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Abstract 

Purpose of review: This article reviews the recent research and development of 

electronic health (eHealth) and, in particular, mobile health (mHealth) strategies to 

deliver behavioral treatment for migraine. Prospects for future development and 

research of mobile health in migraine are suggested. 

Recent findings: Advances in digital technology and mobile technology have led to 

an era where electronic and mobile approaches are applied to several aspects of 

healthcare. Electronic behavioral interventions for migraine seem to be acceptable and 

feasible, but efficacy measures are uncertain. Clinical trials on mHealth-based 

classical behavioral therapies such as relaxation, biofeedback and cognitive 

behavioral therapy are missing in the literature. Within mHealth, headache diaries are 

the most researched and scientifically developed. Still, there is a gap between 

commercially available apps and scientifically validated and developed apps. 

Summary: Digital technology and mobile health has not yet lived out its potential in 

behavioral migraine therapy. Application of proper usability and functionality designs 

towards the right market, together with appraisal of medical and technological 

recommendations, may facilitate rapid development of eHealth and mHealth while 

also establishing scientific evidence. 
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Main Body 

Introduction 

Migraine is a heterogeneous group of neurological disorders, of which the dominant 

feature is severe headache often accompanied by nausea and vomiting, as well as 

photo- and phonophobia [1]. Migraine is prevalent and according to the 2015 Global 

Burden of Disease Study, the number one cause of neurologic disability, and the 

second most common cause of years lived with disability [2]. The fact that over one 

billion individuals had a headache disorder in 2016 further emphasizes the population 

burden of the disease [2, 3]. 

All the while, we live in an emerging era of mobile health and digital technology. 

Telemedicine and electronic health (eHealth) defines the delivery of health services 

through telecommunications, while a subcategory of eHealth, labeled mobile health 

(mHealth), encompasses the use of smartphones, applications (apps) and wearables 

for medical purposes [4]. eHealth and mHealth represent new means for delivering 

prophylactic behavioral interventions for migraine. These interventions are 

established as being effective in reducing the burden of migraine, both in the pediatric 

and adult population [5, 6]. Common behavioral interventions include relaxation 

training, biofeedback training and cognitive behavioral therapy (CBT) [7]. 

At the beginning of this decade several researchers praised the potential of eHealth 

and mHealth for delivering behavioral treatments [7-10]. Now, more than five years 

later, it is tempting to ask ourselves: has this prophecy been fulfilled and lived out its 

potential? The aim of this narrative review is to highlight the available recent research 

and development of eHealth and, in particular, mHealth for migraine, and suggest 

prospects for future research and development. 

Methods 

The first section will describe why eHealth and mHealth interventions for migraine 

are important. The second section will narrate available electronic and mobile 

behavioral therapies for migraine. MEDLINE and CINAHL were searched for 

available records from January 1st 2015 and last updated on the 7th of April 2018. The 

following nested search was used: (“mHealth” OR “eHealth” OR “telemedicine”) 

AND “migraine”. In addition reference lists of reviews on the topic were hand 



searched. Finally, prospects for future mHealth research will be elaborated based on 

recent reviews concerning development of mHealth. 

Why are eHealth and mHealth interventions for migraine important? 

One study depicts 12 application areas for mHealth, whereof several are useful for 

migraine therapy [11]. Firstly mHealth has the potential to make the time- and 

resource demanding behavioral interventions widely and easily available, and at the 

same time make them easy to learn and self-administer for the patient [10]. This is 

also safe considering the limited number of adverse events, and the potential for 

complementing drug therapies [12]. Secondly it allows for point-of-care data 

collection [13], such as headache diaries and migraine trigger trackers, which may be 

used to enhance treatment, and accelerate research in the field. Thirdly, it may 

increase adherence by enabling medication monitoring, support and motivation [14]. 

And finally, the vast amount of the population that has access to smartphones, both in 

developed and developing countries; combined with the fact that mobile technology is 

popular, and almost integrated in the upcoming generations [15], means it will be 

available to most at need. The WHO surveys of eHealth and mHealth show that the 

spread of governmental initiatives is massive globally [4, 16]. The number of private 

and commercial initiatives is probably even larger. Despite these promises, problems 

remain: the great multitude of available eHealth and mHealth options makes it 

difficult for consumers to chose the proper, and the most personally relevant tool. The 

options are furthermore limited by the fact that most mHealth apps are not 

scientifically developed and validated [17-20]. 

eHealth and mHealth for migraine 

eHealth 

In a systematic review from 2016 Minen et. al. [21] investigated the use of electronic 

behavioral interventions for primary headache with a search updated to December 

2015. The review described 23 studies. CBT was the most common therapy format, 

and Internet was the most common mean of delivery. Table 1 gives an overview of 

therapies and delivery strategies. Moderate to high rates of acceptability and 

feasibility were found, but efficacy data were limited. Sixteen of 23 studies had 30 or 

more participants, and six of these had statistically significant primary outcomes in 

favor of the electronic behavioral interventions compared to the controls, whereas the 



others had no significant difference in primary outcome between intervention and 

control, or did not have a control group. Thus, it was not possible to conclude whether 

using electronic systems to deliver behavioral treatment for migraine was as effective 

as therapist-delivered strategies. Surprisingly, none of the therapies were delivered 

through mHealth technologies, and the authors concluded that there was a paucity in 

the literature, that definitely had potential and needed to be explored. 

Table 1. Distribution of therapy strategies and delivery tools for electronic behavioral 

interventions for primary headache after Minen et. al. [21]. 

Behavioral therapy strategy n 

Cognitive behavioral therapy  11 

Relaxation 8 

Biofeedback 5 

Other 3 

Means of delivery  

Internet  14 

CD ROMs 2 

Personal digital assistants 2 

Other 5 

mHealth 

Already in 2013, a systematic review found 247 mHealth papers and more than 3,673 

apps related to the eight most prevalent health conditions as defined by WHO [22]. At 

the time, apps for migraine were the third most common health apps when searching 

the large global app stores, following diabetes and depression. On the other hand 

migraine apps were the least researched of the eight conditions. This implies that 

development of mHealth for migraine has a commercial and economic, rather than a 

scientific, incentive. In 2017 over 325,000 mHealth apps were available [23]. As an 

example, Google play store had a 50% increase in health apps since the previous year, 

while Apple AppStore had an increase of 20% [23]. Considering that, now in 2018, 

approximately 50% of the world’s 3.4 billion smartphone and tablet users are 

estimated to have downloaded mHealth applications [24], it is crucial that mHealth 

actually works as desired.  

Even though there is a lack of clinical trials of smartphone-based behavioral 

interventions in migraine [21], several other aspects of mHealth in headache treatment 

have been explored. A systematic review by Mosadeghi-Nik et. al. [25], with a search 

updated to May 2016, investigated available studies on mHealth for headache. At the 



time, there were six papers investigating apps for headache treatment, whereof three 

included migraine sufferers exclusively. All of the six studies included headache diary 

elements as headache interventions, and none employed classical behavioral 

interventions, such as biofeedback and CBT. The authors conclude that there were no 

studies of high quality and robust design, studies were mainly proof of concept and 

feasibility studies, and that the evidence base on the effectiveness of mobile apps for 

treating headache is weak. Currently no systematic review specific for migraine 

exists. 

The bulk of available mHealth in migraine includes headache diaries [25]. A 

systematic review from 2014 assessed the commercially available headache diary 

apps, and even though the report was published some years ago, it illustrates a trend 

[26]. None of the identified diaries fulfilled all the expert-opinion criteria for 

headache diaries; only 18% of the apps were created with scientific or clinical 

headache expertise; and none had gone through feasibility and psychometric testing. 

Consequently the authors of the review conducted a study to develop a headache diary 

app for adolescents and young adult migraine suffers, while applying an iterative and 

incremental design to optimize the usability and psychometric properties of the diary 

[27]. The participants perceived the final version of the diary as useful, easy to learn, 

and efficient; and the authors concluded that such a diary had the potential to improve 

self-management of headaches. 

mHealth diaries have also been used to monitor other means of migraine intervention. 

A 2016 study assessed adherence to preventive drug treatment and lifestyle 

recommendations in adolescent migraine sufferers by aid of electronic prospective 

self-monitoring [28]. This was compared to an objective measurement by electronic 

registration of number of times the pill bottle was opened. Adherence in the self-

reporting app was lower than the objective measurement. The self-reporting of 

adherence to lifestyle recommendations was lower than desired, but the use of an app 

was regarded as potentially beneficial in increasing adherence and for providing new 

and better outcomes for children and adolescents with migraine. On the other hand, a 

South-Korean study from 2016 [29] evaluated the use of a smartphone headache diary 

app for detecting migraine trigger factors. The app encouraged the users to record 

potential triggers occurring on the same day as the migraine attack from a list of 18 



triggers defined by the users themselves. The authors concluded that such a tool was 

effective for assessing potential migraine trigger factors, even though the study was 

not designed to establish causality [30]. At worst, triggers may be misidentified, 

which in term could lead to unnecessary and unhelpful lifestyle changes. Still, 

mHealth has a potential in advancing the understanding of migraine biology with 

regards to trigger factors, i.e. by combining diary data with external variables such as 

weather reports [30], wearable technology documenting internal physiological data, 

and artificial intelligence [31]. 

Telemedicine 

Regarding telemedicine, in a recent project researchers used a remote internet-based 

video-conference system to set non-acute headache diagnoses [32]. The telemedicine 

consultation was found to be acceptable, feasible and cost-saving compared to face-

to-face traditional consultations with a neurologist. In a following non-inferiority 

study with over 400 participants they found the same one-time telemedicine 

consultation to be non-inferior to the traditional consultations for non-acute primary 

headaches, and it was estimated that over 20,000 telemedicine consultations is 

necessary to miss one secondary headache [33]. Using this study, as an example of 

how appropriate applied telemedicine may be acceptable and efficient, it is tempting 

to envision effective mass delivery of eHealth and mHealth behavioral therapy to the 

vast amount of migraine sufferers. However, this eased access to health care service 

comes with questions. Who is to decide to whom the services should be offered, and 

how should resources be prioritized?  

How should new solutions be developed? 

Several researchers propose means for assessing app quality and recommendations for 

mHealth development [11, 34-38]. From these, five domains may be extracted. New 

solutions should (1) apply proper usability and functionality designs with involvement 

of both healthcare professionals and end-users; (2) meet market and society demands; 

(3) adhere to guidelines, recommendations and regulations; (4) ensure accountability 

and availability; and (5) consider including concepts from big data and the Internet of 

Things. The lack of these factors is likely to play a role in the at times limited 

adherence, uncertain efficacy and low acceptability and credibility of mHealth [17-

20].  



Firstly, the importance of usability and functionality in development of both eHealth 

and mHealth should be emphasized. Recently, several studies have been conducted 

within other fields of health care that may be used as examples and inspiration for 

usability development of behavioral mHealth therapies in migraine [39-42]. One 

example is a study from 2016 in which the researchers used iterative usability testing 

to develop a biofeedback device and app for so called neurocardiac training [40]. This 

study exemplifies the process of developing both hardware and software while 

simultaneously identifying, addressing and improving themes related to usability. 

Several different iterative development designs exist, and if employed in conjunction 

with rigorous effectiveness assessments they enable a way to cost-efficiently establish 

the evidence needed to recommend new therapies [43]. In addition, several usability 

metrics, such as the classic Systems Usability Scale [44] and the newly developed 

Mobile App Rating Scale (MARS) [45] could provide useful when designing new 

programs. Implementation of such usability methodologies also helps ensure 

healthcare professional and end-user involvement and should be applied and 

emphasized when conducting studies.  

Secondly, in order for any eHealth or mHealth intervention to be successful there has 

to be a need and a wish from the target population to use it [36, 38]. Methods for 

recruitment and usage need to be developed towards the intended market and society. 

The “Cloudy with a Chance of Pain” study from 2017 [46], demonstrated the ability 

of mHealth apps to rapidly and successfully recruit a large representative, and 

engaged sample. It provided evidence that smartphones could be a feasible alternative 

to traditional data collection methods. This study still had a problem of attrition, and 

only one in seven users were considered frequent users. Another example is a 

Parkinson disease study [47], which used the Apple ResearchKit [48], an open source 

framework streamlining the remote consent process to successfully recruit 

participants. Sample sizes in mHealth studies needs to be scaled up [18, 21, 22], and 

these new innovative recruitment strategies may enable this. Given the new methods 

for recruitment and the simple availability of mHealth, the definition of adherence in 

mHealth should also be revised [49]. It may be fruitful to justify a threshold of usage, 

set in relation to the desired outcome goal and target population, to define adherence, 

instead of simply measuring number of downloads or uses [49]. 



Thirdly, developers should be aware that incorrect designs might in worst-case lead to 

worsening of the very medical condition the program was intended to improve [50-

52]. Therefore, medical evidence must be adhered to when developing new mHealth 

programs. A systematic review from 2015 found that several medical apps had very 

limited expert involvement and grounding in medical evidence [52]. The review 

furthermore discussed several “peer-review” strategies for medical apps that could be 

applied to overcome these challenges, including web pages [53] and tools such as the 

Health Apps Library developed by the National Health Service in the United 

Kingdom [54]. However, such strategies may not undoubtedly secure app quality. In 

addition to medical evidence, regulatory considerations, such as from the Mobile 

Medical Applications Guidance for Industry and Food and Drug Administration Staff 

[51], should be adhered to. Developers should take care to consider the legal 

framework in the intended area of use [55]. All the while, guidelines and checklists, 

such as the CONSORT-EHEALTH [37] should be appraised when conducting 

electronic and mobile health intervention studies. 

Fourthly, the aforementioned domains all play part in the accountability and 

availability of eHealth and mHealth. Proper development designs, healthcare 

professional involvement and adherence to regulations and recommendations secure 

accountability; and availability could be improved through medical validation [56], 

and recruitment and usage within the intended market and society. A review 

published in 2017 [57] highlighted the importance of having website availability of 

the mHealth interventions. Only one fifth of apps (57/268, 21%) had functional 

websites. It is likely that sufficient information and accessibility is a necessity for use 

of minimal contact therapies, which may help achieve the desired adherence and 

thereby effectiveness. In addition, strategies such as deploying a set of apps, one for 

migraine patients and one for the treating neurologists [58], may facilitate 

communication between the patient and the doctor and thereby increase 

accountability and availability. 

Finally, big data and the Internet of Things (IoT) should be mentioned. The former 

defines the collection and analysis of large amounts of data to reveal patterns, trends 

and associations [59]; and the latter encompasses the interconnection of everyday 

objects by embedded computing devices [60]. The general elements required for 



health IoT systems include body area sensor networks, internet-connected smart 

gateways, and cloud and big data support [61]. In particular the popularity of 

wearable devices has significantly increased the recent years [62]. Wearables as a 

means to correlate disease mechanisms and migraine may be very useful [63]. As an 

example, one research group is working with reduction of computational burden and 

sensor energy optimization within a wireless body sensor network developed to 

predict migraine headaches [31]. Such development certainly seems to be a part of 

future migraine treatment. Another interesting approach to big data is highlighted in a 

recent Twitter-infodemiology study. In this study 14,028 tweets of real-time sharing 

of migraine suffering were found during the course of seven days. These studies 

highlight that big data and IoT have potential for, recruitment, data collection, and 

intervention for a wide range of diseases, including migraines [64]. 

So what do migraine sufferers want? Among other things, they want interventions that 

are easily accessible, freedom of pain and freedom of adverse events [65]. They also 

want wearables that can be used to detect premonitory symptoms to avoid or reduce 

the burden of attacks [66]. eHealth and mHealth has the potential to provide this for 

migraine sufferers. 

Conclusion 

eHealth and mHealth for behavioral treatments of migraine has been a promising field 

for long. Electronic behavioral interventions for migraine seem to be acceptable and 

feasible, but efficacy measures are uncertain. Still, clinical trials on mHealth-based 

classical behavioral therapies such as CBT, biofeedback and relaxation are missing in 

the literature. Some aspects of mHealth in migraine have been explored, but there is a 

gap between commercially available apps and scientifically validated and developed 

apps. Migraine researchers should draw inspiration from other fields when developing 

new eHealth and mHealth solutions. Application of proper usability and functionality 

designs towards the right market, together with appraisal of medical and technological 

recommendations, may facilitate rapid development of eHealth and mHealth while 

also establishing scientific evidence. 



Annotated articles 

[21]   This systematic review thoroughly describes the available evidence of 

electronic behavioral interventions for migraine. 

[33] This randomized controlled trial describes the efficient use of an acceptable, 

feasible and cost-saving telemedicine consultation for headache sufferers. 

[31] This engineering oriented paper describes a very exciting research field in 

which migraine prediction based on sensor technology could be achieved. 
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