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Abstract
Objective  The aim of this study is to (1) review the digital health tools that have been used in headache studies, and (2) 
discuss the effectivity and reliability of these tools.
Background  Many headache patients travel a long and troublesome journey from first symptoms until a meaningful care 
plan. eHealth, mHealth, and digital therapeutic modalities have been advocated as the way forward to improve patient care.
Method  Online databases PubMed, Cinahl, and PsycINFO were searched using a predefined search query. A data extraction 
form was used to gather relevant data elements from the selected papers.
Results  A total of 39 studies were selected. The studies included 94,127 participants. The majority of studies focused on 
diaries (N = 27 out of 39). Digital (cognitive) behavioral therapy were also quite common (N = 7 out of 39). Other digital 
health tool categories were tele-consultations, telemonitoring and patient portals.
Conclusion  Many digital health tools for headache patients regarding diaries and behavioral/therapeutical treatment are 
described in scientific research with limited information on effectivity and reliability. Scientific knowledge with regard to 
other categories such as tele-consultations, patient portals, telemonitoring including medication adherence, online informa-
tion resources, wearable, symptom checkers, digital peer support is still scarce or missing.

Keywords  Migraine · Tension-type headache · Cluster headache · Digital health tool · mHealth

Introduction

Headache is a common cause of disability. In a large pop-
ulation-based study of 16,256 people, approximately 20% 
reported experiencing headache on more than 5 days per 
month and 3.7% on more than 15 days per month [1]. Many 
headache patients travel a long and troublesome journey 

from first symptoms until a meaningful care plan includ-
ing treatment. Ideally, a care plan should include a clear 
diagnosis, a treatment protocol, and a coaching strategy [2]. 
However, to come up with an effective care plan, important 
challenges that are associated with patients’ health journey 
must be overcome. These challenges include: (a) incorrect 
self-care by patient, (b) misdiagnosis or incomplete diagno-
sis by healthcare professionals, (c) waiting times in health-
care and doctor delays, (d) incorrect or inappropriate ther-
apy, (d) under/over medication, (e) incorrect management of 
co-morbidities, (f) miscommunication between patient and 
specialists, (g) lack of guidance, and (h) misconceptions or 
misunderstandings from peers or work setting [3, 4].

With the pressing demand on the health care system, a 
shift towards the use of eHealth, mHealth, and digital thera-
peutic modalities has been advocated as the way forward to 
improve patient care and provide support to larger (under-
served) groups of patients [5, 6]. We define eHealth as an 
abbreviation for electronic health to refer to the use of digital 
information and services in communication over the Inter-
net to support and improve health or healthcare delivery to 
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individuals. mHealth is the abbreviation for mobile health 
with refers to the use of mostly personal mobile or wearable 
electronic devices like smartphones, tablets, and wearables 
in health and healthcare delivery. If evidence-based treat-
ment interventions are rendered to diagnosed patients via 
high-quality medically approved eHealth or mHealth soft-
ware technology, we have reserved the specific but recent 
term of digital therapeutics or, short named, DTx [7]. As 
compared to traditional approaches, where patients have 
to visit the out-patient clinic for diagnosis and treatment, 
eHealth enabled care is about reducing the number of in-
person visits while at the same time getting more (accurate) 
information from the patients via remote devices [8]. If prop-
erly validated on safety and outcome, digital form of consult 
and/or treatment could make care delivery safer, decrease 
patient burden, be more cost-efficient and more effective 
in patient outcome. For instance, within the mental health-
care, behavioral eHealth interventions have shown promis-
ing results which are comparable to traditional face-to-face 
treatment effects [9, 10]. In addition, studies also show that 
eHealth approaches are very well accepted by patients and 
could be implemented in the clinical practice [11]. A sys-
tematic review concluded that eHealth to remotely moni-
tor patients with the long-term condition of heart failure 
reduced all-cause mortality by 34% and hospitalization by 
21%, but that there are still mixed and heterogeneous effects 
for eHealth for heart failure across studies [12].

With respect to headache treatment and management, 
the use of eHealth applications or digital therapeutics has 
also been advocated. This has resulted in the development 
of mobile applications for diagnosis and disease manage-
ment [13]. However, due to the many (fast) developments 
in eHealth, it is largely unknown which eHealth tools are 
available and, more importantly, also effective in the treat-
ment of headache patients. Hence, the aim of this study is 
to (1) review the digital health tools that have been used in 
headache studies, and (2) discuss the effectivity and reli-
ability of these tools.

Method

Search strategy

Online databases PubMed, Cinahl, and PsycINFO were 
searched to retrieve research studies concerning digital 
health tools for headache patients. In addition, hand search 
was performed screening the references of included articles 
and previous review paper. The search included English arti-
cles that were published between January 1st 2000 and Janu-
ary 1st 2019. The following main search terms were used: 
headache; migraine disorder; tension-type headache; cluster 
headache; headache disorder; telemedicine; patient portal; 

mobile applications; electronic diary; smartphone; and self-
monitoring. Complete search strategy for each database is 
described in Table 1.

Study selection

In total, the search resulted in 969 studies (see Fig. 1). The 
complete search was then imported into EndNote to remove 
duplicates. Studies were included if the digital health tool 
related to measuring or monitoring (e.g. e-diary), meaning 
(e.g. information provision), or mediating (e.g. communicate 
with healthcare professional). Next to that, the explanation 
of the digital health tool had to be a full-length paragraph 
dealing with an explanatory description of the digital health 
tool to depict a complete, clear picture of the tool for this 
review. Studies regarding secondary headache disorders or 
interventions by telephone were excluded. Two authors (DG 
and GS) screened all articles as studies independently based 
on title and abstract using Covidence and made a selection 
of articles for full text screening. Full texts were screened 
independently by all four authors. The authors screened half 
(50%) of the studies while ensuring that any single study 
was screened by two authors; any pair of authors had 25% 
overlap in screened studies. During the complete selection 
process, discrepancies were discussed and subsequently 
resolved in planned follow-up team meetings. Articles that 
involved a review were not included in this study, though 
their referenced articles were checked for presence in our 
search results, and hand-selected if absent.

Data extraction

Data extraction was performed by one of the authors (DG) 
using IBM SPSS Statistics 23 for tabulating the descriptive 
data from all articles. The following information catego-
ries were used from each study: digital health tool category, 
author, year, country/countries, tool name, operating sys-
tem, manufacturer/vendor/developer, description of the tool, 
study design, participant characteristics in studies (sample 
size, age, and gender), headache type, and primary outcome.

Results

A total of 39 studies were selected to be included in the 
review. The extracted data is shown in Table 2. Included 
articles were published within a time frame of 15 years 
(2003–2018). Up to and including 2014, one or two arti-
cles per year appeared to be relevant to our scoping purpose 
and therefore included in this review. Since 2015, the num-
ber of studies related to digital health tools for headache 
patients increased. The period from 2015 to 2018 amounted 
to a total of 26 studies. In sum, the studies included 94,127 
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participants. One study did not report the number of par-
ticipants. The majority of studies mainly had female par-
ticipants. In four studies, males were not included at all. For 

20 studies, participants were adults only. Four studies only 
included children and eight studies included both children 
and adults. Studies mainly focused on migraine (N = 29 out 

Table 1   Search strategy

Database Keywords Hits

Cinahl ((MH "Headache+") OR (TI headache) OR (AB headache) OR (TI headaches) OR (AB headaches) OR (MH "Migraine") OR 
(TI "migraine") OR (AB “migraine”) OR (TI "migraine") OR (AB “migraine”) OR (MH "Tension Headache") OR (MH 
"Cluster Headache"))

((MH "Telemedicine+") OR (MH "Telehealth+") OR (TI "telemedicine”) OR (AB “"telemedicine”) OR (TI "telehealth") 
OR (AB “telehealth”) OR (TI “telecare”) OR (AB “telecare”) OR (TI "mobile health") OR (AB "mobile health") OR (TI 
"mhealth") OR (AB "mhealth") OR (TI "ehealth") OR (AB "ehealth") OR (MH "Patient Portals") OR (TI "patient portal") 
OR (AB “patient portal") OR (TI "patient portals") OR (AB “patient portals") OR (MH "Mobile Applications") OR (TI 
“mobile application") OR (AB “mobile application") OR (TI “mobile applications") OR (AB “mobile applications") OR (TI 
app) OR (AB app) OR (TI apps) OR (AB apps))

((TI “electronic diary”) OR (AB “electronic diary”) OR (TI “e-diary”) OR (AB “e-diary”) OR (TI “headache e-diary”) OR 
(AB “headache e-diary”) OR (TI “headache e-diaries”) OR (AB “headache e-diaries”) OR (TI “headache diary”) OR (AB 
“headache diary”) OR (TI “headache diaries”) OR (AB “headache diaries”) OR (TI “pain e-diary”) OR (AB “pain e-diary”) 
OR (TI “pain e-diaries”) OR (AB “pain e-diaries”) OR (TI “pain diary”) OR (AB “pain diary”) OR (TI “pain diaries”) OR 
(AB “pain diaries”) OR (MH "Smartphone") OR (TI "smartphone") OR (AB "smartphone") OR (TI "smartphones") OR 
(AB "smartphones") OR (TI “self-monitoring”) OR (AB “self-monitoring”))

S2 OR S3
S1 AND S4
S1 AND S4
Limiters—Published Date: 20,000,101–20,191,231
Narrow by Language:—English
Search modes—Boolean/Phrase

273

PsycINFO ((DE "Headache" OR DE "Migraine Headache" OR DE "Muscle Contraction Headache") OR (TI headache) OR (AB 
headache) OR (TI headaches) OR (AB headaches) OR (MM "Migraine Headache") OR (TI "migraine disorder") OR (AB 
“migraine disorder”) OR (TI "migraine disorders") OR (AB “migraine disorders”) OR (MM "Muscle Contraction Head-
ache"))

((MM "Telemedicine") OR (TI "telemedicine”) OR (AB “"telemedicine”) OR (TI "telehealth") OR (AB “telehealth”) OR (TI 
“telecare”) OR (AB “telecare”) OR (TI "mobile health") OR (AB "mobile health") OR (TI "mhealth") OR (AB "mhealth") 
OR (TI "ehealth") OR (AB "ehealth") OR (TI "patient portal") OR (AB “patient portal") OR (TI "patient portals") OR (AB 
“patient portals") OR (TI “mobile application") OR (AB “mobile application") OR (TI “mobile applications") OR (AB 
“mobile applications") OR (TI app) …

((TI “electronic diary”) OR (AB “electronic diary”) OR (TI “e-diary”) OR (AB “e-diary”) OR (TI “headache e-diary”) OR 
(AB “headache e-diary”) OR (TI “headache e-diaries”) OR (AB “headache e-diaries”) OR (TI “headache diary”) OR (AB 
“headache diary”) OR (TI “headache diaries”) OR (AB “headache diaries”) OR (TI “pain e-diary”) OR (AB “pain e-diary”) 
OR (TI “pain e-diaries”) OR (AB “pain e-diaries”) OR (TI “pain diary”) OR (AB “pain diary”) OR (TI “pain diaries”) OR 
(AB “pain diaries”) OR (MM "Cell …

S2 OR S3
S1 AND S4
Limiters—Publication Year: 2000–2019
Expanders—Apply equivalent subjects
Narrow by Language:—english
Search modes—Boolean/Phrase

256

PubMed ((("headache"[MeSH Terms] OR headache[Title/Abstract] OR headaches[Title/Abstract]) OR ("migraine disorders"[MeSH 
Terms] OR "migraine disorder"[Title/Abstract] OR "migraine disorders"[Title/Abstract]) OR ("tension-type 
headache"[MeSH Terms] OR "tension-type headache"[Title/Abstract] OR "tension-type headaches"[Title/Abstract] OR 
"tension type headache"[Title/Abstract] OR "tension type headaches"[Title/Abstract]) OR ("cluster headache"[MeSH 
Terms] OR "cluster headache"[Title/Abstract] OR "cluster headaches"[Title/Abstract]) OR ("headache disorders"[MeSH 
Terms] OR "headache disorder"[Title/Abstract] OR "headache disorders"[Title/Abstract])) AND (("telemedicine"[MeSH 
Terms] OR "telemedicine"[Title/Abstract] OR "telehealth"[Title/Abstract] OR "telecare"[Title/Abstract] OR "mobile 
health"[Title/Abstract] OR "mhealth"[Title/Abstract] OR "ehealth"[Title/Abstract]) OR ("patient portals"[MeSH Terms] OR 
"patient portal"[Title/Abstract] OR "patient portals"[Title/Abstract]) OR ("mobile applications"[MeSH Terms] OR "mobile 
application"[Title/Abstract] OR "mobile applications"[Title/Abstract] OR app[Title/Abstract] OR apps[Title/Abstract]) 
OR ("electronic diary"[Title/Abstract] OR "e-diary"[Title/Abstract] OR "headache e-diaries"[Title/Abstract] OR "head-
ache diary"[Title/Abstract] OR "headache diaries"[Title/Abstract] OR "pain diary"[Title/Abstract] OR "pain diaries"[Title/
Abstract]) OR ("smartphone"[MeSH Terms] OR "smartphone"[Title/Abstract] OR "smartphones"[Title/Abstract]) OR "self-
monitoring"[Title/Abstract])) AND (("2000/01/01"[PDAT]: "3000/12/31"[PDAT]) AND (Dutch[lang] OR English[lang]))

440
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of 39), cluster headache (N = 14 out of 39), and tension-
type headache (N = 8 out of 39), concurrently or indepen-
dently. Other types of headache were examined by 25 stud-
ies, including medication-overuse headache and non-acute 
headache. The included studies in the search mainly entailed 
observational prospective cohort studies (N = 15 out of 39) 
and parallel-group randomized controlled trials (N = 12 out 
of 39). A summative usability evaluation was reported in 
four studies and an observational retrospective cohort study 
was included in three studies. Two articles included a forma-
tive usability evaluation (pilot) study. Qualitative formative 
usability study, single case clinical (or AB – Baseline-Inter-
vention) study, and (web) development of an electronic diary 
were all conducted only once.

Digital health tool characteristics

All studies were classified among different digital health tool 
categories (see Table 2). The majority of studies focused 
on diaries (N = 27 out of 39). These diaries are being used 
to gather insight in symptom frequency and severity, keep 
track of medication use and provide a disease burden over-
view to the care provider. Digital (cognitive) behavioral 
therapy were also quite common (N = 7 out of 39). Other 
digital health tool categories were tele-consultations (N = 4 
out of 39), telemonitoring (medication adherence) (N = 2 

out of 39) and patient portal (patient-doctor) (N = 2 out of 
39). One study examined a headache training tool for spe-
cialists. Tool names were not mentioned in 16 studies. In 
17 studies, the operating platform was not mentioned. iOS 
was the main operating system as a platform that was most 
often used (N = 8 out of 39). Android and Windows CE were 
both mentioned in three articles as operating system. Other 
operating platforms were among others a Cisco proprietary 
platform, a Web-based platform (HTML), and a Java-based 
platform. Platform use is timeline specific. Internet platform 
technologies continue to change from years to years.

Potential patient benefits of digital health tools 
for headache

Current search revealed that one of the most prominent 
eHealth tools used by patients with headache is an elec-
tronic headache diary. According to the evaluated studies, 
using an electronic headache diary seems to contribute to a 
more clear diagnosis, better assessment of headache burden, 
and accurate medication use and therapy response. Besides 
being a device for measurement, the use of electronic diaries 
also showed benefits in reducing medication overuse and 
improving medication adherence, identification of triggers or 
premonitory symptoms, the timing of headache attacks, the 
perceived pain during headache attacks, the main headache 

Fig. 1   Flow diagram
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reliefs, and the impact of headache attacks on perceived 
quality of life (Table 2).

Besides headache diaries, a significant number of studies 
(N = 7 out of 39) has reported the results of online behav-
ioral interventions aiming to reduce the headache burden. 
Relaxation training and cognitive-behavioral therapy have 
been evaluated as behavioral modalities and showed lim-
ited benefit. The use of an online relaxation or cognitive-
behavioral training program showed a reduction in headache 
attack frequency or symptoms in comparison to ‘watchful 
monitoring’ alone, while its benefit as an adjunctive digi-
tal therapy to a specialized headache treatment is still not 
demonstrated. In addition, in their study, Sorbi et al. [14] 
showed that self-efficacy, control of migraine management, 
and migraine related quality of life increased in the interven-
tion group as compared to the waiting list controls (Table 2).

Tele-consultation is the third major area of digital tools 
used in headache therapy. Tele-consultations are seen as 
non-inferior (or equivalent) to traditional consultations in 
safety and efficacy, but are thought to be more convenient 
and more cost-effective by patients and can positively influ-
ence patient-doctor communication (Table 2).

Discussion

This scoping review aimed to survey available digital health 
tools for headache patients that can be used to gather insights 
into the disease, measure symptoms’ severity, and facili-
tate communication with health professionals. Our search 
revealed that most studies investigated headache diaries 
(N = 27) or online (cognitive) behavioral therapy (N = 7). 
Only a few studies looked at tele-consultations, patient por-
tals, and telemonitoring including medication adherence. 
Based on the findings from these studies it can be concluded 
that electronic headache diaries are a must-have in the treat-
ment delivery to patients with headache, both as an essential 
self-reported outcome measurement device. Only via daily 
self-reports, treatment options can detail out true patient 
benefits in timed events, location, signs and symptoms. 
Additionally, sincere self-report on lifestyle can help in 
identifying behaviors that might act as a cause or precursor 
in prodromal headache exacerbation stages like medication 
overuse and stress. However, diary adherence is a problem; 
diaries need to be improved in learnability and ease-of-use. 
Electronic diaries, as part of digital therapeutics proposi-
tion to patients, require multi-center clinical studies with 
patient cohorts to assess the effectiveness and truth worthi-
ness of what will be self-reported. Online cognitive-behav-
ioral therapy (CBT) is the foremost example of a digital 
therapeutics solution that could be applied to patients with 
headache complaints [10]. However, clinical supervision and 
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professional improvement will further extend the potential 
relief and health benefits to patients.

The current review identified 27 different studies. In 
a review from 2014 a total of 38 different headache apps 
were identified [13] and at the time of writing this review 
the authors identified more than 100 headache apps in the 
Google play store only. According to a recent study [15], 
there are more than 120,000 mobile medical apps avail-
able in the various App Stores and across mobile platforms. 
Headache app can support the health journey of headache 
patients in several ways like providing digital headache 
education, diary keeping, classifying headache attacks, and 
keeping track of medication adherence. Some apps have 
more advanced features for measuring daily occurrence of 
a long list of trigger factors in combination with headache 
symptoms providing a detailed report on potential personal 
triggering mechanisms [16]. Data collected by means of 
diaries can be used in predicting the occurrence of head-
ache attacks allowing for pro-active self-management [17, 
18]. However, a large portion of people with headache finds 
difficulties in adhering to keeping a diary [19, 20]. Higher 
level of daily anxiety, younger age and free availability of 
the diary tool are associated with poorer adherence [20]. 
Apps can also be used to capture medical information in 
randomized clinical trials; they are then used as a measur-
ing instrument to support the purpose of the trial [21]. We 
observed that many apps (> 80%) have been created with-
out early or long-standing involvement of patients, medi-
cal professionals or representatives of the scientific com-
munity [13]. A recent review on medication apps showed 
that 15% of apps is produced as a co-creation effort with 
health care providers and 2.1% in collaboration with aca-
demia [22]. If health apps are considered medical devices 
dependent on their intended medical purpose of use, they 
need to be assessed or even certified on their usability, use-
fulness, patient safety, credibility and health effect, similar 
to pharmaceutical therapies [23]. It is therefore reassuring 
that the EU has formed national working groups to align and 
prepare for EU guidelines on ‘good and safe’ health apps. In 
addition, trustworthy institutions such as the National Health 
Service provide online facilities to recommend well-func-
tioning health apps. Headache apps should be scrutinized on 
their safety and usability properties as well.

The second category of eHealth tools that we identified 
focuses on digital (cognitive) behavioral therapy. Studies 
showed that behavioral treatment is acceptable and feasible 
[24] in this population. However, the number of randomized 
controlled trials evaluating the effectiveness of behavioral 
interventions for patients with headache is relatively small 
and show mixed findings. This advocates for future studies to 
focus on development and evaluation of these interventions 
as previous studies in other patient samples have shown very 
promising results [25]. For patients suffering from headache 

online behavioral treatment could focus on specific triggers 
that have been associated with headache (e.g. distress, life-
style, medication adherence). Previous studies have shown 
that online behavioral treatment can be as effective as face-
to-face treatment in reducing distress [9, 10]. In addition, it 
might be a cost-effective way tor reach large proportions of 
the targeted population [26]. However, studies do show that 
online treatment is more likely to be effective when blended 
with personal contact between patient and therapist [27]. 
A fully automated treatment is less likely to be effective as 
‘one size fits all’ approach seems not to be the way forward 
[28]. Hence, future studies should focus on, blended care, 
personalized interventions that appeal to patients’ needs and 
preferences, but are at the same time scalable.

The third category includes a few studies on patient por-
tals, tele-consultations and telemonitoring including medi-
cation adherence. Patient portals enable patient to look at 
their charts and imaging results, but also to make future 
appointments and communicate with their doctor. In coun-
tries where electronic health records are installed, the use of 
such portals is rapidly increasing [29]. Empowering patients 
with their own health data can cause some anxiety, but it 
also improves health education and awareness [30]. Tele-
consultations and monitoring are more advance digital tech-
nique to replace current out-patient clinic visits. In situations 
where patients have to travel 2 h to talk 15 min to their doc-
tor a video consult is often preferred. Even for new patient 
contacts, the use of video consultation seems feasible [31].

The current review has some limitations. First, we were 
only able to include English studies from three databases 
and may have missed important studies that were not pub-
lished in the included journals. Second, only practical and 
logistic properties of the tools were described. Clinomet-
ric properties (effectiveness and safety) were not formally 
studied. It was not possible to perform a meta-analysis due 
to the limited number of randomized controlled trials and 
the heterogeneity of their designs and purpose. Third, there 
are application domains in headache therapy that have not 
been fully implemented or researched and are therefore 
underrepresented or even missing in this review. Hence, we 
would encourage more research and implementation effort 
in understanding patient use of online information resources 
for their headache complaints, symptom checkers, digital 
peer support, remote tele monitoring, the collection and 
analysis of patient reported outcome metrics (PROMs) in 
therapy and the use of wearables in collecting data on dis-
ease burden and lifestyle.

Future research regarding other digital health tool catego-
ries than dairies and behavioral/therapeutical treatment is 
needed, namely tele-consultations, patient portals, telemoni-
toring including medication adherence, online information 
resources, symptom checkers, digital peer support, telem-
onitoring including proms and telemonitoring including 
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wearables. This will fill the gap in literature regarding digital 
health tools for headache patients. Next to that, effectiveness 
of all types of digital health tool categories should be exam-
ined. This was not included in most studies, while it seems 
to be an important aspect because ineffective tools can lead 
to discrepant and misleading claims, and insufficient quality 
of the tools [32]. We recommend that health professionals in 
the headache field, such as general practitioners and neurolo-
gists, get inspired by scientific research about digital health 
tools in other fields than headache. These tools may have 
a different focus, but the processes and goals behind these 
tools will be comparable to headache tools.

In summary, many digital health tools for headache 
patients regarding diaries and behavioral/therapeutical treat-
ment are described in scientific research. However, much 
scientific knowledge with regard to other categories is still 
missing. To be more able to ensure quality of digital health 
tools for headache patients, more knowledge is needed. This 
mainly relates to tele-consultations, patient portals, telemon-
itoring including medication adherence, online information 
resources, symptom checkers, digital peer support, telem-
onitoring including proms, and telemonitoring including 
wearables. Without doubt, electronic headache diaries are 
key to help clarifying diagnosis, headache burden, medica-
tion use and therapy response. However, patients are strug-
gling to keep their diaries in a continued and systematic way. 
Simplification of headache diaries needs to lower data entry 
burden for patients helping to improve diary compliance.

Key findings

•	 Earlier scientific research regarding eHealth for headache 
patients mainly described electronic diaries and behav-
ioral or therapeutical treatments. Future eHealth studies 
should focus on the benefits and clinometric properties 
of these tools. Outcome measures preferably include 
validated headache and migraine outcome parameters to 
increase generalizability across studies.

•	 More knowledge about tele-consultations, patient portals, 
telemonitoring including medication adherence, online 
information resources, symptom checkers, digital peer 
support, telemonitoring including proms, and telemoni-
toring including wearables is needed.
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