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A B S T R A C T

Chronic migraine is a debilitating headache disorder that is associated with excessive analgesic use. As the long- 
term use of analgesics could cause additional headaches due to medication overuse, there is a need to probe 
efficient nonprophylactic alternatives and migraineurs’ long-term adherence to such possible treatments. This 
protocol investigates the integration of neurofeedback and mindfulness which are the two common non-
pharmacological therapies for migraines. We offer the use of portable EEG headbands for easy home-based data 
collection and consistent data access from researchers. In order to evaluate the efficacy of this recommended 
intervention, this is a protocol for a randomized control trial with a waitlisted group and an intervention group 
consisting of a daily attention task. The protocol presents important criteria which should be checked for con-
sistency in longitudinal data collection from adults with chronic migraine.

1. Introduction

Migraine is a complex neurological disorder that is comorbid with 
psychiatric disorders [1,2] or cognitive dysfunction [3,4]. Migraine is 
the first category of primary headache disorders in the third edition of 
the International Classification of Headache Disorders [5] and is 
described based on specific headache characteristics that define sub-
types causing mild to severe levels of disability that usually require 
prophylactic and/or non-prophylactic treatments [6]. Any form of 
migraine with headaches less than 15 times per month is considered as 
“episodic migraine”, but if headaches occur on 15 or more days per 
month for a duration of more than 3 months with at least 8 days/month 
having features of migraine, then the headaches are categorized as 
“chronic migraine” which are a bigger cause of disability [5].

Chronic migraine is a form of primary headache disorder, but most of 
the symptoms overlap with “medication-overuse headache” (MOH), a 
term generally used for the caused increase in frequency of primary 
headaches attributed to frequent use of acute or symptomatic medica-
tion [7]. Given that long-term pharmacological treatments for migraine 
could expose the individuals to side effects such as more increased 
headaches as a function of MOH, it is important to explore the efficacy of 
non-pharmacological treatments more seriously.

Currently there are many nonpharmacological approaches which are 
being studied for migraine management, most of which still need to be 
further explored in terms of their optimization [8]. For example, 
transcranial magnetic stimulation (TMS) is a procedure during which a 
magnetic coil is used to influence the electrical activities of the cortex, so 
the frequency of migraine attacks is reduced, but the available literature 
review does not support whether this treatment efficiently reduces pain 
severity or not [9]. At the same time, systematic reviews on other forms 
of treatments do not provide enough evidence for a decrease in migraine 
intensity followed by cognitive-behavioural therapy [10] or changes in 
migraine frequency and medication use followed by acceptance and 
commitment therapy [11]. Regarding this, the available gap urges more 
investigation of approaches that not only reduce the frequency and in-
tensity of migraines, but they can also improve individuals’ self-efficacy 
to manage their headaches with less medical alternatives.

Two other well-known non-pharmacological alternatives for 
migraine headaches are neurofeedback and mindfulness meditation 
[12]. Neurofeedback therapy is a non-invasive technique of recording 
electrical activities of the cortex through EEG and presenting this as 
feedback to the user in real time while the participant is doing a specific 
task. Neurofeedback is a subcategory of biofeedback therapy as it en-
gages participants to influence their cortical activities based on the 
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display representing their brainwave activities [13]. At the same time, 
mindfulness meditation is an evidence-based intervention with practices 
that specifically concentrate on health improvement. Mindfulness in-
cludes states or traits that assist a relaxed non-reactive observation of 
the mind and bodily functions [14]. Mindfulness technique modifies 
how one attends to the internal and external factors; the efficacy of this 
attentional adjustment is found to be beyond a placebo effect or a sham 
effect [15]. However, there are still questions about the complexity of 
mindfulness and its relation to the other attention-based practices [17]. 
A recent investigation has showed that sham mindfulness with some 
focused-attention techniques might result in improvements in pain 
threshold similar to mindfulness; nevertheless, the impact on the quality 
of observing the pain and evaluating its unpleasantness is still signifi-
cantly greater as a function of mindfulness. Additionally, Davies et al. 
[16] recommend regular mindfulness practice as a helpful technique for 
migraine management but they suggest studies that evaluate its efficacy 
compared to other novel controlled interventions.

In general, the past decade has brought about new research into 
mindfulness-based treatments as a promising non-pharmacological 
alternative for migraine management showing that mindfulness could 
decrease both migraine frequency and intensity [17–21]. Nonetheless, 
while neurofeedback is a convenient technique for tangible and concrete 
monitoring of physiological changes throughout a migraine treatment, 
the studies of neurofeedback and migraine are still few in numbers and 
most of them have been applied on pediatric populations or in lab-based 
contexts [22–25]. Studies on either neurofeedback or mindfulness 
meditation have varied study designs and methodologies yet random-
ized controlled trials (RCTs) are considered the most appropriate study 
design for investigating the efficacy of treatments. Yet, more informa-
tion is needed on how to implement a consistent long-term study of these 
techniques in the migraine population.

Since it is hard to fully discover if an individual is doing the 
mindfulness-based practices correctly at a home-based context, real- 
time EEG feedback could help the participants to learn how to modify 
their bodily postures and their practices for an optimized practice. So 
far, no study has ever investigated the efficacy of portable EEG head-
bands in migraine management and there is a need to see if such 
emerging technologies are promising or not.

In terms of exploring a new non-pharmacological alternative, the 
following notes should be critically considered: 1. Cognitive and psy-
chiatric symptoms are associated with migraine headaches [26]; this 
suggests that alternative treatments should attend to the multifaceted 
need of adults with chronic migraine for something that improves their 
quality of life and mental health, not only to cope with pain during an 
attack, but also to prevent from further attacks through modifying 
stressors. 2. Since adults with chronic migraine have a higher chance of 
MOH as the function of frequent intake of analgesics to avoid pain, we 
need to explore how the suggested alternatives could improve headache 
sufferers’ pain tolerance and ability to withhold or decrease the overuse 
of medicine. 3. Most importantly, we need to evaluate practice adher-
ence and feasibility of the alternative with regards to the amount of 
commitment that participants would have towards the recommended 
treatment. Both adherence and feasibility are important factors to 
consider when investigating a non-pharmacological treatment in order 
to ensure its long-term effectiveness for chronic conditions.

We present our RCT protocol on the efficacy of neurofeedback 
mindfulness meditation for adults with chronic migraine. In this pro-
tocol, we describe a portable EEG headband (MUSE), we address the 
possible challenges regarding the project launch, data collection, and 
daily follow up with the participants. The current RCT protocol presents 
a valuable investigation of a non-pharmacological treatment for chronic 
migraine for the following reasons: 1. We have taken a novel approach 
by integrating two common non-pharmacological approaches for 
migraine i.e., neurofeedback and mindfulness meditation. 2. We intro-
duce a novel controlled intervention that will be discussed in further 
details. 3. We offer an innovative longitudinal design with direct and 

consistent follow ups for the whole duration of the study. 4. This study 
focuses on self-guided mindfulness for naïve meditators who never 
receive formal training for their practices.

Both mindfulness and neurofeedback techniques have “attentional 
adjustment” as a key point in common; something that is found to be 
impaired in migraine headache [27–29]. No previous study has inves-
tigated whether the joint techniques could be different from a similar 
controlled intervention. While it is speculated that neurofeedback 
mindfulness provides an internal source for the subjects to attend to (e. 
g., their breath, and their stream of thought) and actively engages them 
to modulate their cognitive and behavioural responses, our controlled 
group will also have a level of attentional engagement with their given 
stimuli. Comparing these two interventions will reveal if migraine 
management requires a mindfulness routine engagement or if simple 
attentional adjustments could be sufficient. At the same time, previous 
literature is suggestive of an interaction between the expectancy and 
belief in treatments with the reports of improvements by headache 
sufferers [30]. Hence, it is an important to check whether there is an 
association between how people benefit from interventions based on 
their belief in the recommended treatments. Regarding this, in our RCT 
protocol participants will also be assessed on their belief in the given 
interventions and how it might impact dependence on medicine intake.

In this longitudinal RCT, we will use a portable Canadian-based EEG 
headband called MUSE by InteraXon. This headband facilitates data 
collection in a more convenient way compared to lab-based in-
vestigations. Because they can take it home, this headband enables 
participants to learn about their cortical activities more frequently than 
when they are asked to come in and wear EEG caps in a lab-based 
setting. There is a rising interest in the use of wearable interactive de-
vices for telehealth and innovative healthcare support, facilitating a 
patient-centered health provision and telemonitoring [31]. As a vali-
dated portable EEG device [32], MUSE is designed to enable participants 
with a report of their attention based on their brainwaves during 
different relaxation techniques; such devices are found helpful with 
moment-to-moment reports of the electrical activities in different con-
ditions [31]. This device is known as a low-cost EEG device (less than 
500 CAD) [31,33] and enables a more convenient remote access to 
participants’ practices via a suggested platform, called MUSE Connect, 
where the practice history of the individuals is displayed.

2. Hypotheses

The main goal of the presented RCT protocol is to evaluate how 8 
weeks of neurofeedback mindfulness using a wearable EEG headband 
could moderate headache experience (including frequency and in-
tensity), headache management self-efficacy, psychiatric symptoms (i. 
e., anxiety and depression) and dependence on analgesics for adults with 
chronic migraine who are also identified as naïve meditators. The spe-
cific measures are described in more detail below. The following hy-
potheses are tested in this RCT.

1. After completing the intervention, neurofeedback mindfulness will 
improve headache experience across time via:
a. Decreased migraine disability
b. Decreased migraine intensity
c. Increased headache management self-efficacy

a. Decreased anxiety
b. Decreased depression
c. Decreased level of dependence on medication.

2. Participants in the neurofeedback mindfulness group will have 
significantly lower scores in migraine disability and intensity, and 
significantly higher scores in headache management self-efficacy 
when compared to the attention control group and the waitlisted 
group.
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3. Participants in the neurofeedback mindfulness group will have lower 
anxiety and lower depression scores when compared to the attention 
control group and the waitlisted group.

4. Neurofeedback mindfulness participants will have a significant 
decrease in the level of dependence on medication, compared to 
those in the controlled intervention and waitlisted groups.

5. There will be no impact of participants’ belief in meditation on any of 
the measured criteria (e.g., migraine characteristics and psychiatric 
symptoms) across time.

3. Methods

3.1. RCT design

This protocol proposes a longitudinal RCT to compare neurofeedback 
mindfulness with two control groups: a simple attention intervention 
and a waitlisted group. Similar to the previous RCTs in mindfulness and 
migraine, the duration of this trial is scheduled for 8 weeks [20,34–36] 
with a 10-min practice per day [17]. This study protocol includes two 
major phases: Phase I for RCT design preparation and Phase II for data 
collection.

During Phase I, plans are made for participant recruitment and 
ensuring that all ethical concerns are met. Since the portable EEG is 
connected to the third-party app (also named MUSE) on smartphone, 
plans should be made to ensure that no personal identifiable details are 
shared on the app. Importantly, the researchers are required to monitor 
the participants’ activities on the MUSE app every day. Due to these 
factors, we will equip all the participants with generic coded emails that 
are de-identified for completing the surveys on SurveyMonkey and 
registration of participants on the MUSE app. The generic emails are all 
connected to our lab’s email so that the researchers can verify and 
proceed with MUSE app’s registration process for each participant. Prior 
to data collection, it is necessary to sign up for a platform, called MUSE 
Connect, which provides a list of all the participants’ practices for daily 
monitoring of the groups’ exercises. The university-based generic emails 
are available throughout all the study and their codes will be used to 
refer to the participants. Phase II of this study includes posting an-
nouncements seeking adults with chronic migraine in neurology clinics, 
contacting volunteers, accepting participants, scheduling device de-
livery, initial device and app set up, data collection monitoring, and 
daily reminders for the tasks to the participants.

3.2. Study procedure

Participant recruitment occurs through neurology clinics and walk- 
in clinics in Saskatoon, Canada. The posters will be emailed to in-
dividuals who have been referred to the clinics. Once the volunteers 
email the lab, the initial questionnaire and consent forms will be shared 
with them. The initial questionnaire includes 45 open-ended and 
multiple-choice questions (estimated to take 26 min to complete on 
average) about descriptive information, migraine characteristics and 
history of the participants as well as their background experience with 
meditation and whether they believe that meditation could help their 
migraine headaches. The participants’ history of taking analgesics and 
acute medications will be assessed based on severity of dependence scale 
(SDS) [37].

3.3. Eligibility screening

All the participants will be screened for eligibility before an invita-
tion is sent to them. To be eligible, the participants should 1. be over 18 
years of age, 2. have a diagnosis of chronic migraine from a clinician or 
have met the criteria for a chronic migraine diagnosis based on ICHD-3 
[5], 3. have no frequent background experience of meditation, 4. reside 
in Saskatoon or be able to receive the device from Saskatoon and the 
communities nearby, 5. have a smartphone and internet connection for 

accessing the MUSE app. The exclusion criteria for this study consist of.

1. Comorbidity of Raynaud’s syndrome or diabetes,
2. Plans to start a new preventative migraine treatment.

After checking eligibility criteria, the participants will be randomly 
allocated in the three arms of the study: the neurofeedback mindfulness, 
the controlled intervention, and the waitlisted group. The participants 
will receive an invitation letter with a description of their task, the PDF 
form of their consent, and the contact information of the researcher in 
charge of the device delivery.

3.4. Initial meeting

For the two intervention groups, an online meeting will be scheduled 
(estimated 30–60 min) after the participants receive the device. During 
the session, the following steps will be checked.

• A brief introduction to the study goals and tasks
• Request for a verbal consent to proceed with the meeting
• Help with setting up and wearing the headband
• Downloading and signing into the MUSE app
• Tutorials on the assigned practice, and device calibration

The participants are required to complete the pre-intervention 
questionnaire on the day of the initial meeting.

3.5. Intervention follow up

Except for the waitlisted group, participants will receive daily re-
minders from a researcher scheduled at 8:00 p.m. They will be required 
to respond to the researcher by sending “1” for a complete session. All 
the participants’ practices will be monitored daily via MUSE Connect. 
This platform displays information about the percentage of relaxed or 
active states and duration of the practice. In case of a pause for more 
than three days, the researcher will send a follow up with the partici-
pant. On Week 4 and Week 8 of the study, the researcher will send 
participants mid- and post-intervention questionnaires. In the event of 
having issues with the device, a replacement EEG headband will be 
scheduled for delivery upon participants’ availability (Fig. 1).

The waitlisted group are also required to complete the question-
naires on Week 1, Week 4, Week 8 after being invited to the study and 
the MUSE device will be delivered to them after completing all three of 
their questionnaires. In the meantime, they will fill out headache diaries 
regarding their headache experience. The diaries are accessible via 
SurveyMonkey and include 24 multiple choice questions (9 min on 
average) about subjects’ recent headache experience.

3.6. The assigned tasks

In this study, the participants will be randomly allocated in three 
groups of neurofeedback-mindfulness, the controlled intervention, and 
waitlisted groups. The allocation will be done using stratified random-
ization to ensure equal distribution (1:1:1) among groups.

1. The neurofeedback mindfulness group 
This group is asked to sit comfortably in a quiet area and do one of 

ten beginner self-guided mindfulness sessions on mind-body scan-
ning techniques from within the MUSE app. Each session includes a 
brief explanation for 2–3 min before the practice. The participants 
repeat the same sessions throughout the intervention.
1. Introduction to mindfulness: a brief review of mindfulness as a 

nonjudgmental observation of body and mind.
2. Training a puppy: how to monitor emotions and control re-

actions to different states of mind.
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3. Sensation of breath: the importance of mindful breathing 
techniques.

4. Counting breaths: how to inhale and exhale properly.
5. Sitting comfortably: how to modify positions for mindfulness 

practices.
6. Finding your soundscapes: monitoring the states of mind and 

how they are associated with the given neurofeedback sounds.
7. Dealing with distraction: describing nonreactivity and accep-

tance of different states of mind.
8. Working with discomfort: how to mindfully adjust the states of 

mind in unfavourable conditions.
9. Lowering the bar: Moderating expectations from practices and 

accept the present state of mind without changing it.
10. Bridging to daily life: bringing attention to how the state of 

acceptance could be conceptualized in everyday routines.

Once the participants start their practices, they receive sounds for 
their real-time brain activities: thunderstorm for an active state, ocean 
waves for a neutral state, and birds chirping for a relaxed state. For each 
5 s of consistent relaxed state, the participants are reinforced with 
points.

2. The attention control group

The participants in the attention control group are assigned to have 
an attention routine in a relaxed position. They are required to sit 
comfortably and relax in a quiet area to put on their MUSE headband, set 
it up, and use the same practices on MUSE app but they will mute all the 
neurofeedback sounds and instructions. Instead, on their smartphone 
the participants will check their emails, the news, or their preferred 
social media platform for 10 min. Once the session is over, the partici-
pants receive the graphical feedback of their brain activities. The feed-
back includes a timeline indicating their brain states (active, or relaxed) 

during the 10-min session.

3. The waitlisted group

The participants in this group are informed about being appointed in 
the waitlisted group and that we will only be collecting headache data 
from them for 8 weeks. They will complete the questionnaires for three 
rounds (i.e., Week 1, Week 4, and Week 8) and information about their 
headaches will be collected via the headache diaries. After 8 weeks, they 
will receive the MUSE device and will be offered a complementary 
session on how to use the device for their personal use. A debriefing form 
will be emailed to all the participants after completion of the study 
(Fig. 2).

3.7. Incentives

Since this study is demanding and expects a high amount of 
commitment, we appreciate participants’ collaboration by allowing 
them to keep their MUSE headband at the end of the study after 
completion of the data collection. The participants who withdraw before 
completion are also allowed to keep their device.

3.8. Blinding

Due to the nature of this RCT design, it is not possible for participants 
to be blinded to their group assignment. However, the subjects in all 
three groups will be coded and de-identified after initial meeting for the 
whole duration of data collection and data analysis procedure. They are 
requested to keep their contact by mentioning their given codes and fill 
out the questionnaires by submitting the USASK coded emails instead of 
their personal emails.

Fig. 1. Flowchart for intervention procedure in the study.

Fig. 2. The assigned tasks for each of the study groups.
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3.9. Participants

According to A priori G*power software calculation for this study 
considering both between-subject and within-subject effects, a sample 
size of 66 is expected to detect significance level of 0.05 with 95 % 
power through our planned statistical analysis test, i.e., Repeated 
Measures ANOVA. We aim to look at the effect of time by comparing the 
baseline with mid-/post intervention reports of the participants for each 
of the six measurements independently; moreover, we will compare the 
interaction of time*groups separately for each of our six scales. We will 
initially allocate 180 participants; yet with reference to the previous 
studies [22], we could expect up to 50 % of attrition. After applying 
inclusion and exclusion criteria, participants will be selected for either 
the meditation, the control, or the waitlisted group. We speculate a 
higher number of attritions in the meditation and control groups 
regarding the complexity of the given tasks as compared to the wai-
tlisted group. Fig. 3 provides a flowchart for the number of expected 
participants at each stage of the study.

3.10. Attrition

Due to the high demanding nature of chronic migraine and concerns 
with balancing expectations and time commitment for adults with 
chronic migraines, a high rate of attrition is expected. Previous non- 
migraine related RCTs have had attrition rates as high as 48 % [38]. 
With regards to previous similar studies on long-term use of neuro-
feedback in migraine populations with 75 % of attrition [22], we will 
speculate a high rate of attrition (50 %) for 8 weeks of joint neuro-
feedback mindfulness interventions.

3.11. The instruments

In this study, six measurements are given to participants at three time 
points during the study: before the intervention (Week 1), during the 
intervention (Week 4) and after completing the intervention (Week 8). 
On average, the total amount of time to complete six questionnaires is 
estimated around 13 min. These measurements (described in detail 
below) collect information about migraine disability (MIDAS), headache 
intensity (HIT-6), headache management self-efficacy (HMSE), anxiety 
(BAI), depression (CES-D), and severity of dependence on medications 
(SDS).

1 Migraine Disability Assessment Scale (MIDAS)

This 5-item instrument focuses on the number of headache-impacted 
missing days in the migraine population. MIDAS is shown to have 
significantly high internal consistency scores in United States (Cron-
bach’s α = 0.76) and the UK (Cronbach’s α = 0.73) [39].

2 Headache Impact Test-short form (HIT-6)

This 6-item scale collects information about the intensity of the 
headache attacks with high reliability of 0.90 Cronbach’s α ([40]). This 
measurement is a short and sound psychometrical tool to assess how 
participants evaluate their headache severity.

3. Headache Management Self-Efficacy Scale (HMSE)

This measurement is a 25-item scale that measures individuals’ 
perceived level of coping and headache-related disability management 
with an excellent internal consistency (Cronbach’s α = 0.90) [41]. The 
HMSE score predicts headache-related disability, as shown in MIDAS, 

Fig. 3. The flowchart for Participant Recruitment.
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regardless of the headache intensity, as usually shown in HIT-6 [41].

4 BECK Anxiety Inventory (BAI)

This 21-item instrument is a self-report of physical and cognitive 
symptoms of anxiety on and is validated with a moderate correlation 
with the revised Hamilton Anxiety Rating Scale (r = 0.51)([42]). In-
ternal consistency of this measure is significantly high (Cronbach’s α =
0.92) and test-retest reliability in a 1-week period was also acceptable 
(Cronbach’s α = 0.75) [42].

5. The Center for Epidemiologic Studies Depression (CES-D)

This validated 20-item scale is a short self-report of the original 
version with 300 items [43]. The internal consistency of this instrument 
is high (Cronbach’s α = 0.85–0.90) and test re-test reliability is also 
acceptable (0.45–0.70) [39].

6. Severity of Dependence Scale (SDS)

This scale includes 5 questions that originally evaluate participants’ 
level of dependence on different substances [37,44]. It has recently been 
validated to be effective with assessing dependence-like behaviours in 
subjects with MOH [45] with a high internal reliability (α = 0.72). This 
scale will be a reliable tool to assess participants’ changes in tolerance 
and need for increased amount of the medication to manage their 
headaches.

3.12. Statistical methods

This protocol is primarily based on comparing the baseline infor-
mation of the participants with their information on Weeks 4 & 8 of their 
intervention. With regards to this, we will use Repeated Measures 
ANOVA for comparing the effect of time on the participants’ changes in 
chronic headache characteristics, psychiatric symptoms, and medicine 
intake. Additionally, we will compare the interaction effect of time* 
groups to discover which of the three groups would show most signifi-
cant changes across time as measured independently for each of the 
study’s scales.

For each of the task-based groups, we will explore the total missed 
days and attrition at each of the task groups to discover the level of 
adherence for the two task-based groups. The diaries will also be 
compared across time to discover how participants manage their head-
aches via different alternatives and whether there is a change in their 
trend of headache medicine intake.

Finally, the EEG data analysis will be applied for within-subject and 
between subject comparisons to determine whether there is a change in 
adults with chronic migraine’s peak alpha frequency over time and 
during their headache experiences as a function of their practices.

4. Discussion

This RCT protocol has a pioneering concept of introducing a new self- 
guided neurofeedback mindfulness meditation in adults with chronic 
migraine compared to a novel controlled intervention and a waitlisted 
group. Our study protocol includes details on the most important chal-
lenges, specifically data collection and issues with confidentiality while 
using a third-party app. Most importantly, we need to evaluate how to 
keep participants in a consistent and thorough routine. To motivate 
participants, we have recommended manual text reminders which 
support participants with easy access to troubleshooting. Since chronic 
migraine a lifelong, it is important to take measures for both respecting 
their choice of withdrawal, as well as reinforcing participants’ adher-
ence throughout the study. The recommended protocol is designed to 
keep a consistent practice balance for adults with chronic migraine to 
collect information about the effectiveness of neurofeedback 

mindfulness meditation. We also introduce portable EEG headband as a 
means of collecting daily information from the participants’ practices.
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