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Abstract

Objective—We aimed to assess the association between migraine headache and incident
dementia.

Background—Migraine is a risk factor for white matter hyperintensities and ischemic stroke,
which are both associated with increased risk of dementia. However, it is unknown whether
migraine is independently associated with dementia.

Methods—History of migraine was ascertained via questionnaire. Adjudicated cases of dementia
were identified using cognitive tests, neuropsychological exams, and clinician review of suspected
cases. Incident dementia was identified using adjudicated cases, follow-up calls, and surveillance
of hospital and death codes. We assessed hazards of incident dementia by migraine status. Sex
differences were also examined and stratified results were presented.

Results—Analysis included 12,495 White and African American participants ages 51-70 with a
median follow-up time of 21 years. Prevalence of dementia was 18.5% (1821/9955) among those
with no migraine history, 15.8% (196/1243) among those with severe non-migraine heading, and
16.7% (233/1397) among migraineurs. There was no association between migraine and incident
dementia [hazard ratio: 1.04 (0.91, 1.20)]. There was also no statistically significant interaction
between sex and migraine status on risk of dementia.

Conclusion—Despite evidence of brain abnormalities in migraineurs, there was no association
between migraine and incident dementia in this prospective cohort.

Keywords
epidemiology; dementia; headache; migraine

BACKGROUND

Migraine headache is a complex neurological disorder characterized by throbbing, severe,
and typically unilateral pain in the head.! Among those ages 12 and older, prevalence is
6.5% in men and 18.2% in women and noted to cluster in families.2* Prevalence peaks
between the ages of 30 and 39 before falling to reach the lowest prevalence in those 60 and
older.

The significant vascular component in migraine® has led to interest in the connection
between migraine, stroke, and cognitive decline. Several studies have found migraineurs to
be at increased risk of ischemic stroke with a pooled relative risk (95% CI) of 1.7 (1.3, 2.3);
this association was significant in women [RR (95% Cl): 2.1 (1.1, 3.8)], but not in men [RR
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(95% Cl): 1.4 (0.9, 2.1)].7 In the Atherosclerosis Risk in Communities (ARIC) study, as
with other cohorts,8 a history of migraine symptoms was associated cross-sectionally with
cerebral white matter hyperintensities.? In addition, a recent review concluded that a history
of migraine was associated with increased odds of white matter abnormalities, subclinical
infarct-like lesions, and volumetric changes in the brain.10 Stroke, white matter
hyperintensities, silent infarcts, and volumetric brain changes are all associated with
increased risk of cognitive impairment, suggesting migraine may be a risk factor for
cognitive decline and dementia.ll

Despite these prior published reports suggesting a potential link, few studies have evaluated
the association between migraine and risk of developing dementia.11-1° The majority of
studies assessing this relationship were small, had short or retrospective follow-up periods,
and measured cognitive decline instead of dementia as an outcome. Further, results from
these studies have been mixed, and to our knowledge, no studies in U.S. cohorts have
assessed the prospective association between migraine and dementia.

Our aim was to examine the association between migraine status (based on self-reported
symptom history) and incident dementia hypothesizing that those who experienced migraine
would be at increased risk of dementia compared to those who did not. Our second aim was
to examine potential interaction by sex on the association of migraine with incident
dementia, hypothesizing women with history of migraine would be at increased risk of
dementia compared to men with a history of migraine.

METHODS

ARIC is a prospective cohort study that enrolled 15,792 primarily White and African
American participants ages 45-64 at baseline (1987-1989) from Forsyth County, North
Carolina, Jackson, Mississippi, the northwest suburbs of Minneapolis, Minnesota, and
Washington County, Maryland.20 After IRB approval and written informed consent, ARIC
followed participants continuously for hospitalization and mortality. ARIC also completed 6
clinic visits from 1987 to 2017, as well as cognitive assessments, which were integrated into
regular clinic visits as part of the ARIC Neurocognitive Study (ARIC-NCS). For this
analysis, baseline started at ARIC visit 3 (1993-1995) and cognitive status was ascertained
through visit 6 (2016-2017). Participants were excluded if they did not attend visit 3 (n =
2886), were missing migraine status based on self-reported headache symptoms (n = 57),
had prevalent stroke (n = 245), prevalent dementia (identified via ICD codes) (n = 6), or
were non-White or African American or were African American from Maryland or
Minnesota (n = 103) (due to small numbers), for a final sample of 12,495 participants.

Migraine status, our exposure of interest, was assessed via a questionnaire adapted from the
International Headache Society (IHS) diagnostic criteria?! and administered at ARIC visit 3
(Supporting Table S1). The questionnaire assessed participants’ lifetime history of migraine
symptoms, and similar IHS-based questionnaires have been validated in population-based
studies.22-24 Two population-based studies using questionnaires adapted from the IHS
diagnostic criteria, from which the ARIC questionnaire was derived, confirmed the validity
and reliability of using abbreviated diagnostic criteria to accurately identify migraineurs
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estimating Cohen’s kappa coefficients ranging from 0.43 to 0.68. Migraine was defined as:
(1) headache lasting 4 or more hours; (2) headache with throbbing, pounding, or pulsating
pain, or that was unilateral; (3) symptoms of nausea, vomiting, or sensitivity to light or
sound; and (4) one or more years with history of headaches.9 Those who reported headache
lasting 4 or more hours, but did not meet all the other criteria for migraine were defined as
suffering from severe non-migraine headache, and participants who denied having a
headache lasting 4 or more hours were classified as having no headache.1? Participants
meeting the definition of migraine were defined as having aura if they reported the
occurrence of visual aura (eg, spots, jagged lines, etc.).12

Covariates included age, sex, race-center (MS-African Americans, NC-Whites, NC-African
Americans, MN-Whites, and MD-Whites), APOE e4, income, and education from visit 1,
and body mass index (BMI), smoking status, hypertension, diabetes, prevalent coronary
heart disease (CHD), drinking status, high-density lipoprotein (HDL) cholesterol, and total
cholesterol from visit 3. BMI was calculated from measured weight and height.
Hypertension was defined as having a systolic blood pressure =140 mm Hg, diastolic blood
pressure 290 mm Hg, or self-report of antihypertensive medication use. Diabetes was
defined as non-fasting glucose =200 mg/dL, fasting blood glucose =126 mg/dL, self-report
of diabetes diagnosis from a physician, or report of taking medication for diabetes or high
blood sugar. Prevalent CHD was ascertained via hospital surveillance and self-report with
clinical events adjudicated by a panel of experts.2> These covariates were identified a priori
as potential confounders on the association between migraine and dementia. Model 1 was
minimally adjusted, including demographics and APOE e4. All of these factors are
(relatively) stable across time. Model 2 additionally adjusted for behaviors (ie, smoking
status, drinking status) and physiologic characteristics that may be associated with both
migraine prevalence and dementia development (ie, BMI, smoking status, HDL cholesterol,
total cholesterol, and prevalent hypertension, diabetes, and CHD).

The outcome of interest, incident dementia, was ascertained several ways. Adjudicated cases
were primarily identified using data from ARIC-NCS clinic examinations conducted at visits
5 (2011-2013) and 6 (2016-2017).28 This included a neuropsychological battery using
standardized protocols with scores converted to z-scores in order to assess change over time.
Cognitively impaired participants were identified as those with significant decline or poor
test performance. These participants, as well as a random sample of cognitively normal
participants, were given additional physical and neurological exams including brain
magnetic resonance imaging, and their informants were interviewed using the Clinical
Dementia Rating scale and the Functional Activities Questionnaire.28 Using all the cognitive
data available, suspected cases were then adjudicated by a committee of clinicians.26 For
participants who could not attend visits 5 and 6, additional dementia cases were identified
via surveillance of hospital discharge and death certificate codes related to dementia as well
as screening during annual and semi-annual follow-up calls. Informant interviews for
deceased participants suspected to have had dementia and telephone-based cognitive
assessments were used to help identify these cases. Our analysis included all incident
dementia cases available in ARIC between visits 3 and 6 identified through adjudication of
cases in ARIC-NCS, surveillance of hospital and death records, and telephone interviews for
cognitive status.
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Statistical Analysis

Statistical analyses, including sensitivity analyses, were planned prior to accessing the data
and reviewed by the ARIC Steering Committee (submission approval: July 2018). Poisson
regression was used to estimate incidence of dementia between visits 3 (1993-1995) and 6
(2016-2017) stratified by headache subtype (migraine, severe non-migraine headache, no
headache) and sex. We then evaluated the association between self-reported lifetime history
of migraine symptoms with risk of dementia using Cox regression. We calculated hazard of
dementia stratified by headache subtype with no headache as the reference. The association
between migraine with aura (MWA) and dementia was assessed by repeating the Cox
regression using an added “migraine with aura” headache subtype. To determine whether
there was effect modification on the association between migraine and dementia by sex, a
multiplicative sex by migraine interaction term was tested in the Cox models and sex-
stratified results were presented.

We tested 2 models with adjustment for baseline (visit 3) covariates. Model 1 was adjusted
for potential confounders of age, race-center, APOE &4, income, and education. Model 2
was adjusted for model 1 covariates in addition to potential confounders of BMI, smoking
status, hypertension, diabetes, prevalent CHD, alcohol drinking status, HDL cholesterol, and
total cholesterol. All hypothesis testing was done using a 2-tailed alpha to test a significance
level of 0.05. To test the proportional hazards assumption, models were run with a migraine
status*log follow-up time interaction term, and the assumption was met. Statistical analyses
were conducted using SAS 9.4 (SAS Institute Inc., Cary, NC).

RESULTS

After exclusions, analysis included 12,495 participants with a mean age of 60 and median
follow-up time of 21 years. Through follow-up, cumulative incidence of dementia was
18.5% (1821/9955) among those with no migraine history, 15.8% (196/1243) among those
with severe non-migraine heading, and 16.7% (233/1397) among migraineurs. Participants
who reported experiencing migraine symptoms were more likely to be younger, White,
female, and had higher HDL and total cholesterol than those who reported no headache
symptoms or severe non-migraine headache symptoms (Table 1). In addition, migraineurs
were less likely to have hypertension, diabetes, or be current alcohol drinkers. There was no
statistically significant difference in the overall incidence of dementia between those who
experienced migraine symptoms compared to those who experienced severe non-migraine
headaches or no headaches between visits 3 and 6 (Fig. 1). There was also no statistically
significant interaction by sex on the association between migraine status and dementia.

Those who experienced migraine symptoms at baseline did not have a significantly
increased hazard of incident dementia [HR (95% CI): 1.04 (0.91, 1.20)] after full adjustment
for model 2 covariates compared to those with no history of headache symptoms (Table 2).
There was also no significant association between lifetime history of MWA symptoms and
hazard of dementia after full adjustment [HR (95% CI): 1.12 (0.88, 1.43)]. Severe non-
migraine headache was also not associated with increased risk of dementia compared to no
headache. Associations did not change between model 1 and model 2 covariate adjustments.
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We did not find a statistically significant interaction between sex and migraine status on risk
of dementia (Table 3). The associations between migraine status and risk of dementia were
similarly null for men and women.

DISCUSSION

This large population-based prospective study found no association between history of
migraine symptoms and risk of dementia. This lack of association was found in both men
and women. While migraine is associated with cerebrovascular lesions, migraine-related
lesions are reported to be stable over time and may not contribute to dementia
pathophysiology later in life.

There were several limitations to this analysis. Despite the size of our cohort, power was
somewhat limited. A hazard ratio of approximately 1.4 or greater would have been needed to
detect an effect with 80% power and a type | error rate of 0.5. Thus, this study was not
powered to detect weak associations between lifetime history of migraine symptoms and
dementia. In addition, there was potential selection bias due to attrition and misclassification
of the dementia cases that were not examined directly. However, ARIC used a variety of
strategies to prevent attrition and identify possible dementia cases among participants who
did not attend all clinic visits including surveillance of hospital and death records as well as
follow-up telephone interviews. Additionally, a sensitivity analysis was done incorporating
inverse probability of attrition weights and associations (or lack thereof) did not differ
(results not shown).

There was potential for misclassification of migraine status due to reliance on a single self-
report of lifetime history of migraine symptoms measured when participants ranged in age
from 51 to 70 years.® Participants were past the peak ages of migraine prevalence (3039
years old), and cases may have been missed due to recall bias leading to misclassification of
the exposure, which, in turn, may have biased effect estimates. However, 2 population-based
studies using shortened questionnaires adapted from the IHS diagnostic criteria, have
reported that the validity and reliability of using abbreviated diagnostic criteria to assess
migraine is reasonable.22:23 Additionally, the symptoms associated with migraine, including
unilateral, severe pain, prodromes, and aura, would not likely be forgotten and should be
easily distinguishable from a severe non-migraine headache in most cases. By asking
participants about their lifetime migraine history after prevalence peaked in young adulthood
and middle age, it is less likely migraine cases that developed later in life were missed while
also ensuring temporality (ie, that migraine was assessed before dementia). Further, because
migraine in ARIC is associated with increased stroke risk,2’ as in other studies,’2829 the
validity of the ARIC migraine classification is likely adequate to ascertain meaningful
associations. Finally, we were unable to account for migraine burden. We did not have
information on age of onset, duration, frequency, or severity of migraines. Migraine
headache often begins around puberty. This study cannot address whether age of onset,
number, and duration of migraines over one’s lifetime might have a differential effect
dementia risk.

Headache. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

George et al.

Page 7

In summary, we found no association between history of migraine headache and incident
dementia in ARIC. While there is evidence that migraine is associated with brain alterations
that have been linked to cognitive changes, these alterations may not be clinically
meaningful or they may resemble white matter hyperintensities associated with vascular
disease, but have a different underlying pathophysiologic process.®-1! Additional research
with a larger sample size, greater power, and more extensive migraine history is warranted to
investigate the possible association between migraine and dementia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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