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Abstract

Objectives To conduct a comprehensive systematic review and meta-analysis to explore the correlation between migraine
and the risk of dementia.

Methods The PubMed, EMBASE, and Cochrane library databases were searched systematically. We selected cohort studies
(prospective and retrospective) and case—control studies that reported migraine in patients with dementia, including vascular
dementia. The pooled effects were analyzed to evaluate relative risk with 95% confidence intervals.

Results In total, nine studies (two case—control and seven cohort studies) including 291,549 individuals were identified. These
studies indicated that people with migraine (relative risk=1.33; 95% confidence interval: 1.16-1.53) have an increased risk
of all-cause dementia. Additionally, the pooled results of four studies showed that migraine is associated with an increased
risk of vascular dementia (relative risk =1.85; 95% confidence interval: 1.22-2.81; P=0.004).

Conclusions Data from observational studies suggest that migraine may be a risk factor for dementia, particularly vascular
dementia. More studies are warranted to explore the association between migraine and dementia and the potential common

pathophysiological mechanisms.
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Introduction

Migraine is a chronic primary paroxysmal headache, which
is mainly characterized by symptoms related to the nervous
system, and is accompanied by gastrointestinal and auto-
nomic symptoms [1]. According to a 2016 study, approxi-
mately 1 billion people worldwide experience migraine
every year [2], and the World Health Organization con-
siders migraine as one of the most disabling illnesses [3].
The prevalence peak is reached between the ages of 30 and
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39 years, while the lowest prevalence occurs in individuals
over 60 years of age [4]. Migraine affects an individual’s
work efficiency and thus negatively affects the economy [5,
6]. Dementia is a common cognitive disorder in the elderly,
with a high disability rate [7]. Its etiology includes primary
neurological diseases, neuropsychiatric diseases, and other
diseases [8]. In the process of disease development, slow
progressive memory loss and cognitive impairment may
occur, resulting in the inability to carry out personal daily
activities and loss of social skills [8, 9]. Importantly, the risk
of dementia doubles every year after an individual reaches
65 years of age [10]. Aging, genetic characteristics, and sys-
temic vascular disease are the main risk factors for dementia
[11].

Alzheimer’s disease (AD) is the most common neurode-
generative cause of dementia in middle-aged or older indi-
viduals. Among individuals 65 years of age and older, the
prevalence of AD is 5-6%, and among people over 85 years
of age, the incidence is as high as 30% [12]. Cerebrovascu-
lar diseases of different etiologies are common causes of
cognitive impairment. Vascular dementia (VaD) may be the
second leading cause of dementia after AD. It is defined as
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a vascular cognitive impairment leading to the loss of daily
function [8, 13, 14]. VaD has some common risk factors with
cerebrovascular diseases, such as hypertension, diabetes,
hypercholesterolemia, and coronary heart disease, among
others [15-18].

Although the pathogenesis of migraine and dementia is
not well understood, several potential mechanisms have been
identified, including vascular disease, increased amyloid
plaque formation, and structural cerebral changes concern-
ing overlapping pain and memory networks [19]. In particu-
lar, some studies have found that migraine patients with poor
vascular conditions have a higher risk of ischemic stroke
[20]. In addition, many studies have shown that migraine and
cognitive impairment have a number of common risk factors,
such as clinically silent brain lesions, white matter abnor-
malities, subclinical infarct-like lesions, and volumetric cer-
ebral changes [21, 22]. Therefore, in this meta-analysis, we
aimed to study the relationship between migraine and the
incidence rate of dementia.

Materials and methods
Methods and search strategy

The present meta-analysis was conducted in accordance
with the criteria reported by the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses group. The
study did not require ethics committee approval because of
its non-experimental design and search strategy. PubMed,
EMBASE, and Cochrane Library databases were system-
atically searched by two independent reviewers (WJ and
GHL) for eligible studies published from the inception of
these databases to May 1, 2021 (Supplemental Table 1). The
accepted language of publication was restricted to English.
The reference list of eligible studies was reviewed to identify
additional articles. After excluding clearly irrelevant articles,
the authors examined the full text of the selected articles and
determined the exact list of literature to be included in the
present meta-analysis. The authors resolved disagreements
by means of discussion.

Assessment of eligibility

A study was eligible if it fulfilled the following criteria: (1)
the exposure of interest, migraine, was reported with a clear
definition of the diagnostic criteria; (2) the endpoint of inter-
est was the incidence of dementia, regardless of the type;
and (3) the relative risk (RR), hazard ratio (HR), or odds
ratio (OR) and the corresponding 95% confidence interval
(CI) of total or specific dementia related to the experience of
migraine were reported or could be calculated from the data
provided. If a further classification of dementia was included
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in a final screened study, data on the RR and 95% CI were
collected. We excluded studies in which the exposure of
interest was not migraine but other types of headache or the
endpoint of interest was not dementia. We also excluded
studies that investigated the relationship between migraine
and the risk of dementia but did not report the required data
or in which the risk of dementia could not be calculated from
the data provided. Duplicate studies were removed. Reviews,
case reports, and meta-analyses were also excluded. Two
reviewers independently performed the study selection.

Data extraction

Data extraction was performed independently by two inves-
tigators. The following information was extracted from the
included studies: the first author, publication year, country,
follow-up year, population age range, number of cases, study
design, RR or adjusted RR (if possible) with 95% CI, type of
dementia, and adjusted factors. Discrepancies were resolved
between the two investigators, if necessary, by discussion
with a third investigator.

Quality assessment

Quality assessment of all included studies was performed
according to the Newcastle—Ottawa scale, which is a vali-
dated scale for the assessment of non-randomized stud-
ies in meta-analyses. Scores ranged from 0 to 9 for cohort
studies, with higher scores indicating studies of a higher
quality. Studies with a score of 6 or higher were defined as
high-quality studies. Studies that scored between 0 and 5
were regarded as low quality. Two reviewers independently
evaluated the quality of the included studies.

Statistical analyses

Stata software version 12.0 (StataCorp LLC., College Sta-
tion, TX, USA) was used to conduct all statistical analyses.
The OR of the case—control study was close to the RR of
the cohort study, while the incidence of dementia was rela-
tively low [23]; therefore, we also considered the HR value
as the RR value. We weighted logarithmic RRs to obtain
a pooled measure of the RRs. The RR with 95% CI was
calculated as the effect size of dementia. Cochran’s Q test
and the I statistic were used to evaluate the heterogeneity
across studies. P <0.1 or I*>50% indicates significant het-
erogeneity. If there was heterogeneity in the data, we used
the random effect model and conducted subgroup analysis
according to the type of study and sample size to explore the
potential source of heterogeneity; otherwise, we used the
fixed effect model. Sensitivity analysis was also conducted
to test the stability of the results by removing one study at
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a time. Publication bias was tested by Begg’s rank test and
Egger’s regression.

Results
Search results and study characteristics

We initially retrieved 2551 articles from PubMed, 13,593
from Embase, and 8871 from Cochrane Library (Fig. 1).
After excluding 3001 duplicates, the titles and abstracts
of 22,014 citations were screened, of which 21,969 were
excluded mainly because they did not comprise original
observational studies or were not relevant to migraine and
dementia. After a full-text review of the remaining 45 arti-
cles, 36 were excluded for various reasons.

A final total of nine eligible studies were included in the
present meta-analysis [9, 24-31]. Of these, two [26, 28] were
case—control, four [24, 25, 29, 30] prospective, and three [9,
27, 31] retrospective studies. The sample sizes of the studies
were as follows: three [25, 26, 28] included > 30,000, three
[9, 24, 31] included between 10,000 and 30,000, and three

[27, 29, 30] included < 10,000 participants. Only one article
[26] classified migraine as with or without aura. Four arti-
cles [9, 25, 29, 31] divided the exposure factors of dementia
into all-cause dementia and VaD. Of the nine references that
were included, only eight were graded because the remain-
ing one was a conference abstract. Most included studies
had a quality score > 6 according to the Newcastle—Ottawa
Scale, indicating good quality in general. The main basic
characteristics and quality assessment of the included studies
are summarized in Supplemental Table 2.

Migraine and the risk of all-cause dementia

The nine included studies assessed the association between
any type of migraine and the risk of all-cause dementia.
The results of a random effects model that incorporated all-
cause risk estimates associated with migraine are shown
(Fig. 2). Of the nine studies that reported an association
between migraine and the risk of dementia, seven reported
a significant association of interest, while two suggested no
significant association. Overall, a history of migraine was
associated with an increased risk of all-cause dementia

Fig. 1 Process of study identi-

fication Studies identified from pubmed

(n=2551)

Studies identified from Embase
(13593)

Studies identified from Cochrane
Library (8871)

Articles for first screen (n=22014) 4.{ Duplicates excluded (n=3001)

Articles excluded after first
screening by tities and abstracts
mainly because they were not
original observational studies or
not relevant (n=21969)

Articles for full-text screening
(n=45)

*Non-English articles (n=1)
*The exposure of interest was
not migraine (n=8)

*The endpoint of interest was
not the incidence of dementia
(n=11)

Eligible studies finally included
(n=9)

*Required information or data
were not provided (n=16)

—
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Fig.2 Forest plot of the asso-
ciation between migraine and
the risk of all-cause dementia.
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(RR=1.33;95% CI: 1.16-1.53; P<0.001); however, there
was considerable heterogeneity (I =82.1%; P <0.001).

Subgroup analysis based on study type

Foremost, we performed a subgroup analysis according to
the study type, and the results showed that case—control
(RR=1.20; 95% CI: 1.11-1.28; P <0.001; I*=89.7%) and
retrospective cohort designs were significant (RR =1.40;
95% CI: 1.29-1.52; P<0.001; >=79.5%), while other pro-
spective study types were not significant (RR=1.11, 95%
CI: 0.99-1.25; P=0.07; 12=74.O%). However, after sub-
group analysis, the heterogeneity in each group remained
considerable (Fig. 3).

Subgroup analysis based on sample size

A subgroup analysis was conducted according to the sam-
ple size (< 10,000; 10,000-30,000; and > 30,000), and the
results showed minimal change in heterogeneity (Fig. 4).
Subgroup analyses based on sample size were conducted
with the purpose of exploring population changes. All the
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groups were effectual, although the heterogeneity in each
group remained significant.

Sensitivity analysis

We performed a sensitivity analysis by removing one study
at a time, with the aim of assessing the influence of each
included study on the overall results. We observed that none
of the individual studies had an evident impact on the pooled
effect size (Fig. 5). Therefore, the results of the present
meta-analysis are reliable and stable.

Publication bias

A funnel plot indicating the association between migraine
and dementia is shown in Fig. 6. In general, no obvious
publication bias was observed in our meta-analysis. Con-
sidering the small number of studies that were included and
subjective differences in funnel plots, we conducted another
study using Begg’s rank test and Egger’s regression test. The
results showed that there was no obvious publication bias in
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this meta-analysis based on Begg’s (P=0.243) and Egger’s
(P=0.379) tests.

Migraine and the risk of VaD

In this meta-analysis, two studies investigated the association
between migraine and the risk of AD, and four investigated
the association between migraine and the risk of VaD. Since
only two AD studies were included, we merged the effect
values of VaD (Fig. 7). Pooled results showed that migraine
was associated with an increased risk of VaD (RR =1.85;
95% CI: 1.22-2.81; P=0.004; I’ =0%).

Discussion

Our meta-analysis of nine studies (cohort and case—con-
trol studies) involving 291,549 participants showed that
compared with individuals who have never experienced
migraine, those who did experience migraine had a sig-
nificantly increased risk for dementia (RR=1.33; 95% CI:
1.16-1.53; P<0.001). All nine studies were adjusted for sex,
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and eight were adjusted for age. Unfortunately, the original
data of Pavlovic et al.’s study were not available. Neverthe-
less, we were able to determine that migraine was associated
with an increased risk of VaD. These conclusions are con-
sistent with the conclusions of the large prospective cohort
studies that were included in this study [25, 29].

There are several common mechanisms between the
pathogenesis of migraine and dementia, suggesting that
migraine may increase the risk of dementia. First, the
most accepted mechanism is that vascular risk factors such
as hypertension, diabetes, and stroke are risk factors for
dementia, including VaD [32, 33]. These vascular risk fac-
tors are strongly interlinked with migraine; they can lead
to migraine, which can also lead to cardiovascular and cer-
ebrovascular diseases [34, 35]. Second, white matter hyper-
intensities are more prevalent in people with migraine, par-
ticularly those experiencing migraine with aura, than in the
general population. This is relevant because white matter
hyperintensities are also associated with an increased risk
of dementia [20, 36]. Third, depression and mood disorders
may also be linked to migraine and dementia. Several studies
have reported that migraine is associated with an increased
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risk of depression or other mood disorders. Additionally,
depression and stress are associated with an increased risk
of dementia [37, 38], and these factors influence the occur-
rence and progression of dementia [39]. Lastly, in terms of
brain imaging, there are similar underlying pathophysiologi-
cal mechanisms involved in migraine and dementia, such as
inflammation or reduced blood flow to the brain [40, 41].
Migraine has been reported as a risk factor for stroke [42].
Stroke is an important risk factor for VaD and also a diag-
nostic criterion for VaD [40, 43]. Therefore, we cannot rule
out the potential mediating role of stroke in the association
between migraine and VaD. Despite the seemingly reasona-
ble explanation, several studies have demonstrated that there
is no correlation between migraine and VaD [27, 31, 44, 45],
and whether stroke is just an intermediate variable remains
to be determined. Studies have shown that genetic factors
may also be related to the cognitive impairment caused by
migraine. Previous studies involving chromosomes 1 and 19,
as well as presenilin-1 mutations associated with familial
AD, suggest a link between migraine and dementia [46, 47].
Although in our study we did not analyze the relationship
between migraine and AD because of insufficient available
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data, previous studies have reported conflicting conclusions:
one large prospective cohort study indicated that migraine is
arisk factor for AD [29], whereas several other studies have
reported no such association [25, 48, 49]. For VaD, an asso-
ciation with migraine was consistent with some [25] but not
all previous reports [31, 45]. Study design as well as popula-
tion size and age range may contribute to these contradictory
conclusions. Diagnostic criteria for exposures and outcomes
may also affect whether a significant relationship between
migraine and dementia is found. In addition, the significant
association with dementia may reflect bias because individu-
als with migraine may be more likely to seek medical care
and thus more likely to be diagnosed as having dementia.
Wang et.al recently published a meta-analysis suggesting
that migraine is associated with an increased risk of all-
cause dementia [50], the research methods and conclusions
of our two research groups are somewhat different. First,
this published study included cohort studies only, and we
have more case—control studies. Despite the inclusion of
case—control studies, our pooled results analysis indicated
that the results were reliable and there was no significant
publication bias. Second, they included a smaller number
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of literature, they concluded that there was no association
between migraine and VaD when combined effect values.
Funnel plot However, we included four articles and reached the opposite
oA conclusion. Due to the low heterogeneity, we believe that the
o | result is relatively reliable. The debate on the possible causal
U o relationship between migraine and AD or VaD will continue
= 0 . in the future. Unlike a previous meta-analysis on headache
o ’ and dementia [19], we also included case—control studies
g il and divided cohort studies into prospective and retrospective
§ ' studies. The results of case—control and retrospective cohort
§ analyses were credible, while those of the prospective study
D | type were not significant. Considering that the number of
reported studies with related outcomes was small, we sug-
° gest that the result was inconclusive; thus, more prospective
g : studies are warranted. A cohort study would provide stronger
T 1 | T evidence than a case—control study, while a retrospective
-5 0 ES 5 1 cohort design may have more confounding factors and biases
than a prospective design. Therefore, more prospective stud-
Pseudo 95% CI @ Studies ies are warranted to confirm the link between migraine and
Estimated 9;\/ dementia.

Fig. 6 Funnel plot of log relative risk vs. standard error of log relative
risks for migraine and the risk of all-cause dementia. ES effect size

Our study is meaningful because it provides further evi-
dence of the correlation between migraine and dementia,
including VaD. In the future, our findings can be utilized to
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Fig. 7 Forest plot of the asso-
ciation between migraine and
the risk of vascular dementia.
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better understand the common pathophysiological mecha-
nisms of migraine and dementia, which will help determine
the type of treatment that may mitigate the risk of dementia.

Limitations

Our meta-analysis has some limitations. First, several
included studies were case—control studies, which are prone
to recall bias. The patients’ headache recall may be inac-
curate and may lead to an incorrect diagnosis of migraine.
Second, heterogeneity persisted in our study. Third, migraine
and dementia require a long follow-up period; however, due
to the characteristics of the included studies, some patients
had no follow-up, and some studies did not clearly provide
a specific follow-up duration. Therefore, we could not infer
a temporal relationship between the onset of migraine and
diagnosis of dementia from these studies.

In conclusion, our results suggest that migraine is asso-
ciated with an increased risk of all-cause dementia and
VabD. This brief review suggests that patients with migraine
may develop dementia and VaD. Given that many migraine
patients have common risk factors with dementia, physicians
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must be vigilant and effectively intervene in high-risk groups
to prevent the development of these risk factors where
possible.
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