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Abstract

Multidomain lifestyle interventions (including combinations of
physical exercise, cognitive training and nutritional guidance)
are attracting increasing research attention for reducing the risk
of Alzheimer’s disease (AD). Here we examined for the first
time the cross-sectional relationship between cortical p-amyloid
(AB) and multidomain lifestyle interventions (nutritional
and exercise counselling and cognitive training), omega
3 polyunsaturated fatty acid (n-3 PUFA) supplementation
or their combination in 269 participants of the Multidomain
Alzheimer Preventive Trial (MAPT). In adjusted multiple linear
regression models, compared to the control group (receiving
placebo alone), cortical AB, measured once during follow-up
(mean 512.7 + 249.6 days post-baseline), was significantly lower
in the groups receiving multidomain lifestyle intervention +
placebo (mean difference, -0.088, 95 % CI, -0.148,-0.029, p =
0.004) or multidomain lifestyle intervention + n-3 PUFA (-0.100,
95 % CI, -0.160,-0.041, p = 0.001), but there was no difference in
the n-3 PUFA supplementation alone group (-0.011, 95 % CI,
-0.072,0.051, p = 0.729). Secondary analysis provided mixed
results. Our findings suggest that multidomain interventions
both with and without n-3 PUFA supplementation might
be associated with lower cerebral AB. Future trials should
investigate if such multidomain lifestyle interventions are
causally associated with a reduction or the prevention of the
accumulation of cerebral A{3.

Key words: Multidomain lifestyle intervention, B-amyloid, physical
activity, cognitive activity, nutrition, Alzheimer’s disease.

Introduction

of multidomain lifestyle interventions,
including cognitive activity (1, 2), physical
activity (3, 4) and nutrition (5, 6) are associated with
reduced cerebral p-amyloid (AB). Physical activity has
been cross-sectionally associated with reduced central
AB in cognitively normal older adults (4) as well as

Evidence suggests that the individual components
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in autosomal dominant (early onset familial) cases of
Alzheimer’s disease (AD) (3, 7). A less active lifestyle has
been associated with more cerebral Ap in apolipoprotein
E (ApoE) €4 carriers (8) and the association of physical
activity with reduced cerebral AP appears to be more
prominent in ApoE &4 carriers (4, 9). Furthermore, long-
term treadmill exercise reduces AP in murine models of
AD possibly through reduced amyloidogenic-cleavage
(10, 11) and/ or increased Ap degradation (10).

Lifetime cognitive activity has been cross-sectionally
associated with reduced cerebral AB in human subjects
(1) and in another cross-sectional study it was shown
that Ap was diminished in ApoE e4 carriers that
reported higher cognitive activity over the course of
life (2). Moreover, lifetime intellectual enrichment
(high education, high midlife cognitive activity) has
been associated with lower cortical A deposition
longitudinally in ApoE ¢4 carriers (12). However, there
is in vitro and animal data to indicate that neural activity
increases the secretion of AP (13, 14), which might lead
to enhanced deposition if clearance mechanisms failed.
Nevertheless, consistent with our hypothesis, transgenic
Ap-expressing mice exposed to enriched environments
deposit less AP than control animals (15).

In terms of nutrition and A, increased cerebral A
has been associated with a high glycaemic diet (16) and
a lack of adherence to a Mediterranean style diet (17) and
vitamin B12 as well as vitamin D (5) have been inversely
associated with cerebral AB. Cell culture and animal
models suggest that docosahexaenoic acid (DHA), the
predominant omega (n-3) polyunsaturated fatty acid
(PUFA) in the brain, might reduce AP production (18-20)
and serum DHA has been inversely associated with brain
AP cross-sectionally in older adults (21). To the contrary,
however, we have previously reported that erythrocyte
membrane DHA, eicosapentaenoic acid (EPA) as well
as total n-3 PUFA were not cross-sectionally associated
with cortical Af in participants of the placebo group of
Multidomain Alzheimer Preventive Trial (MAPT) (22).
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Using similar multidomain lifestyle interventions to
those used in MAPT (nutritional and exercise counselling
and cognitive training), other trials have explored the
effects of multidomain interventions targeting a healthier
lifestyle on cognitive function in older adults (23-26).
However, to the best of our knowledge no information
is available on the relationship between multidomain
lifestyle interventions and cerebral A3 burden. Hence
we explored the cross-sectional relationship between
cortical AB and multidomain lifestyle interventions,
n-3 PUFA supplementation or their combination in 269
participants of the MAPT trial who underwent voluntary
['8F] florbetapir positron emission tomography (PET).
We hypothesised that multidomain lifestyle intervention
might be associated with reduced cerebral AP and that
this association might be potentiated by n-3 PUFA
supplementation.

Methods

The Multidomain Alzheimer Preventive Trial
(MAPT) and ethical approval

Data were obtained from a ["F] florbetapir PET
study carried out as an ancillary project to MAPT
(registration: NCT00672685), a large multicentre,
phase III, randomized, placebo-controlled trial (RCT)
which has already been described in detail (26). MAPT
subjects (n=1680) were randomized to one of the four
following arms: n-3 PUFA supplementation alone,
multidomain lifestyle intervention (involving nutritional
and exercise counselling and cognitive training) +
placebo, multidomain lifestyle intervention + n-3 PUFA
supplementation, or placebo alone (control group). Both
MAPT and the PET sub-study were approved by the
ethics committee in Toulouse (CPP SOOM II) and written
consent was obtained from all participants.

Participants

At inclusion, subjects were community-dwelling
men and women without dementia, aged > 70 years,
and who met at least one of the following criteria:
spontaneous memory complaints, limitation in executing
> 1 Instrumental Activity of Daily Living, or slow gait
speed (< 0.8 meters/sec). Participants of the study
described here were 269 individuals who had data on
cortical AB (excluding two participants who developed
dementia as assessed at the clinical evaluation closest to
PET-scan (Clinical Dementia Rating (CDR) = 1)). MAPT
participants who were not assessed for cerebral AB (n
= 1408) were similar to the participants in the PET sub-
study (n =269) (Table S1).

The Multidomain Alzheimer Preventive Trial
interventions

The MAPT multidomain lifestyle intervention was
comprised of cognitive training, nutritional counselling
and physical activity counselling (26). Group-based
2-hour sessions were performed twice a week during
the first four weeks of the trial, once a week for the
following four weeks and then once a month for the
remainder of the trial’s 3-year follow-up period. The
sessions comprised: one hour of cognitive training
(memory and reasoning), 15 minutes of nutritional advice
(based on guidelines established by the Programme
National Nutrition Santé, the French National Nutrition
Health Programme (27)) and 45 minutes of physical
activity counselling. An exercise program was designed
for each individual and participants were advised to
increase the physical activity to the equivalent of at
least 30 minutes walking per day 5 days a week. Two
2-hour reinforcement sessions were performed at 12
and 24 months to boost the effects of the interventions.
Preventive consultations were also performed (at
baseline, 12 and 24 months) with a physician to optimize
the management of cardiovascular risk factors and detect
functional impairments. All participants were also asked
to consume two soft capsules daily as a single dose,
containing either a placebo, or a total of 800 mg of DHA
and 225 mg of EPA per day. The trial was double-blind
for all subjects for n-3 PUFA supplementation or placebo
allocation. No lifestyle interventions were provided
to participants in the placebo alone or n-3 PUFA alone
groups.

['*F] Florbetapir Positron Emission
Tomography (PET)

PET-scans as a measure of cortical A were performed
using ['*F] florbetapir as previously described (28,
29). PET data acquisitions commenced 50 minutes
after injection of a mean of 4 MBq/kg weight of
['*F]-Florbetapir. Radiochemical purity of [**F]-Florbetapir
was superior to 99.5 %. Regional standard uptake value
ratios (SUVRs) were generated from semi-automated
quantitative analysis with the whole cerebellum used
as the reference region. Cortical-to-cerebellar SUVRs
(cortical-SUVRs) were obtained using the mean signal
of the following predefined cortical regions: frontal,
temporal, parietal, precuneus, anterior cingulate, and
posterior cingulate as previously described (30). A
Quality Control procedure was carried out using a semi-
quantification-based method. PET-scans were performed
throughout the 3 year period of MAPT: the mean time of
PET-scan acquisition (standard deviation, SD) was 512.7 +
249.6 days after study baseline. There was no significant
difference (p = 0.223 according to a one way analysis of
variance: ANOVA) between the time interval between

129



baseline and PET-scan in subjects allocated to the 4
MAPT groups (placebo: 464.9 + 2.62.0 days, n-3 PUFA
group: 501.8 + 232.4 days, multidomain + placebo: 544.4 +
237.3 days, multidomain + n-3 PUFA: 536.8 + 259.8 days).
Very few subjects were scanned before 6 months: 22 out
of 269 (8.2 %).

Covariates

We selected the following covariates on the basis
of data availability and the literature on AD (31-33):
age at PET-scan assessment, gender, educational level,
cognitive status assessed at the clinical visit closest to
PET-scan [Clinical dementia rating (CDR): scores 0 or
0.5], time interval between baseline and PET-scan (in
days), physical activity assessed at the clinical visit closest
to PET-scan [measured in metabolic equivalent tasks
- minutes per week (MET-min/week)] and ApoE ¢4
genotype (carriers of at least one &4 allele versus non-
carriers).

Statistical Analysis

Descriptive statistics are presented as mean * (SD) or
absolute values/percentages. Clinical and demographic
characteristics were compared between the participants
in each group using chi squared tests for categorical
variables and one-way ANOVA for continuous variables.
This was a post-hoc analysis since the association
between cortical AP burden and the MAPT interventions
was not an a priori hypothesis of the MAPT study. We
used multiple linear regression models to compare
cortical A levels (measured once per subject, at any
time during follow-up, as described above) across the
four MAPT randomization groups (placebo alone, n-3
PUFA supplementation alone, multidomain lifestyle
intervention + placebo, and multidomain lifestyle
intervention + n-3 PUFA supplementation) adjusting
for all covariates. Next we dichotomized the dependent
variable, cortical AR, with a positivity threshold of mean
cortical SUVR = 1.17 (28, 34) then performed logistic
regression adjusting for all covariates. We ran three
sensitivity analyses in order to substantiate our main
analysis. Firstly, we ran a multiple linear regression
adjusting for all covariates including only those
participants who had their PET-scan > 12 months post-
baseline and hence had received MAPT interventions
for = 12 months. Secondly, we ran a multiple linear
regression adjusting for all covariates including
only those participants who had their PET-scan < 12
months post-baseline. Thirdly, we ran a multiple linear
regression adjusting for all covariates after combining
the MAPT data into 2 groups according to allocation
to multidomain lifestyle intervention (placebo plus n-3
PUFA supplementation versus multidomain lifestyle
intervention + placebo plus multidomain lifestyle
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intervention + n-3 PUFA supplementation). To explore
the role of adherence to intervention, we ran multiple
linear regression restricted to subjects in the multidomain
groups adjusted for age, sex and ApoE &4 carrier status to
assess the association between cortical AB and adherence
to the multidomain lifestyle intervention or adherence
to the multidomain lifestyle intervention + n-3 PUFA
supplementation. Adherence was defined as = 75 %
attendance to the sessions over the 3-year period of
MAPT including participation in the two boost sessions at
the 12 and 24 month follow-ups (reference: non-adherent
<75 % attendance) (5). Lastly, to explore the role of time
on the association of MAPT intervention with cortical
AP we ran a multiple linear regression analysis (adjusted
for all covariates) with the introduction of an interaction
term between MAPT group allocation and time between
PET-scan and baseline (in days). Due to the exploratory
nature of the study there was no correction for multiple
comparisons: P < 0.05 was considered statistically
significant. Statistical analyses were performed using
Stata version 14 (Stata Corp., College Station, TX, USA).

Results

Sample characteristics

Demographic and clinical characteristics of the
participants included in this study are shown in Table
1. There were no significant between-group differences
in age, gender, cognitive status, time interval between
baseline and PET-scan, physical activity and number of
ApoE ¢4 carriers. However, educational level differed
significantly between groups as did cortical SUVR as
a measure of AP burden. There was less cortical
SUVR present in participants receiving multidomain
intervention + placebo or multidomain + n-3 PUFA.
The mean age of the participants was approximately 76
years, and around 60 % of the population were female.
Participants exhibited a high level of education and
almost half of the participants had a CDR score of 0.5 and
approximately one third of the subjects carried at least
one ApoE &4 allele.

Main analysis

In the adjusted multiple linear regression model,
cortical AP was significantly lower in the multidomain
lifestyle intervention + placebo group (mean difference,
-0.088, 95 % CI, -0.148,-0.029, p = 0.004) and the
multidomain lifestyle intervention + n-3 PUFA group
(mean difference, -0.100, 95 % CI, -0.160,-0.041, p = 0.001),
compared to the placebo alone group (table 2), but there
was no difference between the placebo alone and n-3
PUFA supplementation alone groups (mean difference,
-0.011, 95 % CI, -0.072,0.051, p = 0.729). ApoE &4 carrier
status was also significantly associated with cortical AP
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Table 1. Participant characteristics

Variables Placebo (n = 68)
Age, y 76.07 +4.78
Sex, women (%) 40 (58.8 %)
Education (%)

No diploma or primary school certificate 15 (22.4 %)
Secondary education no high-school diploma 18 (26.9 %)
High-school diploma 11 (16.4 %)
Higher diploma 23 (34.3 %)

% of CDR 0.5 (%) 32 (47.1 %)
MET-min/week 1963.21 + 1885.22
ApoE &4 carriers (%) 19 (32.2 %)
Cortical-SUVR 1.23+0.19

n-3 (n = 60) MI + placebo (n =68) MI+n-3(n=73) P value
76.18 +4.40 76.07 +4.22 7593 +4.27 0.991
37 (61.7 %) 43 (63.2 %) 42 (57.5 %) 0.900
0.014
21 (35.6 %) 21 (31.3 %) 11 (15.3 %)
13 (22.0 %) 17 (25.4 %) 31 (43.1 %)
3(5.1%) 11 (16.4 %) 14 (19.4%)
22 (37.3 %) 18 (26.9 %) 16 (22.2 %)
28 (46.7 %) 32 (47.1 %) 39 (53.4 %) 0.826
1466.22 + 1360.18 1759.49 + 1867.87 1652.0 + 1691.85 0.425
13 (24.1 %) 18 (30.5 %) 15 (23.8 %) 0.645
1.21£0.18 1.13+£0.15 1.11+0.13 0.0001

Age, CDR score, and MET-min/week reported at the clinical visit closest to the PET scan are presented. Data is expressed as mean + standard deviation or as absolute
values/ percentages. Clinical and demographic characteristics were compared between the participants in each group using chi squared tests for categorical variables
and one way analysis of variance (ANOVA) for continuous variables. Abbreviations: ApoE, apolipoprotein E; CDR, clinical dementia rating; MET-min/week, metabolic
equivalent tasks — minutes per week; n-3, omega 3 polyunsaturated fatty acid supplementation; MI, multidomain intervention; SUVR, standard uptake ratio values.

Table 2. Multiple linear regressions examining the cross-sectional associations between cortical B-amyloid load and the

MAPT interventions

Unadjusted model (n = 269)

MAPT group: B-coeff. 95% CI

n-3 PUFA supplementation -0.022 -0.079,0.036
Multidomain + placebo -0.095 -0.151,-0.040
Multidomain + n-3 PUFA -0.114 -0.169,-0.059

Adjusted model (n = 231)

P B-coeff. 95% CI P
0.456 -0.011 -0.072,0.051 0.729
0.001 -0.088 -0.148,-0.029 0.004

<0.001 -0.100 -0.160,-0.041 0.001

The adjusted model contained fewer subjects due to missing data on covariates (age at PET-scan assessment, ApoE &4 genotype, gender, educational level, time interval
between baseline and PET-scan, and Clinical dementia rating (CDR) and physical activity assessed at the clinical visit closest to PET-scan). B-coefficients represent the
mean difference in SUVR between the placebo and intervention. Mean SUVR (95 % CI) for the placebo group in the unadjusted model and as predicted from the adjusted
model are 1.23 (1.19,1.27) and 1.33 (0.94,1.72) respectively. Abbreviations: B-coeff, B-coefficient; CI, confidence intervals; n-3 PUFA, omega 3 polyunsaturated fatty acid;

p, probability; SUVR, standard uptake ratio values.

in the model (mean difference, 0.118, 95 % CI, 0.071,0.166,
p < 0.001) with ApoE ¢4 carriers having greater SUVR
compared to non-carriers, as expected. None of the other
demographic and clinical co-variates were significantly
associated with cortical AB.

In the adjusted logistic regression analysis, compared
to the placebo alone group, the odds of cortical amyloid
positivity (defined as SUVR = 1.17) were significantly
lower in the multidomain lifestyle intervention + n-3
PUFA group (odds ratio (OR), 0.31, 95 % CI, 0.133,0.699, p
= 0.005), but not in the multidomain lifestyle intervention
+ placebo group, although they were numerically lower
(OR 0.61, 95 % CI, 0.272,1.345, p = 0.218) (Table 3).

Sensitivity analysis

In multiple linear regression amongst participants
who had their PET scans > 12 months post-baseline, and
therefore had received intervention for > 12 months,
results were similar to the main analysis (Table 4).
Amongst participants who had their PET scans < 12
months post-baseline cortical AB was still significantly

lower in the multidomain lifestyle intervention +
n-3 group compared to the placebo alone group
(B-coefficient, -0.126, 95 % CI, -0.252,-0.001, p = 0.048),
but the difference between the multidomain lifestyle
intervention + placebo group and the placebo alone
group was not significant (B-coefficient, -0.099, 95 % CI,
-0.227,0.029, p = 0.127) (Table 5). Dividing the participants
into two groups according to whether the subjects
received multidomain lifestyle intervention or not gave
similar results to the main analysis (B-coefficient, -0.089,
95 % Cl, -0.132, -0.046, p <0.001: reference = placebo alone
and n-3 PUFA supplementation alone groups combined).

Exploratory analysis

Cortical Ap was not associated with multidomain
intervention adherence in the multidomain lifestyle
intervention + placebo group (mean difference between
adherent and non-adherent subjects , -0.019, 95 % CI,
-0.106,0.068, p = 0.668) nor in the multidomain lifestyle
intervention + n-3 PUFA group (mean difference, 0.038,
95 % CI, -0.025, 0.102, p = 0.228). Furthermore, the
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Table 3. Logistic regression examining the cross-sectional associations between cortical B-amyloid and MAPT
interventions

Unadjusted model (n = 269) Adjusted model (n = 231)
MAPT group: Odds ratio 95% CI P Odds ratio 95% CI P
n-3 PUFA supplementation 0.88 0.437,1.753 0.707 1.13 0.506,2.538 0.762
Multidomain + placebo 0.55 0.274,1.085 0.084 0.61 0.272,1.345 0.218
Multidomain + n-3 PUFA 0.28 0.135,0.583 0.001 0.31 0.133,0.699 0.005

B-amyloid positivity was defined with a threshold of mean cortical SUVR = 1.17. Abbreviations: CI, confidence intervals; n-3 PUFA, omega 3 polyunsaturated fatty acid;
p, probability.

Table 4. Sensitivity analysis in subjects having their PET-scan > 12 months

Unadjusted model (n = 182) Adjusted model (n = 169)
MAPT group: B-coeff. 95% CI p B-coeff. 95% CI p
n-3 PUFA supplementation -0.023 -0.097,0.051 0.536 -0.009 -0.081,0.063 0.803
Multidomain + placebo -0.083 -0.154,-0.012 0.023 -0.087 -0.157,-0.017 0.015
Multidomain + n-3 PUFA -0.103 -0.174,-0.033 0.004 -0.075 -0.145,-0.005 0.035

The adjusted model contained fewer subjects due to missing data on confounders. B-coefficients represent the mean difference in SUVR between the placebo and
intervention. Mean SUVR (95 % CI) for the placebo group in the unadjusted model and as predicted from the adjusted model are 1.22 (1.17,1.27) and 1.28 (0.83,1.73)
respectively. Abbreviations: B-coeff, B-coefficient; CI, confidence intervals; n-3 PUFA, omega 3 polyunsaturated fatty acid; p, probability; SUVR, standard uptake ratio
values.

Table 5. Sensitivity analysis in subjects having their PET-scan < 12 months

Unadjusted model (n = 87) Adjusted model (n = 62)
MAPT group: B-coeff. 95% CI P B-coeff. 95% CI P
n-3 PUFA supplementation -0.009 -0.106,0.088 0.854 0.047 -0.088,0.183 0.486
Multidomain + placebo -0.112 -0.214,-0.020 0.019 -0.099 -0.227,0.029 0.127
Multidomain + n-3 PUFA -0.129 -0.222,-0.036 0.007 -0.126 -0.252,-0.001 0.048

The adjusted model contained fewer subjects due to missing data on confounders. B-coefficients represent the mean difference in SUVR between the placebo and
intervention. Mean SUVR (95 % CI) for the placebo group in the unadjusted model and as predicted from the adjusted model are 1.24 (1.18,1.30) and 1.55 (0.63,2.48)
respectively. Abbreviations: B-coeff, B-coefficient; CI, confidence intervals; n-3 PUFA, omega 3 polyunsaturated fatty acid; p, probability; SUVR, standard uptake ratio

values.

interaction between MAPT group allocation and time
between PET scan and baseline was not significantly
associated with cortical AP in the model (p < 0.05).

Discussion

We have observed that assignment to multidomain
lifestyle intervention with and without n-3 PUFA
supplementation were similarly associated with less
cortical AP load in older adults at risk of dementia. In
contrast, n-3 PUFA supplementation alone was not
associated with cortical AB. It should be noted, however
that a significant association between the multidomain
lifestyle intervention + n-3 PUFA group and cortical Ap
was also observed in a sensitivity analysis restricted to
those subjects who received a PET-scan < 12 months post-
baseline (although the majority of these subjects would
still have received the intervention for at least 6 months
prior to having their PET scan). Moreover, because it
would be expected that the longer participants were
exposed to the multidomain lifestyle intervention, the

lower the cortical AB burden would be, we performed
an exploratory analysis for an interaction between
MAPT group allocation and time between PET scan and
baseline. We found no significant interaction with time.
What is more, exploratory analysis showed that cortical
Ap was not significantly associated with adherence to the
multidomain lifestyle interventions. Collectively, these
findings cast some doubt on our main analysis hence
further validation studies are required.

In the primary analysis of MAPT, no significant
effects of any of the interventions (multidomain lifestyle
intervention + placebo; n-3 PUFA supplementation;
multidomain lifestyle intervention + n-3 PUFA
supplementation) were found on a composite cognitive
score, compared to placebo alone, after adjustment
for multiple testing (26). However, significantly less
cognitive decline during follow-up was noted in the
combined intervention group and in the multidomain
intervention plus placebo group than in the placebo
group in the subgroup of AP positive participants
(26, 35). These findings suggest that multidomain
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intervention might work through the reduction of
cerebral AP therefore providing indirect evidence to
support to the main findings of the analysis presented
here. Furthermore, there is a growing body of evidence
to suggest that physical activity (4, 7, 8), cognitive activity
(1, 2) and nutrition (5, 6) are independently associated
with cerebral AR levels and thus collectively these
elements might offer a synergistic effect on reducing
cerebral Ap.

In the short-term, analysis of existing longitudinal
observational studies with data on cerebral Ap in which
two or more components of the MAPT multidomain
lifestyle intervention could be operationalized might
shed more light on our preliminary findings. Whilst, in
the longer-term, our study specifically begs the question
‘Does multidomain lifestyle intervention reduce cortical
AP?’. Further research in the form of a large RCT, in
which cerebral AB is measured before and after the
intervention, is required to respond to this question.
Establishing the correct level of multidomain lifestyle
intervention also remains to be determined. In terms
of physical activity and cognitive training is sustained
activity or activity of increasing difficulty required?
Which nutrients are more important for healthy aging,
fats, specific vitamins or the correct dietary balance?
Another important question to answer is: What is the best
time window to administer a multi-domain intervention?
Cerebral A accrual is believed to occur over a protracted
period accounting for the long pro-dromal phase of AD
(36); therefore, it is possible that mid-life interventions
might be required to prevent future pathological
changes. The duration of a lifestyle intervention is
another important determinant of efficacy that requires
investigation.

In conclusion we present here some evidence that
multidomain lifestyle intervention both with and without
n-3 PUFA supplementation were similarly associated
with less cortical AP in older adults at risk of dementia.
Further validation studies are required to either support
or refute our preliminary findings and to assess whether
any relationships between multidomain interventions
and cortical A{3 are causal.
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