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Abstract

Background: There are many scales for screening the impact of a disease. These scales are generally used to diagnose or
assess the type and severity of a disease and are carried out by doctors. The chatbot helps patients suffering from primary
headache disorders through personalized text messages. It could be used to collect patient-reported outcomes.

Objective: The aims of this study were (1) to study whether the collection and analysis of remote scores, without prior med-
ical intervention, are possible by a chatbot, (2) to perform suggested diagnosis and define the type of headaches, and (3) to
assess the patient satisfaction and engagement with the chatbot.

Method: Voluntary users of the chatbot were recruited online. They had to be over 18 and have a personal history of head-
aches. A questionnaire was presented (1) by text messages to the participants to evaluate migraines (2) based on the criteria
of the International Headache Society. Then, the Likert scale (3) was used to assess overall satisfaction with the use of the
chatbot.

Results: We included 610 participants with primary headache disorders. A total of 89.94% (572/610) participants had fully
completed the questionnaire (eight items), 4.72% (30/610) had partially completed it, and 5.41% (33) had refused to com-
plete it. Statistical analysis was performed on 86.01% (547/610) of participants. Auto diagnostic showed that 14.26% (78/547)
participants had a tension headache, and 85.74% (469/547) had a probable migraine. In this population, 15.78% (74/469)
suffered from migraine without probable aura, and 84.22% (395/469) had migraine without aura. The patient’s age had a
significant incidence regarding the auto diagnosis (P=.008<.05). The evaluation of overall satisfaction shows that a total of
93.9% (599/610) of users were satisfied or very satisfied regarding the timeliness of responses the chatbot provides.

Conclusion: The study confirmed that it was possible to obtain such a collection remotely, and quickly (average time of
3.24 min) with a high success rate (89.67% (547/610) participants who had fully completed the IHS questionnaire). Users
were strongly engaged through chatbot: out of the total number of participants, we observed a very low number of uncom-
pleted questionnaires (6.23% (38/610)). Conversational agents can be used to remotely collect data on the nature of the
symptoms of patients suffering from primary headache disorders. These results are promising regarding patient engage-
ment and trust in the chatbot.

Keywords

Chatbot, conversational agent, patient-reported outcomes

Submission date: 5 November 2020; Acceptance date: 13 April 2022

"Hospital Gui de Chauliac, Head and Neck Neuroscience Unit, University of Montpellier, France
*Wefight, Brain & Spine Institute, Paris, France

*European Hospital Georges Pompidou, Radiation Oncology Unit, AP-HP, Paris, France
Corresponding author:

Benjamin Chaix, Hospital Gui de Chauliac, 60 Avenue Augustin Fliche 34295, Montpellier, France.
Email: b-chaix@chu-montpellier.fr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial

s 1,0 License (https:/creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work
without further permission provided the original work is attributed as specified on the SAGE and Open Access page (https://us.sagepub.com/en-us/nam/
open-access-at-sage).


https://orcid.org/0000-0001-5934-9774
mailto:b-chaix@chu-montpellier.fr
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/dhj

DIGITAL HEALTH

Introduction

Assessment and follow-up of patients with headache

There are many scales for screening or assessing the impact
of disease around the world. These scales are generally used
to diagnose or assess the severity of a disease and are
carried out by physicians. According to the World Health
Organization (WHO), headaches are the most frequent
neurological disorder in the world with a prevalence of
50% among adults. This crippling condition ranks third in
terms of Disability Adjusted Life Years (DALY), with a
cost for society reaching around 173 billion euros per
year in Europe.' The two main primary headache disorders
are migraine and tension headache.

What is migraine ?

Migraine is partly composed
of cephalagia, that is, a
recurrent, throbbing and
often unilateral headache. It
concerns 12% of adults and 5
to 10% of childrens. %2

To find out if you have a
migraine or a “normal”
headache, ask yourself if you
are nauseated and if you are
hypersensitive to light or
noise.

Migraine pain intensifies with
physical exertion il get
better, patients often have to
lie down in the dark. An attack
can last up to 72 hours.

Figure 1. The chatbot’s interface.

The prevalence of migraine is estimated to be between
17% and 21% in adults aged 18 to 65 years” with a sex
ratio of three women to one man.? According to the diag-
nostic criteria used: migraines represent 8% to 11%, and
probable migraines are 9% to 10%. Tension headache
must be distinguished from migraine: a more diffuse head-
ache, non-pulsatile, not aggravated by effort, less intense,
and without digestive signs. It can sometimes be accompan-
ied by phonophobia or photophobia, but not at the same
time.* Despite its high prevalence, migraine remains an
under-diagnosed and under-treated condition in the
general population, as many patients are often outside the
care pathway (extensive use of over-the-counter drugs, no
prescription nor recourse to a physician). Migraine can
have a significant impact on the patients’ quality of life.’
Often misunderstood by patients and their families, it can
also be confused with other forms of primary headache
by patients. The WHO points out the lack of knowledge
of health care staff which would limit the correct manage-
ment of this pathology.®

The clinical diagnosis is established by a list of criteria
proposed by the IHS (International Headache Society)
and published by the French ANAES (Agence Nationale
d’accréditation et d’évaluation en santé) in 2002:
“Diagnostic and therapeutic management of migraine in
adults and children: clinical and economic aspects.” The
proper management of migraine is an issue both for patients
and for the economy of a country because the economic
impact is real and significant due to its high prevalence.
Indeed, “migraine is a prevalent and incapacitating condi-
tion that affects individuals in the prime of their productive
life, thus generating an economic burden for both society
and healthcare systems.”’ Also, patients with migraines
used significantly more frequently than controls antidepres-
sants, anxiolytics, and analgesics.8

The chatbot as a data collection tool

This situation requires new ways of collecting data and
interacting with these patients. Information technology is
rapidly expanding and changing the way patients and phy-
sicians interact with each other.”'® In the field of digital
health, a variety of services exist to help patients during
their care journey and to connect them with medical staff
through smartphone applications.''™"* Chatbots are an
example of these applications. They are software based
on artificial intelligence and natural language processing
techniques that interact with users via text messages
without human intervention. Yet are chatbots good tools
to collect and analyses scores? In 2019, Bibault et al.'* sug-
gested that chatbots could be a solution for monitoring
patients during treatment and saving time for healthcare
teams for more complex tasks.
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Wefight designed a chatbot, Vik, that helps patients
suffering from headaches disorders through personalized
text messages. Vik provides relevant, quality-checked
medical information on this pathology and its epidemi-
ology, treatments, side effects, and strategies to
improve quality of life. Chaix et al.'> showed that it is
possible to get support through a chatbot such as Vik
by improving treatment adherence with automatic remin-
ders or therapeutic patient education programs. Vik is
available for free on the web, on all mobile phones, on
iOS (Apple) or Android (Google), or on Messenger
(Facebook).

Vik’s architecture is composed of several technological
parts allowing a fine analysis of the question posed by the
user and an adapted treatment for the answer. For a
chatbot to be fully developed, both machine learning algo-
rithms and natural language processing are required. To
understand the users’ message and send personalized
answers, the conversation goes through three steps: the
first step analyses the sentence and identifies intents and
entities by using machine learning. The second stage acti-
vates modules according to the intents and entities
detected by the first stage, and the third stage aggregates
the answers of all activated modules to build the answer
sent to the user and saves the conversation on the user’s
profile.

For the patient, the use of the chatbot is very simple. He
asks a question by writing it on his keyboard, and the
chatbot answers directly in simple and understandable lan-
guage from a database enriched by doctors or pharmacists
on various topics mentioned above (Figure 1). The data col-
lected are not commercially exploited, they are anonymized
and are used to understand the patient’s disease or symp-
toms in order to refine the accuracy of the answer given
by the virtual agent.

Objectives

The main objectives of this study (1) were to show that
the collection and analysis of remote scores, without
prior medical intervention, is possible by a chatbot
with a response rate of over 80%, and (2) to perform a
suggested diagnosis of the type of primary headache dis-
order. A questionnaire based on IHS criteria was used. It
is simple to handle and allows the type of headache
disorder to be defined and rapid diagnosis suggestions
to be made.

The secondary objective (3) was to assess the satisfac-
tion of users who have interacted with the chatbot to
answer their questions. This study could contribute to the
overall knowledge regarding the chatbot in the healthcare
field and could be used to assess the performance of this
specific tool to collect patient-reported outcomes and
analyze remote scores.

Methods

Participants

This study was conducted in France from December 2019
to March 2020. Voluntary users of the chatbot were
recruited online through the chatbot interface. They
received a message asking them to participate in the
study. If they agreed, they had to read and accept the
consent form. They had to be adults and have a personal
history of headaches. They were not expected to show clin-
ical symptoms outside of the attack phases. Specific inclu-
sion criteria were to have exchanged a minimum of five
questions with the chatbot and to have used it for at least
30 days before the study. The exclusion criteria concerned
users who were unable to formulate their non-opposition,
who had insulted the chatbot, who was under 18 or who
had dialogues that made no sense.

Ethical and regulatory issues

The collected data were anonymized and then hosted by
Wefight on a server that meets the requirements for
storing health data. Consent was collected online before
the start of the study. This research was approved by our
internal review board. In accordance with French and
European laws on information technology and liberties
(Commission Nationale Informatique et Libertés, General
Regulations for Data Protection), users had the right to
access the data to verify its accuracy and, if necessary, to
correct, complete, and update it. They also had a right to
object to their use and a right to delete such data. The
general conditions for the use of the data were presented
and explained very clearly. They had to be accepted
before accessing the questionnaire. Participants were not
paid.

Intervention

A presentation message was sent to the patients, with infor-
mation about the study and an associated button leading to a
questionnaire. It was presented to the participants in order
by text messages. Users were asked to click on a button cor-
responding to the score they wished to give their status (1).
There was no actual conversation per question, nor was
there a need for natural language processing for each
question.

The questionnaire used is composed of eight dichotom-
ous questions, based on IHS recommendations stated by
Lanteri-Minet et al.* Criteria B, C, and D were therefore
adapted to provide information on the correspondence of
these benchmarks. The authors are aware that the diagnosis
of primary headache disorders relies on a clinical examin-
ation performed by a qualified physician; hence the state-
ments further below are suggestions of diagnosis, based
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on IHS recommendations. The questionnaire was used to
define the criteria for migraine. In clinical practice, these
questions are asked orally at the time of diagnosis. We
used eight questions for which the participant answered
by selecting one of the two proposed answers, and each
one gets a score associated (Table 1).

The scores were based on the IHS criteria for migraine
without aura (Table 2).

These criteria did not allow the diagnosis of all migraine
cases. We suggest that a score between 0 and 4 would tend
to define the attack as a tension headache, while a score
between 5 and 9 would be more suggestive of a migraine.
In this population of migraine patients, if the patient met cri-
teria B, C, and D, it was a migraine without aura. However,
if the person did not meet one of the following criteria: B, C,
or D, the migraine was a migraine without a probable aura
(meeting all but one of the diagnostic criteria).*

During the presentation of the questionnaire, it was spe-
cified that the number of episodes presenting these symp-
toms had to be greater than 5. Through this presentation,
we were able to validate remotely the presence of IHS cri-
teria A and E for all participants (2).

The Likert scale ranging from 1 to 5 was then used to
assess overall satisfaction with the use of the chatbot (1

Table 1. Questionnaire used.

How does the headache On both sides  On one side
manifest itself? (0) (1)
Does the pain increase when No (0) Yes (1)
you bend down, when you
cough, or when you do
physical effort?
How is your pain? Mild to Moderate to

moderate (0) severe (1)
You feel pain like: Oppressive (0) Beating (1)
Do you ever feel nauseated or No (0) Yes (1)
vomit when you have a
headache?
Can you stand bright light Yes (0) No (1)
when you have a
headache?
Are you sensitive to noise No (0) Yes (1)
when you have headaches?
Does your headache last No (0) Yes (2)

between 4 h and 3 days
without treatment?

“strongly agree” to 5 “strongly disagree”). The timeliness,
usefulness, and clarity of Vik’s responses were assessed
(3) using direct affirmations or questions (‘“’You are satisfied
with the timeliness of my answers,” “You’d say I'm like a
friend to you,” “You consider me extremely helpful,” “Am
I fulfilling your expectations?,” “Am I easy to use?”).

Outcomes

The goal was (1) to measure the percentage of completed
questionnaires, the number of people who responded over
a given period, and the number of people who agreed to
respond in relation to the total number of users over the
study period. It was also (2) to perform a suggested diagno-
sis of the type of the migraines based on the IHS criteria.
Then, we assessed (3) user satisfaction (user-friendliness
and interactivity).

Statistical analysis

The description of the populations included was carried out
by the calculation of mean, standard deviation, median, and
quartiles for quantitative variables, numbers, and percen-
tages for qualitative variables.

Classic descriptive analysis and calculations of percen-
tages were used to evaluate the number of completed ques-
tionnaires (1) and the overall satisfaction (3). The
description of the type of headache was based on the THS
criteria to perform the suggested diagnosis (2). Two
groups were defined: “tension headache” and ‘“probable
migraine.” The “probable migraine” group was subdivided
into two categories: “migraine without probable aura” and

Table 2. Criteria for assessing migraine symptoms.
A At least five episodes meeting criteria B to D.

B Headache episodes lasting from & to 72 h (without
treatment).

C Headache having at least two of the following characteristics:
unilateral;
pulsatile;
moderate or severe;
aggravated by routine physical activities, such as climbing
or descending stairs.

D During headaches, at least one of the following
characteristics:
nausea and/or vomiting;
photophobia and phonophobia.

E Clinical examination should be normal between attacks. In
case of doubt, the secondary headache should be ruled out
by appropriate further investigation.
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“migraine without aura.” The incidence of several variables
such as the age, the level of study, and the smartphone/com-
puter usage time over a day, on the division into different
groups described above, was assessed using the Fisher
test (for the variable level of study) and the Student test
(for the two remaining variables). The correlation
between these variables and the patient distribution in dif-
ferent groups was declared if the P-value of the test is
lower than .05.

Results

Analysis size

We included 610 participants with headache disorders. The
median age of the participants was 27 [21-32] years.
Females represented 96.89% (591/610) of the participants,
2.79% (17/610) were male, and 0.33%, that is, two subjects
answered: “Other.” The educational attainment of the users
is shown in Table 3. On average, participants used a smart-
phone or computer for 5.56 h per day. The average time to
complete the satisfaction questionnaire (10 questions) was
3.24 min for all participants (Table 3).

Table 3. Characteristics of the included participants (n=610).

Gender

Female (591) 96.89%
Male (17) 2.79%
Other (2) 0.33%
Age (years) 27 [21-32]
Academic level

No diploma (80) 13.11%
First diploma (157) 25.74%
High-school diploma (234) 38.36%
Bachelor’s degree (110) 18.03%
Master’s degree (25) 4.10%
Doctoral degree (&) 0.66%
Smartphone/computer usage time (h/days) 5,56 (3.65)
Time to complete satisfaction questionnaire 3.24 (1.49)

(min)

Principal findings

Data collection of remote scores. A total of 89.67% (547/
610) of participants had fully completed the IHS question-
naire (eight items), 4.92% (30/610) had partially completed
it and 5.41% (33/610) had refused to complete it. Thus, we
performed statistical analysis on 547 participants.

Headaches’ type suggested diagnosis. The 547 participants
met criteria A and E according to the inclusion criteria. A
total of 14.26% (78/547) scored between O and 4 on the
IHS criteria-based questionnaire, thus including them in
the “tension headache” group. The remaining 85.74%
(469/547) were categorized as a patient suffering from
probable migraine. Furthermore, the migraine group was
subdivided into two groups. A total of 15.78% (74/469)
participants met two out of three following criteria: B
(having headache episodes lasting from 4 to 72 h (without
treatment)); C (having at least two of the following charac-
teristics: unilateral; pulsatile; moderate; or severe; aggra-
vated by routine physical activities)); D (at least one of
the following characteristics: nausea and/or vomiting;
photophobia; and phonophobia). Therefore, they were
labeled as “migraine without probable aura.” The remaining
84.22% (395/469) met all criteria, categorizing them into
the “migraine without aura” group.

Comparison of patient groups division. The statistical ana-
lysis showed that there is no significant difference in the
distribution of the tension headache and migraine groups
due to the level of study (P=.286>.05) nor the smart-
phone/computer usage time over a day (P=.08>.05).
However, the student test showed a significant difference
concerning the age in the division into these groups
(P=.008<.05). We can assume that the age of the patient
has an incidence on the score attributed to the auto diagno-
sis of a patient. Regarding the subdivision of the migraine
patient, no significant differences were found due to the
age, the level of study, nor the smartphone/computer
usage time over a day (P-value were, respectively,
P=.203>.05; P=.293>.05; P =.925>.05).

Patients’ satisfaction and engagement with the chatbot. The
evaluation of overall satisfaction shows that a total of
94.2% (599/610) of users were satisfied or very satisfied
regarding the timeliness of responses that Vik provides
(Figure 2). Respondents to “you would say that you con-
sider me a friend” were 33.5% (213/610) to agree or
strongly agree and 47.0% (299/610) to disagree or were
undecided. They were 45.9% (292/610) to agree or strongly
agree and 49.0% (315/610) to disagree or undecided with
“you consider me very useful.” Finally, the level of inter-
activity was good or very good for 69% (439/610) of
users who considered that the chatbot met their expectations
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You are satisfied with the timeliness of my
answers.

Am i easy to use ?

Am | fulfiling your expectations ?

You consider me extremely helpful

83

You'd say I'm like a friend to you 63 141

B Strongly agree M Agree

26 B

177 1115

256 217

199 232 29

192 120

1 Undecided " Disagree  Strongly disagree n=610

Figure 2. Overall satisfaction rating.

and 87.6% (557/610) who thought that the chatbot was
simple to use.

Discussion

The aim of the study was to explore whether a chatbot trained to
answer questions about headache disorders was able to provide
a questionnaire remotely with high patient engagement. We
hypothesized that such a virtual assistant built to support
migraine patients would be highly interactive, user-friendly,
and could retrieve important information remotely such as
medical assessment scales. The Vik chatbot we used is avail-
able in several versions, covering different pathologies like
breast cancer, ovarian cancer, lung cancer, and multiple
myeloma. The range of diseases covered also includes
chronic affections such as asthma, depression, or migraine.
We aimed this study on the Vik Migraine chatbot version for
its largest patient cohort, compared to other versions such as
Vik Breast or Vik Ovarian, to reach the main objective.

This specific chatbot does not perform diagnosis (section
“Intervention”) but is an awareness and follow-up instru-
mentation about a most disabling and frequent brain dis-
order all over the world. This application allows users to
be informed about the possibility of most common head-
ache disorders and their specificities. Another aspect of
this chatbot is its use as a tool to perform follow-up head-
ache characteristics, such as frequency, severity, duration,
associated features, and medication responses. It then
gives feedback to the users, and thanks to our developers,
the data collected could soon be sent to the related
physician.

The study confirmed that such a collection was possible
quickly with a high success rate (over 80%) and a strong

engagement of the users. Indeed, out of the total number
of participants, we observed a very low number of uncom-
pleted questionnaires. The overall time to answer the ques-
tions was also quite short. The satisfaction rate of the survey
was very high for the topics on the quality of the answers
provided, the interactivity with the chatbot, and the ease
of use. According to Lantéri-Minet,'® 33% of patients suf-
fering from migraine are not satisfied with the quality of
information given by their general practitioner. The
feeling that the chatbot is a great help in daily life or that
it presents itself as a friend was more moderate. The satis-
faction assessment concerns overall satisfaction on specific
topics using a Likert scale. While this initial feedback is
positive, the authors are aware that further analysis is
needed to measure the usefulness of specific clinical infor-
mation. Moreover, this line of study is being developed in
an ongoing study of ours.

We were able to collect useful results from our entire
sample. As mentioned before, we selected the chatbot for
its largest cohort and are aware that we are not specialists
in pathology. Hence, the statistical analysis we performed
covered the repartition in a different group and the potential
correlation of certain variables to this repartition. The main
goal being achieved, we chose to conduct further statistical
analysis with the data acquired in more specific studies in
the future. By obtaining data from a large sample of
users, we will be able to perform qualitative and quantita-
tive analyses to study medication overuse among patients
suffering from headaches and find a correlation between
several variables and factors involved in headache-related
disability.

More than 90% of the chatbot’s user base is made up of
female users, which has led to a selection bias. Headache
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disorders mainly impair female patients.’ This female pre-
dominance and the frequent, even elective, occurrence of
migraine attacks at the beginning of the menstrual period
are generally interpreted as being directly related to hormo-
nal factors. Furthermore, our patient base in the chatbot also
has this female preponderance, as it had been shown in the
literature that there are differences in technology acceptance
between genders. According to Warner et al.'” “women are
more likely to seek health information online than men.”
Thus, the chatbot being a type of service to help patients
during their care journey and to provide them with health
information,'*'? this female predominance among the
chatbot can be explained. The specific inclusion criteria,
especially the one implying the use for at least 30 days
before the study, led to a second selection bias. Patients
were selected on this criterion to make sure that they use
the chatbot correctly and then provide qualitative reported
outcomes regarding their symptoms. We could suggest
that these two selection biases led to different results in
remote diagnosis of migraine.

The questionnaire proposed in this study supposed that
the patients using the chatbot suffered from either migraine
or tension-type headache, while they could suffer from
another condition. The critical analysis of the criteria used
shows a good specificity but an unsatisfactory sensitivity.
These criteria are therefore restrictive and do not allow
the diagnosis of all cases of headache disorders. As a
matter of fact, other types of primary headache disorders
such as trigeminal autonomic cephalgias, epicranial head-
aches, or other miscellaneous primary headache disorders
can occur among our population, but with a smaller preva-
lence than the tension-type headache or migraines.'®

The tools we developed provide an indication of the
most common type of diagnosis mentioned above, and do
not yet allow the characterization of more specific but
rare conditions, leading to a potentially small interpretation
bias. The Vik Migraine chatbot is updated daily by our
healthcare specialists and pharmacists, to enhance the
users’ experience with new features, and particularly new
information to share with our patients and caregivers. The
update of this information is based both on the user’s
demand throughout the chat and on the recent literature
reading. Nevertheless, the main objective of this study
was to show whether a remote collection is feasible with
a chatbot, and it was reached with an 89.67% success rate.

However, regardless of gender, the benefits of remote
data collection are multiple. It allows questionnaires to be
sent simultaneously to a large number of patients, the
patient’s informed consent is guaranteed, and collection
times are shorter. Chatbots allow to reach some people
who do not attend to medical consultations due to a lack
of time or money, as well as a direct interpretation of the
results: there is no bias associated with different doctors
or technicians collecting or evaluating the data. Finally,
these are tasks that can be automated, allowing health

professionals to spend more time on other more complex
tasks. Another method of automating these various tasks
is the use of surveys offered via the Internet or via mobile
devices. Kim et al.'® were particularly interested in the
effect of platform and conversational style on the quality
of survey responses. They observed a significant difference
with high-quality data for the chatbot survey. Several
factors come into play regarding this statement, such as
the survey’s display feature (a conversational interface for
the chatbots, whereas the web survey employs a table
matrix). The chatbot features create a conversational inter-
activity, and the survey is no longer perceived as a task
but as a social interaction.

The WHO describes the poor management of headache
disorders and the lack of information given to patients as
well as the lack of training of health professionals on
migraine.® This chatbot was designed to inform patients.
In cancer care, Bibault et al.?? evaluated the non-inferiority
of Vik Sein (another chatbot focused on breast cancer) in
providing information versus a college of expert physicians.
This chatbot was shown to be capable of providing quality
information to patients at least as well as a specialist. This
information for patients and the general population is in
line with what most countries are doing by emphasizing
therapeutic patient education in order to make them actors
in their own health. The aim is multiple: to improve
patient care and quality of life, and to reduce the costs of
treating the disease In 2019, Piau et al.>' had also shown
that a chatbot designed for monitoring older patients with
cancer was useful and could be integrated into a complex
healthcare system. Their results showed a high level of
commitment to this type of solution by reducing the
number of support calls to healthcare personnel. New func-
tionalities are planned to confirm Vik as an intermediary
between the patient and medical team to provide relevant
information to the physicians and enable real-time
monitoring.

Conclusion

Conversational agents can be used to remotely collect data
on the nature of symptoms of headache disorders patients.
We showed that it was possible to obtain such a collection
remotely, and quickly (average time of 3.24 min) with a
high success rate (89.67% (547/610) participants who had
fully completed the IHS questionnaire) and a strong
engagement of the users. The evaluation of overall satisfac-
tion shows that a total of 94.2% (599/610) of users were sat-
isfied or very satisfied regarding the timeliness of responses
that Vik provides. These results are promising regarding
patient engagement and trust in the chatbot, as well as the
collection of patient-reported outcomes and analysis of
remote scores. However, the limits encountered made us
think about biases that can be limited or avoided, notably
the selection bias. Further studies will be carried out on
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data collection in a more representative patient population
in another Vik chatbot, to assess the quality and the useful-
ness of the information and the care given to the patient. In
addition, studies will be conducted to validate and evaluate
the several functionalities that will be added to Vik, to
provide relevant information for both the patient and the
physician.

Acknowledgments: The authors would like to thank Maxime
Houé for his collaboration in statistical analysis.

Availability of data and material: BC had full access to all the
data in the study and takes responsibility for the integrity of the
data and the accuracy of the data analysis. The datasets used and
analyzed during the current study are available from the
corresponding author on reasonable request

Conflict of interest: The authors declared the following potential
conflicts of interest with respect to the research, authorship, and/or
publication of this article: GD, MN, MJ, AG, RR, and BB are
employed by Wefight. BC and JEB own shares of Wefight.

Contributorship: Study concept (BC, JEB, GD), drafting of the
manuscript and supervision (BC, JEB, RR), acquisition of data
(GD, MN), statistical analysis (AG), interpretation of data (BC,
JEB, AG), critical revision of the manuscript for important
intellectual content (all authors).

Ethical approval: Not applicable, because this article does not
contain any studies with human or animal subjects.

Funding: The authors received no financial support for the
research, authorship, and/or publication of this article.

Informed consent: Not applicable, because this article does not
contain any studies with human or animal subjects.

Trial registration: Not applicable, because this article does not
contain any clinical trials.

ORCID iD: Benjamin Chaix
9774

https:/orcid.org/0000-0001-5934-

References

1. Linde M, Gustavsson A, Stovner LJ, et al. The cost of head-
ache disorders in Europe: the Eurolight project. Eur J Neurol
2012; 19: 703-711.

2. Recommendations for clinical practice. Review of diagnosis
and treatment of migraine in the adult and child October
2002. Professional recommendations and references: eco-
nomic evaluation service. Rev. Neurol. (Paris) 2003; 159:
S5-15.

3. Michel P, Pariente P, Duru G, et al. MIG ACCESS: a
population-based, nationwide, comparative survey of access

11.

12.

13.

14.

15.

16.

18.

. Headaches disorders.

to care in migraine in France. Cephalalgia 1996; 16: 50-55.
discussion 4.

. Lanteri-Minet M, Valade D, Géraud G, et al. Prise en charge

diagnostique et thérapeutique de la migraine chez I’adulte et
chez I’enfant. Douleurs :Evaluation - Diagnostic - Traitement
2013; 14: 165-180.

. GDB 2016 Disease and Injury and Prevalence Collaborators.

Global, regional, and national incidence, prevalence and years
lived with disability for 328 diseases and injuries for 195
countries, 1990-2016: a systematic analysis for the treatment
global burden of disease study 2016. Lancer 2017;390: 1211—
1259.

Fact Sheets. WHO website. Last
accessed in 2022. https://www.who.int/news-room/fact-
sheets/detail/headache-disorders

. Pradalier A, Auray JP, El Hasnaoui A, et al. Economic impact

of migraine and other episodic headaches in France: data from
the GRIM2000 study. Pharmacoeconomics 2004; 22: 985—
999. PMID: 15449963.

. Aly S, et al. Migraine burden and costs in France: a nation-

wide population-based controlled study. 20th Annual
European Congress of the International Society for
Pharmacoeconomics and Outcomes Research, November
2017.

. Brouard B. [Chapter 2. Internet of things help to collect big

data]. J Int Bioethique Ethique Sci 2017; 28: 27-30. doi:
10.3917/5ib.283.0027. French.

. Brouard B, Bardo P, Bonnet C, et al. Mobile applications in

oncology: is it possible for patients and healthcare profes-
sionals to easily identify relevant tools? Ann Med 2016; 48:
509-515. Epub 2016 Jun 27.

Scherer A, Wunderlich NV and von Wangenheim F. The
value of self-service: long-term effects of technology-based
self-service usage on customer retention. MIS Q 2015; 39:
177-200.

Marsch L, Lord S and Dallery J. Behavioral healthcare and
technology: using science-based innovations to transform
practice. New York, USA: Oxford University Press, 2014.
Kowatsch T, Nilen M and Shih C-H. Text-based healthcare
chatbots supporting patient and health professional teams:
preliminary results of a randomized controlled trial on child-
hood obesity. Conference Paper. Persuasive Embodied
Agents for Behavior Change (PEACH2017), Stockholm,
Sweden, August 27, 2017.

Bibault JE, Chaix B, Nectoux P, et al. Healthcare ex Machina:
are conversational agents ready for prime time in oncology?
Clin Transl Radiat Oncol 2019; 16: 55-59.

Chaix B, Bibault JE, Pienkowski A, et al. When chatbots meet
patients: one-year prospective study of conversations between
patients with breast cancer and a chatbot. JMIR Cancer 2019;
5: e12856.

Lantéri-Minet M. The role of general practitioners in migraine
management. Cephalalgia 2008; 28: —8. PMID: 18715326.

. Warner D and Procaccino JD. Women seeking health infor-

mation: distinguishing the web user. J Health Commun
2007; 12: 787-814.

Headache Classification Committee of the International
Headache Society (IHS). The international classification of
headache disorders, 3rd edition. Cephalalgia 2013; 33:
629-808. PMID: 23771276.



https://orcid.org/0000-0001-5934-9774
https://orcid.org/0000-0001-5934-9774
https://orcid.org/0000-0001-5934-9774
https://www.who.int/news-room/fact-sheets/detail/headache-disorders
https://www.who.int/news-room/fact-sheets/detail/headache-disorders

Chaix et al.

19. Kim S, Lee J and Gweon G. Comparing data from chatbot and
web surveys. Proceedings of the 2019 CHI Conference on
Human Factors in Computing Systems CHI ‘19 doi:10.
1145/3290605.3300316. 2019.

20. Bibault JE, Chaix B, Guillemassé A, et al. A chatbot versus
physicians to provide information for patients with breast

21.

cancer: blind, randomized controlled noninferiority trial. J
Med Internet Res 2019; 21: e15787.

Piau A, Crissey R, Brechemier D, et al. A smartphone Chatbot
application to optimize monitoring of older patients with
cancer. Int J Med Inform 2019; 128: 18-23. Epub 2019
May 14.



https://doi.org/10.1145/3290605.3300316
https://doi.org/10.1145/3290605.3300316

	 Introduction
	 Assessment and follow-up of patients with headache
	 The chatbot as a data collection tool
	 Objectives

	 Methods
	 Participants
	 Ethical and regulatory issues
	 Intervention
	 Outcomes
	 Statistical analysis

	 Results
	 Analysis size
	 Principal findings
	 Data collection of remote scores
	 Headaches’ type suggested diagnosis
	 Comparison of patient groups division
	 Patients’ satisfaction and engagement with the chatbot


	 Discussion
	 Conclusion
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


