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Abstract

Background and purpose: A large proportion of headache sufferers do not routinely
seek medical care. App-based technologies permit the collection of real-world data over
time and between countries that can help assess true burden of headache. This study
used a mobile phone application to collect information on the real-world burden of self-
diagnosed headache and to describe its impact on daily life in headache sufferers who do
not routinely seek medical advice.

Methods: This retrospective, non-interventional, cross-sectional study analysed self-
reported data from users of the ‘Migraine Buddy’ app. The main objective was to describe
self-reported characteristics of headache and migraine (triggers, duration, frequency),
treatment patterns and impact on daily activity in headache sufferers from Australia,
Brazil, France, Germany and Japan. Data including demographics, self-diagnosed episode
type (headache/migraine), duration, potential triggers and impact on daily activity are
reported. All analyses were exploratory and performed per country.

Results: Self-reported data were collected from 60,474 users between August 2016 and
August 2018. Approximately 90% of users were females; >60% were aged 24-45 years.
Over one-third of users reported having two to five episodes of headache or migraine per
month; impact included impaired concentration, being slower and missing work or social
activities. Variations across countries were observed; within countries, episode charac-
teristics were very similar for self-diagnosed headache versus migraine.

Conclusions: Headache tracking was used to describe the experience, impact and self-
management approaches of migraine and headache sufferers in a real-world setting.
Headache disorders present a range of important issues for patients that deserve more

study and reinforce the need for better approaches to management.
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BACKGROUND

Headache disorders comprise one of the most common global health
challenges with only a minority of those affected being diagnosed
and managed adequately [1,2]. Migraine is the most common of
these disorders in terms of global disability, and the most common
cause of disability in people under the age of 50 [2,3]. Despite con-
siderable advances in the understanding of migraine and substan-
tial advances in treatment, under-treatment remains a global issue
[1,4,5]. Coupled with the large cost burden on healthcare, there is a
pressing need to improve headache management [6,7].
Self-diagnosis and self-management of headache disorders is
common, and some studies suggest that up to three-quarters of
headache sufferers do not take medical advice about treatment
[8-11]. Furthermore, simple lifestyle factors, such as the effects of
stress and exercise or sleep disturbance, often go unaddressed in
real-world clinical practice, although they are widely discussed in
the context of headache and may provide valuable insights into its
pathophysiology [12-14]. Typically, clinicians have used paper-based
or electronically deployed versions of disability measures, such as
the migraine disability assessment questionnaire [15], the headache
impact test [16], the migraine-specific quality of life questionnaire
[17] or the migraine physical function impact diary [18], to gain in-
sights into the effects of headache disorders on patient function.
Technological advances in hand-held and personal devices have
revolutionized many aspects of research. Trigger factors, long pur-
sued for a potential to ameliorate migraine, have been recently
explored using smartphone applications [19-21]. Indeed, mobile de-
vices and applications are now widely used in clinical trials, for mon-
itoring patients and most recently for the delivery of care [22-24].
This study aimed to collect information on characteristics and
treatment patterns of self-diagnosed headache in a real-world
setting and to describe the impact of headache and migraine on
the quality of life of headache sufferers across six countries. The
study used a mobile phone application for data collection; users
who were experiencing an episode of headache or migraine could
record the episode and associated data by answering questions in
the application. The study focused on individuals who were using
self-medication including over-the-counter medication and non-

pharmaceutical approaches for treating their headache.

METHODS
Study design, population, inclusion criteria

This retrospective, non-interventional, cross-sectional study
analysed self-reported data from users of the ‘Migraine Buddy’
smartphone application (available at https://migrainebuddy.com/;
hereafter referred to as Migraine Buddy app). Data were collected
from users of the Migraine Buddy app (Healint Ltd) in Australia,
Brazil, France, Germany and Japan between 1 August 2016 and 31

August 2018 (Figure S1).

App users were not specifically recruited or selected from the
general population. App users were offered to opt out of data col-
lection; if they did not opt out, descriptive information was collected
through the app. Only users who did not opt out and had at least
45 days of activity were included in the descriptive summaries and
other analysis. By downloading, accessing or using the Migraine
Buddy app, or providing information to Healint in connection with
the app, users agreed to the terms and conditions of the Healint
policy of data collection and disclosure. As part of individual data
protection, no user-identifiable information was collected or stored.
Institutional Review Board review or approval was not required.

Study objective

The main objective of the study was to perform a descriptive analy-
sis of reported primary headache and migraine characteristics (trig-
gers, duration, frequency), treatment patterns and impact on daily
activity in headache sufferers outside the medical practice across

five countries: Australia, Brazil, France, Germany and Japan.

Variables and epidemiological measurements

Baseline demographics, country and location were collected when
first using the app and could be skipped by the user. For each new
episode of migraine or headache, the following variables were col-
lected sequentially: timing and duration (date and time of onset and
stop; overlapping records were not permitted), type of episode (self-
diagnosed), highest pain level (self-reported on a Likert scale from
0 to 10) and where pain started, potential triggers, user's ability to
predict episode, symptoms, impact of the episode on the user's daily

life, and use of medication or non-pharmacological relief.

Reported data

Data summarized included the following epidemiological measures:
demographic variables (age, gender); headache profile (episode type,
headache days, headache frequency/chronicity, episode duration
[recorded to the minute], episode intensity); triggers (nutrition, daily
stressors, sensory, medication, physical, menstruation, psychologi-
cal, weather, sleep, unknown); burden (impairment due to headache/
migraine/other episode type and presence or absence of recorded
symptoms or affected activities during an episode, number of good/
bad days).

Statistical analysis
All analyses were exploratory. All eligible users meeting the inclu-

sion criteria were included. Data were analysed separately for each
country.
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Qualitative variables were described by number of observed val-
ues, absolute and relative frequencies and number of missing values
(users with missing data were not included in the percentage calcula-
tion). Quantitative variables were described by number of observed
values and either by mean, standard deviation and 95% confidence
intervals of the mean or by median, 1st and 3rd quartiles, minimum
and maximum, depending on the nature of the variable.

Data were analysed for each country individually; no analysis

was conducted for the entire population (non-country specific).

RESULTS

Self-reported data were collected from 60,474 users via the
Migraine Buddy app in Australia (N = 6091), Brazil (N = 9222),
France (N = 23,498), Germany (N = 10,807) and Japan (N = 10,856)
between 1 August 2016 and 31 August 2018 (Figure 1). Data captur-
ing details of headache or migraine episodes (type, frequency, du-
ration, triggers, burden and non-medical treatment) were collected
to a comparable level of detail across countries. Reported episodes
in Australia included 23,229 episodes of headache and 39,710 epi-
sodes of migraine; in Brazil 14,430 episodes of headache and 26,269
episodes of migraine; in France 35,560 episodes of headache and
97,703 episodes of migraine; in Germany 41,297 episodes of head-
ache and 72,758 episodes of migraine; in Japan 29,418 episodes of
headache and 79,381 episodes of migraine (Figure 1).

Data obtained in each country were analysed separately for each
self-reported episode type: headache and migraine. Notably, each
user could self-report both types of episodes; these users were in-
cluded in each part of the analysis.

Headache

The number of headache episodes and the number of users
reporting them are presented in Figure 1. Demographics of users
reporting headache were similar across countries. Gender was
reported by the majority of users; amongst users with known
gender, around 90% were females (Figure 1). Age was frequently
not reported; age reporting was highest in Brazil, where 58% of
users reported their age, and lowest in Japan, where only 16%
of users reported their age. The majority of users with known
age across five countries were between 25 and 45 years old
(Figure 2a).

Amongst headache subtypes, tension-type headache was the
most commonly reported, followed by cluster headache (Table S1).
Mean episode duration was between 11.6 h (in Japan) and 17.3 h (in
Australia) (Table S1). Across countries, 57%-67% of users reported
having less than two episodes of headache per month, and 29%-
36% reported having two to five episodes of headache per month
(Table S1 and Figure 3a).

The most frequently reported headache triggers across coun-
tries were neck pain, stress and lack of sleep; however, reporting of
some triggers varied across countries (Figure 4a).

The effects of headache on everyday activities were similar
across countries (Figure 5a). In 10%-25% of episodes, users re-
ported no effect on daily activities. Nausea/vomiting was reported
in every fifth episode in Australia, Brazil, France and Germany
and in 3% of headache episodes in Japan (Figure 5a). Many users
reported being slower at their daily activities (at home/at work);
7%-25% missed social activities, and 13%-21% missed family time
as a result of their headache (Figure 5b). In Australia, Brazil and
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FIGURE 1 Users and headache/migraine episodes included in the analysis. Each individual user could report more than one type of
cephalea (headache, migraine, other [not shown]) [Colour figure can be viewed at wileyonlinelibrary.com]
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Germany, more than half of users found it hard to concentrate
during a headache episode (Figure 5b).

The most popular non-medication methods for relief were sleep-
ing, drinking water, staying indoors, being in a dark room and drink-
ing coffee (Table S2).

Migraine

The number of migraine episodes and the number of users report-
ing them were generally higher than the corresponding numbers for
headache (Figure 1); however, gender and age of users reporting
migraine were similar to those with headache and generally simi-
lar across countries (Figures 1 and 2b). The majority of users with
known age were between 18 and 45 years old in Australia, Brazil,

France and Germany; in Japan, almost a fifth of users reporting mi-
graine were between 45 and 55 years old (Figure 2b).

Mean episode duration was between 11.2 h (in Japan) and
16.7 h (in Australia) (Table S3). Across countries, 49%-59% of users
reported having fewer than two episodes of migraine per month,
and 34%-39% reported having two to five episodes of migraine per
month (Table S3 and Figure 3b).

Stress and lack of sleep were frequently reported as migraine
triggers; the variation of triggers across countries was more pro-
nounced than for headache episodes (Figure 4b).

The effects of migraine on everyday activities were similar across
countries (Figure 6a). The proportion of episodes in which users
reported no effect on daily activities ranged from 6% in Australia
to 21% in Japan. Nausea/vomiting was reported in approximately
every third episode in Australia, Brazil, France and Germany and in
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FIGURE 3 Monthly burden of headache (a) and migraine (b) across all countries. °Number of users who reported headache episodes.
PNumber of users who reported migraine episodes [Colour figure can be viewed at wileyonlinelibrary.com]

5% of migraine episodes in Japan (Figure 6a). Many users reported
being slower at their daily activities (at home/at work); 11%-41%
missed social activities, and 20%-35% missed family time as a result
of their migraine (Figure 6b). In Australia, Brazil and Germany, more
than half of users found it hard to concentrate during a migraine ep-
isode (Figure 6b).

The most popular non-medication methods for relief were sleep-
ing, drinking water, staying indoors/at home and staying in a dark
room (Table S4).

DISCUSSION

This retrospective real-world study analysed self-reported data of
60,474 headache sufferers across five countries in a 2-year pe-
riod. Results obtained in Australia, Brazil, France, Germany and
Japan showed similar overall trends. To our knowledge, this is one
of the largest global studies on the impact and self-management
of headache. Importantly, the captured real-world data illustrate
how burdensome headache and migraine are from the sufferers’
perspective. Notably, the app used in this study did not include a
question on a possible previous diagnosis by a doctor, and the col-
lected data specifically reflect the users’ subjective self-diagnosis
of their headache. The data support collecting further insights

into headache self-management and sufferers’ access to various
approved treatment options.

The distribution of users by age, with the majority 25-45 years
old, the episode frequency of 2 per month, and episode duration
reflected well the current knowledge of the epidemiology of head-
ache and migraine [1,25]. Although a higher prevalence of headache
has been noted amongst women than men [3,26,27], the proportion
of women in this study was much higher than would be expected
from other epidemiological data. Interestingly, other studies with
app-based data collection reported recruiting a high proportion of
women (81%-94%), suggesting that the study design/tools may in-
fluence gender imbalance [20,23,24].

This study documents the substantial burden of headache and
migraine: one-third of users had two to four episodes a month, each
lasting on average 11-17 h. Episodes brought about a substantial
cognitive impact, with users being slower at performing their daily
tasks and missing social activities or family time. Although some
variability was detected across countries, within each country head-
ache and migraine episodes were remarkably similar in terms of fre-
quency, duration, pain intensity, potential triggers and life impact.

One of the main study limitations was selection bias: to be eli-
gible for inclusion in this study, users must have been active on the
app for at least 45 days. Users were only required to have opened or
logged into the app to be classified as active. Some active users may
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FIGURE 4 Summary of headache triggers across all countries. Headache (a) and migraine episodes (b) are separated [Colour figure can be

viewed at wileyonlinelibrary.com]

not have recorded any episodes during the study period. Conversely,
users were more likely to use the app if headache/migraine was an
important part of their life. This may have introduced bias to the fre-
quency of episodes (users of the app may have been more likely to
have headaches than the general population) and to the perception
of headache symptoms.

Further study limitations include incorrect self-diagnosis, recall
bias (episode data could be added in the app retrospectively) and
lost or missing data. Users were self-selected in the absence of a
medically confirmed diagnosis. Users may also have selected the app
on the basis of self-defined ‘migraine’ and perceived severity or fre-
quency that drove the user to seek non-medical support. Data were
captured from individuals who were sufficiently technically minded
to download and use the app, which could introduce bias to the age
distribution. As mentioned above, gender imbalance was also ob-
served; however, gender representation was similar to other studies
reporting data from app users [20,23,24].

The use of headache/migraine diaries is recommended by the
International Headache Society for diagnostic and treatment de-
cision purposes [28], and electronic diaries are increasingly used
in clinical practice to monitor outcomes [29]. Alongside recording
recommended features, such as pain intensity and headache du-
ration, some studies used electronic diaries to record premonitory
(preceding the attack) symptoms or triggers and postdromal (after-
attack) symptoms that reflect the impact of headache on partic-
ipants’ daily activities [30-32], some of which, such as neck pain,
may be premonitory symptoms misinterpreted as a trigger. Whilst
app-collected data offer very considerable advantages in terms of
broadly collected, large datasets, they suffer the limitation of pheno-
typic clarity in contrast to a direct clinical history. To some extent, di-
agnostic overlap is inevitable between headache and migraine, since
patients often under-report mild symptoms even in direct question-
ing. Crucially, app-based data are ideally deployed when broader
sampling is desired whilst clinic-based sampling offers a depth in
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FIGURE 5 Headache burden. Summary of headache burden across all countries, presented for all headache episodes (a) and for all users
who reported headache (b). Arbitrary categories of headache burden include no burden (daily activity not affected), moderate burden and

high burden [Colour figure can be viewed at wileyonlinelibrary.com]

endophenotyping that can feed into app development. Six years ago
a systematic review identified 38 headache-tracking mobile phone
applications that are used by headache sufferers themselves to
monitor their headache and migraine episodes [21]. A recent study
used Migraine Buddy app to capture the burden and treatment pat-
terns of migraine in European users with more than four episodes
per month [33]. Although the studied population was different from
that used in our study, and no direct comparison can be made, the
authors also leveraged patient-reported data collected through the
app to identify the impact and burden of migraine [33]. According

to the World Health Organization report, half of headache suffer-
ers never come into contact with health professionals [1]. The self-
monitoring approach based on the use of personal devices will be
instrumental to gain knowledge on this population and will provide a
unique opportunity to capture the sufferers’ concerns beyond those
that are currently visible to clinicians.

The experience, impact and self-management approaches of
migraine and headache sufferers in the real-world setting are de-
scribed in our study using headache tracking. The results highlight
the impact of headache on the users’ cognitive and social wellbeing.
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FIGURE 6 Migraine burden. Summary of migraine burden across all countries, presented for all migraine episodes (a) and for all users
who reported migraine (b). Arbitrary categories of migraine burden include no burden (daily activity not affected), moderate burden and high

burden [Colour figure can be viewed at wileyonlinelibrary.com]

Further studies are needed to identify specific evidence-based
measures that can help accurately capture the overall impact of
headache or migraine on the individual's cognitive function. Once
identified, these measures should be further validated in prospec-
tive studies before they can be used to assess the burden, life impact

and treatment efficacy in headache and migraine.
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