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Abstract

Background: Mobile health apps have the potential to promote adherence to headache
management through the use of evidence-based behavior change techniques (e.g., self-
monitoring). While many headache management apps exist, the extent to which these apps include
behavior change techniques remains unknown. Thus, the present study systematically evaluated
the content and quality of commercially available headache management apps.

Methods: Headache apps were identified using a systematic search in the Apple App and Google
Play stores. A total of 55 apps were evaluated using the taxonomy of behavior change techniques
and app quality using the Mobile App Rating Scale.

Results: Headache management apps included 0-14 behavior change techniques (Mean [M]
=5.89) and 0-8 headache management behavior change techniques (M = 4.29). App quality
ranged from 2.84-4.67 (M = 3.73) out of 5.00. Three apps, Migraine Trainer, Easeday: Headache
& Migraine, and PainScale, included the highest number of overall and headache management
behavior change techniques along with good quality scores.

Conclusions: While randomized controlled trials are necessary to determine the efficacy of
individual headache apps, most existing apps include evidence-based headache management
behavior change techniques. Headache apps often focus on either self-monitoring or stress
management via relaxation training, suggesting that patients’ needs should be used to inform
app selection.
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Introduction

Method

Recurrent headache, such as migraine, is a leading cause of disability that affects
approximately 1 in 5 Americans (1). Effective headache management includes a
combination of pharmacological therapy, biobehavioral interventions (e.g., relaxation,
biofeedback), and adherence to healthy habits (e.g., adequate hydration, sufficient sleep,
healthy diet, reducing caffeine consumption, and regular exercise) (2,3). Despite strong
evidence for preventative, interdisciplinary care for headache management (4,5), effective
treatments are underutilized due to significant barriers to care, including limited access to
comprehensive health care, costs, and competing demands (e.g., school, work, childcare)
(1.6-8).

Mobile health (mHealth) apps have the potential to provide several advantages for delivering
interdisciplinary care for headache management including increased accessibility, enhanced
patient-provider communication, support of headache management and education, symptom
monitoring, and potential reductions in health care costs (9—-12). Given that effective
headache management requires a multimodal approach (13), mHealth apps have the
potential to promote successful engagement in treatment. However, while many headache
management apps are currently available, no guidelines exist on how patients and providers
can identify high-quality, user-friendly, and evidence-based apps to best support their
headache management needs.

Behavior change techniques (BCTSs) are specific, evidence-based intervention components
that are associated with increased treatment effectiveness, such as self-monitoring, goal-
setting, and personalized feedback (14,15). This taxonomy includes 26 BCTs and has

been used to systematically evaluate a number of technology-based self-management
interventions across a number of chronic illness populations (16-20) as it provides

a structure to reliably identify evidence-based techniques associated with treatment
effectiveness (14). Given that mHealth apps have the potential to promote engagement in
headache management through the use of BCTs, there is a critical need to understand

the extent to which evidence-based behavior change components have been translated to
headache management apps. The purpose of the current study is to systematically evaluate
the content and quality of commercially available headache management apps using BCTSs.
Aims of this study include 1) systematically evaluate BCTs of free headache management
apps available in the Apple App and the Google Play stores for both Apple iOS and Android
devices, (2) evaluate the quality of headache management apps using a validated rating
system (Mobile Application Rating System [MARS]) (21) and 3) provide recommendations
for effective headache management apps based on BCTs and usability (Figure 1).

Identification of headache-specific BCTs and coding manual training

A review of the headache management literature was conducted to identify headache
management BCTSs. The search examined PubMed, PsycINFO, and Cochrane Library
databases. Inclusion criteria included: 1) a sample of individuals with headache or migraine,
2) examination or review of interventions or BCTs for headache management, and 3)
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published in English. Dissertations, abstracts, and unpublished data were excluded from the
review. Search terms included headache OR migraine AND “behavior change techniques”
OR BCTs; headache OR migraine AND “behavior change.” See supplemental file for full
search strategy and flow diagram of articles identified, screened, and included.

The first author reviewed abstract and full text articles from the search and abstracted
information regarding evidence-based headache management BCTs. The reference sections
of included articles were also reviewed to identify additional articles for inclusion. Results
of the literature review identified 21 articles for inclusion with 19 intervention studies and 2
systematic reviews (see Supplemental Figure 1). Findings from this review were discussed
with a team of experts in headache management BCTSs to arrive at consensus.

Nine of the 26 BCTs have consistently demonstrated efficacy in improving headache
outcomes and subsequently been recommended for use in headache management
interventions (22—24). These nine BCTs are herein referred to as “headache management
BCTs” and include: 1) behavior-health link, psychoeducation about the relationship between
an identified behavior and the user’s health; 2) consequences, psychoeducation that includes
informing the user of the likely outcome of engaging and not engaging in the target

health behavior; 3) instruction, provides the user with information on how to perform the
target health behavior or preparatory behaviors; 4) prompt intention formation, involves
encouraging the user to set a general goal that moves them towards the target health
behavior; 5) prompt specific goal setting, includes detailed planning of a specific goal

(e.g., frequency, intensity, duration) and identification of a strategy to increase practice and
mastery of the behavior change (e.g., where, when, how or with whom); 6) se/f-monitoring,
the tracking of a behavior to promote accountability and identification of facilitators and
barriers; 7) feedback, providing data about a tracked behavior or discrepancy about a

goal; 8) social support/change, prompts the user to consider how others might change

their behavior to support their behavior change goal; and 9) stress management, relaxation
training to reduce tension, stress, and anxiety in order to facilitate achievement of their
proposed goal. See Supplemental Table 1 for a brief description of all 26 BCTs and
Abraham and Michie (14) for a thorough review of their taxonomy of BCTs along with
each individual BCT.

Three raters received approximately six hours of training on the adapted Abraham and
Michie (14) coding manual on BCTs for mHealth coding (see Ref. 25 for manual
development). The senior author, who has extensive experience coding BCTs, led BCTs
coding training sessions. Raters included doctorate level behavioral scientists with an
existing understanding of BCTs. Initial training consisted of a review of BCTs to clarify
differences between techniques. Raters then coded two commonly used mHealth apps.
Coding required raters to first read and code the entire description of the app from the Apple
App or Google Play stores. In line with previous studies that have utilized this protocol
(19,21,25-27), raters downloaded and interacted with the app for a minimum of 10 minutes.
Next, raters coded for the presence or absence of all 26 BCTs. Raters then met with the
senior author to discuss discrepancies and reach consensus on BCT ratings. Finally, raters
coded four headache or pain management apps using the same procedure.
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Identification of mHealth apps for headache management

Using BCTs

Four systematic searches were conducted to identify mHealth apps for headache
management in December 2020. First, the term “headache” was searched for in the Apple
App and Google Play stores. A list of the first 25 apps for each of the searches was recorded
given that previous reviews have estimated that a typical consumer considers, at most, the
first 25 results when searching for an app (19,25,26). The second term “migraine” was
searched for in the Apple App and Google Play stores, and the first 25 apps from each of the
searches was recorded. Apps were excluded if they (1) had an associated cost to download,
(2) were not related to headache, or (3) were not in English. Apps from all of the searches
were combined into a master list and duplicates were excluded. The free basic version of all
apps were coded; any app features that required an in-app purchase were not coded.

and MARS to code headache management apps

Included apps were divided among three raters and each app was coded for the presence

or absence of all 26 BCTs. Raters also completed quality ratings for each app using the
Mobile App Rating Scale (MARS), a 23-item measure designed to assess the quality of
mHealth apps across five domains: Engagement, Functionality, Aesthetics, Information, and
Subjective Quality (21). Each domain contains between three and seven items rated on a
5-point scale ranging from 1 (Inadequate) to 5 (Excellent). The mean of item responses for
each domain was calculated to obtain Engagement, Functionality, Aesthetics, Information,
and Subjective Quality subscale scores. In addition, an overall quality score was calculated
by taking the mean of items from the first four subscales.

Assessment of interrater reliability

Results

To assess reliability of the coding system and rater agreement, 20% of the apps were
randomly selected to be double coded using the BCT manual and the MARS (n = 12).
Interrater reliability was calculated using percent agreement between coders on the 26 BCTs
for the 12 apps that were double coded. Agreement between raters on the MARS was
assessed by calculating the intraclass correlation coefficients (ICCs).

Initial searches identified 100 apps related to “headache” and “migraine.” Of these, 39 apps
were removed for the following reasons: 28 were duplicates, seven were not specific to
headache, three had an associated cost, and one was non-English. Of the 61 apps that were
downloaded, three apps were removed because they could not be opened/used and one was
non-English. One additional duplicate was identified due to a slight variation in the app titles
across devices. One app was removed because the free headache content was limited to a 29
second audio introduction. This resulted in 55 apps being downloaded and coded. Nineteen
apps were available on both Android and iOS platforms while an additional 16 were only
available on iOS and 20 on Android. Table 1 includes a complete list of included apps and
the included BCTs in each app.

Each of the apps utilized between 0 and 14 BCTs (Mgt = 5.89) and 0 and 8 headache
management BCTs (i.e., behavior-health link, consequences, instruction, prompt intention
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formation, prompt specific goal setting, self-monitoring, feedback, social support/change,
and stress management, MyapcT = 4.29). Twenty-four percent of the apps used at least six
headache management BCTs while 45% used at least five headache management BCTs.
The most commonly used BCTs were behavior-health link, feedback, self-monitoring,
Instruction, consequences, others’ approval, and prompt intention formation, all of which
are headache management BCTSs (except others’ approval).

The use of behavior-health link was found in 73% (n = 40) of the apps and provided
information about the relationship between a behavior and health (e.g., psychoeducation on
the relationship between hydration and headache). Se/f-monitoring and feedback allowed
for digital tracking of headache frequency or use of a headache management intervention
such as medication or relaxation and information regarding patterns in these data and were
found in 69% (n = 38) and 73% (n = 40) of apps, respectively. The use of instruction

was found in 67% (n = 37) of the apps and provided text, graphics, or videos to teach

the user how to perform a headache management behavior such as progressive muscle
relaxation. Sixty-seven percent (n = 37) of apps provided information on consequences or
the pros/cons of engaging in a headache management behavior (e.g., engaging in relaxation
can reduce headache severity or frequency). Prompt intention formation, which includes
setting a general goal such as encouraging the use of relaxation as a daily practice, was
found in 51% (n = 28) of the apps. The only commonly used BCTs that was not identified
as a headache management BCT, others’ approval, was included in 53% (n = 29) of the apps
and allowed the user to send data to a health care provider.

When examining specific apps, three apps had the most overall BCTs (i.e., PainScale [n

= 14], Easeday: Headache & Migraine [n = 11], and Migraine Trainer [n = 10]) and the
most headache management BCTSs (i.e., PainScale [n = 8], Easeday: Headache & Migraine
[n = 7], and Migraine Trainer [n = 7]). All three of these apps, PainScale, Easeday:
Headache & Migraine, and Migraine Trainer, included the headache management BCTs of
behavior-health link, consequences, prompt intention formation, instruction, self-monitoring,
feedback, and stress management. PainScale also included social support/change (headache
management BCT) which includes the provision of support or a “buddy” system for
engaging in headache management skills and social comparison. PainScale and Migraine
Trainer both included others’ approval, while Easeday: Headache & Migraine and Migraine
Trainer included the use of provide contingent rewards and prompt practice BCTSs.

The overall quality of headache management apps ranged from 2.84-4.67 (MmaRSoverall

= 3.73) out of 5.00. Seventeen apps had an overall quality score of 4 or higher and 16
additional apps had a MARS overall quality score between 3.50 and 3.99. Subscales scores
ranged from 1.33 to 5.00 and can be found in Table 2.

Percent agreement was =90% for 20 of BCT classifications. Percent agreement was 83% for
prompt barrier identification, instruction, and provide contingent rewards, 715% for prompt
intention formation, and 58% for provide general information on behavior-health link and
provide information on consequences. ICCs for the MARS scales were all in the good to
excellent range: MARS A: Engagement = .94, MARS B: Functionality = .86, MARS C:
Aesthetics = .89, MARS D: Information = .92, and MARS Overall App Quality =.92 (21).
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Discussion

The current review fills a gap in the extant literature by providing an evaluation of the
BCTs and quality of headache management apps, which can serve as a resource for health
care providers for making informed recommendations to patients with headache. Fifty-five
apps were evaluated with each app included having between 0 and 14 BCTs and 0 and

8 headache management BCTs and an overall MARS quality rating ranging from poor to
excellent. The primary focus of the majority of apps was se/f-monitoring including headache
characteristics (e.g., frequency, severity) along with associated symptoms, triggers, and
self-management behaviors (e.g., PainScale; Migraine Buddy; Migraine Trainer) whereas,
a minority of apps focused on stress management (e.g., relaxation training) (e.g., Easeday:
Headache and Migraine; Breathescape). Despite the wide range of content and quality of
headache apps, the findings provide promise regarding content and quality of several of the
top-rated headache apps.

Nearly all of the commonly used BCTs were headache management BCTs (i.e., behavior-
health link, self-monitoring, feedback; instruction, consequences, and prompt intention
formation) suggesting that developers of headache management apps have integrated
evidence-based headache management strategies into their apps. The translation of headache
management BCTs into mHealth platforms shows promise for addressing access barriers

as it provides a more accessible and lower cost alternative for delivering evidence-based
headache management techniques. For instance, incorporating education and the associated
consequences of stress management on headache severity, along with a platform to practice
different forms of relaxation (e.g., diaphragmatic breathing, progressive muscle relaxation),
allows patients to readily access this tool at the first sign of headache (e.g., Easeday:
Headache and Migraine; Breathescape). Another advantage is the ability to se/f-monitorand
receive feedback about headaches and associated symptoms and triggers in real time, which
may help patients with identifying behavior patterns that increase their risk of having a
headache (e.g., poor hydration and sleep habits) (e.g., PainScale; Migraine Buddy; Migraine
Trainer). The only commonly used BCT that was not headache management specific was
others’ approval, which most often included the ability to share self-monitoring data with
others via email or other messaging platforms (e.g., PainScale; Migraine Buddy; Migraine
Trainer). Initial evidence for the use of others’ approval in headache treatment suggests that
sharing self-monitoring data with providers may help to inform treatment recommendations
(28,29).

Several of the headache management BCTs have not yet been frequently incorporated

in commercially available headache management apps (i.e., prompt specific goal-setting,
social support/change, and stress management). Effective headache management is often
challenging for patients to adhere to as it includes a multimodal treatment approach

(e.g., biobehavioral intervention such as relaxation training and adherence to medication

and healthy habits) (13). Because of the need for a multimodal treatment approach,

it is important that patients understand the link and associated consequences between
engagement in each of the headache management strategies and headache outcomes
(behavior-health link, consequences) (e.g., Migraine Trainer; Curable), are able to set
informed general goals to improve their health (prompt intention formation) (e.g., PainScale;
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Easeday: Headache and Migraine; Migraine Trainer), and have a system for tracking

and receiving feedback about their progress (se/f-monitoring, feedback) (e.g., PainScale;
Migraine Trainer). These skills, however, are more likely to lead to sustained behavior
change when implemented alongside specific, measureable goals (specific goal setting) and
with the support and accountability of others (social support/change) (e.g., PainScale) (30—
33). One approach to implementing specific goal setting into future iterations of existing

or new apps would be to have users set specific goals after identifying general goals. For
instance, if a user identifies a general goal of “practice relaxation” the app could then prompt
the user to identify the frequency (e.g., 5 times per week), duration (e.g., 10 minutes each
day), location (e.g., in bed), timing (e.g., before going to sleep), along with how (e.g.,

using app with guided meditation) and with whom they intend to practice relaxation (14).
Prompting the user to further define the behavior change goal and to identify specific,
measureable steps for engaging in the behavior will help set the user up for success.
Headache management apps could also be improved by providing a platform that facilitates
opportunities for social support or psychoeducation on the benefits of having supportive
relationships for self-management (30-32).

Stress management was another BCT that was not widely utilized, appearing in just one in
four headache management apps (e.g., Easeday: Headache and Migraine; Breathescape;
Woebot). Stress management, such as the use of relaxation skills (e.g., diaphragmatic
breathing), is a central element of headache treatment that has been shown to be an
efficacious evidence-based intervention for patients with headaches (22,34). While stress
management was not among the most commonly used BCTs, when it was included in an
app it was often the primary focus of the app. Indeed, of the apps with the highest number
of headache management BCTs (i.e., =six headache management BCTSs), the majority of
apps focused on either se/f~-monitoring of headaches and headache management behaviors
(73% of apps) or stress management in the context of relaxation training (18% of apps).
Whereas, a small proportion (9% of apps) did not appear to have a specific focus and
included elements of stress management, self-monitoring, as well as psychoeducation. While
self-monitoring and stress-management are both evidence-based strategies used in traditional
clinic-based headache treatment, these findings suggest that it will be beneficial for health
care providers to carefully consider individual patient needs when recommending an app
to support treatment and to select an app with a dual focus on stress management and
self-monitoring or to select an app with the focus that is best for a particular patient. For
example, a provider may recommend use of a stress management app for patients that are
unable to attend clinic-based relaxation training due to access barriers (e.g., transportation,
insurance). Conversely, a provider may recommend an app that focuses on sef/f-monitoring
and allows for sharing of these data (i.e., others’ approval) for patients that could benefit
from increased accountability for adhering to their treatment or when additional data is
needed to better understand associations between patient behavior patterns and headache
outcomes (e.g., headache frequency, severity, onset).

Health care providers recognize the benefits of apps for supporting headache treatment
with the “prescribability” of apps becoming an important topic of conversation among
stakeholders (35,36). While randomized controlled trials (RCTs) are needed to examine the
efficacy of headache management apps, and are necessary to determine true prescribability,
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identifying evidence-based BCTs available within headache management apps provides
an interim validation process to aid providers and patients in making informed app
selection decisions. Based on the current evaluation of BCTs and app quality, Migraine
Trainer, Easeday: Headache and Migraine, and PainScale included the most headache
management BCTs along with high quality ratings. Therefore, suggesting that these three
apps incorporated the most behavioral strategies that have been shown to directly improve
headache management and outcomes (28,29) and are likely to be engaging for user.

Migraine Trainer was developed specifically for patients with a diagnosis of migraine

and utilized seven of the headache management BCTs. The app contains various features,
including use of an individual migraine management plan, opportunities for se/f-monitoring,
teaching of stress management skills, and psychoeducation. Migraine Trainer may be
particularly useful for older adolescents and emerging adult populations as they begin to
assume more responsibility of their migraine treatment because features such as the use

of an individual migraine management plan could help guide and support engagement

in their headache treatment. Easeday: Headache and Migraine, which included a total of
seven headache management BCTs, was developed for a headache population and may

be especially useful for patients seeking additional support with stress managementin the
form of relaxation training. While, both PainScale and Migraine Trainer included either
psychoeducation or a brief introduction to relaxation training, Easeday: Headache and
Migraine is unique in that it provided extensive training and opportunities for practicing
relaxation skills. Specifically, the app includes use of biofeedback as well as numerous
relaxation scripts and audio files for practice of diaphragmatic breathing, progressive muscle
relaxation, and mindfulness. Finally, PainScale was developed for a general chronic pain
population and included eight headache management BCTs. This app may be particularly
useful for patients in need of a comprehensive daily dairy for se/f~-monitoring headaches,
symptoms, triggers, and self-management behaviors that can be synthesized and shared with
a provider (12). PainScale may also be a good option for patients in need of additional social
support.

The current study has a number of strengths, including use of a systematic search strategy
and application of BCT taxonomy to characterize the content of commercially available
headache app. Despite these strengths, there are several limitations. First, this systematic
evaluation does not provide a comprehensive review of all headache management apps. The
search strategy used captures only the most commonly downloaded apps (i.e., the first 25
apps from each of the four search terms) and excluded apps that were not available in
English or had an associated cost to download. While it may be a concern that apps that
were not included, particularly those with an affiliated cost that may include more BCTs
and be of higher quality, if users are not accessing these apps the improved quality is of
little consequence. However in consideration of this concern, we coded the pay-to-use apps
identified through our initial search and found that these apps included fewer BCTs and
lower MARS quality scores than the average free apps. Thus, suggesting that not only are
the currently available pay-to-use headache management apps not accessible to all patients,
but these apps also do not include more evidence-based strategies and are not of higher
quality. Second, apps were not used for an extended period of time and no in-app purchases
were made, therefore, it is possible that certain features (e.g., providing feedback about the
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user’s performance on goal after a week; features with an associated cost) may not have
been apparent to coders. However, this approach aligns with previous studies utilizing this
protocol and provides important information for making app recommendations (19,21,25-
27). Third, coding of percent agreement was low for two BCTs (i.e., behavior-health link
and provide information on conseguences); however, consensus was reached for those in
disagreement. Fourth, while our use of the MARS engagement subscale provides the most
rigorous professional assessment of app engagement currently available (21), recent research
highlights a need for more rigorous reporting standards regarding indicators of app user
engagement (37). If established, future studies should reassess headache management apps
using these standards. Finally, none of the apps included have been tested in RCTs, thus
recommendations are not based on the efficacy of the app for improving headache outcomes.
Future studies evaluating the effectiveness of headache management apps is a critical next
step.

This review assessed the quality and use of BCTs in commercially available headache
management apps and may be used as an initial guide for making app recommendations

to support headache management behaviors. The proliferation and patient interest in using
health apps to support disease management highlights the need for health care providers to
be informed on the types of apps available and how they can be used to support and inform
their patients individual treatment needs (38). Optimal headache management apps include
the use of behavior-health link, consequences, instruction, prompt intention formation, self-
monitoring, feedback, stress management, prompt specific goal setting, and social support/
change. Currently available headache management apps that include many of these BCTs
along with high quality ratings include Migraine Trainer, Easeday: Headache and Migraine,
and PainScale. While all three of these apps included a high number of headache BCTs,
each had a different focus, suggesting the providers should consider the unique needs of the
patient when making recommendations. Providers are encouraged to familiarize themselves
with these and other apps being utilized by their patients. Future studies should continue

to reassess headache apps to provide updated recommendations and assess the efficacy of
headache management apps in RCTSs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Funding
The authors disclosed receipt of the following financial support for the research, authorship, and/or publication of
this article: National Institutes of Health (grant number NICHD T32 HD 68223-7 and NHLBI K23 HL139992).The
first and senior authors’ efforts for this work were supported by a training grant and a career development award
(respectively) from the National Institutes of Health.

References

1. Burch R, Rizzoli P and Loder E. The prevalence and impact of migraine and severe headache in
the united states: figures and trends from government health studies. Headache 2018; 58: 496-505.
[PubMed: 29527677]

2. Becker WJ, Findlay T, Moga C, et al. Guideline for primary care management of headache in adults.
Can Fam Physician 2015; 61: 670-679. [PubMed: 26273080]

Cephalalgia. Author manuscript; available in PMC 2024 October 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Noser et al.

11.

12.

13.

15.

16.

17.

18.

19.

Page 10

. Hershey AD. Current approaches to the diagnosis and management of paediatric migraine. Lancet

Neurol 2010; 9: 190-204. [PubMed: 20129168]

. Jensen R, Zeeberg P, Dehlendorff C, et al. Predictors of outcome of the treatment programme in a

multidisciplinary headache centre. Cephalalgia 2010; 30: 1214-1224. [PubMed: 20855367]

. Zeeberg P, Olesen J and Jensen R. Efficacy of multidisciplinary treatment in a tertiary referral

headache centre. Cephalalgia 2005; 25: 1159-1167. [PubMed: 16305604]

. Freitag FG, Lyss H and Nissan GR. Migraine disability, healthcare utilization, and expenditures

following treatment in a tertiary headache center. Proc (Bayl Univ Med Cent) 2013; 26: 363-367.
[PubMed: 24082410]

. WHO Organization. Atlas of headache disorders and resources in the world 2011. Geneva: World

Health Organisation, 2011.

. Langenbahn D, Matsuzawa Y, Lee Y, et al. Underuse of behavioral treatments for headache: a

narrative review examining societal and cultural factors. J Gen Intern Med 2021; 36: 3103-3112.
[PubMed: 33527189]

. Marcolino MS, Oliveira JAQ, D’Agostino M, et al. The impact of mHealth interventions: Systematic

review of systematic reviews. JMIR Mhealth Uhealth 2018; 6: €23. [PubMed: 29343463]

10. Ramsey RR, Holbein CE, Powers SW, et al. A pilot investigation of a mobile phone

application and progressive reminder system to improve adherence to daily prevention treatment
in adolescents and young adults with migraine. Cephalalgia 2018; 38: 2035-2044. [PubMed:
29635937]

Minen M, Gopal A, Sahyoun G, et al. The functionality, evidence, and privacy issues around
smartphone apps for the top neuropsychiatric conditions. J Neuropsychiatry Clin Neurosci 2021;
33: 72-79. [PubMed: 32669020]

Minen M, Gumpel T, Ali S, et al. What are headache smartphone application (app) users actually
looking for in apps: a qualitative analysis of app reviews to determine a patient centered approach
to headache smartphone apps. Headache 2020; 60: 1392-1401. [PubMed: 32535915]

Ramsey RR, Ryan JL, Hershey AD, et al. Treatment adherence in patients with headache: a
systematic review. Headache 2014; 54: 795-816. [PubMed: 24750017]

14. Abraham C and Michie S. A taxonomy of behavior change techniques used in interventions.

Health Psychol 2008; 27: 379-387. [PubMed: 18624603]

Morrison D, Wyke S, Agur K, et al. Digital asthma self-management interventions: a systematic
review. J Med Internet Res 2014; 16: e51. [PubMed: 24550161]

Brannon EE and Cushing CC. A systematic review: is there an app for that? Translational science
of pediatric behavior change for physical activity and dietary interventions. J Pediatr Psychol
2015; 40: 373-384. [PubMed: 25502745]

\Vollmer Dahlke D, Fair K, Hong YA, et al. Apps seeking theories: results of a study on the use of
health behavior change theories in cancer survivorship mobile apps. IMIR Mhealth Uhealth 2015;
3: e31. [PubMed: 25830810]

Denford S, Taylor RS, Campbell JL, et al. Effective behavior change techniques in asthma self-
care interventions: systematic review and meta-regression. Health Psychol 2014; 33: 577-587.
[PubMed: 23815765]

Gamwell KL, Kollin SR, Gibler RC, et al. Systematic evaluation of commercially available pain
management apps examining behavior change techniques. Pain 2021; 162: 856-865. [PubMed:
33003110]

20. Yang CH, Maher JP and Conroy DE. Implementation of behavior change techniques in mobile

applications for physical activity. Am J Prev Med 2015; 48: 452-455. [PubMed: 25576494]

21. Stoyanov SR, Hides L, Kavanagh DJ, et al. Mobile app rating scale: a new tool for assessing the

quality of health mobile apps. IMIR Mhealth Uhealth 2015; 3: e27. [PubMed: 25760773]

22. Probyn K, Bowers H, Mistry D, et al. Non-pharmacological self-management for people living

with migraine or tension-type headache: a systematic review including analysis of intervention
components. BMJ Open 2017; 7: e016670.

23. Sorbi MJ, Kleiboer AM, van Silfhout HG, et al. Medium-term effectiveness of online behavioral

training in migraine self-management: a randomized trial controlled over 10 months. Cephalalgia
2015; 35: 608-618. [PubMed: 25228685]

Cephalalgia. Author manuscript; available in PMC 2024 October 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Noser et al.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 11

Mérelle SYM, Sorbi MJ, van Doornen LJP, et al. Lay trainers with migraine for a home-based
behavioral training: A 6-month follow-up study. Headache 2008; 48: 1311-1325. [PubMed:
19031498]

Ramsey RR, Caromody JK, Voorhees SE, et al. A systematic evaluation of asthma management
apps examining behavior change techniques. J Allergy Clin Immunol Pract 2019; 7: 2583-2591.
[PubMed: 30954644]

Chavez S, Fedele D, Guo Y, et al. Mobile Apps for the Management of Diabetes. Diabetes Care
2017; 40: e145-e146. [PubMed: 28774944]

Santo K, Richtering S, Chalmers J, et al. Mobile phone apps to improve medication adherence:

a systematic stepwise process to identify high-quality apps. JMIR mHealth and uHealth 2016; 4:
e132. [PubMed: 27913373]

Rosenberg L, Butler N and Seng EK. Health behaviors in episodic migraine: why behavior change
matters. Curr Pain Headache Rep 2018; 22: 65. [PubMed: 30062453]

Pérez-Mufioz A, Buse DC and Andrasik F. Behavioral Interventions for Migraine. Neurol Clin
2019; 37: 789-813. [PubMed: 31563233]

Law EF, Beals-Erickson SE, Fisher E, et al. Components of effective cognitive-behavioral therapy
for pediatric headache: a mixed methods approach. Clin Pract Pediatr Psychol 2017; 5: 376-391.
[PubMed: 29503787]

Lopez-Martinez AE, Esteve-Zarazaga R and Ramirez-Maestre C. Perceived social support and
coping responses are independent variables explaining pain adjustment among chronic pain
patients. J Pain 2008; 9: 373-379. [PubMed: 18203665]

Stinson JN, Lalloo C, Harris L, et al. iCanCope with Pain™: User-centred design of a web- and
mobile-based self-management program for youth with chronic pain based on identified health
care needs. Pain Res Manag 2014; 19: 257-265. [PubMed: 25000507]

Sundararaman LV, Edwards RR, Ross EL, et al. Integration of mobile health technology in the
treatment of chronic pain: a critical review. Reg Anesth Pain Med 2017; 42: 488-498. [PubMed:
28570436]

Powers SW, Kashikar-Zuck SM, Allen JR, et al. Cognitive behavioral therapy plus amitriptyline
for chronic migraine in children and adolescents: a randomized clinical trial. JAMA 2013; 310:
2622-2630. [PubMed: 24368463]

Byambasuren O, Sanders S, Beller E, et al. Prescribable mHealth apps identified from an overview
of systematic reviews. NPJ Digit Med 2018; 1: 12. [PubMed: 31304297]

Gordon WJ, Landman A, Zhang H, et al. Beyond validation: getting health apps into clinical
practice. NPJ Digit Med 2020; 3: 14. [PubMed: 32047860]

Ng M, Firth J, Minen M, et al. User engagement in mental health apps: a review of measurement,
reporting, and validity. Psychiatr Serv 2019; 70: 538-544. [PubMed: 30914003]

Bates DW, Landman A and Levine DM. Health Apps and Health Policy: What Is Needed? Jama
2018; 320: 1975-1976. [PubMed: 30326025]

Cephalalgia. Author manuscript; available in PMC 2024 October 04.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Noser et al.

Page 12

Avrticle highlights

The majority of commercially available headache management apps include
evidence-based headache management behavior change techniques.

Migraine Trainer, Easeday: Headache and Migraine, and PainScale are
commercially available headache management apps that include a high
number of headache management behavior change techniques as well as high
quality ratings.

Headache management apps often had a particular focus (e.g., self-
monitoring, relaxation training), suggesting that patients’ needs should be
used to inform app selection.

Studies are needed to continue to reassess headache management apps to
provide updated recommendations and to assess the efficacy of headache
management apps in randomized controlled trials.
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Initial search results
(n=100 apps)

Apps after duplicates
removed
(n=72)

Apps screened

A\ 4

(n=72)

A
Apps downloaded and

Apps Excluded:

Not headache related (n=7)

Not free (n=3)

Not available in English (n=1)

A4

assessed for eligibility
(n=61)

Apps coded
(n=55)

Apps Excluded:

Could not be opened (n = 3)
Not available in English (n=1)

Duplicates (n=1)
Not free (n=1)

Figure 1.
App search results.
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