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Abstract
Objective: To assess whether alcohol intake is associated with the onset of migraine attacks up to two

days after consumption in individuals with episodic migraine.

Background: Although alcohol has long been suspected to be a common migraine trigger, studies have

been inconclusive in proving this association.

Methods: This was an observational prospective cohort study among individuals with migraine who
registered to use a digital health platform for headache. Eligible individuals were aged 218 years with
episodic migraine who consumed alcohol and had tracked their headache symptoms and alcohol
intake for 290 days. People who did not drink any alcohol were excluded. The association of alcohol
intake (Yes/No) and of the number of alcoholic beverages in the two preceding days with migraine
attack was assessed accounting for the presence of migraine on day-2 and its interaction with alcohol

intake on day-2, and further adjusted for sex, age and average weekly alcohol intake.

Results: Data on 487 individuals contributing 5,913 migraine attacks and a total of 40,165 diary days
were included in the analysis. Presence of migraine on day-2 and its interaction with alcohol intake on
day-2 were not significant and removed from the model. At the population level, alcohol intake on
day-2 was associated with a lower the probability of migraine attack (OR[95% Cl]=0.75 [0.68, 0.82];
event rate 1,006/4,679 (21.5%)), while the effect of alcohol intake on day-1 was not significant
(OR[95% Cl]=1.01 [0.91, 1.11]; event rate 1,163/4,679 (24.9%)), after adjusting for sex, age and
average weekly alcohol intake. Similar results were obtained with the number of beverages as

exposure.

Conclusions: In this English-speaking cohort of individuals with episodic migraine that identified

themselves as alcohol consumers, mostly low alcohol-dose consumers, there was no significant effect



on the probability of a migraine attack in the 24 hours following consumption, and a slightly lower

likelihood of a migraine attack from 24 to 48 hours following use.



Introduction

Alcohol has been with human ancestors likely over a million years since primates began to eat
fermenting fruit. Early Egyptian and Sumerian writings extoll the medicinal and dietary use of alcohol
and evidence has been found of use dating back to 7000-6600 BCE." The relationship between alcohol
and headache was also described throughout history, however, the direct association with migraine
took much longer to develop.? The concept of migraine being separate or different from other

headaches took centuries to be established, with the scientific definition still being modified today.3

The International Headache Society currently classifies alcohol-induced headache as a secondary
headache, and distinguishes immediate and delayed (or hangover) headache.* Some individuals see
an immediate reaction to alcohol (within three hours from ingestion) with regards to stimulating a
headache. More often, however, individuals experience a delayed effect of alcohol (5 hours or more
after ingestion). In both cases, the headache resolves spontaneously within 72 hours.*® People with
migraine might find it difficult to distinguish between a migraine attack triggered by alcohol and a
delayed alcohol-induced headache, as symptoms may overlap.®> Moreover, no specific biomarkers
have been found helpful in differentiating these conditions. Immediate alcohol-induced headache
usually appears in people without migraine after consuming large amounts of alcohol, while smaller

amounts may induce a migraine headache in persons with migraine.*

In this study we focused on alcohol as a potential trigger of migraine attacks within 24-48 hours after
consumption. This delayed effect of alcohol on migraine attack onset may be much more difficult to
ascertain by an individual. Consumption varies greatly between cultures, regions and between
individuals, which may explain why different studies have found opposing results. An extensive review
including twenty-two studies in migraine populations, in thirteen different countries, found that -
overall- close to one-third of participants self-reported retrospectively alcohol (any type) as an

occasional trigger and about 10% as a consistent trigger.® The prevalence of alcohol as a trigger of



migraine attacks estimated in prospective studies is lower.”® One possible explanation is alcohol
avoidance and/or low alcohol consumption in migraine populations.

The study of migraine triggers is complex. About 70% of people can identify a factor that is likely to
predispose them to a migraine attack (triggers).'® Among self-reported triggers there are endogenous

events, like menses,’ and exogenous events, like dietary factors' (including alcohol®'®,

14,15 18,19 20,21

chocolate ', aspartame’®'”), weather conditions'®'® or air pollution?>?'. Interventional studies to
test whether a potential trigger is indeed a trigger are rare. Oftentimes individuals with migraine give
up trying to figure out which of the multiple potential triggers reported in population-level analyses
may apply to them and may decide to avoid some if they cannot confirm whether the event is a trigger

for them, or cannot develop some coping strategy.

Given that alcohol is a part of the social lives of many people, it would be most helpful that study
designs and analytical techniques that are specifically capable of identifying individuals for whom

alcohol is indeed a trigger, and individuals for whom it is not, be implemented.

Individual-level analysis plays a very important role in the study of migraine-associated exposures.??
Mixed effects models may be the method of choice to study the association between potential
triggers/protectors and migraine attacks. They provide specific estimates of the exposure effect for
each individual while making optimal use of population-level data.?® This balance between expected
norms for the population and the individuals’ experience may provide a more tailored approach to
the issue, and guidance for good self-care. In a recent individual-level analysis of the association
between triggers and migraine attack onset among people with episodic migraine (EM), our group
found that same-day alcohol consumption was associated with increased risk of an attack in less than

0.5% of drinkers.®



The objective of the present study is to explore the relationship between alcohol intake and risk of
migraine attack onset at the individual level among people with EM who consume alcohol. We
hypothesized that any alcohol intake, as well as number of alcoholic drinks, on a given day may be
associated with the onset of migraine attacks during the day after consumption or up to two days after

consumption, and the effect of the association may vary among individuals.

Methods

This is an observational prospective cohort study of individuals with migraine, who used a digital
health platform (N1-Headache™) to prospectively track headache symptoms and risk factors daily.?*~
2 After downloading the app and registering, participants answered baseline questionnaires which
were used to customize the daily diary. Subsequently, they used the app to track daily headache
symptoms and exposure to potential migraine risk factors. Participants could set a daily alert (by

default set at 9PM). Daily self-monitoring entry took approximately 2-3 minutes.

Participants Selection and Characteristics

Participants registered to use the platform through physician referral, via the website or the App Store
between October 2014 and March 2018 were eligible. At the time of the study, the app was only

available to users of iOS.

Inclusion criteria were: 1) aged 218 years 2) who tracked their symptoms and factors daily for 90 days
within 120 calendar-days, 3) with migraine who did not meet the International Classification of
Headache Disorders (3rd Edition, ICHD-3) diagnostic criteria for chronic migraine during the study
period,* and 4) stated at registration that they consumed alcohol. Eligible participants were excluded

if they stated that they drank alcohol but never tracked its consumption. Note that individuals who



did not meet ICHD-3 criteria for chronic migraine during the study period might have met it outside

the studied period or have it successfully in remission or under control with treatment.

At that time the App was only available in English.

IRB Approval and Subject Consent

Individuals gave consent to their anonymized data being collected and analyzed for research purposes,
by agreeing to the Curelator Inc. Terms and Conditions and Privacy Policy.?” The Biomedical Research

Alliance of New York (BRANY) IRB granted full waiver from informed consent on 10 October 2019.

Data collection and measures

At registration, participants recorded sex and date of birth. Females and other genders were asked
about their menstrual cycles: regular, menopausal, post-menopausal or amenorrheic. Age was

calculated from date of birth, and categorized into [18, 30], (30, 50] and >50 years old.

This study's two main exposures were daily alcohol consumption (“Yes/No”) and total daily number
of alcoholic beverages. Participants' alcohol consumption and regular frequency was determined at
registration with the question “How often do you drink alcoholic beverages?”, with possible answers
“never/ sometimes/ often”. If they answered “never” then no further alcohol-related questions were
included in the daily questionnaire. Otherwise, the following “Yes/No” question was asked daily: “Did
you drink alcohol?”. If they answered Yes then they were asked about types and number of alcoholic

drinks intaken: glasses of red wine, white wine, sparkling wine and spirits, and number of beers. Total



number of daily alcoholic beverages (all types) was computed and categorized into 0, 1, 2, 3,4, 5 or

more.

The primary outcome in this study was the first day of each migraine attack. A migraine attack was
defined as a series of consecutive migraine days. A new attack could only start if there was a non-
migraine day between two migraine days. In the baseline questionnaire, participants indicated the
type(s) of headache(s) they believe they experienced. Those indicating migraine were asked whether
a physician had diagnosed it. Each recorded headache was classified as migraine or “other headache”
based on daily recorded symptoms using an algorithm following the ICHD-3 criteria.* A migraine day
with aura was defined as a day during which the participant reported experiencing an aura, regardless
of whether or not it was followed by a headache. A definite migraine day was defined as a headache
day fulfilling ICHD-3 criteria B (headache duration), C (headache characteristics) and D (associated
symptoms of migraine without aura). The definition of a day with “probable migraine” was similar
except that either criterion C or D could be lacking, or the episode could have lasted 2-4 hours and
been treated with acute medication for headache. Both probable and definite migraine days with and

without aura were labeled as migraine days in this analysis.

Statistical methods

Descriptive statistics were used to summarize baseline participant characteristics and alcohol
consumption. For alcohol intake behavior, weekly statistics were calculated using natural weeks
composed of five or more tracked days. In those weeks, weekly alcohol consumption (number of days
with any consumption and number of alcoholic beverages) was calculated assuming zero consumption
during missing days (<2 days per week). Means (standard deviations, SD) were used to describe

normally distributed data, medians [25th, 75th] for ordinal or skewed data, and proportions



(percentages) for categorical or ordinal data. Percentiles and standard deviation of the number of daily
alcoholic drinks (all types and by type of alcoholic drink) were calculated over all person-days, within-
person means, and within-person standard deviations. Mean differences between two groups were
assessed using independent samples t-tests with Welch correction, and differences in percentages
were analyzed using Chi-square tests. Spearman correlation was used to describe the relationship
between numerical variables. Where appropriate, all hypotheses are two-tailed with p<0.05

interpreted for statistical significance.

Migraine attack onset was modeled as a binary outcome; migraine days after the first day of attack
were removed from the analysis. Logistic (logit-normal) models were used to estimate an individual’s
probability of having a migraine attack on a given day and its association with alcohol intake up to two
previous days (day-1 and day-2). Random intercepts by subject and random slopes in day-1 and day-2
alcohol-intake covariates were included. Random effects allow for individual differences in daily
migraine attack risk and in the effect of alcohol consumption on the risk of migraine attack onset. The
initial model also included the presence of migraine on day-2 and its interaction with alcohol intake
on day-2 to account for the possible effect of a migraine headache on how alcohol intake may affect
migraine onset in the following days.?® Sex, age (categorical) and average weekly alcohol intake
(categorized into 0, [1,7) and >7 units) were used as adjustment covariates.?® Non-significant terms
would be removed from the initial model (called Model 1) leading to the simplest, final model (Model
2). See Appendix 1 for model specifications. The same modeling strategy was applied to build another
model with total daily number of alcoholic beverages (for both day-1 and day-2) as the main exposure,

leading to a final model (Model 3).

Bayesian statistics were used for model parameters estimation using Markov Chain Monte Carlo
(MCMC) simulation with non-informative prior distributions (fixed effects were assumed to follow a

Normal distribution with mean 0 and variance 1000, and the variances of the random effects were
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assumed to follow an inverse Gamma distribution with mean 1 and variance 100). Chain convergence
was assessed through visual inspection of the sample traces and by monitoring diagnostic measures,
like their sample autocorrelations and the R-hat.>® Two chains were run until convergence, discarding
the first 50,000 iterations of each chain and keeping one out of ten iterations afterwards. The final
analysis was therefore based on 20,000 realizations, 10,000 from each chain. Plots of iterations vs.
sampled values for each variable were inspected to check model convergence. Instead of confidence
intervals, Bayesian statistics calculates Credibility Intervals (Cl) on the basis of the posterior probability
distribution, and they are defined as the range of values within which an unobserved parameter value
falls with a particular probability, e.g. 95%. Hereafter Cl refers to Credibility Interval. A parameter is
considered statistically significant when zero does not belong to the 95% credibility interval.
Observations with missing information in any of the independent variables were handled with listwise

deletion, that is, only complete cases were used for parameter estimation.

Given the observational, post-hoc nature of this study there was no a priori statistical power
calculation used to guide sample size, all eligible available data were analyzed (90 days per individual
in 487 individuals). Houle et al. (2021) showed that forecasting models using Bayesian methods in
N=95 individuals yield reliable estimates after 45 daily measurements, even when using very weak
informative priors, the way we did, and suggested that models may further improve with longer

observation periods.?!

All analyses were performed using R version 3.4.3 (2017-11- 30).3? Bayesian estimation was performed

with JAGS (Just Another Gibbs Sampler)® through the R package R2jags.>*

Data Availability Policy
Anonymized data will be made available to qualified researchers on written request to the

investigators.
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Results

Atotal of 7,877 people with migraine registered to use the headache app from October 2014 to March
2018. Among these, 787 were >18 years old who had tracked >90 days with >75% adherence. Of these,
651 met criteria for EM retrospectively, and 493 reported drinking alcohol. Further 6 individuals were
excluded because they never tracked alcohol consumption. The final sample size was 487 individuals.
who contributed data on 43,830 diary days, from which 9,578 were migraine days and 5,913 were the

first days of a migraine attack.

Subject sociodemographics

Table 1 summarizes participants’ demographics. The majority were female (419/487, 86.0%), actively

working (293/378, 77.5%). The mean age (SD) was 42.4 (12.2) years. Most of the females had regular

menstrual cycles (247/419, 58.9%). Individuals contributed a mean (SD) of 6.1 (3.3) migraine days per

month and 3.7 (1.7) migraine attacks per month.

Table 1: Demographic data for the sample (n = 487).

Variable alcohol intake had 10.6% missing values on day-1 and 11.6% on day-2; migraine on day-2 was
missing in 7.4%. Same-day alcohol intake (Yes/No), and quantity of each type of alcoholic drink had

4.7% missing values.

Alcohol intake behavior
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Out of 487 individuals who reported alcohol consumption at registration, 59 (59/487, 12.1%) indicated
that they consumed “a lot”, and the remainder consumed “some”. During 90 days, the average
number of drinks per week was <1in 132 (132/487, 27.1%) individuals, between [1, 7) in 289 (289/487,

59.3%) and >7 in 66 individuals (66/487, 13.6%).

Table 2 shows alcohol consumption overall and by sex. Consumption differed by sex in both frequency
and quantity: the median daily and weekly number of alcoholic beverages drunk were higher in men
compared to women; there were more men having >7 drinks per week; similarly, men consumed

alcohol on significantly more days per week (all p-values <0.001).

Table 2: Alcohol consumption overall and by sex

People with lower migraine frequency consumed more alcohol: the correlation between the average

monthly migraine (headache) frequency and the average weekly drinks was -0.28 (-0.22).

Individuals mostly drank alcohol on non-migraine days (85.4%, 9,332/10,928) while they drank alcohol
on 17.4% of migraine days (17.4%, 1,596/9,163). Fifty percent of individuals consumed <3 different
types of alcoholic drinks (out of the 5 asked types) during the 90 days (interquartile range=2-4). Beer
was intaken at least once by 311 individuals (311/487, 63.9%), red wine by 265 (256/487, 52.6%),
white wine by 358 (358/487, 73.5%), sparkling wine by 255 (255/487, 52.4%) and spirits by 370

(370/487, 76.0%).

Table 3: Distribution of daily alcoholic beverages consumption (total daily quantity and by type of
alcoholic drink) for: all person-days, within-person means, and within-person standard deviations.

Table 3 shows the distribution of daily alcoholic beverages consumption. Overall, consumption was

very low.
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Association between alcohol intake and migraine attack

The total number of follow-up days was 46,820. There were a total of 2,990 embedded missing days
(6.4%, 2,990/46,820) resulting in 43,830 days (90 for each individual) eligible for analysis. Migraine
days after the first day of attack (3,665 migraine days) were removed from the models leading to a
dataset with 40,165 diary entries. The embedded missing days, as well as incomplete entries during
tracked days, resulted in 7,254 day-cases with missing values (7,254 /40,165, 18.1%) in one or more
of the independent variables, which were further removed from the analysis. Missing days were
observed more often during weekends (15.9% and 16.2% of the 7,254 missing days occurred on
Saturday and Sunday, respectively, compared to 14.3% missing on Mondays, 13.1% on Tuesdays,
13.7% on Wednesdays, 13.4% on Thursdays and 13.4% on Fridays). A total of 32,911 complete cases

including 4,679 migraine attacks were analyzed.

Model 1 was estimated (Table 4) with no convergence issues. Neither the interaction term nor the
presence of migraine on day-2 were significant and they were removed (one at a time) from the final
model (Model 2). No convergence issues were identified in Model 3 (neither in the full nor in the

simplified, final model).

Table 4: Results of the logistic regression models of the log odds of migraine attack in relation to

alcohol consumption.

Table 4 shows that, at a population level, the probability of a migraine attack two days after alcohol
intake was 25% lower compared to the probability of an attack two days after no alcohol consumption
(OR =0.75, 95% Cl = 0.68-0.82, event rate 21.5% (1,006/4,679)) while the effect of alcohol intake on
day-1 was not significant (OR = 1.01, 95% Cl = 0.91-1.11, event rate 24.9% (1,163/4,679)), after

adjusting for sex, age and average number of alcoholic beverages per week. In the adjusted model,
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the higher the average number of alcoholic beverages the individual consumed per week during the
study period, the lower the probability of having a migraine attack (17% lower for those drinking [1,7)
vs [0,1) and 27% lower for those drinking 27 vs [0,1)). This was consistent with the descriptive statistics
on the migraine frequency by average weekly alcoholic beverages intake. Sex and age had no
significant effect. In the model with the total daily number of alcoholic beverages as covariates (Model
3), the number of beverages on day-1 also had no significant effect, while the probability of a migraine
attack was 12% lower for each unit-increase in the number of beverages on day-2 (OR = 0.88, 95% Cl

= 0.84-0.92). These results were consistent with the binary alcohol intake model.

Mixed models obtain the differences between each individual effect and the population estimates,
thus estimates from Table 4 can be adjusted to provide an individualized model for each user. Figure
1 shows the results of the predicted probabilities (median and 95% Cl) of migraine attack for each of

the 487 individuals.

Figure 1: Individual probability of migraine attack (median and 95% Cl) under four scenarios: A) No
alcohol consumption on either the day before (day-1) or two days before (day-2), “No/No”, B)
Alcohol consumption on day-1 but not on day-2, “Yes/No”, C) Alcohol consumption on day-2 but
not on day-1, “No/Yes” and D) Alcohol consumption on both days, “Yes/Yes”. Individual
probabilities are estimated from a Bayesian model with the following covariates: fixed and random
intercept, fixed and random day-1 alcohol intake and day-2 alcohol intake, and adjusted for sex,

age, and average weekly alcohol consumption.

Figure 1A shows the individual probabilities of migraine attack, when no alcohol was consumed on
neither day-1 nor day-2. Red dots represent median individual probability, and vertical lines represent
the individual 95%Cl. These probabilities (red dots) serve as reference in the other three figures. Figure

1C shows the median (blue dots) and 95%Cl of the individual probability of migraine attack onset when
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individuals consumed alcohol on day-2 but no alcohol on day-1; blue dots lay below red dots, which
indicate a lower probability of migraine attack two days after alcohol consumption (with respect to no
consumption). When there was alcohol intake on day-2 (regardless of intake on day-1, Figures 1C and
1D) the probability of migraine attack was lower compared to when there was no alcohol intake in
both day-1 and day-2 (red dots). On the other hand, the probability of migraine attack when there was
no intake on day-2 was similar regardless of whether there was alcohol intake on day-1 (Figures 1A

and 1B).

Figure 2 shows data on two individuals selected at random among those who tracked more than 600
days. In each case, individual predicted probabilities are compared to the population predictions (in
purple) after updating Model 2 to account for all available tracked data for each individual (not only
the first 90 tracked days).

Figure 2: Individual probability of migraine attack (median and 95% Cl) corresponding to two
individuals selected at random among participants who tracked >600 days. Individual probabilities
are estimated using a Bayesian model and all available tracked days, with the following covariates:
fixed and random intercept, fixed and random day-1 (day before) alcohol intake and day-2 (two
days before) alcohol intake, and adjusted for sex, age, and average weekly alcohol consumption.

Scenarios are defined according to alcohol consumption on day-1 and on day-2.

Discussion

The relationship between alcohol use and migraine is complicated. Its use differs tremendously cross-
culturally and has meaningful social, religious and economic associations. In this prospective
observational study of 487 mostly English-speaking females with EM who consumed low doses of
alcohol, and used a digital health platform to track their headache symptoms and factors, we found

that alcohol intake appears to have no effect on the probability of an attack on the next day, after
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adjusting for sex, age and average number of alcoholic beverages consumed per week. There was a
statistically significant decrease in the probability of an attack two days after consumption on average.
A model including number of alcoholic beverages instead of simply alcohol consumption (Yes/No) led
to the same conclusions. Even though the statistical model did not include medication use, since the
participants reported taking relief medication only in 8.5% (501/5,913) of the 5,913 migraine attacks
considered in this analysis (data not shown) we may conclude that this finding was also independent

of any attempt to prevent or treat the headaches more acutely.

Most individuals self-reported moderate use of alcohol at registration (428/487, 87.9%) and a low
number of a range of different beverages were consumed during the study (as previously
reported).®3%36 Alcohol was consumed more among people with lower migraine frequency, and
consumption occurred more often during non-migraine days. This inverse relationship has been
consistently shown in previous population-based studies.’”-3 One may argue that patients with
migraine might be avoiding alcohol if they believe it triggers their attacks. In a recent study of the
mechanisms of alcohol-induced headache, however, Panconesi presents counter-arguments in favor
of lower consumption being a personal choice.?”:3° One of the arguments is that, in a large study of
patients with migraine, only 3% of those who did not drink alcohol reported that the reason was that
alcohol triggered their attacks.*® An additional argument was that the percentage of individuals who
never or seldom consumed alcohol was higher among people with both migraine and non-migraine
headache types when compared to patients without migraine.3®4! In this study we combined definite
and probable migraine as the primary outcome: there were 4.6% (215/4,679) of migraine attacks that
had been classified as probable migraine and were preceded by alcohol intake within 12 hours from
onset. In the present cohort, a separate study on self-reported triggers showed that no individuals
identified alcohol as the only trigger of their headaches suggesting none of these events represented
hangover headache alone. Despite not being able to capture data on the immediate response to

alcohol consumption due to the daily resolution of the questionnaire, we were able to look at various
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time points following the initial use of alcohol. Alcohol appears to be related to different risks of
migraine depending on how distant temporally the use occurred.

This study has several strengths. First, to our knowledge, this is the largest study to examine self-
reported alcohol consumption in relation with migraine attack onset in this population (>30,000 diary
entries analyzed). This included a cross-cultural population, although all spoke English, representing
social differences in alcohol use. Second, we applied the gold-standard criteria to define the primary
outcome, using a validated algorithm reflecting the ICHD-3 definition of migraine. Third, we employed
robust statistical modeling techniques to estimate the effect of alcohol consumption on migraine
attack onset. We used Bayesian statistics for parameter estimation and included random effects to
allow for individual differences in their daily migraine attack risk and for individual differences in the
effect of alcohol consumption. In addition to population-level estimates, we were able to compute
individual probabilities of migraine attack onset based on alcohol consumption on day-1 and/or day-
2, with very high accuracy in many cases (the higher the number of days tracked, the higher the
accuracy). The models were assessed for potential confounding: migraine presence on day-2, weekly

average alcohol consumption, age and sex.

This analysis also has several limitations which suggest areas that require further research and
delineation. Units of alcohol consumption were not collected in a standardized manner and may differ
in cross-cultural use, therefore we were not able to standardize the number of alcoholic drinks
according to type of alcohol or accurately estimate the actual dose of ethanol. Other observational
studies in people with migraine have taken a similar approach, which seems appropriate given the low
alcohol consumption in this population.?®3% The measure of alcohol consumption used in this study
has not been formally validated or psychometrically tested for reliability. However, self-reports of
drinking show adequate reliability and validity when the assessment situations are structured to
minimize bias, which is the case of the N1-Headache™ app by 1) ensuring anonymity and

confidentiality, 2) minimizing recall bias through prospective daily data collection and 3) giving clear
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and simple instructions regarding data to be reported.*? Although similar measures have been used in

prior published work®®

results may have differed if a validated measure was used in its place.
Furthermore, alcohol consumption on the same day (of the outcome analysis) was not included, since
the exact time of intake was not collected, and it was not possible to determine whether migraine
onset was before or after alcohol intake on the same day. However, by assessing the effect of day-1
consumption we expect to have captured the potential effect of alcohol within 12 hours of intake in
many instances (if it occurred in the evening of day-1). This may not capture individuals who
experienced a rapid onset of headache following alcohol use, particularly if it had occurred in the
morning. Third, we excluded people who do not consume alcohol, and we were not able to assess
whether the reason for abstaining from alcohol is related to their belief that alcohol may trigger their
migraine attacks and accounts for a separate phenotype from the rest of the analyzed sample.
However, based on previous reports we expect the number of people for whom this belief was the

reason for not drinking to be very small.®®

We assessed the differences between the (excluded)
nondrinkers and the analysis sample to explore possible bias (data not shown). We found a higher
frequency of migraine and headache attacks among those who do not drink (p<0.001, p=0.004,
respectively), which is consistent with other similar studies. Furthermore, excluded individuals had
greater disability (p=0.024) and were more likely to come from the US (p=0.015). Another limitation
is that there were a total of 18.1% missing entries. Participants skipped data entry more often during
weekends (approximately 16% of missing entries occurred during Saturdays and also Sundays,
compared to approximately 14% each of the weekdays). This may have caused under-reporting of
both alcohol consumption and headache. Finally, included individuals were only iOS users with
frequent phone use who have a more severe disability than would be expected at least in the US;*
this study sample has more than 80% of users who self-report having a doctor diagnosis, which may
impact the generalizability of our findings. Moreover, prior research has shown that people with

migraine who are adherent with completing daily data entry in the N1-Headache™ application are not

representative of the general population of people with migraine.?*
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In conclusion, the results of this large multicultural, English-speaking cohort of people with migraine
and that consumes low doses of alcohol suggest that the role of alcohol as a migraine trigger might
have been overestimated. Our findings do not support recommending alcohol avoidance to all people
with migraine. Finally, looking as to whether any other associated behaviors may increase or decrease
the risk of migraine in association with alcohol may also give us further insight into the complexities

of this condition and better ways to help direct care.
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Table 1: Demographic data for the sample (n = 487).

Mean (SD) or
n (%)

scale)$

Age (years) 42.5(12.2)
Sex — female 419 (86.0)
Employment status?!
Employed 261 (69.0)
Self-employed 32 (8.5)
Homemaker 28 (7.4)
Student 23 (6.1)
Retired 16 (4.2)
Other 18 (4.8)
Country
United States 192 (39.4)
Great Britain 172 (35.3)
Other 123 (25.3)
Migraine diagnosed by doctor$ 431 (88.7)
Migraine years™¢ 20.6 (13.0)
Average pain level (rated on a 0-10 6.0 (1.8)
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Headache days/month 9.3 (4.2)
Migraine days/month 6.1 (3.3)
Migraine attacks/month 3.7(1.7)
Disability $
MIDAS Grade | 42 (8.6)
MIDAS Grade Il 39 (8.0)
MIDAS Grade llI 91 (18.7)
MIDAS Grade IV 314 (64.6)

1 Available in n=378
19 Available in n=251

§5 self reported at registration
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Table 2: Alcohol consumption overall and by sex.

Overall Female (n=419) | Male (n=68)
(n=487)
Daily drinks (median, Q1-Q3) 0.3(0.1-0.7) |0.3(0.3-0.7) 0.6 (0.2-1.2)
Weekly drinks (median, Q1-Q3) 2.1(0.8-4.8) |[1.9(0.8-4.3) 3.4 (1.2-7.7)
Average drinks intaken per week (n, %)
[0, 1) 132 (27.1) 118 (28.2) 14 (20.6)
[1,2) 101 (20.7) 93 (22.2) 8(11.8)
[2,3) 66 (13.6) 56 (13.4) 10 (14.7)
(3,4) 42 (8.6) 39 (9.3) 3(4.4)
[4,5) 31(6.4) 26 (6.2) 5(7.4)
[5,6) 30(6.2) 27 (6.4) 3(4.4)
[6,7) 19 (3.9) 15 (3.5) 4 (5.9)
>7 66 (13.6) 45 (10.7) 21 (30.9)
Days per week with intake (median, Q1, Q3) | 1.3 (0.6-2.4) 1.2 (0.5-2.2) 2.2 (0.9-4.0)
Alcohol intake in >50% of days (n, %) 60 (12.3) 39(9.3) 21 (30.9)

Note: all comparison tests p-value<0.001
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Table 3: Distribution of daily alcoholic beverages consumption (total daily quantity and by type of
alcoholic drink) for: all person-days, within-person means, and within-person standard deviations.

All person-days

Variable Units | 5th | 10th | 25th [ 50th | 75th | 90th | 95th | SD
Alcoholic beverages | drinks | O 0 0 0 1 2 3 1.2
Beer beers |0 0 0 0 0 0 1 0.7
Red wine glasses | O 0 0 0 0 0 1 0.4
White wine glasses | O 0 0 0 0 0 1 0.6
Sparkling wine glasses | O 0 0 0 0 0 0 0.4
Spirits glasses | O 0 0 0 0 0 1 0.6

Within-person means

Alcoholic beverages | drinks | 0 0 01 |03 (08 [13 |18 |0.6
Beer beers |0 0 0 0 0.1 (04 |06 |03
Red wine glasses | O 0 0 0 0.1 (0.2 [05 [0.2
White wine glasses | O 0 0 0 0.2 |04 (06 |03
Sparkling wine glasses | O 0 0 0 0 01 |02 |0.1
Spirits glasses | O 0 0 0 02 (03 |04 0.2

Within-person standard deviations

Alcoholic beverages | drinks | 0.1 (0.2 |04 |07 |12 |17 (2.0 |0.6

Beer beers |0 0 0 02 |05 |08 |11 |05
Red wine glasses | O 0 0 0.1 (04 |06 |08 |03
White wine glasses | O 0 0 02 (05 (08 [1.1 (0.4
Sparkling wine glasses | O 0 0 01 |03 (06 |08 |0.3
Spirits glasses | O 0 0 02 (06 |09 |12 (04

*SD: standard deviation
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Table 4: Results of the logistic regression models of the log odds of migraine attack in relation to

alcohol consumption.

Model 1

Model 2

Model 3

OR (95% CI)*

OR (95% CI)*

OR (95% CI) +

Intercept

0.198 (0.169, 0.232)

0.197 (0.169, 0.229)

0.196 (0.169, 0.229)

day-1 alcohol intake

1.01(0.91, 1.11)

1.01(0.91, 1.11)

Not applicable

day-2 alcohol intake

0.75 (0.68, 0.83)

0.75 (0.68, 0.82)

Not applicable

day-1 number of
alcoholic beverages

Not applicable

Not applicable

1.03 (0.98, 1.08)

day-2 number of
alcoholic beverages

Not applicable

Not applicable

0.88 (0.84, 0.92)

day-2 migraine

0.96 (0.88, 1.05)

day-2 alcohol * day-2
migraine

0.98 (0.79, 1.20)

Sex - male

0.89 (0.75, 1.05)

0.89 (0.75, 1.05)

0.88 (0.75, 1.04)

Age (30,50] vs <30

0.95 (0.82, 1.09)

0.95 (0.82, 1.09)

0.95 (0.82, 1.09)

Age >50 vs <30

1.00 (0.85, 1.18)

1.00 (0.85, 1.17)

1.00 (0.85, 1.09)

Alcohol doses per week
[1,7)vs [0,1)

0.85(0.75, 0.96)

0.85(0.75, 0.96)

0.83(0.75, 0.94)

Alcohol doses per week
>7vs [0,1)

0.76 (0.62, 0.93)

0.76 (0.62, 0.93)

0.73 (0.60, 0.90)

T 0dds ratios and their 95% credibility intervals (95% Cl) have been calculated from the log odds

estimates for ease of interpretation
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Figure 1: Individual probability of migraine attack (median and 95% Cl) under four scenarios: A) No
alcohol consumption on either the day before (day-1) or two days before (day-2), “No/No”, B)
Alcohol consumption on day-1 but not on day-2, “Yes/No”, C) Alcohol consumption on day-2 but
not on day-1, “No/Yes” and D) Alcohol consumption on both days, “Yes/Yes”. Individual
probabilities are estimated from a Bayesian model with the following covariates: fixed and random
intercept, fixed and random day-1 alcohol intake and day-2 alcohol intake, and adjusted for sex,

age, and average weekly alcohol consumption.
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Note: Individuals are ordered by probability of migraine attack under the assumption of no alcohol
intake on day-1 and no intake on day-2 (red dots). For reference this baseline probability (red dots

line) is reproduced in all graphs.
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Figure 2: Individual probability of migraine attack (median and 95% Cl) corresponding to two

individuals selected at random among participants who tracked >600 days. Individual probabilities

are estimated using a Bayesian model and all available tracked days, with the following covariates:

fixed and random intercept, fixed and random day-1 (day before) alcohol intake and day-2 (two

days before) alcohol intake, and adjusted for sex, age, and average weekly alcohol consumption.

Scenarios are defined according to alcohol consumption on day-1 and on day-2.
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Note: Individual A is a 50-year old female, consumer of 1.1 alcoholic drinks per week (on average,

first 90 days), 858 days tracked; Individual B is a 46 year-old female, consumer of 0.1 alcoholic

drinks per week (on average, first 90 days), 1052 days tracked.
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Appendix 1

The statistical model is specified as follows: let n be the number of individuals and n; the number of
tracked days of individual i (that is, n; is the number of repeated measurements of individual i); let
r = 1,...,n;be the index of the repeated measurement (tracked day). Let y;,-|p; be the presence
(or absence) of migraine for individual i on the r-th tracked day, which is assumed to follow a

Bernoulli probability distribution with parameter p;;- , that is,

yirlpir ~ Bern (pir);

fori =1,...,n,andr = 1,...,n;. Then, for each individual i , Model 1 can be specified as

logit(pyy) = (bg + ag;) + (b; + ay;) - alcoholy,_; + (b, + ay;) - alcoholy,-_, + bs - migraine;,_,
+by;3 - alcoholy_; - migraine;_, + by - male + bs - age(zps0) + bg - agesso + by -

alcoholDyy,7) + bg - alcoholDs,; ,

where byis the fixed intercept and by, by, b3, b3, by, bs, bg, by, bg are the fixed slopes, aj;is the
random intercept when j = 0 and the random slopes for the covariates when j > 0: alcohol on day-
1(j = 1), alcohol on day-2 (j = 2). The aj; are assumed to follow a normal distribution with mean 0
and unknown variance sz forj = 0,...,3. The adjusting covariate alcoholD is the average weekly
alcohol intake in doses. As a prior distribution of every fixed effect, an independent normal
distribution with prior mean 0 and prior variance 1000 is chosen, which corresponds to a non-
informative prior distribution. As a prior distribution of the variance of each random effect, an
inverse Gamma distribution with prior mean 1 and prior variance 100 is chosen, which is the

standard noninformative choice for the dispersion parameter.
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