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Abstract 

Background Vascular dementia (VaD) is the second most common cause of dementia globally and is associated 
with a significant economic and social burden. Diet could represent an important tractable risk factor for VaD. We 
synthesised current evidence on associations between consumption of specific foods or dietary patterns and VaD risk.

Methods Five databases were searched from inception to January 2024 for prospective cohort studies exploring 
associations between individual foods or dietary patterns and incident VaD.

Results Sixteen studies were included. Compared with low intake reference groups, higher fruit and vegetable 
intake, moderate alcoholic drink intake (1–3 drinks/day), higher tea and coffee intake, and following a plant-based 
dietary pattern were associated with lower VaD risk. Conversely, moderate fried fish intake (0.25–2 servings/week), 
higher ultra-processed food intake (especially intake of sweetened beverages) and higher processed meat intake 
(≥ 2 servings/week) were associated with increased VaD risk. Inconsistent findings were observed for other dietary 
exposures.

Discussion A healthy diet could lower VaD risk. However, evidence is characterised by a limited number of studies 
for specific dietary exposures. Further research is needed to inform personalised and population-based approaches 
to lower VaD risk.
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Graphical abstract

Background
Vascular dementia (VaD) is the second most common 
cause of dementia worldwide, accounting for ~ 15 to 20% 
of all dementia cases [1, 2], although estimates of preva-
lence are complicated by the fact that VaD frequently co-
occurs alongside other causes of neurodegeneration (e.g., 
Alzheimer’s disease-related proteinopathies) [1, 2]. VaD 
results from vascular brain injury due to brain ischemia 
or haemorrhage [3], and has a considerable economic 
cost which is estimated to be greater than other demen-
tias such as Alzheimer’s disease [4].

Identifying effective strategies to prevent or delay the 
onset of VaD is a major research and public health pri-
ority [5]. Lifestyle modifications have the potential to 
reduce the incidence of VaD by addressing underlying 
vascular risk factors such as hypertension and diabetes 
[6], and consumption of a healthy diet could represent an 
important lifestyle strategy to help lower VaD risk. How-
ever, there is currently limited knowledge or consensus 
on which dietary approaches are effective for prevent-
ing VaD. Over 10 years ago, Perez et al. [7] systematically 
reviewed the evidence on nutrition and VaD risk and 
identified certain nutritional factors which were associ-
ated with higher (lower levels of folate and B12, alongside 
higher fried fish intake) or lower (vitamin E and C, along-
side fatty fish intake) risk of VaD. This review identified 

few studies which explored the impact of foods or healthy 
dietary patterns on VaD risk. However, exploring the 
impact of foods and dietary patterns on VaD risk is par-
ticularly important (compared with studying the impact 
of isolated nutrients/dietary compounds), as it accounts 
for the potentially cumulative and synergistic effects of 
different nutrients available within individual foods and 
across different foods within a dietary pattern [8–10]. 
Moreover, studying the impact of foods or dietary pat-
terns better reflects ‘real world’ eating habits and allows 
for the development of clear and actionable dietary rec-
ommendations to lower VaD risk which can be dissemi-
nated to the public (e.g., via public health campaigns) and 
patient groups (e.g., through interactions with healthcare 
professionals) [11]. The review by Perez et  al. [7] was 
also limited because an assessment of study quality/risk 
of bias was not conducted as per PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-anal-
yses) guidelines [12]. As such, the robustness of synthe-
sised evidence is unclear. Included studies also comprised 
a mix of cross-sectional, retrospective and prospective 
studies (with the former study designs more prone to 
risk of reverse causality). These limitations, alongside 
the emergence of considerable new evidence in the past 
10  years (e.g., [13–17]), provide the rationale for a new 
systematic review of the extant literature. Therefore, the 
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aim of this study was to undertake a systematic review 
of prospective cohort studies exploring the associations 
between consumption of foods and dietary patterns with 
incidence of VaD.

Methods
This systematic review followed the PRISMA guide-
lines [12], and was pre-registered on PROSPERO 
(CRD42024504255).

Literature search
Literature searches were conducted in MEDLINE, Psy-
cINFO and CINAHL via EBSCOhost, as well as The 
Cochrane Library and PubMed. All databases were 
searched from inception to 24th January 2024, and no 
language restrictions were applied during searches. 
Searches were conducted using a combination of syno-
nyms, and relevant MeSH terms for vascular dementia, 
risk, diet and study design. Search terms can be found in 
the supplementary material. Search results were exported 
to EndNote where automated and manual deduplica-
tion was performed. Search results where then exported 
to Covidence, an online review platform, where further 
automated deduplication was performed prior to the 
commencement of screening (see ‘study selection’ below). 
Reference lists of eligible articles, alongside recently pub-
lished review articles, were also searched for potentially 
relevant literature.

Study selection
Titles and abstracts of the retrieved studies were inde-
pendently screened by two researchers (AG and OMS) 
to evaluate eligibility for inclusion in the review. Potential 
studies that could not be excluded from the review fol-
lowing the assessment of title and abstract were carried 
over to the full-text stage for further appraisal. Full texts 
of potentially relevant studies were assessed for eligibil-
ity by two investigators (AG and OMS). An additional 
reviewer (JM) was consulted if there was any disagree-
ment between the two reviewers when appraising both 
the titles and abstracts and the full texts of potentially rel-
evant papers. Studies were required to meet the following 
PECOS (Participant, Exposure, Comparator, Outcomes, 
Study Design) criteria to be eligible for inclusion in this 
review:

Participants: Adult participants aged ≥ 18  years who 
were free from dementia at study baseline.

Exposure: Self-reported intake of individual foods or 
dietary patterns. Data for individual foods were consid-
ered separately rather than grouping based around e.g., 
similarities in macronutrient/micronutrient content. 
There were no restrictions on dietary assessment tool 
(e.g., 24-h recall, food frequency questionnaire [FFQ], 

food diary). Studies focused on the intake of nutrients 
or consumption of specific dietary supplements were 
not eligible for inclusion, nor were studies reporting 
biomarker measures of food intake (e.g., carotenoids for 
vegetables or metabolic fingerprints), due to the chal-
lenges of distinguishing between food and supplement-
based intake of measured metabolites. Studies reporting 
alcohol as an exposure were eligible for inclusion if they 
focused on intake of specific alcoholic drinks (e.g., wine, 
beer, spirits) and not if alcohol intake was considered in 
total gram ethanol intake (which we considered to be a 
nutrient).

Comparator: Lower intake reference groups (e.g., bot-
tom tertile, quartile, quintile), as reported by the study 
authors, were used as the comparator. Where relevant, 
we also included studies exploring associations per unit 
(e.g., 1 standard deviation [SD], 1 point) increment in 
dietary intake of a specific food or dietary pattern score 
with VaD risk.

Outcomes: We included all relevant papers focusing on 
incident VaD, vascular cognitive impairment (VCI) and 
vascular cognitive impairment no dementia (VCIND). 
Studies reporting specifically on other dementia sub-
types (e.g., Alzheimer’s, fronto-temporal or Lewy bodies 
dementia) were not eligible for inclusion. Studies pro-
viding data on all-cause dementia were included where 
information on VaD, VCI or VCIND incidence was pre-
sented separately. A clinical diagnosis was required and 
studies with self- or informant-reported diagnoses were 
excluded. No exclusions were applied with regarded to 
age of dementia onset.

Study design: Studies were required to have a prospec-
tive cohort design. There was no minimum duration of 
follow-up. Other types of study design (e.g., randomised 
controlled trials [due to a perceived lack of studies focus-
ing on VaD incidence], cross-sectional studies, case-
report studies, retrospective studies) were not eligible.

Data extraction and evidence synthesis
Data were extracted by one reviewer (OMS) and checked 
by a second reviewer (AG) for accuracy. Extracted data 
included study authors, publication year, study cohort, 
setting, participant characteristics (n, sex distribution, 
ethnicity and age), follow-up duration, number of VaD 
cases, VaD diagnosis method, details of the dietary expo-
sure and assessment method, study outcomes (Hazard 
Ratio [HR] or odds ratio [OR] and associated confidence 
intervals [CIs]). Data are reported for the maximally 
adjusted statistical model reported by the authors to min-
imise risk of confounding. Where data were available and 
appropriate, sub-group analyses (e.g., stratified by genetic 
risk) are presented. A narrative synthesis of data was con-
ducted due to the small number of studies identified for 
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each dietary exposure. We specified a priori in our proto-
col that a minimum of 5 studies would be required for a 
specific dietary exposure to undertake meta-analysis (see 
PROSPERO: CRD42024504255).

Risk of bias assessment
Risk of bias was evaluated using the ROBINS-E tool [18]. 
This tool evaluates bias related to confounding, expo-
sure measurement, participant selection, post-exposure 
interventions, missing data, outcome measurement, and 
selection of the reported result. An overall risk of bias 
was determined for each study, as well as a predicted 

direction of bias (if relevant), and whether this was likely 
to threaten conclusions of a given study. Signalling ques-
tions detailed in the Cochrane risk of bias tool were used 
to classify each domain as well as the overall risk of bias 
of each study, however further information on the judge-
ment process in relation to our research question is avail-
able in supplementary material 2.

Results
Overview
A total of 5315 articles were identified through elec-
tronic database searches. 2058 duplicates were 

Fig. 1 PRISMA flow chart outlining the study selection process



Page 5 of 20Griffiths et al. Nutrition & Metabolism          (2024) 21:105  

Ta
bl

e 
1 

Su
m

m
ar

y 
of

 p
ro

sp
ec

tiv
e 

co
ho

rt
 s

tu
di

es
 e

xp
lo

rin
g 

as
so

ci
at

io
ns

 b
et

w
ee

n 
in

ta
ke

 o
f i

nd
iv

id
ua

l f
oo

ds
 a

nd
 ri

sk
 o

f V
aD

A
ut

ho
r

Co
ho

rt
 a

nd
 s

et
tin

g
Pa

rt
ic

ip
an

t 
ch

ar
ac

te
ri

st
ic

s
Fo

llo
w

 u
p 

du
ra

tio
n

Va
D

 c
as

es
Va

D
 d

ia
gn

os
is

 
m

et
ho

d
D

ie
ta

ry
 

as
se

ss
m

en
t 

m
et

ho
d

O
ut

co
m

es

Fr
ui

t a
nd

 v
eg

et
ab

le
s

Ki
m

ur
a 

et
 a

l. 
[2

4]
Th

e 
H

is
ay

am
a 

St
ud

y 
(J

ap
an

)
10

71
 (4

52
 m

en
 a

nd
 6

19
 

w
om

en
) J

ap
an

es
e 

de
m

en
tia

-fr
ee

 p
ar

tic
ip

an
ts

 
ag

ed
 6

9 
(6

) y
ea

rs

24
 y

ea
rs

14
4

Ph
ys

ic
ia

n 
an

d 
ps

y-
ch

ia
tr

is
t e

va
lu

at
io

n.
 

D
SM

 c
rit

er
ia

 u
se

d 
to

 d
ia

gn
os

e 
de

m
en

-
tia

 a
nd

 th
e 

cr
ite

ria
 

of
 th

e 
N

IN
D

S 
w

as
 u

se
d 

to
 d

ia
g-

no
se

 V
aD

70
-it

em
 

se
m

iq
ua

nt
i-

ta
tiv

e 
fo

od
 

fre
qu

en
cy

 
qu

es
tio

nn
ai

re

Fr
ui

t:
Q

ua
rt

ile
 1

 (l
ow

es
t)

: R
ef

er
en

ce
 g

ro
up

Q
ua

rt
ile

 2
: 0

.7
9 

[0
.5

1,
 1

.2
4]

Q
ua

rt
ile

 3
: 0

.6
3 

[0
.3

9,
 1

.0
2]

Q
ua

rt
ile

 4
 (h

ig
he

st
): 

0.
68

 [0
.4

3,
 1

.0
9]

P-
tr

en
d:

 0
.0

7

Ve
ge

ta
bl

es
:

Q
ua

rt
ile

 1
 (l

ow
es

t)
: R

ef
er

en
ce

 g
ro

up
Q

ua
rt

ile
 2

: 1
.1

6 
[0

.7
3,

 1
.8

4]
Q

ua
rt

ile
 3

: 1
.1

6 
[0

.7
2,

 1
.8

6]
Q

ua
rt

ile
 4

 (h
ig

he
st

): 
0.

73
 [0

.4
4,

 1
.2

1]
P-

tr
en

d:
 0

.2
4

Co
m

bi
ne

d 
fru

it 
& 

Ve
ge

ta
bl

es
:

Q
ua

rt
ile

 1
 (l

ow
es

t)
: R

ef
er

en
ce

 g
ro

up
Q

ua
rt

ile
 2

: 1
.9

4 
(1

.2
3,

 3
.0

7)
*

Q
ua

rt
ile

 3
: 0

.9
9 

(0
.6

0,
 1

.6
4)

Q
ua

rt
ile

 4
 (h

ig
he

st
): 

0.
73

 (0
.4

2,
 1

.2
6)

P-
tr

en
d:

 0
.0

47
*

Fi
sh

H
ua

ng
 e

t a
l. 

[2
6]

Ca
rd

io
va

sc
ul

ar
 

H
ea

lth
 C

og
ni

tio
n 

St
ud

y 
(U

ni
te

d 
St

at
es

)

22
33

 (9
27

 m
en

 a
nd

 1
30

6 
w

om
en

) p
re

do
m

in
an

tly
 

w
hi

te
 d

em
en

tia
-fr

ee
 p

ar
-

tic
ip

an
ts

 a
ge

d 
72

 y
ea

rs

5.
4 

ye
ar

s
50

Co
m

m
itt

ee
 

of
 n

eu
ro

lo
gi

st
s/

ps
y-

ch
ia

tr
is

ts
 u

si
ng

 D
SM

 
cr

ite
ria

 fo
r d

em
en

tia
 

an
d 

th
e 

A
D

D
TC

 
cr

ite
ria

 w
er

e 
us

ed
 

fo
r V

aD

Th
e 

N
at

io
na

l 
Ca

nc
er

 
In

st
itu

te
 

99
-it

em
 fo

od
 

fre
qu

en
cy

 
qu

es
tio

nn
ai

re

Fr
ie

d 
fis

h:
 <

 0
.2

5 
se

rv
in

gs
/w

ee
k:

 R
ef

er
en

ce
 g

ro
up

0.
25

–2
 s

er
vi

ng
s/

w
ee

k:
 2

.6
 [1

.3
9,

4.
96

]*
2–

4 
se

rv
in

gs
/w

ee
k:

 1
.6

8 
[0

.7
4,

 3
.8

4]

Fa
tt

y 
fis

h:
N

o 
si

gn
ifi

ca
nt

 a
ss

oc
ia

tio
ns

 (d
at

a 
no

t r
ep

or
te

d)

U
ltr

a-
pr

oc
es

se
d 

fo
od

s

Li
 e

t a
l. 

[1
5]

U
K 

Bi
ob

an
k 

(U
K)

72
,0

83
 (3

3,
94

0 
m

en
, 

38
,1

43
 w

om
en

) p
re

do
m

i-
na

nt
ly

 w
hi

te
 d

em
en

tia
 

fre
e 

in
di

vi
du

al
s 

ag
ed

 6
2 

(4
) y

ea
rs

M
ed

ia
n 

10
 y

ea
rs

11
9

Li
nk

ag
e 

to
 e

le
ct

ro
ni

c 
he

al
th

ca
re

 re
co

rd
s 

an
d 

us
e 

of
 IC

D
 c

od
es

 
to

 id
en

tif
y 

de
m

en
tia

 
su

b-
ty

pe
s

24
-h

 d
ie

ta
ry

 
as

se
ss

m
en

t 
to

ol
 (O

xf
or

d 
W

eb
Q

)

U
PF

 in
ta

ke
 a

nd
 V

aD
 ri

sk
:

Q
ua

rt
ile

 1
 (l

ow
es

t)
: R

ef
er

en
ce

 g
ro

up
Q

ua
rt

ile
 2

: 1
.6

6 
[0

.9
0,

 3
.0

5]
Q

ua
rt

ile
 3

: 2
.1

8 
[1

.2
2,

 3
.9

2]
*

Q
ua

rt
ile

 4
 (h

ig
he

st
): 

2.
19

 [1
.2

1,
 3

.9
6]

*
Pe

r 1
0%

 in
cr

ea
se

 in
 U

PF
 in

ta
ke

:
Co

nt
in

uo
us

: 1
.2

8 
[1

.0
6,

 1
.5

5]
*

Re
pl

ac
in

g 
U

PF
 in

ta
ke

 w
ith

 u
np

ro
ce

ss
ed

/ 
m

in
i-

m
al

ly
 p

ro
ce

ss
ed

 fo
od

s:
5%

 re
pl

ac
em

en
t: 

0.
88

 [0
.8

0,
 0

.9
7]

*
10

%
 re

pl
ac

em
en

t: 
0.

78
 [0

.6
5,

 0
.9

4]
*

20
%

 re
pl

ac
em

en
t: 

0.
61

 [0
.4

2,
 0

.8
9]

*



Page 6 of 20Griffiths et al. Nutrition & Metabolism          (2024) 21:105 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

Co
ho

rt
 a

nd
 s

et
tin

g
Pa

rt
ic

ip
an

t 
ch

ar
ac

te
ri

st
ic

s
Fo

llo
w

 u
p 

du
ra

tio
n

Va
D

 c
as

es
Va

D
 d

ia
gn

os
is

 
m

et
ho

d
D

ie
ta

ry
 

as
se

ss
m

en
t 

m
et

ho
d

O
ut

co
m

es

In
di

vi
du

al
 U

PF
s 

an
d 

Va
D

 ri
sk

 (c
on

tin
uo

us
 H

R 
pe

r S
D

 in
cr

ea
se

 in
 in

ta
ke

):
Be

ve
ra

ge
s: 

1.
24

 [1
.0

8,
 1

.4
3]

*
D

ai
ry

: 1
.0

6 
[0

.8
9,

 1
.2

7]
Fr

ui
t/

ve
ge

ta
bl

es
: 1

.0
0 

[0
.8

4,
 1

.1
9]

M
ea

t/
fis

h/
eg

gs
: 0

.9
5 

[0
.7

8,
 1

.1
4]

St
ar

ch
y 

fo
od

s/
ce

re
al

s: 
0.

92
 [0

.7
5,

 1
.1

4]
Su

ga
ry

 p
ro

du
ct

s:1
.1

1 
[0

.9
2,

 1
.3

4]
Fa

ts
 a

nd
 s

au
ce

s: 
1.

01
 [0

.8
3,

 1
.2

2]
Sa

lty
 s

na
ck

s: 
1.

12
 [0

.9
5,

 1
.3

2]

Sw
ee

t b
ev

er
ag

es

C
he

n 
et

 a
l. 

[1
9]

U
K 

Bi
ob

an
k 

(U
K)

18
7,

99
4 

(1
03

,4
95

 m
en

, 
84

,4
99

 w
om

en
) p

re
do

m
i-

na
nt

ly
 w

hi
te

 d
em

en
tia

-
fre

e 
in

di
vi

du
al

s 
ag

ed
 5

6 
(8

) y
ea

rs

M
ea

n 
9.

5 
ye

ar
s

16
5

Li
nk

ag
e 

to
 e

le
ct

ro
ni

c 
he

al
th

ca
re

 re
co

rd
s 

an
d 

us
e 

of
 IC

D
 c

od
es

 
to

 id
en

tif
y 

de
m

en
tia

 
su

b-
ty

pe
s

24
-h

 d
ie

ta
ry

 
as

se
ss

m
en

t 
to

ol
 (O

xf
or

d 
W

eb
Q

)

Su
ga

r-
sw

ee
te

ne
d 

be
ve

ra
ge

s 
an

d 
Va

D
N

on
e:

 R
ef

er
en

ce
 g

ro
up

0 
~

 1
 u

ni
t/

d:
 1

.1
2 

[0
.7

6,
 1

.6
4]

1 
~

 2
 u

ni
t/

d:
 1

.2
0 

[0
.6

6,
 2

.1
8]

 >
 2

 u
ni

t/
d:

 1
.0

5 
[0

.4
3,

 2
.5

8]

A
rt

ifi
ci

al
ly

-s
w

ee
te

ne
d 

be
ve

ra
ge

s 
an

d 
Va

D
:

N
on

e:
 R

ef
er

en
ce

 g
ro

up
0 

~
 1

 u
ni

t/
d:

 1
.6

9 
[1

.1
0,

 2
.6

1]
*

1 
~

 2
 u

ni
t/

d:
 1

.8
5 

[0
.9

7,
 3

.5
4]

 >
 2

 u
ni

t/
d:

 1
.9

0 
[0

.7
7,

 4
.6

8]

N
at

ur
al

ly
 s

w
ee

t j
ui

ce
s 

an
d 

Va
D

:
N

on
e:

 R
ef

er
en

ce
 g

ro
up

0 
~

 1
 u

ni
t/

d:
 0

.8
7 

[0
.6

1,
 1

.2
2]

1 
~

 2
 u

ni
t/

d:
 1

.4
0 

[0
.8

7,
 2

.2
6]

 >
 2

 u
ni

t/
d:

 1
.1

6 
[0

.4
7,

 2
.9

0]

M
ea

t



Page 7 of 20Griffiths et al. Nutrition & Metabolism          (2024) 21:105  

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

Co
ho

rt
 a

nd
 s

et
tin

g
Pa

rt
ic

ip
an

t 
ch

ar
ac

te
ri

st
ic

s
Fo

llo
w

 u
p 

du
ra

tio
n

Va
D

 c
as

es
Va

D
 d

ia
gn

os
is

 
m

et
ho

d
D

ie
ta

ry
 

as
se

ss
m

en
t 

m
et

ho
d

O
ut

co
m

es

Zh
an

g 
et

 a
l. 

[1
6]

U
K 

Bi
ob

an
k 

(U
K)

49
3,

88
8 

(2
24

,6
91

 m
en

 
an

d 
26

9,
19

7 
w

om
en

) 
pr

ed
om

in
an

tly
 w

hi
te

 
de

m
en

tia
-fr

ee
 in

di
vi

du
al

s 
ag

ed
 5

7 
(8

) y
ea

rs

8.
0 

(1
.1

) y
ea

rs
49

0
Li

nk
ag

e 
to

 e
le

ct
ro

ni
c 

he
al

th
ca

re
 re

co
rd

s 
an

d 
us

e 
of

 IC
D

 c
od

es
 

to
 id

en
tif

y 
de

m
en

tia
 

su
b-

ty
pe

s

47
-it

em
 

to
uc

h-
sc

re
en

 fo
od

 
fre

qu
en

cy
 

qu
es

tio
nn

ai
re

Pr
oc

es
se

d 
m

ea
t:

0 
tim

es
/w

ee
k:

 1
.3

8 
[0

.9
2,

 2
.0

7]
0.

1–
0.

9 
tim

es
/w

ee
k:

 R
ef

er
en

ce
1 

tim
e/

w
ee

k:
 1

.2
2 

[0
.9

5,
 1

.5
7]

2.
0–

4.
9 

tim
es

/w
ee

k:
 1

.3
5 

[1
.0

5,
 1

.7
4]

*
 ≥

 5
.0

 ti
m

es
/w

ee
k:

 1
.7

6 
[1

.1
7,

 2
.6

5]
*

25
 g

 p
er

 d
ay

 in
cr

em
en

ts
: 1

.3
0 

[0
.9

0,
 1

.8
8]

P-
tr

en
d:

 0
.1

62
U

np
ro

ce
ss

ed
 p

ou
ltr

y:
0 

tim
es

/w
ee

k:
 0

.6
7 

[0
.3

8,
 1

.1
9]

0.
1–

0.
9 

tim
es

/w
ee

k:
 R

ef
er

en
ce

1 
tim

e/
w

ee
k:

 0
.8

5 
[0

.6
4,

 1
.1

2]
2.

0–
4.

9 
tim

es
/w

ee
k:

 0
.8

9 
[0

.6
8,

 1
.1

7]
 ≥

 5
.0

 ti
m

es
/w

ee
k:

 1
.3

7 
[0

.8
5,

 2
.2

1]
25

 g
 p

er
 d

ay
 in

cr
em

en
ts

: 1
.0

6 
[0

.8
3,

 1
.3

5]
P-

tr
en

d:
 0

.6
56

U
np

ro
ce

ss
ed

 re
d 

m
ea

t:
0 

tim
es

/w
ee

k:
 1

.3
5 

[0
.8

0,
 2

.2
8]

0.
1–

1 
tim

es
/w

ee
k:

 R
ef

er
en

ce
1.

1–
1.

9 
tim

es
/w

ee
k:

 0
.8

8 
[0

.6
4,

 1
.2

0]
2.

0–
2.

9 
tim

es
/w

ee
k:

 0
.8

3 
[0

.6
0,

 1
.1

5]
 ≥

 3
.0

 ti
m

es
/w

ee
k:

 0
.9

7 
[0

.7
1,

 1
.3

2]
50

 g
 p

er
 d

ay
 in

cr
em

en
ts

: 0
.7

2 
[0

.4
8,

 1
.0

8]
P-

tr
en

d:
 0

.1
19

To
ta

l m
ea

t:
0 

tim
es

/w
ee

k:
 0

.8
5 

[0
.4

7,
 1

.5
4]

0.
1–

3.
0 

tim
es

/w
ee

k:
 R

ef
er

en
ce

3.
1–

4.
9 

tim
es

/w
ee

k:
 0

.7
3 

[0
.5

4,
 0

.9
8]

*
5.

0–
6.

9 
tim

es
/w

ee
k:

 0
.7

6 
[0

.5
8,

 0
.9

9]
*

 ≥
 7

.0
 ti

m
es

/w
ee

k:
 0

.9
7 

[0
.7

5,
 1

.2
6]

50
 g

 p
er

 d
ay

 in
cr

em
en

ts
: 1

.0
1 

[0
.8

1,
 1

.2
6]

P-
tr

en
d:

 0
.9

36

In
te

ra
ct

io
n 

be
tw

ee
n 

A
PO

E 
ge

no
ty

pe
 a

nd
 m

ea
t 

in
ta

ke
 o

n 
Va

D
 ri

sk
:

Pr
oc

es
se

d 
m

ea
t *

 A
PO

E 
ge

no
ty

pe
: p

 =
 0

.1
98

U
np

ro
ce

ss
ed

 p
ol

tr
y 

* 
A

PO
E 

ge
no

ty
pe

: p
 =

 0
.6

17
U

np
ro

ce
ss

ed
 re

d 
m

ea
t *

 A
PO

E 
ge

no
ty

pe
: p

 =
 0

.5
63

To
ta

l m
ea

t *
 A

PO
E 

ge
no

ty
pe

: p
 =

 0
.2

63



Page 8 of 20Griffiths et al. Nutrition & Metabolism          (2024) 21:105 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

Co
ho

rt
 a

nd
 s

et
tin

g
Pa

rt
ic

ip
an

t 
ch

ar
ac

te
ri

st
ic

s
Fo

llo
w

 u
p 

du
ra

tio
n

Va
D

 c
as

es
Va

D
 d

ia
gn

os
is

 
m

et
ho

d
D

ie
ta

ry
 

as
se

ss
m

en
t 

m
et

ho
d

O
ut

co
m

es

M
ilk

 a
nd

 d
ai

ry

D
en

g 
et

 a
l. 

[2
0]

U
K 

Bi
ob

an
k 

(U
K)

30
7,

27
1 

(1
47

,6
41

 m
en

, 
15

9,
63

0 
w

om
en

) p
re

do
m

i-
na

nt
ly

 w
hi

te
 d

em
en

tia
-

fre
e 

in
di

vi
du

al
s 

ag
ed

 5
6 

(8
) y

ea
rs

M
ed

ia
n 

(IQ
R)

: 1
2.

3 
(1

1.
6–

13
.1

) y
ea

rs
83

4
Li

nk
ag

e 
to

 e
le

ct
ro

ni
c 

he
al

th
ca

re
 re

co
rd

s 
an

d 
us

e 
of

 IC
D

 c
od

es
 

to
 id

en
tif

y 
de

m
en

tia
 

su
b-

ty
pe

s

47
-it

em
 

to
uc

h-
sc

re
en

 fo
od

 
fre

qu
en

cy
 

qu
es

tio
nn

ai
re

Co
m

pa
ris

on
 a

ga
in

st
 n

o 
m

ilk
 re

fe
re

nc
e 

gr
ou

p:
N

o 
m

ilk
: R

ef
er

en
ce

 g
ro

up
Sk

im
m

ed
 m

ilk
: 0

.7
9 

[0
.5

6,
 1

.1
3]

Fu
ll 

cr
ea

m
 m

ilk
: 0

.9
2 

[0
.6

0,
 1

.4
0]

So
y 

m
ilk

: 0
.5

9 
[0

.3
4,

 1
.0

2]
O

th
er

 m
ilk

: 1
.1

7 
[0

.6
5,

 2
.1

2]

So
y 

m
ilk

 v
er

su
s 

ot
he

r m
ilk

 v
ar

ie
tie

s:
Ve

rs
us

 a
ll 

no
n-

so
y 

m
ilk

: 0
.7

2 
[0

.4
6,

 1
.1

2]
Ve

rs
us

 fu
ll 

cr
ea

m
 m

ilk
: 0

.6
5 

[0
.4

0,
 1

.0
8]

Ve
rs

us
 s

ki
m

m
ed

 m
ilk

: 0
.7

4 
[0

.4
7,

 1
.1

4]
Ve

rs
us

 o
th

er
 m

ilk
: 0

.5
1 

[0
.2

6,
 0

.9
7]

*

O
za

w
a 

et
 a

l. 
[2

2]
Th

e 
H

is
ay

am
a 

St
ud

y 
(J

ap
an

)
1,

08
1 

(4
57

 m
en

, 6
24

 
w

om
en

) J
ap

an
es

e 
de

m
en

tia
-fr

ee
 in

di
vi

du
al

s 
ag

ed
 6

9 
(6

) y
ea

rs

17
 y

ea
rs

98
Ph

ys
ic

ia
n 

an
d 

ps
y-

ch
ia

tr
is

t e
va

lu
at

io
n 

us
in

g 
D

SM
 c

rit
er

ia
 

to
 d

efi
ne

 d
em

en
tia

 
an

d 
th

e 
N

IN
D

S 
cr

ite
ria

 w
er

e 
us

ed
 

to
 d

ia
gn

os
es

 V
aD

70
-it

em
 s

em
i-

qu
an

tit
at

iv
e

fo
od

 
fre

qu
en

cy
 

qu
es

tio
nn

ai
re

To
ta

l m
ilk

 a
nd

 d
ai

ry
 in

ta
ke

:
Q

ua
rt

ile
 1

 (l
ow

es
t)

: R
ef

er
en

ce
 g

ro
up

Q
ua

rt
ile

 2
: 1

.0
2 

[0
.5

9–
1.

77
]

Q
ua

rt
ile

 3
: 0

.7
4 

[0
.4

2–
1.

33
]

Q
ua

rt
ile

 4
 (h

ig
he

st
): 

0.
69

 [0
.3

7–
1.

29
]

Ya
m

ad
a 

et
 a

l. 
[2

5]
#

Ra
di

at
io

n 
Eff

ec
ts

 
Re

se
ar

ch
 F

ou
nd

a-
tio

n 
A

du
lt 

H
ea

lth
 

St
ud

y 
(H

iro
sh

im
a,

 
Ja

pa
n)

17
74

 (4
75

 m
en

, 1
29

9 
w

om
en

) J
ap

an
es

e 
de

m
en

tia
-fr

ee
 p

ar
tic

ip
an

ts
 

ag
e 

no
t s

pe
ci

fie
d

Ra
ng

e:
 2

5–
30

 y
ea

rs
38

N
eu

ro
lo

gi
ca

l 
ex

am
in

at
io

n.
 

C
lin

ic
al

 d
ia

gn
os

is
 

of
 d

em
en

tia
 a

nd
 it

s 
su

bt
yp

es
 w

as
 c

ar
rie

d 
ou

t u
si

ng
D

SM
 c

rit
er

ia

Se
lf-

ad
m

in
-

is
te

re
d 

ba
si

c 
di

et
ar

y 
qu

es
tio

nn
ai

re
 

ex
am

in
in

g 
co

ns
um

pt
io

n 
of

 m
ilk

, fi
sh

, 
m

ea
t a

nd
 to

fu

M
ilk

 in
ta

ke
 a

nd
 V

aD
 ri

sk
:

 <
 4

 ti
m

es
/w

ee
k:

 R
ef

er
en

ce
 g

ro
up

A
lm

os
t d

ai
ly

: 0
.3

5 
[0

.1
4,

 0
.7

7]
*#

Fi
sh

, m
ea

t, 
to

fu
:

N
ot

 s
ig

ni
fic

an
tly

 a
ss

oc
ia

te
d 

w
ith

 V
aD

 ri
sk

 (d
at

a 
no

t r
ep

or
te

d)

Al
co

ho
lic

 d
rin

ks

Ru
ite

nb
er

g 
et

 a
l. 

[2
8]

Ro
tt

er
da

m
 s

tu
dy

 
(N

et
he

rla
nd

s)
53

95
 (2

21
2 

m
en

 a
nd

 3
18

3 
w

om
en

) D
ut

ch
 d

em
en

tia
-

fre
e 

pa
rt

ic
ip

an
ts

 a
ge

d 
55

 y
ea

rs
 o

r a
bo

ve

6.
0 

ye
ar

s
29

N
eu

ro
lo

gi
st

 
ex

am
in

at
io

n 
du

r-
in

g 
he

al
th

 c
he

ck
s 

an
d 

ad
di

tio
na

l c
as

es
 

de
te

ct
ed

 v
ia

 li
nk

ag
e 

to
 c

om
pu

te
ris

ed
 

m
ed

ic
al

 re
co

rd
s

17
0-

ite
m

 fo
od

 
fre

qu
en

cy
 

qu
es

tio
nn

ai
re

To
ta

l n
um

be
r o

f a
lc

oh
ol

ic
 d

rin
ks

 (w
in

e,
 b

ee
r, 

liq
uo

r, 
an

d 
fo

rt
ifi

ed
 w

in
e)

 a
nd

 V
aD

:
N

o 
al

co
ho

lic
 d

rin
ks

: R
ef

er
en

ce
 g

ro
up

 <
 1

 d
rin

k/
w

ee
k:

 0
.7

9 
[0

.3
0,

 2
.0

8]
 ≥

 1
 d

rin
ks

/w
ee

k 
bu

t <
 1

 d
rin

k/
da

y:
 0

.3
6 

[0
.1

2,
 1

.0
8]

1–
3 

dr
in

ks
/d

ay
: 0

.3
0 

[0
.1

0,
 0

.9
2]

*
 ≥

 4
 d

rin
ks

/d
ay

: 1
.5

3 
[0

.3
1,

 7
.5

6]



Page 9 of 20Griffiths et al. Nutrition & Metabolism          (2024) 21:105  

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

Co
ho

rt
 a

nd
 s

et
tin

g
Pa

rt
ic

ip
an

t 
ch

ar
ac

te
ri

st
ic

s
Fo

llo
w

 u
p 

du
ra

tio
n

Va
D

 c
as

es
Va

D
 d

ia
gn

os
is

 
m

et
ho

d
D

ie
ta

ry
 

as
se

ss
m

en
t 

m
et

ho
d

O
ut

co
m

es

M
en

 o
nl

y:
N

o 
al

co
ho

lic
 d

rin
ks

: R
ef

er
en

ce
 g

ro
up

 <
 1

 d
rin

k/
w

ee
k:

 1
.1

9 
[0

.3
0,

 4
.8

0]
 ≥

 1
 d

rin
ks

/w
ee

k 
bu

t <
 1

 d
rin

k/
da

y:
 0

.3
3 

[0
.0

7,
 1

.4
6]

1–
3 

dr
in

ks
/d

ay
: 0

.2
9 

[0
.0

7,
 1

.1
8]

 ≥
 4

 d
rin

ks
/d

ay
: 1

.1
7 

[0
.3

1,
 9

.5
1]

W
om

en
 o

nl
y:

N
o 

al
co

ho
lic

 d
rin

ks
: R

ef
er

en
ce

 g
ro

up
 <

 1
 d

rin
k/

w
ee

k:
 0

.5
4 

[0
.1

3,
 2

.1
6]

 ≥
 1

 d
rin

ks
/w

ee
k 

bu
t <

 1
 d

rin
k/

da
y:

 0
.4

6 
[0

.0
9,

 2
/2

9]
1–

3 
dr

in
ks

/d
ay

: 0
.4

0 
[0

.0
5,

 3
.3

4]
 ≥

 4
 d

rin
ks

/d
ay

: N
/A

 [n
o 

w
om

en
 in

 th
is

 c
at

eg
or

y 
de

ve
lo

pe
d 

de
m

en
tia

]

A
PO

E4
 c

ar
rie

rs
:

N
o 

al
co

ho
lic

 d
rin

ks
: R

ef
er

en
ce

 g
ro

up
 <

 1
 d

rin
k/

w
ee

k:
 0

.7
8 

[0
.1

9,
 3

.2
7]

 ≥
 1

 d
rin

ks
/w

ee
k 

bu
t <

 1
 d

rin
k/

da
y:

 0
.2

6 
[0

.0
5,

 1
.3

7]
1–

3 
dr

in
ks

/d
ay

: 0
.2

6 
[0

.0
6,

 1
.1

7]
 ≥

 4
 d

rin
ks

/d
ay

: N
/A

 [l
im

ite
d 

nu
m

be
r o

f c
as

es
 

to
 c

on
du

ct
 s

tr
at

ifi
ed

 a
na

ly
se

s]

A
PO

E4
 n

on
-c

ar
rie

rs
:

N
o 

al
co

ho
lic

 d
rin

ks
: R

ef
er

en
ce

 g
ro

up
 <

 1
 d

rin
k/

w
ee

k:
 0

.9
1 

[0
.2

4,
 3

.4
3]

 ≥
 1

 d
rin

ks
/w

ee
k 

bu
t <

 1
 d

rin
k/

da
y:

 0
.5

5 
[0

.1
3,

 2
.4

2]
1–

3 
dr

in
ks

/d
ay

: 0
.1

7 
[0

.0
2,

 1
.5

5]
 ≥

 4
 d

rin
ks

/d
ay

: N
/A

 [l
im

ite
d 

nu
m

be
r o

f c
as

es
 

to
 c

on
du

ct
 s

tr
at

ifi
ed

 a
na

ly
se

s]

Te
a 

an
d 

co
ffe

e

Ph
am

 e
t a

l. 
[1

3]
#

U
K 

Bi
ob

an
k 

(U
K)

39
8,

64
6 

(1
82

,3
70

 m
en

 
an

d 
21

6,
27

6 
w

om
en

) 
pr

ed
om

in
an

tly
 w

hi
te

 
de

m
en

tia
-fr

ee
 p

ar
tic

ip
an

ts
 

ag
ed

 3
7–

73
 y

ea
rs

 ~
 7

.3
 to

 1
1.

9 
ye

ar
s

45
1

Li
nk

ag
e 

to
 e

le
ct

ro
ni

c 
he

al
th

ca
re

 re
co

rd
s 

an
d 

de
at

h 
re

gi
st

rie
s 

an
d 

us
e 

of
 IC

D
 c

od
es

 
to

 id
en

tif
y 

de
m

en
tia

 
su

b-
ty

pe
s

47
-it

em
 

to
uc

h-
sc

re
en

 fo
od

 
fre

qu
en

cy
 

qu
es

tio
nn

ai
re

Cu
ps

 o
f c

off
ee

 a
nd

 V
aD

 ri
sk

:
N

on
e:

 1
.0

4 
[0

.8
4,

 1
.2

9]
D

ec
af

: 1
.0

9 
[0

.8
6,

 1
.3

8]
 <

 1
 c

up
/d

ay
: 0

.8
5 

[0
.5

7,
 1

.2
4]

1–
2 

cu
ps

/d
ay

: R
ef

er
en

ce
 g

ro
up

3–
4 

cu
ps

/d
ay

: 0
.9

8 
[0

.7
6,

 1
.2

6]
5–

6 
cu

ps
/d

ay
: 0

.8
3 

[0
.5

7,
 1

.2
2]

 >
 6

 c
up

s/
da

y:
 1

.1
4 

[0
.7

0,
 1

.8
6]



Page 10 of 20Griffiths et al. Nutrition & Metabolism          (2024) 21:105 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

Co
ho

rt
 a

nd
 s

et
tin

g
Pa

rt
ic

ip
an

t 
ch

ar
ac

te
ri

st
ic

s
Fo

llo
w

 u
p 

du
ra

tio
n

Va
D

 c
as

es
Va

D
 d

ia
gn

os
is

 
m

et
ho

d
D

ie
ta

ry
 

as
se

ss
m

en
t 

m
et

ho
d

O
ut

co
m

es

Zh
an

g 
et

 a
l. 

[1
7]

U
K 

Bi
ob

an
k 

(U
K)

36
5,

68
2 

(1
67

,0
60

 m
en

 
an

d 
19

8,
62

2 
w

om
en

) 
pr

ed
om

in
an

tly
 w

hi
te

 
de

m
en

tia
-fr

ee
 p

ar
tic

ip
an

ts
 

ag
ed

 6
0 

(5
) y

ea
rs

M
ed

ia
n 

11
.4

 y
ea

rs
12

23
Li

nk
ag

e 
to

 e
le

ct
ro

ni
c 

he
al

th
ca

re
 re

co
rd

s 
an

d 
de

at
h 

re
gi

st
rie

s 
an

d 
us

e 
of

 IC
D

 c
od

es
 

to
 id

en
tif

y 
de

m
en

tia
 

su
b-

ty
pe

s

47
-it

em
 

to
uc

h-
sc

re
en

 fo
od

 
fre

qu
en

cy
 

qu
es

tio
nn

ai
re

Cu
ps

 o
f c

off
ee

 a
nd

 V
aD

 ri
sk

:
N

on
e:

 R
ef

er
en

ce
 g

ro
up

0.
5–

1 
cu

ps
/d

ay
: 0

.9
3 

[0
.7

9,
 1

.0
9]

2–
3 

cu
ps

/d
ay

: 0
.8

9 
[0

.7
6,

 1
.0

4]
 ≥

 4
 c

up
s/

da
y:

 0
.7

8 
[0

.6
4,

 0
.9

4]
*

Cu
ps

 o
f t

ea
 a

nd
 V

aD
 ri

sk
:

N
on

e:
 R

ef
er

en
ce

 g
ro

up
0.

5–
1 

cu
ps

/d
ay

: 0
.8

0 
[0

.6
3,

 1
.0

1]
2–

3 
cu

ps
/d

ay
: 0

.7
4 

[0
.6

1,
 0

.8
8]

*
 ≥

 4
 c

up
s/

da
y:

 0
.7

5 
[0

.6
3,

 0
.8

9]
*

Co
m

bi
ne

d 
cu

ps
 o

f c
off

ee
 a

nd
 te

a 
an

d 
Va

D
 ri

sk
:

0 
cu

ps
/d

ay
 c

off
ee

, 0
 c

up
s/

da
y 

te
a:

 R
ef

er
en

ce
0 

cu
ps

/d
ay

 c
off

ee
, 0

.5
–1

 c
up

s/
da

y 
te

a:
 0

.9
3 

[0
.5

2,
 

1.
64

]
0 

cu
ps

/d
ay

 c
off

ee
, 2

–3
 c

up
s/

da
y 

te
a:

 0
.5

9 
[0

.3
8,

 
0.

89
]*

0 
cu

ps
/d

ay
 c

off
ee

, ≥
 4

 c
up

s/
da

y 
te

a:
 0

.5
5 

[0
.3

8,
 

0.
79

]*
0.

5–
1 

cu
ps

/d
ay

 c
off

ee
, 0

 c
up

s/
da

y 
te

a:
 0

.9
0 

[0
.5

3,
 

1.
52

]
0.

5–
1 

cu
ps

/d
ay

 c
off

ee
, 0

.5
–1

 c
up

s/
da

y 
te

a:
 0

.5
3 

[0
.3

1,
 0

.9
0]

*
0.

5–
1 

cu
ps

/d
ay

 c
off

ee
, 2

–3
 c

up
s/

da
y 

te
a:

 0
.5

6 
[0

.3
8,

 0
.8

3]
*

0.
5–

1 
cu

ps
/d

ay
 c

off
ee

, ≥
 4

 c
up

s/
da

y 
te

a:
 0

.5
3 

[0
.3

7,
 

0.
76

]*
2–

3 
cu

ps
/d

ay
 c

off
ee

, 0
 c

up
s/

da
y 

te
a:

 0
.7

3 
[0

.4
8,

 
1.

11
]

2–
3 

cu
ps

/d
ay

 c
off

ee
, 0

.5
–1

 c
up

s/
da

y 
te

a:
 0

.5
1 

[0
.3

2,
 0

.8
0]

*
2–

3 
cu

ps
/d

ay
 c

off
ee

, 2
–3

 c
up

s/
da

y 
te

a:
 0

.5
0 

[0
.3

4,
 

0.
73

]*
2–

3 
cu

ps
/d

ay
 c

off
ee

, ≥
 4

 c
up

s/
da

y 
te

a:
 0

.5
4 

[0
.3

7,
 

0.
79

]*
 ≥

 4
 c

up
s/

da
y 

co
ffe

e,
 0

 c
up

s/
da

y 
te

a:
 0

.5
2 

[0
.3

5,
 

0.
77

]*
 ≥

 4
 c

up
s/

da
y 

co
ffe

e,
 0

.5
–1

 c
up

s/
da

y 
te

a:
 0

.5
0 

[0
.3

1,
 0

.8
1]

*
 ≥

 4
 c

up
s/

da
y 

co
ffe

e,
 2

–3
 c

up
s/

da
y 

te
a:

 0
.4

4 
[0

.2
8,

 
0.

69
]*

 ≥
 4

 c
up

s/
da

y 
co

ffe
e,

 ≥
 4

 c
up

s/
da

y 
te

a:
 0

.5
9 

[0
.3

9,
 

0.
90

)*

D
at

a 
ar

e 
pr

es
en

te
d 

fo
r m

ax
im

al
ly

 a
dj

us
te

d 
st

at
is

tic
al

 m
od

el
s. 

D
at

a 
re

fle
ct

 H
R 

[9
5%

 C
I] 

un
le

ss
 o

th
er

w
is

e 
st

at
ed

. #
D

at
a 

fo
r Y

am
ad

a 
et

 a
l. 

[2
5]

 a
nd

 P
ha

m
 e

t a
l. 

[1
3]

 re
fle

ct
 O

R 
[9

5%
 C

I].
 *

D
en

ot
es

 s
ta

tis
tic

al
 s

ig
ni

fic
an

ce
. 

IC
D

 =
 In

te
rn

at
io

na
l S

ta
tis

tic
al

 C
la

ss
ifi

ca
tio

n 
of

 D
is

ea
se

s 
an

d 
Re

la
te

d 
H

ea
lth

 P
ro

bl
em

s, 
D

SM
 =

 D
ia

gn
os

tic
 a

nd
 S

ta
tis

tic
al

 M
an

ua
l o

f M
en

ta
l D

is
or

de
rs

 (D
SM

), 
N

IN
D

S 
=

 N
at

io
na

l I
ns

tit
ut

e 
of

 N
eu

ro
lo

gi
ca

l D
is

or
de

rs
 a

nd
 S

tr
ok

e,
 

A
D

D
TC

 =
 S

ta
te

 o
f C

al
ifo

rn
ia

 A
lz

he
im

er
’s 

D
is

ea
se

 D
ia

gn
os

tic
 a

nd
 T

re
at

m
en

t C
en

tr
e.

 A
 li

st
 o

f c
on

fo
un

de
rs

 u
se

d 
in

 th
es

e 
an

al
ys

es
 c

an
 b

e 
fo

un
d 

in
 s

up
pl

em
en

ta
ry

 m
at

er
ia

l 4
.



Page 11 of 20Griffiths et al. Nutrition & Metabolism          (2024) 21:105  

automatically removed and a further 434 duplicates were 
manually identified and removed, after which 2823 titles 
and abstracts were screened for eligibility. 181 full texts 
were then retrieved for further appraisal, 16 of which 
were deemed to be eligible for inclusion in this review 
(Fig.  1, Supplementary Material 3). All eligible articles 
focused on risk of VaD. No studies focusing on risk of 
VCI or VCIND were identified.

Study characteristics
The characteristics of eligible studies are outlined in 
Table  1. The sum of sample sizes across studies was 
2,242,736 participants, including 4616 VaD cases during a 
median follow-up of 11.4 years (range: 5.4 to 25.0 years). 
Half of the studies were conducted using the UK Biobank 
cohort (UK, 8 studies) [13–17, 19–21]. Other analytic 
cohorts included the Hisayama cohort (Japan, 3 studies) 
[22–24], Radiation Effects Research Foundation Adult 
Health Study (Japan, 1 study) [25], Cardiovascular Health 
Cognition Study (United States, 1 study) [26], Honolulu-
Asia Aging Study (United States, 1 study) [27], Rotterdam 
study (Netherlands, 1 study) [28] and the Malmo diet and 
Cancer study (Sweden, 1 study) [29]. 

Associations between individual foods and VaD risk
Eleven studies explored associations between individual 
food groups and risk of VaD, including fruit and veg-
etables [24], fish [26], ultra-processed foods [15], sweet 
drinks [19], meat [16], alcoholic drinks [28], tea and/or 
coffee [13, 17], and milk/dairy [20, 22, 25] (Table 1).

Fruit and vegetables
Kimura et  al. [24] explored the associations between 
fruit and vegetable intake (alone and combined) on risk 
of VaD in 1071 participants from the Hisayama study in 
Japan. Over a 24-year follow-up period, 144 participants 
developed VaD. There were no significant associations 
between intake of either fruit or vegetables alone and 
VaD risk (Table 1). However, a higher combined intake of 
fruit and vegetables was associated with lower VaD risk 
(P-trend = 0.047).

Fish
Huang et al. [26] investigated associations between fried 
and fatty fish intake with VaD incidence in 2233 partici-
pants from the Cardiovascular Health Cognition Study 
(United States). During a 5.4  year follow-up, 50 partici-
pants developed VaD. Consumption of 0.25 to 2 servings/
week of fried fish was associated with a 260% increased 
risk of VaD (HR: 2.60, 95% CI 1.39 to 4.96) versus con-
sumption of little or no (< 0.25 servings/week) fried fish. 
There was a similar pattern for higher intake of fried fish 
(2–4 servings/week) and VaD risk, although associations 

were not significant (Table 1). Higher intake of fatty fish 
in this study tended to be associated with lower risk of 
VaD, although associations were not significant (data not 
reported).

Ultra‑processed foods (UPF)
Li et  al. [15] explored associations between UPF intake 
and VaD risk in 72,083 participants from the UK 
Biobank. UPF intake was classified using the NOVA 
framework, which groups foods into one of four differ-
ent categories (Group 1: Unprocessed or minimally pro-
cessed foods; Group 2: Processed culinary ingredients 
Group 3: Processed foods; and Group 4: Ultra-processed 
foods) based on the level of processing. During a median 
follow-up of 10  years, 119 individuals developed VaD. 
Compared with the reference group (quartile 1) consum-
ing the lowest level of UPFs, there was a significantly 
greater risk of VaD for quartiles 3 (HR: 2.18, 95%CI 1.22, 
3.93) and 4 (HR: 2.19, 95% CI 1.22, 3.96). When intake 
of UPFs was expressed continuously rather than categori-
cally, each 10% increase in UPF intake was associated 
with a 28% increase in VaD risk (HR: 1.28, 95%CI 1.06, 
1.55). Replacing 5%, 10% and 15% UPF intake by weight 
with unprocessed or minimally processed foods was 
associated with a 12% (HR: 0.88, 95% CI 0.80, 0.97), 22% 
(HR: 0.78, 95% CI 0.65, 0.94) and 39% (HR 0.61, 95% CI 
0.42, 0.89) lower risk of VaD. When the authors explored 
associations between individual UPFs and risk of VaD, 
associations were only significant for UPF beverages (e.g., 
sugary fruit-based beverages, industrial chocolate pow-
der beverages, squash, diet sodas, artificially sweetened 
ice teas), with each SD increase in intake associated with 
a 24% increase in VaD risk (HR: 1.24, 95% CI 1.08, 1.43).

Sweet drinks
Chen et  al. [19] explored associations between sugar-
sweetened, artificially sweetened and naturally sweet (i.e., 
fruit and vegetable) juices and VaD risk in 187,994 par-
ticipants from the UK Biobank cohort. During a mean 
follow-up of 9.5 years, 165 individuals developed VaD.

There were no significant associations between the 
intake of sugar-sweetened beverages or naturally sweet 
juices and VaD risk (Table  1). However, higher intake 
of artificially sweetened beverages was associated with 
increased VaD risk, with 0–1 unit/day increasing VaD 
risk by 69% (HR 1.69, 95% CI 1.10–2.61) versus the no 
intake reference group. Intake of 1–2 and > 2 units per 
day also tended to be associated with higher VaD risk 
versus no intake, but these associations were not signifi-
cant (Table 1).
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Meat
Zhang et  al. [16] explored associations between differ-
ent types of meat intake (processed meat, unprocessed 
poultry, unprocessed red meat and total meat) and VaD 
incidence in 493,888 participants from the UK Biobank. 
During a median follow-up of 8  years, 490 developed 
VaD. Moderate (2.0–4.9 times per week) and high (≥ 5.0 
times/week) frequency of processed meat consumption 
were associated with a 35% (HR: 1.35, 95% CI 1.05 to 
1.74) and 76% (HR: 1.76, 95% CI 1.17, 2.65) increased risk 
of VaD versus infrequent (0.1–0.9 times/week) processed 
meat consumption. There were no significant associa-
tions between unprocessed poultry and unprocessed 
red meat on VaD risk (Table  1). Meanwhile, moderate 
(3.1–4.9 times/week) and higher (5.0–6.9 times/week) 
frequency of consumption for total meat (the sum of all 
meat types combined) was associated with a 27% (HR: 
0.73, 95% CI 0.54 to 0.98) and 24% (HR: 0.76, 95% CI 
0.58 to 0.99) lower risk of VaD versus lower consumption 
(0.1–3 times/week). However, very high total meat intake 
was not significantly associated with VaD risk versus the 
lower consumption reference group (HR: 0.97, 95% CI 
0.75 to 1.26). When exploring potential diet*gene inter-
actions, the authors found no significant interactions 
between any of the meat types and APOE genotype on 
VaD risk (Table 1).

Milk and dairy
Three studies explored associations between milk types 
and/or other dairy consumption and VaD risk. Deng et al. 
[20] investigated associations between milk type and 
risk of VaD in 307,271 individuals from the UK Biobank 
cohort. During a median 12.3 years follow-up, 834 indi-
viduals developed VaD. Compared with individuals who 
did not consume milk, there was no significant differ-
ence in the associations between intake of skimmed milk 
(HR: 0.79, 95% CI 0.56, 1.13), full-cream milk (HR: 0.92, 
95%CI 0.60, 1.40), soy milk (HR: 0.59, 95%CI 0.34–1.02) 
and other milk (HR: 1.17, 95%CI 0.65, 2.12) with VaD 
risk. However, when risk of VaD was compared between 
individuals who primarily consumed soy milk versus 
alternative milk varieties, intake of soy milk tended to be 
associated with a lower risk of VaD, which was statisti-
cally significant when compared to intake of other milk 
(e.g., milk excepting full-cream and skimmed milk) (HR: 
0.51, 95% CI 0.26, 0.97).

Ozawa et al. [22] explored associations between over-
all intake of milk and dairy and VaD risk in 1081 partici-
pants in the Hisayama study (Japan). During a 17  year 
follow-up, 98 participants developed VaD. There were 
no significant differences in VaD risk between different 
quartiles of milk and dairy intake (Table 1).

Finally, Yamada et  al. [25] explored associations 
between milk intake and VaD risk in 1774 adults from 
the Radiation Effects Research Foundation Adult Health 
Study (Hiroshima, Japan). During 25 to 30  years of fol-
low-up, 38 individuals developed VaD. Individuals who 
reported consuming milk almost daily at baseline, versus 
less than twice per week, had a 65% lower risk of VaD 
(OR: 0.35, 95% CI 0.14–0.77) at follow-up. These authors 
also explored associations between fish, meat and tofu 
intake with VaD risk but found no significant associa-
tions (data not reported).

Alcoholic drinks
Ruitenberg et al. [28] explored associations between total 
number of alcoholic drinks (comprising wine, beer, liquor 
and fortified wines) and VaD incidence in 5395 partici-
pants from the Rotterdam study (Netherlands). During 
a mean 6-year follow-up, 29 individuals developed VaD. 
The authors found that, in the entire cohort, consump-
tion of 1 to 3 alcoholic drinks/day was associated with 
70% lower VaD risk (HR: 0.30, 95% CI 0.10 to 0.92) com-
pared with consuming no alcoholic drinks. Lower alcohol 
intakes (i.e., < 1 drink/day) also tended to be associated 
with reduced VaD incidence versus no consumption, but 
these associations were not significant. There were no 
significant associations between high alcohol intake (> 4 
drinks/day) and VaD risk and associations were not sig-
nificant when analyses were stratified by sex or APOE4 
carrier status (Table 1).

Tea and coffee
Pham et  al. [13] explored associations between coffee 
intake and VaD incidence in 398,646 participants from 
the UK Biobank cohort. Participants were followed 
for ~ 7.3 to 11.9  years, during which time 451 individu-
als developed VaD. There were no significant associations 
between cups of coffee consumed per day and odds of 
VaD (Table 1).

In another analysis of data from UK Biobank involving 
365,682 participants, Zhang et al. [17] explored associa-
tions between cups/day of both tea and coffee (individu-
ally and combined) on risk of VaD. Participants were 
followed for a median of 11.4  years during which time 
1223 individuals developed VaD. Compared with no cof-
fee intake, consumption of ≥ 4 cups/day was associated 
with a 22% reduced risk of VaD (HR: 0,78, 95% CI 0.64 
to 0.94). Meanwhile, compared with no tea intake, con-
sumption of 2–3 or ≥ 4 cups/day tea was associated with 
26% (HR: 0.74, 95% CI 0.61 to 0.88) and 25% (HR: 0.75, 
95% CI 0.63 to 0.89) lower risk of VaD. When intake of 
coffee and tea were considered together, higher com-
bined intake of tea and coffee was typically associated 
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with lower VaD risk versus no consumption of either 
drink (Table 1).

Associations between dietary patterns and VaD risk
Five studies investigated the associations between dietary 
patterns and VaD risk, including Swedish and Mediter-
ranean dietary patterns [29], consumption of a Western 
versus Oriental diet [27], a data-driven dietary pattern 
[23] and a pro-inflammatory diet, as quantified using the 
dietary inflammatory index (DII) [14, 21].

Swedish and Mediterranean dietary patterns
Glans et  al. [29] explored associations between adher-
ence to a Swedish diet and a Mediterranean diet with risk 
of VaD in 28,025 participants from the Malmo diet and 
Cancer study in Sweden. Over 19.8  years of follow-up, 
461 individuals developed VaD. The authors observed no 
significant associations between adherence to either the 
Swedish or Mediterranean dietary patterns and risk of 
VaD. Associations were consistent across a range of sen-
sitivity analyses, including use of an alternative Mediter-
ranean diet score, and there was no interaction between 
either dietary pattern and APOE4 carrier status (Table 2).

Western versus oriental diet
Ross et  al. [27] evaluated associations between prefer-
ence for a Western versus Oriental or mixed diet (as 
determined by asking participants a single question on 
whether they perceived their diet to be mostly Orien-
tal, Western, or mixed) and VaD risk in 3509 Japanese-
American men from the Honolulu-Asia Aging Study. 
During a ~ 25-year observation period, 68 individuals 
developed VaD. Two sets of analyses were conducted, 
the first of which included participants with VaD and 
individuals without stroke or dementia, and the second 
of which included the same participants with VaD and 
participants with stroke but no dementia. Preference for 
a Western diet, instead of an Oriental or mixed diet, was 
associated with 46% lower odds of VaD (OR: 0.54, 95% 
CI 0.30 to 0.98) in the cohort including participants with 
VaD and no stroke, no dementia. There was 57% lower 
odds of VaD (OR: 43, 95% CI 0.22 to 0.86) in the cohort 
including participants who developed VaD and those 
with stroke but not dementia.

Data driven dietary patterns
Ozawa et  al. [23] explored associations between dietary 
patterns and risk of VaD in 1006 participants from the 
Hisayama study (Japan). During 15 years of follow-up, 88 
participants developed VaD. Using reduced rank regres-
sion, the authors identified a potential dietary pattern for 
dementia prevention which broadly corresponded to a 
customary Japanese diet. This diet was rich in soybeans 

and soybean-derived foods alongside vegetables (espe-
cially green vegetables), algae, and milk/dairy products, 
and contained a low amount of rice. Individuals with the 
highest adherence to this dietary pattern (quartile 4) had 
a 55% lower risk of VaD (HR: 0.45, 95% CI 0.22 to 0.91) 
than a low adherence reference group (quartile 1). When 
analyses were stratified by diabetes status, higher adher-
ence to this dietary pattern was only significantly associ-
ated with lower VaD risk in participants without diabetes 
(Table 2).

Pro‑inflammatory diet
Two studies explored the associations between the Die-
tary Inflammatory Index (DII) score, which classifies an 
individual’s dietary pattern according to its inflammatory 
potential (higher scores reflect a more pro-inflammatory 
diet) and VaD risk. Firstly, Shi et  al. [21] explored the 
associations between DII score and VaD risk in 166,377 
participants from the UK biobank. Individuals were fol-
lowed for a median of 9.5 years, during which time 267 
developed VaD. There were no significant associations 
between DII score and risk of VaD in linear or non-linear 
analyses (Table 2).

A second study also explored associations between DII 
score and risk of VaD in the UK Biobank dataset. Peng 
et  al. [14] followed 207,301 participants for an average 
11.4  years during which time 91 individuals developed 
VaD. Participants with the highest DII scores had a 227% 
(quintile 5, HR: 2.27, 95% CI 1.13 to 4.53) increased risk 
of VaD versus those with moderate DII scores (quintile 3, 
reference group). When VaD risk was compared against 
quintile 1 as a reference group (rather than quintile 3, as 
per the main analyses) associations between higher DII 
score and VaD risk were not significant. Similarly, in non-
linear analyses there were no significant associations 
between DII score and VaD risk.

Risk of bias assessment
Risk of bias across studies was mixed (Supplementary 
Material 6). There was a high risk of bias in three studies 
[26–28]due to covariate selection for statistical models, 
which could increase the risk of confounding, and also 
in one study due to concerns over the accuracy of meas-
urement of the dietary exposure (measured using a single 
question) [27]. There were also some concerns with the 
risk of misclassification of the dietary exposure for alco-
hol [28], milk [25], UPFs [15], and the pro-inflammatory 
dietary pattern [21], which further categorised two stud-
ies with some concerns.
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Discussion
This systematic review of prospective cohort studies 
explored associations between intake of foods and die-
tary patterns with risk of VaD. We identified sixteen stud-
ies which were eligible for inclusion, with 11 focusing on 
individual food groups and 5 focusing on dietary patterns 
and VaD risk.

Several foods/dietary patterns were associated with 
a decreased risk of VaD including a higher total intake 
of fruits and vegetables, moderate-to-high total meat 
intake, moderate intake of alcoholic drinks (1–3 drinks/
day), preference for a Western versus an Oriental diet, 
and adherence to a (data-driven) plant-based dietary pat-
tern. Some, but not all, data also suggested that higher 
consumption of tea and/or coffee, daily consumption of 
milk, and a preference for soy milk versus ‘other’ milks 
were associated with lower VaD risk. Some of the foods/
dietary patterns suggested to reduce risk of VaD have 
been associated with better cardiovascular health and 
could plausibly reduce VaD risk by mitigating vascular 
risk factors for this condition. For example, high intake 
of fruit and vegetables has been inversely associated with 
risk of coronary heart disease and stroke [30, 31]. Plant-
based dietary patterns, similar to the data-driven dietary 
pattern derived by Ozawa et al. [23], have been consist-
ently linked with lower CVD risk factors [32–34] and 
CVD incidence [35, 36]. Moderate, but not high, intake 
of coffee has typically been associated with lower CVD 
risk (i.e., a ‘J’ shaped relationship) [37–39], although indi-
viduals with uncontrolled hypertension are advised to 
limit caffeine intake [39, 40]. A ‘J’ shaped relationship has 
also been posited between alcohol intake and vascular 
health [41], although others (including recent large-scale 
Mendelian randomisation studies [42]) have suggested 
intake of any amount of alcohol is deleterious towards 
cardiovascular health.

Perhaps the most surprising finding is that preference 
for a Western diet—often considered to be a model of 
unhealthy eating—was suggested to be protective against 
VaD when compared with an ‘Oriental’ diet in a study 
by Ross et  al. [27] in Japanese American men. We feel 
that considerable caution should be taken when inter-
preting findings from this study, which were deemed to 
be at high risk of bias. A particular challenge is that the 
authors captured dietary preference via a single question 
enquiring about whether participants consumed a mostly 
Oriental, Western, or mixed diet. As such, there was no 
information given on the potentially protective or harm-
ful components of these diets, which would be detected 
using more granular dietary assessment tools. There is 
also potential risk of misclassification of participants with 
such simple dietary assessment. It is unlikely that a West-
ern diet is optimal for reducing VaD risk. Indeed, when 

compared with other ‘healthier’ diets, such as the Medi-
terranean diet, a Western diet has typically been associ-
ated with worse health outcomes, including increased 
risk of stroke [43], coronary heart disease [44], and Alz-
heimer’s disease [45]. Several individual foods which are 
common in a typical Western diet were also individually 
linked to VaD risk in this study (e.g., processed meat, 
fried fish, and UPFs [15, 16, 26]). Future studies are rec-
ommended to use more accurate dietary assessment 
tools (rather than a single question on dietary prefer-
ence) and provide clearer definitions for the components 
included within dietary patterns.

UPFs have attracted considerable attention recently in 
the scientific literature and mainstream media. Explor-
ing the links between UPF consumption and VaD risk is 
therefore particularly timely and relevant to these ongo-
ing discussions. Higher intake of UPFs was associated 
with increased VaD risk in the study by Li et  al. [15]. 
However, when exploring individual UPF groups, only 
UPF beverages (e.g., sweetened/carbonated drinks) were 
significantly associated with VaD risk. Chen et  al. [19] 
also reported that consumption of 0–1 serving per day 
of artificially sweetened beverages was associated with 
a 69% increased risk of VaD versus abstention. Interest-
ingly, some studies exploring links between UPF intake 
and other health conditions have reported similar find-
ings, with associations between UPF intake and multi-
morbidity of cancer and cardiometabolic diseases, and 
type II diabetes, largely driven by intake of sugar- or 
artificially-sweetened drinks and/or processed meats 
[46, 47]. Although more research is needed, particularly 
randomised controlled trials [48], more nuanced recom-
mendations may be required that focus on specific foods 
with established links to adverse health outcomes rather 
than making recommendations to avoid an entire food 
category (i.e., UPFs) based on processing status.

Strengths and limitations
This systematic review provides new insight into the cur-
rent state of the knowledge on diet and VaD risk, build-
ing upon the earlier review in this area by Perez et al. [7]. 
There are several strengths. Firstly, by focusing on pro-
spective cohort studies, we reduced risk of reverse cau-
sality compared with the inclusion of cross-sectional or 
retrospective studies. Nevertheless, it is acknowledged 
that it can be difficult to draw causal inferences from one 
single study design, and triangulation across many dif-
ferent study designs (including Mendelian Randomisa-
tion studies and randomised controlled trials, of which 
there are currently very few in this area) with orthogonal 
sources of bias would yield more robust inferences [49]. 
This could also provide better insights into which foods/
patterns would be more reliable targets for intervention. 
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Secondly, we conducted extensive database searches 
which were designed by an information specialist to 
ensure comprehensive coverage of the available literature. 
Thirdly, we followed the PRISMA guidelines (including 
conducting RoB assessments), and pre-registering this 
review on PROSPERO to maximise transparency.

The principal limitation is that there are only one or 
two studies available exploring associations between 
most individual foods/dietary patterns with VaD risk. 
Moreover, some of these studies, despite having very 
similar methodology, report conflicting findings. This 
makes it difficult to draw firm conclusions about the links 
between specific foods/dietary patterns and VaD risk at 
present. For example, two studies using data from the 
same cohort (UK Biobank), and published in the same 
year, explored associations between coffee intake and 
VaD risk, with different findings. Pham et al. [13] found 
no significant associations between coffee intake and 
VaD risk, whereas Zhang et al. [17] reported significantly 
(22%) lower risk of VaD with intake of four or more cups 
of coffee per day. Zhang et  al. [17] also observed sig-
nificantly lower risk of VaD with higher (≥ 2 cups/day) 
intake of tea, and higher combined intake of coffee and 
tea. There are several possible explanations for the dis-
crepancy in findings between these two studies. Perhaps 
most relevant is the fact that the two studies used differ-
ent reference groups in their analyses. Pham et  al. [13] 
compared risk of VaD for different coffee intake groups 
against a reference group consuming 1–2 cups/day cof-
fee. In contrast, Zhang et al. [17] compared against a ref-
erence group consuming no coffee per day. A no intake 
reference group may seem the more obvious choice and 
is consistent with widespread practice in nutritional epi-
demiology in which researchers tend to compare higher 
intakes against lower/no intake reference groups. How-
ever, Pham et  al. [13] reasoned that comparison against 
light coffee drinkers may be more appropriate to avoid 
bias from individuals with poor health, who may avoid 
consuming coffee due to existing health conditions/co-
morbidities. There was similar ambiguity between two 
studies exploring associations between DII score (which 
reflects the inflammatory potential of a diet) and VaD 
risk in the UK Biobank cohort. Shi et  al. [21] found no 
significant associations between DII score and VaD risk, 
whereas Peng et al. [14] reported higher VaD risk in par-
ticipants with the highest DII scores. The discrepancy in 
findings between these studies is also likely to be due dif-
ferences in the DII reference group used for comparison 
in analyses. Shi et al. [21] compared risk of VaD in higher 
DII quartiles against the lowest DII quartile (signifying 
the most anti-inflammatory diet) as a reference group, 
whilst Peng et  al. [14] compared risk of VaD between 
higher and lower DII groups against the middle quintile 

as a reference group. When Peng et al. [14] used quintile 
1 as an alternative reference group, associations between 
higher DII scores and VaD risk were not significant. 
Agreeing upon standardised, best practice methodology 
(including most appropriate reference groups) for future 
research could help overcome some of these issues. A 
further limitation is that approximately half of the stud-
ies which make up this systematic review were conducted 
using the UK Biobank cohort. This dataset has several 
strengths, including granular dietary, lifestyle, sociode-
mographic and genetic data. However, it also has certain 
limitations, including the healthy volunteer selection 
bias and predominantly white participant group could 
limit generalisability [50]. Moreover, dietary data via the 
Oxford WebQ was captured during a relatively narrow 
window of time (2009–2012) and it is possible that par-
ticipants diets may have changed during the follow up 
period which cannot currently be accounted for based on 
available data. One additional limitation relates to the use 
of hospital in patient and/or death record for the diagno-
sis of VaD, which may lead to underreporting and mis-
classification of dementia subtypes [51]. This is an issue 
for studies using the UK Biobank cohort, where it has 
been suggested that there is a positive predictive value 
(i.e. the proportion of cases identified that were true pos-
itives) of 43.8% for VaD [52].

Conclusions
This study outlines current state of the knowledge around 
intake of foods and dietary patterns with VaD risk. The 
findings suggest that an appropriate diet—such as con-
sumption of higher intake of fruits and vegetables and 
adherence to a plant-based dietary pattern, which is 
somewhat consistent with dementia prevention recom-
mendations by the World Health Organization (WHO) 
[53]—can lower VaD risk. However, evidence is charac-
terised by a limited number of studies with some incon-
sistencies in the findings. More research is needed to 
build a critical mass of evidence to inform personalised 
and population-based approaches to mitigate VaD risk. 
This could include substantiating findings for the afore-
mentioned foods/dietary patterns in other populations/
cohorts (including those with a greater proportion of par-
ticipants from minority ethnic and lower socioeconomic 
backgrounds) and exploring new dietary approaches 
which might help lower VaD risk such as those with 
established cardioprotective properties (e.g., nitrate-rich 
vegetables [54–56], nuts [57–59], fermented dairy foods 
[60] and the DASH diet [61]).
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