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Review

Abstract
OBJECTIVES: There is a growing incidence of cognitive decline and 
dementia associated with the ageing population. Lifestyle factors such 
as diet, physical activity, and cognitive activities may individually 
or collectively be undertaken to increase one’s odds of preventing 
cognitive decline and future dementia. This study will examine 
whether clinical trials using multidomain lifestyle intervention can 
significantly decrease the risk of cognitive decline and therefore 
dementia. 
DESIGN, SETTING AND PARTICIPANTS: This systematic literature 
review of multidomain lifestyle interventions for the prevention of 
cognitive decline and dementia followed the PRISMA guidelines. 
Clinical trials involving multidomain intervention (i.e., diet and 
physical activity, or without cognitive training) in older adults (≥ 
49 years old) at higher risk of dementia were identified through 5 
electronic databases (EMBASE, MEDLINE, CINAHL, Cochrane, 
and Scopus). A comprehensive search was performed to identify and 
retrieve publications until 15 November 2022. Trials were published in 
English. 
RESULTS: The included studies (n=15) assessed change in cognition 
in response to a multidomain lifestyle intervention. However, the 
cognitive outcome measures used in these studies were heterogeneous. 
Despite this heterogeneity, two thirds of the studies showed 
improvement in cognition following a multidomain intervention (n=10 
with a total of 9,439 participants). However, five studies reported no 
improvement in cognition following the multidomain intervention. The 
most common form of dietary intervention included higher amount 
of fruit and vegetable intake; whole-grain cereal products instead 
of refined; low fat options in milk and meat products; and limiting 
sucrose intake to less than 50 g/day. Most clinical trial studies were 
powered to examining the effects of multidomain interventions in 
cognition but were not designed to test the contribution of individual 
domains (i.e., dietary changes, increased physical activity, or increased 
cognitive stimulation alone).
CONCLUSION: This systematic review aimed to determine the 
effect of multimodal lifestyle interventions on cognitive outcomes 
in older adults at risk of dementia. We found that participants with 
conditions that may increase the risk of dementia, (e.g., hypertension, 
cardiovascular fragility) do benefit from multi-modal lifestyle 
changes including diet, physical activity, and cognitive training. Two 
thirds of studies using multidomain lifestyle interventions showed 
improvements in cognitive function. Trials with a focus on cognitive 
training, dietary improvement, and physical activity may prevent 
or delay cognitive decline in older adults including those at risk of 

developing dementia. Future studies should consider longer follow-up 
periods and adequate power to be able to examine the effects of each 
lifestyle component in the context of multimodal interventions.  

Key words: Lifestyle intervention, nutrition, physical activity, cognitive 
training, dementia prevention. 

Introduction

Continued growth in the number of older adults 
worldwide has been accompanied by increased rates 
of acute and chronic conditions, including dementia 

(1). The increased prevalence of dementia has become a central 
issue for public health globally and specifically in Australia, 
as it is the leading cause of disease burden among Australians 
aged 65 years and over (2-4). Dementia due to Alzheimer’s 
disease (AD) accounts for ~70% of all diagnosed cases (1).  

There is substantial evidence demonstrating that modifying 
lifestyle factors in isolation can improve cognition or delay 
cognitive decline. Studies have shown that moderate to 
vigorous physical exercise improves cognitive functions, 
including processing speed, memory, and executive function 
(5). Physical activity may enhance cognitive function due to 
an array of behavioral, cellular, and molecular mechanisms 
(6). In addition, evidence suggests that exercise plays a 
role in lowering brain levels of amyloid beta and tau, the 
pathological hallmarks of AD (5). Cognitive training may 
improve and maintain cognitive performance, resulting in 
the prevention or delay of dementia, potentially through 
stimulating neuroplasticity and task-dependent brain 
activation, as well as influencing brain metabolism. Several 
studies have demonstrated an association between foods 
or nutrients and cognitive outcomes (6). Current research 
suggests that following healthy dietary patterns, such as the 
Mediterranean-DASH Intervention for Neurodegenerative 
Delay (MIND) diet, a combination of the Mediterranean Diet 
(MeDi) and the Dietary Approaches to Stop Hypertension 
(DASH) diet, improves cognitive function in older adults. 
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The MIND diet may be superior to other plant-rich diets for 
improving cognition, including the MeDi (7, 8) partly due to 
the recommendation for consumption of berries in the MIND 
diet due to their antioxidant attributes (9-11). The MIND 
diet recommends consumption of several plant-based food 
components (nuts, olive oil, legumes, whole grains) which all 
have known benefits for health brain performance (12-17).

More recently, the development of multimodal interventions 
has expanded this field of research. The Finnish Geriatric 
Intervention Study to Prevent Cognitive Impairment and 
Disability (FINGER) (18), showed that a combination of 
aerobic and resistance training physical exercises, a healthy 
diet, computerized online cognitive training, and medical 
monitoring of cardiometabolic risk can improve the brain 
function in people at higher risk of developing dementia (19). 

Multi-disciplinary lifestyle approaches to enhance cognitive 
health are crucial, since preventing dementia occurrence 
via lifestyle approaches is an important area of interest with 
minimal investment and significant cost savings for individuals 
at risk as well as health care providers (20). This review will 
investigate the effects of healthy dietary patterns in combination 
with a multidomain lifestyle intervention on reducing and/
or preventing cognitive decline in older adults at risk of 
developing dementia.

Methods

A systematic literature review was conducted using the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. Clinical trials involving 
multidomain lifestyle intervention (dietary intervention, 
physical activity, and cognitive training) in adults aged 49 
years or older were identified through 5 electronic databases 
(EMBASE, MEDLINE, CINAHL, Cochrane, and Scopus).  
The protocol for this review was published on PROSPERO 
(www.crd.york.ac.uk/PROSPERO) under registration number 
CRD42021264292.

Search Strategy

The following Medical Subject Heading words and their 
combinations were searched: "Alzheimer’s disease" OR 
"cognitive impairment" OR "dementia" OR "mild cognitive 
impairment" (MCI) OR "subjective cognitive decline" (SCD) 
OR "subjective memory complaints" (SMC) OR "prodromal 
Alzheimer’s disease" AND cognition OR memory OR 
"neuropsychological assessment" OR "quality of life" OR 
"mental health" AND lifestyle OR "multidomain intervention" 
OR prevention OR World-Wide FINGERS OR "Multi-
component intervention" OR "dietary intervention" AND 
"physical activity intervention" "randomized controlled trial" 
OR "intervention studies" OR "clinical trial" OR "clinical 
intervention" OR cohort OR "longitudinal cohort study". Stars 
were used to return results that contain the letters preceding 
the specific characters. The electronic database search was 
conducted from 15th January 2022 to 15th November 2022, 
with no restrictions on the date of publication. Limits included 

human only studies, peer-reviewed articles and published full-
text articles. References of the retrieved publications were also 
examined to identify other potential papers for inclusion.   

Eligibility Criteria

Publications were included if they were in English, had 
neuropsychological assessments investigating the effects of a 
multidomain approach (with diet and physical activity, with and 
without cognitive training) as a primary or secondary outcome 
measure in older adults at risk of developing dementia. 

The inclusion criteria were adults and older adults (≥ 49 
years) with risk of dementia including sedentary lifestyle with 
no or low level of moderate exercise (e.g., fast walking for 
30 minutes) less than three times a week, or with a poor diet 
(malnutrition that is characterized by inadequate intake of 
protein, energy, and micronutrients) or at increased risk of 
vascular and /or metabolic risk factors.

Additionally, adults over 49 years of age presenting 
limitation in one of the instrumental activities of daily living 
(IADL, activities that allow an individual to live independently 
in a community), or slow gait speed, or Apolipoprotein E 
(APOE) ε4 carriers were also included. Studies were excluded 
if they did not report either cognition or neuropsychological 
assessments as an outcome or did not report multidomain 
intervention that included diet and physical activity. Since 
the target population was older adults at risk of developing 
dementia, participants with MCI and AD were excluded. 
Studies were also excluded if they were conducted in patients 
with cancer, HIV, chronic kidney disease, liver disease or any 
other condition that could affect cognitive function. Studies 
were also excluded if they were reviews, meta-analysis, 
conference abstracts, animal studies, in vitro studies, withdrawn 
or clinical trial registry with no associated publication. 

Selection process and quality assessment

The titles and abstracts of all articles were independently 
screened by two reviewers (CBC and LMC) against the 
eligibility criteria. If there was insufficient information in the 
abstract to warrant exclusion of an article, the full text of the 
article was retrieved to determine eligibility. The full texts of all 
potentially relevant publications were retrieved, and a second 
selection assessment was undertaken. Any discrepancies in the 
assessment or disagreements in any article to be included were 
resolved after discussion with an independent investigator (CD, 
JC or HH). The methodological quality of the selected full texts 
was determined using the modified Cochrane Collaboration 
tool for crossover studies to assess risk of bias (21) and 
disagreements in methodological quality was resolved with a 
fourth reviewer (HH).

Using the Cochrane tool, we critically appraised the quality 
of each publication as well as to determine the relevance and 
validity of the selected publications. Biases were assessed as 
a judgment (high, low, or unclear risk) for individual elements 
from 7 domains [i.e., sequence generation, carryover effects, 
allocation concealment, blinding of the participants and study 
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personnel, blinding of outcome assessment, handling of missing 
data (intention-to-treat or per protocol analysis), and selective 
outcome reporting]. Then, each trial received an overall 
classification of risk of bias (22). The Physiotherapy Evidence 
Database (PEDro) score was also used to critically appraise the 
quality of the papers included. Using the PEDro scale, a score 
was calculated for each paper denoting high methodological 
quality if the score was higher than 6, moderate quality if the 
score was 5 to 6 and poor quality if the score was lower than 5 
(23). 

Data extraction

Publications were extracted by two authors (CBC, LMC) 
using a pretested data-extraction spreadsheet and assessed by 
a third collaborator (CD) for completeness. Disagreements 
were resolved by discussions among the two authors (CBC, 
LMC). The following data were extracted when available: 
study identification (author, year, and country), study design 
(crossover or parallel, and level of blinding), duration, 
sample size of each group, participant characteristics (age, 
gender, APOE ε4 status, body mass index, years of education, 
and ethnicity), type of exposure assessment, comparator 
characteristics (e.g., placebo), and measures and outcomes of 
interest. 

A meta-analysis has not been undertaken since our 
systematic review was better fitted with the aims of this 
manuscript in capturing all the available evidence in support 
of multi domain interventions to prevent dementia. In addition, 
a very limited number of publications in this field were 
available at the time resulting in significant heterogeneity in 
study designs, interventions, and outcome measures identified 
through the systematic literature review. The included 
studies vary in terms of study design (crossover or parallel), 
intervention components (dietary intervention, physical activity, 
cognitive training), and outcome assessments (cognitive tests). 
Additionally, the risk of bias and methodological quality across 
studies also varies. These differences make it challenging to 
pool the results statistically and derive meaningful conclusions 
through a meta-analysis. Therefore, a systematic narrative 
synthesis and critical evaluation of the included studies 
are deemed more appropriate for this review to provide a 
comprehensive understanding of the influence of multidomain 
lifestyle interventions for individuals at risk of dementia.

Results

Studies and participants’ characteristics 

A total of 171 publications were identified, from which 
15 publications matched the inclusion criteria (Figure 1). All 
included publications were randomized clinical trial studies, 
using either double (n=2) or single (n=6) blinded design or 
were unblinded (n=7), and all except 2 of the publications were 
placebo-controlled (n=13). One of the latter two studies used 
a parallel design and the other used an open label design. The 
general characteristics of the studies are described in Table 1.

PRISMA, Preferred Reporting Items for Systematic reviews and Meta-Analysis; n= 
number of publications.

Included studies were published between 2010 and 2021. 
The studies had a total of 13,339 participants from both sexes, 
aged 49 to 77 years old. Sample sizes ranged from 32 to 2724 
participants and, in 12 of 15 studies, 50% or more of the 
participants were women. The study cohorts included one or 
multiple countries and were from North America (n=1 USA), 
Asia (n=2 Korea, n=1 China and n=1 Singapore), Europe 
(n=1 The Netherlands, n=4 Finland, n=2 France, n=1 France 
and Monaco, n=1 The Netherlands, Finland, and France) and 
Oceania (n=1 Australia). 

Studies were heterogeneous in duration (4 months to 
approximately 9 years), placebo used, and population studied 
(participants with dementia risk, including only one sex or 
both sexes). Studies were completed with (n=8) or without 
(n=7) industry support. Industry support included staff 
payments with no additional support or industry involvement 
(n=1), industry funding with no industry involvement in data 
collection or analyses (n=1), or industry funding with very 
limited description of the role of the industry partners (n=6).

The primary outcome measure was the Mini-Mental State 
Examination (MMSE; n=9), the Cardiovascular Risk Factors, 
the CAIDE (Cardiovascular Risk Factors, Aging, and Incidence 
of Dementia) Dementia Risk Score (n=4) and cognitive 
performance measured with the Consortium to Establish a 
Registry for Alzheimer’s Disease (CERAD) (n=2). Secondary 
outcome measures included quality of life (QoL), verbal 
fluency (included in cognitive outcomes) and self-reports on 
cognition including Memory Assessment Clinic – Questionnaire 
(MAC-Q).

Dietary interventions

In terms of dietary interventions, studies were also 
heterogenous. Studies used general nutritional counselling 
and dietary education and advice (n=5), the National Nutrition 

Figure 1. PRISMA flow chart containing an overview of the 
study-selection process (25) 



1274

MULTI-DOMAIN INTERVENTIONS FOR DEMENTIA PREVENTION 

Ta
bl

e 
1.

 C
ha

ra
ct

er
is

tic
s o

f i
nc

lu
de

d 
st

ud
ie

s t
ha

t e
xa

m
in

ed
 th

e 
im

pa
ct

 o
f a

 m
ul

tid
om

ai
n 

in
te

rv
en

tio
n 

on
 c

og
ni

tiv
e 

ou
tc

om
es

 in
 o

ld
er

 a
du

lts
 a

t r
is

k 
of

 d
em

en
tia

A
ut

ho
r, 

ye
ar

, l
oc

at
io

n 
(r

ef
er

en
ce

)
Pa

rt
ic

ip
an

t
 c

ha
ra

ct
er

ist
ic

s a
St

ud
y 

D
es

ig
n

In
te

rv
en

tio
n

St
ud

y 
du

ra
tio

n
O

ut
co

m
e

Li
m

ita
tio

ns

A
nd

rie
u 

et
 a

l, 
20

17
, F

ra
nc

e 
an

d 
M

on
ac

o 
(2

9)
N

= 
15

25
A

ge
 =

 7
5.

3 
(4

.4
)

M
al

e 
= 

54
7 

(3
6%

)
A

PO
E4

(+
) =

 2
87

 (2
3%

)

R
an

do
m

iz
ed

, P
la

ce
bo

-C
on

tro
lle

d 
Tr

ia
l

In
te

rv
en

tio
n:

 M
ul

tid
om

ai
n 

(c
og

ni
tiv

e 
st

im
ul

at
io

n,
 p

hy
si

ca
l a

ct
iv

ity
, a

nd
 

nu
tri

tio
n)

 +
 2

 c
ap

su
le

s o
f P

U
FA

S 
da

ily
. 

C
on

tro
l: 

 M
ul

tid
om

ai
n 

+ 
2 

ca
ps

ul
es

 
of

 e
ith

er
 p

la
ce

bo
 d

ai
ly

. T
he

 p
la

ce
bo

 
ca

ps
ul

es
 c

on
ta

in
ed

 fl
av

or
ed

 p
ar

af
fin

 o
il.

3 
ye

ar
s

C
og

ni
tiv

e 
im

pr
ov

em
en

t i
n 

po
ly

un
sa

tu
ra

te
d 

fa
tty

 a
ci

d 
+ 

m
ul

tid
om

ai
n 

in
te

rv
en

tio
n 

or
 th

e 
m

ul
tid

om
ai

n 
in

te
rv

en
tio

n 
al

on
e.

 
Im

pr
ov

em
en

t i
n 

th
os

e 
w

ith
 a

 C
A

ID
E 

de
m

en
tia

 ri
sk

 sc
or

e 
of

 6
 o

r g
re

at
er

 a
t 

ba
se

lin
e,

 a
nd

 th
os

e 
w

ith
 a

 p
os

iti
ve

 
am

yl
oi

d 
PE

T 
sc

an
. 

Si
ng

le
 b

lin
de

d.
 

D
id

 n
ot

 u
se

 a
 fo

od
 fr

eq
ue

nc
y 

qu
es

tio
nn

ai
re

.  
Fu

nd
ed

 b
y 

in
du

st
ry

.

A
ns

te
y 

et
 a

l, 
20

20
, A

U
S 

(2
0)

N
= 

12
8

A
ge

 =
 5

1.
1 

(1
4.

2)
M

al
e 

= 
39

 (3
1.

2%
)

R
an

do
m

iz
ed

, C
on

tro
lle

d 
Tr

ia
l

In
te

rv
en

tio
n:

 L
ea

rn
in

g 
m

od
ul

es
 o

n 
de

m
en

tia
 li

te
ra

cy
, p

hy
si

ca
l a

ct
iv

ity
, 

nu
tri

tio
n,

 h
ea

lth
 m

on
ito

rin
g,

 c
og

ni
tiv

e 
an

d 
so

ci
al

 a
ct

iv
iti

es
.

C
on

tro
l: 

 G
en

er
ic

 in
fo

rm
at

io
n 

on
 b

as
ic

 
nu

tri
tio

n,
 m

ea
l p

la
nn

in
g,

 p
hy

si
ca

l 
ac

tiv
ity

, h
ea

lth
 c

on
di

tio
ns

 a
nd

 sl
ee

p.

62
-w

ee
ks

Th
e 

m
ul

tid
om

ai
n 

B
B

L-
G

P 
lif

es
ty

le
 

in
te

rv
en

tio
n 

w
as

 e
ffe

ct
iv

e 
in

 re
du

ci
ng

 
th

e 
ris

k 
of

 d
em

en
tia

 fo
r a

 p
er

io
d 

of
 a

t 
le

as
t 1

5 
m

on
th

s.
Pa

rti
ci

pa
nt

s a
ge

d 
60

 to
 6

4 
ye

ar
s w

ith
 a

 
on

e-
po

in
t l

ow
er

 A
N

U
-A

D
R

I a
t b

as
el

in
e 

ha
ve

 a
n 

8%
 lo

w
er

 c
ha

nc
e 

of
 d

ev
el

op
in

g 
M

C
I o

r d
em

en
tia

 o
ve

r a
 1

2-
ye

ar
 p

er
io

d.

Sm
al

l s
am

pl
e.

 H
ig

h 
at

tri
tio

n.
Th

e 
st

ud
y 

w
as

 n
ot

 re
so

ur
ce

d 
fo

r 
vi

gi
la

nt
 fo

llo
w

-u
p 

of
 p

ar
tic

ip
an

t.
Fu

nd
ed

 b
y 

in
du

st
ry

.

C
hh

et
ri 

et
 a

l, 
20

18
, F

ra
nc

e 
(3

0)
N

= 
16

80
A

ge
= 

75
.4

 (±
4.

3)
M

al
e=

 4
73

 (3
6.

6%
)

R
an

do
m

iz
ed

 C
on

tro
lle

d 
Tr

ia
l

In
te

rv
en

tio
n:

  I
so

la
te

d 
n-

3 
PU

FA
 o

r 
m

ul
tid

om
ai

n 
(n

ut
rit

io
na

l c
ou

ns
el

lin
g,

 
ph

ys
ic

al
 e

xe
rc

is
e 

ad
vi

ce
, c

og
ni

tiv
e 

st
im

ul
at

io
n)

 p
lu

s p
la

ce
bo

, o
r 

m
ul

tid
om

ai
n 

in
 c

om
bi

na
tio

n 
w

ith
 n

-3
 

PU
FA

. C
on

tro
l: 

 C
on

tro
l o

n 
co

gn
iti

ve
 

fu
nc

tio
n 

of
 c

om
m

un
ity

 d
w

el
lin

g 
ol

de
r 

ad
ul

ts
 a

ge
d 

70
 o

r a
bo

ve
.

3 
ye

ar
s

H
ig

h-
ris

k 
pa

rti
ci

pa
nt

s f
or

 d
em

en
tia

 
sc

re
en

ed
 w

ith
 C

A
ID

E 
de

m
en

tia
 sc

or
e 

m
ig

ht
 b

en
efi

t f
ro

m
 m

ul
ti-

do
m

ai
n 

in
te

rv
en

tio
n 

st
ra

te
gi

es
 a

s i
n 

th
e 

M
A

PT
 

st
ud

y,
 p

ar
tic

ul
ar

ly
 in

 th
e 

or
ie

nt
at

io
n 

an
d 

de
la

ye
d 

re
ca

ll 
do

m
ai

n.

Po
st

-h
oc

 a
na

ly
si

s o
f a

 la
rg

er
 R

C
T.

 
Fu

nd
ed

 b
y 

in
du

st
ry

K
oe

kk
oe

k 
et

 a
l, 

20
12

 
N

et
he

rla
nd

s  
(2

6)
N

= 
25

8
A

ge
= 

59
.3

±5
.6

M
al

e=
 I:

 1
47

 (5
7.

7%
)

R
C

: 1
65

 (6
4.

3%
)

C
lu

st
er

-R
an

do
m

iz
ed

 T
ria

l
In

te
rv

en
tio

n:
 M

ul
tid

om
ai

n 
(d

ie
t, 

ph
ys

ic
al

 a
ct

iv
ity

, a
nd

 p
ro

m
ot

io
n 

of
 p

ro
to

co
l-d

riv
en

 st
ric

t r
eg

ul
at

io
n 

of
 m

et
ab

ol
ic

 p
ar

am
et

er
s)

. C
on

tro
l: 

G
en

er
al

 p
ra

ct
iti

on
er

s w
er

e 
on

ly
 

in
fo

rm
ed

 a
bo

ut
 d

ia
gn

os
tic

 te
st

 re
su

lts
.

6 
ye

ar
s

Si
x 

ye
ar

s o
f I

T 
in

 sc
re

en
-d

et
ec

te
d 

ty
pe

 
2 

di
ab

et
es

 h
ad

 n
o 

be
ne

fit
 o

n 
co

gn
iti

ve
 

fu
nc

tio
ni

ng
 o

ve
r R

C
.

N
PA

 w
as

 n
ot

 p
er

fo
rm

ed
 a

t t
he

 
be

gi
nn

in
g 

of
 th

e 
st

ud
y.

N
o 

co
gn

iti
ve

 tr
ai

ni
ng

 p
ar

t o
f i

nt
er

-
ve

nt
io

n.
Se

le
ct

io
n 

bi
as

 a
nd

 se
le

ct
iv

e 
at

tri
tio

n 
du

rin
g 

fo
llo

w
-u

p.
Fu

nd
ed

 b
y 

in
du

st
ry

. 
Le

e,
 e

t a
l, 

20
14

, S
ou

th
 K

or
ea

 
(3

1)
N

: 4
60

A
ge

 =
 7

7.
1 

± 
2.

5
M

al
e 

= 
98

 (2
1.

4%
)

C
lu

st
er

 R
an

do
m

iz
ed

 C
on

tro
lle

d 
Tr

ia
l

In
te

rv
en

tio
n:

 P
hy

si
ca

l, 
co

gn
iti

ve
, a

nd
 

so
ci

al
 a

ct
iv

iti
es

, a
nt

is
m

ok
in

g,
 a

lc
oh

ol
 

dr
in

ki
ng

 in
 m

od
er

at
io

n 
an

d 
he

al
th

y 
di

et
. C

on
tro

l: 
 U

su
al

C
ar

e.

18
 m

on
th

s
C

og
ni

tiv
e 

ac
tiv

iti
es

 +
 p

os
iti

ve
 h

ea
lth

 
be

ha
vi

or
s, 

m
ay

 b
e 

m
os

t b
en

efi
ci

al
 in

 
pr

es
er

vi
ng

 c
og

ni
tiv

e 
ab

ili
tie

s. 
H

ea
lth

 
w

or
ke

r-v
is

it 
ca

re
 g

ro
up

 sh
ow

ed
 su

pe
rio

r 
co

gn
iti

ve
 fu

nc
tio

n 
(M

M
SE

).

Sh
or

t f
ol

lo
w

-u
p 

pe
rio

d.
 

Lo
w

 ra
te

 o
f r

et
en

tio
n.

Pa
rti

ci
pa

nt
s d

id
n’

t f
ul

ly
 id

en
tif

y 
cl

in
i-

ca
l i

nf
or

m
at

io
n.

Le
ht

is
al

o,
 e

t a
l, 

20
19

, F
in

la
nd

 
(2

4)
N

= 
12

60
A

ge
= 

I: 
69

.5
 (4

.6
)

C
on

tro
l: 

69
.1

 (4
.7

)
M

al
e:

 I:
 3

08
 (5

4%
)

C
on

tro
l: 

30
6 

(5
2%

)

R
an

do
m

iz
ed

 C
on

tro
lle

d 
Tr

ia
ls

In
te

rv
en

tio
n:

 D
ie

ta
ry

 c
ou

ns
el

lin
g,

 
ph

ys
ic

al
 e

xe
rc

is
e 

pr
og

ra
m

, c
og

ni
tiv

e 
tra

in
in

g,
 a

nd
 m

an
ag

em
en

t o
f m

et
ab

ol
ic

 
an

d 
va

sc
ul

ar
 ri

sk
 fa

ct
or

s. 
C

on
tro

l: 
R

eg
ul

ar
 h

ea
lth

 a
dv

ic
e 

an
d 

fe
ed

ba
ck

 o
n 

va
sc

ul
ar

 ri
sk

 fa
ct

or
s.

2 
ye

ar
s

Th
e 

co
gn

iti
ve

 p
er

fo
rm

an
ce

 a
m

on
g 

al
l 

pa
rti

ci
pa

nt
s i

m
pr

ov
ed

. I
G

, i
m

pr
ov

em
en

t 
w

as
 si

gn
ifi

ca
nt

ly
 g

re
at

er
 in

 g
lo

ba
l 

co
gn

iti
on

 a
nd

 in
 e

xe
cu

tiv
e 

fu
nc

tio
n 

an
d 

pr
oc

es
si

ng
 sp

ee
d 

do
m

ai
ns

. D
ie

ta
ry

 
qu

al
ity

 im
pr

ov
ed

 in
 th

e 
in

te
rv

en
tio

n 
gr

ou
p.

G
ui

de
lin

e-
ba

se
d 

di
et

 sc
or

e 
us

ed
 in

 
an

al
ys

es
 m

ay
 n

ot
 b

e 
op

tim
al

 fo
r b

ra
in

 
he

al
th

.

Le
ht

is
al

o,
 e

t a
l, 

20
16

, F
in

la
nd

 
(3

2)
N

= 
52

2
A

ge
= 

61
.1

 ±
 6

.7
M

al
e=

 1
14

 (3
1%

)

R
an

do
m

iz
ed

 C
on

tro
lle

d 
Tr

ia
ls

In
te

rv
en

tio
n:

 In
di

vi
du

al
iz

ed
 d

ie
ta

ry
, 

ph
ys

ic
al

 a
ct

iv
ity

, a
nd

 w
ei

gh
t r

ed
uc

tio
n 

co
un

se
lli

ng
. C

on
tro

l: 
 G

en
er

al
 

in
fo

rm
at

io
n 

ab
ou

t l
ife

st
yl

e 
an

d 
di

ab
et

es
 

ris
k.

9 
ye

ar
s

Lo
ng

-te
rm

 d
ie

ta
ry

 fa
t i

nt
ak

e,
 B

M
I, 

an
d 

w
ai

st
 c

irc
um

fe
re

nc
e 

ha
ve

 a
n 

in
ve

rs
e 

as
so

ci
at

io
n 

w
ith

 c
og

ni
tiv

e 
fu

nc
tio

n.
 

D
ec

re
as

es
 in

 B
M

I a
nd

 w
ai

st
 p

rio
r t

o 
co

gn
iti

ve
 a

ss
es

sm
en

t a
re

 a
ss

oc
ia

te
d 

w
ith

 w
or

se
 c

og
ni

tiv
e 

pe
rf

or
m

an
ce

.

N
o 

co
gn

iti
ve

 tr
ai

ni
ng

 p
ar

t o
f 

in
te

rv
en

tio
n.

Fo
cu

se
d 

on
ly

 o
n 

fa
ts

.
La

ck
 o

f s
ta

tis
tic

al
 p

ow
er

.
Fu

nd
ed

 b
y 

In
du

st
ry

.

N
ga

nd
u 

et
 a

l, 
20

15
, F

in
la

nd
 (1

9)
N

= 
12

60
A

ge
= 

IG
: 6

9.
5 

(4
.6

)
C

G
: 6

9.
2 

(4
.7

)
M

al
e=

 6
39

R
an

do
m

iz
ed

 C
on

tro
lle

d 
Tr

ia
l

In
te

rv
en

tio
n:

 D
ie

t, 
ex

er
ci

se
, c

og
ni

tiv
e 

tra
in

in
g,

 a
nd

 v
as

cu
la

r r
is

k 
m

on
ito

rin
g.

 
C

on
tro

l: 
R

eg
ul

ar
 h

ea
lth

 a
dv

ic
e.

2 
ye

ar
s

A
 m

ul
tid

om
ai

n 
in

te
rv

en
tio

n 
co

ul
d 

im
pr

ov
e 

or
 m

ai
nt

ai
n 

co
gn

iti
ve

 
fu

nc
tio

ni
ng

 in
 a

t-r
is

k 
ol

de
r a

du
lts

 fr
om

 
th

e 
ge

ne
ra

l p
op

ul
at

io
n.

M
et

ho
do

lo
gi

ca
l l

im
ita

tio
ns

.



1275

JNHA  - Volume 27, Number 12, 2023

Ta
bl

e 
1.

 C
ha

ra
ct

er
is

tic
s o

f i
nc

lu
de

d 
st

ud
ie

s t
ha

t e
xa

m
in

ed
 th

e 
im

pa
ct

 o
f a

 m
ul

tid
om

ai
n 

in
te

rv
en

tio
n 

on
 c

og
ni

tiv
e 

ou
tc

om
es

 in
 o

ld
er

 a
du

lts
 a

t r
is

k 
of

 d
em

en
tia

A
ut

ho
r, 

ye
ar

, l
oc

at
io

n 
(r

ef
er

en
ce

)
Pa

rt
ic

ip
an

t
 c

ha
ra

ct
er

ist
ic

s a
St

ud
y 

D
es

ig
n

In
te

rv
en

tio
n

St
ud

y 
du

ra
tio

n
O

ut
co

m
e

Li
m

ita
tio

ns

Pa
rk

 e
t a

l, 
20

19
 S

ou
th

 K
or

ea
 (3

3)
N

= 
32

A
ge

:  
A

C
: 7

6.
1 

(4
.1

)
In

t. 
+ 

M
ai

n:
 7

7.
4 

(4
.8

)
In

t. 
P:

 7
6.

6 
(5

.7
)

M
al

e:
  3

 (9
.4

%
)

Si
ng

le
-B

lin
de

d 
R

an
do

m
iz

ed
 

C
on

tro
lle

d
In

te
rv

en
tio

n:
  P

hy
si

ca
l a

ct
iv

ity
, 

m
od

ify
in

g 
va

sc
ul

ar
 ri

sk
 fa

ct
or

s, 
di

et
, 

co
gn

iti
ve

 a
nd

 so
ci

al
 a

ct
iv

iti
es

. 
C

on
tro

l: 
 P

er
so

na
liz

ed
 a

dv
ic

e 
on

 
lif

es
ty

le
 m

od
ifi

ca
tio

ns
 to

 p
re

ve
nt

 
de

m
en

tia
 a

nd
 th

e 
us

ua
l r

eg
ul

ar
 3

-m
on

th
 

he
al

th
 c

he
ck

-u
ps

.

24
 w

ee
ks

Th
e 

fin
di

ng
s s

up
po

rt 
th

e 
fe

as
ib

ili
ty

 a
nd

 
ef

fic
ac

y 
of

 a
 m

ul
tid

om
ai

n 
in

te
rv

en
tio

n 
w

ith
 m

ai
nt

en
an

ce
 p

ro
gr

am
 in

 te
rm

s 
of

 re
du

ci
ng

 th
e 

de
m

en
tia

 ri
sk

 in
 

co
m

m
un

ity
-d

w
el

lin
g 

ol
de

r a
du

lts
 a

t r
is

k.

Sh
or

t f
ol

lo
w

-u
p 

pe
rio

d.
  R

ep
or

tin
g 

bi
as

.
Si

ng
le

 b
lin

de
d.

Sm
al

l s
am

pl
e.

Fu
nd

ed
 b

y 
in

du
st

ry
. 

N
g 

et
 a

l, 
20

18
 S

in
ga

po
re

 (3
5)

N
= 

24
6

A
ge

:  
C

on
tro

l: 
70

.2
 ±

 5
.0

N
ut

rit
io

n:
 6

9.
6 

± 
4.

3
C

og
ni

tiv
e:

 6
9.

7 
± 

4.
3

Ph
ys

ic
al

: 7
0.

2 
± 

5.
2

C
om

bi
na

tio
n:

 7
0.

4 
± 

4.
7

M
al

e=
 9

5 
(3

8.
6%

)

R
an

do
m

iz
ed

 C
on

tro
lle

d 
Tr

ia
l

In
te

rv
en

tio
n:

  N
ut

rit
io

na
l, 

ph
ys

ic
al

, a
nd

 
co

gn
iti

ve
 tr

ai
ni

ng
 p

lu
s s

up
pl

em
en

ts
 

(F
or

tis
ip

 M
ul

ti 
Fi

br
e,

 ir
on

 a
nd

 fo
la

te
, 

vi
ta

m
in

 B
6 

an
d 

vi
ta

m
in

 B
12

, c
al

ci
um

 
an

d 
vi

ta
m

in
 D

 C
on

tro
l: 

C
om

m
un

ity
 

ba
se

d 
so

ci
al

, r
ec

re
at

io
na

l a
nd

 d
ay

 c
ar

e 
re

ha
bi

lit
at

io
n 

se
rv

ic
es

 +
 p

la
ce

bo
 li

qu
id

 
ca

ps
ul

es
 a

nd
 ta

bl
et

 fo
rm

ul
at

io
ns

.

1 
ye

ar
A

m
on

g 
fr

ai
l o

ld
er

 p
er

so
ns

, c
og

ni
tiv

e 
tra

in
in

g 
co

nf
er

re
d 

th
e 

gr
ea

te
st

 c
og

ni
tiv

e 
be

ne
fit

s. 
N

ut
rit

io
na

l a
nd

 p
hy

si
ca

l 
in

te
rv

en
tio

ns
 si

ng
ly

 w
er

e 
as

so
ci

at
ed

 
w

ith
 m

od
es

t s
ho

rt-
te

rm
 o

r n
o 

co
gn

iti
ve

 
be

ne
fit

s, 
bu

t t
he

ir 
co

m
bi

ne
d 

ef
fe

ct
s o

n 
vi

su
os

pa
tia

l c
on

st
ru

ct
io

n 
sh

ou
ld

 b
e 

fu
rth

er
 in

ve
st

ig
at

ed
.

St
ud

y 
sa

m
pl

e 
si

ze
 w

as
 b

as
ed

 o
n 

ph
ys

ic
al

 fr
ai

lty
, n

ot
 c

og
ni

tiv
e 

fu
nc

tio
n.

Fi
nd

in
gs

 a
re

 re
la

te
d 

to
 fr

ai
l a

nd
 p

re
-

fr
ai

l o
ld

er
 in

di
vi

du
al

s.
Sh

or
t i

nt
er

ve
nt

io
n.

R
ic

ha
rd

 e
t a

, 2
01

9 
N

et
he

rla
nd

s, 
Fi

nl
an

d,
 a

nd
 F

ra
nc

e 
(3

6)
N

= 
27

24
A

ge
= 

69
 (6

7–
73

)
M

al
e=

14
27

 (5
2.

4%
)

R
an

do
m

iz
ed

 C
on

tro
lle

d 
Tr

ia
l

In
te

rv
en

tio
n:

 H
ea

lth
 p

rio
rit

ie
s a

re
 

ph
ys

ic
al

 a
ct

iv
ity

, n
ut

rit
io

n,
 c

oa
ch

 
ad

vi
ce

 a
nd

 e
du

ca
tio

n 
(v

id
eo

s a
nd

 
ga

m
es

) C
on

tro
l: 

 A
dv

ic
e 

an
d 

ed
uc

at
io

n 
- g

en
er

al
 st

at
ic

 in
fo

rm
at

io
n 

on
 

ca
rd

io
va

sc
ul

ar
 ri

sk
.

18
 m

on
th

s
Pr

im
ar

y 
ou

tc
om

e 
im

pr
ov

ed
 in

 
th

e 
in

te
rv

en
tio

n 
gr

ou
p 

ve
rs

us
 th

e 
co

nt
ro

l g
ro

up
. C

oa
ch

-s
up

po
rte

d 
se

lf-
m

an
ag

em
en

t o
f c

ar
di

ov
as

cu
la

r 
ris

k 
fa

ct
or

s u
si

ng
 a

n 
in

te
ra

ct
iv

e 
in

te
rn

et
 in

te
rv

en
tio

n 
le

ad
s t

o 
a 

m
od

es
t 

im
pr

ov
em

en
t o

f C
R

P.
 

D
iffi

cu
lty

 to
 e

st
ab

lis
h 

its
 c

lin
ic

al
 

re
le

va
nc

e.
It 

w
as

 n
ot

 e
m

be
dd

ed
 in

, o
r a

lig
ne

d 
w

ith
, t

he
 lo

ca
l p

rim
ar

y 
ca

re
 sy

st
em

s.
Sh

or
t i

nt
er

ve
nt

io
n.

Sm
ith

 e
t a

l, 
20

10
, U

SA
 (3

8)
N

= 
12

4 
A

ge
= 

52
.3

 (9
.6

) M
al

e=
 4

5 
(3

6%

R
an

do
m

iz
ed

 c
on

tro
lle

d 
tri

al
In

te
rv

en
tio

n:
  A

er
ob

ic
 e

xe
rc

is
e 

co
m

bi
ne

d 
w

ith
 d

ie
ta

ry
 m

od
ifi

ca
tio

n.
 

C
on

tro
l: 

 U
su

al
 c

ar
e 

co
nt

ro
l g

ro
up

 
m

ai
nt

ai
ne

d 
th

ei
r u

su
al

 d
ie

ta
ry

 h
ab

its
 

an
d 

di
d 

no
t l

os
e 

w
ei

gh
t o

r e
xe

rc
is

e 
fo

r 
4 

m
on

th
s

4 
m

on
th

s
D

A
SH

 d
ie

t, 
es

pe
ci

al
ly

 +
 c

al
or

ic
 

re
st

ric
tio

n 
an

d 
ae

ro
bi

c 
ex

er
ci

se
, 

im
pr

ov
es

 n
eu

ro
co

gn
iti

ve
 p

er
fo

rm
an

ce
 

an
d 

ps
yc

ho
m

ot
or

 fu
nc

tio
ns

 a
m

on
g 

in
di

vi
du

al
s w

ith
 H

B
P.

Sh
or

t i
nt

er
ve

nt
io

n.
N

o 
co

gn
iti

ve
 tr

ai
ni

ng
 p

ar
t o

f 
in

te
rv

en
tio

n.
Sm

al
l s

am
pl

e 
si

ze
.  

D
id

 n
ot

 u
se

 a
n 

ex
er

ci
se

 c
on

tro
l g

ro
up

 w
ith

ou
t d

ie
ta

ry
 

m
od

ifi
ca

tio
n 

or
 a

 w
ei

gh
t l

os
s c

on
tro

l 
gr

ou
p

St
ep

he
n 

et
 a

l, 
20

20
,

Fi
nl

an
d 

(2
5)

N
= 

12
60

 A
ge

:  
In

te
rv

en
tio

n:
 

70
.0

 (4
.2

)
C

on
tro

l: 
69

.5
 (3

.9
)

M
al

e=
 3

3

R
an

do
m

iz
ed

 C
on

tro
lle

d 
Tr

ia
l

In
te

rv
en

tio
n:

 D
ie

ta
ry

 c
ou

ns
el

lin
g,

 
ph

ys
ic

al
 e

xe
rc

is
e 

pr
og

ra
m

, c
og

ni
tiv

e 
tra

in
in

g,
 a

nd
 m

an
ag

em
en

t o
f m

et
ab

ol
ic

 
an

d 
va

sc
ul

ar
 ri

sk
 fa

ct
or

s.
C

on
tro

l: 
 R

eg
ul

ar
 h

ea
lth

 a
dv

ic
e 

an
d 

fe
ed

ba
ck

 o
n 

th
ei

r v
as

cu
la

r r
is

k 
fa

ct
or

s.

2 
ye

ar
s

Im
pr

ov
in

g 
ne

ur
oc

og
ni

tiv
e 

fu
nc

tio
n 

am
on

g 
ol

de
r a

du
lts

 w
ith

 H
B

P,
 a

t g
re

at
er

 
ris

k 
fo

r c
og

ni
tiv

e 
de

cl
in

e 
an

d 
A

D
. 

D
ec

re
as

e 
in

 fr
ac

tio
na

l a
ni

so
tro

py
 a

nd
 

si
gn

ifi
ca

nt
 c

og
ni

tiv
e 

im
pr

ov
em

en
t. 

2-
ye

ar
 m

ul
tid

om
ai

n 
lif

es
ty

le
 

in
te

rv
en

tio
n 

m
ay

 m
od

ul
at

e 
m

ic
ro

st
ru

ct
ur

al
 a

lte
ra

tio
ns

.

N
ot

 sp
ec

ifi
ca

lly
 d

es
ig

n 
to

 d
et

ec
t a

 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

fr
ai

lty
 

st
at

us
 a

nd
 th

e 
de

fin
iti

on
 o

f f
ra

ilt
y.

 · 
Pa

rti
ci

pa
nt

s w
ith

 a
 su

bj
ec

tiv
e 

m
em

or
y 

co
m

pl
ai

nt
 in

cl
ud

ed
.

Ta
bu

e-
Te

gu
o 

et
 a

l, 
20

18
, F

ra
nc

e 
(2

7)
N

= 
16

80
A

ge
= 

5.
2(

±4
.4

)
M

al
e=

 5
24

 (3
5.

8%
)

R
an

do
m

iz
ed

 C
on

tro
lle

d 
Tr

ia
l

In
te

rv
en

tio
n:

   
Is

ol
at

ed
 n

-3
 P

U
FA

 o
r 

m
ul

tid
om

ai
n 

(n
ut

rit
io

na
l c

ou
ns

el
lin

g,
 

ph
ys

ic
al

 e
xe

rc
is

e 
ad

vi
ce

, c
og

ni
tiv

e 
st

im
ul

at
io

n)
 p

lu
s p

la
ce

bo
, o

r 
m

ul
tid

om
ai

n 
in

 c
om

bi
na

tio
n 

w
ith

 
n-

3 
PU

FA
. C

on
tro

l: 
 M

ul
tid

om
ai

n 
+ 

id
en

tic
al

 c
ap

su
le

s c
om

pr
is

in
g 

liq
ui

d 
pa

ra
ffi

n 
oi

l. 

3 
ye

ar
s

PU
FA

 su
pp

le
m

en
ta

tio
n 

ha
s n

ot
 

si
gn

ifi
ca

nt
 e

ffe
ct

s o
n 

co
gn

iti
ve

 fu
nc

tio
n 

ch
an

ge
 in

 fr
ai

l o
ld

er
 a

du
lts

 w
ith

 
m

em
or

y 
co

m
pl

ai
nt

s. 
Th

e 
be

ne
fic

ia
l e

ffe
ct

 o
f m

ul
tid

om
ai

n 
in

te
rv

en
tio

n 
an

d 
n3

 P
U

FA
 su

pp
le

-
m

en
ta

tio
n 

on
 c

og
ni

tiv
e 

fu
nc

tio
n 

di
d 

no
t d

iff
er

 b
et

w
ee

n 
fr

ai
l a

nd
 n

on
fr

ag
ile

 
pa

rti
ci

pa
nt

s.

N
ot

 sp
ec

ifi
ca

lly
 d

es
ig

n 
to

 d
et

ec
t a

 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

fr
ai

lty
 

st
at

us
 a

nd
 th

e 
de

fin
iti

on
 o

f f
ra

ilt
y.

Pa
rti

ci
pa

nt
s w

ith
 a

 su
bj

ec
tiv

e 
m

em
or

y 
co

m
pl

ai
nt

 in
cl

ud
ed

.

W
oo

 e
t a

l, 
20

19
, C

hi
na

 (5
5)

N
= 

18
0

A
ge

= 
LM

P 
gr

ou
p 

= 
51

.4
1 

(1
1.

69
)

M
al

e=
 7

8;
 4

7,
85

%

R
an

do
m

iz
ed

, C
on

tro
lle

d 
Tr

ia
l

In
te

rv
en

tio
n:

 H
ea

lth
y 

lif
es

ty
le

 k
it 

= 
ba

la
nc

ed
 d

ie
t +

 d
ai

ly
 p

hy
si

ca
l a

ct
iv

ity
 

+ 
24

-w
ee

k 
ex

er
ci

se
 p

ro
gr

am
 a

nd
 +

 2
 

gl
as

se
s o

f f
or

tifi
ed

 m
ilk

 su
pp

le
m

en
t 

(O
PT

IM
EL

 6
0þ

 D
ia

m
on

d 
po

w
de

r)
. 

C
on

tro
l: 

U
su

al
 p

hy
si

ca
l a

ct
iv

iti
es

 a
nd

 
di

et
ar

y 
ha

bi
ts

 d
ur

in
g 

th
e 

24
-w

ee
k 

st
ud

y 
pe

rio
d 

an
d 

re
ce

iv
ed

 th
e 

sa
m

e 
m

ea
su

re
m

en
ts

 a
s t

he
 in

te
rv

en
tio

n 
gr

ou
p.

24
 w

ee
ks

24
-w

ee
k 

ex
er

ci
se

 a
nd

 n
ut

rit
io

n 
pr

og
ra

m
 im

pr
ov

ed
 se

lf-
ra

te
d 

he
al

th
 

an
d 

m
od

er
at

e 
ph

ys
ic

al
 a

ct
iv

ity
 le

ve
l 

am
on

g.
 N

o 
di

ffe
re

nc
e 

in
 th

e 
pr

im
ar

y 
ou

tc
om

e 
of

 g
ai

t s
pe

ed
 o

r o
th

er
 o

ut
co

m
es

 
co

ns
is

tin
g 

of
 m

ea
su

re
s o

f p
hy

si
ca

l 
pe

rf
or

m
an

ce
, c

og
ni

tiv
e 

fu
nc

tio
n,

 a
nd

 
ca

rd
io

re
sp

ira
to

ry
 fi

tn
es

s.

Sh
or

t i
nt

er
ve

nt
io

n.
N

o 
co

gn
iti

ve
 tr

ai
ni

ng
 p

ar
t o

f 
in

te
rv

en
tio

n.
B

ec
au

se
 o

f r
es

ou
rc

e 
lim

ita
tio

ns
, a

 
2-

gr
ou

p 
de

si
gn

 in
st

ea
d 

of
 4

-g
ro

up
 w

as
 

us
ed

. 
Fu

nd
ed

 b
y 

in
du

st
ry

.

*P
U

FA
S 

(P
ol

yu
ns

at
ur

at
ed

 F
at

ty
 A

ci
ds

), 
  C

A
ID

E 
(C

ar
di

ov
as

cu
la

r R
is

k 
Fa

ct
or

s, 
A

gi
ng

, a
nd

 D
em

en
tia

), 
A

m
yl

oi
d 

PE
T 

Sc
an

 (A
m

yl
oi

d 
Po

si
tro

n 
Em

is
si

on
 T

om
og

ra
ph

y)
, M

C
I (

M
ild

 C
og

ni
tiv

e 
Im

pa
irm

en
t),

  B
M

I (
B

od
y 

M
as

s I
nd

ex
), 

M
M

SE
 (M

in
i-

M
en

ta
l S

ta
te

 E
xa

m
in

at
io

n)
, C

R
P 

(C
-R

ea
ct

iv
e 

Pr
ot

ei
n)

.



1276

MULTI-DOMAIN INTERVENTIONS FOR DEMENTIA PREVENTION 

Santé, the French National Nutrition and Health Program (n=3), 
the Finnish Nutrition Recommendations (n=1), the Australian 
Recommended Food Score (n=1), commercial formula either 
Fortisip Multi Fibre or Nutricia (n=2), isolated supplementation 
with n-3 PUFA + nutritional counselling (n=1), Mediterranean 
Diet intervention (n=1), or the DASH intervention (n=1). 
The following study-specific advice was used in two of the 
studies (24, 25), fruits and vegetables (≥400 g/d); whole-grain 
cereal products instead of refined; low fat options for milk 
and meat products; sucrose (<50 g/day); vegetable margarine 
and rapeseed oil instead of butter or butter-oil mixtures; at 
least two portions of fish per week; and minimum of 10 mg/d 
vitamin D supplement. The majority of studies used nurses or 
health coaches (n=10) for the dietary education counselling, 
and only four out of fifteen studies had dietitians or nutritionists 
providing dietary counselling, which could provide better 
adherence to the dietary advice. The details of dietary 
interventions and characteristics are described in Table 2. 

Most of the nutritional guidelines and dietary advice used 
in the included studies recommended increased consumption 
of fruits, vegetables, legumes, nuts, and whole grain food 
and decreased salt, processed food, red meat, saturated fatty 
acids, and alcohol intake. However, the guidelines had some 
differences regarding the consumption of dairy, seafood, and 
fiber.  Some studies recommended an increase in the intake of 
dairy while others advised consumption of skim milk. Some 

trials recommended up to 3 servings a week of seafood and up 
to 15g/day of fiber.

Physical activity intervention

Studies focused mainly on aerobic exercises including 
walking, running, hiking, plus advice on the benefits of such 
physical exercise (n=5); followed by muscle strengthening plus 
aerobic exercises (n=4); muscle strengthening and stretching 
(n=2); Community Health Activities Model Program for 
Seniors (n=1) and American College of Sports Medicine (n=1); 
moderate to intense physical activity for 30 minutes per day 
(n=1). One study listed general physical activity, with no further 
specification.

Cognitive training intervention 

Studies differed in their cognitive training modality. Four 
studies did not use commercial cognitive training interventions, 
four used web-based cognitive activities, and two reported 
adherences to daily home-based cognitive tasks (e.g., reading, 
learning a new language or course, watching TV, poetry 
classes) and one study practiced cognitive games and block 
puzzles. Four studies did not include cognitive training in their 
multimodal lifestyle intervention. 

Table 2. Characteristics of the dietary components of the multidomain interventions
Author, year, location (reference) Dietary Intervention
Andrieu et al, 2017, France and Monaco (29) Nutritional advice (based on guidelines established by Program National Nutrition Santé, the French National Nutrition and 

Health Programme).
Anstey et al, 2020, AUS (20) Dietary education and advice to assist the participant in adapting their diet to a healthy diet in areas that were identified as 

unhealthy in the dietary questionnaire (Australian Recommended Food Score).
Chhetri et al, 2018, France (30) Isolated supplementation with n-3 PUFA + nutritional counselling (based on guidelines established by Program National 

Nutrition Santé, the French National Nutrition and Health Programme).
Koekkoek et al, 2012, Netherlands (26) Lifestyle advice regarding diet.
Lee, et al, 2014, Suwon, Republic of Korea (31) The healthy-diet recommendation consisted of encouraging participants to consume high quantities of fruit and vegetables, 

control their weight, and consume at least 2 portions of fish per week.
Lehtisalo, et al, 2019, Finland (24) Fruits and vegetables above 400 g/d; whole-grain cereal products instead of refined ones; low fat options in milk and meat 

products; sucrose intake to less than 50 g/day; vegetable margarine and rapeseed oil instead of butter or butter-oil mixtures; 
and fish consumption of at least two portions per week. Minimum of 10 mg supplemental vitamin D was recommended daily 
throughout the year for all participants.

Lehtisalo, et al, 2016, Finland (32) Individualized dietary and weight reduction counselling by the study nutritionist. 
Ngandu, et al, 2015, Finland (19) Nutritional intervention was based on the Finnish Nutrition Recommendations. Diet with 10–20% of daily energy from 

proteins, 25–35% daily energy from fat (<10% from saturated plus trans fatty acids, 10–20% from monounsaturated fatty 
acids, and 5–10% from polyunsaturated fatty acids [including 2·5–3 g/day of omega-3 fatty acids]), 45–55% daily energy from 
carbohydrates (<10% from refined sugar), 25–35 g/day of dietary fiber, less than 5 g/day of salt, and less than 5% daily energy 
from alcohol. Energy intake facilitating 5–10% reduction in bodyweight.

Park et a, 2019, South Korea (33)     The study nurse performed education and training aimed at modifying vascular risk factors and diet. 
Pin Ng, et al, 2018, Singapore (35) Commercial formula (Fortisip Multi Fibre, Nutricia), iron and folate supplement (Sangobion, Merck), vitamin B6 and vitamin 

B12 supplement (Neuroforte), calcium and vitamin D supplement (Caltrate).
Richard, et al, 2019, Netherlands, Finland, and France 
(36) 

Mediterranean Diet Adherence 

Smith, et al, 2010, USA (38)                                                           DASH dietary intervention.
Stephen, et al, 2020, Finland (25) Fruits and vegetables above 400 g/d; whole-grain cereal products instead of refined ones; low fat options in milk and meat 

products; sucrose intake to less than 50 g/day; vegetable margarine and rapeseed oil instead of butter or butter-oil mixtures; 
and fish consumption of at least two portions per week. Minimum of 10 mg supplemental vitamin D was recommended daily 
throughout the year for all participants.

Tabue-Teguo, et al, 2018, France (34)  Dietary guidelines established by the French National Nutrition and Health Program for the older adults, which is considered 
as the official reference in France. 

Woo, et al, 2019, China (35)                         2 glasses of fortified milk supplement [i.e., 2 sachets of 30 g each of unbranded OPTIMEL 60þ Diamond powder (Friesland- 
Campina, the Netherlands)] daily for 24 weeks. The milk supplement contains multivitamins and provides 13.6 g protein and 
212 kcal for 60 g powder. During the 24-week intervention, they were asked to maintain their usual physical activities and 
dietary habits.
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General effects of lifestyle intervention on cognition 

The impact of the lifestyle interventions on cognitive 
outcomes measures were heterogeneous, as three studies 
reported no improvement (26-28), ten studies reported 
improvement (19, 20, 24, 25, 29-34), and one study reported 
modest short-term improvement in the cognitive outcomes (35). 
In the studies that reported cognitive improvements, the dietary 
interventions were the DASH intervention or similar, with 
consumption of high quantities of fruit and vegetables, whole-
grain cereal products instead of refined ones, control their 
weight, low-fat options in milk and meat products; sucralose 
intake to less than 50 g/day; vegetable margarine and rapeseed 
oil instead of butter or butter-oil mixtures; and fish consumption 
of at least two portions per week. 

Assessment of risk of bias

All fifteen studies were included in the analysis (Table 3). 
From the nine studies reporting improvements in the MMSE 
as their primary cognitive outcome measure, eight presented 
a high risk of bias overall (20, 27, 29-31, 33, 35, 36) and one 
reported low risk (37). The main sources of bias among these 
fifteen studies were blinding of participants and personnel. 
Eleven of the studies presented high risk for blinding of 
participants and personnel, as the intervention type required 
that the participants were aware of their allocated groups. Nine 
of the fifteen publications had high methodological quality (19, 
24-26, 28, 32, 33, 36, 38) according to the PEDro scale (Table 
3).

Discussion

This systematic review aimed to determine the effect of 
multimodal lifestyle interventions on cognition in older adults 
at risk of developing dementia. This review supports the 

hypothesis that participants with conditions that may increase 
dementia risk, such as hypertension, or cardiovascular fragility, 
may benefit from lifestyle changes including diet, physical 
activity, and cognitive training. Despite the heterogeneity in 
outcome measures, more than two thirds of the clinical trials 
studies showed significant improvement in cognition following 
the multidomain intervention (n=10). 

Observed improvements in cognition in the included 
studies may be due to these studies’ interventions including 
a high consumption of fruits, vegetables, and whole grains 
cereals. These types of foods are rich in antioxidants and 
anti-inflammatory components. The nutrient antioxidants 
can decrease brain cellular damage and inflammation and 
possibly reduce the accumulation of amyloid beta plaques, the 
neuropathological hallmark of AD (39). However, the studies 
were not designed to test the individual contributions or effect 
of dietary changes, increased physical activity, and increased 
cognitive stimulation for the prevention of cognitive decline, 
given their context within a multidomain lifestyle intervention. 
Future multidomain lifestyle interventions designed to assess 
the impact of each domain of a healthy lifestyle and the optimal 
dosage of these components to improve cognition are required. 

Although none of the studies specifically recommended the 
MIND diet, the majority focused on healthy dietary changes 
including promotion of components of the MIND diet, such as 
increasing fruits, vegetables, whole-grain cereal, and fish. The 
MIND diet has been associated with reduced odds of cognitive 
impairment in a longitudinal study with an Australian cohort 
(40). Currently there is enough evidence that adherence to 
MIND diet is slowing cognitive decline, and this is independent 
of brain pathology (41, 42). The MIND diet has also been 
linked to lower blood pressure, better blood lipid profiles, 
better blood glucose control and weight loss, all of which 
would reduce risk of cardiovascular disease, type 2 diabetes 
and hypertension, conditions that are considered risk factors 
for dementia, including AD (39). Adherence to the MIND diet 
is expected to contribute to maintaining brain health and is 

Table 3. Risk of bias a of studies included in this review and quality b of the publications 
Random 
sequence 
generation

Allocation 
concealment

Blinding of 
participants 
and personnel

Carryover 
effect

Blinding 
of outcome 
assessment

Incomplete 
outcome 
data

Selective out-
come report

Other bias Overall effect PEDro 
score b

Cognitive outcomes
Andrieu et al Low risk Unclear risk High risk Low risk High risk Low risk Low risk High risk High risk 5
Anstey et al Low risk Low risk High risk Low risk High risk Low risk Low risk High risk High risk 6
Chhetria et al Low risk Low risk High risk Low risk High risk Low risk High risk High risk High risk 6
Koekkoek et al Low risk Low risk High risk Low risk Low risk Low risk Low risk High risk High risk 8
Lee K et al Low risk Unclear risk High risk Low risk Low risk Low risk Low risk High risk High risk 6
Lehtisalo et al 2016 Low risk Low risk High risk Low risk Unclear risk Low risk Low risk Low risk High risk 7
Lehtisalo et al 2019 Low risk Low risk High risk Low risk Unclear risk Low risk Low risk Low risk High risk 7
Ngandu et al Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low risk 10
Park et al Low risk High risk High risk Low risk Low risk Low risk Low risk Low risk High risk 8
Pin Ng et al                                                                                                                      High risk   Unclear risk High risk Low risk High risk Low risk Low risk High risk High risk 4
Richard et al High risk High risk High risk    Low risk Low risk  Low risk Low risk Low risk High risk 7
Smith et al Low risk Unclear risk Unclear risk   Low risk Low risk  Low risk Low risk High risk High risk 8  
Stephen et al             Low risk Low risk Low risk  Low risk Low risk   High risk Low risk Low risk High risk 9
Tabue-Teguo et al      High risk High risk High risk Low risk High risk High risk High risk High risk High risk 4
Woo et al Low risk Low risk Unclear risk Low risk Low risk Low risk Low risk Low risk Low risk 9     
Note. Citations are displayed in chronological order. a. Cochrane assessment tool (22). b. PEDro (Physiotherapy Evidence Database) score: >6 = high; 5–6 = moderate and <5 = poor 
methodological quality (23).
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expected to support cardiovascular health and management 
of type 2 diabetes (39). Since AD is related to impaired brain 
glucose metabolism, glucose control becomes crucial for 
dementia prevention (43). 

The DASH diet intervention was also applied in some of 
the studies reviewed here. The DASH dietary intervention 
was originally developed to lower blood pressure without 
medication and is now widely considered to be one of the 
healthiest eating patterns. The DASH diet is anti-inflammatory 
and can help fight inflammation in those at risk of dementia. 
In addition, some studies used supplements of omega-
3 polyunsaturated fatty acids, vitamin D and fortified milk 
supplement enriched with vitamins and minerals. In preclinical 
AD, insulin resistance leads to energy deficiency in the brain. 
Medium chain triglycerides (MCT) are metabolized into ketone 
bodies, thus dietary MCT may partially resolve the energy 
deficit in the glucose-deprived brain and subsequently improve 
brain energy metabolism (44).

Although the ten studies included in this review that used 
nurses or health coaches to administer the dietary education 
counselling found significant results, similar to the four studies 
that used dietitians or nutritionists, it is a limitation of those 
studies, particularly since dietitians can play a more informed 
role in the delivery of evidence-based dietary counselling to 
facilitate dietary behavioural changes. Individual and group 
level consultations provided exclusively by dietitians are 
effective in improving diet quality, weight outcomes (weight, 
waist circumference, body mass index), diabetes outcomes 
(including fasting blood glucose and hemoglobin A1c) 
and indicators related to cardiovascular disease (including 
triglycerides and total and low density lipoprotein cholesterol) 
(44-46).

The majority of the studies used aerobic exercise 
interventions, which are linked to increased brain oxygenation, 
increased anterior white matter integrity and grey matter 
volume. Previous randomized trials have demonstrated that 
aerobic exercise improves neurocognitive functioning (38). 
Furthermore, another possible mechanism partially explaining 
the lifestyle changes and cognitive enhancement is the increase 
in the brain derived neurotrophic factor (BDNF) levels 
following physical exercise. The increased BDNF level may 
stimulate neuroplasticity (the brain’s lifelong neuronal ability to 
adapt to external stimuli), and thereby may increase cognitive 
reserve (the maintenance of cognitive function throughout 
ageing, despite injury or pathophysiological changes in the 
brain) and reduce the risk of developing dementia (2, 47, 48).
Eleven of the studies used some form of cognitive training 
including computer-based, home-based, or face-to-face. 
Results from a meta-analysis of 52 randomized controlled trials 
revealed that computer-based cognitive training significantly 
improved memory, processing speed and visuospatial skills. 
In addition, computer-based cognitive intervention provided 
superior evidence of enhanced cognition in cognitively healthy 
older adults (49, 50). Out of the four studies that did not 
incorporate cognitive training as part of their intervention, only 
one demonstrated a notable enhancement in neurocognitive 
performance and psychomotor functions in individuals with 
high blood pressure (HBP) (38).

A limitation of this review was that only participants at 
risk of dementia were included as the focus of the review was 
on dementia prevention. Publications with participants who 
were diagnosed with any neurological condition, including 
prodromal (MCI) and dementia stages were excluded. Also, 
some of the exclusion criteria may have influenced findings. 
For example, studies were excluded if they were not published 
in English, and during the time of conducting the systematic 
review, no multidomain intervention trials were found that met 
the inclusion criteria in countries across South America, Central 
America, and Africa. In addition, we did not include any studies 
without dietary intervention, which could have excluded some 
multidomain lifestyle intervention articles, that focused on 
physical activity or cognitive training  together for example. 

Limitations of the included studies include their reliance 
on self-reported adherence, which may reduce the reliability 
and reproducibility of their findings. Although few studies did 
report low dropout rates, they failed to explain how they have 
assessed adherence (17, 37). The primary dropout reasons 
reported by one of the studies included health-related reasons, 
lack of time or motivation, and difficulties in participation 
(17). Another study reported higher dropout rates amongst 
intervention participants, suggesting further investigation 
is necessary to determine if the active intervention groups 
withdraw due to the demanding nature of such interventions 
(35). Studies included in our systematic review did not clarify 
how intervention adherence affected cognitive outcomes, and 
further failed to address the potential of practice effects on 
cognitive testing and what, if any, steps were taken to minimize 
this risk. Furthermore, studies have heterogeneous durations, 
varying from 4 months to 9 years, which should be considered 
as a confounder. To demonstrate positive effects of multidomain 
lifestyle interventions, the length of the study is crucial as long-
term interventions may have more positive effects on cognition. 
Additionally, the ethnicity and cultural differences in terms of 
dietary guidelines may also affect intervention outcomes and 
limit generalizability of findings. 

Future research should also focus on those living with 
dementia to have a better understating of the effects of tailored 
multimodal lifestyle interventions on improving cognitive 
functions and/or decreasing the rates of behavioral and motor 
symptoms related to dementia, such as gait speed and verbal 
communication. Furthermore, different cognitive test batteries 
have been used in various studies and there is a need to use 
standardized cognitive batteries and cognitive training methods.

Addi t iona l  in i t i a t ive s  in  mul t idomain 
interventions 

As outlined above, this review focuses on articles with 
multidomain interventions including diet and physical activity, 
and some interventions specifically designed to reduce 
metabolic and vascular risk factors without both dietary and 
physical exercise interventions, whilst important to dementia 
research, would not have been included in our search 
terms. There are numerous ongoing initiatives in terms of 
multidomain interventions and cognitive prevention that will 
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advance dementia prevention in the near future, for example 
the Japan-Multidomain Intervention Trial for Prevention of 
Dementia in Older Adults with Diabetes (J-MIND-Diabetes) 
[51], the metabolic and vascular aspects of the Finnish Geriatric 
Intervention Study to Prevent Cognitive Impairment and 
Disability (FINGER) trial (52), and the Systematic Multi-
Domain Alzheimer’s Risk Reduction Trial (SMARRT) (53). 
The SMARRT intervention included secondary outcomes such 
as improvement in targeted risk factors, functional ability, and 
incidence of MCI, AD, or other dementias. 

Emerging research is examining the concept of dose effect 
that suggests the extent or intensity of an intervention may 
have a proportional impact on its outcomes. In the context 
of cognitive enhancement interventions, this implies 
that the quantity and frequency of engagement in various 
domains, such as physical activity, cognitive training, and 
dietary modifications, may influence the degree of cognitive 
improvement observed in older adults. The study by 
Belleville et al. (62) explores the nuances of dose effects 
in multidomain interventions to assess whether there is an 
optimal balance between the intensity of interventions and their 
cognitive benefits (54). The authors report that dose-response 
models were non-linear functions and the analysis highlights 
diminishing returns in multidomain interventions, with peak 
benefits observed at 12-14 training hours or 15-20 sessions 
over three years, particularly for specific demographics like 
women, younger individuals, and those with lower education 
or dementia risk (54). This suggests caution in overloading 
interventions and potential adverse effects associated with 
excessive engagement, revealing the unexpected finding that 
optimal outcomes can be achieved with approximately half 
of the available sessions. Therefore, understanding the dose 
effect is pivotal for designing evidence-based interventions 
that balance between efficacy and feasibility. Such findings 
may have practical implications for healthcare providers and 
policymakers in designing intervention programs that can be 
realistically implemented in real-world settings. By considering 
the dose effect, interventions that are not only effective but also 
sustainable over time can be ensured, aligning with the broader 
goal of promoting healthy aging and preventing cognitive 
decline and dementia in older adults. Further research will lead 
the way to develop more effective and tailored interventions for 
older adults, ultimately contributing to improved quality of life 
for this population. 

Implications for research and practice

This systematic review critically assessed relevant studies 
to offer a comprehensive overview of the role of effects in 
multidomain interventions for the prevention of cognitive 
decline and dementia in older populations. It highlights the 
importance of dementia prevention through promoting a 
healthier lifestyle as a promising method for reducing dementia 
and its associated social, financial and health burden on people 
living with dementia worldwide. Within the World-Wide 
FINGERS (WW-FINGERS) initiative, a further wealth of data 
is expected on the effects of multidomain interventions on 

prevention of dementia following the completion of studies that 
are part of this international consortium. 

Ten out of fifteen articles reviewed here with approximately 
9,440 participants, showed improvement in cognition following 
a multidomain intervention. This systematic review supports 
evidence that dietary counselling and lifestyle interventions, 
including physical activity and cognitive training, may 
contribute to overall improvement in cognition.
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