nation in Souvenaid

Component Amount per
daily dose*

Eicosapentaenoic acid, mg 300
Docosahexaenoic acid, mg 1200
Phospholipids, mg 106
Choline, mg 400
Uridine monophosphate, mg 625
Vitamin E (alpha-tocopherol equivalents), mg 40
Vitamin C, mg 80
Selenium, �g 60
Vitamin B12, �g 3
Vitamin B6, mg 1
Folic acid, �g 400

*Souvenaid (125 mL [125 kcal] daily dose) contains Fortasyn Con-
nect. Souvenaid is a registered trademark of Nutricia N.V. Fortasyn
is a trademark of Nutricia N.V.

subscale [ADAS-cog]) remained unchanged [15]. The
results of the Souvenir I study provided a first indi-
cation to support the hypothesis above; however, no
biomarkers of synaptic activity and connectivity were
measured to further validate this hypothesis.

Although it is not possible to quantify synaptic den-
sity directly in humans, electrical brain activity can be
measured directly at the skull with electroencephalog-
raphy (EEG). The resulting time series are a compound
of synaptic activity in the cerebral cortex underneath
the EEG electrodes. Newer techniques for the analysis
of EEG signals allow us to study whether changes in
synaptic activity can be detected as changes in func-
tional connectivity [16].

It has been reported previously that the ADAS-cog
as a tool for measuring cognition may not be adequate
to detect changes in patients with milder stages of
AD [17], something which is in line with the obser-
vations of the Souvenir I study [15, 18]. The use of
a Neuropsychological Test Battery (NTB) is increas-
ingly seen as a promising method to detect changes
in cognition in early AD [17]. In addition, early AD
is characterized by deficits in episodic memory [19]
and the NTB has shown to be able to detect changes in
memory performance [20].

Taking into account all of the above, the ‘Souvenir
II’ study was designed to evaluate the effect of Sou-
venaid on memory in drug-naı̈ve patients with mild
AD (MMSE ≥ 20), using an intervention period of
24 weeks and the NTB memory domain score as the
primary outcome measure. EEG was included as a sec-
ondary parameter to substantiate the biological effect
on synaptic function.

MATERIALS AND METHODS

Patients

The Souvenir II study was a 24-week, ran-
domized, controlled, double-blind, parallel-group,
multi-country, trial to assess the efficacy and tolerabil-
ity of Souvenaid in drug-naı̈ve patients with mild AD.
Patients aged ≥50 years with a diagnosis of probable
AD according to the National Institute of Neurolog-
ical and Communicative Disorders and Stroke and
the Alzheimer’s Disease and Related Disorders Asso-
ciation (NINCDS-ADRDA) criteria [21], an MMSE
score of ≥20, and a responsible caregiver were eligible
for inclusion if a recent magnetic resonance imaging
(MRI) or computed tomography (CT) scan had shown
no evidence of any other potential causes of dementia.

Exclusion criteria included diagnosis of a signifi-
cant neurological disease other than AD; a Geriatric
Depression Scale (15-item) score of >6; use of a
cholinesterase inhibitor or NMDA-receptor antag-
onist within 3 months prior to baseline; use of
omega-3 fatty acid containing supplements or regu-
lar consumption of oily fish (>twice/week) within 2
months prior to baseline; use of atropine, scopolamine,
tolterodine, hyoscyamine, biperiden, benztropine, tri-
hexyphenidyl, oxybutynin, antipsychotics, vitamins B,
C, and/or E (>200% of the recommended daily intake),
consumption of high energy and/or high protein nutri-
tional supplements, a change in dose of lipid-lowering
medications, antidepressants, antihypertensives, or the
use of other investigational products within 1 month
prior to baseline; excessive alcohol intake or drug
abuse; nursing home institutionalization; or investiga-
tor uncertainty regarding the willingness or ability of
the patient to comply with the protocol.

Procedures

Participants were recruited from 27 AD centers:
The Netherlands (9 centers), Germany (5 centers),
Belgium (4 centers), Spain (3 centers), Italy (3 cen-
ters), and France (3 centers). Written informed consent
was obtained from patients and caregivers. The Ethics
Committees of each participating center reviewed
and approved the protocol. The study was conducted
in accordance with the Declaration of Helsinki, the
International Conference on Harmonisation guidelines
for Good Clinical Practice as appropriate for nutri-
tional products, and local legislation of the country
in which the research was conducted. The Dutch Trial
Registration number for this study is NTR1975.
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Upon entry into the study, patients were randomized
1 : 1 to receive the active product Souvenaid, contain-
ing the specific nutrient combination Fortasyn Connect
(DHA, EPA, phospholipids, choline, UMP, vitamin
B12, B6, and folate, vitamins C and E, and selenium
[Table 1]), together with other vitamins, minerals, trace
elements and macronutrients, or an iso-caloric con-
trol product that lacked Fortasyn Connect, but that was
otherwise identical to the active product. Both study
products were available as a 125 mL drink with an
identical taste profile and appearance, taken once daily
for 24 weeks. Allocation to the study groups was per-
formed using a central randomization procedure in the
Electronic Data Capture system, using four different
randomization codes (A, B, C, and D). The investiga-
tor, study-site staff, Danone Research staff, study staff
of the Clinical Research Organisation, patients, and
caregivers were all blinded to the study products. The
randomization code was not broken until initial statis-
tical modeling of the primary outcome was complete.

Major study parameters were assessed at baseline,
12, and 24 weeks. Adverse events (AEs) and changes
in concomitant medication and nutritional supplements
were recorded every three weeks.

Assessments

Primary outcome measure
The primary outcome measure to assess the effect

of Souvenaid on memory performance over 24 weeks
was the memory function domain score (z-score) based
on the NTB [22]. This domain includes Rey Auditory
Verbal Learning Test immediate recall, delayed recall
and recognition performance, and Wechsler Memory
Scale-revised (WMS-r) verbal paired associates imme-
diate and delayed recall.

Secondary outcome measures
Secondary outcome measures included the exec-

utive function domain score (z-score) based on the
WMS-r Digit Span, Trail Making Tests parts A and B
(Delis Kaplan Executive Function System™ condition
2 and condition 4, respectively), Category Fluency, and
the Controlled Oral Word Association Test. In addition
to these tests, the Souvenir II study NTB consisted
of the orientation task of the ADAS-cog and the Let-
ter Digit Substitution Test. Study staff performing the
assessments received appropriate training on outcome
assessments prior to the start of the study.

Other secondary outcome measures included the
total NTB composite score (based on all 12 NTB
components), individual item scores from the NTB,

assessments of functional ability (Disability Assess-
ment for Dementia scale [DAD]) [23], nutritional
blood parameters (plasma vitamin E, erythrocyte DHA
and EPA, and homocysteine), and EEG to assess
eyes-closed resting-state oscillatory brain activity and
functional brain connectivity.

EEG data were available for a subset of subjects, as
not all study sites were able to collect high quality EEG
data. Relative and absolute power in alpha, beta, theta,
and delta frequency bands and peak frequency (i.e., the
dominant frequency of the power spectrum [24]) were
used to assess oscillatory brain activity. The Phase Lag
Index (PLI) in the frequency bands was used as the
biomarker of functional connectivity, as it is not sen-
sitive to volume conduction [25]; the higher the mean
PLI value, the more brain regions are functionally con-
nected. Extensive EEG protocol and analysis methods
are described in the Supplementary data (avail-
able online: http://www.j-alz.com/issues/31/vol31-
1.html#supplementarydata06).

Safety assessments
Safety assessments included the examination of

patient medical history, recording of adverse events,
and the monitoring of vital signs and additional labo-
ratory parameters.

Statistical analyses

Sample size was based on repeated measurement
analysis. Using an estimated effect size between active
and control groups of 0.4 over 24 weeks, a significance
level (�) of 0.05 and power (�) of 80%, and assuming
a 15% drop-out rate, a sample size of 226 randomized
patients was calculated. A pre-specified, blinded, re-
estimation of the nuisance parameters was conducted
to assess whether the calculated sample size was ade-
quate. The results of this analysis and blind interim
safety data were reviewed by an independent Data
Monitoring Committee, which recommended contin-
uation of the trial without modification.

Efficacy analyses were performed on the intent-to-
treat population, defined as all patients randomized.
Safety analyses were performed on the all-subjects-
treated population, defined as all randomized patients
who received at least one dose of study product.

NTB domain z-scores were calculated by averaging
the individual NTB item z-scores, which were calcu-
lated using the following equation: (individual NTB
item score - baseline mean of study group)/baseline
standard deviation.

http://www.j-alz.com/issues/31/vol31-1.html#supplementarydata06
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Changes from baseline in outcome measures were
analyzed using a mixed model for repeated mea-
sures (MMRM) with SAS® software (SAS Enterprise
Guide 4.3 for Windows, SAS Institute Inc., Cary,
NC, USA). In a three-level model with random
site-specific intercepts and random subject-specific
intercepts, group (treatment arm), time (treatment
duration), and the group*time interaction were tested
and adjusted for baseline values (baseline was included
as covariate). The two degrees of freedom (df) con-
trast describing the difference in trajectories over
time between active and control groups was taken
as the primary indication of treatment effect during
the intervention period. In addition, endpoint contrasts
were reported. Sensitivity analyses were performed
to check sources of variability and uncertainty of the
data.

EEG data (relative and absolute power, PLI in alpha,
beta, theta, and delta frequency bands and peak fre-
quency) were analyzed using MMRM (2 df contrast)
with post-baseline measurements as an outcome. All
analyses included baseline and sample frequency as
covariates. For the EEG power and PLI data, the mod-
eling approach first examined whether an interaction
between treatment and time could be considered con-
stant over six brain areas (left/right fronto-central,
left/right temporal, left/right parieto-occipital).

Non-parametric alternatives (e.g., the Mann-
Whitney U test) were used for non-normal distributions
that were not sufficiently improved by transformations.

RESULTS

In total, 259 patients were randomized to interven-
tion between November 2009 and May 2011 (Fig. 1).
Twenty-one patients (8.1%) discontinued the study.
Reasons for discontinuation included withdrawal of
consent (n = 11), (serious) AEs (SAEs) (n = 5, 3 in
the active group and 2 in the control group), patient
lost to follow-up (n = 1), major protocol deviation
(n = 1), and ‘other’ (n = 3). Baseline characteristics are
summarized in Table 2. The study groups were well
matched with regard to all characteristics. The mean
baseline MMSE score for the overall study group
was 25.0, suggestive of a population with very mild
AD.

Primary outcome parameter

The NTB memory domain data are presented in
Fig. 2 and Table 3. The memory domain z-score
showed significant differences between the active

Fig. 1. Patient disposition. AST, all-subjects-treated population;
ITT, intent-to-treat population.

Table 2
Baseline demographics and characteristics of the intent-to-treat

population

Control Active
(n = 129) (n = 130)

Male, n (%) 64 (49.6) 68 (52.3)
Age, years [range] 73.2 (8.4) [51–88] 74.4 (6.9) [55–89]
Body mass index,

kg/m2
26.7 (4.2) 26.1 (4.1)

Years of education
beyond primary
school

6.6 (4.6) 6.5 (4.8)

Duration of AD since
diagnosis, months,
Median [range]

2.0 [0.0–88.0] 1.0 [0.0–70.0]

Apolipoprotein E �4
carrier, n (%)

No 58 (49.2) 62 (51.2)
Yes 60 (50.8) 59 (48.8)

Unknown 11 9
Total Mini-Mental

State Examination
score

25.0 (2.8) 24.9 (2.9)

Data are presented as mean (standard deviation) unless stated
otherwise.

and control groups in the trajectory over time dur-
ing the 24-week intervention period (MMRM, 2 df
contrast, p = 0.023, Cohen’s d on 24-week change
from baseline scores: 0.21, 95% confidence interval
[−0.06]–[0.49]). The significance of the difference
between the active and control groups in their trajec-
tories over time was primarily driven by the changes
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Fig. 2. Mean change from baseline in the Neuropsychological Test
Battery (NTB) memory composite score. Error bars represent stan-
dard errors. The difference in trajectories over time between active
and control groups during the 24-week intervention period: p = 0.023
(mixed model for repeated measures, 2 degrees of freedom contrast).

from Week 12 to Week 24 (MMRM, 1 df contrast,
p = 0.006).

Additional sensitivity analyses confirmed the
robustness of the significant intervention effect. For
example, the effect remained significant in statistical
models with different options for the site variance,
including site as fixed effect factor, or including an
additional random site*treatment interaction effect. In
addition, to evaluate the effect of missing NTB items,
multiple imputation was used for the calculation of the
NTB composite scores in the case of one or two missing
NTB items. This confirmed the significant effect on the
memory domain score over the 24-week intervention
period (MMRM, 2 df contrast, p = 0.032).

Secondary outcome parameters

There was a trend (MMRM, 2 df contrast, p = 0·053)
for an effect on NTB total composite score during
the 24-week study period (see Fig. 3 and Table 3).
No significant intervention effect on the NTB execu-
tive function domain (MMRM, 2 df contrast, p = 0.686,
Fig. 3 and Table 3) was observed over 24 weeks. The
results of all NTB individual items are summarized in
supplementary Table 1.

For the DAD scores (ranging from 0% [most severe
disability] to 100% [no disability]), a large propor-
tion (26%) of patients achieved a maximum score at
baseline (median = 91.2% [range 27.5–100%], overall
study group), resulting in a far from normal distribu-
tion. Non-parametric testing of DAD scores did not
reveal any significant difference between groups at
study endpoint (Mann-Whitney U test, p = 0.361).

EEG data were available for a subset of 179 sub-
jects (86 and 93 from active and control groups,
respectively). Parameters on EEG recording and anal-
ysis are presented in the Supplementary data, as are
baseline characteristics for the subset of subjects for
whom EEG data were available (see supplementary
Tables 2 and 3). The predefined EEG power and
PLI analyses were conducted over all brain areas
since no significant interaction effects with brain area
were observed. No significant differences between the
groups were identified in the relative and absolute
power of the different frequency bands. As expected
in progressive AD, peak frequency slowed in the
control group, which is indicative of cognitive dete-
rioration [24]. The change in peak frequency over

Table 3
Descriptive statistics for NTB composite scores (intent-to-treat population)

Control Active p-value†
(n = 129) (n = 130)

NTB memory domain z-score
Baseline 0.078 (0.884) [118] −0.021 (0.812) [116]
Change baseline – Week 12 0.143 (0.429) [100] 0.089 (0.381) [107]
Change baseline – Week 24 0.111 (0.463) [103] 0.202 (0.395) [103] p = 0.090

24-week trajectory p = 0.023
NTB executive function domain z-score
Baseline 0.043 (0.779) [113] 0.067 (0.734) [113]
Change baseline – Week 12 0.014 (0.351) [97] 0.028 (0.337) [100]
Change baseline – Week 24 0.006 (0.323) [99] 0.048 (0.333) [93] p = 0.386

24-week trajectory p = 0.686
NTB total composite z-score
Baseline 0.115 (0.719) [105] 0.029 (0.695) [102]
Change baseline – Week 12 0.075 (0.262) [84] 0.063 (0.284) [85]
Change baseline – Week 24 0.035 (0.286) [89] 0.120 (0.278) [83] p = 0.035

24-week trajectory p = 0.053

NTB, Neuropsychological Test Battery. Data are presented as mean (standard deviation) [N], unless stated other-
wise. †Mixed model for repeated measures with change from baseline as outcome, baseline as covariate.
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Fig. 3. Mean change from baseline in the (A) Neuropsychological
Test Battery (NTB) total composite score and (B) NTB executive
function domain score. Error bars represent standard errors; p-values
represent the difference in trajectories over time between active and
control groups during the 24-week intervention period; A) p = 0.053
(mixed model for repeated measures, 2 degrees of freedom con-
trast); B) p = 0.686 (mixed model for repeated measures, 2 degrees
of freedom contrast).

time in the active group was significantly different
(see supplementary Table 3 and Figure 1). Func-
tional connectivity analysis (PLI) for the delta band
revealed a significant difference in trajectory over 24
weeks between study groups in favor of the active
group (MMRM, 2 df contrast, p = 0.011) (see Fig. 4).
This effect was not observed for the other frequency
bands.

Significant biochemical changes of increased ery-
throcyte DHA and EPA (Mann-Whitney U test,
p < 0.001), plasma vitamin E, and decreased plasma
homocysteine (Mann-Whitney U test, p < 0.001) were
detected in the active group (Fig. 5), indicative of a
high adherence to intervention. Indeed, the calculated
patient reported compliance during 24 weeks was very
high (96.6% in the control group and 97.1% in the

Fig. 4. Mean Phase Lag Index. Error bars represent standard errors.
The difference in trajectories over time between active and control
groups during the 24-week intervention period: p = 0.011 (mixed
model for repeated measures, 2 degrees of freedom contrast).

active group), with no difference between study groups
(t-test, p = 0.536).

Safety and tolerability parameters

In total, 145 patients (56.2%) reported at least one
AE during the study. Of these, 67 patients (51.9%;
154 AEs in total) were in the active group, and 78
patients (60.5%; 185 AEs in total) were in the control
group (p = 0.209; Fisher’s exact test). The majority of
reported AEs were assessed as being ‘not related’ or
‘unlikely to be related’ to the intervention (84.1% over-
all; 82.5% active group; 85.4% control group), with
no significant differences between study groups. The
number and proportion of patients experiencing one or
more AEs are summarized by body system in Table 4.

Eighteen SAEs occurred in 16 patients during the
study: 11 SAEs in 10 patients in the active group and
7 SAEs in 6 patients in the control group. No SAEs
were considered to be related to the study product
by the investigator. Four SAEs resulted in premature
discontinuation of the study (influenza-like symp-
toms, cerebrovascular disorder, depression, malaise).
No deaths were reported.

No clinically relevant differences between study
groups in vital signs and in blood parameters were
observed.

DISCUSSION

The results of this multi-country, multi-center, clin-
ical trial confirm the earlier finding that Souvenaid
improved memory performance in drug-naı̈ve patients
with mild AD. Similar to previous observations, this
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Fig. 5. Mean (A) docosahexaenoic acid (DPA) percentage of fatty acids in erythrocyte membrane, (B) eicosapentaenoic acid (EPA) percentage
of fatty acids in erythrocyte membrane, (C) plasma vitamin E levels, and (D) plasma homocysteine. Error bars represent standard errors p < 0.001
(Mann-Whitney U test).

24-week study showed a positive safety profile and
confirmed that Souvenaid is well tolerated. The EEG
outcomes in this study demonstrate that there is a sig-
nificant biological effect that could be interpreted in
terms of changes in functional connectivity, supporting
the hypothesis that the intervention enhances synapse
formation and function. Thus, data from this study sug-
gest that Souvenaid has a beneficial effect on cognitive
function in mild AD, most probably by influencing
functional connectivity.

Synapse loss is a principal cause of cognitive
decline, thus enhancing synapse formation is a com-
pelling and novel interventional target. The ingredients
of Souvenaid act together to promote the synthesis of
synaptic membranes and, consequently, synaptogen-
esis [8]. Synapse formation and elimination occurs
throughout life and individual brain synapses are
presently thought to be permanently remodeled in the
adult brain [26]. Souvenaid was specifically designed
and intended as a medical food with the action to
feed a normal metabolic process by supplying mem-
brane precursors obtained from dietary sources, and

nutritional cofactors that enhance the membrane pre-
cursor availability. The intention is to address the
specific nutritional requirement that patients with AD
may have due to their synapse loss. This nutritional
approach has been studied extensively in preclinical
studies, and is reviewed elsewhere [8].

AD-related synaptic dysfunction is a pathological
process thought to be involved early in the disease
process, before the emergence of clinical symptoms
[27]. In early AD, (episodic) memory dysfunction is
one of the key manifestations, expected to be the most
sensitive measure of cognition [19] and thought to be
associated with reduction of synaptic contacts [28].
This is in line with our earlier findings in the proof-
of-concept Souvenir I study, in which Souvenaid was
shown to increase the co-primary outcome of mem-
ory performance after 12 weeks in mild AD (MMSE
20–26) and in a pre-specified subgroup of very mild
AD (MMSE 24–26) as measured by the single WMS-r
delayed verbal memory task [15]. The Souvenir II
study design was based on these findings and is assess-
ing memory in an early AD population (MMSE ≥ 20)
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Table 4
Number(%) of patients experiencing one or more adverse events, by

affected body system (all-subjects-treated population)*

Body system Control Active p-value†
Example adverse events (n = 129) (n = 129)

Body as a whole 20 (15.5%) 11 (8.5%) 0.125
Fatigue, influenza-like

symptoms
Central and peripheral

nervous system disorders
18 (14.0%) 11 (8.5%) 0.237

Dizziness, headache
Gastro-intestinal system

disorders
30 (23.3%) 22 (17.1%) 0.277

Constipation, diarrhea,
flatulence, nausea

Metabolic and nutritional
disorders

9 (7.0%) 13 (10.1%) 0.505

Hyperglycemia, weight
increase

Musculo-skeletal system
disorders

9 (7.0%) 10 (7.8%) 1.000

Arthralgia, neuralgia
Psychiatric disorders 16 (12.4%) 15 (11.6%) 1.000
Anxiety, depression, insomnia
Respiratory system disorders 15 (11.6%) 10 (7.8%) 0.400
Pharyngitis, bronchitis
Skin and appendages

disorders
10 (7.8%) 4 (3.1%) 0.168

Rash, skin dry
Other 8 (6.2%) 8 (6.2%) 1.000
Fall, surgical intervention

*Only those reported by at least 5% of patients in either group
are shown. Adverse events occurring in less than 5% of patients
were: cardiovascular disorders, hearing and vestibular disorders,
heart rate and rhythm disorders, liver and biliary system disor-
ders, myo/endo/pericardial and valve disorders, neoplasm, platelet,
bleeding and clotting disorders, red blood cell disorders, repro-
ductive disorders (male), resistance mechanism disorders, urinary
system disorders, vascular (extracardiac) disorders, vision disorders.
†Fisher’s exact test.

using the a priori defined NTB memory domain com-
posite score, derived from five neuropsychological
memory tasks.

Due to the different nature of the memory tests in
the two studies with Souvenaid, including paragraph
recall, word learning, and paired word association, the
Souvenir II study extends our understanding of the
effect that Souvenaid has on memory performance in
patients with mild AD. The use of the NTB mem-
ory domain composite score and clustering of its raw
memory test scores decreases variation associated with
individual tests and helps to improve the robustness of
the underlying cognitive constructs [29, 30].

The evidence for the degree of cognitive change
as measured by the NTB is somewhat limited, which
makes it more difficult to relate the memory effects
reported here in terms of clinical effectiveness. A pre-
viously reported study showed that the mean 12-month

NTB memory domain change from baseline for mild-
to-moderate AD patients receiving placebo was −0.17
[20], while the average 12-month NTB change from
baseline for patients with mild AD was −0.21 [22].
Another study by Salloway et al. [31] has reported
similar NTB changes from baseline during 78 weeks.
Even though the NTB composition employed in the
Souvenir II study varied slightly from previous stud-
ies, the 24-week change from baseline of the NTB
memory domain composite score of 0.20 in the active
group is in the same order of magnitude, but in the
positive direction compared to the decline observed
in the placebo groups of these longitudinal studies.
The 24-week Souvenir II open-label extension study
(Dutch Trial Registration number NTR2571) will pro-
vide more data on the NTB memory domain, and
further studies are needed to investigate the long-term
outcome of Souvenaid intervention.

The EEG signal reflects synchronous activity of
many synapses and is therefore a derivative of
underlying synaptic function [32]. The increasingly
sophisticated tools available for the analysis of EEG
signals provide opportunities to study small longitudi-
nal changes, and as such EEG is increasingly valuable
as an outcome measure in studies on AD and other
dementias [33–36]. Quantitative frequency analysis
and analysis of functional connectivity have shown
slowing of the peak frequency and decreased func-
tional connectivity between brain regions in patients
with AD compared with controls [37]. The present
findings of a significant difference in peak frequency
and functional connectivity in the delta band over the
24-week intervention period between the active and
control groups suggest preserved and even increased
synaptic function in the active group. AD-related
synaptic dysfunction is a pathological biomarker
believed to rise before functional abnormalities man-
ifest [27]. To our knowledge this study is the first
to provide evidence for the hypothesis that support-
ing synaptic function in the mild stage of AD by
using a nutritional intervention may be related to
improved memory performance. This provides the
impetus for further investigations using even more
sophisticated techniques to study connectivity, such as
magnetoencephalography.

The favorable safety profile of the nutritional inter-
vention confirmed the hypothesis that the intervention
would be well tolerated. AEs were consistent with
those expected in an elderly population with mild AD.
There were no differences between study groups in
discontinuations due to (S)AEs, and none of the SAEs
were considered to be related to the use of the study
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product. Safety data were in line with those reported for
the previous proof-of-concept study with Souvenaid
[15]. The favorable safety profile and risk-benefit ratio,
and mechanism of action make Souvenaid a promising
candidate for further clinical investigation in the earlier
stages of the AD spectrum, especially considering the
disappointing results of single-nutrient intervention in
many clinical studies [38].

There are some limitations to the study that should
be considered when interpreting the results. Notably,
the study was performed in an early AD population,
and while the probable AD diagnosis was made accord-
ing to the NINCDS-ADRDA criteria, no biomarker
evidence was utilized for diagnosis. Also, the study
population was moderate in size when compared to
other AD clinical trials. Despite this, significant inter-
vention effects were clearly identified and larger studies
with more frequent assessments may reveal additional
intervention effects. Secondly, an apparent placebo
effect was observed after 12 weeks (the first assess-
ments after baseline) for the overall NTB memory
domain and various other NTB parameters. This may
be a genuine placebo effect, or partly due to other
factors such as learning/familiarity with the tests them-
selves, which again given the mildly affected state
of the patients may have happened. In future studies,
using two baseline scores and parallel versions of tests
may overcome this [39]. Third, although no effect was
observed on the overall executive function domain,
dissociation between cognitive domains linked to the
mechanism of action is not uncommon, and has been
reported in previous studies utilizing the NTB as an
outcome measure [20, 40]. Similarly, no effect was
shown on the DAD, which may be due to the high per-
centage of patients showing a maximum DAD score at
baseline, which in turn may be due to the very mild
nature of AD in this study population. In addition, it
is less conventional in an AD clinical trial to take the
response profile from a MMRM analysis as the primary
approach to identify an intervention effect. Neverthe-
less, this approach is particularly beneficial when the
functional form of the response profiles is difficult to
anticipate, and linear time trends may not adequately
describe the response. Therefore, we pre-defined “tra-
jectory of change” as our primary indicator of treatment
effect. Finally, while a 24-week double-blind study has
been typical for clinical trials in AD, and appropriate in
view of ethical considerations in a drug-naı̈ve popula-
tion, it may be short given that AD is a chronic disease.
Further studies are therefore warranted to investigate
the longer-term outcome of Souvenaid intervention and
to broaden our understanding of how the changes in

functional connectivity over time for the delta band and
mean peak frequency are related to clinical outcomes
and other characteristics of brain network organiza-
tion. These studies should be performed both with and
without concomitant AD medications to reflect real-life
clinical practice.

In conclusion, this study confirms that Souvenaid
is well tolerated and improves memory performance.
The testing of the underlying hypothesis has now made
significant advances, offering hope towards a future
management strategy directed at one of the major
pathological manifestations or early AD. Our results
warrant further investigation of the clinical potential
of Souvenaid in preclinical or clinical conditions char-
acterized by synaptic loss, in particular AD.
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