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Abstract

Background: Migraine is a complex genetic disorder that is brought about by multiple genetic and environmental
factors. We aimed to assess whether migraine frequency is associated with genetic susceptibility.

Methods: We investigated in 2829 migraine patients (14% males) whether ‘migraine frequency’ (measured as the
number of migraine days per month) was related to ‘genetic load’ (measured as the number of parents affected with
migraine) using a validated web-based questionnaire. In addition, we investigated associations with age-at-onset, migraine
subtype, use of acute headache medication, and comorbid depression.

Results: We found an association between the number of migraine days per month and family history of migraine for
males (p =0.03), but not for females (p =0.97). This association was confirmed in a linear regression analysis. Also, a
lower age-at-onset (p < 0.001), having migraine with aura (p =0.03), and a high number of medication days (p =0.006)
were associated with a stronger family history of migraine, whereas lifetime depression (p =0.13) was not.
Discussion: Migraine frequency, as measured by the number of migraine days per month, seems associated with a
genetic predisposition only in males. A stronger family history of migraine was also associated with a lower age-at-onset,
a higher number of medication days, and migraine with aura. Our findings suggest that specific clinical features of migraine
seem more determined by genetic factors.
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Epidemiological studies also showed that migraine with
aura appeared to cluster in families more profoundly
than migraine without aura, pointing towards a pos-
sibly higher genetic susceptibility in the former
migraine subtype (6,7). It seems paradoxical that
(robust) associations with genetic loci were discovered
only for migraine without aura in GWAS (8), although
this may simply reflect that migraine with aura may
instead be determined by rarer medium- and high-risk
alleles that are not captured in a GWAS.

Assessing the genetic susceptibility of (endo)pheno-
types and features of migraine can be of help for diag-
nosing patients, understanding pathology, and
ultimately to find targets for treatment. One clinical
feature that is particularly of interest to study is the
number of monthly migraine days, not least because
the individual and societal burden is much higher
when patients suffer from many days of migraine per
month — to the point that the disorder is termed chronic
migraine (9). Here we investigated whether a higher
number of migraine days per month is associated with
a higher genetic susceptibility. For this, we used familial
occurrence of migraine in parents as a measure of gen-
etic load. As results from GWAS in migraine suggest
that genetic effects may be larger in male patients, pos-
sibly explained by the major influence of environmen-
tal/hormonal factors on migraine prevalence in females,
we specifically investigated whether this association
was influenced by sex (10). In addition, we evaluated
previously reported associations of age-at-onset and
migraine type with genetic load. Finally, we investi-
gated whether there was an association of the number
of migraine days and genetic load with medication use
and lifetime depression, as both are factors known
to convert episodic migraine into a chronic disorder
(11-13).

Materials and methods
Patients

For this retrospective study we used data from the
LUMINA (Leiden University Migraine Neuro-
Analysis  programme) study population  (see
Supplemental material). Continuously, subjects (>18
years of age) are recruited into LUMINA via a vali-
dated self-reporting, web-based questionnaire (14).
Subjects applied to participate in headache research
via the project’s website and reside throughout the
Netherlands. All participants that meet the screening
criteria have been asked to fill out an extensive migraine
questionnaire, based on International Classification of
Headache Disorders (ICHD-3, beta version) criteria
(15). This questionnaire has been validated by semi-
structured telephone interviews in 1038 participants in

a previous study, which showed a specificity for
migraine of 0.95 (14). For the current study, we
included all participants with a diagnosis of migraine
with aura or migraine without aura. The questionnaire
includes several illustrations depicting auras and for all
aura subtypes we asked for presence of several known
features (e.g. scintillations, visual field defects, zigzag
lines, pins-and-needles, numbness). Participants with
migraine with aura were always classified as migraine
with aura, regardless of whether they also suffered from
attacks of migraine without aura. We excluded all par-
ticipants (n = 132) who responded ‘yes’ to the question
“whether a relative already participates in the
LUMINA population™ to limit chances that multiple
subjects from the same family would be included. The
study was approved by the Medical Ethics Committee
of Leiden University Medical Centre and all partici-
pants provided written informed consent.

Measurements

Besides questions to reliably diagnose migraine, the
web-based questionnaire includes questions about gen-
eral demographics (age, sex), number of migraine days
per month, age-at-onset of migraine, family history of
migraine, use of acute headache medication (current
use of prophylactic medication was, unfortunately,
not included in the questionnaire), and lifetime depres-
sion. All questions for this study were answered on a
single occasion by each participant.

To assess migraine frequency, participants were
asked to fill in the average number of migraine days
per month over the preceding three months. In our
analyses, we included migraine days per month as a
continuous measure, as we aimed to investigate a gen-
eral correlation between frequency and genetic load.
Age-at-onset was determined by asking the partici-
pants’ age when they suffered their first migraine
attack (so not the age at diagnosis). Participants were
asked to indicate whether their mother and father had a
(lifetime) migraine diagnosis; a question that could also
be answered with ‘unknown’. We used the number of
parents affected with migraine as the measure of genetic
load (with both parents affected reflecting the highest
genetic load). Siblings were not included in the analyses
because proportions of siblings with migraine cannot be
compared reliably with varying total numbers of sib-
lings for each participant. Moreover, siblings con-
sidered unaffected might still develop migraine later in
life, thereby possibly underestimating genetic load.

To determine the level of acute medication use, we
asked participants how many days per month, over the
past three months, they had used acute migraine medi-
cation, and, specifically, on how many days they used:
a) triptans; and b) simple analgesics; or c) ergotamines
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for migraine. Opioids were not included as these
are generally not prescribed for headache in the
Netherlands.

Lifetime depression was measured as a dichotomous
variable as described previously (16). To this end, we
used validated cut-off scores for the depression
subscale of the Hospital Anxiety and Depression
Scale (HADS-D) and the Centre for Epidemiologic
Studies Depression scale (CES-D), in combination
with a previously used and published algorithm for
depression and an additional question on depression
diagnoses in the past (HADS-D >8, or CES-D > 16,
or use of antidepressants as an indication of depression,
or having been diagnosed with depression in the

past) (17).

Data analysis and statistics

All data were self-reported through web-based ques-
tionnaires and although field restrictions limited type
errors and other mistakes, some erroneous data may
have occurred (for example, reporting more than 31
migraine days per month). Therefore, for each analysis,
we excluded subjects for which data obviously was
erroneous, missing but needed for the analysis, or indi-
cated as ‘unknown’.

We compared the number of migraine days per
month, age-at-onset of migraine, migraine subtype
(i.e. migraine with or without aura), number of medi-
cation days per month, and presence of lifetime depres-
sion between participants with either no, one or both
parents affected with migraine, and specifically con-
sidered differences between male and female migraine

patients. Because of the distribution of the data, we
calculated median values and interquartile range
(IQR) and performed non-parametric Jonckheere-
Terpstra tests (a test that is comparable to the
Kruskal-Wallis test but more suitable for ordinal
data) for continuous variables and Pearson’s Chi
Square tests for categorical variables. In addition, we
performed a linear regression model to assess the asso-
ciation between migraine frequency and family history
of migraine, adjusted for variables that may influence
this association, with a focus on sex. All statistics were
performed using SPSS 20.0 (IBM Corp., Armonk, NY,
USA). Results with p <0.05 were considered statistic-
ally significant.

Results

Association of the number of migraine days per
month and family history of migraine

Of 2829 LUMINA participants, migraine status of
both parents (n=15658) and the number of migraine
days was available. The majority of cases were female
(n=2442; 86%). Migraine patients more often suffered
from migraine without aura (63%) than migraine with
aura (37%) (Table 1). When considering all migraine
patients, there was no difference in the number of
migraine days per month among the groups with no,
one or both parents affected with migraine (p=0.41),
which indicates that there was no association between
genetic load and the number of migraine days per se
(Table 2, Figure 1(a)). Next, we performed the analysis
separately for male and female patients. The number of

Table 1. Descriptive statistics of study participants with distribution of sex, migraine subtype, and lifetime depression across groups
with an increasing genetic load (reflected by the proportion of affected parents).

Subgroups by parents’ migraine status

Total group of Pearson
migraine patients No parent affected One parent affected Both parents affected x* Test*
Age, median (IQR) 41.9 (32.3-50.0) 41.7 (31.9-50.0) 42.2 (33.1-50.2) 39.5 (29.5-48.2)
(years)
Sex
Female, n (%) 2442 (86%) 885 (36%) 1418 (58%) 139 (6%) x4(2) =0.67
Male, n (%) 387 (14%) 137 (35%) 224 (58%) 26 (7%) p=0.72
Migraine subtype
MO, n (%) 1787 (63%) 674 (38%) 1019 (57%) 94 (5%) xH(2)=6.99
MA, n (%) 1042 (37%) 348 (33%) 623 (60%) 71 (7%) p=0.03
Lifetime depression
Yes, n (%) 991 (43%) 343 (35%) 581 (59%) 67 (7%) () =4.16
No, n (%) 1292 (57%) 465 (36%) 765 (59%) 62 (5%) p=0.13
*Pearson x* test comparing distribution of presented variables over the categories of: 0 =no parents affected; | = one parent affected; 2 =both

parents affected with migraine.

IQR: interquartile range; MO: migraine without aura; MA: migraine with aura.
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Table 2. Number of migraine days per month, age-at-onset of migraine, and number of days with medication compared across
groups with an increasing genetic load (reflected by the proportion of affected parents).

Subgroups by parents’ migraine status

Total group of
migraine patients

No parent affected One parent Affected Both parents affected

Jonckheere-
Terpstra test*

Number of migraine days/ 4.0 (2.0-8.0) 4.0 (2.0-7.0) 4.0 (2.0-7.3) 4.0 (2.0-9.0) p=04I
month, median (IQR)

Age-at-onset of migraine, 16.0 (12.0-24.0) 18.0 (12.0-27.0) 16.0 (12.0-22.0) 14.0 (11.0-20.0) p <0.001
median (IQR) (years)

Number of days of acute headache medication use, median (IQR) (days/ month)

Combined total 5.0 (2.0-10.0) 4.0 (2.0-9.0) 5.0 (2.0-10.0) 6.0 (2.0-12.0) p=0.006
Simple analgesics 4.0 (1.0-8.0) 3.0 (1.0-7.0) 4.0 (2.0-8.0) 5.0 (1.0-10.0) p <0.001
Triptans 2.0 (0.0-6.0) 2.0 (0.0-6.0) 2.0 (0.0-6.0) 2.0 (0.0-6.0) p=0.82

*Jonckheere-Terpstra test comparing distribution of presented variables over the categories of: 0 =no parents affected; | =one parent affected;

2 =both parents affected with migraine.
IQR: interquartile range.

migraine days did not differ between male (median
(IQR)=4 (2-7) days) and female (median (IQR)=4
(2-8) days) migraine patients (p=0.27). However, in
males, the median (IQR) number of migraine days
per month was 4 (1-6), 4 (2-8) and 5 (3—13) with no,
one, or both affected parents, respectively (p=0.03)
(Figure 1(b)), so migraine frequency significantly
increased with an increasing number of affected par-
ents. Notably, no such relation was observed for
female patients (p =0.97). Of note, migraine frequency
might be influenced by the subject’s age, but we did not
find a relationship between age and number of migraine
days per month (Pearson correlation coefficient 0.05,
p=0.0006).

In a linear regression model adjusted for age, sex,
lifetime depression diagnosis, acute medication use,
migraine subtype, and age-at-onset of migraine we did
not find an association between migraine frequency and
family history of migraine either (p =0.14) (Table 3).
All variables except sex (p=0.81) had a significant
(» <0.05) effect on migraine frequency. To further
investigate the influence of sex on the effect of family
history of migraine, we ran a second linear regression
model including an interaction term for sex and family
history of migraine. Adding the interaction term in
model 2 resulted in a dramatic change towards (border-
line) significance of the separate effects of family history
and sex on migraine frequency compared to model 1,
supporting that the effect of family history on migraine
frequency depends on sex. Looking at specific param-
eter estimates, the effect was stronger (B=-1.77;
p=0.15) for the comparison between zero and both
parents affected (n=165) with migraine compared to
the comparison between zero and one parent affected
(n=1642) with migraine (B=-1.43; p=0.02). The
negative interaction value indicates that the lower the

value of sex (male) the more positive the effect of family
history on migraine frequency.

Other associations of migraine characteristics and
family history of migraine

A positive association was found between the number
of days per month on which acute headache medication
was used and family history (p=0.006) (Table 2).
Looking more into detail at the different types of pain
medication, this effect was exclusively explained by the
use of simple analgesics (p <0.001). Ergotamines were
used by only 49 migraine patients, with a median (IQR)
of 0 (0-0) days per month in the total group of migraine
patients and in all three subgroups with either no, one
or both parents affected. As may be expected, the
number of migraine days per month was higher in the
group with comorbid lifetime depression (n=2283;
with comorbid depression median (IQR) 4 (2-8) days
and without comorbid depression median (IQR) 3 (2-6)
days; p <0.001), but there was no association of pres-
ence of lifetime depression with genetic susceptibility to
migraine (so an increasing number of affected parents
with migraine) (p =0.13) (Table 1).

Finally, in our cohort, a) migraine with aura was
associated with a stronger family history than migraine
without aura (p =0.03) (Table 1) and (b), a lower age-
at-onset of migraine was associated with a stronger
family history (p <0.001) (Table 2).

Discussion

In this large study, we show that migraine frequency, as
measured by the number of migraine days per month, is
associated with a genetic load, measured by a higher
number of parents with migraine, but only in males.
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Figure 1. Box-plots showing the distribution of migraine days per month and age-of-onset in the three categories of increasing
genetic load. Box-plots (a) and (c) show the distribution of migraine days per month (a) and age-at-onset of migraine (c) in the three
categories of no, one or both parents affected with migraine. Box-plots (b) and (d) show the same distributions for male and female
LUMINA participants separately. (a), (c): Circles (white and black) represent outliers; small asterisks represent extreme outliers. (b),
(d): White bars: Male participants; patterned bars: Female participants. Horizontal bars with large asterisks: Statistical comparison
among the three categories of no, one of both parents affected with p-value < 0.05.

Furthermore, a stronger family history of migraine is
associated with a lower age-at-onset, a higher number
of acute headache medication days, and migraine with
aura.

Our study’s main strength is the large number of
participants (n=2829), allowing us to detect small
effects, in contrast to a previous small (n =344) nega-
tive study in a paediatric migraine population (3). In
addition, our migraine questionnaire has been validated
and the algorithm used can deliver reliable diagnoses of
both migraine with or without aura (14). Notably, we
were able to demonstrate that having (more) parents
with migraine was associated with a lower age-at-

onset of migraine, so these features seem to be influ-
enced by genetic susceptibility (2). In addition, we were
able to demonstrate a higher proportion of cases with
migraine with aura when one or both parents also have
migraine, in congruence with a previous report (6).
These findings support that our measure of affected
parents can be used as a measure of genetic susceptibil-
ity (“load”). Only a small proportion of participants
reported that both their parents had migraine (5-7%),
which likely created a lack of statistical power in the
linear regression analysis. However, we feel that having
even one affected parent is a clear indication of possibly
inherited genetic factors that may make an individual
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Table 3. Linear regression associations between migraine fre-
quency (migraine days per month) and family history of migraine.

B 95% ClI p-value
Model |
Family history of migraine 0.14
(0 vs. | affected parent, —-0.16 —0.57;0.26 0.46
0 vs. 2 affected parents) 0.69 —0.20; 1.58 0.13
Age (years) 0.03 0.01; 0.05 0.001
Sex (male vs. female) 0.07 —0.51;0.65 0.81
Lifetime depression 0.57 0.17; 0.97 0.005
Acute medication use 0.31 0.28; 0.34 <0.001
Migraine subtype 1.05 0.64; 1.45 <0.001
(MA vs. MO)
Age-at-onset of —0.03 —0.05; 0.01 0.0l
migraine (years)
Model 2
Family history of migraine 0.09
(0 vs. | affected parent, 1.08 —0.05; 2.21 0.06
0 vs. 2 affected parents) 220 —0.02; 442 0.05
Age (years) 0.03 0.01; 0.05 0.001
Sex (male vs. female) 1.02 0.06; 1.99 0.04
Lifetime depression 0.56 0.16; 0.95 0.006
Acute medication use 0.31 0.28; 0.34 <0.001
Migraine subtype 1.04 0.64; 1.45 <0.001
(MA vs. MO)
Age-at-onset of —0.03 —-0.05; —0.01 0.009
migraine (years)
Family history * sex 0.05
(0 vs. | affected parent, —1.43 —2.64; —0.21 0.02
male vs. female,
0 vs. 2 affected parents, —1.77 —4.19; 0.64 0.15

male vs. female)

Note: Data are unstandardized regression coefficients () with 95%
confidence intervals (Cl) and p-values. Model | was adjusted for age, sex,
lifetime depression diagnosis, acute medication use, migraine subtype
(MO: migraine without aura; MA: migraine with aura), and age-at-onset of
migraine. Model 2 was additively adjusted for the interaction term of
family history of migraine and sex.

more susceptible to developing migraine attacks,
making the category of one affected parent just as rele-
vant in our analysis.

Although the prevalence of migraine has consistently
been shown to be higher in women (18-21), genetic sus-
ceptibility was reported to be similar in men and women
(22-24) or even higher in men (10), suggesting that, in
females, other causes than genetic factors play a domin-
ant role (e.g. female sex hormones). Despite average
migraine frequencies in men and women being described
as similar (25), women are at an increased risk of

transitioning from episodic to chronic migraine (26).
This phenomenon could be explained by either
a greater exposure to or a greater susceptibility to envir-
onmental (e.g. sex hormonal) factors in women, resulting
in an increase in migraine days more easily than in men.
Although we found a significant effect in males with
respect to an increase in the number of migraine days
when one or two parents also had migraine, it should be
noted that the median migraine days in male migraine
patients only changed from four to five days per month
with increasing genetic load, indicating that the effect is
minimal. Of note, only 14% of participants were male
and we do not know how our results would be if more
males had participated. One of the key factors respon-
sible for an increase in migraine days is medication over-
use (16). We found that the frequency of using simple
analgesics increased with an increase of genetic load.
Thus, migraine frequency in relation to genetic load
may be influenced by this overuse of acute headache
medication, but with our study it is impossible to deter-
mine what is cause or consequence. Copying medication
use habits from first-degree relatives may be of great
importance as well. Furthermore, we were not able to
include the current use of prophylactic treatment in our
analyses, which may be a confounding factor.

Between participants with and without a diagnosis
of lifetime depression, migraine days differed in our
investigated subgroup of the LUMINA population, in
congruence with an earlier study (16). As genetic fac-
tors are also thought to play a role in the development
of depression (27), chances to develop a high frequency
of migraine attacks may also be influenced indirectly by
genetic factors relevant to depression. Regardless, we
could not detect an increase in prevalence of lifetime
depression with increasing genetic load to migraine,
which suggests that besides possible shared genetic fac-
tors influencing migraine and depression (28), depres-
sion-specific factors may be responsible for the
development of depression in migraine patients.

In our cohort, we confirmed the association between a
lower age-at-onset of migraine and an increased genetic
load (2). Associations between a lower age-at-onset and
increased genetic load were also found in other complex
diseases (2,4,5). It may be interesting to investigate
whether migraine patients with an early age-at-onset
carry a higher number of genetic variants that are
known to increase the susceptibility to migraine from
GWAS but, given the current relatively low number of
38 variants (29), such an investigation will be more fruit-
ful when hunderds of variants have been found. We also
confirmed the association of genetic load and having
migraine with aura (2,6), but except for a single variant
(30) current GWAS have not been able to discover robust
associations for this migraine subtype. Migraine fre-
quency was not included as an endophenotype in
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genome-wide association studies but no association with
migraine frequency, nor with the migraine with aura sub-
type, was found in a recent genetic risk score analysis
(31). In addition, in a Danish study, a few SNPs identified
from migraine GWAS showed nominal associations with
many lifetime attacks and prolonged migraine attacks,
but none associated with early onset of migraine (32).
We considered the risk of bias in our study. First, we
chose not to compare our results of genetic load and
migraine frequency to results from population-based
studies, as we expected both values to be higher in
LUMINA due to an increased motivation of subjects
to participate in migraine research when multiple rela-
tives are affected or when migraine is severe. By com-
paring family history and migraine days within the
LUMINA population, these selection biases were prob-
ably avoided. Second, our estimation of genetic load
is based on self-reported migraine family history.
Previous studies showed an underestimation of
migraine family history obtained through relatives
(33,34). However, as LUMINA participants apply
themselves to participate via our website, we feel that
they are likely more occupied with their migraine com-
plaints and history than migraine patients from the gen-
eral population. As a result, they will probably be
more aware of their relatives’ headache complaints.
Moreover, we feel the issue of bias is less important
for our study as we did not intend to report absolute

quantifications of familial occurrence of migraine, but
merely investigated associations between genetic load
and migraine characteristics. Third, age-at-onset and
migraine frequency were assessed retrospectively,
which could cause bias if the ability to remember
attacks differs among groups. We do not expect the
family history to be of such an influence on the ability
to assess migraine frequency over the past three
months. However, as parents who suffer from migraine
themselves are likely able to recognise migraine in their
children, leading to an earlier age at diagnosis, we
decided to ask for age at first migraine attack and not
age at diagnosis. We also feel that a first migraine
attack often is considered a severe event, which is
likely to be remembered. We thus expect the error
range in reported age-at-onset to be small. For all
investigated retrospective parameters, the possibly
errors in reported values are also, to a certain extent,
compensated by the large size of our population, allow-
ing us to still detect significant effects.

In conclusion, migraine frequency, as measured by
the number of migraine days per month, is associated
with genetic load in males but not females.
Furthermore, higher genetic load is associated with
lower age-at-onset, higher number of acute medication
days, and migraine with aura. These clinical character-
istics could be targets for future epidemiologic and gen-
etic migraine research.

Article highlights

genetic predisposition in males, but not females.

cation days, and migraine with aura.

e Migraine frequency, as measured by the number of migraine days per month, appears associated with a

e A stronger family history of migraine was associated with a lower age-at-onset, a higher number of medi-
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