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Abstract. Migraine is classified to two classes, with aura and without aura, and 
migraine seizures last usually several hours. The goal of this study was to identify 
the most important symptoms of migraine to be monitored by wearable sensors 
to predict the migraine attack. The purpose of wearable sensors is to guide 
patients to take the migraine medication in time, and to support their own care. 
Self-measurement is a growing trend worldwide and sensor technology has been 
used for several years in activity wristbands, smartphones, rings, mobile phones, 
and mobile applications. The study was conducted as an operational study, 
randomised for those who had been diagnosed with migraine by a doctor. The 
study was divided into two parts, at first a questionnaire was sent to 17 people in 
social media. On the basis of the questionnaire, a qualitative interview was 
conducted for 12 persons with migraine. Responses to the questionnaire were 
compared to the results of the interview, and the answers to the research questions 
were sought. Migraine patients considered important that device reports quality 
of sleep, pulse, blood pressure, stress levels, sleep apnea, and energy 
consumption. 
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1 Introduction 

The purpose of this study was to analyse which biosignals migraine patients would like 
to measure to help them in managing their migraine. With an intelligent device, the 
emergence of migraine can be predicted, and patients can be assisted in their own care 
monitoring. Furthermore, wearable sensors make self-monitoring more efficient and 
users more aware of their own health (see [1]).  

Wearable sensors collect information from users and provide feedback in real time 
using health applications. Self-measurement technology is about individuals measuring 
biological, physical, behavioural or environmental information. For several years, self-
measurement has been a rising global trend utilised for activity wristbands, 
smartphones, rings, mobile phones and mobile applications. [2,3.]  

The aim of the study was to find out the most important biosignals from the view 
point of patients with migraine that the intelligent device should measure to predict the 
emergence of migraine attack. In addition, the study investigated the willingness of 
users to use an electronic migraine diary to support their own care. The main research 
question was: 
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Which are the six most important biosignals a device should measure to predict 
the incoming migraine attack?  

The survey was answered through questionnaires and qualitative interviews. The 
questionnaires were answered by 17 persons with a migraine diagnosis.  

The results of this study show that migraine patients are able to propose the six 
biosignals that a wearable sensor should measure to detect a migraine attack. With this 
study, we can define a device that will help migraine patients to detect pre-symptoms 
and assist them in monitoring their own care and take a medicine in time. Additionally, 
migraine patients provided researchers with valuable information on the emergence of 
migraine attacks to develop future devices for migraine treatment. 

2 Related Work 

Migraine can be divided to two classes, with aura and without aura. In migraine with 
aura, the pain is preceded by visual disturbances, numbness, muscle weakness and 
difficulty in speech. Migraine without migraine usually begins without the aura 
symptoms. From neurological diseases, migraine is the most common wide-ranging 
gene-regulated illness. [4.] Migraine is one of the most expensive diagnosis for 
European health care as 10 to 15 percent of population suffer from it. Migraine has been 
associated with other illnesses such as stroke, depression, allergy, and blood pressure. 
At the European level, migraine costs 111 billion EUR per year. [5,6.] Because of 
hormonal changes, women suffer from migraine more than men. [7]. Migraine is 
divided into four stages: pre-symptoms, migraine aura, headache, and post-symptoms. 
Migraine attacks last for 4-72 hours and change rapidly. Common migraine pre-
symptoms include fatigue, yawning, increased appetite, hunger for sweet, irritability, 
and feeling cold. The pre-symptoms of migraine with aura lasts for 5-60 minutes, and 
may include also lightening eyes, smelling sensation, visual field defects, sound 
sensitivity, and facial acuity. At the end of the aura phase, a pulsating headache begins, 
and also nausea and vomiting are common. [8.] Migraine can be treated with two types 
of medication: preventive daily medication and acute medication after detecting pre-
symptoms. The efficacy of medicines depends on which phase of the migraine attack 
the medication is taken. The best response to treatment with acute medication occurs 
when the drug is taken before the headache begins. [9.] 

Digitalisation is part of future healthcare; the demands of self-care are growing in 
the world and more effective solutions needs to be developed. [10]. Information and 
communication technology (ICT) can be used to take the health history of the entire 
patient into consideration at various stages of treatment. New technology and genetic 
information enables to design an individual care flow and to prevent the emergence of 
diseases. Patients can use sensor technology to measure and monitor their own health. 
Studies show that monitoring of one's own care results better results than using 
traditional therapy without aid from technology. [7,11.] Evolving technology offers 
new ways to observe and enhance health and physical fitness. [2,3]. Applications can 
collect information about user activity and wellbeing using psychical activity trackers, 
bluetooth-containing heart rate monitors and other sensors. [3]. Sensors used for self-
measurement have become smaller and can be better used with mobile technologies. 
[12]. In the United States, about 60% of adults monitor weight, diet, or fitness, and 33% 



3 

monitor blood pressure, blood sugar, headaches and sleep. [13]. However, only one in 
five utilises digital technology to follow these variables, the rest are using older 
technologies such as pen and paper. [14]. Due to the potential of wearable devices, data-
gathering internet services and the storage of large data volumes, interest in self-
measurement and data analysis has increased. [15]. Analysing body and mind functions 
is no longer exclusive to science, medical researchers and technology specialists, but 
smart phones make it possible to monitor and store daily life for almost everyone [16].  

There are several different devices available on the market, and the interest of the 
devices to be sold in promoting individuals’ own health has received a lot of attention 
as the new generation of portable devices emerges [17,18]. Wearable devices are 
designed to measure, for example, pulse, daily rest, quality of sleep, activity, stress and 
mood. Feedback allows users to understand and modify their activities and behaviours 
and thereby promote their own health. [19.] The structure of wearable devices is 
generally small and light, and can be attached to, for example, a wrist or incorporated 
into shoes, clothing or sporting equipment. [20]. Measuring human biosignals from the 
wrist turned out to be useful in predicting the emergence of diseases. Biosignals provide 
useful information on physiological changes such as changes in skin temperature, pulse 
and sleep. The market has advanced sensors that can be used to measure migraine pre-
symptoms. [21,22.] A study of migraine patients revealed their willingness to use 
sensors to detect pre-symptoms in order to take medication in time. Most of them would 
like the device to be located in a wrist part of a watch so that migraine alert is easily 
recognisable. [23.] 

Mobile devices, monitors and applications enable healthcare development, as they 
can be combined with a variety of sensors to collect and evaluate physiological data 
from the human body. Sensor networks work together via a wireless network. They 
allow to achieve a wide variety of opportunities to track and understand large-scale, 
real-life phenomena [7,24.] Mobile devices are used in healthcare and wireless data 
transfer facilitates efficient data processing [30]. Sensor information is necessary to 
evaluate the patient's condition, determine the correct diagnosis, and to make treatment 
decisions and follow-up plans [11]. 

Increased self-consciousness helps to focus on certain behaviour and can improve 
well-being [25]. Earlier studies about migraine patients’ willingness to wear sensors to 
detect migraine pre-symptoms and their pre-symptoms revealed that 88.8% of the 
respondents wanted a device to detect an upcoming migraine attack. The study also 
showed that most of the participants wanted the device to be located on the wrist, either 
in the watch, bracelet, or skin patch [23]. Sleep quality is associated with migraine birth 
and sleep disorder is a major trigger of migraine, also raising the body's stress hormone 
[26]. A study of wearable sensor to detect migraine attacks by using the Empatica E4 
wristband showed that migraine attacks start at night and migraine patients wake up to 
headaches. The study also showed that the emergence of migraine attacks is unique and 
can be detected by sensors. [1.]  
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3 Research Methods 

The study focused on migraine patients by means of qualitative research aimed at 
understanding a small group in the real world. The main method was qualitative 
interview, one of the most important tools when collecting qualitative data (see [27]). 
The study was explorative in nature as very little knowledge was available about the 
use of body sensors to detect migraines or their pre-symptoms (see [28,29]). 

 
3.1 Data Collection  

The target group of the study was a random group of migraine sufferers. Collection 
of the data was carried out in three phases (see Figure 1). In the first phase, people were 
asked to participate in research through social media. Migraine diagnosis was a 
criterion for participating. Twenty-two people with migraine came forward and a 
migraine questionnaire form in October 2016 in cooperation with the migraine 
Association. There were 17 responses to the questionnaire, which resulted in a 
qualitative interview for 12 participants. An e-mail survey and a qualitative interview 
were conducted in the fall of 2017. Five persons were not interviewed because they did 
not live in the area. The questions for the interview were compiled on the basis of a 
literature review. After evaluating the question quality, an invitation letter was sent to 
the informants. 

The email inquiry was open to respondents for two weeks and it was responded only 
once per person. All questionnaires were correctly filled, so no rejection was made. The 
questionnaires were analysed and based on analysis the qualitative interview questions 
were defined. The interviews were conducted with a semi-structured questionnaire with 
open questions. The study concluded open questions to allow the widest possible 
picture of the pre-symptoms of migraine and their identification. The interviews were 
conducted at Oulu during one week, and they lasted about one hour. The interviews 
were arranged to be pleasant and peaceful to make the setting as natural as possible.  

 

Fig. 1.  Qualitative research data collection steps. 
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3.2 Analysis of Data 

The analysis of the questionnaire was divided into two phases. In the first phase, a 
migraine questionnaire was categorised into two main categories, background 
information and device issues. The questions of the interview were divided into three 
main categories, background information, intelligent devices and migraine sensitive 
sensors. The results of the survey were analysed with Excel tool and cross-table was 
made. The interview material was read several times to get a full picture and responses 
were recorded and tabulated. Similarities were sought from the material, and it was 
organised into categories and named in accordance with the content. The categories 
were summarised and combined according to the survey and the interview. The 
background information was classified according to age, sex, hobby, profession, 
migraine type, pre-symptoms, medication, count of migraine attacks, trigger of 
migraine attack, time when migraine attacks occur and if relatives suffer from migraine. 
The data were analysed for typical symptoms associated with migraine and were 
classified according to the pre-symptoms and the main symptoms. 

Questions about the device were classified according to the users' interest, what kind 
of smart technology users are familiar with, whether the users have wearable devices at 
home, where the users use wearable devices, what kind of experiences the users have 
with wearable devices, what motivates the users to wear wearable device, what 
problems  the users have encountered when using wearable devices, and if wearable 
devices have contributed to the users’ health. Questions related to wearable device 
detecting migraine pre-symptoms were divided according to the pre-symptoms of 
migraine, whether the users would use a device that identifies the symptoms of a 
migraine attack, what would the users like the device to measure, whether the users 
want the device to report directly to the migraine diary, what the users feel about the 
migraine pre-symptoms device, and how the users feel if the device reports directly to 
health care information systems. 

4 Results 

The material was collected in autumn 2017 via email inquiry and by means of a 
qualitative interview. There were 17 responses to the questionnaire, but only 12 
participants participated in a qualitative interview. 

 
4.1 Personal Background Questions 

The first phase of the survey was answered by 16 women and one man. Twelve 
respondents were selected to qualitative interview and all interviewees were women 
and their age distribution was from 9 to 58 years. Most of them were in the age group 
of 30-49 years.  

Most respondents suffered from migraine with aura, but respondents also had 
migraine without aura, and one respondent had both. For example Emma, 41 yrs, 
suffering from migraine with aura described: “Behind the right eye starts a strange 
feeling, which gradually spreads and intensifies to ache. This is accompanied by 
sensitivity to odour and light, nausea (no vomiting), intermittent numbness of the head, 
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or weakening of thought activity. Duration usually 72h, usually starting in the 
morning.” 

Ann, 34 yrs, suffering from migraine without aura informed: “I feel pulsation in the 
left eye for multiple days or forehead range. Sometimes also nausea.” Jenny, 45 yrs, 
suffers from migraine both with and without aura and reported about her migraine 
attacks: “It begins with a powerful headache that medication does not help, but the 
symptoms worsens. Then there is over sensitivity (tone, light, smells). Nausea, muscle 
pain, and eye pain.” 

One respondent had no information on migraine form because the migraine had been 
diagnosed only recently. Sally, 9 yrs, was not sure if she suffered migraine with aura or 
not and explained: “First comes stomach pain, fatigue and paleness. After that hard 
headache. If the medicine is not taken at the right time, I will start to vomit.” 

Ten respondents were employees, one was unemployed, and one was a schoolchild. 
All respondents at work worked with computer. All respondents had physical exercise 
as a hobby.  

One questions was to solve if the respondents’ relatives had migraine. The 
respondents had close relatives with diagnosed migraine, and a few respondents had 
also children with migraine diagnose. Nine mothers and seven sisters suffered from 
migraine. Four children, two fathers, two brothers and two grandmothers also suffered 
from migraine. The results proposed that migraine is more common in female relatives. 
The purpose of the interviews was to find out the typical migraine attacks of the 
respondents and describe their migraine patterns. 

For most respondents, stress, bright lights, excessive clothing, excessive sleeping, 
blood sugar variations, strong smells, stiffness of the muscles, too heavy exercise, 
eating chocolate and fatty foods, or menstruation triggered a migraine attack.  

The majority of respondents (13) had at least two migraine attacks per month. Two 
respondents suffered more than five attacks per month, and two respondents suffered 
3-4 migraine attacks per month. 14 migraine patients identified migraine symptoms. 
The most common of them were feeling cold, graving, muscle pain, difficulty finding 
words and visual disturbances. Three respondents could not classify their pre-
symptoms. 

 
4.2 Device Questions 

The questions about the device were to determine if the migraine patients used 
intelligent technology in their everyday life to promote their own health. In the 
interview, the respondents raised four intelligent devices, but all respondents did not 
identify smart phones, smartphones, tablets, sports watches and computers as intelligent 
technologies, so all respondents could not present these four possibilities for the 
interviewer. 

Eleven respondents used a smartphone but one of the respondents couldn't recognise 
it as smart device. Four respondents recognised that the tablet and computer were 
intelligent devices that they used in everyday life. Four of the respondents used 
smartwatch every day in their work, collecting data during sports performance, 
monitoring their own progress and monitoring sleep quality. The interviewers wanted 
to know why the respondents had not obtained wearable devices to measure their own 
health. Most of the respondents mentioned that there is no need to acquire a smart 
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device or have not bothered to acquire it. One of the respondents didn't know why he 
should have a smart device in his own life. 

The interviews sought answers to the questions of which of the identified six (6) 
most important biosignals the device should measure to predict a migraine attack (see 
Fig. 2). Another question was about pressing a button to synchronise the information 
with the migraine diary, whether the device should be available through the healthcare 
provider, and if information should be synced directly to the health care information 
system. 

 

 

Fig. 2. The six most important biosignals for predicting a migraine attack 

Figure 2 lists the desired biosignals revealed by the interviews. Figure 2 shows that all 
respondents wanted the device to measure sleep of quality (12), next preferred were 
pulse (11), blood pressure (11), stress level (10), and sleep rhythm and energy 
consumption were preferred by eight respondents. These six features were raised 
important for the device to measure to predict the incoming migraine attack. 

All 17 respondents who responded to the questionnaire were willing to take the 
migraine report to the migraine diary. In the interviews, the same question was repeated 
and all twelve were willing to pass the information to the migraine diary. One 
respondent said she fills the migraine diary manually and finds it very laborious. The 
"reset" button would help migraine patients to be able to monitor the frequency of 
migraine attacks. One respondent explained: “Yes I could press the button. With the 
migraine diary we could see e.g. the density of migraine attack and think what was 
triggering the attack.” Another told: “The migraine diary would help my life if I could 
anticipate the attacks and take my medicine in time before the situation gets worse.” 
From the responses, it emerged that the device should be fast and easy to use to maintain 
interest in the device. 

One interviewee described his migraine diary and told how migraine attack had 
occurred during sports, when the muscles have been tense and when he had been ill. 
Another reported: “Ten years ago my migraine got chronic and I don’t want to get into 
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such situation anymore.” An anticipating device and migraine diary together help in 
forecasting pain attacks. One of the patients revealed: “I’m really afraid of the pain 
attacks as they take all my ability to act. As a one-parent, one should always be 
competent to act.” The respondents considered it important that the migraine diary is 
available in a mobile application that can be consulted by a physician / nurse if 
necessary. They also considered that if they press the acknowledge button, the 
information goes to the health care information system and is available to the nursing 
staff and can be visited when needed. One patient confirmed: “All that improves my 
healthcare I will do. In future, I’d like to know the statistics of how often my migraine 
knocks and if the attack was prevented by the medicine.” 

15 respondents considered it important that the device should be available from a 
health centre, occupational health care, neurologist or other healthcare provider. 12 
respondents were willing to buy the device by them self 

5 Discussion 

The aim of the study was to find out if migraine patients would like to monitor their 
biosignals to reveal pre-symptoms like light sensitive eyes, sound, sensitivity of the 
smell, facial defect, lack of field of vision, blinking lights in the eyes, or combinations 
of such symptoms. This study strengthens earlier studies that migraine is a genetic-
regulated illness and it is inherited from generation to generation. Because of hormonal 
changes, women suffer from migraine more than men and migraine sickness is located 
in the 25-44 age group [4,23,1]. In this study most of the respondents were 30-49 years 
old, and they had been diagnosed with migraine over the years. Respondents’ close 
relatives, such as mothers and daughters, had also been diagnosed with migraine. Of 
the respondents' mothers, nine had had migraines, seven of daughters had migraines, 
four children had migraines, and migraine had been diagnosed with two grandmothers. 
Respondents had migraine with aura and without aura and one of the respondents had 
no information on the type of migraine. All respondents at work did work with 
computer. Each respondent had some degree of exercise as a hobby. 

Migraine symptoms occur in the majority of patients and symptoms often occur a 
day before the actual migraine attack. The most common pre-symptoms were fatigue, 
yawning, increased appetite, hunger for sweet, irritability and feeling cold. [23.] Half 
of the participants suffered from migraine with aura and they were more likely to detect 
the oncoming migraine attacks and to medicate themselves in time. Patients with 
migraine without aura, headaches began unexpectedly but they still suffered from pre-
symptoms, which they could not interpreted as oncoming migraine. Previous study has 
demonstrated that sleep quality is associated with migraine birth and sleeping disorder 
is a major migraine trigger and also raises the body's stress hormone [26.] In this study 
most of the respondents had migraine attack during the night. 

Measuring human biosignals on the wrist is proved useful in predicting the 
emergence of diseases [23]. The six most important biosignals were sleep quality, 
pulse, blood pressure, stress levels, sleep rhythm, and energy consumption. Biosignals 
provide useful information on physiological changes that improve the availability of 
treatment. 
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There are various mobile devices on the market, including applications that enable 
healthcare development, as they can be combined with a variety of sensors to evaluate 
collected data [12,24]. The study shows that migraine patients are willing to support 
their self care with mobile application, which will automatically record the migraine 
diary information. The "reset" button would help migraine patients be able to monitor 
the number and frequency of migraine attacks. Data gathering allows migraine patients 
to avoid a migraine attack by reacting faster. Feedback allows the user to understand 
and modify their activities, behaviours and thus promote their own health. [19].  

6 Conclusions 

To conclude, it looks that in the future, more and more health promotion services will 
become electronic when technology develops at a speed. Technology can help migraine 
patient in everyday life when pre-symptoms of migraine are easier to identify and 
treatment can be started faster. Technology helps migraine patients to stay at work for 
longer, to have less sick leave, and to know their own health care themselves. The 
sensors used for self-measurement are small and can be used with wearable devices and 
mobile technology [12]. Earlier research [23] shows that migraine patients want to use 
a smartwatch or intelligent bracelet that can measure the pre-symptoms of a migraine 
attack. The current study proposed that migraine patients considered it important that 
the device measures the quality of sleep, pulse, blood pressure, stress levels, sleep 
rhythm, and energy consumption. All of the respondents were willing to use a device 
that reads and syncs the information about migraine attack to migraine diary by a 
confirm button. 

Measuring human biosignals from the wrist is recognised to be useful in predicting 
emergence of diseases [1] and biosignals provide useful information on physiological 
changes which can be used to improve the availability of treatment [7,11]. The current 
study listed sleep quality, pulse, blood pressure, stress levels and sleep rhythms as well 
as energy consumption as the six most important biosignals of a device to measure.  

 

 
Fig. 3.  Architecture for wearables 
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The current study proposes that people are willing to use sensor-based wearables that 
are connected with other systems such as diaries and interaction with other actors. 
Figure 3 depicts an architectural view for such a system. 

As a conclusion, self-measurement is rising worldwide and migraine patients are 
willing to use smart devices to support their own care. Measuring the pre-symptoms of 
patients with migraine can promote well-being and illness management. 

There are only few studies in the measurement of the pre-symptoms of migraine so 
far. As studies differ it is difficult to find out how effective a device detecting these six 
biosignals would be. Further studies are needed to assess the benefits and cost 
implications of supporting sensors in support and control of migraine in the long term.  
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