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ABSTRACT: Background: Knowledge of environmental triggers for migraine attacks is limited and has mostly been acquired by studies using
emergency room (ER) visits. However, it is unlikely that ER visits are a random sample of migraine events, even within strata of migraine
severity. Additionally, time lags between attack onset and ER visits may vary across the population, posing challenges for assessing causal links
of migraine with community-level or ecologic exposures. Objective: Our objective was to assess the relationship between demographic and
geographic measures and self-reported migraine-related ER visits. Methods: We analyzed a targeted non-probability survey of ER use related
to migraine in Canada and the USA. The 18-question online survey addressed ER use and behaviors related to recording attacks. Results: The
final dataset included 389 respondents (Canada = 164 [42.2%], USA = 225 [57.8%]); 51 (13.1%) were Migraine Buddy app users who shared
their diaries. In both countries, participants reported similar migraine symptoms. Barriers to attending the ER included cost and wait times.
There was more variability in delays between attack onset and arrival to the ER than between onset and recording in the smartphone app.
Younger participants and participants living in Canada were significantly more likely to present to the ER. Conclusion: The sample of patients
presenting to the ER for migraine may be biased toward younger patients and depend on the jurisdiction. Smartphone app records may have
fewer barriers to creation and more consistent time lags compared to ER visit records.

RESUME : Mesurer incidence de la migraine au Canada et aux Etats-Unis : une enquéte en ligne portant sur Uutilisation des
services d’urgence et des applications pour téléphones intelligents. Contexte : Les connaissances sur les déclencheurs
environnementaux des crises migraineuses sont limitées et ont été surtout acquises dans le contexte d’études reposant sur des visites a
des services d’urgence. Cela dit, il est peu probable que ces visites constituent un échantillon aléatoire des événements migraineux, et ce, méme
au sein des catégories de gravité de la migraine. En outre, les délais entre 'apparition d’une crise et les visites a des services d’urgence peuvent
varier au sein de la population, ce qui complique I’évaluation des liens de causalité entre la migraine et les expositions au milieu
communautaire ou environnemental. Objectif : Notre objectif était d’évaluer la relation entre les éléments démographiques et géographiques
de mesure et les visites autodéclarées aux services d'urgence en raison de la migraine. Méthodes : Pour ce faire, nous avons analysé une enquéte
ciblée et non probabiliste sur I'utilisation des services d’urgence pour cause de migraine au Canada et aux Etats-Unis. L’enquéte en ligne de 18
questions portait sur I'utilisation des services d’urgence et les comportements liés a la tenue de dossiers concernantles crises migraineuses.
Résultats : L’ensemble final de données comprenait 389 répondants (Canada = 164 [42,2 %] ; Etats-Unis = 225 [57,8 %]). De ce nombre, 51
(13,1 %) étaient des utilisateurs de application Migraine Buddy qui ont partagé leur journal. Dans les deux pays, les participants ont signalé
des symptdmes migraineux similaires. Les obstacles & une consultation dans les services d’urgence étaient le cofit et les temps d’attente. Les
délais entre 'apparition d’'une crise migraineuse et I'arrivée aux services d’'urgence étaient plus variables que ceux entre 'apparition d’une telle
crise et la tenue d’un dossier dans cette application a partir d’'un téléphone intelligent. A noter que les participants les plus jeunes et ceux vivant
au Canada étaient significativement plus susceptibles de se présenter aux services d’urgence. Conclusion : L’échantillon de patients se
présentant aux services d’urgence pour une migraine peut étre biaisé en faveur des jeunes patients et dépendre de la juridiction. Néanmoins, il
se peut que l'application mentionnée ci-dessus présente moins d’obstacles a la tenue d’un dossier et des délais plus réguliers par rapport a la
tenue de dossiers effectuée dans le cadre de visites a des services d’urgence.
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Highlights

« Younger participants and those living in Canada vs. USA were more likely
to have attended ER for migraine in the previous 12 months.

« Smartphone app users recorded attacks within hours of onset.

« Variability in timing between migraine attack onset and arrival at ER
presents challenges for assessing causal links to environmental
exposures.

Introduction

Migraine is the second leading cause of years lived with disability
worldwide.! This brain disease is the sixth most prevalent
disease worldwide in both men and women.? Migraine resulted
in over 45 million years of life lived with disability in 2016 and
causes greater workplace productivity loss than arthritis and
diabetes combined.? Despite an estimated 11% of Americans
and Canadians living with migraine,>® this condition remains
underdiagnosed and undertreated.>’

There is increasing interest in group-level or environmental
factors related to migraine.® These include green space, extreme
weather and pollution® For example, recent animal and
observational studies have suggested that exposure to high levels
of air pollution (e.g., nitrogen dioxide or NO,) may trigger
migraine attacks. Exposure to NO, induced migraine-like behavior
and physiology in rats via calcitonin gene-related peptide
(CGRP).>10 CGRP is part of an established migraine-related pain
pathway and the target of anti-CGRP migraine medications. The
findings from these animal studies are supported by findings in our
recent systematic review that the majority of observational studies
of air pollution and migraine outcomes detected positive
associations.!

ER visits for migraine have been the dominant outcome used in
migraine and air pollution studies to date.!> Findings from these
studies are mixed, which motivated this study. Specifically, while
emergency room (ER) data provide access to a larger sample of
migraine events with lower costs than studies using surveys or
migraine diaries, it is unknown what proportion of migraine events are
represented in ER data or whether community-level characteristics
moderate the relationship between migraine events and ER visits.

Additionally, if there are differences between migraine events
and ER visits across population subgroups, then this poses
challenges for the use of ER visits to answer causal research
questions. Previous studies have demonstrated that people with
migraine delay going to the ER. For example, a prospective
multinational study of 1,101 ER visits for migraine across 10
countries found that 26% of patients waited three or more days to
attend the ER."> Another study found 9% of migraine ER patients
had ongoing headaches for at least one week prior to attending the
ER. These variations in delay accessing ER services add
uncertainty to the measurement of time of onset, undermining
efforts to determine causal relationships to environmental
exposures. Since defining the timing of the exposure and outcome
is critical for determining causal relationships'®, ER visits may not
be an optimal measure of migraine outcomes for community-level
research.

Smartphone app data may present a way forward for more
accurate migraine event timing. With an estimated 4.7 billion
smartphone users in 2022,'® smartphones and health apps are
increasing in popularity.!” Health apps allow individuals to
monitor their health and can also allow researchers to collect
clinical or observational data.!” For example, the Migraine Buddy
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app allows users to track their potential migraine triggers, attack
timing and treatments. The app produces analyses of triggers and
treatment effects, as well as creating reports of events and migraine
disability to share with the user’s clinician. Users may consent to
share their data for research, creating a rich individual-level dataset
that can be linked to environmental exposure data.

To date, app-based data has still not been used in many
epidemiological studies.!” Potential advantages include real-time
recording and data transfer and daily longitudinal tracking over
long time periods.!” These advantages must be weighed against
data quality and security concerns.'”

Our primary objective was to examine if demographic or
geographic groups (by sex, age or country) were more or less likely
to be present in ER data following a migraine event. Our secondary
objective was to assess the ER visits and attack recording habits of
Migraine Buddy smartphone app users. Our results lend insight
into the use of smartphone datasets for understanding the
relationship between community-level exposures and migraine.

Methods

Sample and recruitment: We recruited a non-random sample of
volunteer participants with migraine living in Canada or the USA.
From August to October 2023, participants were invited to
participate by Migraine Quebec and Migraine Canada via their
social media platforms including Facebook, X (formerly Twitter)
and Instagram. Participants were also invited through monthly
e-newsletters at Migraine Quebec and Migraine Canada and
through the Migraine Buddy app in Canada and the USA.
Therefore, the sample frame included individuals who followed
Migraine Quebec or Migraine Canada on social media, who
received newsletters from these organizations, and Migraine
Buddy users, who lived in Canada or the USA and opened the
research tab during recruitment or anyone who had information
forwarded from those sources. No monetary incentives were
provided. See supplementary data for further details.

Eligible participants were residing in Canada or the USA and
had experienced a migraine attack in the 12 months preceding the
survey.

Participants who were Migraine Buddy users had the option to
provide their email address to link their Migraine Buddy record
diaries to their survey responses. Migraine Buddy diaries were
collected separately, via the Migraine Buddy app. The app diaries
included date and time of attack onset and attack resolution and
type of attack. We analyzed diaries for the 12 months leading up to
survey closure on October 31, 2023.

Survey: We designed a survey of ER use related to migraine
among people who experience migraines in Canada and the USA.
The survey consisted of 19 questions about ER use, reasons for
visits, challenges in getting to the ER or at the ER and participants’
attack-related recordkeeping. Questions were a combination of
multiple-choice and open text. We restricted demographic survey
questions to country, age and sex to reduce the length of time
required to complete the survey and because of predicted small cell
sizes. The survey was hosted online by the Migraine Buddy team at
Aptar Digital Health, then known as Healint, Inc.

Ethics approval: This study was approved by the University of
Toronto Health Sciences Research Ethics Board (protocol #38331).

Eligibility: Our analysis included participants who reported
either having been diagnosed by a doctor or symptoms meeting
the International Classification of Headache Disorders 3
(ICHD-3) migraine criteria. The ICHD-3 criteria include
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headaches that last 4 hours or more, with at least two of
unilateral location, pulsating quality, aggravation by physical
activity and moderate to severe pain, as well as one of nausea,
vomiting, photophobia or phonophobia.

Statistical analyses: We stratified our main analyses based on
country of origin to gain insights into similarities and differences in
Canada and the USA. Continuous variables included age and
number of reported ER visits and were presented as mean (range)
and binned in figures to protect privacy due to small cells.
Categorical variables included sex, country of origin, reasons for
attending or avoiding ER and attack-recording behaviors and were
presented as numbers (%) with chi-square significance tests with
alpha-value of 0.05.'® Narrative comments were summarized by
one reviewer.

We used logistic regression analysis to identify predictors of
attending ER. We investigated the linearity of the relationship
between age and attending ER by including an age-squared term in
our model. As this term was not statistically significant, we
assumed a linear relationship between age and the likelihood of ER
attendance. To aid in the interpretation of the estimate, we
included age in 10-year categories so that the estimate is the
decreased likelihood per 10-year age grouping. Models were
assessed by Akaike’s information criteria, where a lower AIC
represents better model fit.!

lOg <1P%p) — ﬁIXSCX +ﬁzxage +ﬁ3xc0untry

p = probability of visiting ER in the previous 12 months

p = coefficient to the corresponding variable

Analyses were undertaken and described in Quarto® using R
version 2024.04.0 + 735.*' Analytic code is available at https:/
github.com/aportt/ER-migraine.git.

Results
Eligibility
In total, 414 people started the survey (see Figure 1). Of these, 25

either declined consent or did not report migraine symptoms
meeting ICHD-3 migraine criteria or having been diagnosed by a

Figure 1. Inclusion of participants who consented to participa-
tion and had either been diagnosed with migraine in the past or
reported symptoms matching the ICHD-3 criteria for migraine in
the past year. A subgroup of participants were Migraine Buddy
users who agreed to share their headache diaries from the app.

doctor. This left 389 consenting participants who met ICHD-3
criteria and/or had been diagnosed by a doctor.

Among the 87 participants who reported using Migraine
Buddy, 51 (58.6%) agreed to link their migraine diary data and had
recorded any events (migraine or other) in their diary in the 12
months leading to survey closure. This subgroup of participants
also had an even distribution in ages from 15 to 70 years and were
mainly female (data not shown).

Demographics and migraine diagnoses

As shown in Table 1, 164 participants were from Canada, with 225
(57.8%) participants from the USA. Ages ranged from 13 to 77
years. Different age categories were well represented within the
range (Figure 2). A doctor had diagnosed 99% of participants, with
most diagnoses by neurologists, followed by primary care
physicians and headache specialists.

All consenting participants reported at least one migraine
attack in the 12 months preceding their completion of the survey.
Nearly half (44.7%) of participants had visited the ER for migraine
in the past 12 months.

Number of annual ER visits and smartphone app records

As shown in Figure 3, 174 (44.7%) of participants had visited the
ER in the past year. Among those, 88 (22.6% of the total sample)
had been once, 41 (10.5%) had visited twice and 27 (6.9%) had
visited 3 or 4 times in the past year, with an additional 18 (4.6%)
visiting more than 4 times.

Among survey participants who agreed to share their
smartphone data, a small number (<6) had not recorded any
migraine attacks in Migraine Buddy diaries during the 12-month
period before the survey closed (data suppressed due to small cells).
This disagrees with the survey data, wherein all participants
reported at least one migraine in the past 12 months.

Migraine Buddy users recorded more migraine events in the
app than ER visits. Compared to ER visits, Migraine Buddy users
were more likely to include two or more attacks within a 12-month
period (see Figure 4). There was a wide distribution of attack record
numbers, with many participants reporting more than 10 migraine
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Table 1. Demographic and migraine diagnosis information from eligible participants who completed the online survey and reported diagnosis by a doctor and/or

symptoms matching the ICHD-3 criteria for migraine

Variable Canada, N = 164 USA, N = 225 Overall, N = 389
Age! 44 (14, 76) 42 (13, 77) 43 (13, 77)
Sex?
Female 159 (97%) 212 (94%) 371 (95 %)
Male <6 <20 (suppressed due to small cells) 18 (5 %)

Ever diagnosed by a doctor

162 (99%)

222 (99%) 384 (99 %)

Doctor who diagnosed migraine

Family doctor, general practitioner or primary care physician 57 (35%) 55 (24%) 112 (29 %)
Headache specialist 21 (13%) 23 (10%) 44 (11 %)
Neurologist 80 (49%) 142 (63%) 222 (57 %)
Not diagnosed or other <6 <6 5 (1.3 %)
Other? <6 <6 6 (1.5 %)
Went to ER for migraine in the past 12 months 83 (51%) 91 (40%) 174 (45 %)
IMean (range); 2n (%). *Other: all of the above, ER doctor, ophthalmologist or psychiatrist.
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Figure 2. Age ranges of 389 participants who completed the survey and reported
either a diagnosis by a doctor or symptoms that met the ICHD-3 criteria for migraine.

attacks. In contrast, the mean number of ER visits for this subgroup
was 1.1, with a range of 0-15.

Reasons for visiting ER

We asked the 143 participants who thought about going to the ER
and the 174 participants who went to the ER about their reasons for
considering ER treatment (see Table 2). The proportions reporting
reasons for the ER visits were very similar in the two countries.
Over 10% in both countries were sent by a medical professional,
two-thirds cited unbearable pain and approximately one-third
were worried about symptoms other than pain. Approximately

ER visits in previous 12 months

Figure 3. Distribution of number of emergency room (ER) visits among participants
who had visited the ER in the previous 12 months.

one-quarter to one-third had concerns about vomiting or not being
able to eat or drink or were worried that the attack may be
something other than a migraine. Participants in both countries
also listed the need for medication that was only available at the ER
as a reason to visit or think about visiting the ER. In narrative
comments, 14 (4%) of participants wrote that the length of their
ongoing attack was a factor in considering an ER visit. These
participants reported problematic lengths of attack ranging from 2
to 38 days. None of these factors were statistically significantly
different between Canada and the USA.

These similarities suggest that migraine attacks severe enough
for participants to consider or actually visit the ER had similar
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Table 2. Self-reported reasons for considering or attending the ER

Table 3. Estimated odds ratios of survey participants attending emergency
room based on sex, age and country of residence

Canada, USA,
Reason for attending ER N = 146 N = 171! p-value? Covariate 0dds ratio (95% confidence interval)
Sent by a medical 18 (12%) 31 (18%) 0.2 Sex: male vs. female 0.90 (0.32-2.38)
fessional
professiona Age: per 10-year increase 0.86 (0.74-0.99)
i 106 (739 128 (759 !
Bllbeaiabiclpall U5 ekt 8 ) 06 Country: USA vs. Canada 0.64 (0.43-0.97)
Worried about symptoms 42 (29%) 55 (32%) 0.5
other than pain
Vomiting too much or feeling 36 (25%) 54 (32%) 0.2
too sick to eat or drink
Attack felt like something 32 (22%) 49 (29%) 0.2
other than a migraine
No other place to see a 18 (12%) 11 (6.4%) 0.07 3004
doctor quickly enough
Other - needed treatment 6 (4.1%) 5 (2.9%) 0.6
available at ER
Other - attack was too long 8 (5.5%) 6 (3.5%) 0.4

1n (%)
2Pearson’s chi-squared test

04 IIIII

1-4 510 11-30 31-50 51+
Migraine attacks recorded in previous 12 months

Number of participants
=

o
L

Figure 4. Distribution of the number of recorded migraine attacks by survey
participants who were Migraine Buddy users during a 12-month period.

clinical features in the USA and Canada. However, participants in
Canada were twice as likely as participants in the USA to have no
other place to see a doctor quickly enough (Canada = 12%, USA =
6.4%), although this difference was not statistically significant at
the 0.05 level (p = 0.070).

Notably, a small number of participants (<6) wrote that they
went to the ER because they needed a safe place due to a risk of self-
harm during the attack.

Time lags in app records
As described above, many survey participants noted in narrative
comments that attacks that continued for days or weeks led them to

Number of attack records in 2019

5 10 15 20
Hours from attack onset to record creation

Figure 5. Time between reported attack onset and creation of the attack records in a
Migraine Buddy dataset.

attend the ER. To gain insight into whether smartphone app record
creation was subject to similar delays, we analyzed the time
between reported attack onset and event recording in the Migraine
Buddy diaries.

As seen in Figure 5, most lag times between the record creation
and the reported time of migraine attack onset were 10 hours or
less in diaries. Notably, these short lag times were consistent across
reported pain severity (data not shown).

Predictors of ER attendance

We analyzed sex, age and country as predictors of ER attendance
among survey participants. In analyses to assess the linearity of the
association between age and attending ER for migraine, age
squared was not statistically significant, and setting age as a
nominal variable did not change the results. Neither of these
models improved (reduced) the AIC. Hence, we kept age, in 10-
year increments, as a linear variable in our model for parsimony
and ease of interpretation. A sensitivity analysis showed that
including the kind of doctor who diagnosed was not associated
with the likelihood of attending the ER.

As seen in Table 3, the point estimate for males attending ER
was below one, with a wide confidence interval including the null
value of 1.00 (OR: 0.90, 95 % CI 0.32-2.38). Increasing age was
statistically significantly associated with lower odds of attending
ER (OR per 10-year increase in age: 0.86, 95 % CI 0.74-0.99).
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Table 4. Self-reported reasons for not attending the emergency room (ER)
during a migraine attack (n = 143)
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Table 5. Self-reported reasons to not consider attending the emergency
room (ER)

Reason for not attending

Reason for not

ER Canada, N = 63' USA, N = 80' p-value? considering attending ER Canada, N = 18' USA, N = 54 p-value?
Did not need ER 13 (21%) 29 (36%) 0.042 Did not need ER 17 (94%) 44 (81%) 0.3
treatment treatment
Avoid long wait time, 51 (81%) 52 (65%) 0.035 Didn’t know | could go to 3 (17%) 13 (24%) 0.7
bright lights, noises and ER for migraine
ther di fort: .
other discomforts Wanted to avoid long 4 (22%) 6 (11%) 0.3
Got medical help 7 (11%) 7 (8.8%) 0.6 wait times
somewhere else
n (%)
Attack ended or got 14 (22%) 29 (36%) 0.069 2Fisher’s exact test
better
Too hard to get to ER 6 (9.5%) 14 (18%) 0.2
Too expensive 0 (0%) 33 (41%) <0.001
Avoid exposure to COVID- 19 (30%) 12 (15%) 0.029 Table 6. Relationship between having recorded migraine events in smartphone
}9 or other infectious diaries or other diaries and visiting the emergency room (ER) in the previous 12
illnesses months among survey participants (n = 317)
- {v) 0,
Gy = 1Ll @ 8 (sl 2 02 To ER in past 12 months  No, N = 143!  Yes, N=174*  p-value?
previous experience of
ineffective or unkind Attack was recorded 0.5
medical treatment
No 79 (55%) 90 (52%)
1
n (%) Yes 64 (45%) 84 (48%)

2pearson’s chi-squared test

Living in the USA was also statistically significantly associated with
lower odds of attending the ER compared to living in Canada (OR:
0.64, 95 % CI 0.43-0.97).

Reasons to avoid the ER and challenges to visiting the ER

For participants who had thought about going to the ER but did
not go (n = 143), not needing ER treatment (21% Canada and
36% USA) and avoiding long wait times and discomfort at ER
(81% Canada and 65% USA) were important considerations (see
Table 4).

A small proportion of participants (22% Canada and 36%
USA) did not go to the ER because their attack ended or
improved. Some participants were able to get medical help
elsewhere (11% Canada and 8.8% USA). Other participants did
not go to the ER because of difficulties getting to the hospital
(9.5% Canada and 18% USA).

Canadians were statistically significantly more likely to avoid
ER out of concern for long wait times or exposure to COVID-19 or
other infectious illnesses (81% Canada and 65% USA, p = 0.029);
only American participants cited avoiding the ER due to cost (0%
Canada and 41% USA, p < 0.001).

In free-text notes, participants in both countries cited fear of, or
previous experience with, ineffective or unkind treatment (4.8%
Canada and 11% USA) as a deterrent to going to the ER. Lack of
childcare was also reported as a reason to not consider or to avoid
going to the ER.

There were 72 participants who had not thought about going to
the ER for any migraine attack in the past 12 months. We asked
them why they had not considered going to the ER, with multiple
reasons allowed (Table 5).

As expected, the most common reason for not thinking about
visiting the ER for migraine was not needing ER treatment (94%
Canada and 81% USA, respectively, p = 0.3). Canadians were twice
as likely as Americans to not think about going to the ER because of

n (%)
2Pearson’s chi-squared test

long wait times (22% Canada and 11% USA, p = 0.3), although this
difference was not statistically significant.

Other reasons participants reported in comments included cost,
fear of unkind treatment or being treated as drug-seeking,
consulting directly with a doctor instead and being unable to
make treatment decisions due to the attack.

In contrast, a small number of participants (<6) wrote of
positive or partially positive (<6) experiences during ER visits.
Positive experiences at the ER included being taken seriously and
feeling empathy from medical staff, the dimming of lights during
care and effective treatment leading to mitigation or resolution of
symptoms.

Creation of smartphone attack records by participants

Of 317 participants who thought about going or did go to the ER, 148
(46.7%) recorded the associated migraine attack (Table 6). There was
no clear relationship between ER attendance and recording the
migraine event electronically, with similar proportions of non-ER and
ER visitors (45% and 48%) recording the event electronically (see
Table 6). Most (70.9%) of the participants who recorded the attack
used electronic methods. These included smartphone apps, spread-
sheet apps and electronic medical records.

In the survey, all Migraine Buddy users (n = 57, including
Migraine Buddy users who did not link their data) reported
recording the attack that made them consider going to or actually
going to the ER. Over the same period, linked Migraine Buddy
users reported migraine attacks on 1356 additional days. Possibly
due to recall bias or different times of completion of the survey, a
small number (<6) of linked Migraine Buddy diaries did not
include any migraine attacks in the 12 months before the survey
closed, despite all users reporting having recorded the events
leading to ER visits.
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Discussion

Our primary objective was to assess whether differences in sex, age
and location were associated with the likelihood of visiting the ER
during a migraine attack. In this non-probability online survey, we
found that younger respondents and those living in Canada
(compared to the USA) were more likely to have attended the ER
for migraine over the past year. Important barriers to visiting ER
included wait times, discomforts and potential infectious disease
exposure in the ER, cost, and difficulties getting to the ER.

Our secondary objective was to assess the ER visits and attack
recording habits of Migraine Buddy smartphone app users. We
found that almost all Migraine Buddy users recorded ER-related
and other migraine attacks in their diaries, generally within 10
hours of onset.

Taken together, our results suggest that ER records for migraine
are not a random sample of severe migraine events. Smartphone
diaries lack information from non-users but appear to include
more chronologically accurate event data among users compared
to time to ER presentation.

The symptoms that brought participants to the ER were similar
in both countries. “Unbearable pain” was cited by two-thirds of
participants. These results agree with a previous study by Wijeratne
et al,'* in which 41% of patients admitted to the ER for migraine
reported moderate (3-7/10 pain), and 36% reported severe (8+)
pain. Given that some participants endorsed ongoing pain for days
or weeks, “unbearable” in our survey may reflect a combination of
length of time with ongoing pain as well as pain intensity.

In addition to being more likely to report ER visits overall,
participants in Canada were more likely to endorse having no place
other than the ER to see a doctor. While the 2023 Commonwealth
survey described 13.8% of Canadians and 13.1% of Americans as
having no regular place to see a doctor, only 22.2% of Canadians
could book a same-day or next-day appointment, compared to
33.9% of Americans.?? Therefore, Canadians who need urgent care
may be more likely to report to the ER due to a lack of timely access
to primary care.

The most commonly cited barriers to visiting the ER in both
countries were wait times and experiencing discomfort at the ER. It
is difficult to compare actual ER wait times due to different
measurements in the two nations. However, the Canadian Institute
for Health Information’s National Ambulatory Care Reporting
System 2021-2022% reported that 50% of patients waited less than 3.6
hours, whereas the US National Hospital Ambulatory Medical Care
Survey: 2021 Emergency Department Summary Tables?* reported
60% of patients in the USA waited less than 3 hours. In Canada, 90%
of patients waited 12.4 hours or less, compared to 11.2 hours in the
USA.?* Potential ER patients in the USA were also concerned about
the cost of treatment. Mean patient costs of ER visits for migraine in
the 2019 US Nationwide Emergency Department Sample were $4,802
(median $3,080; range $0-$218,341).% Canadian patients’ emergency
care is fully covered provincially, although provincial coverage for
outpatient migraine-specific medications that may be prescribed
during an ER visit is limited. Together, these data suggest that
perceptions of wait times differ more greatly than the actual length of
ER visits between countries or perhaps that expenses outweighed wait
time concerns in the USA. Given the high average cost of ER visits for
migraine in the USA,” financial concerns are a likely reason that
fewer participants in the USA had visited the ER for migraine. This is
supported by several participants (<6) in our sample who were living
in the USA, who mentioned cost or lack of insurance in their free-text
responses.

Our results of younger participants being more likely to visit the
ER agree with previous studies of migraine and headache.?®%
Younger participants may have been more likely to experience new
or concerning symptoms for the first time, compared to older
participants who may have experienced symptoms previously and
had them resolve. This finding could also be due to cohort effects,
where people born in particular time periods are more or less likely
to visit the ER in general. Future work could address whether older
participants have had ER visits in their younger years or whether
younger patients were more likely to have new or more severe
symptoms to better understand the differences across age groups
observed in this paper.

As noted in the Methods section, we did not collect
sociodemographic information beyond age and sex. Factors such
as education level, income and insurance have been associated with
visiting the ER for migraine,'**® and future work should further
investigate how these variables impact ER attendance. Our results
may also vary province to province or state to state, which could be
explored in more detail with a larger sample.

Strengths of the study

A strength of this study was the relatively large number of
participants with experience in ER for migraine who responded to
the survey. Previous work involved either a smaller number of
participants'* or an unreported combination of ER and urgent care
visits.?® A larger portion of participants (44.7%) had visited the ER
in the previous 12 months than would be expected in a more
general migraine population (6%).® This is likely due to the
targeted recruitment materials indicating that the study was
focused on the experience of migraine in the ER, intentionally
leading to people who had visited the ER being more likely to
respond to the survey. We learned about ER visits and barriers
from 389 participants in Canada and the USA. Survey respondents
included 174 who had visited the ER. Our study also included 51
participants who provided links to their Migraine Buddy headache
diaries.

The age distribution in our sample was similar to that of
Canadians with migraine in the Canadian Community Health
Survey, with migraine affecting a broad age range, and somewhat
higher numbers between the teens and senior years.®

Weaknesses of the study

Weaknesses of the study are the non-random sampling, which
likely differed across population subgroups. For example, only
4.6% of survey participants were male. Both the 2011 Statistical
Abstract of the USA and the 2015 Canadian Community Health
Survey found ~ 30% of people reporting migraine diagnosis were
male.>?® Therefore, even as a group with lower migraine
prevalence, males are underrepresented in our survey. This may
be due to the fact that, in addition to males being less likely to have
migraine, consistent gender effects in survey response show that
men are also less likely to participate in surveys than women.* The
combination of these two factors likely contributed to the
underrepresentation of males in our survey.

Given that previous work has found males with migraine are
less likely than females with migraine to report to ER,%® our female-
dominated sample may be biased toward a higher likelihood of ER
visits.

Although participants’ ages were broadly distributed from teens
to 70s, participants in this online survey may have been more
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comfortable with technology than the general public. Therefore,
our results may suggest higher levels of technology use than would
be found in a random sample of people with migraine. We also did
not collect participants’ socioeconomic or racial information,
which further limits our knowledge of how generalizable these
results may be. Given that socioeconomic factors including low
income, lacking health insurance and rurality are known to
influence ER use for migraine,>>?® future studies should include
these variables to further elucidate barriers to ER use for migraine.

There is disagreement between the fact that all survey
participants reported at least one migraine in the previous 12
months; however, some (<6) participants who were Migraine
Buddy users had not recorded any events in the app in the past 12
months. This suggests that some of the Migraine Buddy users who
agreed to link their smartphone app data were either inactive users
or had recorded events outside of the study window. It is also
possible this discrepancy may be due to severity of migraine,
although not recording the migraine could be due to a less severe
migraine (where the Migraine Buddy user does not feel the
requirement to record it in the app), or a very severe migraine
(where the Migraine Buddy user is unable to record it in the app
and does not remember to do so later).

We did not systematically collect information on the time
between attack onset and arrival at the ER. Therefore, the
arrival delay data available here are limited to those
participants who reported delays in their comments.
However, the presence of delays from 2 to 38 days agrees
with findings by Wijeratne et al. and Minen et al!®!
Moreover, our analysis of smartphone data suggests that
users record their attacks in a timely fashion.

Meaning of the study: possible mechanisms and implications
for clinicians or policymakers

Nontraumatic headache accounts for 1-3% of ER visits interna-
tionally, with migraine being the most common single cause.*
Therefore, from a clinical perspective, ER planning would benefit
from a better understanding of community-level exposures and
migraine. For individuals, prevention and planning may reduce
their burden of migraine if ecological factors become known
triggers.

For researchers, differential presentation to ER and unpredict-
able timing of presentation after attack onset present a challenge to
the ascertainment of events. These factors introduce bias that may
impact causal research of community-level triggers.

Unanswered questions and future research

The use of smartphone app data in research comes with new
concerns. In addition to being necessarily limited to participants
who own smartphones, mobile health apps can be used by
individuals without a confirmed clinical diagnosis. As with other
forms of data collection, follow-up can be inconsistent, and
protection of privacy is essential.'” Mobile app users may employ
the app in unpredictable ways compared to a standard paper
survey or to data input for ER records. A Cochrane review
suggested that data equivalence between paper surveys and online
apps was strong, but information on data accuracy was
lacking.*"*” Scientists will need to carefully assess general-
izability, clinical features of reported conditions, and user
engagement in order to apply this novel data source to
community-level research.
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Conclusion

This study is the first to link a survey of ER use for migraine to
smartphone app data use and diaries. We found that older survey
respondents and those living in the USA were less likely to visit the
ER for migraine. Participants also reported variable waits before
going to the ER. Measurement error in outcome timing weakens
researchers’ capacity to assess the temporal relationships that are
critical to understanding causal associations. Therefore, ER records
are currently a suboptimal measure of migraine attack onset. Work
to date has employed ER records to gain initial insights into
associations between air pollution and migraine. In contrast, the
self-reported, longitudinal datasets shared by research-consenting
Migraine Buddy users appear to be recorded with less delay and
miss fewer migraine events. Therefore, smartphone app datasets
may present a richer, more temporally accurate method of event
measurement for migraine and other transient neurologic health
outcomes.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/cjn.2025.10140.
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