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Abstract

Background: Headache diaries are often used by headache sufferers to self-monitor headaches. With advances in mobile
technology, mobile electronic diary apps are becoming increasingly common.

Objective: Thisreview aimsto identify and evaluate all commercially available mobile headache diary apps for the two most
popular mobile phone platforms, iOS and Android.

Methods: The authors developed a priori a set of 7 criteria that define an ideal headache diary app intended to help headache
sufferers better understand and manage their headaches, while providing relevant data to health professionals. The app criteria
wereintended as minimum requirementsfor an acceptable headache diary app that could be prescribed by health care professionals.
Each app was evaluated and scored against each criterion.

Results. Of the 38 apps identified, none of the apps met all 7 app criteria. The 3 highest scoring apps, meeting 5 of the app
criteria, were iHeadache (developed by Better QOL), ecoHeadache (devel oped by ecoTouchMedia), and Headache Diary Pro
(developed by Froggyware). Only 18% of the apps were created with scientific or clinical headache expertise and none of the
apps reported on psychometric properties.

Conclusions: Despite the growing market and demand, there is a concerning lack of scientific expertise and evidence base
associated with headache diary apps.

(IMIR mHealth uHealth 2014;2(3):e36) doi: 10.2196/mhealth.3452
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: Keeping a diary on a regular basis to track headache-related
Introduction information such as occurrence, symptoms, triggers, and

Headache disorders are highly prevalent, with 46% of adults Medication inteke is often recommended by health care
and 51% of children and adolescents presenting with an active  Professiondls [4,5]. A diary helps both users and health care
headache disorder worldwide [1]. Headache disordersareamong ~ Professionals assess headache impact, make a diagnosis, and

the most disabling conditions for both men and women, anda  Inform health care decision making [4,5]. Typically, paper
major public health concern [1-3]. diaries have been used. However, paper diaries can be bulky,
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data must be entered by hand, and they can be lost or forgotten.
Compliancewith paper diariescan beaproblem, and individuals
may be completing multiple diary entriesconcurrently at alater
date, leading to reliability concerns[6]. Thelimitations of paper
diaries, along with recent advances in maobile technology, have
led to the increasing adoption of electronic diaries (e-diaries)
on mobile devices such as mobile phones[7,8].

The use of mobile e-diaries has several advantages over paper
diaries. Mobile e-diaries allow users to conveniently take the
diary with them at all times, they makeit possibleto incorporate
branching questions which makes data entry more efficient, and
they have the capability of automatically building reports from
the data entered, which may help usersto identify patterns and
predict trends. E-diaries are aso beneficial to health care
professionals by allowing them to access patient data in real
time, verify actual entry times, and ultimately user compliance
rates. E-diaries have been shown to be more reliable than
paper-based diaries, and they are associated with increased
levels of compliance and satisfaction when compared to paper
diaries in both adults and children [9,10]. For instance, Stone
et al found that the compliance rate for an electronic pain diary
was 94%, compared to 11% for a paper diary [6]. They also
found that out of the 710 days analyzed, the paper diary was
not used on 230 (32%) of the days, yet participants reported a
level of compliance over 90% on those days.

E-diaries and other medical apps on mobile phones are rapidly
expanding, especially outside the academic setting. The number
of available mobile health apps across major mobile phone app
stores increased from 17,000 in 2010 to 97,000 apps in 2013
[11,12].In 2014, 4.55 hillion people are expected to use mobile
phones overall, with worldwide mobile phone usage predicted
toincrease by 25%to 1.76 billion people[13]. By 2017, nearly
50% of mobile phones are expected to be smartphones[14]. In
addition, it isestimated that by 2015, 500 million mobile phone
users will be using amedical app [11].

Concernsare commonly raised around the quality of such mobile
health apps, dueto the low levels of involvement by health care
professionals, and failure to use a scientific evidence base in
app development [15,16]. However, no systematic review of
many of the available medical apps, including headache diary
apps, has been conducted. Recently, Stinson et a systematically
reviewed headache diaries used in the research setting only [8].
A previous review by Rosser and Eccleston demonstrated the
popularity of pain appsinthe commercia app market [16]. They
found headache pain was the most common type of paintargeted
and found that diary tracking features were included in 24% of
the identified pain apps. However, the pain apps were not
downloaded and evaluated as part of the review. Since Rosser
and Eccleston’s review, the number of headache diary apps has
increased dramatically. Our goal wasto systematically identify
and evaluate all commercially available headache diaries for
Apple(iOS) and Android devices. Together, thesetwo platforms
represent the majority of devices, with more than 90% (81%
Android, 13% iOS) of the global mobile phone market in 2013
[17,18]. The results of this review will help inform health care
professionals and potential users on the best available e-diary
apps for headache. It will also provide researchers with new
electronic assessment tools if apps are found with evidence of
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reliability and validity. A lack of high-quality apps would
demonstrate aneed for researchers and health care professionals
to improve the existing apps, or develop quality diary apps to
fill the current gap in demand.

Methods

Search Strategy

The two most popular mobile phone platform app stores were
used to identify all available headache diary apps. The Canadian
Google Play (Android) and AppleiTunes App (i0S) storeswere
searched using the following search terms: headache, headache
diary, headache tracker, migraine, migrainediary, and migraine
tracker. The final app search was conducted on November 2,
2013 by 2 reviewers (ASH, Hayley Stinson, BA). ASH
identified atotal of 41 apps, while HSidentified 42. Agreement
between the reviewers was 96.4%. Any discrepancies were
resolved by adiscussion with athird reviewer (AH).

Inclusion and Exclusion Criteria

All of the apps identifying themselves in the Canadian Google
Pay or AppleiTunes App store description as headache logging
or tracking toolswere included. The appswere then downloaded
and excluded from the review if they failed to log or track
headaches, despite their associated description. When both a
version requiring payment and a free version of an app was
available, the version requiring payment was purchased and
used, while the free version was excluded. This was done to
ensurethat the best avail able version of the app was considered.
The apps not available in English were a so excluded. Identical
apps available in both the Google Play and Apple iTunes App
stores were counted only once.

Data Extraction

One reviewer (ASH) downloaded all of the apps meeting the
criteria. The apps were installed on a Google LG Nexus 4

running Android 4.3 and an AppleiPod Touch ME178C/A (4™
generation) running iOS 6.1.2. The reviewer extracted the
following information for each app: date and version of last
update, price, developer, technical requirements, language,
assessment schemes (time contingent, signal contingent, or
event contingent), presence of reports, reports linking multiple
variables, type of reports (plain text, table, graphs/charts),
presence of headache entry log (list of previous headache
entries), ability to edit previous headache entries, ability to
export data from app (eg, email, PDF), reminders, headache
characteristics and related variables measured (eg, headache
severity, triggers, headache quality), inclusion of customization
and personalization features, ability to use the app without
Internet connection, the need to create an account to use the
app, and presence of advertisementsin the app. Any associated
components not directly part of the app, such as website
components, were not eval uated, given that our main focus was
to evaluate the diaries as stand-alone apps.

App Quality Assessment

Overview

Given that no standards exist for evaluating these apps, the
authors consensually defined a set of criteria for an ideal
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headache diary app intended to help headache sufferers better
understand and manage their headaches, while providing
relevant data to health professionals. Based on the authors
judgment, an ideal headache diary app should (1) be created
with clinical and/or scientific headache expertise, (2) have
undergone testing to ensure the diary is a feasible and reliable
method of data collection, (3) measure clinically relevant
headache variables, (4) be usable, (5) include customizable
answer options and reports, (6) include reportslinking multiple
variables, and (7) have the ability to export headache data from
the app. See below for how each of these criteria, intended as
minimum requirements for an acceptable headache diary app,
were evaluated.

App Criterion #1: Apps Created With Headache
Expertise

An appropriate app does not necessarily need to be devel oped
by headache expertsthemselves, but it isimportant that experts
be involved at least in advising development. For this reason,
we a priori defined that an ideal app be created with headache
expertise. The app description available in the app store and
any websites linked to the developer, creator, or ingtitution
affiliated with app development were examined for scientific
or clinical headache expertise. The apps found to be supported
by academic or clinical ingtitutions, or created by individuals
with MDs or PhDs practicing or doing research in the fields of
neurology or pain were considered to have been created with
headache expertise. The method used to identify expert
involvement was chosen as a feasible strategy. It is possible
that headache experts may have been involved in devel opment
but not identified in the app descriptions or associated websites.
We al so acknowledge that headache sufferers can be considered
expertsin creating diary apps. However, they were not included
inthiscriterion asit was not possibleto reliably confirm whether
the app creators held this type of expertise.

App Criterion #2: Formal Psychometric and Feasibility
Testing

To examine whether the feasibility—described in terms of
adherence, acceptability, learnability, efficiency, or
accuracy—and psychometric properties of the existing apps
could have been formally tested, a search of the following
databases was conducted: PubMed, Web of Knowledge, and
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PsychINFO (2000 to October 24, 2013). The search did not
include publications prior to 2000; the oldest app versions
included in thisreview werereleased in 2010. The search terms
included “headache or migraine or cephalalgia’ and “diary or
diaries’. A total of 1442 abstractswereretrieved from our search
strategy. Two reviewers (ASH, AH) independently screened all
retrieved abstracts (n=723 after removing duplicates) for
e-diaries or mobile phone diaries matching the names of the
apps, their devel opers’ names, or descriptions of the content of
the apps included in this review. The systematic review of the
headache e-dairies developed and used in the academic setting
was conducted recently by several members of this research
team and was taken into account [8]. Using Cohen’s kappa, the
level of agreement between the 2 reviewers screening the
abstracts was 1.00, indicating perfect agreement [19,20]. We
aso acknowledge that the apps may have undergone
psychometric or feasibility testing that was not published in the
scientific literature. However, it was not possible to verify
whether such testing had occurred.

App Criterion #3: Clinically Relevant Headache
Variables Measured

There is no consensus on a standard set of core variables that
should be assessed in a headache diary. Consequently, the
authors created and conducted an online survey among headache
experts to define what the most clinically relevant headache
variablesfor aheadache diary app should be. Headache experts
were required to (1) have an MD or PhD, (2) be affiliated with
recognized universities, (3) be currently conducting research
and/or practicing in the field of neurology or pain, and (4) be
published in peer-reviewed journals on the topic of headaches.
We identified and invited 35 headache experts to participate.
Of the 35 experts contacted, 10 responded. Experts were
independently asked to create alist including all variables they
believed should be measured in a mobile headache diary.
Responses were compiled and comparabl e responses grouped
under the same variable (eg, headache severity, headache
intensity, and pain level were grouped together). For acomplete
list of headache variables recommended by the experts, see
Table 1. Those variables suggested by 50% or more of the
headache expertswere considered clinically relevant. A reviewer
(ASH) assessed each of the apps for inclusion of the clinically
relevant variables suggested by the experts.
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Table 1. Headache variables recommended by headache experts (n=10).
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Headache variable?

Number of experts recommending, n (%)

Headache severity/intensity

Headache triggers

M edication/treatment taken for headache
Associated headache symptoms
Headache frequency (derived from headache occurrence)
Headache-related disahility

Headache duration

Response to medi cation/treatment
Ongoing preventative medication
Time of headache onset

Date of headache

Presence of aura

Menses

Headache pain location

Headache pain quality

Side effects of treatment

Time of treatment
Nonpharmacological treatments

Life events (eg, travel, exercise)
Prodrome symptoms

Sought care from health professionals
Worry/anxiety/fear rating
Stressymood rating

Sleep rating

10 (100)
9 (90)
9 (90)
7(70)
6 (60)
5 (50)
5 (50)
3(30)
2(20)
2(20)
2(20)
2(20)
2(20)
2(20)
2(20)
1(10)
1(10)
1(10)
1(10)
1(10)
1(10)
1(10)
1(10)
1(10)

3/ariables recommended by 50% or more of the experts were considered clinically relevant.

App Criterion #4: Usable Apps

Anidesal app was expected to be usable. Usability isaqualitative
attribute which assesses how easy user interfaces areto useand
understand [21]. Usability was assessed using a heuristic
evaluation, which consists of a small number of expert
evaluators assessing the user interface against alist of heuristics,
defined as general principles for interaction design [21].
Heuristic evaluation is one of the most common methods of
usability assessment. It benefits from being an efficient
evaluation method for obtaining high-quality results in a short
amount of time, and at a low cost [21-23]. Usability can aso
be assessed using a variety of methods by users themselves,
such asthethink aloud protocol, which consists of verbal reports
from users[23].

Inthe current review, each app user interface was systematically
inspected, and its compliance with a common list of 10
well-established usability heuristics (see Table 2 for a
description of each heuristic) was judged by trained reviewers
[21]. Each app user interface was rated on a scale of 1 to 5
(1=poor, 5=excellent) against each of the 10 heuristics and a
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total usability score was obtained by summing the individual
scores (maximum score of 50). The calculated usability score
for each app was not intended to be used as a precise indicator
of its usability; instead it was intended to be used as an
approximate indicator, with higher scores indicating higher
perceived usability. One reviewer (ASH) was trained for
usability evaluation and evaluated all included apps. For the
purpose of exploring interrater reliability, a second reviewer
(MW), a software developer with expertise in developing
medical apps and testing usability, evaluated the usability of a
random selection (9/38, 24%) of the apps. Usahility scores are
subjective and dight variation between reviewers is expected.
Interrater reliability of the total usability scores was assessed
using atwo-way mixed, absol ute agreement, average-measures
intraclass correlation (1CC) [24]. Unlike kappa, | CC incorporates
magnitudes of disagreement, making it more suitable for
evaluating interrater reliability of ratio variables [24]. The
resulting |CC was .95, indicating excellent agreement between
reviewers [25]. Given that strong agreement was identified
between reviewers, it was not considered necessary for the
second reviewer (MW) to evaluate more than 24% of the apps.
For al of the apps, thefirst reviewer’s (ASH) scores were used
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in the presented data. Usability scores of 75% (equivalenttoa considered acceptable for meeting the app criteria.
score of 37.5 out of a maximum score of 50) or higher were

Table 2. Nielson usability heuristics [21].

Heuristic

Description

Visibility of system status

Match between system and the real world

User control and freedom

Consistency and standards

Error prevention

Recognition rather than recall

Flexibility and efficiency of use

Aesthetic and minimalist design

Help usersrecognize, diagnose, and recover
from errors

Help and documentation

The system should always keep users informed about what is going on, through appropriate feedback
within reasonable time.

The system should speak the user’s language, with words, phrases and concepts familiar to the user,
rather than system-oriented terms. The system should follow real-world conventions, making information
appear in anatural and logical order.

Users often choose system functions by mistake and will need a clearly marked "emergency exit" to
|eave the unwanted state without having to go through an extended dialogue. The system should support
undo and redo.

Users should not have to wonder whether different words, situations, or actions mean the same thing.
The system should follow platform conventions.

Even better than good error messagesis a careful design which prevents a problem from occurring in
thefirst place. Either eliminate error-prone conditions or check for them and present users with aconfir-
mation option before they commit to the action.

Minimize the user's memory load by making objects, actions, and options visible. The user should not
haveto remember information from one part of the dial ogue to another. Instructionsfor use of the system
should be visible or easily retrievable whenever appropriate.

Accelerators—unseen by the novice user—may often speed up the interaction for the expert user such
that the system can cater to both inexperienced and experienced users. The system should allow users
to tailor frequent actions.

Diaogues should not contain information which isirrelevant or rarely needed. Every extra unit of infor-
mation in a dialogue competes with the relevant units of information and diminishes their relative visi-
bility.

Error messages should be expressed in plain language (no codes), precisely indicate the problem, and
constructively suggest a solution.

Even though it is better if the system can be used without documentation, it may be necessary to provide
help and documentation. Any such information should be easy to search, be focused on the user's task,
list concrete steps to be carried out, and not be too large.

App Criterion #5: Customizable Answer Options and
Reports

Customizable answer options are important in making the apps
relevant to each user. This feature allows users to create their
own inputs when filling out a diary entry. For example, the
possibility for the user to add a custom trigger (eg, chocolate,
caffeine, or stress) in case the desired trigger does not appear
inthe default list. To meet this criterion, the appswere required
to have at least one headache variable answer option input be
customizable and to contain some level of customizationin the
reports. Customizable reports allow users to better understand
their headaches by allowing them to examinethetrendsthat are
a concern to them. Examples of customizable reports include
controlling the time span of areport or choosing the variables
contained in areport. Onereviewer (ASH) extracted therequired
information by reviewing the content of the apps.

App Criterion #6: Reports Linking Multiple Variables

Reports allow users to understand trends associated with their
headaches. This criterion required that the appsinclude reports
simultaneously linking multiple variables in tables or graphs.
For example, a report displaying information about both time
of day and headache occurrence was considered to be a report
linking multiple variables (time of day and headache
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occurrence). One reviewer (ASH) extracted the required
information by reviewing the content of the apps.

App Criterion #7: Ability to Export Headache Data From
App

Thefinal app criterion required that the apps include an export
feature, allowing usersto export logged headache data directly
to email, PDF, etc, and alowing the datato be viewed and saved
outside the app. Thisfeatureisimportant asit facilitates sharing
users headache data with their health care professionals. One
reviewer (ASH) extracted the required information by reviewing
the content of the apps.

Results

Overview

In total, 38 apps were identified as headache diaries. For alist
of included apps and their characteristics see Table 3. Of the
38 apps, 24 (63%) were available on iOS only, 11 (29%) were
available on Android only, and 3 (8%) were available across
both platforms. Of the appsidentified, 19 (50%) werefree, while
19 (50%) required purchase. The average price among the paid
apps was Can $2.74. All of the apps used an event-contingent
assessment scheme and focused only on tracking headache
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episodes; none gathered data on dayswhen no headache events  occurred. Only 2 apps (5%) included the ability to set reminders.
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Table 3. Available headache diary apps (n=38) and their characteristics, ordered by number of app criteria met.

Hundert et al

Name Platform/ Price, App criteria Number
; C f
Versonteted  “® rogeq  publishedin Headache  Usbility Cusom  peports  Export O
with scientific ~ varisbles  score(%) gpgyer  /Reports data  Stera
headache  |iterature measured / _ linkin from met (out
expertise Clinicall options?/ 1M T of 7)
y Custom  Multiple
relevant reports  Vaviables
variables
measured
(out of 7)
iHeadache i0S/1.45 4,99 Yes No 8/7 90 Few/Yes YesNo  Yes 5
Headache Diary  i0S/2.3 1.99 No No 13/7 94 Many/Yes YesYes Yes 5
(ecoHeadache)
Headache Diary ~ Android/3.7 2.99 No No 10/7 82 Few/Yes VYes'Yes Yes 5
Pro®
Headache Diary  i0S/1.5 3.99 No No 12/7 94 Many/No Yes'Yes Yes 4
Prod
0
Migraine Diary  i0S/2.4.1 1.99 No No 10/7 90 Many/No Yes'Yes Yes 4
PainCal i0S5/2.0 1.99 No No 9/6 80 Many/Yes Yes'Yes  Yes 4
A MigraineDiary i0OS&Android 499/ No No 13/7 62 Many/Yes Yes/Yes Yes 4
for You /113& 11 4.95
Migraine i091.1 Free Yes No 716 72 Few/No YesYes Yes 3
Migralex i0S/1.1 Free Yes No 10/5 84 Few/No YesNo  Yes 3
Oh, My head i0S/1.0 1.99 No No 5/2 76 Few/Yes YesYes No 3
Migraine Free i0S/1.1 Free Yes No 5/5 74 None/No Yes'Yes  Yes 3
Cluster Android Free No No 4/3 80 Few/No  Yes'Yes Yes 3
Headaches /2.0.04
Headache Relief  Android/1.07 1.00 No No 714 80 Few/No  Yes'Yes Yes 3
Log
Headache App iOS&Android Free No No 9/6 76 Many/No Yes'Yes Yes 3
/145& 15
Headache Note®  10S&Android Free No No 6/5 84 Few/No  Yes'Yes Yes 3
/121& 1.03
Migraine Meter  i0S/2.6 Free Yes No 97 82 Few/No Yes/No  Yes 3
PainTrek i0S/1.1 Free Yes No 8/5 66 None/Yes Yes'Yes No 2
American i05/1.0.1 Free Yes No 7/5 74 No/No No/No Yes 2
Migraine
Foundation
PainCalendar i0S/1.0 5.99 No No 9/6 86 Few/No  Yes'Yes No 2
Headache & i0S5/2.5.0 1.99 No No 5/3 74 No/Yes  Yes'Yes Yes 2
Migraine Diary
Migraine i050.9.1 Free No No 4/4 86 Few/No  No/No Yes 2
Journal
MigraineMate i0S/2.198 Free No No 3/2 9% No/No Yes'Yes No 2
Migraine Diary  i0S/1.0 Free No No 8/6 86 No/No No/No Yes 2
Headachef i05/1.1.0 4.99 No No 6/4 82 Few/No  Yes'Yes No 2
Migraine Stop i0S/1.0 Free No No 9/6 92 No/No YesNo  Yes 2
Migrainetracker! i0S/4.0 Free No No 2/1 82 No/No No/No No 2
Android/1.3.0 1.34 No No 716 72 Few/No  YesYes Yes 2

Headache diary?
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Name Platform/ Price, App criteria Number
; C f
Versonteted  “® rogeq  publishedin Headache  Usbility Cusom  peports  Export O
with scientific  varisbles  score(%) gpgyer  /Reports data  Ctera
headache  |iterature measured / _ linkin from met (out
: Clinicall options?/ ng of 7)
expertise inically Cusom Mmultiple &P
relevant reports  Vaviables
variables
measured
(out of 7)
Migraine Android/4.0 1.96 No No 10/6 86 Few/No YesNo  Yes 2
Calendar
HeadacheDiary ~ Android/1.0 2.04 No No 6/6 76 No/Yes  YedYes No 2
Headache Diaryh Android/1.25 Free No No 714 74 Few/No  YesYes Yes 2
MyGraine i05/1.1 Free No No 9/5 70 Few/No YesYes Yes 2
Migrainelngtitute i0S/1.4 0.99 Yes No 8/6 74 No/No No/No Yes 2
Ubigi Health Android/2.1 Free No No 7/5 82 Many/No No/No No 1
Migraine Tracker
Migraine Tracker Android/0.9b Free No No 4/3 86 No/No No/No No 1
My HeadacheDi- i0S/1.1 Free No No 7/5 72 No/No No/No No 0
ay
migraineDiary Android/0.1 Free No No 5/4 72 No/No No/No No 0
Headache Diaryj Android/1.1 0.99 No No 6/5 64 No/No No/No No 0
Headache & i051.2 0.99 No No 5/3 oK Few/No No/No  No 0
Migraine Tracker
Pro

3Faw: 3 or less headache variables allow for custom answer options; Many: more than 3 headache variables allow for custom answer options.
bRefersto the app's ability to create reports in general, not necessarily custom reports or reports linking multiple variables.

’Developed by Froggyware.
dDeveloped by appcellent GmbH.

€Full name: Headache Note — You can manage headache by recording the pain and the taken medicine (iOS name); Headache Note-be healthier- (Android

name).

fFull name: Headache — migraine and headache journal/log/calendar.
9Developed by Marcel Shroder.

hDa/eloped by Benjamin Gerfelder.

iAbleto export data from website component associated with app.
IDevel oped by Tmoney.

KNot usabl €; unable to load headache entries.

App Quality: App Criteria

Overview

The quality of the apps was determined by how many app
criteria were met. The apps with the highest quality were
iHeadache (developed by Better QOL ), ecoHeadache (devel oped
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by ecoTouchMedia), and Headache Diary Pro (developed by
Froggyware), each of which met 5 of the 7 app criteria. See
Figure 1 for a screenshot of the 3 highest scoring apps. Only 7
of the 38 available apps met 4 or more of the app criteria. The
median number of app criteria met was 2. Table 4 shows the
number of apps meeting each criterion.

JMIR mHealth uHealth 2014 | vol. 2 | iss. 3| €36 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Table 4. Number of apps meeting each app criterion (N=38).

Hundert et al

Criterion Number of apps meeting the criterion,
n (%)

1. Created with headache expertise 7(18)

2. Formal psychometric and feasibility testing 0(0)

3. Clinically relevant headache variables measured 7(18)

4. Usable 24 (63)

5. Customizable answer options and reports 9(24)

6. Reports linking multiple variables 22 (58)

7. Export headache data from app 25 (66)

Figure 1. The home screen of iHeadache (left), ecoHeadache (middle), and Headache Diary Pro (right).

iPod

< 11/28/13 @ 05:16 PM

8:10 PM

Headache

==

O ©F4d21015

fod
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App Criteria #1 and #2: App Created With Headache
Expertise and Formal Feasibility and Psychometric
Properties Testing

Only 7 apps (18%) were found to have been created with
scientific or clinical expertise and met criterion #1. None of the
appsinthisreview werefound in the scientific literature search,
and as a result none of the apps were considered to have
undergone formal psychometric or feasibility testing (criterion
#2).

App Criterion #3: Clinically Relevant Headache
Variables Measured

Of the 38 apps, 7 of them (18%) measured all 7 clinically
relevant headache variables as defined by app criterion #3. The

http://mheal th.jmir.org/2014/3/e36/
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average number of headache variables measured in each app
was 7 out of 24. The average number of variables measured per
app that wereidentified asclinically relevant by the expertswas
5 out of 7. The most common variable measured was headache
intensity (37/38, 97%), followed by medication usage (30/38,
79%), triggers (27/38, 71%), time of headache (27/38, 71%),
notes/comments (26/38, 68%), other headache symptoms (25/38,
66%), headache duration (25/38, 66%), location of headache
(21/38, 55%), headache disability (12/38, 32%), headache
quality (11/38, 29%), and other coping strategies (11/38, 29%).
Other variables less frequently measured were geographical
location, weather, mood, and headache type. For acompletelist
of headache variables measured by those apps meeting 4 or
more app criteria, see Table 5.
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Table 5. Headache variables measured by al apps (n=7) meeting 4 or more app criteria.

Headache variables measured App
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@eveloped by Froggyware.
bDeveloped by appcellent GmbH.

App Criterion #4: Usable Apps

Of the 38 apps, 24 (63%) met this criterion, which consisted of
scoring atotal usability score of at least 75%. Usability scores
ranged from 0% to 94% with a median score of 80%.

App Criteria #5, #6, and #7: Customizable Answer
Options and Reports, Reports Linking Multiple
Variables, and Ability to Export Headache Data From
App

Most of the apps (27/38, 71%) contained reports on headache
data, with 58% (22/38) of the apps containing reports linking
multiple variables, while customizable reports were less
common (9/38, 24%). The ability to modify existing lists of
answer optionsfor aheadache variable (eg, adding anew trigger
to the preexisting list) was seen in 63% (24/38) of the apps.
Many of the apps (25/38, 66%) also alowed data entered into
the diary to be exported, often via email or by creating PDF
documents.

Discussion

Available Apps

Clinicians often recommend that headache sufferersuse adiary
to record headache events, and e-diaries have been growing in
popularity. Despitethis, e-diaries created and tested by headache
experts in academic settings are not available to the general

http:/mhealth jmir.org/2014/3/e36/

population. As a result, consumers are restricted to what is
available in the app stores. Despite the large volume of apps
available commercially, none of the apps met al 7 app criteria.
It is especialy concerning that none of the apps identified in
this review were found to have undergone formal feasibility or
psychometric property testing. It is essential when developing
mobile health appsto test feasibility and, later on, psychometric
propertiesin order to offer consumers high-quality assessment
tools. Additionally, only 2 apps included the ability to set
reminders, despite research demonstrating that reminders can
increase adherencein health interventions[26,27]. Overall, this
review has demonstrated thelack of quality headache diary apps
available to consumers.

Of the 3 highest scoring apps (iHeadache, ecoHeadache, and
Headache Diary Pro), iHeadache, developed by Better QOL for
iOS, wasthe only app created with scientific or clinical headache
expertise and is available for Can $4.99. The app records al
clinically relevant variableswithout recording other nonessential
information, making it easy to use with fast datainput. However,
it has not been formally tested for feasibility or psychometric
properties and the in-app reports are in plain text format that
can be difficult to interpret. The app developed by
ecoTouchMedia for iOS, ecoHeadache, is available for Can
$1.99. While it offers good levels of customization, it tracks
significantly more information than what has been defined as
essential. This app can track 13 headache variables and can
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generate 24 chart reports, in addition to customizable reports.
Headache Diary Pro, developed for Android by Froggyware,
costs Can $2.99 but was not rated as usable as were the 2 other
apps mentioned above. However, it was the highest rated
Android offering.

Recommendations and Future Directions

A long-term strategy is needed to begin offering validated
evidence-based medical apps to the general population. As a
first step it is essentia to disseminate the state of the current
apps to headache sufferers and their health care professionals.
Currently, this can be done through educating health care
professionals on the existing app environment, allowing them
toinform patients. In addition, findings can be distributed using
socia media to educate consumers on the quality of existing
apps. Given the fast-growing number of medical appsavailable,
it isnot realistic to propose regulating the full marketplace. As
wdll, systematic reviews such asthiswill become more complex
asthe number of appsincreases, especially taking into account
the rate at which apps are being devel oped and upgraded.

We recommend that headache experts and the research
community partner with app developers to test high-quality,
popular apps currently availableto consumers. Another solution
would be giving devel opers the opportunity to have their apps
evaluated by an independent third party organization with
mobile health expertise. There are current initiatives moving in
thisdirection, for example, the National Health Service (NHS)
in the United Kingdom has begun reviewing medical apps and
currently offersagrowing list of approved appsonline[28]. In
addition, the United States Food and Drug Administration (FDA)
recently released its recommendations for medical apps [29].
The FDA will regulate only those apps that can be used as an
accessory to regulate amedical device (eg, an app that controls
the delivery of insulin through a pump), or those apps that are
similar to currently regulated medical devices, by transforming
amobile platform into amedical device using attachments (eg,
attachment of electrocardiograph electrodes to a mobile
platform).

We have evaluated the apps taking into account current
knowledge. However, it is critical for apps to advance aong
with research, which will require continual updatesto the apps
to satisfy the newest developments and discoveries.

We intend to work toward filling the gaps identified in this
review. We are currently developing the Wireless Headache
Intervention (WHI) diary app called myWHI. ThemyWHI diary
is designed to meet al 7 app criteria. It has been developed
using a participatory design process involving both headache
sufferers and headache experts [30]. The app has been shown
to be usable and feasible and we are currently testing its
psychometric properties [31]. The myWHI diary has been
designed to be used as a stand-al one app and will also be offered
aspart of an online comprehensive cognitive behavioral therapy
(CBT) intervention for chronic headaches.

Hundert et al

Strengthsand Limitations

Information on pain apps (including headache diaries) hasbeen
synthesized in apreviousreview by Rosser and Eccleston [16].
The app evaluation in Rosser and Eccleston’s review, along
with other app reviews [32,33], was limited to the app
descriptions, without downloading the apps. The authors of the
current review found that the app description can insufficiently,
and sometimes incorrectly, describe the app function. In this
review, the authors downloaded and used all of the existing
headache diary apps for a more comprehensive evaluation.

The scope of the review was limited to the English-language
apps available in the Canadian app stores, and looked only at
the 2 most popular platforms. Different apps may be available
in other countries, and other apps may exist on less popular
platforms. This review focused on mobile apps, and did not
consider e-diaries available only as general websites. The
authorsfocused on mobile diary apps becausethey are portable,
which is key for a self-monitoring tool, allowing users to use
them on the go. Thisin turn may facilitate increased adherence
[34,35]. However, the devel opment and sustai nability of mobile
apps may be more economically expensive, especialy when
apps must be developed for multiple platforms [36].

The app evaluation method had several limitations. First, the
method for evaluating the quality of these apps was devel oped
by the authors and the criteria have not been validated. Second,
the app criteriawere each given equal weight in evaluating the
apps, despite the fact that some criteriamight be more significant
than others in terms of the effectiveness of the app. Third, we
made the assumption that the more app criteria met, the higher
the app quality, but this may not be the case. Fourth, when
reaching aconsensus on the most relevant clinical variablesthat
should be collected by a headache diary, only scientific or
clinica experts were used—headache sufferers were not
consulted and may have suggested other relevant variables.
Fifth, in determining if the app was created with headache
expertise the authors were limited to the information made
available to them in the app store description and devel oper
websites, and these descriptions can be of poor quality. Finally,
the literature search seeking to identify formal feasibility or
psychometric testing of the apps could not confirm that this
type of testing had not occurred, only that it has not been
published.

The limitations to this review reflect limitations and concerns
with the medical app market in general. It isan emerging field
lacking quality standards with poor transparency in the app
development process.

Conclusions

In summary, although a proliferation of headache diary apps
exists, the majority do not meet reasonable quality standards.
More emphasis on the quality of these tools is needed as they
are easily accessed and used by the general population, often
for self-managing health conditions. The demand remains for
a high-quality, evidence-based headache diary app.
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