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Abstract
Objective In this systematic review and meta-analysis, we critically evaluate available evidence regarding the association 
between primary headaches and subsequent decline of cognitive function and dementia.
Background Recent studies suggested that headache disorders may increase the risk for dementia. However, available stud-
ies are conflicting.
Methods To identify qualifying studies, we searched scientific databases, including Pubmed, Scopus, Web of Science, Science 
Direct and BMC, screening for relevant papers. In order to reduce the heterogeneity between different studies, the analyses 
were further subdivided according to the clinical diagnoses and the study methodologies.
Results We identified 23 studies investigating the association between primary headaches and the risk of dementia. Of these, 
18 met our inclusion criteria for meta-analysis (covering 924.140 individuals). Overall effect-size shows that primary head-
aches were associated with a small increase in dementia risk (OR = 1,15; CI 95%: 1,03–1,28; p = 0,02). Analyzing subgroups, 
we found that migraine was associated with both a moderate increased risk of all-cause dementia (OR = 1,26; p = 0,00; 95% 
CI: 1,13–1,40) as well as a moderate increased risk of Alzheimer’s disease (OR = 2,00; p = 0,00; 95% CI: 1,46–2,75). This 
association was significant in both case–control and retrospective cohort studies but not in prospective studies.
Conclusions Our study supports the presence of a link between primary headaches and dementia. However, in the subgroup 
analysis, only patients with migraine showed a moderate increase risk for all-cause dementia and for Alzheimer’s disease. 
Additional rigorous studies are needed to elucidate the possible role of primary headaches on the risk of developing cogni-
tive impairment and dementia.
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Introduction

The prevalence of dementia, which encompass a range 
of progressive and devastating neurodegenerative dis-
orders, continues to increase worldwide, constituting a 
growing global public health issue [1]. Dementia rep-
resents an enormous clinical and economic burden for 
modern society, being a leading global cause of disability, 

institutionalization, and mortality [2]. As longevity is con-
stantly increasing, economic and social costs of dementia 
threaten to overwhelm existing resources [3].

Dementia is a term used to describe an heterogeneous 
group of neurological disorders characterized by cogni-
tive dysfunction affecting memory, critical thinking and 
social abilities severe enough to interfere with daily life 
[4]. Alzheimer’s disease (AD) is the most common cause 
of dementia. However, different conditions other than AD, 
like Frontotemporal dementia (FTD), Dementia with Lewy 
bodies (DLB) and Vascular Dementia (VaD), can cause 
cognitive impairment. The latter share many cognitive and 
pathological features with AD [5]. Frequently, patients 
with a diagnosis of AD present with different mixtures of 
brain pathologies, complicating both diagnosis, as well 
as treatment [6]. Therefore, the term Alzheimer’s disease 
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and Related Dementias (ADRD) that encompasses neuro-
degenerative diseases causing dementia, is often used in 
epidemiological and pathological studies [7].

ADRD are multifactorial diseases caused by complex 
interplay of genetic and environmental factors. Recent 
studies estimate that more than a third of cases are poten-
tially due to modifiable risk factors (e.g. hypertension, 
physical inactivity, smoking, hypercholesterolemia, over-
weight and obesity) [8, 9]. Identification of modifiable risk 
factors for dementia raises opportunity for both primary 
and secondary prevention plans, explaining the present 
growing interest in this field [10, 11].

Primary headaches, including migraine, tension-type 
headache and cluster headache, are one of the most preva-
lent neurological disorders worldwide [12, 13]. Recently, 
several epidemiological studies reported a positive asso-
ciation between primary headaches and AD as well as 
related dementias [14–17]. This association has been 
explained on the basis of the comorbidity between primary 
headaches and cardiovascular diseases, like hypertension 
and stroke, that are modifiable risk factors for dementia 
[18, 19]. However, conflicting results emerged in some 
studies. These findings may be due to differences in diag-
nostic criteria for cognitive deficits, in methodological 
strategies, and in the size of investigated populations [20].

The purpose of this study was to perform a systematic 
review and meta-analysis of the available data regarding 
association between primary headaches and dementia. 
In order to reduce previously observed heterogeneity, 
we investigated separately different primary headaches, 
and performed further subgroup analysis based on study 
design (case–control, retrospective and prospective cohort 
studies).

Methods

Data sources and searches

This study was conducted in accordance with the guidelines 
of the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) consortium [21]. The protocol 
was registered in the International Prospective Register of 
Systematic Reviews (PROSPERO) platform (Registration 
ID: CRD42022380469).

Pubmed, Scopus, Web of Science, Science Direct and 
BMC were searched for articles investigating headache as 
possible risk factor for dementia of all causes. Search terms 
applied for literature search are reported in the Supplemen-
tary Material. No language, study design restrictions, or date 
of publication limit were applied. The search was conducted 
by one author (A.C.) up to September the 1st, 2022.

Study selection

Only studies in English language, released on peer-reviewed 
journals involving human subjects with focus on primary 
headaches as a risk factor for dementia were considered 
for this systematic review. Reviews, case reports and inter-
ventional studies were excluded. Only studies conducted 
on patients with a diagnosis of primary headache and/or 
dementia, that investigated possible interactions or relations 
between the two conditions, were considered. Two blinded 
and independent investigators (A.C. and L.G.) screened for 
title and abstracts all the identified studies and excluded 
papers that did not meet the above-mentioned criteria. 
Subsequently, the same investigators reviewed the selected 
articles by full text and excluded papers that did not meet 
inclusion criteria. The final list of the included articles was 
then approved by an expert senior reviewer (F.R.).

Data extraction

Investigators (A.G., F.F.) independently extracted data from 
the articles. The extracted data included: authors, study title, 
country where the study was conducted, year of publication, 
study design, sample size, duration of follow-up, age and 
gender distribution of participants, criteria used for headache 
and dementia diagnosis and adjusted confounders.

Risk of bias assessment

The Newcastle–Ottawa scale (NOS) was used indepen-
dently by two investigators (A.G., F.F.) to assess the qual-
ity of cohort studies [22]. Points were assigned (stars) for 
each article considering the following subsections: ranged 
from 0 to 9 points for cohort studies, participant selection 
and exposure measurement (0–4 stars), comparability (0–2 
stars), outcome assessment and adequacy of follow up (0–3 
stars). Higher the number of stars, higher the quality of the 
study. Scores of 0–3, 4–6, and 7–9 were considered to indi-
cated low, moderate, and high quality, respectively.

Statistical analysis

Statistical analysis was conducted using IBM SPSS Statis-
tics 28.0 software. Distribution frequency of patients with 
primary headache with or without dementia was extracted 
for all the included studies. OR with 95% CI was then cal-
culated. Random effect model was used to obtain a pooled 
measure of ORs (95% CI). Higgins’s  I2 statistic was used to 
evaluate heterogeneity. We considered levels of  I2 as follows: 
25% low, 25 to 50% moderate, and above 75% high hetero-
geneity. Publication bias was evaluated through the analysis 
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of asymmetry of the funnel plot and by using the Egger 
test. Finally, we underwent subgroup analysis stratifying the 
selected studies based on study design (case control, retro-
spective or prospective cohort studies), type of headache 
(primary headaches, migraine) and type of dementia (Alz-
heimer’s Disease, Vascular Disease). We could not perform 
other subgroup (e.g. other types of headache, other types of 
dementia) analysis due to lack of data.

Results

Literature search

The initial search carried out in databases such as Pubmed, 
Scopus, Web of Science, Science Direct and BMC provided 
a total of 5926 bibliographical references subdivided as fol-
lows: Pubmed 1835, Scopus 6018, Science Direct 344, Web 
of Science 1352 and BMC 1737. After removing duplicates, 
8999 papers were identified. A preliminary screening was 

carried out through the analysis of title and abstract. After 
a second screening, a total of 75 articles were selected. By 
applying inclusion criteria, 23 studies were then identified. 
Of these, 5 studies were excluded from statistical analysis 
for the following reasons: two studies did not show data from 
comparison group; three studies shared the same cohort pop-
ulation of another included article; one study displayed only 
measures of incidence. Finally, a total of 18 studies were 
selected for statistical analysis. Selection process pipeline 
is displayed in Fig. 1.

Characteristics of the included studies and risk 
of bias analysis

The characteristics of the included studies are summarized 
in Table 1.

No restriction for study design was applied. Of the 23 
[23–45] included papers, 9 were retrospective cohorts, 8 
were prospective cohorts and 6 were case–control stud-
ies. Only studies which considered all types of primary 

Fig. 1  Flowchart PRISMA. 
Figure 1 shows the steps of our 
bibliographic search, edited fol-
lowing PRISMA guidelines



1020 Neurological Sciences (2024) 45:1017–1030

1 3

Ta
bl

e 
1 

 C
ha

ra
ct

er
ist

ic
s o

f t
he

 in
cl

ud
ed

 st
ud

ie
s

A
ut

ho
r

C
ou

nt
ry

St
ud

y 
de

si
gn

Fo
llo

w
-

up
 

(y
ea

rs
)

%
 F

em
al

e
A

ge
H

ea
da

ch
e 

ty
pe

D
em

en
tia

 ty
pe

C
on

fo
un

de
rs

 a
dj

us
te

d

C
hu

an
g 

-2
01

3 
[2

3]
C

hi
na

Re
tro

sp
ec

tiv
e 

C
oh

or
t

12
71

,3
42

,2
M

ig
ra

in
e

A
ll 

ca
us

e 
of

 d
em

en
tia

A
ge

, s
ex

 d
ia

be
te

s, 
hy

pe
rte

ns
io

n,
 

de
pr

es
si

on
, h

ea
d 

in
ju

ry
 a

nd
 

CA
D

D
ew

ey
 –

 1
98

8 
[2

4]
U

K
C

as
e–

co
nt

ro
l

N
A

N
A

 >
 65

H
ea

da
ch

e
A

D
, a

ll 
ca

us
e 

of
 d

em
en

tia
A

ge
 a

nd
 se

x
Ec

hi
ve

rr
i –

 2
01

7 
[2

5]
U

SA
C

as
e–

co
nt

ro
l

N
A

58
75

M
ig

ra
in

e,
 te

ns
io

n-
ty

pe
 h

ea
d-

ac
he

,
un

cl
as

si
fia

bl
es

M
C

I, 
A

ll 
ca

us
e 

of
 d

em
en

tia
, 

A
D

, V
aD

,
LB

D
,

FT
D

, u
nk

no
w

n 
ca

us
e

A
ge

, g
en

de
r, 

an
d 

M
in

i-M
en

ta
l 

St
at

us
 E

xa
m

in
at

io
n 

sc
or

e

G
eo

rg
e 

– 
20

20
 [2

6]
U

SA
Pr

os
pe

ct
iv

e 
co

ho
rt

21
55

,9
51

–7
0

M
ig

ra
in

e,
 n

on
 m

ig
ra

in
e 

he
ad

ac
he

A
ll 

ca
us

e 
of

 d
em

en
tia

A
ge

, s
ex

, r
ac

e-
ce

nt
er

, A
PO

E4
, 

in
co

m
e,

 e
du

ca
tio

n,
 B

M
I, 

sm
ok

in
g,

 h
yp

er
te

ns
io

n,
 d

ia
be

-
te

s, 
C

H
D

, d
rin

ki
ng

, H
D

L,
 c

ho
-

le
ste

ro
l, 

an
d 

to
ta

l c
ho

le
ste

ro
l

H
ag

en
-2

01
4 

[2
7]

N
or

w
ay

Pr
os

pe
ct

iv
e 

co
ho

rt
15

49
,7

 ≥
 20

M
ig

ra
in

e,
 N

on
m

ig
ra

in
e 

he
ad

ac
he

A
D

, V
aD

 a
nd

 m
ix

ed
 d

em
en

tia
A

ge
, g

en
de

r, 
ed

uc
at

io
n,

 sm
ok

-
in

g,
 S

B
P 

e 
D

B
P,

 a
nt

ih
yp

er
-

te
ns

iv
e 

m
ed

ic
at

io
n,

 p
hy

si
ca

l 
ac

tiv
ity

, B
M

I, 
ca

rd
io

va
sc

ul
ar

 
di

se
as

e,
 c

ho
le

ste
ro

l, 
H

A
D

S 
sc

or
e,

 a
bs

te
nt

io
n 

fro
m

 a
lc

oh
ol

, 
tri

gl
yc

er
id

es
, m

ar
ria

ge
, G

lu
-

co
se

, r
ep

or
te

d 
str

ok
e,

 a
ng

in
a

H
ur

h 
– 

20
22

 [2
8]

K
or

ea
Re

tro
sp

ec
tiv

e 
co

ho
rt

17
66

,1
55

,3
M

ig
ra

in
e

A
D

, V
aD

, o
th

er
 sp

ec
ifi

ed
 

de
m

en
tia

s, 
un

sp
ec

ifi
ed

 
de

m
en

tia

Se
x,

 A
ge

, H
ou

se
ho

ld
 in

co
m

e,
 

re
si

de
nt

ia
l a

re
a,

 re
gi

ste
re

d 
di

s-
ab

ili
ty

, h
ist

or
y 

of
 st

ro
ke

, h
is

-
to

ry
 o

f i
sc

he
m

ic
 h

ea
rt 

di
se

as
e,

 
hi

sto
ry

 o
f d

ia
be

te
s m

el
lit

us
, 

hi
sto

ry
 o

f h
yp

er
te

ns
io

n,
 h

ist
or

y 
of

 a
nt

id
ep

re
ss

an
t u

se
, s

m
ok

in
g 

st
at

us
, B

M
I, 

D
rin

ki
ng



1021Neurological Sciences (2024) 45:1017–1030 

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r

C
ou

nt
ry

St
ud

y 
de

si
gn

Fo
llo

w
-

up
 

(y
ea

rs
)

%
 F

em
al

e
A

ge
H

ea
da

ch
e 

ty
pe

D
em

en
tia

 ty
pe

C
on

fo
un

de
rs

 a
dj

us
te

d

Is
la

m
os

ka
 –

 2
02

0 
[2

9]
D

en
m

ar
k

C
as

e–
co

nt
ro

l
6,

9
70

31
–5

8
M

ig
ra

in
e

U
ns

pe
ci

fie
d

de
m

en
tia

, A
D

, V
aD

, F
TD

,
LB

D

B
irt

hd
at

e,
 se

x,
 c

ou
nt

ry
 o

f o
rig

in
, 

m
ar

ita
l s

ta
tu

s, 
hi

gh
es

t e
du

ca
-

tio
na

l l
ev

el
, m

yo
ca

rd
ia

l i
nf

ar
c-

tio
n,

 h
ea

rt 
fa

ilu
re

, p
er

ip
he

ra
l 

va
sc

ul
ar

 d
is

ea
se

, c
er

eb
ro

va
sc

u-
la

r d
is

ea
se

, p
ul

m
on

ar
y 

di
se

as
e,

 
co

nn
ec

tiv
e 

tis
su

e 
di

so
rd

er
, 

pe
pt

ic
 u

lc
er

, l
iv

er
 d

is
ea

se
, 

di
ab

et
es

, d
ia

be
te

s c
om

pl
ic

a-
tio

ns
, p

ar
ap

le
gi

a,
 re

na
l d

is
ea

se
, 

ca
nc

er
, m

et
as

ta
tic

 c
an

ce
r, 

se
ve

re
 li

ve
r d

is
ea

se
, a

nd
 h

um
an

 
im

m
un

od
efi

ci
en

cy
 v

iru
s

K
im

 –
 2

02
2 

[3
0]

K
or

ea
Pr

os
pe

ct
iv

e 
C

oh
or

t
8

46
,8

55
,5

Te
ns

io
n-

ty
pe

 h
ea

da
ch

e,
 

M
ig

ra
in

e,
 o

th
er

 ty
pe

 o
f 

pr
im

ar
y 

he
ad

ac
he

s

A
D

, V
aD

, u
ns

pe
ci

fie
d 

de
m

en
-

tia
A

ge
, s

ex
, B

M
I, 

ho
us

eh
ol

d 
in

co
m

e,
 sm

ok
in

g 
st

at
us

, 
al

co
ho

l c
on

su
m

pt
io

n,
 p

hy
si

-
ca

l e
xe

rc
is

e,
 b

lo
od

 p
re

ss
ur

e,
 

fa
sti

ng
 se

ru
m

 g
lu

co
se

, t
ot

al
 

ch
ol

es
te

ro
l, 

de
pr

es
si

on
, s

le
ep

 
di

so
rd

er
s, 

Pa
rk

in
so

n’
s d

is
ea

se
, 

he
ad

 in
ju

ry
, C

ha
rls

on
 c

om
or

-
bi

ty
 in

de
x

Ko
ste

v-
 2

01
9 

[3
1]

U
K

Re
tro

sp
ec

tiv
e 

C
oh

or
t

19
72

,9
67

,7
M

ig
ra

in
e

Va
D

, A
D

, u
ns

pe
ci

fie
d 

de
m

en
-

tia
A

ge
, s

ex
, i

nd
ex

 y
ea

r, 
di

ab
et

es
 

m
el

lit
us

, h
yp

er
lip

id
em

ia
, 

co
ro

na
ry

 h
ea

rt 
di

se
as

e,
 st

ro
ke

 
in

cl
ud

in
g 

tra
ns

ie
nt

 is
ch

em
ic

 
at

ta
ck

, d
ep

re
ss

io
n,

 in
tra

cr
an

ia
l 

in
ju

ry
, m

en
ta

l a
nd

 b
eh

av
io

ra
l 

di
so

rd
er

s d
ue

 to
 th

e 
us

e 
of

 
al

co
ho

l, 
ep

ile
ps

y,
 P

ar
ki

ns
on

’s
 

di
se

as
e,

 a
nd

 o
ste

op
or

os
is

Le
e-

 2
01

9 
[3

2]
K

or
ea

C
as

e–
co

nt
ro

l
5

68
 >

 60
 y

ea
rs

M
ig

ra
in

e
A

ll 
ca

us
e 

of
 d

em
en

tia
, A

D
A

ge
, s

ex
, i

nc
om

e,
 re

gi
on

 o
f r

es
i-

de
nc

e,
 a

nd
 p

as
t m

ed
ic

al
 h

ist
or

y 
of

 h
yp

er
te

ns
io

n,
 d

ia
be

te
s, 

an
d 

dy
sl

ip
id

em
ia

Le
e 

– 
20

21
 [3

3]
K

or
ea

Re
tro

sp
ec

tiv
e 

co
ho

rt
N

A
76

 ≥
 55

 y
ea

rs
M

ig
ra

in
e

A
ll 

ca
us

e 
of

 d
em

en
tia

 (n
o 

Va
D

), 
A

D
A

ge
, s

ex
, r

es
id

en
ce

, H
ou

se
ho

d 
in

co
m

e,
 h

yp
er

te
ns

io
n,

 d
ia

be
te

s 
m

el
lit

us
, s

tro
ke

, c
hr

on
ic

 k
id

ne
y 

di
se

as
e,

 d
is

or
de

rs
 o

f l
ip

op
ro

-
te

in
 m

et
ab

ol
is

m
 a

nd
 o

th
er

 
lip

id
em

ia
s



1022 Neurological Sciences (2024) 45:1017–1030

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r

C
ou

nt
ry

St
ud

y 
de

si
gn

Fo
llo

w
-

up
 

(y
ea

rs
)

%
 F

em
al

e
A

ge
H

ea
da

ch
e 

ty
pe

D
em

en
tia

 ty
pe

C
on

fo
un

de
rs

 a
dj

us
te

d

Li
an

g 
– 

20
22

 [3
4]

Sw
ed

en
Pr

os
pe

ct
iv

e 
co

ho
rt

3–
6

64
72

M
ig

ra
in

e,
 o

th
er

 ty
pe

 o
f p

ri-
m

ar
y 

he
ad

ac
he

s
A

ll 
ca

us
e 

of
 d

em
en

tia
A

ge
, s

ex
, e

du
ca

tio
n,

 sm
ok

-
in

g,
 p

hy
si

ca
l a

ct
iv

ity
, a

lc
oh

ol
 

co
ns

um
pt

io
n,

 h
yp

er
- t

en
-

si
on

, d
ia

be
te

s, 
ca

rd
io

va
sc

ul
ar

 
di

se
as

es
, u

se
 o

f m
ed

ic
at

io
n,

 
AP

O
E 

ge
no

ty
pe

Li
n 

– 
20

18
 [3

5]
Ta

iw
an

Re
tro

sp
ec

tiv
e 

C
oh

or
t

1
55

76
,7

5
H

ea
da

ch
e

Va
D

, A
D

, o
th

er
 su

bt
yp

es
A

ge
, s

ex
, e

du
ca

tio
n,

 m
ar

ita
l 

st
at

us
, g

eo
gr

ap
hi

c 
re

gi
on

 a
nd

 
co

m
or

bi
di

tie
s

M
ar

tin
s –

 2
02

0 
[3

6]
Po

rtu
ga

l
Pr

os
pe

ct
iv

e 
co

ho
rt

5
75

›5
0

M
ig

ra
in

e,
 n

on
 m

ig
ra

in
e 

he
ad

ac
he

M
C

I, 
al

l c
au

se
 o

f d
em

en
tia

A
ge

, g
en

de
r, 

hy
pe

rte
ns

io
n,

 
di

ab
et

es
, s

m
ok

in
g 

hi
sto

ry
 a

nd
 

dy
sl

ip
id

em
ia

), 
co

-m
or

bi
di

tie
s, 

an
d 

m
ed

ic
at

io
n;

 so
ci

od
em

o-
gr

ap
hi

c 
da

ta
, s

ub
je

ct
iv

e 
co

gn
i-

tiv
e 

co
m

pl
ai

nt
s a

nd
 d

ep
re

ss
iv

e 
sy

m
pt

om
s, 

co
gn

iti
ve

 p
er

fo
r-

m
an

ce
M

or
ga

n 
– 

19
94

 [3
7]

U
K

C
as

e–
co

nt
ro

l
4

N
A

 >
 65

he
ad

ac
he

s
A

ll 
ca

us
e 

of
 d

em
en

tia
A

ge
, s

ex
, C

A
PE

 sc
or

e
M

or
to

n 
– 

20
19

 [3
8]

C
an

ad
a

Pr
os

pe
ct

iv
e 

C
oh

or
t

5
66

 >
 65

M
ig

ra
in

e
A

ll 
ca

us
e 

of
 d

em
en

tia
—

A
D

—
Va

D
Ed

uc
at

io
n,

 a
ge

, g
en

de
r, 

lif
et

im
e 

hi
sto

rie
s o

f m
ig

ra
in

e,
 d

ep
re

s-
si

on
, m

yo
ca

rd
ia

l i
nf

ar
ct

io
n,

 
ot

he
r h

ea
rt 

co
nd

iti
on

s, 
str

ok
e,

 
di

ab
et

es
 a

nd
 h

yp
er

te
ns

io
n

Pa
vl

ov
ic

- 2
01

3 
[3

9]
U

SA
Pr

os
pe

ct
iv

e 
C

oh
or

t
1

N
A

 >
 70

 y
ea

rs
M

ig
ra

in
e

A
ll 

ca
us

es
 o

f d
em

en
tia

Se
x,

 e
du

ca
tio

n,
 e

th
ni

ci
ty

, A
PO

E-
e4

 c
ar

rie
r s

ta
tu

s, 
ba

se
lin

e 
pa

in
 

in
te

rfe
re

nc
e 

an
d 

pa
in

 se
ve

rit
y

Re
cc

hi
a-

 2
01

6 
[4

0]
Ita

ly
Pr

os
pe

ct
iv

e 
C

oh
or

t
3,

9
72

,7
 >

 80
A

ny
 H

ea
da

ch
e

A
ll 

ca
us

e 
of

 d
em

en
tia

A
ge

, s
ex

 a
nd

 e
du

ca
tio

n
Rø

tte
re

ng
 –

 2
01

5 
[4

1]
N

or
w

ay
Re

tro
sp

ec
tiv

e 
co

ho
rt

2
60

55
- 8

9
M

ig
ra

in
e

A
ll 

ca
us

e 
of

 d
em

en
tia

Ed
uc

at
io

na
l l

ev
el

, a
nx

ie
ty

, 
de

pr
es

si
on

 (a
ss

es
se

d 
by

 th
e 

H
os

pi
ta

l A
nx

ie
ty

 a
nd

 D
ep

re
s-

si
on

 S
ca

le
), 

sm
ok

in
g 

(c
ur

re
nt

, 
pr

ev
io

us
, o

r n
ev

er
), 

B
M

I, 
Sy

sto
lic

 b
lo

od
 p

re
ss

ur
e,

 p
hy

si
-

ca
l a

ct
iv

ity
Ty

as
 –

 2
00

1 
[4

2]
C

an
ad

a
C

as
e–

co
nt

ro
l

5
62

,4
65

–9
3

H
ea

da
ch

es
, m

ig
ra

in
e

A
ll 

ca
us

e 
of

 d
em

en
tia

A
ge

, s
ex

Tz
en

g 
– 

20
16

 [4
3]

Ta
iw

an
Re

tro
sp

ec
tiv

e 
co

ho
rt

10
68

,0
4

20
–5

4
Pr

im
ar

y 
he

ad
ac

he
s

A
ll 

ca
us

es
 o

f d
em

en
tia

G
en

de
r, 

ag
e 

gr
ou

p,
 g

eo
gr

ap
hi

ca
l 

ar
ea

 o
f r

es
id

en
ce

, u
rb

an
iz

at
io

n 
le

ve
l o

f r
es

id
en

ce
 a

nd
 m

on
th

ly
 

in
co

m
e



1023Neurological Sciences (2024) 45:1017–1030 

1 3

headaches and dementia were included. As expected for 
epidemiological reasons, a high percentage of female sub-
jects was found in the patient population. The studies were 
conducted in the following countries: 4 Korea, 4 Taiwan, 3 
UK, 3 USA, 2 Canada, 2 Norway, 1 China, 1 Denmark, 1 
Italy, 1 Portugal, 1 Sweden.

In all studies correlation between the two diseases was 
adjusted on confounders such as age, sex, education, country 
of origin and/or residence and in many cases also based on 
the patient’s medical history (comorbidities such as hyper-
tension, diabetes, heart disease or depression).

In the present meta-analysis, thought the analysis of risk 
of bias, quality was found to be similar when comparing 
case–control and cohort studies, although case–control 
studies showed greater in-between score discrepancy. All 
studies obtained maximum score in the "comparability" sec-
tion. However, differences in scoring based on study design 
emerged in the "selection" category: case–control had a 
score of almost 4 stars while cohort studies had an average 
of 3 stars. The average score in the “exposure” category 
was 2.12 points. In this category, half of the articles did not 
obtain the star for the assessment of exposure; only one did 
not describe the response rate [25], two articles did not use 
the same method for cases and controls [24, 42]. Only four 
studies obtained a star in adequacy of the follow-up cate-
gory due to the scarcity of information provided by the other 
included papers [27, 36, 38]. Nonetheless, follow up dura-
tion was considered adequate in ten studies (with a single 
exception) [35]. All studies obtained a star in the “outcome 
ascertainment” section. One paper obtained a total of five 
stars [25], so it is considered with a moderate quality, and 
it is the study in our sample with the lowest score. Two are 
the studies with a total of 9 stars and therefore with the best 
rating on the risk of bias [26, 43]. Table 1 of supplementary 
materials shows the methodological qualities of the studies 
with NOS criteria.

Association between primary headaches 
and dementia

We conducted a meta-analysis to investigate the risk of 
developing dementia (all cause) in people with a history 
of any type of primary headache. Eighteen articles were 
included [23, 25–31, 33, 34, 36–40, 42–45] in the statistical 
synthesis. A total of 203.042 patients with primary head-
aches and a total of 763.249 controls were included in the 
meta-analysis. The results of the pooling analysis (forest plot 
Fig. 2) showed that a previous diagnosis of any primary 
headache was associated with an increased risk of demen-
tia (OR = 1,15; CI 95%: 1,03–1,28; p = 0,02). However, 
the analysis of  I2 index showed high levels of heterogene-
ity  (I2 = 85,9). The analysis of the asymmetry of the funnel 
plot (Fig. 3) and Egger’s Regression-based Test showed low Ta
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risk of publication bias (Coefficient = 0,156; SE = 0,0822; 
t = 1,903; p = 0,075; 95% CI: -0,018–0,331).

To further clarify the high heterogeneity, we conducted a 
subgroup analysis according to the study design (case con-
trol, retrospective cohort, prospective cohort). Statistical 

analysis showed that both case studies (OR = 1,49; p = 0,00; 
95% CI: 1,20–1,85;  I2 = 9,2%) and retrospective cohort stud-
ies (OR = 1,35; p = 0,00; 95% CI: 1,25–1,45;  I2 = 61,9%) 
were significant and the pooled effect sizes showed a mod-
erate effect of the association between history of headache 

Fig. 2  Forest plot of the association between headache ad dementia. Figure 2 shows the forest plot of the association between primary headache 
ad dementia, divided into 3 groups, based on study designs: case-controls, prospective cohorts, retrospective cohorts

Fig. 3  Funnel plot in the studies 
investigating the association 
between headache and demen-
tia. Figure 3 shows the funnel 
plot of the studies investigating 
the association between primary 
headache and dementia, divided 
into 3 groups, based on study 
designs: case-controls, prospec-
tive cohorts, retrospective 
cohorts
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and risk of dementia, while prospective cohort studies 
were significant (OR = 0,82; p = 0,00; 95% CI: 0,74–0,92; 
 I2 = 26,9%), but the relation between the two investigated 
variables was negative. After subgroup analysis, the het-
erogeneity in each group was considerably low (forest plot 
Fig. 2). In the other hand, publication bias (Fig. 3) remained 
low in both case–control and prospective cohort studies 
(p = 0,101 and p = 0,060), while appeared higher in retro-
spective cohort studies (p = 0,007).

Association between migraine and dementia

To evaluate also the risk of dementia in migraine we per-
formed a sub-analysis of the studies reporting data about risk 
of dementia in migraineurs. We included sixteen studies [23, 
25–31, 33, 34, 36, 38, 39, 42–44] in the meta-analysis. A 
total of 107.112 patients with migraine and a total of 346.376 
controls were included in the meta-analysis. We calculated 
pooled effect size (forest plot Fig. 4) and results showed 
that migraine was associated with a moderate increased of 
risk of dementia (OR = 1,26; p = 0,00; 95% CI: 1,13–1,40) 
(Fig. 5). The analysis of  I2 index showed high levels of het-
erogeneity  (I2 = 71,5%) and high levels of publication bias 
(funnel plot Fig. 6; results of Egger’s Regression-based Test: 
Coefficient = 0,270; SE = 0,0772; t = 3,495; p = 0,004; 95% 
CI: 0,102–0,438).

Subgroup analysis (forest plot Fig. 4) based on study 
design showed significant pooled effect size in both 

case–control (OR = 1,59; p = 0,00; 95% CI: 1,36–1,85) 
and retrospective cohort studies (OR = 1,37; p = 0,00; 95% 
CI: 1,13–1,40) and revealed a moderate positive associa-
tion between migraine and risk of dementia. The analysis 
of prospective cohort studies showed a negative association 
between the two variables, but this result was not statisti-
cally significant (OR = 0,88; p = 0,16; 95% CI: 0,73–1,05). 
Heterogeneity was moderate in retrospective cohort groups 
 (I2 = 61,7%) and was low in both case–control and in pro-
spective cohort group  (I2 = 0%,  I2 = 13,8% respectively). 
Finally, we found low levels of publication bias (funnel 
plot Fig. 5) in case-controls and prospective cohort studies 
(p = 0,219, p = 0,522 respectively) and high levels in retro-
spective studies (p = 0,020).

Association between Alzheimer’s disease 
and headache

To evaluate the risk of Alzheimer’s Disease in patients with 
primary headache we performed a meta-analysis consider-
ing only studies reporting data about patients with Alzhei-
mer’s Disease. We included seven studies [27, 28, 31, 33, 
38, 44, 45] in the statistical analysis. We calculated pooled 
effect size (forest plot figure 1 supplementary materials) and 
results showed that headache was associated with increased 
of risk of Alzheimer’s disease (OR = 2,07; p = 0,00; 95% 
CI: 1,57–2,72). The analysis of  I2 index showed high levels 
of heterogeneity  (I2 = 85,4%) and high levels of publication 

Fig. 4  Moderator analysis. Figure 4 shows the conducted moderator analysis. We can observe significant direct relation between percentage of 
migraineurs patients and the effect size
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bias (results of Egger’s Regression-based Test: Coeffi-
cient = 0,563; SE = 0,1900; t = 2,961; p = 0,031; 95% CI: 
0,074–1,051) (funnel plot figure 2 supplementary materials).

To also evaluate the risk of Alzheimer’s Disease in 
migraine patients we performed a sub-analysis of the stud-
ies reporting data about risk of Alzheimer’s Disease in 
migraineurs. We included four studies [28, 31, 33, 38] in 

the meta-analysis. We calculated pooled effect size (forest 
plot figure 3 supplementary materials) and results showed 
that migraine was associated with a moderate increased 
of risk of Alzheimer’s Disease (OR = 2,00; p = 0,00; 95% 
CI: 1,46–2,75). The analysis of  I2 index showed high lev-
els of heterogeneity  (I2 = 87,4%) and low levels of pub-
lication bias (results of Egger’s Regression-based Test: 

Fig. 5  Forest plot of the association between migraine and dementia. Figure 5 shows the forest plot of the association between migraine and 
dementia, divided into 3 groups, based on study designs: case-controls, prospective cohorts, retrospective cohorts

Fig. 6  Funnel plot of the studies 
investigating the association 
between migraine and dementia. 
Figure 6 shows the funnel plot 
of the studies investigating the 
association between migraine 
and dementia, based on study 
designs: case-controls, prospec-
tive cohorts, retrospective 
cohorts
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Coefficient = 0,284; SE = 0,2029; t = 1,400; p = 0,296; 95% 
CI: -0,589–1,157) (funnel plot figure  4 supplementary 
materials).

Association between Vascular Dementia 
and headache

To evaluate the risk of Vascular Dementia in patients with 
primary headaches we performed a meta-analysis consider-
ing only studies reporting data about patients with Vascu-
lar Dementia. We included eight studies [27, 28, 31, 33, 
38, 43–45] in the statistical analysis. We calculated pooled 
effect size (forest plot figure 5 supplementary materials) and 
results showed that headache was associated with increased 
of risk of Vascular Dementia (OR = 1,31; p = 0,00; 95% 
CI: 1,18–1,45). The analysis of  I2 index showed low lev-
els of heterogeneity  (I2 = 0%) and high levels of publica-
tion bias (results of Egger’s Regression-based Test: Coef-
ficient = 0,306; SE = 0,0832; t = 3,678; p = 0,010; 95% CI: 
0,102–0,510) (funnel plot figure 6 supplementary materials).

To also evaluate the risk of Vascular Dementia in 
migraine patients we performed a sub-analysis of the 
studies reporting data about risk of Vascular Dementia in 
migraineurs. We included six studies [27, 28, 31, 33, 38, 43] 
in the meta-analysis. We calculated pooled effect size (forest 
plot figure 7 supplementary materials) and results showed 
that migraine was associated with a moderate increased 
of risk of Vascular Dementia (OR = 1,31; p = 0,00; 95% 
CI: 1,17–1,47). The analysis of  I2 index showed low lev-
els of heterogeneity  (I2 = 0%) and high levels of publica-
tion bias (results of Egger’s Regression-based Test: Coef-
ficient = 0,341; SE = 0,0870; t = 3,916; p = 0,017; 95% CI: 
0,099–0,582) (funnel plot figure 8 supplementary materials).

Discussion

In our meta-analysis we found that primary headaches are 
associated with a small increase in dementia risk. Analyzing 
subgroups of headache patients, we found that only migraine 
was associated with a moderate increased risk of both all-
cause dementia and Alzheimer’s disease. This association 
was significant in both case–control and retrospective cohort 
studies but not in prospective studies. Our data are in accord 
with four previously published meta-analyses that found a 
similar increased risk for dementia in patients with a positive 
history for migraine [14–17]. However, in comparison with 
previous studies, we included a large sample of examined 
individuals and we examined both case–control and cohort 
studies showing than only case–control and retrospec-
tive cohort studies clearly support an association between 
migraine and dementia.

The association between migraine and dementia is still 
matter of intensive debate. In a recent paper, Vassallo et al. 
examined in details all the criticisms related to the studies that 
investigated such interesting but complex association [46]. 
First of all, frequently the term “headache” and “migraine” 
are used incorrectly and secondary headaches are often not 
ruled out. In our study, we selected patients with an ICHD-3 
diagnosis of “primary headache” in order to avoid such mis-
classification. Then, the temporal distance between the onset 
of primary headaches and dementia may significantly influ-
ence the study of such association. Data collection regarding 
the frequency as well as the severity of migraine attacks is still 
a major problem for the study of the association. Finally, they 
observed that there is no clear biological explanation for the 
association between migraine and dementia.

Several, different pathogenetic mechanisms may explain 
the association observed between headache and dementia. 
First of all, many studies have clearly shown that patients with 
headaches are at significantly increased risk of developing 
depression [47] while depression is a well-known risk factor 
for cognitive impairment and dementia [48], and this associa-
tion is explained by an overlap of common genetic risk factors 
[49]. It is of interest to note that subjects carrying mutations in 
the presenilin-1 gene, a gene responsible of early-onset Alz-
heimer’s disease, frequently complained of headache even in 
the pre-symptomatic phase of the disease [50].

Then, both primary headaches and dementia have been 
associated with several vascular risk factors, such as hyperten-
sion, diabetes and dyslipidemia [51, 52]. Altered insulin resist-
ance have been described in both primary headaches [53] and 
dementia [54] and may represent a common link between these 
diseases. Of particular interest is the recently developed con-
cept of brain insulin resistance, a condition characterized by 
altered insulin signaling in the central nervous system. Insulin 
receptors have been found ubiquitously in the brain and their 
expression is high in select regions such as the cerebellum, cor-
tex, and hypothalamus. Insulin influences cerebral metabolism, 
increases turnover of neurotransmitters, such as dopamine, and 
its signaling is important for mitochondrial functioning. There-
fore, altered insulin transport across the blood brain barrier as 
well as altered insulin receptor expression may explained the 
increased risk of developing cognitive impairment in patients 
suffering from primary headaches.

Finally, the presence of neuroinflammation is a common 
feature of dementia. Reactive microgliosis, release of several 
proinflammatory cytokines, oxidative damage and mitochon-
drial dysfunction are associated with the pathogenesis of 
Alzheimer’s disease and related dementia [55]. Recently, 
the role of neuroinflammation has been investigated also in 
patients with migraine. Several cytokines, including tumor 
necrosis factor alpha, interleukin 1, and adiponectin, have 
been implicated in the pathogenesis of migraine. In addi-
tion, studies in experimental animals have demonstrated that 
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immunological responses are involved in the pathogenesis 
of migraine [56]. Therefore, repeated headache attacks may 
activated neuroinflammatory mechanisms predisposing the 
brain to neurodegeneration.

Our study has certain limitations. While the diagnoses of 
primary headaches or migraine relates to the well validated 
criteria of the International Headache Society [57], several 
different diseases may be characterized by dementia. For 
example, the diagnosis of Alzheimer’s disease may be per-
formed using only clinical [58] or biological [59] criteria. 
Therefore, the clear association with a specific dementia 
subtype still needs additional studies. Furthermore, we did 
not include covariate analysis in this meta-analysis. How-
ever, the number of patients included in the meta-analysis is 
very high, making the conclusions of this study reliable and 
supporting the need of additional investigations.

In conclusion, our study further supports the presence of 
a significant association between primary headaches and the 
risk for developing dementia in advanced age. This associa-
tion seems to be of particular relevance between migraine 
and Alzheimer’s disease. However, relationship between 
primary headaches and dementia needs further, detailed 
investigations. Indeed, the fact that most of the included 
prospective studies do not confirm this association might 
raise the suspicion of the existence of confounding variables.
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