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Abstract. The increasing worldwide prevalence of dementia is a majorpublic health concern. Findings from some epidemiological
studies suggest that diet and nutrition may be important modifiable risk factors for development of dementia. In order toevaluate
the strength of the available evidence of an association of dietary factors with dementia including Alzheimer’s disease (AD),
we systematically searched relevant publication databases and hand-searched bibliographies up to end July 2007. We included
prospective cohort studies which evaluated the association of nutrient levels with the risk of developing dementia andrandomized
intervention studies examining the treatment effect of nutrient supplementation on cognitive function. One hundred and sixty
studies, comprising ninety one prospective cohort studiesand sixty nine intervention studies, met the pre-specified inclusion
criteria. Of these, thirty-three studies (19 cohort and 14 randomized controlled trials) investigated the effects of folate, B-vitamins,
and levels of homocysteine (a biomarker modifiable through B-vitamin supplementation) or fish/fatty acids and are the focus
of the present report. Some observational cohort studies indicated that higher dietary intake or elevated serum levelsof folate
and fish/fatty acids and low serum levels of homocysteine were associated with a reduced risk of incident AD and dementia,
while other studies reported no association. The results ofintervention studies examining the effects of folic acid orfatty acid
supplementation on cognitive function are inconsistent. In summary, the available evidence is insufficient to draw definitive
conclusions on the association of B vitamins and fatty acidswith cognitive decline or dementia, and further long-term trials are
required.
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INTRODUCTION

Alzheimer’s disease (AD) is the leading cause of de-
mentia in later life and manifests as a progressive, de-
generative brain disorder resulting in cognitive and be-
havioral decline and functional and physical dependen-
cy. The prevalence of severe cognitive impairment is
projected to quadruple from current levels to 81 million
worldwide by 2040 [1], and treatment of dementia im-
poses a significant burden on patients, caregivers, and
healthcare systems worldwide [2,3]. AD is a hetero-
geneous condition at the genetic, neurobiological and
clinical levels and no specific marker has been identi-
fied that qualitatively distinguishes AD from “normal”
aging processes.

At present, pharmacological therapies are not able
to halt progression of dementia and only produce mini-
mal symptomatic cognitive improvements for some pa-
tients [4–6]. Consequently, there is an increasing in-
terest in efforts to identify modifiable risk factors that
may delay or prevent the risk of cognitive decline or de-
mentia. These efforts recognize that many factors can
promote brain health including maintenance of cogni-
tive and social activity as well as physical exercise and
healthy dietary practices [7–9].

Nutritional intake can directly influence the avail-
ability of nutrients to the brain. Specific dietary nutri-
ents may be used for membrane and synapse formation
and neurotransmitter production [10]. There is increas-
ing evidence that nutrients stimulate neural plasticity
and ameliorate neurodegenerative processes in animal
models [10]. Diet and nutrition may be important mod-
ifiable risk factors in the aetiology and prevention of
cognitive decline and functional impairment [10–14].
The development of dementia may in part be a con-
sequence of exposure to, or low intake of, particular
nutrients over several decades, beginning in middle age
or late adult life.

The aim of this systematic review was to determine
the strength of the available evidence that serum nu-
trient levels, dietary consumption, or nutrient supple-
mentation were associated with the primary prevention
or treatment of dementia. Our systematic search in-
cluded a large range of nutrients; in this review we re-
port on folate (either as folate in food or serum or as
folic acid dietary supplements) with or without other
B-group vitamins, serum homocysteine concentration,
polyunsaturated fatty acids [PUFA] and fish as these
nutrient/food groups have been highlighted as poten-
tially important in previous reviews on nutrition and
cognitive function [12–16].

MATERIALS AND METHODS

Research design and methods

The present report forms part of the findings of a
large systematic search that assessed the strength of
evidence linking a large number of nutrients with the
treatment and prevention of dementia and AD [17].
The review has been reported according to the recent
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines [18].

Identification and retrieval of studies

Potentially relevant studies were identified by
searching the following electronic databases: PubMed,
Embase, and Cochrane Library, accessed July 2007.
Search terms used included both Medical Subject
Headings (MeSH) and free text terms. Neurocogni-
tive search terms included “Alzheimer’s disease”, “de-
mentia”, “cognitive decline” and “cognitive impair-
ment”. Nutrient search terms included the common
and chemical names for the dietary factors of inter-
est. The neurocognitive and nutrient search terms were
combined with a search strategy for identifying ran-
domized controlled trials (RCTs), non-controlled inter-
vention studies and prospective cohort studies (Supple-
mental Table 1,available online: http://www.j-alz.com/
issues/22/vol22-1.html#supplementarydata03). Bibli-
ographies of identified relevant publications and previ-
ously published systematic and Cochrane review arti-
cles were hand-searched for further references.

Study selection criteria, data extraction, and outcome
measures

Studies were eligible for inclusion if they were re-
ports of randomized or non-randomized clinical trials
or prospective cohort studies, where cognitive func-
tion was measured at both baseline and follow up.
Case-control studies, cross-sectional studies or studies
that providedonly cross-sectional correlation data were
excluded from the present review due to the various
sources of bias in these study designs. In addition to
selection bias, case-control studies are susceptible to
recall bias, which may occur when trying to ascertain
past eating habits [19]. Cross sectional studies only
measure association not causation [20]. Studies ex-
amining the effects of both single and multi-nutrient
status or supplementation were included in the review.
No other restrictions were placed on studies with re-



A.D. Dangour et al. / Effects of Dietary Factors on Dementia 207

Ta
bl

e
1

S
um

m
ar

y
of

co
ho

rt
st

ud
ie

s
re

la
tin

g
ho

m
oc

ys
te

in
e,

fo
la

te
an

d
ot

he
r

B
-v

ita
m

in
s

to
ris

k
of

in
ci

de
nt

A
D

an
d

de
m

en
tia

F
irs

t
S

tu
dy

N
(lo

ss
to

D
ur

at
io

n
E

xp
os

ur
e

C
og

ni
tiv

e
S

ta
tis

ti
ca

la
na

ly
si

s
O

ut
co

m
es

/m
aj

or
re

su
lts

au
th

or
,

po
pu

la
tio

n
fo

llo
w

-u
p)

(m
ea

n
m

ea
su

re
ye

ar
fo

llo
w

-u
p)

A
nn

er
bo

,
20

06
[2

6]
M

al
es

an
d

fe
m

al
es

M
ea

n
ag

e:
65

.4
y

C
om

m
un

ity
-d

w
el

lin
g

(h
os

pi
ta

l-r
ec

ru
ite

d)
M

ild
co

gn
iti

ve
im

pa
-

irm
en

t(
M

C
I)

(d
efi

ne
d

by
M

M
S

E
sc

or
e

21
–

27
an

d
cl

in
ic

al
ev

al
ua

-
tio

n)

93
(r

et
ro

-s
p-

ec
tiv

e
co

ho
rt

,
no

lo
ss

to
fo

llo
w

-u
p

st
at

ed
)

6
ye

ar
s

R
ou

tin
e

ho
sp

ita
l

m
ea

su
re

s
of

se
r-

um
ho

m
oc

ys
te

-
in

e,
fo

la
te

an
d

vi
-

ta
m

in
B

-1
2

co
ll-

ec
te

d
at

ad
m

is
-

si
on

A
D

di
ag

no
si

s
ba

se
d

on
cr

ite
ria

of
th

e
D

S
M

-I
V

an
d

IC
D

-1
0.

In
de

pe
nd

en
t

t-
te

st
co

m
pa

rin
g

ris
k

fa
ct

or
s

(h
om

oc
ys

te
in

e,
fo

-
la

te
an

d
vi

ta
m

in
B

-1
2)

be
tw

ee
n

co
nv

er
te

rs
(t

o
A

D
)

an
d

no
n-

co
nv

er
te

rs
.

L
og

is
tic

re
gr

es
si

on
us

ed
to

as
-

se
ss

im
pa

ct
of

ho
m

oc
ys

te
in

e
on

A
D

co
nv

er
si

on
ad

ju
st

ed
fo

rM
M

S
E

,t
hy

ro
id

-s
tim

ul
at

in
g

ho
rm

on
e

an
d

ag
e.

32
ca

se
s

of
in

ci
de

nt
A

D
.

H
om

oc
ys

te
in

e
le

ve
ls

hi
gh

er
fo

r
co

nv
er

t-
er

s
(1

8.
4µ

m
ol

/l)
co

m
pa

re
d

to
no

n-
co

nv
er

te
rs

(1
6.

8µ
m

ol
/l)

(P
:0

.0
34

).
N

o
si

gn
ifi

ca
nt

di
ffe

re
nc

e
in

fo
la

te
(1

9.
0

vs
16

.4
nm

ol
/l)

or
vi

ta
m

in
B

-1
2

(2
75

vs
30

5p
m

ol
/l)

be
tw

ee
n

gr
ou

ps
.

N
o

m
ai

n
ef

fe
ct

of
ho

m
oc

ys
te

in
e

in
ad

ju
st

ed
m

od
el

bu
t

in
te

ra
ct

io
n

w
ith

ag
e:

hi
gh

er
ho

m
o-

cy
st

ei
ne

in
lo

w
er

ag
e

gr
ou

p
(m

ea
n:

60
y)

as
-

so
ci

at
ed

w
ith

in
cr

ea
se

d
od

ds
of

A
D

(a
dj

us
te

d
O

R
:

1.
29

;
95

%
C

I:
1.

03
,

1.
61

)
(O

R
at

65
y:

1.
09

;9
5%

C
I:

0.
99

,1
.3

7)

C
or

ra
da

,
20

05
[2

7]
1

M
al

es
an

d
fe

m
al

es
>

60
y

C
om

m
un

ity
-d

w
el

lin
g

F
re

e
of

A
D

at
ba

se
lin

e

57
9

(3
7%

:
va

ria
bl

es
as

-
so

ci
at

ed
w

ith
lo

ss
to

fo
llo

w
-u

p
no

tr
ep

or
te

d)

9.
3y

F
ol

at
e,

vi
ta

m
in

B
-

6
an

d
B

-1
2

in
-

ta
ke

fr
om

fo
od

s
an

d
su

pp
le

m
en

ts
as

se
ss

ed
by

7-
da

y
re

co
rd

B
at

te
ry

of
ne

ur
o-

ps
yc

ho
lo

gi
ca

l
te

st
s.

A
D

di
ag

no
si

s
ba

se
d

on
cr

ite
ria

fr
om

N
IN

C
D

S
-

A
D

R
D

A
,

in
cl

ud
-

ed
pa

rt
ic

ip
an

ts
w

ith
di

ag
no

si
s

‘c
on

si
st

en
t

w
ith

A
D

’

C
ox

re
gr

es
si

on
m

od
el

,c
om

pa
r-

in
g

ris
k

of
A

D
by

nu
tr

ie
nt

in
-

ta
ke

ab
ov

e
or

be
lo

w
R

D
A

(r
ef

-
er

en
ce

:
be

lo
w

R
D

A
).

A
dj

us
te

d
fo

r:
ag

e,
ge

nd
er

,e
du

-
ca

tio
n,

to
ta

lc
al

or
ic

in
ta

ke

57
ca

se
s

of
in

ci
de

nt
A

D
H

ig
he

r
in

ta
ke

of
fo

la
te

as
so

ci
at

ed
w

ith
de

-
cr

ea
se

d
ris

k
of

A
D

(>
R

D
A

(m
ed

ia
n

61
9.

0
µ

g/
d)

vs
<

R
D

A
(m

ed
ia

n
25

0.
9µ

g/
d)

;a
dj

us
te

d
R

R
:0

.4
1;

95
%

C
I:

0.
22

,0
.7

6)
H

ig
he

r
in

ta
ke

of
vi

ta
m

in
B

-6
as

so
ci

at
ed

w
ith

de
cr

ea
se

d
ris

k
of

A
D

(>
R

D
A

(m
ed

ia
n

2.
4m

g/
d)

vs
<

R
D

A
(m

ed
ia

n
1.

1m
g/

d)
;a

dj
us

t-
ed

R
R

:0
.4

1;
95

%
C

I:
0.

2,
0.

84
).

N
o

as
so

ci
at

io
n

be
tw

ee
n

vi
ta

m
in

B
-1

2
in

ta
ke

an
d

ris
k

of
A

D
(>

R
D

A
(m

ed
ia

n
7.

2µ
g/

d)
vs

<
R

D
A

(m
ed

ia
n

2.
0µ

g/
d)

;
ad

ju
st

ed
R

R
:

0.
6;

95
%

C
I:

0.
26

,1
.3

6)

H
aa

n,
20

07
[2

8]
2

M
al

es
an

d
fe

m
al

es
>

60
y

C
om

m
un

ity
-d

w
el

lin
g

P
rim

ar
ily

M
ex

ic
an

A
m

er
ic

an
F

re
e

of
de

m
en

tia
or

C
IN

D
at

ba
se

lin
e

14
05

(2
1%

:
va

ria
bl

es
as

-
so

ci
at

ed
w

ith
lo

ss
to

fo
llo

w
-u

p
no

tr
ep

or
te

d)

4.
5y

P
la

sm
a

ho
m

oc
ys

-
te

in
e

an
d

vi
ta

m
in

B
-1

2,
re

d
bl

oo
d

ce
ll

(R
B

C
)

fo
la

te
.

B
at

te
ry

of
ne

ur
o-

ps
yc

ho
lo

gi
ca

l
te

st
s.

D
em

en
tia

de
fin

ed
by

cr
ite

ria
of

D
S

M
-I

II,
N

IN
C

D
S

or
A

D
R

D
A

.
C

IN
D

de
fin

ed
by

fa
ili

ng
(<

10
%

)
a

co
gn

iti
on

te
st

bu
t

no
t

di
ag

no
se

d
as

ha
vi

ng
de

m
en

tia

P
ro

po
rt

io
na

l
ha

za
rd

s
m

od
el

s
ex

am
in

in
g

th
e

as
so

ci
at

io
n

be
-

tw
ee

n
ex

po
su

re
s

an
d

co
m

bi
ne

d
in

ci
de

nc
e

of
al

l
ca

us
e

de
m

en
-

tia
an

d
C

IN
D

(c
om

bi
ne

d
in

-
ci

de
nc

e
te

rm
ed

‘c
og

ni
tiv

e
im

-
pa

irm
en

t’)
.

A
dj

us
te

d
fo

r:
ag

e,
ed

uc
at

io
n,

ge
nd

er
an

d
vi

ta
m

in
B

-1
2

or
ho

m
oc

ys
te

in
e

62
ca

se
s

of
in

ci
de

nt
al

lc
au

se
de

m
en

tia
an

d
55

ca
se

s
of

in
ci

de
nt

C
IN

D
.

H
ig

he
rh

om
oc

ys
te

in
e

(m
ea

n
le

ve
l:

10
.7

8
µ

m
ol

/
l)

as
so

ci
at

ed
w

ith
in

cr
ea

se
d

ris
k

of
co

gn
iti

ve
im

pa
irm

en
t(

ad
ju

st
ed

H
R

:2
.3

9;
95

%
C

I:
1.

11
,

5.
16

).
H

ig
he

r
vi

ta
m

in
B

-1
2

(m
ea

n:
45

2.
59

pg
/m

l)
as

-
so

ci
at

ed
w

ith
in

cr
ea

se
d

ris
k

of
co

gn
iti

ve
im

-
pa

irm
en

t
(a

dj
us

te
d

H
R

:
1.

07
;

95
%

C
I:

1.
02

,
1.

11
).

N
o

as
so

ci
at

io
n

be
tw

ee
n

R
B

C
fo

la
te

(m
ea

n:
50

4.
69

ng
/m

l)
an

d
co

gn
iti

ve
im

pa
irm

en
t

(u
n-

ad
ju

st
ed

H
R

:0
.8

5;
95

%
C

I:
0.

57
,1

.2
4)

.



208 A.D. Dangour et al. / Effects of Dietary Factors on Dementia

Ta
bl

e
1,

co
nt

in
ue

d

F
irs

t
S

tu
dy

N
(lo

ss
to

D
ur

at
io

n
E

xp
os

ur
e

C
og

ni
tiv

e
S

ta
tis

ti
ca

la
na

ly
si

s
O

ut
co

m
es

/m
aj

or
re

su
lts

au
th

or
,

po
pu

la
tio

n
fo

llo
w

-u
p)

(m
ea

n
m

ea
su

re
ye

ar
fo

llo
w

-u
p)

L
uc

hs
in

ge
r

20
04

[2
9]
3

M
al

es
an

d
fe

m
al

es
>

65
y

(m
ea

n:
76

.2
)

C
om

m
un

ity
-d

w
el

lin
g

F
re

e
of

A
D

an
d

de
-

m
en

tia
at

ba
se

lin
e

67
9

(2
5%

:
m

or
e

lik
el

y
to

be
w

hi
te

ra
th

er
th

an
H

is
pa

ni
c)

32
06

pe
rs

on
-

ye
ar

s

P
la

sm
a

ho
m

oc
ys

te
in

e
B

at
te

ry
of

ne
ur

o-
ps

yc
ho

lo
gi

ca
l

te
st

s.
A

D
di

ag
no

si
s

ba
se

d
on

cr
ite

ria
fr

om
N

IN
C

D
S

-
A

D
R

D
A

.

C
ox

pr
op

or
tio

na
l

ha
za

rd
m

od
-

el
co

m
pa

rin
g

ris
k

of
A

D
by

qu
ar

til
e

of
pl

as
m

a
ho

m
oc

ys
-

te
in

e
(r

ef
er

en
ce

:
lo

w
es

t
qu

ar
-

til
e)

.
A

dj
us

te
d

fo
r:

ag
e,

ge
nd

er
,e

du
-

ca
tio

n,
A

P
O

E
-ε

4
an

d
st

ro
ke

.

10
1

ca
se

s
of

in
ci

de
nt

A
D

In
ad

ju
st

ed
an

al
ys

is
,

no
as

so
ci

at
io

n
be

-
tw

ee
n

pl
as

m
a

ho
m

oc
ys

te
in

e
(h

ig
he

st
qu

ar
til

e
(m

ea
n

27
.4µ

m
ol

/l)
vs

lo
w

es
t

qu
ar

til
e

(m
ea

n
10

.7
5µ

m
ol

/l)
an

d
ris

k
of

A
D

(a
dj

us
te

d
H

R
:

1.
3;

95
%

C
I:

0.
8,

2.
3)

.

L
uc

hs
in

ge
r

20
07

[3
0]
3

M
al

es
an

d
fe

m
al

es
>

65
y

(m
ea

n:
75

.8
)

C
om

m
un

ity
-d

w
el

lin
g

F
re

e
of

A
D

an
d

de
-

m
en

tia
at

ba
se

lin
e

96
5

(3
4%

:
m

or
e

lik
el

y
to

be
ol

de
r)

6.
1y

(S
D

3.
3)

F
ol

at
e,

vi
ta

m
in

B
-

6
an

d
vi

ta
m

in
B

-
12

in
ta

ke
(a

dj
us

t-
ed

fo
r

en
er

gy
in

-
ta

ke
)

fr
om

fo
od

s
an

d
su

pp
le

m
en

ts
as

se
ss

ed
by

se
m

i-
qu

an
tit

at
iv

e
F

F
Q

B
at

te
ry

of
ne

ur
o-

ps
yc

ho
lo

gi
ca

l
te

st
s.

A
D

di
ag

no
si

s
ba

se
d

on
cr

ite
ria

fr
om

N
IN

C
D

S
-

A
D

R
D

A
.

C
ox

pr
op

or
tio

na
l

ha
za

rd
m

od
-

el
co

m
pa

rin
g

ris
k

of
A

D
by

qu
ar

til
e

of
nu

tr
ie

nt
in

ta
ke

(r
ef

-
er

en
ce

:
lo

w
es

tq
ua

rt
ile

).
A

dj
us

te
d

fo
r:

ag
e,

ge
nd

er
,

et
h-

ni
c

gr
ou

p,
ed

uc
at

io
n,

A
P

O
E

-
ε
4,

hi
st

or
y

of
di

ab
et

es
,

hy
pe

r-
te

ns
io

n,
cu

rr
en

ts
m

ok
in

g,
he

ar
t

di
se

as
e

an
d

st
ro

ke
,a

nd
le

ve
ls

of
V

ita
m

in
B

6
an

d
B

12
.

19
2

ca
se

s
of

in
ci

de
nt

A
D

H
ig

he
r

in
ta

ke
of

fo
la

te
as

so
ci

at
ed

w
ith

de
-

cr
ea

se
d

ris
k

of
A

D
(h

ig
he

st
fo

la
te

in
ta

ke
(

>

48
7.

9µ
g/

d)
vs

lo
w

es
t

fo
la

te
in

ta
ke

(6
29

2.
9

µ
g/

d)
;a

dj
us

te
d

H
R

:0
.5

;9
5%

C
I:

0.
3,

0.
9)

N
o

as
so

ci
at

io
n

be
tw

ee
n

vi
ta

m
in

B
-6

in
ta

ke
an

d
ris

k
of

A
D

(h
ig

he
st

B
-6

in
ta

ke
(>
4.

5m
g/

d)
vs

lo
w

es
t

B
-6

in
ta

ke
(<

2.
3m

g/
d)

;
ad

ju
st

ed
H

R
:

1.
3;

95
%

C
I:

0.
7,

2.
3)

N
o

as
so

ci
at

io
n

be
tw

ee
n

vi
ta

m
in

B
-1

2
in

-
ta

ke
an

d
ris

k
of

A
D

(h
ig

he
st

B
-1

2
in

-
ta

ke
(>

13
.5
µ

g/
d)

vs
lo

w
es

t
B

-1
2

in
ta

ke
(<

3.
5µ

g/
d)

;
ad

ju
st

ed
H

R
:

1.
1;

95
%

C
I:

0.
7,

1.
7)

.

M
ax

w
el

l,
20

02
[3

1]
4

M
al

es
an

d
fe

m
al

es
>

65
y

(m
ea

n:
80

.1
)

C
om

m
un

ity
dw

el
lin

g
an

d
in

st
itu

tio
na

liz
ed

pa
rt

ic
ip

an
ts

F
re

e
fr

om
A

D
an

d
de

-
m

en
tia

at
ba

se
lin

e
bu

t
w

ith
3M

S
sc

or
e<

78

22
6

(5
7%

:
m

or
e

lik
el

y
to

be
yo

un
g-

er
,l

es
s

ed
u-

ca
te

d
an

d
co

m
m

un
ity

dw
el

lin
g

5y
S

er
um

fo
la

te
S

cr
ee

ne
d

us
in

g
3M

S
an

d
cl

in
ic

al
ex

am
in

at
io

n.
D

em
en

tia
di

ag
no

-
si

s
ba

se
d

on
cr

i-
te

ria
fr

om
D

S
M

-
III

.
A

D
di

ag
no

si
s

ba
se

d
on

cr
ite

ria
fr

om
N

IN
C

D
S

-
A

D
R

D
A

.

L
og

is
tic

re
gr

es
si

on
co

m
pa

rin
g

od
ds

of
A

D
be

tw
ee

n
qu

ar
-

til
es

of
se

ru
m

fo
la

te
(r

ef
er

en
ce

:
lo

w
es

tq
ua

rt
ile

).
A

dj
us

te
d

fo
r

ag
e

an
d

ge
nd

er

49
ca

se
s

of
in

ci
de

nt
A

D
.

N
o

as
so

ci
at

io
n

be
tw

ee
n

ba
se

lin
e

fo
la

te
st

at
us

an
d

in
ci

de
nt

A
D

(lo
w

es
tf

ol
at

e
qu

ar
til

e
(m

ed
i-

an
11

.3
nm

ol
/l)

vs
hi

gh
es

t
fo

la
te

qu
ar

til
e

(m
e-

di
an

25
.0

nm
ol

/l)
;

ad
ju

st
ed

O
R

:2
.1

7;
95

%
C

I:
0.

85
,5

.5
3)

M
or

ris
,

20
06

[3
2]
5

M
al

es
an

d
fe

m
al

es
>

65
y

C
om

m
un

ity
dw

el
lin

g
F

re
e

of
A

D
,w

ith
ra

ng
e

of
go

od
to

po
or

co
gn

iti
ve

pe
rf

or
m

an
ce

at
ba

se
lin

e

10
41

(8
3%

:
va

ria
bl

es
as

-
so

ci
at

ed
w

ith
lo

ss
to

fo
llo

w
-u

p
no

tr
ep

or
te

d)

m
ed

ia
n

3.
9y

F
ol

at
e,

vi
ta

m
in

B
-

6
an

d
vi

ta
m

in
B

-
12

in
ta

ke
fr

om
fo

od
s

an
d

vi
ta

m
in

su
pp

le
m

en
ts

as
-

se
ss

ed
by

F
F

Q

S
tr

uc
tu

re
d

cl
in

i-
ca

le
va

lu
at

io
ns

.
A

D
di

ag
no

si
s

ba
se

d
on

cr
ite

ria
fr

om
N

IN
C

D
S

-
A

D
R

D
A

.

L
og

is
tic

re
gr

es
si

on
co

m
pa

rin
g

th
e

od
ds

of
in

ci
de

nt
A

D
fo

r
qu

in
til

e
of

nu
tr

ie
nt

in
ta

ke
(r

ef
-

er
en

ce
:

lo
w

es
tq

ui
nt

ile
).

A
dj

us
te

d
fo

r:
ag

e,
tim

e
pe

rio
d

of
ob

se
rv

at
io

n,
in

di
ca

to
r

va
ri-

ab
le

fo
rq

ui
nt

ile
s

of
nu

tr
ie

nt
in

-
ta

ke
ge

nd
er

,
ra

ce
,

ed
uc

at
io

n,
A

P
O

E
-ε

4,
in

ta
ke

of
vi

ta
m

in
E

fr
om

fo
od

so
ur

ce
s,

fr
eq

ue
nc

y
of

pa
rt

ic
ip

at
io

n
in

co
gn

iti
ve

a
ct

-

16
1

ca
se

s
of

in
ci

de
nt

A
D

.
N

o
as

so
ci

at
io

n
be

tw
ee

n
ris

k
of

de
ve

lo
pi

ng
A

D
an

d
qu

in
til

es
of

to
ta

lf
ol

at
e

in
ta

ke
(h

ig
he

st
fo

-
la

te
in

ta
ke

(m
ed

ia
n

75
2.

7µ
g/

d)
vs

lo
w

es
t

fo
-

la
te

in
ta

ke
(m

ed
ia

n
20

2.
8µ
g/

d)
;a

dj
us

te
d

O
R

:
1.

6;
95

%
C

I:
0.

5,
5.

2)
.

N
o

as
so

ci
at

io
n

be
tw

ee
n

ris
k

of
de

ve
lo

pi
ng

A
D

an
d

qu
in

til
es

of
to

ta
lv

ita
m

in
B

-6
in

ta
ke

(h
ig

h-
es

t
B

-6
in

ta
ke

(m
ed

ia
n

5.
5m

g/
d)vs

lo
w

es
t

B
-

6
in

ta
ke

(m
ed

ia
n

1.
2m

g/
d)

;
ad

ju
st

ed
O

R
:

0.
7;

95
%

C
I:

0.
2,

2.
4)



A.D. Dangour et al. / Effects of Dietary Factors on Dementia 209

Ta
bl

e
1,

co
nt

in
ue

d

F
irs

t
S

tu
dy

N
(lo

ss
to

D
ur

at
io

n
E

xp
os

ur
e

C
og

ni
tiv

e
S

ta
tis

ti
ca

la
na

ly
si

s
O

ut
co

m
es

/m
aj

or
re

su
lts

au
th

or
,

po
pu

la
tio

n
fo

llo
w

-u
p)

(m
ea

n
m

ea
su

re
ye

ar
fo

llo
w

-u
p)

iv
iti

es
,

to
ta

li
nt

ak
e

of
ni

ac
in

N
o

as
so

ci
at

io
n

be
tw

ee
n

ris
k

of
de

ve
lo

pi
ng

A
D

an
d

qu
in

til
es

of
to

ta
lv

ita
m

in
B

-1
2

in
ta

ke
(h

ig
h-

es
t

B
-1

2
in

ta
ke

(m
ed

ia
n

20
.6µ
g/

d)
vs

lo
w

es
t

in
ta

ke
(m

ed
ia

n
3.

1µ
g/

d)
;

ad
ju

st
ed

O
R

:
0.

6;
95

%
C

I:
0.

2,
1.

6)

R
av

ag
lia

,
20

05
[3

3]
6

M
al

es
an

d
fe

m
al

es
>

65
y

(m
ea

n:
73

.6
)

C
om

m
un

ity
dw

el
lin

g
F

re
e

of
de

m
en

tia
at

ba
se

lin
e

81
6

(1
3%

:
va

ria
bl

es
as

-
so

ci
at

ed
w

ith
lo

ss
to

fo
llo

w
-u

p
no

tr
ep

or
te

d)

3.
8y

(S
D

:0
.8

)
P

la
sm

a
ho

m
oc

ys
-

te
in

e,
se

ru
m

fo
-

la
te

an
d

vi
ta

m
in

B
-1

2

Ita
lia

n
ve

rs
io

n
of

M
M

S
E

[9
0]

an
d

M
en

ta
lD

et
er

io
ra

-
tio

n
B

at
te

ry
[9

1]
.

D
em

en
tia

di
ag

no
-

si
s

ba
se

d
on

cr
ite

-
ria

fr
om

D
S

M
-I

V.
A

D
di

ag
no

si
s

ba
se

d
on

cr
ite

ria
fr

om
N

IN
C

D
S

-
A

D
R

D
A

.

C
ox

pr
op

or
tio

na
l

ha
za

rd
m

od
-

el
co

m
pa

rin
g

ris
k

of
de

m
en

tia
an

d
A

D
fo

rl
ow

(b
el

ow
m

ed
ia

n)
co

m
pa

re
d

to
hi

gh
se

ru
m

fo
la

te
an

d
vi

ta
m

in
B

-1
2

or
fo

r
th

os
e

w
ith

or
w

ith
ou

th
yp

er
ho

m
oc

ys
-

te
in

em
ia

A
dj

us
te

d
fo

r:
ag

e,
ge

nd
er

,e
du

-
ca

tio
n,

A
P

O
E

-ε4
,s

tr
ok

e,
se

r-
um

cr
ea

tin
in

e,
sm

ok
in

g
st

at
us

,
di

ab
et

es
,

hy
pe

rt
en

si
on

,
ca

rd
io

-
va

sc
ul

ar
di

se
as

e
an

d
B

M
I.

A
d-

di
tio

na
lly

ad
ju

st
ed

fo
r

ho
m

o-
cy

st
ei

ne
,

fo
la

te
or

B
-1

2
de

-
pe

nd
in

g
on

ou
tc

om
e

of
in

te
re

st
.11

2
ca

se
s

of
in

ci
de

nt
al

lc
au

se
de

m
en

tia
(7

0
of

w
hi

ch
w

er
e

A
D

)
H

yp
er

ho
m

oc
ys

te
in

em
ia

(h
om

oc
ys

te
in

e
>

15
µ

m
ol

/l)
as

so
ci

at
ed

w
ith

in
cr

ea
se

d
ris

k
of

de
-

m
en

tia
an

d
A

D
(a

dj
us

te
d

H
R

fo
r

al
lc

au
se

de
-

m
en

tia
:

2.
18

;9
5%

C
I:

1.
37

,3
.4

8;
ad

ju
st

ed
H

R
fo

r
A

D
:2

.0
8;

95
%

C
I:

1.
15

,3
.7

9)
L

ow
fo

la
te

as
so

ci
at

ed
w

ith
in

cr
ea

se
d

ris
k

of
de

m
en

tia
an

d
A

D
(lo

w
fo

la
te

(6
11

.8
nm

ol
/l)

);
ad

ju
st

ed
H

R
fo

ra
ll

ca
us

e
de

m
en

tia
:

1.
87

;9
5%

C
I:

1.
21

,2
.8

9;
ad

ju
st

ed
H

R
fo

rA
D

:1
.9

8;
95

%
C

I:
1.

15
,3

.4
0)

.
N

o
as

so
ci

at
io

n
be

tw
ee

n
se

ru
m

B
-1

2
an

d
ris

k
of

de
m

en
tia

an
d

A
D

(a
dj

us
te

d
H

R
fo

ra
ll

ca
us

e
de

m
en

tia
:

0.
83

;9
5%

C
I:

0.
56

,1
.2

4;
ad

ju
st

ed
H

R
fo

rA
D

:0
.6

6;
95

%
C

I:
0.

40
,1

.0
9)

R
av

ag
lia

,
20

06
[3

4]
M

al
es

an
d

fe
m

al
es

>
60

y
C

om
m

un
ity

dw
el

lin
g

M
ild

co
gn

iti
ve

im
pa

ir-
m

en
t

(M
C

I)
cl

as
si

fie
d

by
P

et
er

se
n’

s
cr

ite
-

ria
[2

4]
an

d
th

e
Ita

lia
n

ve
rs

io
n

of
M

M
S

E
[9

0]

16
5

(1
3%

:
m

or
e

lik
el

y
to

be
ol

de
r,

fe
m

al
e,

lo
w

-
er

M
M

S
E

sc
or

e
at

ba
se

lin
e)

2.
8y

(S
D

:1
.6

)
S

er
um

fo
la

te
an

d
vi

ta
m

in
B

-1
2

B
at

te
ry

of
ne

ur
o-

ps
yc

ho
lo

gi
ca

l
te

st
s.

D
em

en
tia

de
fin

ed
as

>
2

co
gn

i-
tiv

e
do

m
ai

ns
se

-
ve

re
en

ou
gh

to
af

fe
ct

fu
nc

tio
na

l
ab

ili
tie

s

C
ox

pr
op

or
tio

na
l

ha
za

rd
s

ra
-

tio
fo

r
ris

k
of

co
nv

er
si

on
to

al
l

ca
us

e
de

m
en

tia
fr

om
M

C
I

fo
r

lo
w

(b
el

ow
25

th
pe

rc
en

til
e)

co
m

pa
re

d
to

hi
gh

se
ru

m
fo

la
te

or
vi

ta
m

in
B

-1
2.

A
dj

us
te

d
fo

r:
ag

e,
ge

nd
er

,
ed

-
uc

at
io

n,
hi

gh
(>

26
)

M
M

S
E

,
M

C
I

su
bt

yp
e,

di
as

to
lic

B
P

,
at

ria
l

fib
ril

la
tio

n
an

d
B

M
I

ca
te

go
rie

s

48
ca

se
s

of
in

ci
de

nt
de

m
en

tia
(o

f
w

hi
ch

34
w

er
e

A
D

).
L

ow
se

ru
m

fo
la

te
as

so
ci

at
ed

w
ith

in
cr

ea
se

d
ris

k
of

co
nv

er
si

on
to

al
l

ca
us

e
de

m
en

tia
(lo

w
fo

la
te

(6
10

.4
nm

ol
/l)

;a
dj

us
te

d
H

R
:3

.1
1;

95
%

C
I:

1.
49

,6
.4

7)
.

S
er

um
vi

ta
m

in
B

-1
2

no
t

as
so

ci
at

ed
w

ith
ris

k
of

co
nv

er
si

on
to

al
lc

au
se

de
m

en
tia

(lo
w

B
-1

2
(6

21
7p

m
ol

/l)
;

H
R

ad
ju

st
ed

fo
r

ag
e,

ge
nd

er
an

d
ed

uc
at

io
n

on
ly

:
0.

6;
95

%
C

I:
0.

26
,1

.3
9)

.

S
es

ha
dr

i,
20

02
[3

5]
7

M
al

es
an

d
fe

m
al

es
M

ea
n

ag
e:

76
(S

D
:6

)
F

re
e

of
de

m
en

tia
at

ba
se

lin
e

10
92

(5
8%

:
va

ria
bl

es
as

-
so

ci
at

ed
w

ith
lo

ss
to

fo
llo

w
-u

p
no

tr
ep

or
te

d)

M
ed

ia
n:

8y
P

la
sm

a
ho

m
oc

ys
-

te
in

e,
fo

la
te

,
vi

ta
-

m
in

B
-1

2
an

d
vi

-
ta

m
in

B
-6

D
em

en
tia

di
ag

no
-

si
s

ba
se

d
on

cr
ite

-
ria

of
D

S
M

-I
V

as
w

el
la

s
a

du
ra

tio
n

of
sy

m
pt

om
s>

6
m

on
th

s
an

d
a

sc
o-

re
of

>
1

of
se

ve
r-

ity
on

th
e

C
lin

i-

C
ox

pr
op

or
tio

na
lh

az
ar

ds
m

od
-

el
s

to
as

se
ss

re
la

tio
ns

hi
p

be
-

tw
ee

n
ex

po
su

re
s

an
d

in
ci

de
nc

e
of

al
lc

au
se

de
m

en
tia

an
d

A
D

.
A

dj
us

te
d

fo
r:

ag
e,

ge
nd

er
,

A
P

O
E

ge
no

ty
pe

,
hi

st
or

y
of

st
ro

ke
,

sm
ok

in
g

st
at

us
,

al
co

ho
l

in
ta

ke
,

di
ab

et
es

m
el

lit
us

,B
M

I,

11
1

ca
se

s
of

in
ci

de
nt

de
m

en
tia

(o
f

w
hi

ch
83

w
er

e
A

D
).

H
ig

he
r

ho
m

oc
ys

te
in

e
(m

ea
n

fo
r

m
en

:
13

.1
µ

m
ol

/l;
fo

r
w

om
en

:
13

.0µ
m

ol
/l)

as
so

ci
-

at
ed

w
ith

in
cr

ea
se

d
ris

k
of

de
m

en
tia

an
d

A
D

(a
dj

us
te

d
R

R
fo

r
al

lc
au

se
de

m
en

tia
:

1.
4;

95
%

C
I:

1.
1,

1.
9;

ad
ju

st
ed

R
R

fo
rA

D
:1

.8
;9

5%
C

I:
1.

3,
2.

5)
.



210 A.D. Dangour et al. / Effects of Dietary Factors on Dementia

Ta
bl

e
1,

co
nt

in
ue

d

F
irs

t
S

tu
dy

N
(lo

ss
to

D
ur

at
io

n
E

xp
os

ur
e

C
og

ni
tiv

e
S

ta
tis

ti
ca

la
na

ly
si

s
O

ut
co

m
es

/m
aj

or
re

su
lts

au
th

or
,

po
pu

la
tio

n
fo

llo
w

-u
p)

(m
ea

n
m

ea
su

re
ye

ar
fo

llo
w

-u
p)

ca
lD

em
en

tia
R

at
-

in
g

sc
al

e.
A

D
de

fin
ed

ba
se

d
on

cr
ite

ria
fr

om
N

IN
C

D
S

-
A

D
R

D
A

.

sy
st

ol
ic

B
P

.
A

dd
iti

on
al

ly
ad

ju
st

ed
fo

r
ho

-
m

oc
ys

te
in

e,
fo

la
te

,
B

-1
2

or
B

-
6

de
pe

nd
in

g
on

ou
tc

om
e

of
in

te
re

st
.

F
ol

at
e,

vi
ta

m
in

B
-1

2
an

d
vi

ta
m

in
B

-6
no

t
as

-
so

ci
at

ed
w

ith
ris

k
of

de
m

en
tia

or
A

D
(d

at
a

no
t

sh
ow

n)

W
an

g,
20

01
[3

6]
8

M
al

es
an

d
fe

m
al

es
>

75
y

C
om

m
un

ity
dw

el
lin

g
F

re
e

of
de

m
en

tia
bu

t
co

gn
iti

ve
ly

im
pa

ire
d

(M
M

S
E

sc
or

e<
24

)

37
0

(0
%

)
3y

S
er

um
fo

la
te

an
d

vi
ta

m
in

B
-1

2

D
em

en
tia

di
ag

no
-

si
s

ba
se

d
on

cr
ite

-
ria

fr
om

D
S

M
-I

II,
or

fr
om

ho
sp

ita
l

re
co

rd
s

fo
r

th
os

e
w

ho
ha

d
di

ed
(n

:
86

)

C
ox

pr
op

or
tio

na
l

ha
za

rd
m

od
-

el
co

m
pa

rin
g

ris
k

of
de

m
en

tia
an

d
A

D
fo

rl
ow

(d
efi

ci
en

t)
co

m
-

pa
re

d
to

hi
gh

se
ru

m
fo

la
te

or
vi

ta
m

in
B

-1
2.

A
dj

us
te

d
fo

r:
ag

e,
ge

nd
er

an
d

ed
uc

at
io

n

78
ca

se
s

of
in

ci
de

nt
de

m
en

tia
(o

f
w

hi
ch

60
w

er
e

A
D

).
L

ow
se

ru
m

fo
la

te
(6

10
nm

ol
/l)

w
as

no
ta

ss
o-

ci
at

ed
w

ith
ris

k
of

de
m

en
tia

or
A

D
.

(a
dj

us
te

d
R

R
fo

r
al

lc
au

se
de

m
en

tia
:

1.
6;

95
%

C
I:

0.
9,

2.
9;

ad
ju

st
ed

R
R

fo
rA

D
:1

.7
;9

5%
C

I:
0.

9,
3.

2)
L

ow
se

ru
m

B
-1

2
(6

15
0p

m
ol

/l)
w

as
no

ta
ss

o-
ci

at
ed

w
ith

ris
k

of
de

m
en

tia
or

A
D

(a
dj

us
te

d
R

R
fo

r
al

lc
au

se
de

m
en

tia
:

1.
3;

95
%

C
I:

0.
7,

2.
3;

ad
ju

st
ed

R
R

fo
r

A
D

:
1.

6;
95

%
C

I:
0.

9,
2.

8)
.

C
om

bi
ne

d
lo

w
se

ru
m

fo
la

te
or

lo
w

se
ru

m
B

-1
2

w
as

as
so

ci
at

ed
w

ith
in

cr
ea

se
d

ris
k

of
de

m
en

tia
an

d
A

D
(a

dj
us

te
d

R
R

fo
r

al
l

ca
us

e
de

m
en

tia
:

1.
8;

95
%

C
I:

1.
1,

2.
8;

ad
ju

st
ed

R
R

fo
rA

D
:2

.1
;

95
%

C
I:

1.
2,

3.
5)

3M
S

=
M

od
ifi

ed
M

in
i-M

en
ta

lS
ta

te
(3

M
S

)
ex

am
in

at
io

n
[9

2]
;9

5%
C

I
=

95
%

C
on

fid
en

ce
In

te
rv

al
;

A
D=

A
lz

he
im

er
’s

D
is

ea
se

;
B

M
I=

B
od

y
M

as
s

In
de

x;
B

P=
B

lo
od

P
re

ss
ur

e;
C

IN
D=

C
og

ni
tiv

el
y

Im
pa

ire
d

bu
tN

ot
D

em
en

te
d;

D
S

M
-I

II/
IV=

D
ia

gn
os

tic
an

d
S

ta
tis

tic
al

M
an

ua
lo

fM
en

ta
lD

is
or

de
rs

,3
rd

E
di

tio
n

[9
3]

/4
th

E
di

tio
n

[2
2]

;F
F

Q=
F

oo
d

F
re

qu
en

cy
Q

ue
st

io
nn

ai
re

;H
R

=
H

az
ar

d
R

at
io

;I
C

D
-1

0=
In

te
rn

at
io

na
lC

la
ss

ifi
ca

tio
n

of
D

is
ea

se
s,

10
th

E
di

tio
n

[2
1

];
M

M
S

E
=

M
in

i-M
en

ta
lS

ta
te

E
va

lu
at

io
n

[9
4]

;N
IN

C
D

S
-A

D
R

D
A=

N
at

io
na

lI
ns

tit
ut

e
of

N
eu

ro
lo

gi
ca

l
an

d
C

om
m

un
ic

at
iv

e
D

is
or

de
rs

an
d

S
tr

ok
e

–
A

lz
he

im
er

’s
D

is
ea

se
an

d
R

el
at

ed
D

is
or

de
rs

A
ss

oc
ia

tio
n

[2
3]

;O
R

=
O

dd
s

R
at

io
;R

D
A=

R
ef

er
en

ce
D

ie
ta

ry
A

llo
w

an
ce

ac
co

rd
in

g
to

U
S

In
st

itu
te

of
M

ed
ic

in
e

[9
5]

;R
R
=

R
is

k
R

at
io

;S
D
=

S
ta

nd
ar

d
D

ev
ia

tio
n.

1
B

al
tim

or
e

L
on

gi
tu

di
na

lS
tu

dy
of

A
gi

ng
(B

L
S

A
);2

S
ac

ra
m

en
to

A
re

a
L

at
in

o
S

tu
dy

on
A

gi
ng

(S
A

L
S

A
);

3
W

as
hi

ng
to

n
H

ei
gh

ts
-I

nw
oo

d
C

ol
um

bi
a

A
gi

ng
P

ro
je

ct
(W

H
IC

A
P

);
4
C

an
ad

ia
n

S
tu

dy
of

H
ea

lth
an

d
A

gi
ng

(C
S

H
A

);5
C

hi
ca

go
H

ea
lth

an
d

A
gi

ng
P

ro
je

ct
(C

H
A

P
);

6
C

on
se

lic
e

S
tu

dy
of

B
ra

in
A

gi
ng

(C
S

B
A

);7 T
he

F
ra

m
in

gh
am

H
ea

rt
S

tu
dy

;
8
T

he
K

un
gs

ho
lm

en
P

ro
je

ct
.



A.D. Dangour et al. / Effects of Dietary Factors on Dementia 211

gard to year of publication or language of publication
(providing an English abstract was available).

Study participants were healthy older people or peo-
ple with cognitive impairment/decline or any type of
dementia (including vascular dementia and AD), re-
gardless of nutritional status. In these studies, de-
mentia or AD diagnosis was generally confirmed us-
ing commonly accepted criteria such as those of the
International Classification of Diseases (ICD-10) [21],
the Diagnostic and Statistical Manual of Mental Disor-
ders (DSM) [22] and the National Institute of Neuro-
logical and Communicative Disorders and Stroke and
the Alzheimer’s disease and Related Disorders Asso-
ciation (NINCDS-ADRDA) [23]. Mild cognitive im-
pairment (MCI) was generally diagnosed using clinical
criteria [24]. Cognitive function was assessed using a
large number of different psychometric tests.

This systematic review reports on the follow-
ing nutrition-related exposures: single nutrients (fo-
late/folic acid, other B-group vitamins, fatty acids),
simple nutrient combinations (folic acid with other B-
group vitamins), levels of homocysteine, and fish con-
sumption (dietary source of the n-3 polyunsaturated
fatty acids, docosahexaenoic acid (DHA) and eicos-
apentaenoic acid (EPA)). These nutrient groups were
specifically selected as they have been highlighted as
potentially important in previous reviews [12–16]. The
relevant outcome measures in this review were incident
dementia or AD in cohort studies, and change in cogni-
tive performance in interventionstudies. Studies focus-
ing on MCI exceeded the scope of the present review.
It is of note that, while a relatively large number of
reports on the prevention or treatment of dementia/AD
with vitamin B12 were identified in the initial phase of
the systematic review, the majority were excluded as
they were case series/studies, and were not a relevant
study type for inclusion in the present review.

Following the identification of potentially relevant
studies based on their title and abstract, full articles
were obtained and evaluated by one researcher. A sec-
ond independent assessor verified inclusion/exclusion
decisions. Disputes as to eligibility were referred to the
author panel. Study data were extracted by one mem-
ber of the study team (SAM) and checked by a second
member (SH).

Quality assessment

The methodological quality of RCTs was assessed
using Cochrane Collaboration guidelines on random-
ization (method of generation and concealment of al-
location), masking of treatment allocation and loss to
follow-up [25].

Fig. 1. Flow chart of included and excluded papers in the literature
search.1Details of excluded studies from step 2 are in Supplemental
Table 2;2A number of cohort studies included relevant data on folate,
other B-vitamins and homocysteine.

RESULTS

Overall search findings

In total, 7,796 references were identified by the sys-
tematic literature search of which 7,543 were excluded
on examination of their titles and abstracts. The full re-
ports of 253 publications were assessed and of these 110
papers were excluded (Supplemental Table 2). Hand
searching indentified a further 17 references and in total
160 papers met the inclusion criteria (Fig. 1).

The present review is restricted to thirty-three studies
that reported on folate, B-vitamins, homocysteine lev-
els, or fish/fatty acids. Results for other nutrients stud-
ied (antioxidants, dietary patterns, multivitamins) are
not presented here. Of the 33 included papers, 19 were
cohort studies including 11 on folate, other B-group vi-
tamins and/or homocysteine [26–36] and eight on fish,
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DHA or EPA [37–44]. The remaining 14 were ran-
domized controlled trials (RCTs) including ten on folic
acid with or without other B-group vitamins [45–54],
and four on mixed fatty acids [55–58].

Folate and other B-vitamins

Ten cohort studies (Table 1) evaluated the associa-
tion of folate and other B-vitamins in cognitively in-
tact or impaired aging participants with incident AD or
dementia over a 3–9 year follow-up period [26–28,30–
36]. Only one study considered folate only [31], nine
included vitamin B-12 [26–28,30,32–36] and four in-
cluded vitamin B-6 [27,30,32,35] in their assessment.
Sample sizes ranged from 93 to 1405 participants.
Three of the studies reported dietary intake (including
supplement use) [27,30,32] and seven examined nutri-
ent concentrations in blood samples [26,28,31,33–36].
The incidence rates of AD or dementia were compared
between individuals based on their folate and B-vitamin
intake or their blood concentrations at enrollment into
the study. Two out of the three studies which consid-
ered dietary intake reported a significantly decreased
risk of developing incident AD with increased folate
consumption [27,30], one of which also observed the
same association with vitamin B-6 consumption [27].
There was no association between dietary vitamin B12
consumption and incident AD or dementia [27,30,32].

One study reporting serum folate found that low fo-
late concentrations increased the risk of developing de-
mentia and AD [33], whilst a second reported an in-
creased risk of conversion from mild cognitive impair-
ment to dementia for individuals with low serum fo-
late [34]. The remaining five studies reported no asso-
ciation between blood folate levels at enrollment and
the risk of developing AD or dementia [26,28,31,35,
36]. One study reported an increased risk of cogni-
tive impairment (including dementia and cognitively
impaired but not demented individuals) with increased
levels of plasma vitamin B-12 [28]; the remaining five
studies found no association between vitamin B-12 and
risk of dementia or AD [26,33–36], although one of
these did report a combined effect of low serum vitamin
B-12 together with low folate and increased risk of AD
and dementia [36].

Four RCTs (Table 2) investigated the effect of folic
acid supplementation alone, on cognitive function [45,
46,48,52]. The method used for randomization of par-
ticipants was adequately reported in two studies [46,
52] and unclear in the remaining studies [45,48]. Study
groups were comparable at baseline and masking was

adequately addressed in all studies. Three of the stud-
ies reported that folic acid supplementation resulted
in a significant improvement in memory and cognitive
function for some of the outcomes studied [45,46,48],
although one also reported a decline in one cognitive
domain [45].

A further six RCTs (Table 2) examined the effect
of supplementation of folic acid in combination with
other B-vitamins on cognitive function [47,49–51,53,
54]. The method used for randomization was ad-
equate in four studies [49,50,53,54], unclear in one
study [51] and inadequate in the remaining study [47].
The method used for masking was adequate in three [50,
53,54] and unclear in three studies [47,49,51]. Study
groups were comparable at baseline in five of six stud-
ies [47,49,50,53,54] and not reported in the remain-
ing study [51]. None of the trials reported increased
cognitive performance following supplementation with
folic acid in combination with other B-vitamins and
three trials reported a trend for increased performance
or slower decline in the placebo compared to vitamin
groups [47,49,50].

Homocysteine

Five cohort studies (Table 1) reported data on the
relationship between levels of serum homocysteine and
development of incident dementia and/or AD [26,28,
29,33,35]. Four studies found a positive association be-
tween blood concentrations of homocysteine and inci-
dence of cognitive impairment [26,28,33,35], although
in one the association was only apparent in the younger
age group (mean age 60y) [26].

Fish and fatty acids

Eight cohort studies (Table 3) examined the effects
of n-3 fatty acids on the incidence of dementia and
AD [37,38,49,40–44], seven of which assessed dietary
intake of fish and/or general PUFAs [37,39–44], one
study also assessed serum concentrations of DHA [41]
and a final study reported only serum DHA, EPA, and
n-3 PUFA [38]. One study reported a marginal reduced
risk of dementia and AD with increased fish consump-
tion [42], and a second study reported a reduced risk
of AD with increased total n-3 fatty acids, DHA and
fish consumption [40]. The remaining dietary studies
reported no association between n-3 fatty acid intake
and risk of dementia and/or AD with the exception of
a reduced risk of dementia associated with moderate
PUFA intake from spreads reported by one study [44].
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Of the two studies investigating plasma fatty acids,
one reported a reduced risk of dementia, but not AD,
with higher compared to lower plasma DHA [41],while
the second reported that individuals with dementia had
higher concentrations of DHA and other n-3 PUFAs
than individuals who did not develop the condition [38].

Four RCTs (Table 4) examined the effect of mixed
fatty acid supplementation on cognitive function-
ing [55–58]. The method of randomization employed
was adequate in all studies and masking was either ad-
equate [55,58] or not clearly reported [56,57]. These
studies are characterized by a high level of inter-study
variation in the nature of the intervention and study
duration (4 weeks to 1 year). Only one study [56],
which enrolled a small number of participants (n = 20)
and was not placebo-controlled, reported an improve-
ment in cognitive measures while a second study re-
ported improvements in quality of life following treat-
ment [58]. It should be noted however that in neither of
these trials was the statistical analysis of the treatment
effect clearly reported. There was no effect of fatty
acid supplementation on cognitive function tests in the
two remaining trials [55,57].

DISCUSSION

The potential effect of dietary factors in both the pre-
vention and treatment of dementia has become a topic
of increasing interest. Reviews conducted to date have
not identified good evidence for specific recommenda-
tion of particular dietary interventions [12–16,59]. De-
spite this lack of evidence some health providers con-
tinue to recommend dietary supplements which may
not confer additional benefits to an adequate diet [60],
and individuals who perceive themselves to be at in-
creased risk of dementia frequently seek nutritional
therapy [61].

This systematic review identified some evidence
from cohort studies that lower dietary intakes of folate
or low levels of serum folate were associated with an
increased risk of developing AD. Trials of folic acid
supplementation, either alone or in combination with
other B-vitamins, had limited or no effect on measures
of cognitive function. Older adults are likely to be at
risk of low serum folate levels only in cases of low
total energy intake [62], and over 50 countries cur-
rently implement mandatory fortification of flour with
folic acid [63]. It should be noted that the relationship
between dietary folate intake and serum folate levels
is complex [64] and even where body stores of folate

remain relatively constant, serum concentrations vary
in line with changes in dietary folate intake and other
physiological and health characteristics of study par-
ticipants. The evidence from RCTs that provided folic
acid supplementation in combination with other B vi-
tamins is less supportive of a beneficial effect on cogni-
tive function. The lack of any consistent beneficial ef-
fect on cognitive function of folic acid with or without
vitamin B12 in healthy or cognitively impaired older
participants has been confirmed in previous systematic
reviews [16].

Three RCTs published subsequent to the searches
performed for the present review do not provide sup-
port for the use of folic acid either individually or in
combination with other B vitamins for the prevention
of cognitive decline in older participants with or with-
out diagnosed dementia [65–67]. This review identi-
fied some evidence that raised levels of homocysteine
were associated with an increased incidence of AD and
dementia. A recent review of case-control and cohort
studies also reported that raised homocysteine levels
were associated with an increase risk of AD but only
included three of the five cohort studies in the current
review [68].

Several recent reviews consider the role of fish con-
sumption or fatty acids in the prevention of dementia
or AD and come to the conclusion that the current ev-
idence is in support of a protective effect of fish and
n-3 fatty acid consumption [69–71]. Fish oils, espe-
cially DHA, may have neuroprotective actions [72],
and some recent in vitro experiments [73] also suggest
that DHA may play an important role in preventing
late-onset AD. In the current review, only two out of
eight cohort studies that examined the effect of fish or
DHA consumption reported reduced AD and dementia
incidence in those participants with the highest intake
levels. These findings have been confirmed in three
recently published cohort studies [74–76], only one of
which reported that higher plasma n-3 PUFA propor-
tions predicted less decline in speed-related cognitive
domains over three years follow-up [76]. In addition,
two recently published RCTs provide no evidence of
a benefit to cognitive function from supplementation
with combinations of EPA and DHA among cognitively
healthy older people [77,78].

This systematic review has several strengths. The
use of a comprehensive search strategy (electronic
databases in addition to selected conference proceed-
ings) maximized the likelihood of identifying all poten-
tially relevant publications. In addition, it is the most
up-to-date systematic review of the published literature
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in this field and has a broad scope, focusing on both
single and multiple nutrients and including both cohort
and RCT studies.

There are a number of factors which complicate in-
terpretation of the results reported in studies includ-
ed in this review. First, included studies used a wide
variety of cognitive function tests to measure differ-
ent or overlapping domains of cognitive function [79].
Second, the degree to which cohort studies controlled
for confounding or modifying factors differed. Third,
the presence of subclinical dementia in the population
at baseline may have differed between studies which
could affect the dietary habits or participant response
during the course of the study. Fourth the robustness of
the dietary data is dependent on the use of a validated
dietary assessment instrument to collect data during the
study. Fifth, the time from exposure to a dietary factor
to outcome measurement is invariably short, contrast-
ing with the fact that the degenerative process often
takes several years before a diagnosis is/can be made.
Finally, the number of incident cases of AD or dementia
reported at follow up was small in some studies which
may limit the power to detect any associations. We
were unable to conduct meta-analyses of the included
studies due to marked heterogeneity in study designs,
an issue that has similarly hampered other systematic
reviews in this field [80]. Results from the prospective
cohort studies frequently conflicted with findings from
intervention trials. This is not a novel finding [81,82],
but suggests that future cohort studies and RCTs would
benefit from better standardization of protocols.

Multi-nutrient approaches have been proposed [10]
and are supportedby some [83] but not all available trial
data [84]. Trials are underway among participants with
early [85] and late-stage AD [86]. In addition, multi-
domain interventions encompassing nutritional, physi-
cal and cognitive training may offer a potential syner-
gistic effect in preventing cognitive decline in suscep-
tible populations [87]. High-quality trials with clear-
ly defined, well validated outcomes of interest are re-
quired to allow firm conclusions regarding the effects
of either single nutrients or combinations of nutrients
on neurodegenerative disorders. In addition, there is
now increasing evidence to support the collection of ge-
netic information from study participants to investigate
potentially important nutrient gene interactions. Final-
ly, future trials should be conducted in people with the
earliest stages of cognitive impairment, since the win-
dow of opportunity for effective intervention from the
onset of symptoms may be limited [88]. In conclusion,
the available evidence base is currently insufficient to

draw firm conclusions about the effects of individual
dietary factors on the development or treatment of AD
and dementia, and further large, well-designed RCTs
of long duration need to be undertaken [89].
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