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Abstract

The LipiDiDiet randomized clinical trial is evaluating the long
term effects of a multinutrient intervention (Fortasyn Connect)
compared with control in participants with prodromal AD.
In this post-hoc analysis we used the Alzheimer’s Disease
Composite Score (ADCOMS) as a measure of cognition and
global function, together with a global statistical test (GST) and
Bayesian hierarchical modelling (BHM) to evaluate the totality
of evidence for an effect of the intervention over 36 months.
The analysis includes 67 participants (39 active, 28 control)
with change from baseline data after 36 months intervention.
All outcome measures showed a statistically significant effect
for the intervention: ADCOMS (P =0.045), GST (P <0.001), and
BHM (P =0.008 based on 3 outcomes and P <0.001 including all
primary and secondary quantitative clinical outcomes). Fortasyn
Connect was associated with significantly less clinical decline
over 36 months, suggesting the long-lasting beneficial effects of
the multinutrient in prodromal AD.

Key words: Cognitive function, nutrients, Souvenaid, Fortasyn
Connect.

Introduction

odifiable risk factors, such as diet and
Mnutrition, can have a positive effect on
maintaining cognitive function in older

adults at risk of cognitive decline and those with MCI
(1). Regular uptake of seafood, fruit, vegetables, nuts
and other foods and nutrients are associated with
reduced cognitive decline and dementia risk (2-8).
This includes complex healthy dietary patterns like the
Mediterranean or Nordic diet, or combination diets like
the MIND diet. Such findings indicate a large prevention
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potential for dementia through diet and lifestyle (9-13).
Although potentially protective associations for specific
nutrients and other biologically active food compounds
are believed to form the actual molecular basis for the
observed benefits, the WHO and others concluded that
addressing several aspects of dietary intake at once, as
exemplified by the Mediterranean diet, are more likely
to promote better cognition compared to single nutrient
supplementation or other less complex interventions.
This is possibly due to the cumulative beneficial effect of
the individual food components (13-21). Observational
studies rather consistently report an association (22,
23), however, evidence from randomized clinical trials
(RCT) is more sparse and inconsistent. Indeed, there is
no strong RCT evidence to support the use of single-
agent supplements. Effects appear to be stronger with
more complex multinutrient interventions. Some RCTs
observed benefits only in the presence of preexisting
nutritional deficiencies or amyloid positivity. Beneficial
effects also varied considerably, from reduced brain
pathology only, to substantially broader effects including
significant cognitive and functional improvements and
decelerated brain atrophy. Some of the most pronounced
benefits were observed with the multinutrient LipiDiDiet
Fortasyn Connect (Fortasyn Connect; [Souvenaid];
Nutricia, Zoetermeer, the Netherlands) trial. Like several
other recent nutrition RCTs, the original 24-months
LipiDiDiet results raised the question of the need to
study nutrient/dietary intervention for longer time-
periods, which was supported by the expanded benefits
observed in the 36-months LipiDiDiet results (18-21,
24-30). The LipiDiDiet RCT is evaluating the long-term
effects of Fortasyn Connect compared with control in
participants with mild cognitive impairment (MCI) due
to Alzheimer’s Disease (AD) (24, 25). Fortasyn Connect
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contains docosahexaenoic acid and eicosapentaenoic acid,
uridine monophosphate, choline, vitamins B12, B6, C,
E, and folic acid, phospholipids, and selenium, and has
been shown in preclinical studies to be neuroprotective
(31). Analysis of the first 24- and 36-months intervention
periods showed significant benefits for clinical dementia
rating — sum of boxes (CDR-SB), hippocampal atrophy,
cognition and memory and other outcomes. For the
primary endpoint, a cognition focused subset of the
Neuropsychological Test Battery, statistically significant
benefit was shown over 36 months, but not in the primary
analysis of the trial over 24 months. LipiDiDiet is a long-
term trial allowing participants the option to continue
for up to 6 years, which provides an opportunity to
determine whether the effects of the specific multinutrient
intervention change over time, and to evaluate results
post hoc using contemporary research tools that were not
available when the trial was first designed.

Previously, we reported a post-hoc analysis
of 24-month data from the LipiDiDiet trial using the
Alzheimer’s Disease Composite Score (ADCOMS),
which identified the cognitive and functional benefits
of the specific multinutrient intervention and confirmed
the value of this composite tool as a potentially more
sensitive measure of intervention effects than the NTB
used in the primary analysis of the trial (24, 32). We have
now updated our post-hoc analysis based on 36-month
data from the LipiDiDiet trial. The update is important
because multiple outcome measures, including the
primary endpoint, showed significant benefits over 36
but not over 24 months, providing evidence for improved
results with long-term outcomes. In addition, we used
a global statistical test (GST) and Bayesian hierarchical
modelling (BHM) to evaluate the totality of evidence for
an effect of the intervention over 36 months.

Methods

LipiDiDiet (Netherlands Trial Registry NTR1705,
new ID NL1620) is a 6-year, double-blind, parallel-
group, multi-center, randomized controlled clinical trial
comparing Fortasyn Connect (Souvenaid) with a control
product in participants with prodromal AD defined
according to the International Working Group (IWG)-1
criteria (33). Detailed methods were published previously
(24). Participants provided written consent and the
trial was approved by ethics committees of all sites and
done in accordance with the Declaration of Helsinki
and International Conference on Harmonization Good
Clinical Practice guidelines.

After the 24-month intervention period reported in
the primary analysis (24), participants could continue
in their initially assigned group for a maximum total of
72 months. Efficacy was evaluated every 12 months and
this report is based on data collected after 36 months of
intervention. Results are reported for the ‘active’ group
receiving the multinutrient intervention and the “control’

group. The main aim of this post-hoc analysis was to
explore the effects of 36-month multinutrient intervention
on cognition and global function, and its subdomains, by
using ADCOMS, an outcome optimized for progression in
this stage of AD, as described previously (32). ADCOMS
consists of 4 subscale items of the Alzheimer’s disease
assessment scale-cognitive subscale (ADAS-Cog: delayed
word recall, orientation, word recognition, and word
finding difficulty), two MMSE items (orientation time
and drawing), and all 6 CDR-SB items (personal care,
community affairs, home and hobbies, judgement
and problem solving, memory, and orientation) (34).
ADCOMS is an appropriate outcome measure for
participants with prodromal AD because the composite
outcomes from these scales are sensitive to changes and
intervention effects over time in this population (34).

We calculated ADCOMS scores using the selected items
(4-item ADAS-cog, 2-item MMSE, 6-item CDR-SB) and
corresponding partial least squares (LS) coefficients in
a modified intention-to-treat (mITT) population (24).
Composite scores range from 0.0 to a maximum of 1.97,
where higher values indicate worse performance. The
measured outcome was change from baseline to 36
months. LS-means over 36 months were calculated using
a linear mixed model for repeated measures that included
baseline, baseline MMSE, continuous time, treatment, and
time by treatment as fixed effects (primary model) (25). A
random intercept was used within sites (small sites were
pooled within country) and a random intercept and slope
for time was used within participants. Sensitivity analyses
comprised a sensitivity model with planned visit as
categorical variable, primary and sensitivity models with
baseline in the outcome vector, a 2-sided, independent
t-test, and a non-parametric Mann-Whitney U test.
Cohen'’s d standardized effect sizes were calculated based
on the mean treatment difference for the change from
baseline over 36 months and pooled standard deviation
(SD) with sample size value based on the first follow-up
visit in the mixed model.

Two integrated statistical tests were employed
to evaluate the totality of data from the 3 main trial
outcomes representing neuropsychological performance
(5-item NTB), daily function and cognitive effects (CDR-
SB), and a brain structure biomarker (MRI hippocampal
volume). A global statistical test (GST) (35) based on
summary statistics for each item from the mixed model
combines probabilities (p-values) using a joint normal
distribution that accounts for correlations between these
items directly. Bayesian hierarchical modelling (BHM)
assesses the overall probability that treatment effects are
real by combining probabilities (p-values from the mixed
model) as if they are sampled from the same underlying
distribution. This allows us to assess the degree to
which the underlying disease progression is affected by
treatment across multiple outcomes. BHM also provides
individual estimates for each outcome that are adjusted to
borrow strength from the other assessments. The 2-level
BHM analysis and the GST both combine 3 outcomes
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Figure 1. Changes in ADCOMS and its subdomains during the 36-month intervention
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(A) Alzheimer’s Disease Composite Score. (B) Clinical Dementia Rating - Sum of Boxes 6-item subdomain. (C) Alzheimer’s Disease Assessment Scale—
cognitive subscale 4-item subdomain. (D) Mini-Mental State Examination 2-item subdomain. Data are mean change from baseline as estimated by the
primary linear mixed model; error bars are standard error (SE); n is the number of participants with change from baseline data in the mixed model. P

value for linear mixed model (modified intention-to-treat).

reflecting neuropsychological performance (5-item NTB),
daily function and cognitive effects (CDR-SB), and a
biomarker of brain structure (hippocampal volume).
A second version of the BHM was also performed and
included 3 levels, including all primary and secondary
quantitative clinical outcomes in a cognitive composite
(5-item NTB, NTB memory, NTB executive function,
and NTB total), and combining hippocampal volume,
whole brain volume and ventricular volume (reversed)
into a volumetric composite also on the first level. The
second level includes this cognitive composite and this
volumetric composite combined with a global scale (CDR-
SB [reversed]). The third level is then the BHA composite.

Results

The 36-month post-hoc analysis includes participants
with change from baseline scores available: there were
278 (138 active and 140 control) participants at baseline,
211 (104 active, 107 control) at month 12, 151 (71 active,
80 control) at month 24, and 67 (39 active, 28 control) at
month 36.

ADCOMS analysis showed a statistically significant
(P = 0.045) slowing in change from baseline scores over
36 months in the active group compared with the control
group (Figure 1A). The difference between active and
control groups was —0.069 (95% confidence interval,
—0.136 to —0.002), representing a 36% less worsening of
disease in the active group over 36 months. Cohen’s d for
effect size was —0.25 (95% confidence interval, —0.519 to
0.011). If ADCOMS subdomains are separately assessed
(Figures 1B-D), differences are seen between active
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Table 1. Results from 2-level and 3-level Bayesian hierarchical analyses

Domain Original effect size* Levels of the Bayesian hierarchical analyses
Outcome Difference estimate Original P valuet Combined P valuet Overall effect size,
(95% CI) probability, P value
2-level model
NTB
5-item NTB 0.212 (0.044 to 0.380) 0.014 - X
46% slowing
Global 99.6% probability of
CDR-SB -0.90 (~1.62 to —0.19) 0.014 - true effect
P =0.008
Biomarker
Hippocampal volume 0.20 (0.07 to 0.33) 0.002 -
3-level model
NTB
5-item 0.212 (0.044 to 0.380) 0.007
Memory 0.274 (0.071 to 0.477) 0.004 0.017
Executive function 0.006 (=0.169 to 0.182) 0.472 .
Total 0.086 (—0.046 to 0.218) 0.101 38% slowing
Global 99.9% probability of
true effect
CDR-SB§ —0.90 (-1.62 to —0.19) 0.007 0.008 P <0.001
Structural
Hippocampal volume 0.20 (0.07 to 0.33) 0.001
Whole brain volume 8.70 (1.31 to 16.09) 0.011 0.009
Ventricular volume§ —2.49 (—4.88 to —0.09) 0.021

*Original effect size = estimated mean treatment difference (active - control) over 36 months (25); +Original P value for linear mixed model for longitudinal data (25);
two-sided for the 2-level model, one-sided for the 3-level model; #One-sided; §Reversed.

and control groups for the 6-item CDR-SB subdomain
(38% less worsening; P = 0.024) and the 2-item MMSE
subdomain (70% less worsening; P = 0.075) over 36
months, but not for the 4-item ADAS-cog subdomain.
Sensitivity analyses supported the main findings on
ADCOMS (i.e., model with planned visit as categorical
variable: p=0.052, primary model with baseline in
outcome vector: p=0.027, t-test: p=0.104, and Mann-
Whitney U: p=0.178).

A GST comprising 5-item NTB, CDR-SB, and MRI
hippocampal volume showed a statistically significant
difference (~46% slowing, P < 0.001) between active and
control groups at 36 months. The results from the BHM
are summarized in Table 1. The 2-level BHM analysis of
3 outcomes combining the 5-item NTB, the CDR-SB, and
hippocampal volume, showed a 46% slowing in the active
group and a 99.6% chance of the difference being in favor
of the active group (P = 0.008). The 3-level BHM analysis,
including all primary and secondary clinical outcomes,
showed a 38% slowing and a 99.9% probability of a true
effect for active intervention (P < 0.001).

Discussion

We assessed 3 different ways of analyzing the totality
of evidence for an effect of a specific multinutrient

intervention (Fortasyn Connect; Souvenaid) over
36 months in participants with prodromal AD adding
to the previously published 24-month results. All
measures showed a statistically significant effect for the
intervention: ADCOMS (P = 0.045), GST (P < 0.001), and
BHM (P = 0.008 for 2-level BHM and P < 0.001 for 3-level
BHM including all primary and secondary quantitative
clinical outcomes). The trio of tests demonstrated a
similar effect for the intervention on multiple outcomes
and are consistent with an overall effect of the specific
multinutrient intervention on AD progression over 36
months (25).

The LipiDiDiet trial design includes preplanned
analyses up to 72 months, allowing observation of long-
term trends and differences between groups over time.
This analysis showed that the difference in ADCOMS
observed over 24 months was sustained over 36 months
(36% less worsening at both time points). The difference
was largely driven by a sustainable benefit in CDR-5SB,
which is a sensitive and meaningful measure of clinical
and functional changes in individuals with early AD (36).
The 2-level BHM analysis comprising the 5-item NTB,
the CDR-SB, and hippocampal volume, also showed
statistically significant slowing of disease progression in
participants taking the multinutrient.
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No other randomized controlled trials of long-term
multinutrient intervention in people with prodromal
AD or mild cognitive impairment (MCI) have been
published. This is the first study to use a global statistical
test to integrate multiple outcomes in participants with
prodromal AD receiving a long-term multinutrient
intervention. In addition, the 3-year data from the
LipiDiDiet trial have been used as an example in a
recent publication on the application of a multivariate
competing risk joint model to model the underlying
biological processes in Alzheimer’s disease (37). Other
composite endpoints of cognitive decline have been
developed for trials in people with prodromal AD (38);
for example, the Alzheimer’s Prevention Initiative
Composite Cognitive Test (APCC) appears to be sensitive
to preclinical AD decline up to 11 years before clinical AD
is diagnosed (39).

This analysis is limited by post-hoc use of composite
measures and integrated statistical tests using data
transcribed from the original study outcomes measures.
Use of composite scores has been criticized because for
various methodological issues they may not be superior
to individual tests or domain-based factor scores (38).
ADCOMS was used for this post hoc analysis because
it offers improved sensitivity to detect the effect of an
intervention in early-stage AD (34), however, another
clinical study found that it provided only a marginal
improvement in sensitivity to decline compared with
CDR-SB or ADAS-Cog (40). The additional integrated
statistical tests used in this analysis give confidence in
the validity of the ADCOMS analysis to detect differences
between intervention and control groups over 36 months
in the LipiDiDiet trial. These results therefore provide
further support for use of ADCOMS as an outcome
measure for long-term intervention studies in early
AD. The GST and BHM statistical analyses provide an
estimate of slowing of clinical progression which can be
interpreted for clinical meaningfulness. The CDR-SB also
provides an indication of clinical meaningfulness, because
treatment favorably affects the functional deficits affecting
people with prodromal AD (41). In this context, the GST
and the 2 separate BHM approaches including not only a
selection of outcomes (2-level BHM), but also all primary
and secondary quantitative clinical outcomes from the
trial (3-level BHM) provide a high degree of confidence
of a true effect and evidence of clinical meaningfulness
in the slowing of clinical progression. In addition, the
Cohen’s d score is supportive of a meaningful clinical
effect for long-term intervention. As with other long-term
studies, there is potential for bias to be introduced by
participant dropout disproportionately affecting balance
between arms. Previously, we found no evidence of bias
due to missing data over 36 months using a joint model
combining longitudinal and survival data as additional
sensitivity analyses (25).

Results of 3 analyses (ADCOMS, GST, and BHM)
coalesce to support an overall effect of 36-month

LONG-TERM EFFECT OF MULTINUTRIENT

multinutrient intervention on cognitive, functional,
and structural endpoints. From a clinical perspective,
these findings indicate 38% to 46% slower progression
of disease related decline with long-term multinutrient
intervention. The progression trajectories for intervention
and control groups diverged early, driven predominantly
by CDR-SB scores. In a previous analysis of CDR-SB
trajectories over 36 months, there was a 45% slowing
of disease progression for multinutrient intervention
compared with control (25), which we estimate translates
for this group of patients with mild cognitive impairment
due to AD into a 16-month gain over the control group.
Interestingly, BHM showed a 46% slowing of disease
progression in this analysis.

When considered with other studies of Souvenaid
across the AD spectrum (42-45), these new analyses
are in line with evidence showing that this specific
multinutrient intervention has its greatest potential for
benefit when used earlier rather than later in the disease,
when it appears to still be possible to positively affect
the dynamic processes involved in synaptic function,
neurodegeneration and neuroprotection (46, 47). Studies
in aging adults with memory complaints have shown
the potential benefits of encouraging healthier lifestyle
and diet to reduce dementia progression (48, 49), while a
study in individuals with prodromal AD or dementia due
to AD found a significant association between nutritional
index and risk of disease progression (50), suggesting a
beneficial role for specific nutritional interventions in the
earliest stages of AD.

Conclusion

In this post-hoc analysis of data from the LipiDiDiet
trial, participants taking Fortasyn Connect (Souvenaid)
showed significantly less clinical decline over 36 months
as measured by ADCOMS, suggesting long-lasting
beneficial effects of the multinutrient in a prodromal
AD/pre-dementia population with MCI. Multinutrient
intervention can be considered as part of an overall
strategy to encourage healthy lifestyle and improve diet
in people at risk of progression to AD dementia.
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