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Effect of long-term omega 3 polyunsaturated fatty acid
supplementation with or without multidomain intervention
on cognitive function in elderly adults with memory
complaints (MAPT): a randomised, placebo-controlled trial
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Summary

Background No large trials have been done to investigate the efficacy of an intervention combining a specific
compound and several lifestyle interventions compared with placebo for the prevention of cognitive decline. We
tested the effect of omega 3 polyunsaturated fatty acid supplementation and a multidomain intervention (physical
activity, cognitive training, and nutritional advice), alone or in combination, compared with placebo, on cognitive
decline.

Methods The Multidomain Alzheimer Preventive Trial was a 3-year, multicentre, randomised, placebo-controlled
superiority trial with four parallel groups at 13 memory centres in France and Monaco. Participants were non-
demented, aged 70 years or older, and community-dwelling, and had either relayed a spontaneous memory
complaint to their physician, limitations in one instrumental activity of daily living, or slow gait speed. They were
randomly assigned (1:1:1:1) to either the multidomain intervention (43 group sessions integrating cognitive
training, physical activity, and nutrition, and three preventive consultations) plus omega 3 polyunsaturated fatty
acids (ie, two capsules a day providing a total daily dose of 800 mg docosahexaenoic acid and 225 mg
eicosapentaenoic acid), the multidomain intervention plus placebo, omega 3 polyunsaturated fatty acids alone, or
placebo alone. A computer-generated randomisation procedure was used to stratify patients by centre. All
participants and study staff were blinded to polyunsaturated fatty acid or placebo assignment, but were unblinded
to the multidomain intervention component. Assessment of cognitive outcomes was done by independent
neuropsychologists blinded to group assignment. The primary outcome was change from baseline to 36 months
on a composite Z score combining four cognitive tests (free and total recall of the Free and Cued Selective
Reminding test, ten Mini-Mental State Examination orientation items, Digit Symbol Substitution Test, and
Category Naming Test) in the modified intention-to-treat population. The trial was registered with ClinicalTrials.
gov (NCT00672685).

Findings 1680 participants were enrolled and randomly allocated between May 30, 2008, and Feb 24, 2011. In the
modified intention-to-treat population (n=1525), there were no significant differences in 3-year cognitive decline
between any of the three intervention groups and the placebo group. Between-group differences compared with
placebo were 0-093 (95% CI 0-001 to 0-184; adjusted p=0-142) for the combined intervention group, 0-079
(=0-012 to 0-170; 0-179) for the multidomain intervention plus placebo group, and 0-011 (-0-081 to 0-103; 0-812)
for the omega 3 polyunsaturated fatty acids group. 146 (36%) participants in the multidomain plus polyunsaturated
fatty acids group, 142 (34%) in the multidomain plus placebo group, 134 (33%) in the polyunsaturated fatty acids
group, and 133 (32%) in the placebo group had at least one serious emerging adverse event. Four treatment-
related deaths were recorded (two in the multidomain plus placebo group and two in the placebo group). The
interventions did not raise any safety concerns and there were no differences between groups in serious or other
adverse events.

Interpretation The multidomain intervention and polyunsaturated fatty acids, either alone or in combination, had no
significant effects on cognitive decline over 3 years in elderly people with memory complaints. An effective
multidomain intervention strategy to prevent or delay cognitive impairment and the target population remain to be
determined, particularly in real-world settings.
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Research in context

Evidence before this study

We searched PubMed and clinical trials registries (such as
ClinicalTrials.gov, Current Controlled Trials, and the WHO
International Clinical Trials Registry Platform) with the terms
"(Alzheimer* OR dementia OR memory OR cognit*) AND
prevent*” for articles published in English until May 11, 2015
(the date of our final search). We selected only trials that were
specifically designed to assess efficacy on cognition, dementia,
or a relevant biomarker (ie, those reporting an a-priori sample
size calculation for cognitive outcomes, and assessing such
outcomes at baseline). The results of this search up to

May 11, 2015, were analysed in a published literature review.

Most prevention trials tested a single drug or intervention. The
results of several trials suggested a protective effect of some
interventions (antihypertensives, nutritional supplements,
cognitive training, or physical activity) on cognitive decline, but
these results have rarely been replicated in large samples.
Several large multidomain trials of lifestyle factors have been
designed in Europe in the past 12 years. The Finnish Geriatric
Intervention Study to Prevent Cognitive Impairment and
Disability (FINGER) study showed positive results on cognitive
performance for a 2 year multidomain intervention (consisting
of diet, exercise, cognitive training, and vascular risk
monitoring) compared with general health advice. In addition
to our trial, one other European preventive trial combined
lifestyle intervention and supplementation: the ongoing
Do-Health trial (for the prevention of age-related disease). In
the USA, the focus has mainly been on pharmacological
prevention trials, notably testing of anti-amyloid treatments,
and several large trials have been implemented or designed,
including A4 (Anti-Amyloid Treatment in Asymptomatic

Introduction

In the absence of a cure for dementia, interest in
prevention and cognitive decline, the surrogate marker
for dementia, is increasing.' So far, the aim of most
trials has been to show efficacy of a single drug or
intervention. The results of several trials have suggested
that some single-domain interventions—such as
antihypertensives, nutritional supplements, cognitive
training, and physical activity>—have protective effects
on cognitive decline, but these results have seldom been
replicated in large samples. Supplementation with
omega 3 polyunsaturated fatty acids, which have anti-
inflammatory effects, might protect against cognitive
decline and Alzheimer’s disease: results from some
cohort studies™ examining the relationship between
polyunsaturated fatty acids and cognitive decline or
incident dementia are encouraging, but those from
randomised controlled trials of up to 2 years’ duration
are conflicting.? Although the results of several trials
of mnon-pharmacological multidomain interventions
were positive, the efficacy of a specific compound in

Alzheimer’s), DIAN (Dominantly Inherited Alzheimer Network),
API (Alzheimer’s Prevention Initiative), and TOMMORROW.

Added value of the study

We tested supplementation with omega 3 polyunsaturated
fatty acids and a multidomain intervention (integrating
physical activity, cognitive training, and nutritional advice),
either alone or in combination. To our knowledge, ours is the
first trial to test the efficacy of a specific compound (ie, omega 3
polyunsaturated fatty acids) combined with multidomain
lifestyle intervention versus placebo in a large sample and
long-term. Our study is also the longest and largest randomised
controlled trial so far testing the efficacy of omega 3
polyunsaturated fatty acids on cognitive decline in elderly
adults, and the first to use a composite cognitive primary
outcome measure recommended by regulatory authorities.
Although results for the primary outcome did not reach
significance in primary analysis, our study provides new data for
the effect of a multidomain intervention and of its combination
with polyunsaturated fatty acids.

Implications of all the available evidence

Taken together, the results of our study and previous studies
offer new approaches for the prevention of age-related
cognitive decline and Alzheimer’s disease. Other preventive
approaches with anti-amyloid drugs are expensive and difficult
to implement in clinical practice. The interventions tested in
our trial were safe and inexpensive, and exploratory analyses
show the potential for slowing cognitive decline in people most
at risk. However, an effective multidomain intervention
strategy and target population remain to be determined,
particularly in real-world settings.

combination with lifestyle interventions compared with
that of placebo has not been shown.?

We designed the Multidomain Alzheimer Preventive
Trial (MAPT) to test the effect of supplementation with
polyunsaturated fatty acids and a multidomain intervention
(physical activity, cognitive training, and nutritional
advice), alone or in combination, compared with placebo
on cognitive decline in adults aged 70 years or older. We
postulated that multidomain intervention plus placebo or
supplementation with polyunsaturated fatty acids would
have a protective effect on cognitive decline, and that the
combined intervention would have a synergistic effect.

Methods

Study design and participants

Full methods have been described elsewhere previously.®
Briefly, our study was a 3-year, multicentre, randomised,
placebo-controlled superiority trial with four parallel
groups, including three intervention groups (ie,
one group with a multidomain intervention plus placebo,
one group with polyunsaturated fatty acids and one
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group with a multidomain intervention plus
polyunsaturated fatty acids and one placebo group. Our
trial was done at 13 memory centres in France and
Monaco with expertise in the diagnosis and management
of cognitive impairment and dementia.

Participants were aged 70 years or older and
community-dwelling, and met at least one of three
criteria: spontaneous memory complaint expressed to
their physician, limitation in one instrumental activity of
daily living,” or slow gait speed (<0-8 m/s, or more than
5 s to walk 4 m).*" Participants with a Mini Mental State
Examination” (MMSE) score lower than 24, those in
whom dementia was diagnosed, and those with any
difficulty in basic activities of daily living” were excluded,
as were those taking polyunsaturated fatty acid
supplements at baseline. Full inclusion and exclusion
criteria are listed in the appendix.

Participants were informed about the trial through
diverse strategies based on site-specific resources,
including investigating physicians’ patient databases and
advertisements (in local media and at conferences, which
provided patients with a telephone number to call for
more information). All participants were recruited by the
investigating physicians, who verified inclusion and
exclusion criteria and obtained written informed consent.
The trial protocol was approved by the French Ethical
Committee located in Toulouse (CPP SOOM II) and was
authorised by the French Health Authority.

Randomisation and masking
Participants were randomly assigned (1:1:1:1) to the
combined intervention (ie, the multidomain intervention
plus polyunsaturated fatty acids), the multidomain
intervention plus placebo, polyunsaturated fatty acids
only, or placebo only. A computer-generated randomisation
procedure (done by ClinInfo, a subcontractor) was used
with block sizes of eight and stratification by centre. A
clinical research assistant, who was not involved in the
assessment of participants, used a centralised interactive
voice response system to identify which group to allocate
the participant to, and which lot number to administer.
All participants and study staff were blinded to
polyunsaturated fatty acid or placebo assignment—both
sets of capsules looked and tasted identical. In view of the
nature of the multidomain intervention, the study was
unblinded for this component, but the independent
neuropsychologists who were trained to assess cognitive
outcomes were blinded to group assignment. Data
analysts were not blinded to group assignment, but two
data managers, one statistician (CC) and two physicians
(SA and BV) did a blinded data review.

Procedures

Participants took two capsules of either placebo or
polyunsaturated fatty acids daily. The active supplement
used was V0137, an oil mixture containing natural fish oil
with a minimum of 65% docosahexaenoic acid (DHA)
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and a maximum of 15% eicosapentaenoic acid (EPA).
The total dose per capsule was 400 mg DHA and no more
than 112-5 mg EPA. The total daily dose was fixed at a
level that was high enough to exceed the daily
recommended intake (ie, 250 mg DHA and 250 mg
EPA), without exceeding the maximum daily intake limit
of 2 g per day (as per the recommendations of I'Agence
Francaise de Sécurité Sanitaire des Aliments, the French
food safety authority) to avoid supplement-related
adverse events. The study’s scientific committee decided
to use a dose that was higher than could be obtained
through diet alone, to ensure that there was a true
difference in intake of polyunsaturated fatty acids
between the groups receiving the supplement and those
receiving placebo (all participants could continue to
consume fish during the trial). All capsules were supplied
by Pierre Fabre Médicament (Castres, France). The
placebo capsules contained flavoured paraffin oil.

The multidomain intervention consisted of 2 h group
sessions focusing on three domains (cognitive
stimulation, physical activity, and nutrition) and a
preventive consultation (at baseline, 12 months, and
24 months) with a physician to optimise management of
cardiovascular risk factors and detect functional
impairments.® 12 small group sessions of the multi-
domain intervention were done in the first 2 months of
the trial (two sessions per week in the first month, and
one session per week in the second). Each session
included 60 min of cognitive training (reasoning and
memory training), 45 min of advice about and
demonstrations of physical activity (participants were
given advice during sessions and were encouraged to
increase their physical activity in their daily life to the
equivalent of at least 30 min walking per day, 5 days a
week, and were provided with a home-based programme
designed during individual interviews), and 15 min of
nutritional advice (based on guidelines established by
Programme National Nutrition Santé, the French
National Nutrition and Health Programme).* For the
remainder of the 3-year study, participants in the
multidomain intervention groups attended a 1 h session
each month to reinforce the key messages. Furthermore,
two 2 h reinforcement sessions were held at 12 and
24 months (appendix).

Adherence to study interventions was assessed every
6 months. For supplementation, adherence was
assessed by counting the number of capsules returned
by participants (or based on treatment dates if the
number of capsules was missing). Furthermore,
biological samples were obtained at baseline and after
12 months to assess concentrations of DHA and EPA in
red blood cell membranes, which has been detailed
previously (results are expressed as a percentage of
total fatty acids). For the multidomain intervention,
adherence was calculated as the percentage of
intervention sessions attended. Participants were
deemed adherent if they attended at least 75% of the

See Online for appendix
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multidomain group sessions (if applicable) and took at
least 75% of the prescribed capsules. Self-reported
physical activity was also measured as part of the frailty
assessment, by using the Minnesota Leisure Time
Physical Activity Questionnaire.

Outcomes

The primary efficacy outcome was change from baseline
to 36 months in a composite Z score combining four
cognitive tests (free and total recall of the Free and Cued
Selective Reminding Test,” ten MMSE orientation items,
the Digit Symbol Substitution Test score from the
Wechsler Adult Intelligence Scale—Revised,* and the
Category Naming Test” [ie, 2 min category fluency in
animals]). Because of advances in the field since our trial
was designed in 2007, we decided to modify the primary
outcome from one cognitive test to a composite cognitive
score, which is now thought to be a better endpoint.®
This protocol amendment was submitted to the local
ethical committee on Feb 2, 2015, and was subsequently
approved. Two different word lists were used at
alternating visits for the Free and Cued Selective
Reminding Test, to avoid learning effects. For all other
tests or sub-tests, the same version was used at each visit.

Secondary outcomes were the individual components
of the composite score, scores on other cognitive tests—
ie, MMSE score, Trail Making Test A and B,” Controlled
Oral Word Association Test,” and visual analogue scales
measuring memory functioning and consequences in
everyday life®—and scores on the Short Physical
Performance Battery” and the Alzheimer’s disease
Cooperative Study—Activities of Daily Living Prevention
Instrument.? Additional outcomes were Clinical
Dementia Rating—Sum of Boxes,” Fried’s frailty
criteria,* and the Geriatric Depression Scale.”

All clinical and functional outcomes were assessed at
baseline and at 6, 12, 24, and 36 months. Amyloid PET
scans were done at five sites either at baseline or during
follow-up (up to 36 months). Regional 18F-florbetapir
standardised uptake volume ratios were obtained via
semi-automated quantitative analysis, in which the
cerebellum was the reference region (further details have
been published previously*). All adverse events and
concomitant diseases and medications were recorded
at 6, 12, 18, 24, 30, and 36 month follow-up visits during a
consultation with a physician that included a physical
examination. Blood sample analysis was also done at 6,
12, 24, and 36 months. Death and any other reasons for
premature discontinuation of follow-up were recorded
during follow-up and reported on a special form.

Statistical analysis

Before the primary outcome was changed from a single
cognitive test to a composite cognitive score, the study
was designed to detect a difference of 0-334 SD in the
Free and Cued Selective Reminding Test score between
any intervention group and the placebo group. To detect

this difference, with an a risk of 1-25% and 80% power,
201 individuals were required in each group. To take into
account the estimated attrition rate (30%) during the
3-year trial, a sample size of 1148 (ie, 287 participants per
group) would be needed. A review of the first 480 recruited
participants suggested that the dropout rate would be
higher than initially expected (ie, 13—20% per year rather
than 10% per year). A new sample size calculation was
done for the Free and Cued Selective Reminding Test
outcome, and it was subsequently decided to increase the
sample size to 1680 (ie, 420 per group). No follow-up
outcome data were analysed when this decision was
taken. Furthermore, the baseline demographic data of the
first participants suggested the presence of selection bias
during recruitment because the level of education was
higher than expected in the study sample, meaning that
the rate of cognitive decline in 3 years would probably be
lower than initially expected.”

The amendment to the protocol for the modification of
the primary outcome to a composite cognitive score and
statistical analysis plan was approved by the relevant
local ethical and regulatory authorities before the masked
data review and locking of the database. No follow-up
data were analysed Dbefore this amendment. The
composite score was the average of four Z scores. It was
calculated by summing the Z scores (standardised with
baseline means and SDs for each test from the intention-
to-treat population) of each component and dividing the
total by four. A Z score of -1, for example, represents a
score that is 1 SD below the baseline mean. A one-point
decrease on the composite score indicates an average
decline of 1 SD across the four components.

The primary efficacy analysis was done on a modified
intention-to-treat basis (ie, it included all randomly
assigned participants with a composite score at baseline
who completed at least one post-baseline visit) according
to a predefined statistical analysis plan. Baseline
characteristics of participants who were included in the
intention-to-treat population were compared with those
of excluded participants with ¢ tests (in some cases after
transforming the variable of interest), or with Wilcoxon
rank sum tests for quantitative variables and ¥2 tests for
qualitative variables. For participants diagnosed with
dementia during follow-up, only cognitive scores before
the diagnosis were taken into account. Further analyses
were done in the per-protocol population, which
excluded all major protocol violations—ie, participants
who didn't fulfil the inclusion or exclusion criteria,
didn’t receive at least one dose of polyunsaturated fatty
acids supplement or who didn’t attend at least one
multidomain intervention session, didn’t receive the
intervention they were allocated to, changed treatment
arm during the trial (ie, crossover), or took non-study
polyunsaturated fatty acids supplements during follow-
up. Finally, we did two post-hoc factorial-style analyses,
in which we compared 3-year cognitive decline in all
participants receiving the multidomain intervention

www.thelancet.com/neurology Vol 16 May 2017
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with that in participants who did not receive the
multidomain intervention, and in which we compared
all participants receiving polyunsaturated fatty acids to
all subjects taking placebo.

Two prespecified subgroup analyses were done
according to baseline clinical dementia rating (CDR;
CDR=0 vs CRD=0-5) and MMSE (MMSE=30 vs
MMSE<30) scores. Other subgroup analyses were
exploratory, such as red blood cell DHA and EPA
concentrations (low level was defined by the lowest
quartile—ie, <4-83%), Fried criteria (none vs at least one
frailty criteria), and Cardiovascular Risk Factors, Aging,
and Incidence of Dementia (CAIDE) risk score (=6 [ie, at
risk] vs <6).” Additional post-hoc subgroup analyses were
also done according to APOE €4 genotype, and the
presence of brain amyloid deposition, in a subsample of
the population who underwent a florbetapir PET scan,
which was judged to be positive when standardised
uptake value was 1-17 or greater.”

Efficacy analyses for the primary and secondary
outcome measures were done with mixed-model
repeated-measures analyses. We estimated trajectories
with scores from all available study visits (baseline, and
6, 12, 24, and 36 month follow-up visits). Missing data
were not imputed. Mixed models included all available
data, including those from participants with incomplete
follow-up; missing data were assumed to be missing at
random. Even though the model can be used to estimate
the overall effect of interventions on change with time,
the prespecified primary comparison was the estimated
between-group difference in change from baseline to
36 months. Time was used as a continuous variable, and
we used maximum likelihood tests to assess the linearity
of trajectories by testing terms for (time)2 and (time)3.
We used restricted maximum likelihood tests to assess
centre-specific random intercepts, participant-specific
random intercepts, and participant-specific random
slopes for all models; these random effects were retained
in the model if they were significant.

In the primary analysis, the fixed effects included in
the model were randomisation group, time, (time)2,
(time)3, and the interactions between randomisation
group and each time term. Additionally, participant-
specific and centre-specific random intercepts, and
participant-specific random slopes for all time terms
were included in this model. An unstructured covariance
matrix was used for the random effects. We did a post-
hoc sensitivity analysis of the primary outcome, in
which time was a categorical variable. The model
specification for the secondary outcomes is detailed in
the appendix. For the subgroup analyses, additional
interaction terms were included in the fixed effects to
test for between-subgroup differences in intervention
effects. All analyses presented were unadjusted for
covariates. We assessed model fit by verifying the
normality of the residuals and the random distribution
of the studentised residuals.

www.thelancet.com/neurology Vol 16 May 2017

Safety analyses were done for all participants who
received at least one dose of study drug or attended at least
one multidomain intervention session. All adverse events,
including those that were not necessarily related to the
study intervention, were recorded and coded with Medical
Dictionary for Regulatory Activities terminology in a
centralised datacentre and reported by system organ class.
Between-group comparisons were assessed with ¥2 tests.

All 95% Cls were two-sided and unadjusted. All
p values are presented before and after adjustment for
multiple comparisons (based on the Hochberg
procedure)® at the two-tailed 5% significance level. This
procedure was used to control for type I error, taking into
account that, in each analysis, three intervention groups
were compared with the placebo group. Statistical
analyses were done in SAS (version 9.4). Safety analyses
were done in STATA (version 11.2). Analyses were done
by an academic team at Toulouse University Hospital,
with input from an independent statistician for the safety
analysis (Catherine Gentil).

Role of the funding source

The funders had no role in study design; data collection,
analysis, or interpretation; or writing of the Article. The
corresponding author and the statistician (CC) had full
access to all data in the study. The corresponding author
and the principal investigator (BV) had final responsibility
for the decision to submit for publication.

Results

The first study centre opened on April 30, 2008, and the
final 3-year follow-up visit was done on April 10, 2014.
2591 people were assessed for eligibility and
1680 participants were enrolled and randomly allocated
between May 30, 2008, and Feb 24, 2011 (figure). The
final study visit was completed by 1286 participants
(77%); completion rates were similar between groups
(figure). The main reasons for early discontinuation
were: participants’ decision, adverse events, death, and
loss to follow-up (figure). Reasons for early
discontinuation did not differ significantly between
groups at 36 months (p=0-79).

155 participants were excluded from the modified
intention-to-treat  efficacy analysis: no cognitive
assessment was available after baseline for 154, and one
participant in the polyunsaturated fatty acid group
withdrew consent. Excluded participants were older
(mean age 76-2 years [SD 4-8] vs 75-3 years [4-4];
p=0-014) and had lower cognitive function (mean MMSE
score 27-7 [SD 1.7] vs 28-1 [1-6]; p=0.003) than
participants who were included in the analysis. The
number of participants excluded did not differ
significantly between groups (figure; p=0-40). Baseline
characteristics of the 1525 participants included in the
modified intention-to-treat analysis were well balanced at
baseline (table 1), with no substantial differences in any
demographic or clinical characteristics.
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The intervention effects on primary and secondary
outcome measures in the modified intention-to-treat and
per-protocol analyses are presented in table 2 and the
appendix. In the primary efficacy analysis, the composite
Z score of participants in the multidomain plus
polyunsaturated fatty acids group improved by a mean of
0-024 points in 36 months, whereas the Z score of those
in the placebo group fell by a mean of 0-069 points
(between-group difference 0-093 [95% CI 0-001-0-184]),
but this difference was not significant after correction for
multiple comparisons (adjusted p=0-142; table 2). The
mean differences in 3-year change from baseline on the
composite Z score between the multidomain plus
placebo group and the placebo group, and between the
polyunsaturated fatty acid group and the placebo group
were not significant (table 2). Post-hoc sensitivity
analyses, in which time was a categorical variable in the
mixed-effects model, did not significantly affect results
(appendix). The impact of the combined intervention on
the composite Z score was not significant in the per-
protocol analysis compared with placebo (appendix).

In a post-hoc analysis, in which all participants who
received the multidomain intervention were pooled,
cognitive decline from baseline to 36 months, as

measured with the composite Z score, was significantly
less in those who had received the multidomain
intervention than in those who did not receive this
intervention (data not shown; p=0-015) in the modified
intention-to-treat population. In a separate analysis in
which all participants who received polyunsaturated fatty
acids were pooled, cognitive decline did not differ
significantly between those who received polyunsaturated
fatty acids and those who did not (data not shown;
p=0-715) in the modified intention-to-treat population.

In the modified intention-to-treat analysis of secondary
outcomes, at 36 months, participants in the multidomain
intervention groups showed less decline in the ten
MMSE orientation items than those not in multidomain
intervention groups, but the difference was only
significant for the combined intervention group
compared with the placebo group (mean difference 0-131
[95% CI 0-029-0-233]; adjusted p=0-036; table 2).
Findings were similar in per-protocol analysis (appendix).
The interventions did not significantly affect other
secondary cognitive outcomes, depression, autonomy, or
physical performance compared with the placebo group
in either modified intention-to-treat or per-protocol
analyses (table 2; appendix).

| 2591 people assessed for eligibility |

911 were not recruited

135 were ineligible

A4

682 refused to participate
39 did not attend the baseline visit

| 1680 participants randomly assigned |

55 were screened just before the end of the inclusion period

v v

v v

417 assigned to multidomain 423 assigned to omega 3 420 assigned to multidomain 420 assigned to placebo
intervention plus omega 3 polyunsaturated fatty intervention plus placebo
polyunsaturated fatty acids
acids
97 did not finish study 103 did not finish study 99 did not finish study 95 did not finish study
8 died 10 died 8 died 8 died
18 had adverse events 21 had adverse events 26 had adverse events 16 had adverse events
—p| 58 refused to continue | 61 refused to continue ! 50 refused to continue 61 refused to continue
study study study study
10 other reasons 9 other reasons 9 other reasons 7 other reasons
3 lost to follow-up 2 lost to follow-up 6 lost to follow-up 3 lost to follow-up
4 A
| 320 completed study | | 320 completed study | | 321 completed study | | 325 completed study |

v

374 included in the modified
intention-to-treat
analysis q--
340 included in the

per-protocol analysis

v

381 included in the modified
intention-to-treat
analysis «€--
373 included in the

per-protocol analysis

390 included in the modified 380 included in the modified
intention-to-treat intention-to-treat
analysis < analysis -
356 included in the 366 included in the

per-protocol analysis per-protocol analysis

I —

Figure: Trial profile

The modified intention-to-treat analysis included all randomly assigned participants with a composite score at baseline who completed at least one post-baseline
visit. The per-protocol analysis excluded all major protocol violations—ie, participants who didn’t fulfil the inclusion or exclusion criteria, didn't receive at least
one dose of polyunsaturated fatty acids supplement or who didn't attend at least one multidomain intervention session, didn't receive the intervention they were
allocated, changed treatment arm during the trial (ie, crossover), or took non-study polyunsaturated fatty acids supplements during follow-up.
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In subgroup analyses, the effects of the interventions
did not differ between groups according to APOE &4
status (p=0-109; table 3). Cognitive decline in participants
with a CAIDE score of 6 or greater at baseline was less in

the combined intervention group than in the placebo
group (p=0-023; table 3).

Table 4 summarises all adverse events. 1414 (86%) of
1652 subjects reported at least one adverse event and

Multidomain plus Multidomain Polyunsaturated  Placebo Overall
polyunsaturated plus placebo fatty acids (n=380) (n=1525)
fatty acids (n=390) (n=381)
(n=374)
Age, years 754 (4-4) 750 (41) 756 (4-7) 751(4:3) 753 (4-4)
Female sex 229 (61%) 252 (65%) 245 (64%) 252 (66%) 978 (64%)
Education
No diploma or primary school certificate 75 (20%) 81 (21%) 96 (26%) 82 (22%) 334 (22%)
Secondary education 145 (39%) 129 (33%) 120 (33%) 117 (31%) 511 (34%)
High school diploma 52 (14%) 56 (15%) 43 (12%) 67 (18%) 218 (15%)
University level 100 (27%) 120 (31%) 108 (29%) 110 (29%) 438 (29%)
APOE £4 71(23%) 76 (24%) 64 (21%) 76 (24%) 287 (23%)
Composite score (mean Z score) -0-04 (0-68) 0-00 (0-71) 0-03 (0-63) 0-02 (0-66) 0-00 (0-67)
Mini Mental State Examination 2815 (1-57) 28.05 (1-62) 2814 (1-60) 2810 (1:53) 2811 (1-58)
Clinical dementia rating
0 223 (60%) 224 (57%) 220 (58%) 220 (58%) 887 (58%)
05 151 (40%) 166 (43%) 160 (42%) 160 (42%) 637 (42%)
Free and Cued Selective Reminding Test
Free recall* 2733 (6-49) 2741 (6-86) 2824 (6:55) 2755 (6-80) 2763 (6:68)
Total recall* 4518 (3:55) 4533 (3:87) 45-62 (3-19) 45-04 (4-37) 4529 (3-78)
Delayed free recallt 1051 (2:90) 1062 (2-81) 10-94 (2-80) 1076 (2:99) 1071 (2-88)
Delayed total recallt 15-40 (1-23) 1543 (1-24) 15-48 (1-13) 1537 (1:53) 15:42 (1-29)
Trail Making Test
Part A 4713 (16-53) 4638 (17:19) 4615 (16-15) 46-08 (17-58) 46-43 (16-86)
Part B 121-09 (59-89) 118-64 (57-51) 125-96 (68-78) 120-25 (58-80) 121-45 (61:37)
Verbal fluency
Category Naming Test 25:45 (7-08) 2626 (7-53) 2601 (7:53) 2629 (7-55) 26-00 (7-43)
Controlled Oral Word Association Test 19-35(6-28) 19-88 (6-60) 19:56 (6:59) 20-21(6-56) 1975 (6-51)
DSST (WAIS—R coding) 37-42(9-70) 3857 (10-51) 3718 (9-74) 3836 (9-87) 37-89(9:97)
Memory functioning¥ 49-97 (16-44) 49-53 (16:56) 49-40 (17-12) 50-28 (17-35) 4979 (16-86)
Consequences of everyday lifet 39:18 (22:73) 4119 (23-38) 38.90(22:92) 40-22 (23-02) 39-88 (23-01)
Geriatric Depression Scale 317 (2-47) 320 (2:58) 327 (2-67) 3-21(2-70) 3-21(2:60)
ADCSADLPI 3949 (4-85) 39-58 (4-93) 39:80(4-59) 39:95 (4-82) 3970 (4-80)
Fried Frailty Criteria—gait speed 1-10 (0-26) 1-09 (0-27) 1-09 (0-26) 1-10 (0-26) 1-09 (0-26)
Short Physical Performance Battery 10-55 (1-72) 10-66 (1-72) 10-57 (1-52) 10-66 (1-55) 10-61 (1-63)
Fried Frailty Criteria
Involuntary weight loss 15 (4%) 19 (5%) 23 (6%) 12 (3%) 69 (5%)
Exhaustion 60 (16%) 55 (14%) 59 (16%) 59 (16%) 233 (15%)
Weakness (handgrip strength) 81(22%) 82 (22%) 92 (25%) 78 (21%) 333 (23%)
Slow gait speed 18 (5%) 20 (5%) 13 (3%) 9 (2%) 60 (4%)
Low physical activity 53 (14%) 49 (13%) 57 (15%) 48 (13%) 207 (14%)
Presence of >1 criteria 160 (45%) 165 (44%) 180 (49%) 160 (44%) 665 (45%)
Blood pressure (mm Hg)
Systolic 142:79 (20-28) 141-16 (18-88) 140-42 (19-51) 13974 (19-93) 14102 (19-66)
Diastolic 79-83 (11-95) 7818 (11-28) 7827 (11:40) 79-00 (11:37) 78-81 (11-50)
Body-mass index 2619 (434) 26-04 (3-92) 2632 (4-07) 2599 (3-84) 2613 (4-04)
Data are mean (SD), or n (%), unless otherwise specified. Percentages were calculated on the basis of the number of participants for whom data were available for each criterion.
DSST=Digit Symbol Substitution Test. WAIS—R=Wechsler Adult Intelligence Scale—Revised. ADCSADLPI=Alzheimer’s Disease Cooperative Study Activities of Daily Living
Prevention Instrument. *48 is the total possible score. 116 is the total possible score. $Measured on a visual analogue scale.
Table 1: Baseline characteristics of the modified intention-to-treat population
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555 (34%) reported at least one serious adverse event.
Adverse events occurred at a similar frequency in all
groups (table 4). The proportion of participants with one
or more adverse events associated with the study
treatment did not differ significantly between groups
(p=0-35). Among participants who discontinued the
study medication because of an adverse event,
gastrointestinal disorders (abdominal pain and nausea)
were the most often reported, and occurred with similar
frequency across groups (data not shown). Ten cases of
bleeding led participants to discontinue study medication:
three in the polyunsaturated fatty acids supplementation
group (one haemorrhagic stroke, two haematomas),
five in the multidomain intervention plus placebo group
(one each of haemorrhagic stroke, intracerebral
haemorrhage, haematuria, haemoptysis, and epistaxis)
and two in the placebo group (one haemorrhagic stroke,
one subarachnoid haemorrhage).

During 36 months’ follow-up in the modified intention-
to-treat population, 201 (55%) of 366 participants were
adherent in the combined intervention group, 204 (53%)
of 387 were adherent in the multidomain intervention
plus placebo group, 276 (79%) of 350 were adherent in the

polyunsaturated fatty acid group, and 296 (85%) of 350
were adherent in the placebo group (p<0-0001 between
groups). Attendance to group sessions decreased with
time: between 30 and 36 months, 130 (17%) of the
764 participants allocated to the multidomain intervention
attended the session, whereas 980 (69%) of the 1417
participants assigned to supplementation or placebo
groups were still taking their allocated medication. The
concentrations of DHA and EPA in red blood cells, an
indicator of adherence, were significantly higher in the
two groups receiving active supplementation (mean
increase of 3-52% [SE 0-11] and 3-29% [0-11] in the
multidomain intervention plus polyunsaturated fatty
acids and polyunsaturated fatty acids alone groups,
respectively) than in the two groups receiving placebo
(mean change —0-02% [0-11] in the placebo group and
0-06% [0-11] in the multidomain intervention plus
placebo group) at 12 months (p<0-0001). In the groups
receiving placebo or polyunsaturated fatty acid only,
duration of weekly physical activity between baseline and
36 months significantly decreased by 107 min (p=0-0004)
and 94 min (p=0-002), respectively. Weekly duration of
physical activity did not change significantly from

Multidomainplus ~ Multidomain plus  Polyunsaturated Placebo Overall
polyunsaturated placebo (n=417)  fatty acids (n=409) (n=415) (n=1652)
fatty acids (n=411)
Total emerging adverse events 1507 1442 1480 1382 5811
At least one emerging adverse event 347 (84%) 358 (86%) 355 (87%) 354 (85%) 1414 (86%)
At least one serious emerging adverse event 146 (36%) 142 (34%) 134 (33%) 133 (32%) 555 (34%)
At least one serious emerging adverse event leading 36 (9%) 44 (11%) 49 (12%) 41 (10%) 170 (10%)
to treatment discontinuation
At least one adverse event leading to study 24 (6%) 31 (7%) 24 (6%) 20 (5%) 99 (6%)
discontinuation
At least one adverse event leading to death 9 (2%) 8 (2%) 11 (3%) 12 (3%) 40 (2%)
Most frequently reported emerging adverse events*
Surgical and medical procedures 123 (35%) 135 (38%) 110 (31%) 118 (33%) 486 (34%)
Infections and infestations 113 (33%) 100 (28%) 118 (33%) 135 (38%) 466 (33%)
Musculoskeletal and connective tissue disorders 108 (31%) 108 (30%) 104 (29%) 102 (29%) 422 (30%)
Injury, poisoning, and procedural complications 105 (30%) 82 (23%) 87 (25%) 96 (27%) 370 (26%)
Nervous system disorders 86 (25%) 100 (28%) 88 (25%) 88 (25%) 362 (26%)
Cardiac and vascular disorders 109 (31%) 84 (24%) 83 (23%) 80 (23%) 356 (25%)
Gastrointestinal disorders 81(23%) 88 (25%) 94 (26%) 76 (21%) 339 (24%)
Vision and hearing disorders 74 (21%) 70 (20%) 58 (16%) 60 (17%) 262 (19%)
General disorders (congenital, endocrinology, and 61 (18%) 62 (17%) 83 (23%) 53 (15%) 259 (18%)
haematology disorders)
Metabolism and nutrition disorders 63 (18%) 69 (19%) 48 (14%) 51 (14%) 231 (16%)
Psychiatric disorders 48 (14%) 40 (11%) 43 (12%) 42 (12%) 173 (12%)
Respiratory, thoracic, and mediastinal disorders 46 (13%) 40 (11%) 47 (13%) 37 (10%) 170 (12%)
Investigations (eg, coronarography, check-up) 33 (10%) 42 (12%) 49 (14%) 39 (11%) 163 (12%)
Renal and urinary disorders, reproductive system 31(9%) 42 (12%) 45 (13%) 40 (11%) 158 (11%)
and breast disorders
Emerging adverse events—ie, adverse events that occurred in 10% or more of participants in any study arm are shown. *The denominator for these percentages is the
number of participants in each arm who experienced at least one emerging adverse event.
Table 4: Adverse events in all participants who received at least one dose of polyunsaturated fatty acids or placebo, or who attended at least one
multidomain intervention session
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baseline to 36 months in either the multidomain
intervention plus polyunsaturated fatty acid group
(-24 minutes; p=0-422) or the multidomain intervention
plus placebo group (3 min; p=0-914).

In posthoc analyses, we assessed whether low
concentrations of DHA and EPA in red blood cells
modified the efficacy of any intervention on cognitive
performance. Cognitive performance in 85 participants
with low DHA and EPA concentrations at baseline in the
placebo group declined by 0-236 points on the composite
score (SE 0-072; p=0-001) during 36 months’ follow-up,
whereas in 277 participants with higher DHA and EPA
concentrations at baseline, cognitive performance
remained stable (mean change -0-011 [SE 0-037];
p=0-776). The primary outcome did not differ significantly
between the intervention groups in this subgroup analysis.

Additional post-hoc subgroup analyses were done
according to the presence of brain amyloid in a
subsample of 269 participants who underwent amyloid
PET scans, as shown by the standardised uptake value
data in table 3. Less cognitive decline during follow-up
was noted in the combined intervention group (adjusted
p<0-0001) and in the multidomain intervention plus
placebo group (p=0-003) than in the placebo group in
amyloid-positive participants (table 3).

Discussion
In this trial, a multidomain lifestyle intervention and
omega 3 polyunsaturated fatty acid, either individually or
in combination, did not significantly reduce cognitive
decline over 3 years compared with placebo. The results of
exploratory subgroup analyses suggested that the
combined polyunsaturated fatty acid and multidomain
intervention or the multidomain intervention alone might
help to slow cognitive decline in people most likely to
undergo decline—ie, those with a CAIDE dementia risk
score of 6 or greater at baseline, and those with a positive
amyloid PET scan. Our study was not designed to test
intervention effects in subgroups, and so all subgroup
results should be considered exploratory and need to be
confirmed. Another limitation of all the subgroup analyses
was that the populations were not completely independent.
Studies published in the past 2-3 years have shown
beneficial effects of multidomain interventions.” The
largest™ of these studies was done in participants aged
6077 years, and showed that cognitive performance
over 24 months improved more in those with a CAIDE
risk score of 6 or higher who received a multidomain
lifestyle intervention than in those in the control group.
In our study, participants were older, and the placebo
group underwent cognitive decline. Two previous
trials®* also showed that supplementation with DHA
and EPA had no effect on cognitive function in
cognitively healthy older adults (ie, >65 years at least)
after 6 and 24 months, respectively. In another 6-month
trial* in participants with age-related cognitive decline,
DHA supplementation had beneficial effects on
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visuospatial learning, episodic memory, and verbal
recognition memory compared with placebo, but not
on working memory or executive function.

The strengths of our study are the randomised,
controlled design, the novel approach of testing a
combined intervention involving both a nutritional
supplement and a lifestyle intervention, the long duration
of the intervention period, and the repeated and objective
assessments of cognitive function in memory centres.
Furthermore, all centres were trained in how to
administer the multidomain intervention and how to
assess outcomes, and none of the centres involved in this
trial had previously used the intervention before the
study. Finally, we strictly recorded all adverse events
during the 36 months, and thoroughly assessed safety.

Our primary outcome was designed to be similar to the
Alzheimer’s Disease Cooperative  Study-Preclinical
Alzheimer Cognitive Composite. A previous study®
showed that this score can reliably measure the first signs
of cognitive decline in at-risk populations, and the score is
recommended by regulatory agencies for secondary
prevention trials in Alzheimer’s disease. Composite
scores enable testing of the effect of an intervention on
several cognitive domains simultaneously, and can be
more sensitive to change than the individual tests used to
calculate them.”” Our trial is the first preventive trial to
use a composite score that consists of four tests.

Understanding the clinical relevance of changes in
composite scores is one of the challenges associated with
the use of a composite score as primary outcome
measures. An initial estimate of the Minimal Clinically
Important Difference of this score—which was obtained
by using a change from a CDR of 0 to a CDR of 0.5 as an
anchor measure in a secondary analysis of data from a
previous prevention trial—was —0- 3 points in a year.* In
our trial, as expected, participants with the usual risk
factors for cognitive decline (APOE €4, CDR 0- 5, amyloid-
positive scans) showed greater cognitive decline on this
composite score than those without these risk factors
(data not shown). These results support the potential use
of this score as an outcome in preventive trials. Moreover,
we showed that 36 month decline in the composite score
was 0-24 points for those with low DHA and EPA
concentrations in red blood cells at baseline, which is
similar to the worsening noted in patients with CDRs of
0-5 subjects, whereas those with normal DHA and EPA
concentrations showed no change in the composite
cognitive score during the trial (data not shown). This
result is consistent with the association between low
DHA and EPA concentrations and brain atrophy reported
in the Framingham cohort and the Women’s Health
Initiative Memory Study—Magnetic Resonance Imaging
(WHIMS-MRI) study.** Several trials are assessing the
efficacy of supplementation with polyunsaturated fatty
acids on cognitive function or on biomarkers.? However,
only one trial is focusing on individuals with low DHA
and EPA concentrations (NCT01953705).
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Our study has several limitations. Although all outcome
assessors were blinded, and the nutritional sup-
plementation component was double-blind, by design,
participants were not blinded to the multidomain
intervention component. Also, PET scan subgroup
results should be interpreted with caution because most
scans were done after baseline, and therefore amyloid
positivity could have been affected by the interventions.
Other limitations of our intervention are also the low
intensity of the multidomain intervention and the
decreasing adherence with time, particularly for the
multidomain component, despite the fact that we
designed a pragmatic intervention with reducing
intensity over time. Furthermore, we did not use a food
frequency questionnaire to assess fish intake, but we
measured DHA and EPA concentrations in all
participants at baseline and 12 months, which better
shows long-term fatty acid intake because this measure
is less sensitive to recent changes than plasma fatty
acids.” Furthermore, this study was not designed to test
the individual contributions of dietary changes, increased
physical activity, and increased cognitive stimulation for
the prevention of cognitive decline, and the individual
effects of each component, as well as the optimal content,
remain to be determined. Finally, our volunteer sample
was particularly well educated, and the high level of
cognitive reserve might have minimised cognitive
decline in this sample compared with that in
representative population-based samples.”

In summary, even though the primary analysis did not
reach significance, our trial provides new data for the
effect of a multidomain intervention with or without
polyunsaturated fatty acid supplementation. An effective
multidomain intervention strategy and target population
remain to be determined, particularly in real-world
settings. Additional research should also further assess
the benefits of polyunsaturated fatty acid supplementation
on cognitive decline in individuals who are deficient for
these nutrients.
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