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Increased risk of neurodegenerative dementia in
women with migraines
A nested case–control study using a national sample cohort
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Abstract
The present study aimed to evaluate the association between migraines and dementia.
Data were collected from 11,438 dementia participants who were 1:4 matched by age, sex, income, region of residence,

hypertension, diabetes, and dyslipidemia with 45,752 controls from the Korean National Health Insurance Service-National Sample
Cohort from 2002 to 2013. Dementia was diagnosed using the International Classification of Disease-10 (ICD-10) codes (G30 or
F00). For the integrity of diagnoses, we included only participants ≥60 years old who had been diagnosed with an ICD-10 code twice
or more during ambulatory visits for the same episode. For migraine (ICD-10 code, G43), we included participants who had visited
outpatient clinics twice or more for the same episode. In both dementia and control groups, a previous history of migraine was
investigated.
Approximately 7.7% (881/11,438) of patients in the dementia group and 6.3% (2888/45,752) of those in the control group had a

history of migraine (P< .001). The crude and adjusted odds ratios (ORs) for migraine with dementia was 1.22 (95% confidence
interval [CI]= 1.13–1.32, P< .001) and 1.13 (95%CI= 1.05–1.23, P= .002), respectively. In the subgroup analyses according to age
and sex, women demonstrated a significantly higher adjusted OR for migraine with dementia, whereas men did not exhibit an
association between migraine and dementia.
In a nested case–control study using a national sample cohort, migraine increased the risk of dementia in women.

Abbreviations: CIs = confidence intervals, HR = hazard ratio, ICD-10 = International Classification of Disease-10, NHIS =
National Health Insurance Service, OR = odds ratio.
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1. Introduction

Migraine is a neurological condition characterized by recurrent
episodes of a pulsating headache that is most often unilateral and
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is sometimes accompanied by visual or sensory symptoms,
namely, aura.[1] Migraine is a common type of headache disorder
that affects millions of people of all ages worldwide, with an
incidence ranging from 5% to 15%.[2] In Korea, the estimated
incidence is 6.1%.[3] Migraine has been considered a disorder of
the brain excitatory–inhibitory balance and trigeminovascular
nociception.[4] Although the exact mechanism remains unclear,
migraineurs often exhibit functional and structural changes in
their brains,[5,6] which have been suggested to increase the risk of
cognitive impairments. In addition to neural changes at the
cortical level, white-matter abnormalities and silent infarcts may
occur in relation to both migraine and dementia. Previously, a
large population-based case–control study from Taiwan reported
that relative to nonmigraine control participants, migraineurs
had an increased risk of any kind of dementia.[7]

Dementia is a commonneurodegenerative disease that primarily
affects geriatric individuals. Various regions of the brain can
deteriorate depending on the type and stage of dementia, resulting
in broad cognitive impairments, such as memory loss and inability
to perform daily activities.[8] Given that the number of people with
dementia is expected to reach 75 million by 2030 and 131 million
by 2050 as global average life expectancy increases,[9] the burden
of dementiamayhave an increasing economic impact and impose a
psychological strain upon society.[10] Thus, the identification of
modifiable risk factors related todementiamaybekey toprevent its
development.
Despite increasing evidence of potential biological mechanisms

linking migraine and cognitive decline,[11,12] few epidemiological
studies investigating the association between migraine and
dementia have been reported to date. Herein, we conducted a
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nested case–control study of a nationwide population cohort to
ascertain the association between these 2 neurological conditions.
In this study, the prevalence of prior migraines was evaluated in
patients diagnosed with dementia and compared with that in
control individuals matched by age, sex, income, region of
residence, and past medical history of hypertension, diabetes, and
dyslipidemia. Additionally, we performed subgroup analyses
according to age and sex.
2. Materials and methods

2.1. Study population and data collection

The Ethics Committee of Hallym University (2014-I148)
approved the use of the study data. Written informed consent
was waived by the institutional review board.
This national cohort study relied on data from the Korean

National Health Insurance Service (NHIS)-National Sample
Cohort. The KoreanNHIS selects samples directly from the entire
population database to minimize nonsampling errors. Approxi-
mately 2%of the samples (1million) were selected from the entire
Korean population (50 million). These data can be classified
according to 1476 levels (age [18 categories], sex [2 categories],
and income level [41 categories]) using randomized stratified
systematic sampling methods via proportional allocation to
represent the entire population. After data selection, the
appropriateness of the sample was verified in a previous
study.[13] The details of the methods used to perform these
procedures have been provided by the National Health Insurance
Sharing Service.[14] This cohort database included
(1)
(2)
personal information,
health insurance claim codes (procedures and prescriptions),
(3)
 diagnostic codes using the International Classification of

Disease-10 (ICD-10),
death records from the Korean National Statistical Office
(4)

(using the Korean Standard Classification of disease),
socioeconomic data (residence and income), and
(5)

(6)
 medical examination data for each participant over a period

ranging from 2002 to 2013.

Because all Korean citizens are recognized by a 13-digit
resident registration number from birth to death, exact
population statistics can be determined using this database.
It is mandatory for all Koreans to enroll in the NHIS. All
Korean hospitals and clinics use these 13-digit resident
registration numbers to register individual patients in the
medical insurance system. Therefore, the risk of overlapping
medical records is minimal, even if a patient changes
residences. Moreover, all medical treatments in Korea can
be tracked without exception using the Health Insurance
Review and Assessment system. In Korea, a notice of death
must be provided to an administrative entity before a funeral
can be held. The cause and date of death are recorded by
medical doctors on a death certificate.
2.2. Participant selection

We designed a nested case–control study to ascertain the
association of migraine with dementia. From a total of
1,125,691 patients with 114,369,638 medical claim codes, we
selected participants who were diagnosed with dementia.
Dementia was defined as diagnoses of Alzheimer disease (G30)
or dementia in Alzheimer disease (F00). To reduce the inclusion
2

of patients with incorrect diagnoses, we only selected participants
who were treated ≥2 times. The reliability of the diagnosis of
dementia is described in the supplement (S1), http://links.lww.
com/MD/C820.
Migraine was diagnosed using the ICD-10 code G43. We

included participants with a migraine who had visited an
outpatient clinic twice or more for the same episode (n=45,587).
The dementia participants were matched 1:4 with control

participants (control group) who had never been diagnosed
with dementia from 2002 to 2013 from this cohort. The control
group participants were selected from the mother population
(n=1,112,589). They were matched by age, sex, income, region
of residence, and past medical history (hypertension, diabetes,
and dyslipidemia). To prevent selection bias when selecting
matched participants, the control group participants were
sorted using randomly generated numbers and then selected in
numerical order. It was assumed that each matched control
participant was involved at the same time as each matched
dementia participant (index date). Accordingly, control group
participants who died before the index date were excluded.
Dementia participants for whom we could not identify enough
matching participants were also excluded (n=1152). We
excluded participants who were younger 60 years old because
of the rare incidence of dementia in younger populations (n=
512); furthermore, in young populations, dementia often has a
specific underlying etiology. Finally, 1:4 matching resulted in
the inclusion of 11,438 dementia participants and 45,752
control participants. However, the participants were not
matched for ischemic heart disease or cerebral stroke history
because such strict matching increased the exclusion of
dementia participants due to a lack of control participants.
After matching, we analyzed previous histories of migraine in
both dementia and control groups (Fig. 1).

2.3. Variables

Six age groups were established: 60 to 64 . . . , and 85+ years old.
The income groups were initially divided into 41 classes (1 health
aid class, 20 self-employment health insurance classes, and 20
employment health insurance classes). These groups were
recategorized into 5 classes (class 1 [lowest income]–5 [highest
income]). Participants’ regions of residence were divided into 16
areas according to administrative districts. These regions were
regrouped into urban (Seoul, Busan, Daegu, Incheon, Gwangju,
Daejeon, and Ulsan) and rural (Gyeonggi, Gangwon, Chung-
cheongbuk, Chungcheongnam, Jeollabuk, Jeollanam, Gyeong-
sangbuk, Gyeongsangnam, and Jeju) areas.
Participants’ prior medical histories were evaluated using ICD-

10 codes. To ensure the accuracy of the diagnoses, hypertension
(I10 and I15), diabetes (E10-E14), or dyslipidemia (E78) was
regarded as present if a participant was treated for the condition
≥2 times. Ischemic heart disease (I24 and I25) or cerebral stroke
(I60-I66) was regarded as present if a participant was treated ≥1
time.
2.4. Statistical analyses

Chi-square tests were used to compare the rates of general
characteristics between dementia and control groups.
To analyze the odds ratio (OR) for migraine with dementia,

conditional logistic regression analyses were used. Crude (simple)
and adjusted (ischemic heart disease, and stroke) models were
constructed, and 95% confidence intervals (CIs) were calculated.
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Figure 1. Schematic illustration of the participant selection process in the present study. Out of a total of 1,125,691 participants, 11,438 dementia participants
were matched with 45,752 control participants by age, sex, income, region of residence, and past medical history.
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In these analyses, age, sex, income, region of residence,
hypertension, diabetes, and dyslipidemia were stratified. For
the subgroup analyses, we divided the participants by age (<70
years old and ≥70 years) and sex (male and female).
Two-tailed analyses were conducted, and P values less than .05

were considered to indicate significance. The results were
statistically analyzed using SPSS v. 22.0 (IBM, Armonk, NY).
3. Results

The mean duration frommigraine to index date was 58.6 months
(standard deviation [SD]=37.1) in dementia participants, and
60.8 months (SD=36.4) in the control group. The rate of prior
migraine in the dementia group (7.7% [881/11,438]) was higher
than that in the control group (6.3% [2888/45,752], P< .001,
Table 1). The general characteristics (age, sex, income, region of
residence, and history of hypertension, diabetes, or dyslipidemia)
of the participants were the same between the 2 groups due to the
matching procedure (P=1.000). The rates of ischemic heart
disease and cerebral stroke were higher in the dementia group
than in the control group (each P< .05).
The crude and adjusted ORs for migraine were 1.22 times

(95% CI=1.13–1.32) and 1.13 times (95% CI=1.05–1.23)
higher, respectively, in the dementia group than in the control
group (each P< .05, Table 2).
In the subgroup analyses performed according to age and sex,

the crude and adjusted ORs for migraine with dementia were
higher for women than for men in both the <70-year-old and
≥70-year-old age groups (each P< .05, Table 3). The adjusted
OR was 1.35 (95% CI=1.08–1.68) for women <70 years old
and 1.12 (95% CI=1.02–1.23) for women ≥70 years old.
However, the crude and adjusted ORs for migraine with
dementia did not reach statistical significance in men.
3

4. Discussion

In this study, the risk of dementia increased in patients with a
history of migraine even after matching and adjusting for age,
sex, income, region of residence, and past medical history of
hypertension, diabetes, and dyslipidemia. The subgroup analyses
according to age and sex showed a significantly increased risk of
dementia among female patients with migraine. Interestingly,
women <70 years old demonstrated the highest association
between migraine and dementia, with an adjusted OR of 1.40.
Dementia, which is characterized by progressive cognitive

decline, is a complex disorder influenced by the interplay between
genetic and environmental factors[15]; therefore, multifactorial
intervention has been proposed for the prevention of demen-
tia.[16] In addition to lifestyle modifications and pharmacological
treatments, the management of comorbidities may be crucial for
reducing the dementia-related socioeconomic burden.[17] Given
that migraines are prevalent in Korea, our findings may provide a
novel way to prevent dementia by managing migraines,
particularly in women >60 years old. In accordance with the
findings of the present study, a previous epidemiologic study in
Taiwan reported an association between migraine and dementia
(hazard ratio: 1.33, 95% CI=1.22–1.46).[7] Notably, pretreat-
ment with traditional Chinese medicine that exerts neuro-
protective and antioxidant effects in patients with migraine
significantly decreased the risk of dementia in patients aged 70 to
79 years, suggesting a causal relationship between migraine and
dementia.[18]

Although there have been incongruent results with respect to
cognitive decline during migraine attacks,[19,20] a recent
systematic review demonstrated a consistent pattern of neuro-
psychological impairments, including abnormal executive func-
tion, language, and psychomotor activities.[21] Cognitive
deterioration has been shown to be associated with the duration,
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Table 1

General characteristics of participants.

Total participants

Characteristics
Dementia
(n, %)

Control group
(n, %) P-value

Age, yr old 1.000
60–64 580 (5.1) 2320 (5.1)
65–69 1289 (11.3) 5156 (11.3)
70–74 2325 (20.3) 9300 (20.3)
75–79 2979 (26.0) 11,916 (26.0)
80–84 2703 (23.6) 10,812 (23.6)
85+ 1562 (13.7) 6248 (13.7)

Sex 1.000
Male 3657 (32.0) 14,628 (32.0)
Female 7781 (68.0) 31,124 (68.0)

Income 1.000
1 (lowest) 2881 (25.2) 11,524 (25.2)
2 1027 (9.0) 4108 (9.0)
3 1375 (12.0) 5500 (12.0)
4 1885 (16.5) 7540 (16.5)
5 (highest) 4270 (37.3) 17,080 (37.3)

Region of residence 1.000
Urban 4615 (40.3) 18,460 (40.3)
Rural 6823 (59.7) 27,292 (59.7)

Hypertension 1.000
Yes 8307 (72.6) 33,228 (72.6)
No 3131 (27.4) 12,524 (27.4)

Diabetes mellitus 1.000
Yes 4059 (35.5) 16,236 (35.5)
No 7379 (64.5) 29,516 (64.5)

Dyslipidemia 1.000
Yes 3550 (31.0) 14,200 (31.0)
No 7888 (69.0) 31,552 (69.0)

Ischemic heart disease <.001
∗

Yes 1696 (14.8) 5998 (13.1)
No 9742 (85.2) 39,754 (86.9)

Cerebral stroke <.001
∗

Yes 5511 (48.2) 11,393 (24.9)
No 5927 (51.8) 34,359 (75.1)

Migraine <.001
∗

Yes 881 (7.7) 2888 (6.3)
No 10,557 (92.3) 42,864 (93.7)

∗
Chi-square test, Significance at P< .05.

Table 2

Crude and adjusted odds ratio (95% confidence interval) for
migraine in dementia.

ORs of migraine

Characteristics Crude P-value Adjusted† P-value

Dementia 1.22 (1.13–1.32) <.001
∗

1.13 (1.05–1.23) .002
∗

Control 1.00 1.00

ORs= odds ratios.
∗
Odd ratios on conditional logistic regression model which were stratified for age, sex, income, region

of residence, hypertension, diabetes, and dyslipidemia. Significance at P< .05.
† Adjusted model for ischemic heart disease, and cerebral stroke.

Table 3

Crude and adjusted odds ratio (95% confidence interval) for migrain

Characteristics Crude

Age <70 yr old, men (n=3795)
Dementia 1.24 (0.79–1.93)
Control 1.00

Age <70 yr old, women (n=5550)
Dementia 1.44 (1.17–1.77)
Control 1.00

Age ≥70 yr old, men (n=14,490)
Dementia 1.15 (0.95–1.38)
Control 1.00

Age ≥70 yr old, women (n=33,355)
Dementia 1.20 (1.10–1.32)
Control 1.00

ORs= odds ratios.
∗
Odd ratios on conditional logistic regression model which were stratified for age, sex, income, region

† Adjusted model for ischemic heart disease and cerebral stroke.
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severity, and frequency of migraines ; thus, repeated migraine
attacks associated with chronic migraine are likely to lead to an
increased risk of dementia. The neural changes related to
cognitive impairment during migraine events have also been
shown to be associated with migraine and dementia in
neuroimaging studies.[22]

Recently, white-matter hyperintensities in patients with
migraines with aura have been found to be related to alterations
in resting cerebral blood flow.[5] A population-based magnetic
resonance imaging study and a meta-analysis revealed that
structural brain changes, including white-matter abnormalities
and silent infarct lesions, were more common in migraineurs than
in control participants.[23,24] Given these observations, the
neurophysiological mechanisms of migraine, such as inflamma-
tion and reduced cerebral blood flow, are presumed to be the
underlying causes of dementia. Long-lasting migraines can lead
to significant permanent neurological damage as a result of
biological cascades involving increased oxidative stress, neuro-
degeneration and, eventually, cell death.[11,25] Additionally,
mitochondrial dysfunction-induced metabolic changes in brain
cells may contribute to the development of dementia.[12]

In this study, there was a significant association between
migraine and dementia overall; however, the subgroup analyses
revealed an association in women but not in men. There is
growing evidence of differences in brain structure and function
between men and women referred to as dimorphic neurology.[26]

Several studies have suggested that a higher incidence rate of
dementia in women than in men.[27] Given the longer life
expectancy of women than men, women have a higher rate of
e in dementia in subgroup analysis according to age and sex.

ORs of migraine

P-value Adjusted† P-value

.357 1.19 (0.74–1.91) .470
1.00

<.001
∗

1.35 (1.08–1.68) .007
∗

1.00

.150 1.06 (0.87–1.27) .610
1.00

<.001
∗

1.12 (1.02–1.23) .017
∗

1.00

of residence, hypertension, diabetes, and dyslipidemia. Significance at P< .05.
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dementia at any given age. In particular, the apolipoprotein E
genotype, which is associated with hippocampal pathology and
memory performance, has been shown to exert a significant
impact on women.[26] A meta-analysis revealed that the
apolipoprotein E genotype is significantly associated with
headache, including migraine and tension-type headache.[29]

Moreover, systemic inflammatory mediators, such as hyperten-
sion, diabetes, and hyperlipidemia, are more prevalent in older
women than in similarly aged men, which results in an increased
risk of migraine in women.[27] In addition, in female populations,
common psychiatric diseases such as depression that often co-
occur with migraine and dementia may play roles.[30,31] Given
these observations, the sex-based difference in the association
between migraine and dementia may be due to dimorphic
neurology or the longer life expectancy in women than in men.
Notably, patients<70 years old had a higher adjusted risk than

did those ≥70 years old. This finding is in accordance with the
previous study that reported a stronger association between
dementia andmigraine in young people than in old people.[7] This
phenomenon implies that migraine-related excitotoxicity or
vascular and thrombotic properties may impact the development
of dementia in younger patients.[32] In previous studies, younger
patients with migraine appeared to have a higher incidence of
stroke or silent infarct lesions, which are associated risk factors
for dementia and cognitive impairment, than did older
patients.[33,34]

A strength of the present study is its use of NHIS data, which
includes all Korean citizens without exception; thus, this cohort is
highly representative of the general population, and there were no
missing participants. Moreover, the participants were individuals
≥60 years old who were more likely than younger individuals to
develop dementia,[35] increasing the integrity of the analysis.
Additionally, the control group was randomly selected and
subsequently matched to minimize the impacts of confounders
including age, sex, income, region of residence, and medical
history.
Although we demonstrated a significant association between

migraine and dementia, our study is limited by several factors that
should be controlled for in further investigations. First, we
identified an association between migraine and dementia;
however, we did not identify a causal link between these 2
clinical disorders. Further studies with longitudinal follow-up to
evaluate changes in the rate of dementia after migraine treatment
may be necessary to confirm the causal association. Second,
analyses according to dementia subtype were not performed in
this study. In an epidemiological study performed in Canada,
individuals with a history of migraine had an increased risk of
Alzheimer disease, whereas no significant association was found
between migraine and vascular dementia despite the vascular
mechanisms involved inmigraine biology.[36] Thus, future studies
including different types of dementia are warranted to determine
the associations. Third, chronic migraine appears to be associated
with comorbidities such as hypertension, diabetes, coronary
arterial disease, head injuries, and psychological diseases.[7]

These comorbidities may be involved in the mechanism
underlying the association between migraine and dementia.[5]

Some medications for migraine, either prophylactic or abortive,
may induce mitochondrial damage, resulting in neurodegenera-
tion.[37] The association between migraine and dementia might
have become clearer in the present study if we had matched the
participants for confounding factors such as depression or
anxiety. However, despite the large size of this population-based
cohort study, we were unable to match the participants for
5

ischemic heart disease, cerebral stroke, and depression because
such strict matching led to the exclusion of dementia subjects due
to a lack of control participants and low statistical power.
Moreover, the NHIS does not include detailed information
regarding several suspected confounding factors, such as
smoking, alcohol consumption, and socioeconomic status.[38]

Furthermore, the insurance data are anonymous; thus, relevant
clinical variables including participant blood pressure, laboratory
test results, and imaging findings were not available for analysis.
5. Conclusion

A history of migraine appears to increase the risk of dementia. In
particular, migraine increased the risk of dementia in women≥60
years.
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