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Objectives
• Why is data collection for migraine
appealing?
• What has been done to
date?→Describe new and emerging
mHealth based digital technologies
for migraine
• Where might the field be headed?

And a wearable
too or coming
soon!

Background: Migraine Epidemiology
•
•
•
•
•

>40 million Americans with migraine
2nd most disabling condition in disability-adjusted life years
Most common triggers are stress, sleep deprivation, fatigue
Annual costs ~ 17 billion dollars in the United States
Current treatment consists of acute medications + preventive
treatments

There may be many triggers for migraine
- Individuals may have different triggers
-Migraine may be triggered by multiple causes
-Typical trigger factors for migraine
usually do not lead to headache in
people free of vulnerability to
migraine.
-Low intensity triggers factors such as
lack of sleep, dehydration, or stress
initiate migraine attacks in otherwise
healthy people with migraine.
Lipton RB, Pavlovic JM, Haut SR, Grosberg BM,
Buse DC. Methodological issues in studying
trigger factors and premonitory features of
migraine. Headache. 2014 Nov-Dec;54(10):16619. doi: 10.1111/head.12464. Epub 2014 Oct 23.
PMID: 25339181.

Identifying trigger factors or premonitory features that reliably predict
headache onset in migraine is of great potential importance
1. When headache onset is predictable, people with migraine may learn to take
precautionary measures during times of increased vulnerability to attacks.
2. Knowledge of the factors associated with headache onset might provide insight
into the mechanisms of attack initiation.
3. The ability to successfully predict attacks may lead to an expansion of the
paradigm of preemptive treatment.
These approaches depend on
• Identifying reliable trigger factors
• Characterizing the premonitory phase of migraine
• Educating patients to become more aware of impending attacks
• Developing interventions that decrease the probability of migraine attacks

Some patients can predict whether an attack is imminent
Electronic diary studies confirm this claim

•A large electronic diary study showed that self-predictions are
surprisingly accurate.
•Using a prospective electronic diary design, subjects were asked
how likely they were to have a migraine.
•A close relationship between the estimated probability and the
observed probability of an attack was noted.
•Premonitory symptoms were followed by a migraine attack 72% of
the time.

Passive Data Monitoring and Headache

If passive data can be
used to help predict
migraine onset, can
we modify behavior
sooner and change
migraine trajectory?

Just 2 studies
published

A study of
Clinicaltrials.gov did
not reveal much
research in this area

Characteristics of Neuropsychiatric
mHealth Trials: ClinicalTrials.gov
Methods:
• Top ten most disabling neuropsychiatric conditions per WHO DALYs
• Systematically searched ClinicalTrials.gov: “mHealth,” “smartphone,”
“electronic diary,” and “mobile technology,” and the clinical condition
• Data abstracted from 2 methods to determine whether authors
disseminated their results
• Authors could post their results on the ClinicalTrials.gov website.
• ClinicalTrials.gov automatically lists the publications indexed to the
clinical trial.
•Not For Reproduction

Characteristics of Neuropsychiatric
mHealth Trials: ClinicalTrials.gov
• 137 studies
• 39 (28.5%) major depressive
disorder
• 19 (13.8%) alcohol use
disorders
• 17 (12.4%) for stroke
• 15 (10.6%) schizophrenia
• 13 (9.2%) anxiety disorders
• 11 (7.8%) other mental and
substance use disorders

• 10 (7.1%) for opioid use

disorders
• 5 (3.5%) for Alzheimer Disease
or other dementias
• 4 (2.8%) for epilepsy
• 4 (2.8%) migraine
•Not For Reproduction

Migraine Interventions on ClinicalTrials.gov
• 3 out of 4 studies of the migraine interventions involved pain

coping skills
• 2 of these 4 had symptom tracking and medication adherence
capability
• The 4th migraine study involved an intervention assessing the
effect of smartphone-based communication with clinicians on
medication prescribing behavior for migraine patients
• All migraine interventions were 6 months or less

HOT OFF THE PRESS! FIRST HEADACHE PASSIVE SENSING STUDY!
Single-arm, 12-week cohort study conducted online.
• Recruited through an online research study platform
• Inclusion criteria: ages 18+, 5-14 HA days/month, own/encouraged to wear a Fitbit
activity tracker (any model) daily for the duration of the study
• Exclusion: pre-existing neurological condition, such as epilepsy, sleep disorder, or a
lifestyle that led to irregular or atypical circadian patterns.
• Complete all study tasks at home on the study platform w/ suitable mobile devices and
Fitbit activity trackers
• Compensation up to $55 US for participation.

Cerrada CJ, Min JS, Constantin L, Hitier S, Igracki Turudic I, Amand-Bourdon C, Stewart A, Ebel-Bitoun C, Goadsby PJ. A Prospective Real-World Study
Exploring Associations Between Passively Collected Tracker Data and Headache Burden Among Individuals with Tension-Type Headache and Migraine.
Pain Ther. 2021 Dec 7. doi: 10.1007/s40122-021-00336-y. Epub ahead of print. PMID: 34874543.

Objectives
• The primary objective was to understand the day-level
association between passively collected activity data features
and
– (1) headache occurrence on a given day (i.e., days with headache)
– (2) QoL, as measured by impact on daily life and self-rated health on
days with headache.

• The secondary objective aimed to understand headacherelated treatment preferences and decisions.

Study Populations
• Analysis Population 1 included all participants with daily
surveys
– No more than 7 consecutive days of missing surveys
– Activity trackers: dense data (no more than 7 consecutive invalid days
of tracker data determined by 10 h of wear time based on steps
data).

• Analysis Population 2 included all participants who had
– 7 consecutive valid days of heart rate data: 10 h of tracker wear time
determined by heart rate data stream

Results
• 14 passively collected activity features were assessed individually as
outcomes related to
– Sleep (i.e., naps, total time spent asleep, and sleep from the night before)
– Steps (e.g., total number of steps that day)
– Heart rate (e.g., resting heart rate)
– Day with, or without headache was a binary predictor, using linear and logistic
mixed-effects models with random intercepts to account for intra-individual
correlations.
• Assessed the relationships between day with headache (with day without headache
as reference comparison) and each activity feature adjusted for age and gender as
covariates that were hypothesized to be associated with both activity and
headache.

A second study examined migraine diary reporting and compared it with
sleep actigraphy

Objective
• Test the hypotheses that insufficient duration, high fragmentation,
and poor sleep quality are temporally associated with migraine onset
on the day immediately following the sleep period (day 0) and the
following day (day 1).
Methods
• Prospective cohort study of 98 adults with episodic migraine
• Completed 2x daily electronic diaries on sleep, headaches, and other
health habits, and wore wrist actigraphs for 6 weeks.

Bertisch SM, Li W, Buettner C, et al. Nightly sleep duration, fragmentation, and quality and daily risk of migraine. Neurology. 2020;94(5):e489-e496. doi:10.1212/WNL.0000000000008740

This study represents the first prospective cohort study to evaluate the
temporal relationships between various dimensions of nightly subjectively
and objectively assessed sleep in adults with episodic migraine in the
naturalistic setting studied over a prolonged period.
• Participants in this prospective cohort completed morning and evening
electronic daily diaries and wore wrist actigraphs for at least 6 weeks
• Prospective and objectively collected data minimize recall bias, which is a risk
when data collection occurs after headache onset
• The fixed-effects repeated-measures analysis accounts for many individual
characteristics that remain stable or vary slowly over time (e.g.,
demographics, chronic health conditions, habitual health behaviors, daily
medications).
• Used a standardized protocol for actigraphy scoring, with all scoring
performed by a single-blinded technician.

Migraine
• Each morning and evening, participants reported presence of
headache, time of onset, and whether the headache was ongoing.
• When the participant reported headache resolution, he or she
provided additional information about time of resolution, duration,
pain intensity, use of headache medications, and associated
symptoms (e.g., photophobia), as well as if their headache was
“similar to their usual migraines” (yes/no).
• When headache onset was reported within 1 calendar day of a
prior headache's resolution, it was considered a relapse.
– Two headaches were excluded due to their reported short duration (1 and
10 minutes, respectively).

A second study examined migraine diary reporting and compared it with
sleep actigraphy

Results
• Mean age of 35.1 ± 12.1 years.
• 4,406 days of data, with 870 headaches reported.
• Sleep duration ≤6.5 hours, poor sleep quality not associated with migraine on day 0 or day 1.
• Diary-reported low efficiency was associated with 39% higher odds of headache on day 1
(odds ratio [OR] 1.39, 95% confidence interval [CI] 1.06–1.81).
• Actigraphic-assessed high fragmentation was associated with lower odds of migraine on day
0 (wake after sleep onset >53 minutes, OR 0.64, 95% CI 0.48–0.86; efficiency ≤88%, OR 0.74,
95% CI 0.56–0.99).
• Nightly actigraphic-assessed low sleep efficiency had an apparent 16% higher odds of
headache onset on day 1.

Bertisch SM, Li W, Buettner C, et al. Nightly sleep duration, fragmentation, and quality and daily risk of migraine. Neurology. 2020;94(5):e489-e496. doi:10.1212/WNL.0000000000008740

A second study examined migraine diary reporting and compared it with
sleep actigraphy

Results
• Nightly actigraphy-assessed high fragmentation was associated with a 64%–74% lower odds
of migraine on the day immediately following sleep (day 0).
• These data provide preliminary evidence that nightly low sleep efficiency temporally
precedes headache onset in patients with episodic migraine on day 1 (but not day 0)
• Nightly high actigraphy-assessed fragmentation may relate to lower odds of headache onset
on day 0.

Bertisch SM, Li W, Buettner C, et al. Nightly sleep duration, fragmentation, and quality and daily risk of migraine. Neurology. 2020;94(5):e489-e496. doi:10.1212/WNL.0000000000008740

A second study examined migraine diary reporting and compared it with
sleep actigraphy
Conclusion
• Short sleep duration and low sleep quality were not temporally associated with migraine.
Sleep fragmentation, defined by low sleep efficiency, was associated with higher odds of
migraine on day 1. Further research is needed to understand the clinical and neurobiologic
implications of sleep fragmentation and risk of migraine.

Bertisch SM, Li W, Buettner C, et al. Nightly sleep duration, fragmentation, and quality and daily risk of migraine. Neurology. 2020;94(5):e489-e496. doi:10.1212/WNL.0000000000008740

Significant Potential-Pair Passive Data Information with
Initiation of Known Evidence Based Behavioral Therapies

First Published RELAXaHEAD Studies

NYU Biofeedback Study
• Heartmath
o Heartrate variability biofeedback via smartphone
application
o Assessing feasibility and acceptability for migraine
patients
o Improved quality of life in high users

Considerations in Research
• Studying interventions with rigor
• How to improve engagement/adherence
• -How to handle missing data (lots of it!)
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