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Abstract

Background: Primary headaches, including migraine and tension-type headaches, are widespread and have a social, physical,
mental, and economic impact. Among the key components of treatment are behavior interventions such as lifestyle modification.
Scalable conversational agents (CAs) have the potential to deliver behavior interventions at alow threshold. To our knowledge,
there is no evidence of behavioral interventions delivered by CAs for the treatment of headaches.

Objective: Thisstudy has 2 aims. The first aim was to develop and test a smartphone-based coaching intervention (BalanceUP)
for people experiencing frequent headaches, delivered by a CA and designed toimprove mental well-being using various behavior
change techniques. The second aim was to evaluate the effectiveness of BalanceUP by comparing the intervention and waitlist
control groups and assess the engagement and acceptance of participants using BalanceUP.

Methods: In an unblinded randomized controlled trial, adults with frequent headaches were recruited on the web and in
collaboration with experts and allocated to either aCA intervention (BalanceUP) or acontrol condition. The effects of the treatment
on changes in the primary outcome of the study, that is, mental well-being (as measured by the Patient Health Questionnaire
Anxiety and Depression Scale), and secondary outcomes (eg, psychosomatic symptoms, stress, headache-related self-efficacy,
intention to change behavior, presenteeism and absenteeism, and pain coping) were analyzed using linear mixed models and
Cohen d. Primary and secondary outcomes were self-assessed before and after the intervention, and acceptance was assessed
after the intervention. Engagement was measured during the intervention using self-reports and usage data.

Results: A total of 198 participants (mean age 38.7, SD 12.14y; n=172, 86.9% women) participated in the study (intervention
group: n=110; waitlist control group: n=88). After theintervention, theintention-to-treat analysis reveal ed evidence for improved
well-being (treatment: 3 estimate=—3.28, 95% Cl —5.07 to —1.48) with moderate between-group effects (Cohen d=—0.66, 95%
Cl -0.99 to —0.33) in favor of the intervention group. We a so found evidence of reduced somatic symptoms, perceived stress,
and absenteeism and presenteeism, as well as improved headache management self-efficacy, application of behavior change
techniques, and pain coping skills, with effects ranging from medium to large (Cohen d=0.43-1.05). Overall, 64.8% (118/182)
of the participants used coaching as intended by engaging throughout the coaching and completing the outro.
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Conclusions: BalanceUP waswell accepted, and the results suggest that coaching delivered by a CA can be effectivein reducing
the burden of people who experience headaches by improving their well-being.

Trial Registration: German
https://trial search.who.int/Trial 2.aspx?Trial I D=DRK S00017422

(J Med Internet Res 2024;26:€50132) doi: 10.2196/50132
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Introduction

Background

Primary headaches, including tension-type headaches (TTHS)
and migraine, are among the most prevalent neurological
illnesses[1]. TTH and migraine are ranked asthethird and sixth
most common diseases, respectively, worldwide in both women
and men [2]. The physical, social, and mental burden of
headaches, defined as the summation of al negative
consequences [3], is substantial. In addition, it is important to
consider the quality of life impacted by headaches, defined as
the subjective assessment of general well-being, position, and
prospectsin life. Individuals who have recurrent headaches are
often afraid of the next headache attack, which can lead to
avoidance behaviors, such asthe cancelation of social activities
or not even planning them [4].

The economic costs of headaches are substantial, primarily
manifesting asindirect and intangible costs. Thisincludeswork
absences because of headaches (absenteeism), reduced
on-the-job performance while experiencing headaches
(presenteeism), reduced quality of life, and increased pain
outside the workplace [5-7]. In the European Union, the total
annual costs associated with headaches among adults are
estimated at €173 billion (US $189 billion; 64% migraine, 12%
TTH, and 24% other types of headaches) [8]. A more recent
study conducted in Canada estimated the total annual cost
associated with migraine to be CAD $23,756.04 (US
$17,750.50) per patient [9]. Given the high persona and
financial costs, thereisan urgent need for effective management
of headaches.

Headaches are multifactorial, and besides physiological factors,
lifestyle factors, such as stress or sleep, play a significant role
in the development and retention of a headache [10-12].
Insufficient perception of stress reactions, individual attitudes
toward stress (eg, high-performance orientation and anxiety),
or coping strategies, such as avoidance versus endurance, are
seen as dysfunctional stress-coping in relation to headaches
[13,14]. The belief that pain-related factors are outside one’'s
control and the perceived inability to control these factors (ie,
low self-efficacy) arefurther dysfunctional coping mechanisms
associated with poor adjustment to headache and psychological
functioning [15,16]. Among people who have headache, stress,
stress regulation, and mental tension are perceived as critical
triggers of aheadache[14,17-19], and headacheitself servesas
a stressor that negatively affects well-being [20]. However,
there are controversial findings regarding the association
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between lifestyle and headache, and individuals differ in the
extent to which these factors interact with headache [21].

Guidelines recommend pharmacol ogical and
nonpharmacological interventions as standard therapy [22],
including behavioral treatment, which has been shown to be
effective in both face-to-face and web-based settings [22-25].
These treatments incorporate psychoeducation, relaxation
techniques, physical activity, triggers management, and
cognitive behaviora therapy elements, focusing on stress
management and coping strategies to modify negative and
dysfunctional cognitions, emotions, and behavior related to
headaches [26,27]. A person-centered approach that integrates
various intervention components is more effective [28,29] and
may enhance persona control and efficacy in headache
management [14]. However, challenges such as cost, access,
motivation [18], and stigma hinder engagement [30]. Despite
this, consistent care using nonmedical options has proven
beneficia [31].

In addition to traditional evidence-based treatment modalities,
mindful ness-based interventions have gained research interest,
showing enhanced well-being in various settings [32-34],
particularly for coping with chronic conditions, such as chronic
pain [35-37]. Studies have demonstrated that mindfulness
interventions benefit individual s with headaches by improving
psychological functioning [38-40]. Furthermore, they help
improve affective conditions, such as anxiety and depression,
which are often related to poorer treatment outcomes [41,42].
Improvements in these conditions, even if subclinical, may
improve coping skills for headaches and increase treatment
adherence. In addition, individuals without a psychiatric
diagnosis may experience headache-attributed disability, defined
as physical, cognitive, and mental incapacities imposed by
headaches [3], such as disabling anxiety related to fear of
headaches and perceived triggers [43].

Over the past few years, the adoption of app-based interventions
for headache management has increased [44,45]. These
interventions primarily take the form of electronic headache
diary apps, which offer practical solutions for data monitoring
[46]. Furthermore, app-based interventions have improved our
understanding of the relationship between lifestyle factors and
headaches [21]. Apps are aso suitable for providing
guideline-compliant therapeutic options [23], such as
psychoeducation, relaxation techniques, endurance sports, and
other elements of behavioral therapy (eg, stress reduction).
However, evidence of the effectiveness of app-based behavioral
interventions for managing headaches remains weak [44,47].

JMed Internet Res 2024 | vol. 26 | €50132 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/50132
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Conversational agents (CASs), also known as chatbots or digital
assistants, areincreasingly being applied in both clinical [48-50]
and nonclinical [51-53] health care settings to support disease
management and behavioral lifestyleinterventions. CAsengage
users in humanlike conversations [48,54-56], enabling factual,
relational, and emotional communication. Thisinteractive style
enhances engagement by establishing a working alliance
between the users and the CAs [57,58], reflecting the
collaborative relationship between shared treatment goals and
tasks [59], which is crucia for treatment success in
psychotherapy and counseling [60]. In contrast, conventional
mobile health (mHealth) interventions may lack a therapist
relationship and suffer from noncommittal timing [61], may not
be used as intended [62], and engagement may often be low
[63-65]. Nevertheless, CA-based coaching offers the potential
to deliver personalized, accessible, and scalable content via
web-based or mobile-based apps [56,66].

Objectives

To our knowledge, there is no evidence of mHealth coaching
interventions delivered by CAsfor the treatment of headaches.
Building on a successful pilot study [67], we designed
BalanceUP, asmartphone-based and CA-delivered intervention
aimed at supporting ahealthy lifestylein peoplewith headache.
BalanceUP aims to improve mental well-being by promoting
behavior change techniques (BCTs) in behaviors, emotions,
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thoughts, and beliefs related to headaches while ensuring
low-threshold access and scalability. Using smartphone apps
technical potential, scalable interventions can be beneficial in
supporting individuals [68]. Consequently, this study had the
following objectives: (1) to develop a smartphone-based and
CA-delivered intervention for people with headache and (2) to
evaluate its effectiveness, engagement, and acceptance.

Methods

App Development

BalanceUP, devel oped for iOS (AppleInc) and Android (Google
LLC) platforms using MobileCoach [54,69,70], provides a
chat-based interface for communicating with the CA (Figure
1B). The communication between users and the server is
encrypted. The chat feature offers predefined answer options
and free-text input, guiding conversations along dynamic paths
toindividualized tasks. The CA also shares videos and pictures
elaborating on the psychoeducational content. Using the sidebar,
users can access the (1) chat channel; (2) audio library (eg,
relaxation, mindfulness, and imagination exercises); (3)
illustrations; (4) working materials (eg, energy balance and
coping circle); (5) videolibrary (eg, animated psychoeducational
videos); and (6) frequently asked questions about the study and
BalanceUP app (Figure 1D).

Figure 1. Screenshots of the BalanceUP app: (A) conversational agent (CA) selection screen, (B) screen displaying a chat with the CA, (C) screen

displaying push reminder from the CA, and (D) sidebar of the app.

A) Select coach

Coaching I ntervention

Overview

Drawing on the best practice from behavior therapy, BalanceUP
is based on the cognitive behavior change migraine therapy
manual  (Cognitive-Behavioral Therapy for Migraine
Management [Kognitiv-verhaltenstherapeutisches
Migrdnemanagement]; MIMA) [13], which has been
demonstrated to be feasible [ 71] and effective, showing results
similar to those of the active control group at a 12-month
follow-up [72]. BalanceUP comprises 7 consecutive modules:
(1) headaches, (2) relaxation, (3) balance, (4) fear, (5) coping,

https://www.jmir.org/2024/1/e50132
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(6) trigger, and (7) stress (refer to Multimedia Appendix 1 for
an overview of the coaching), with a procedure similar to
MIMA: (1) feedback on tasks, (2) psychoeducation, (3)
reflection of behavior, (4) behavioral intention, (5) action
planning, and (6) relaxation and imagination (refer to Figure 2
for further details). Each module contains 3 to 4 units (Figure
3), and users can work through these units during sessionswith
the CA according to their preferences, allowing completion
within 24 to 60 days. Examples of the session flow can befound
inFigure4. After completion, users can till accessthe materials.
A diagram showing the intervention flow is presented in
Multimedia Appendix 2.
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Figure 2. Elements of coaching and engagement.

First use

N

Personalization and
tailoring

Sidebar

Gamification

Prompts and
reminders

Relaxation and
imagination

Appointment

Figure 3. Structure of modules and units.

- Onset

- Symptoms

1. Headaches [

—

Pp—

Intervention
onboarding

ext use
Session onboarding

Modul or unit
onboarding

Feedback on tasks

Psychoeducation

Reflection behavior

Behavioral intention

Action planning

- Course

- Relaxation - Acceptance
L 2. Relaxation P

- Mindfulness

- Lifestyle
L tY
- Energy

L

- Physical activity

- Stimuli shielding

- Development
- Symptoms

I = - Medication
. Copin|
Ping -Avoidance

4, Fear l

6. Triggers

L

Coaching
Engagement

Outro

- Course
- Sleep

-Endurance
-Plan B

- Strategies
- Recommendations

- Trigger
- Analysis

- Stress - Coping

- Chill

7. Stress
- Stressors

Ulrich et al

https://www.jmir.org/2024/1/e50132

XSL-FO

RenderX

JMed Internet Res 2024 | vol. 26 | €50132 | p. 4
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 4. Examples of session flow.
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Behavior Change

To foster health-promoting behaviors, various BCTs[73] have
been considered (eg, gamification for reward, action planning,
and prompts to perform an exercise). A complete list of BCTs
and their specific applications is outlined in Multimedia
Appendix 3 [73]. BCTs are intervention ingredients designed
to alter or redirect causal processesthat regulate behavior [74].
Their specific implementation enables accurate replication,
precise specification of the intervention content, and
investigation of possible mechanisms of action [74].
Engagement

Tailoring (at a subgroup level) and personalization (at an
individual level) are essential for promoting trust, engagement,
adherence, and effectiveness in mHealth interventions [63,75].
Both tailoring (eg, psychoeducation material based on headache
types) and personalization (eg, coach selection [Figure 1A]
personal greeting, personalized goals, and individual
appointments with the CA) were applied in BaanceUP.
Reminders (Figure 1C) are an effective way of improving
engagement, especially when they address specific needs
[76,77]; refer to Multimedia Appendix 4 [49,56,68,78-81] for
the detailed aspects of the engagements implemented.

I ntended Use

The intended use of BalanceUP, which is the extent to which
anindividual needsto experience the content to derive maximum
benefit from the intervention [81], is determined by reaching
the outro and completing the postsurvey. Users can skip a
modul e or elements based on their diagnosis (migrainevs TTH)
and preferences. For instance, participants can skip
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psychoeducation within a unit and proceed to behavior
reflection, whereas rel axation exercises, videos, and worksheets
are optional. This procedure offers flexibility in line with the
recommended mHealth intervention strategies [82,83] and is
similar to the dose-response rate in pharmaceutical research,
where medication dosage can vary depending on the patient’s
condition and characteristics. Furthermore, we base this
approach on the self-determination theory [84], which
emphasizes autonomy, competence, and engagement.

Study Design and Procedure

We conducted an unblinded, 2-arm, randomized controlled trial
(RCT). After onboarding, eigible participants were asked to
provide electronic informed consent. Participants who provided
consent proceeded to complete the baseline survey (T1), while
those who were ineligible were directed to a farewell
conversation with the CA. Those meeting theinclusion criteria
and consenting were randomly assigned with a 1:1 allocation
ratio to either the intervention or waitlist control group using
random numbers (0-1) generated by the BalanceUP app, with
numbers below 0.5 assigned to the intervention group. The
intervention group immediately began with the coaching. The
postintervention survey (T2) was conducted 24 to 60 days after
randomization. The waitlist control group received weekly
reminders from the CA during the 42-day waiting period. After
this, they completed the postintervention survey (T2) and were
given the option to access coaching or proceed to the outro
(Figure 5). Throughout the study, self-reported primary and
secondary outcomes were collected within the BalanceUP app
and viathein-app survey tool, LimeSurvey (version 3.4). Refer
to Multimedia Appendix 5 for outcome details and data
collection times.
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Figure5. Study procedure.
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Study Participants

Participants were self-recruited in Switzerland, Germany, and
Austria between April and November 2022 (German-speaking
parts) viathe study website. The link to the website was shared
via social media by headache organizations, insurance
companies, and health careingtitutions. Thisrecruitment strategy
allowed participation from all German-speaking countries. The
study website provided study information and app download
links. Inclusion criteria were being an adult (aged =18 y) with
asmartphone (eg, iOS [Apple Inc] or Android [Google LLC]),
fluent German-speaking skills, and experiencing regular
headaches for at least 3 months with a minimum of 4 incidents
per month. These criteria were assessed using the BalanceUP
app during onboarding.

Outcomes

Mental Well-Being

To measure effectiveness, we defined mental well-being as the
primary outcome, measured by the Patient Health Questionnaire
Anxiety and Depression Scale (PHQ-ADS) [85]. The PHQ-ADS
is a composite of the Patient Health Questionnaire-9 (PHQ-9)
[86] and General Anxiety Disorder Scale-7 (GAD-7) [87].
Scores can range from 0 to 48, with higher scores indicating
more severe depression and anxiety; 3 to 4 points were
considered the minimum clinically important difference. Cutoff
scores of 10, 20, and 30 denoted mild, moderate, and severe
degrees of depression and anxiety, respectively.

To assess psychological functioning, multiple secondary
outcome measureswere used in accordance with the established
guidelines [88].

Secondary Outcomes

Depression

The PHQ-9 [86] consists of 9 items for evaluating depressive
symptoms, rated on a 4-point Likert scale ranging from O (not
at al) to 3 (nearly every day). Higher scores indicate higher
symptom severity, with scores ranging from O to 4 indicating
no symptoms of depression and scores from 5 to 9, 10 to 14,

15 to 19, and 20 to 27 indicating mild, moderate, moderately
severe, and severe depression, respectively.

https://www.jmir.org/2024/1/e50132
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Anxiety

The GAD-7[87] isused for evaluating symptoms of generalized
anxiety disorder. It comprises 7 items. Similar to PHQ-9,
answers are rated on a 4-item Likert scale ranging from O (not
at al) to 3 (nearly every day). Higher scores indicate higher
levels of anxiety, and thetotal score rangesfrom 0to 21. Scores
from0to 4, 5t0 9, 10 to 14, and 15 to 21 denoted minimal,
mild, moderate, and severe anxiety, respectively.

Somatic Symptoms

We measured somatic symptoms using the Patient Health
Questionnaire-15 (PHQ-15) [89]. It is a 15-item self-report
questionnaire that can be scored on ascaefrom 0 (not impaired)
to 2 (severely impaired). A total score of =15 on the PHQ-15
indicatesahigh level of impairment owing to somatic symptoms
[90Q]. For this study, we adopted 2 items from the PHQ-9 because
theitemswere similar. However, the answer scale of the 2 items
differed between the PHQ-9 and PHQ-15 and had to be
converted according to the manual.

Stress

We measured stress with the German version of the Perceived
Stress Scale-10 [91]. The 10-item questionnaire can be rated
on ascalefrom O (never) to 4 (very often); higher scores reflect
ahigher level of perceived stress, and scores can range from 0
to 40.

Self-Efficacy

To assess headache-related self-efficacy, we used the German
short form of the Headache Management Self-Efficacy
(HM SE-G-SF) Scale[92]. The measurement consists of 6 items
assessing self-efficacy beliefs related to headaches. Answer
scales range from 1 (do not agree) to 7 (agree). Higher scores
implied higher self-efficacy expectations, and summed scores
<19 indicated below-average self-efficacy expectations
compared with other people experiencing headache.

I ntention to Change Behavior

To assess participants' intention to change behavior, we used
the health action process approach model [93], which categorizes
behavior change into 3 stages: nonintenders, intenders, and
actors. In this study, participants indicated their use of
psychological techniques for headache treatment by choosing
1 of the 5 possible answers: (1) no, and | do not intend to do so
(nonintender); (2) no, but I am considering it (nonintender); (3)
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no, but | have the intention to do so (intender); (4) yes, but it is
not easy (actor); and (5) yes, and it is easy (actor).

Absenteeism and Presenteeism

To measure work-related impairment due to headaches, we
applied 4 out of 5 questions from the Migraine Disability
Assessment [94]. These questions assessed days with complete
loss and dayswith at least 50% reduced productivity (eg, work,
household, and school) for the past 3 months. Given the study’s
runtime and potential recall challenge[94], participants reported
headache days for a 1-month period instead of 3 months.

Pain Processing

We applied the Questionnaire for the Assessment of Pain
Processing (questionnaire to assess pain management;
Fragebogen zur Erfassung der Schmerzverarbeitung) to measure
pain coping strategies[95]. Thistool coping strategies
in individuals with persistent pain and is comprised of 2 parts.
In this study, we used the first part to evaluate cognitive and
behavioral coping using 24 items. The cognitive coping subscale
included the dimensions “action planning skills,” “cognitive
restructuring,” and “ experience of competence.” The behavioral
coping subscale included “mental distraction,” * counteracting
activities,” and “rest and relaxation techniques.” Answerswere
scored from 1 (not at al true) to 6 (always true), with higher
scores indicating better pain processing.

Sociodemogr aphics

We collected data on age, sex, level of education, parallel app
use for headache tracking, concurrent psychotherapy,
commitment to the program, and headache diagnosis at baseline
to describe the study population. We further assessed
participants’ sensitivity to triggers and tendency to avoid triggers
optionally inmodule 6 (Trigger) using the German short version
of the Headache Triggers Sensitivity and Avoidance
Questionnaire [96]. Mean scores <2.03 indicate bel ow-average
trigger sensitivity and scores >3.19 indicate above-average
trigger sensitivity, respectively. For avoidance, mean scores
<2.09 indicate below-average trigger avoidance and scores
>3.23 indicate above-average trigger avoidance, respectively.

Engagement
Overview

According to a systematic review conceptualizing engagement
with digital behavior change interventions [64], engagement is
both a multidimensional concept and a dynamic process.
Engagement consists of 2 parts: (1) the extent of use (eg,
amount, frequency, duration, and depth) and (2) a subjective
experience characterized by attention, interest, and affect. By
using this multidimensional approach, we aimed to capture the
various aspects of engagement, as defined by Perski et a [64].

Extent of Use

The following use data were recorded during the coaching
intervention: total minutes spent on in-app relaxation and
imagination exercises, total reminders sent to participants in
cases of inactivity, and the average number of days taken to
complete 1 coaching module. In addition, the percentage of
answered conversational turns between the participant and the
CA coach was calculated, where a higher number indicated

https://www.jmir.org/2024/1/€50132
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higher engagement with the intervention. We also assessed
intended use, that is, the number of participants who completed
the outro.

Subj ective Experience

To gather the subjective experiences of the participants, we used
4 items from the German Group Therapy Session Evaluation
by Patients [97] with statements about personal involvement,
active participation, perceived comprehensibility, and perceived
benefit on a5-point Likert scale ranging from 1 (disagree) to 5
(agree). Furthermore, we measured perceived enjoyment by
applying a single-item measure from technology acceptance
research [98,99] (“Did you enjoy thelast unit?’), ranging from
1 (not at all) to 5 (very much).

We assessed participants commitment to changing their
behavior with 1 question (“How committed are you towards
changing your behavior?’) on ascale of 1 to 10.

We used a modified version of the Session Alliance
Inventory—Patient Version [100,101] to repeatedly measure
the working alliance between the participant and the CA. It
consists of 3itemsfor the Bond Scale and 3 items for the Task
and Goal Scale. Inthis study, we used theitems of the validated
German version of the Working Alliance Inventory-Short
Revised [102], which features a 5-point answer scale ranging
from 1 (seldom) to 5 (always). In addition, we contextualized
the Session Allianceinventory by replacing theterm “therapist”
with the CA’s name.

Acceptance

We assessed the acceptance of BalanceUP with a dightly
modified and translated version of the Mobile App Rating Scale
(UMARS) [103] assessing engagement (eg, entertainment,
interest, customization, interactivity, and target group of the
app); information (eg, quality of information, quantity of
information, visual information, and credibility of source);
perceived quality (eg, recommendation, use, payment, and
overall rating); and perceived impact (eg, awareness, knowledge,
attitudes, behavior change, seeking help, and intention to
change). All subscalesused a5-point Likert scale ranging from
1to 5, with higher scoresindicating a more favorable judgment.

In addition to the uUMARS, the questions “What did you like
most about the BalanceUP app?’ and “What would you like to
see improved about the BalanceUP app?’ could be answered
in free text.

Impression of Change and Adverse Events

We assessed adverse eventswith the Patients Global Impression
of Change Scale [104]. It is a 7-point scale depicting the
perceived overall improvement in general health, rated from 1
(much improved) to 7 (very much worse). In this study, for
scores =5, we al so assessed whether participants believed these
changes occurred because of coaching or whether other
circumstances (eg, professional situation and conflicts in the
social sphere) caused these changes. Participants were asked to
note the adverse changes if coaching was given as a reason.
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Sample Size Calculation

We estimated the sample size based on the primary outcome
(mental well-being) measured by the PHQ-ADS for a linear
mixed model (LMM) and a repeated measure ANOVA
(within-between interaction). Consistent with previous headache
and chronic pain research [105-107], we assumed a
small-to-medium effect size for the primary outcome. Statistical

power calculation using G*Power® software revealed that a
sample size of 90 (45 for each group) would be sufficient, with
a power of 0.80 to detect a small-to-medium timexgroup
interaction effect size (Cohen d=0.35) with an a of .05 and
based on 2 measurements. According to our pilot study, we
estimated a dropout rate of 40% and aimed to recruit
approximately 150 participants.

Data Analysis

The analysis was performed using SPSS (version 28.0; IBM
Corp) and R software (version 4.2.2; R Foundation for Statistical
Computing) including the Ime4. For the primary outcome
(PHQ-ADS) from before the intervention (T1) to after the
intervention (T2), the LMMs were used, considering time (T1
and T2), group (intervene and wait), and their interaction as
fixed effects, with participants as a random factor. Secondary
outcomes (ie, PHQ-9, GAD-7, PHQ-15, Perceived Stress
Scale-10, Questionnaire for the Assessment of Pain Processing,
HM SE-G-SF, Migraine Disability Assessment, and health action
process approach) were analyzed accordingly. Missing data
were managed using LMM, whichisbased on all observed data
and accounts for datamissing at random [108-110]. According
to the CONSORT (Consolidated Standards of Reporting Trials)
guidelines, we reported the LMM anaysis for the (1)
intention-to-treat (ITT) analysis, in which al randomized
participants were included, regardless of whether they used the
coaching and (2) per-protocol (PP) analysis of complete cases.
Calculations of within- and between-group effect sizes (Cohen
d) were based on the pooled SD of complete cases only and
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labeled as small (Cohen d=0.2), medium (Cohen d=0.5), and
large (Cohen d=0.8). The influence of predictors on outcomes
was explored using the LMM, including the primary outcome
(PHQ-ADS), with afocus on the 3-way interaction. Changein
engagement over time was analyzed via repeated-measures
ANOVA, and the effect of early engagement [64] on treatment
outcomes was analyzed using linear regression. Descriptive
statistics were used to summarize participant characteristics at
baseline, and 2-tailed t tests were used to assess baseline
differences. We applied qualitative content analysis [111,112]
to answer the open-ended questions.

Ethical Consider ations

The Swiss Ethics Committee Zurich reviewed the research
project and confirmed (Swiss FEthics BASEC-NTr.
Req-2021-01365) that it does not fall within the scope of the
Human Research Act. This research project was registered in
the World Health Organization—accredited German Clinical
TriasRegister (DRK S00017422). We performed thistrial based
on the CONSORT-EHEALTH guidelines.

Results

Participant Flow and Baseline Characteristics

During the recruitment phase, from April to November 2020,
405 individual s downl oaded the BalanceUP app. Of these, 223
(55.1%) were assessed for eligibility and 7 (1.7%) were excluded
from the study. Of those eligible, 198 (48.9%) individuas
completed the baseline survey and were randomized into the
intervention (n=110) and control (n=88) groups. The full
participant flow is presented in Figure 6. The dropout rate for
randomized participants after the treatment was 29.1% (32/110)
for the intervention group and 18% (16/88) for the waitlist
control group and thus can be considered low, particularly for
afully unguided mHealth intervention [113] and in comparison
with our pilot study.
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Figure 6. Participant flowchart. ITT: intention-to-treat; PP: per-protocol.
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As presented in Table 1, most of the participants were women
(180/198, 90.9%) with a mean age of 38.7 (SD 12.14) years,
and more than half had a university degree (104/198, 52.5%).
Migraine was the most prevalent diagnosis, accounting for
72.2% (143/198) of the sample. Approximately haf of the
participants (95/198, 48%) reported using headache diaries to
track their symptoms. Few participants (32/198, 16.2%) reported
attending psychotherapy and using the coaching app. In general,
participantsreported an average of 6.66 (SD 7.34) days of work
per month missed because of headaches and 11.82 (SD 9.77)
days per month when their performance was reduced by half or

https://www.jmir.org/2024/1/e50132

RenderX

I i

Allocation

Posttreatment

Waitlist control group (n=88)

v

Discontinued app use (n=16)

Analyzed
o PP (n=72)
e ITT (n=88)

v

Optional participation in
coaching with BalanceUP (n=69)

v

Analyzed (engagement)
* PP (n=39)

more (including work, school, and household). Compared with
other individual swho had headaches[92], the study participants
reported average levels of headache-related self-efficacy. On
average, participants were classified as “intenders,” indicating
that they had the intention to change their behavior (as opposed
to“nonintenders’ or “actors’). On average, the participants had
mild depression (mean 9.06, SD 4.24), mild anxiety (mean 6.76,
SD 3.87), and moderate psychosomatic symptoms (mean 10.92,
SD 4.34). There was no difference between the groups in any
of the outcomes.
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Table 1. Demographic, app-related, headache-related, and mental well-being—related characteristics at baseline (N=198).

Control group (n=88) Intervention group (n=110) P value®
Demographic characteristics
Age (y), mean (SD) 38.28 (12.82) 39.03 (11.46) 67
Gender, n (%) .64
Man 8(9.1) 12 (10.9)
Woman 76 (86.4) 96 (87.3)
Nonbinary 1(1.1) 1(0.9
No information 3(34) 1(0.9
Education, n (%) 22
No education 2(2.3) 0(0)
Obligatory or high school 1(1.1) 6 (5.5)
Vocational training and high school 26 (29.5) 34 (30.9)
Higher vocational training 13(14.8) 12 (10.9)
University or University of Applied Sciences 46 (52.3) 58 (52.7)
App related, n (%)
Platform .09
iOS (Apple Inc) 53 (60.2) 53 (48.2)
Android (Google LLC) 35(39.8) 57 (51.8)
Chatbot coach .62
Sophie (woman) 76 (86.4) 94 (85.6)
David (man) 12 (13.6) 16 (14.5)
Headache-related characteristics
Diagnosis, n (%) .82
Migraine 65 (73.9) 78 (70.9)
TTHP 10 (11.4) 12 (10.9)
No diagnosis 13(14.8) 20(18.2)
Tracking app in parallel, n (%) .82
Yes 43 (48.9) 52 (47.3)
No 45 (51.1) 58 (52.7)
Psychotherapy, n (%) 49
Yes 16 (18.2) 16 (14.5)
No 72 (81.8) 94 (85.5)
Absentesism: MIDASE (d), mean (SD)¢ 6.95(8.3) 6.37 (6.49) 60
Presenteeism: MIDAS (d), mean (SD)" 12.1(9.99) 1154(954) 70
Pain coping: FESV® score, mean (SD)
Cognitive coping 41.06 (9.1) 39.52 (8.51) 22
Behavioral coping 31.58 (7.55) 29.86 (7.73) .19
Self-efficacy: HMSE-G-SF' Scale score, mean (SD) 2277 (6.78) 24.37 (6.94) A1
Application of behavior change techniques?, mean ~ 3.36 (0.97) 3.45(1.04) 09
(SD)
Mental well-being, mean (SD)
Depression: PHQ-9" score 9.43 (4.13) 8.69 (4.34) 22
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Control group (n=88) Intervention group (n=110) P value®
Anxiety: GAD-7 score 7.25 (3.86) 6.25 (3.87) .07
Somatic symptoms: pHQ_15j score 11.26 (4.28) 10.57 (4.4) 27
Stress: PSK score 30.32 (5.75) 29.8 (6.33) .55

3B aseline group comparison between intervention and waitlist control groups using the 2-tailed t test and chi-square test.

BTTH: tensi on-type headache.

°MIDAS: Migraine Disability Assessment conducted for a period of 1 month.

Ywaitlist control group: n=83 and intervention group: n=102 (outliers removed).

CFESV: questionnaire to assess pain management (Fragebogen zur Erfassung der Schmerzverarbeitung).

"HM SE-G-SF: German short form of the Headache M anagement Self-Efficacy.

9Application of behavior change techniques based on the health action process approach stages of change: 1 to 2=nonintenders, 3=intenders, and 4 to

S5=actors.

hPHQ-9: Patient Health Questionnaire-9.
'GAD-7: General Anxiety Disorder Scale-7.
IPHQ-15: Patient Health Questionnaire-15.
Kpss: Perceived Stress Scale.

Effectiveness

Primary Outcome

Table 2 presents the results of the LMM analyses for the ITT
and PP analyses. For both the ITT and PP analyses, we found
evidence of atreatment effect (group by time interaction) for
the PHQ-ADS after the intervention (t3,,=—3.6; P<.001, 95%
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Cl —5.06 to —1.47 and t,,,=—3.58; P<.001, 95% CI -5.11 to
—1.49, respectively). BalanceUP significantly affected mental
well-being, as shown by the changeinthe PHQ-ADS. However,
the waitlist control group did not improve with time (Cohen
d=-0.07, 95% ClI -0.23 to 0.08), the intervention group
improved from before the intervention to after the intervention
with amedium effect (Cohen d=0.62, 95% CI —0.84 t0—10.39).
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Table 2. Results of per-protocol (PP) and intention-to-treat (ITT) outcome analysis using linear mixed modelsP.
Outcome PP ITT
[ estimate (SE; 95% ClI) P value B estimate (SE; 95% CI) P value
Mental well-being (PHQ-ADS)®
Intercept 17.01 (N/AY) N/A 16.68 (N/A) N/A
Time® —0.60 (0.67; -1.91t0 0.72) 37 —0.50 (0.66; —1.80 to 0.80) 45
Groupf —0.6 (0.38; —4.00 to 0.74) .18 -1.75 (1.07; -3.84 t0 0.35) .10
Treatment? -3.3(0.93; -5.12t0-1.48) <.001 -3.28(0.91; -5.07 to —1.48) <.001
Depression (PH Q-9h)
Intercept 9.68 (N/A) N/A 9.43 (N/A) N/A
Time —0.33(0.37; —1.06 to 0.40) 37 —0.27 (0.36; —0.99 to 0.45) A7
Group -0.80 (0.70; —2.19 t0 0.59) 26 -0.74 (0.61; —1.95 0 0.47) 23
Treatment ~1.78 (0.51; —2.79 t0 —0.77) <.001 ~1.80 (0.51; —2.79 to —0.80) <.001
Anxiety (GAD-7")
Intercept 7.33 (N/A) N/A 7.25 (N/A) N/A
Time —0.26 (0.39; —1.04 to 0.51) .50 —-0.23 (0.39; -0.99 t0 0.53) .55
Group -0.83 (0.60; —2.07 to 0.06) 17 —1.01 (0.54; —2.06 to 0.06) .06
Treatment —1.52 (0.54; —2.59 to —0.45) .006 —1.45 (0.53; —2.50 to —0.40) .007
Somatic symptoms (PH Q-151)
Intercept 11.42 (N/A) N/A 11.26 (N/A) N/A
Time —4.44 (0.38; -0.75t0 0.75) >.99 0.04 (0.38; -0.70t0 0.78) .92
Group —0.66 (0.72; —2.07 10 0.75) 36 -0.69 (0.64; —1.95 t0 0.58) 29
Treatment —2.33(0.53; -3.37 to -1.30) <.001 -2.33(0.52; —3.35 to —1.30) <.001
Stress (PSS-10%)
Intercept 30.74 (N/A) N/A 30.32 (N/A) N/A
Time -0.90 (0.62; —2.1310 0.33) 15 -0.76 (0.62; —1.96 t0 0.45) 22
Group -0.25 (1.03; —2.28t0 1.79) 81 -0.52(0.91; —2.31t0 1.27) 57
Treatment —2.69 (0.86; —4.39 t0 —0.99) .002 —2.60 (0.85; —4.26 to —0.93) .003
Headache management self-efficacy (HM SE-G-SF'ScaIe)
Intercept 23.14 (N/A) N/A 22.77 (N/A) N/A
Time —-0.07 (0.73; -1.51 t0 1.37) .92 0.08 (0.72; —1.34 to 1.50) 91
Group 1.37 (1.20; —0.80 to 3.52) .26 1.60(0.98; -0.34 t0 3.54) A1
Treatment 4.15(1.01; 2.15t0 6.14) <.001 4.05 (0.99; 2.10 to 6.00) <.001
Application of behavior change techniques™ (HAPA™)
Intercept 3.47 (N/A) N/A 3.36 (N/A) N/A
Time 0.01 (0.11; -0.22 to 0.23) 93 -0.07 (0.12; —0.16 t0 0.29) 55
Group 0.21 (1.14; -0.08 to 0.49) 15 0.09 (0.14; -0.18 to 0.36) 51
Treatment 0.70 (0.16; 0.39 to 1.01) <.001 0.76 (0.16; 0.45 to 1.07) <.001
Absenteeism and presenteeism® (MIDASP)
Intercept 20.10 (N/A) N/A 19.05 (N/A) N/A
Time -0.90 (1.17; -3.21to 1.41) 45 —-0.68 (1.15; —2.95to 1.59) .56
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Outcome PP ITT
[ estimate (SE; 95% ClI) P value B estimate (SE; 95% CI) P value
Group —2.12 (2.58; —7.20 t0 2.96) 41 —1.14 (2.20; -5.46 t0 3.18) 61
Treatment —4.61 (1.63; —7.83 10 —1.39) .005 —4.81 (1.60; —7.97 to —1.66) .003
Cognitive pain coping (FESVY)
Intercept 40.69 (N/A) N/A 41.06 (N/A) N/A
Time 1.40 (0.83; -0.24 to 3.03) .93 1.28 (0.82; -0.33t0 2.89) A2
Group —1.48 (1.42; -4.2310 1.32) 30 —1.54 (1.26; —4.02 to 0.94) 22
Treatment 5.56 (1.14; 3.30t0 7.83) <.001 5.58 (1.13; 3.37 to 7.80) <.001
Behavioral pain coping (FESV)
Intercept 31.72 (N/A) N/A 31.58 (N/A) N/A
Time 0.64 (0.71; —2.03t0 0.76) .37 —-0.59 (0.70; —1.97 t0 0.79) 40
Group —1.40 (1.23; -3.84 t0 1.03) 26 ~1.72 (1.10; —3.89 to 0.45) 12
Treatment 4.91 (0.98; 2.87 t0 6.84) <.001 5.00 (0.97; 3.10to 6.90) <.001

30utcomes of the PP analyses: only participants who completed the outro (ie, intended use).
bOutcomes of the ITT anal yses: all participants who were randomized into groups.

°PHQ-ADS: Patient Health Questionnaire Anxiety and Depression Scale.

IN/A: not applicable.

®Time effect represents the rate of improvement for both intervention and waitlist control groups.
fGroup effect represents intervention or waitlist control group.
YTreatment effect is represented by group and time interaction.
hPHQ-9: Patient Health Questionnaire-9.

IGAD-7: General Anxiety Disorder Scale-7.

jPHQ-15: Patient Health Questionnaire-15.

kpSS-10: Perceived Stress Scale-10.

|HM SE-G-SF: German short form of the Headache Management Self-Efficacy.
MApplication of behavior change techniques, based on the health action process approach stages of change: 1 to 2=nonintenders, 3=intenders, 4 to

5=actors.

"HAPA: health action process approach.

OAssessment of absenteeism and presenteeism based on Migraine Disability Assessment, conducted for a period of 1 month.

PMIDAS: Migraine Disability Assessment.
9FESV: questionnaire to assess pain management (Fragebogen zur Erfassung der Schmerzverarbeitung).

Changesin the PHQ-ADS score differed significantly between
groups with a medium effect (Cohen d=0.66, 95% CI —0.99 to

—0.33); refer to Table 3 for observed means and effect sizes
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Table 3. Results of per-protocol outcome measures: means and effect sizes (Cohen d).

Ulrich et a

Measure Beforetheinterven-  After the intervention, Within-group effect (beforethe  Between-group effect (inter-
tion, mean (SD) mean (SD) intervention vsafter theinterven-  vention vs waitlist control
tion), Cohen d? (95% Cl) group), Cohen d (95% Cl)
Primary outcome
Mental well-being (PHQ-ADSP)
Intervention (n=78)  15.38 (7.09) 11.49 (5.48) -0.62 (-0.84 10 -0.39) ~0.66 (-0.99 t0 -0.33)
Control (n=72) 17.01 (7.36) 16.42 (9.18) -0.07 (-0.2310 0.08) N/AC
Secondary outcome
Depression (PHQ-9%
Intervention (n=78)  8.88 (4.19) 6.77 (3.55) —0.54 (-0.74 10 -0.35) -0.59 (-0.91 to -0.26)
Control (n=72) 9.68 (4.27) 9.35(5.15) —-0.07 (-0.23t0 0.09) N/A
Anxiety (GAD-7°)
Intervention (n=78) 6.50 (3.64) 4.72 (2.41) —0.58 (-0.831t0-0.32) —0.66 (-0.98 t0 —0.33)
Control (n=72) 7.33(3.91) 7.07 (4.53) —0.06 (-0.2410 0.12) N/A
Somatic symptoms (PH Q-15f)
Intervention (n=78)  10.76 (4.03) 8.42 (3.66) -0.61 (-0.82 t0 -0.39) -0.65 (-0.98 t0 -0.32)
Control (n=72) 11.42 (4.26) 11.42 (5.46) 0.00 (-0.15t0 0.15) N/A
Stress (PSS-109)
Intervention (n=78)  30.49 (6.12) 26.9 (6.06) -0.59 (-0.80 t0 -0.37) -0.43 (-0.76 10 -0.12)
Control (n=71) 30.66 (5.68) 29.79 (7.34) -0.13(-0.3210 0.05) N/A
Headache management self-efficacy (HM SE-G-SF" Scal )
Intervention (n=78)  24.5 (9.79) 28.58 (7.21) 0.58 (0.34 10 0.82) 0.81(0.48t0 1.14)
Control (n=71) 23.14 (6.37) 23.07 (6.34) -0.01 (-0.20t0 0.18) N/A
Application of behavior changetechniquesi (HAPAJ)
Intervention (n=78)  3.45(0.89) 4.38 (0.52) 1.28 (0.92t0 1.63) 1.05(0.71t0 1.39)
Control (n=71) 3.46 (0.94) 3.48(1.12) 0.02 (-0.20t0 0.24) N/A
Absenteeism and pra;enteeisrnk (M1 DAS')
Intervention (n=71)  17.99 (14.18) 12.48 (12.05) -0.42 (-0.60 t0 -0.23) -0.45 (-0.79t0 -0.12)
Control (n=67) 20.10 (16.48) 19.21 (17.36) -0.05(-0.1810 0.07) N/A
Cognitive pain coping (FESV™)
Intervention (n=78)  39.22(7.98) 46.18 (8.58) 0.84 (0.59 to 1.09) 0.46 (0.14 t0 0.79)
Control (n=71) 40.70 (9.29) 42.1(9.02) 0.15 (0.00 to —0.30) N/A
Behavioral pain coping (FESV)
Intervention (n=78)  30.32 (7.4) 34.59 (7.58) 0.57 (0.36 10 0.78) 0.45 (0.1510 0.78)
Control (n=71) 31.76 (7.45) 31.11(7.83) -0.08 (-0.25 t0 0.08) N/A

8Effect size according to Cohen d.

bPHQ-ADS: Peatient Health Questionnaire Anxiety and Depression Scale.

°NJ/A: not applicable.

9PHQ-9: Patient Health Questionnaire-9.
€GAD-7: General Anxiety Disorder Scale-7.
PHQ-15: Patient Health Questionnaire-15.
9PSS-10: Perceived Stress Scale-10.

PHM SE-G-SF: German short form of the Headache M anagement Self-Efficacy.
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iAppl ication of behavior change techniques based on the health action process approach stages of change: 1 to 2=nonintenders, 3=intenders, 4 to 5=actors.

JHAPA: health action process approach.

KA ssessment of absenteeism and presenteeism based on Migraine Disability Assessment conducted for a period of 1 month.

'MIDAS: Migraine Disability Assessment.

MFESV: questionnaire to assess pain management (Fragebogen zur Erfassung der Schmerzverarbeitung).

Secondary Outcomes

Regarding secondary outcomes, the ITT LMM anayses
demonstrated evidence of treatment effects for depression
(t34=—3.56; P<.001, 95% CI —2.79 t0—0.80), somatic symptoms
(tz4g=—4.48; P<.001, 95% Cl —3.35t0—1.31), stress (t34,=—3.07;
P=.003, 95% Cl —4.25t0-0.94), headache-rel ated sel f-efficacy
(t34,=4.08; P<.001, 95% CI 2.10-5.99), application of BCTs
(t300=4.82; P<.001, 95% CI 0.45-1.07), presenteeism and
absenteeism (t3;,=—3.00; P=.003, 95% Cl| —7.96 to —1.68),
cognitive pain coping (tz4;=4.96; P<.001, 95% Cl 3.38-7.79),
behavioral coping (t3,;=5.18; P<.001, 95% Cl 3.11-6.89), and
suggestive evidence for anxiety (tz,=—2.73; P=.007, 95% ClI
—2.50 to —0.40). The PP analyses showed similar results (Table
2). Theeffect sizes of secondary outcomes between groups after
theintervention were medium (eg, depression, anxiety, somatic
symptoms, stress, absenteeism and presenteeism, and pain
coping) and large (eg, headache-related self-efficacy and
application of BCTs). Refer to Table 3 for further details.

Predictors

We aso explored whether diagnostic status (participants
diagnosed with migraine vs participants with other or no
headache-related diagnosis), concurrent psychotherapy,
concurrent tracking of headaches, and headache-related
self-efficacy influenced the pre- and postintervention effects.

https://www.jmir.org/2024/1/€50132

We did not find evidence of a 3-way interaction among group,
time, and predictors. There was no evidence of adifferencein
the decrease of the PHQ-ADS score between the intervention
and waitlist control groups for participants with a diagnosis of
migraine (t33s=—0.81; P=.42, 95% Cl —5.93 to 2.48), concurrent
psychotherapy (ty3s=—0.45; P=.65, 95% Cl -5.69 to 3.57),
concurrent headache tracking (t33s=—1.92; P=.06, 95% Cl —6.99
to 0.09), and self-efficacy at baseline (t335=1.50; P=.14, 95%
Cl -0.48 10 0.06).

Engagement

Table 4 shows the rate of the intended use of the BalanceUP
coaching app among participantswho started module 1 (n=182),
that is, participants from the intervention group (n=110) and
participantswho started coaching after the waiting time (n=72).
Asanticipated, the highest dropout rates occurred during module
1(34/182, 18.7%), with a subsequent decrease in dropout rates
during the subsequent modules. Of the 182 participants who
began the coaching program with module 1, 118 (64.8%)
completed the coaching and thus used it as intended. A visual
inspection of the engagement data related to subjective
experience revealed that participants who discontinued using
the app did not show differencesin active participation, internal
engagement, perceived benefit, or comprehensibility compared
with those who continued using BalanceUP (refer to Multimedia
Appendix 6).
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Table4. Indicators of engagement: intended use, extent of use, and subjective experience of the BalanceUP app (n=182).

Indicators of engagement and acceptance All participantswho started with module 12

Intended use of BalanceUP and use data, n (%)

Started coaching (ie, intervention group and waitlist control group after awaiting time of 43 d) 182 (100)

Ceased interacting during module 1 (dropout) 34 (18.7)
Ceased interacting during module 2 (dropout) 11(6)
Ceased interacting during module 3 (dropout) 6(3.3)
Ceased interacting during module 4 (dropout) 4(2.2)
Ceased interacting during module 5 (dropout) 2(1.1)
Ceased interacting during module 6 (dropout) 1(0.5)
Ceased interacting during module 7 (dropout) 6(3.3)
Completed outro (intended use) 118 (64.8)

Extent of use among participantswith intended use (n=117-112)

Number of participants who completed all 7 modules, n (%) 101 (86.3)
Number of days to complete a module, mean (SD) 6.91 (1.50)
Ratio of reply in conversational turns, mean (SD) 77.84 (3.73)
Push reminders after 1 h of inactivity, mean (SD) 11.70 (5.99)
Push reminders after 2 h of inactivity, mean (SD) 8.95 (5.87)
Push reminders after 1 d of inactivity, mean (SD) 4.14 (3.62)
Push reminders after 3 d of inactivity, mean (SD) 1.46 (1.66)
Push reminders after 5 d of inactivity, mean (SD) 0.74 (1.12)
Email reminders after 10 d of inactivity, mean (SD) 0.34 (0.65)
Push reminders during survey, mean (SD) 0.75 (0.62)
Relaxation (audio listened in min), mean (SD) 113.44 (182.52)

Subj ective experience among participants with intended use (n=117-112), mean (SD)

Personal involvement during sessions” 4.30 (0.55)
Active participation during sessions” 4.27 (0.63)
Perceived comprehensibility of units® 3.87(0.68)
Perceived benefit of units® 3.87(0.68)
Commitment to change® 8.15 (5.46)
Perceived enjoyment® 4.13(0.54)
Perceived alliance with the chatbot coach’ 3.94(0.81)

Acceptance of the BalanceUP app (n=117-114), mean (SD)
Self-reported data

Engagement (eg, entertainment and personalization)¥ 3.72(0.65)
Information9 4.47 (0.47)
Perceived app quality? 3.56 (0.77)
Perceived impact of the app? 4.00 (0.62)

8participants from the intervention group and waitlist control group who optionally participated after awaiting period.
B\ easured after every session using 1 item of the Patient Session Evaluation Questionnaire.

®Measured randomly at the end of aunit using 1 items of the Patient Session Evaluation Questionnaire.

dMeasured 3 times duri ng coaching using the question “How committed are you to changing your behavior?’
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®Measured randomly during coaching by asingleitem (“ Did you enjoy the last unit?") from technology acceptance research.
"Measured 3 times during coaching using the Session Alliance Inventory Scale.

9Measured postcoaching intervention via Mobile Application Rating Scale.

We measured engagement among the participants with intended
use based on the extent of use (use data) and subjective
experience (self-reported data). The use data analysis showed
that 86.3% (101/117) of the participants completed al 7
modules, taking an average of 6.9 (SD 1.5) daysto work through
a module. Participants replied in an average of 77.8% (SD
3.73%) conversationa turns. In the event of inactivity, across
the entire study period, participants were sent an average of
11.70 (SD 5.99) push natifications for no activity for a 1-hour
period and 8.95 (SD 5.87) notifications for no activity for a
2-hour period, with asubsequent decreasein reminders sent for
1, 3, 5, and 10 days of no activity. Participants spent an average
of 113.44 (SD 182.51) minutes on relaxation exercises. Refer
to Table 4 for further details.

Participants self-reported a mean commitment to change their
behavior of 8.15 (SD 5.46). The reported commitment to change
behavior significantly increased withtime (F; ;5,=8.17; P<.001)
with a medium effect (Cohen f=0.29), and evidence of higher

commitment toward the end of the coaching (mean 8.17, SD
1.49) than in the middle (mean 7.57, SD 1.55, mean difference
0.60, 95% Cl 0.31-0.89; P<.001) or beginning of the
intervention (mean 7.61, SD 1.57, mean difference 0.56, 95%
Cl 0.21-0.91; P=.002). A linear regression (3=.05, SE 0.42;
P=.67) with pre- to posttreatment PHQ-ADS changes showed
that early reported commitment did not predict before
improvement to after improvement of mental well-being. The
mean perceived aliance with the CA was 3.94 (SD 0.82). The
aliance significantly increased with time (F, ,0,=10.66; P<.001)
with a medium-large effect (Cohen f=0.32), with the evidence
of alliance becoming higher toward the end of the coaching
(mean 4.07, SD 0.83; P<.001) than at the beginning (mean 3.83,
SD 0.83, mean difference 0.23, 95% CI 0.12-0.34; P<.001);
refer to Table 5. A linear regression (3=.11, SE 0.80; P=.36)
with pre- to posttreatment PHQ-ADS change showed that early
reported aliance with the CA did not predict pre- to
posttreatment improvement of menta well-being.

Table 5. Results of arepeated measure ANOVA for commitment to change and perceived alliance with the conversational agent (CA).

Outcome Start of theintervention® mean  Midintervention®, mean End of theintervention®, P value F test (df)
(SD) (SD) mean (SD)

Commitment to change®  7.61 (157) 7,57 (1.55) 8.16 (1.49) <001 8.17(2,192)

Perceived alliancewith ~ 3.84 (0.85) 402 (0.81) 4.07 (0.83) <001 10.66

the CA® (2,200)

3\l easured during module 1 (commitment to change) and module 2 (alliance).
bMeasured duri ng module 3 (commitment to change) and module 4 (alliance).

®Measured during module 6.

IMeasured by the question “How committed are you to changing your behavior” (n=97).

®Measured using Session Alliance Inventory Scale (n=101).

Participants with intended use rated the quality of BalanceUP
in terms of engagement (eg, personalization and interactivity),
information quality (eg, source and credibility), perceived
subjective quality (eg, recommend app and pay for app), and
perceived impact (eg, knowledge and awareness). The
highest-rated subscale was information quality, with a mean of
4.47 (SD 0.47), followed by perceived impact (mean 4.00, SD
0.62), engagement (mean 3.72, SD 0.65), and subjective quality
(mean 3.56, SD 0.77).

Impression of Change and Adver se Events

Wefound evidence of animproved perceived global impression
of change in the Patient Global Impression of Change Scale
from module 1 to module 7 (t;0;=8.45; P<.001; Cohen d=—0.62,
95% CI —0.91 t0-0.33), indicating an improvement in perceived
genera health. Of the participants who reported worsening of
their general condition in module 1 (6/142, 4.2%), only 1
participant reported that thiswas because of the current coaching
intervention and provided the following explanation:

Dealing with migraine triggers constant
self-monitoring, which may cause slight discomfort

https://www.jmir.org/2024/1/€50132

and prevents me from feeling completely free from
them. However, in the long term, it isworth pursuing
education and behavior change.

The remaining 5 participants reported that the worsening was
because of other reasons, such as job and social conflicts. In
module 7, only 2% (2/102) of the participants reported
worsening of their general condition; however, all cited other
reasons as the cause.

Triggers

Participantsrated their sensitivity to trigger with amean of 2.51
(SD 1.09) and avoidance with a mean of 2.32 (SD 1.07),
indicating average sensitivity and avoidance compared with a
sample of people who have headache [96].

Qualitative Evaluation

We further assessed the BalanceUP app's positive (Figure 7)
and negative (Figure 8) aspects using qualitative content
analysis. We used adeductive approach to identify themes based
oninsightsfrom our pilot study and the existing literature. When
examining the positive aspects, participants expressed a strong
appreciation for the extensive and comprehensive information
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provided, which included various types of exercises and the aspects, participants expressed a desire for more flexibility in
delivery mode of the intervention. When evaluating negative their interactions with the CA.

Figure 7. Thethematic map illustrates the positive aspects of BalanceUP. Numbers in parentheses indicate the frequency of mentions for each topic.
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Figure 8. The thematic map illustrates suggestions to improve BalanceUP. Numbersin parentheses indicate the frequency of mentions for each topic.
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Discussion

Principal Findings

This study aimed to describe the development and evaluation
of the effectiveness of the BalanceUP app. Thisisthefirst RCT
of a fully unguided coaching intervention delivered by a
rule-based CA to facilitate mental well-being in individuals
with headaches. We described the BalanceUP app's
evidence-based design and systematic evaluation.

With regard to effectiveness, we found evidence of improved
mental well-being, asmeasured by the PHQ-ADS, inindividuals
with frequent headaches who received BaanceUP, with a
medium to large between-group effect size (Cohen d=—0.66).
Participants who interacted with BalanceUP experienced a
clinically important improvement, reporting, on average, a 3.9
(SD 5.59) point reduction [85] of perceived depression and
anxiety symptoms after theintervention. In contrast, participants
in the waitlist control group did not show substantial changes
intheir mental well-being (0.6-point reduction onthe PHQ-ADS
score). Moreover, we found evidence of reduced anxiety,
somatic symptoms, perceived stress, and absenteeism and
presenteeism, aswell asimproved HM SE-G-SF, application of
BCTs, and pain coping skills, with effects ranging from medium
(Cohen d=0.43) to large (Cohen d=1.05). Diagnostic status,
concurrent psychotherapy, concurrent tracking of headaches,

https://www.jmir.org/2024/1/e50132
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and headache-related self-efficacy did not influence the effects
of chatbot coaching.

No notable adverse effects were observed owing to the use of
BalanceUP. Among the participants who initiated the coaching
by starting the first module, a substantial portion (118/182,
64.8%) successfully adhered to the program. Participants who
used BalanceUP asintended established apronounced working
alliance with the CA, which significantly improved with time.

In terms of acceptance, the program’s information content
received the highest rating, followed by the perceived impact,
engagement, and subjective quality of BalanceUP. Its overall
average rating, on ascale of 1 to 5 stars, was 3.91 (SD 0.67),
indicating a high level of acceptance. Participants expressed
their willingness to recommend the app to individuals who
might benefit, with a mean rating of 4.02 (SD 1.05), reflected
by thefollowing statement in the uUMARS questionnaire: “ There
are many people | would recommend this app to.”

Comparison With Prior Work

Evidence on the effectiveness of mobile interventions for
headachesislimited, despitetheir wide availability [47]. Minen
et al [44] found that, despite a trend toward mHealth, most
studies using electronic behavioral interventions to treat
headaches did not use mobile devices. Only 1 single-arm study
explored mHealth migraine behavioral therapy but with potential
bias owing to missing diary entries. A recent study by Grazzi
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et a [114] demonstrated the feasibility and effectiveness of an
mHealth mindfulness program for chronic migraineurs
(headaches for =15 d in a month), resulting in a 50%
retrospective reduction in migraine days and medication intake.

With regard to internet-based headache treatments, 1 pilot study
by Day et a [115] showed improvement in sel f-efficacy (Cohen
d=0.82) and pain acceptance (Cohen d=0.82), although there
was no evidence of headache reduction. An RCT by Bromberg
et a [105] assessed a web-based intervention for migraine
self-management and coping, revealing improvements in
multiple outcomes, including depression, stress, headache
self-efficacy, pain catastrophizing, and coping strategies,
although without changes in anxiety and disability. Another
study on web-based behavioral training for migraine
self-management found no difference in headache attack
freqguency but found evidence for improved migraine
self-efficacy and locus of control [116].

This study’s results align with face-to-face behavior change
interventions for headaches. Cognitive behavioral therapy,
relaxation, or mindfulness interventions have effectively
improved the cognitive, behavioral, anxiety, and stress-related
aspects associated with headaches [30,117]. Notably, the
evaluation of MIMA [72], the basis of our coaching, found
limited improvement in headache-rel ated outcomes, except for
headache self-efficacy. Furthermore, BalanceUP was extended
to address TTH (eg, onset of headache, course of headache, and
medication). Although migraine was predominant among
participants, we found no evidence that diagnostic status affected
treatment outcomes. Tailoring allowed BalanceUP to effectively
address both types of headaches.

There was no evidence of the influence of concurrent
psychotherapy on coaching effectiveness in this study, which
is noteworthy given prior suggestions of potential benefits of
combining face-to-face and digital interventions[118,119]. The
hypothesized rol e of headache-rel ated self-efficacy in treatment
outcome [120] remained unconfirmed in this study.

The BalanceUP app’s evidence-based design and systematic
evaluation contribute to the growing body of evidence on the
acceptance and effectiveness of interventionsinvolving CAsin
health care. A recent meta-analysis examined 32 RCTsfocusing
on mental health and CA use [121]. Short-term effects on
outcomes such as depressive and generalized anxiety symptoms,
quality of life, well-being, and stress were found, with effect
sizesranging from Hedges g=0.24 to Hedges g=0.62. However,
the long-term effects remained unclear. Personalization and
empathetic responses emerged as crucial effectiveness
facilitators, with longer CA interactions linked to larger effect
sizes. These findings align with those of another meta-analysis
[122], showing the effectiveness of CAsin outcomesrelated to
lifestyle changes, smoking cessation, substance misuse, and
medication adherence. Notably, <50% of the participants
reported overall satisfaction with the CA, content likeability,
and future use. However, many studies had a pre- and
postintervention design or were feasibility trials, indicating the
need for further RCTs in this field. Abd-Alrazag et a [123]
evaluated the effectiveness of CAsin 12 clinical and nonclinical
RCTs. Weak evidence of reduced depression, stress, or
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agoraphobia rates, but not improved mental well-being, was
found. However, bias, low-quality evidence, small sasmple size,
or contradictory results limited the conclusions, necessitating
further high-quality RCTs following the guidelines.

Contextual factors, such as psychological traits, motivation,
personal relevance, and attributes of digital behavior change
interventions themselves (eg, content, reminders, delivery,
support, and personalization) influencing engagement [64].
BalanceUP integrates personalization and tailoring (eg, relevant
topic selection and adjustment of interaction length) to empower
participants and promote a sense of control and ownership over
the coaching process. Emotional support, encouragement, or
validation from the CA also expresses empathy, reinforcing
participants’ feelings (eg, “This is excellent news, well done,
keep on track” and “I am sorry to hear, but setbacks are also
part of a change process’). Qualitative feedback confirms
program flexibility and suggests that addressing individual
preferences can enhance satisfaction and further improve the
coaching experience.

In BalanceUP, we observed that 65% of the participants used
coaching as intended by completing the outro. In behavioral
headache treatment, engagement has yet to be thoroughly
assessed in terms of dose and duration; however, earlier studies
reported high dropout rates [124].

Consistent with previous research [67,125], participants using
BalanceUP established a strong alliance with the CA, which
improved significantly with time. This finding aligns with
studies conducted in in-person, digital, and group settings
[126-128] and with individual swith recurrent headaches[129].
However, contradictory to findings in internet-based therapy
studies [130,131], the aliance was unrelated to improvements
in participants’ mental well-being. These results suggest that,
although the alliance between participants and the CA was
established and strengthened throughout the coaching program,
other factors may significantly influence treatment effectiveness.

Limitations and Future Work

This study had several limitations. First, guidelinesfor trials of
behavioral headache treatments[88] recommend using headache
frequency as the primary outcome. However, they also urge
investigators to use standardized disability, functional status,
or quality of life measures. A recent Delphi study by Leudtke
et al [132] emphasized the need for outcome measuresthat truly
reflect patients’ experiences. Therefore, the inclusion of
functional disability, quality of life, and associated symptoms
should be considered in nonpharmacological interventions.
BalanceUP aimed to capture the biopsychosocial impact of
headaches by addressing various lifestyle factors.

Second, the self-selection of the participants limits the
generalizability of our findings and introduces potential
self-selection bias. Participants’ particular interest in the subject
matter might make them nonrepresentative of the broader
population. Caution is needed when extending these findings
to a broader context because of the possibility of differing
preexisting characteristics.

Third, it is important to acknowledge potential improvements
for enhanced interactionsin BalanceUP. The current rule-based
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nature of the CA alowed for the implementation of an
evidence-based program. However, participants desirefor more
flexibleinteractionswith the ability to input personal responses
was evident. Previous research [133] indicates user preference
for a combination of predefined answer options and text input
to enhance perceived interactivity. To enhance text processing
in BalanceUP, integrating artificial intelligence (Al)—based
technology, such as large language models or natural language
processing, could be considered. Natural language processing
and largelanguage models enable the CA to interpret user inputs
more dynamically, yet existing Al-based chatbots struggle with
unforeseen user responses [133,134]. Furthermore, ethical
aspects related to Al technology should be considered, as they
could lead to misjudgments and potential risks. Research has
highlighted a lack of transparency in describing the handling
of input dataand algorithms, affecting the reliability and validity
of findings [122,135]. One approach might involve using Al
technol ogy for specific tasks (eg, providing content that humans
will select or tailor) while maintaining a rule-based approach
for other tasks (eg, handling sensitive information and following
guidelines), ensuring predictability and preventing harm.

Fourth, it is worth noting that most participants in this study
were women (86%), in line with the higher prevalence of
headache in women [136]. Approximately half of them had
university degrees, consistent with our pilot study [67].
However, the tria’s sociographic distribution may not fully
represent the general population. Future studies should seek
greater diversity using a more representative sample.

Fifth, a potential limitation is the digital placebo effect [137].
Inthisunblinded trial, participants might attribute improvements
to using an mHealth intervention rather than interventionist
ingredients. Expectations and engagement could bias outcomes
positively. Future research should carefully design control
conditions, considering active control groups or sham
interventions [138].

Sixth, participants needing asmartphoneintroduced alimitation
[139]. Although mHealth usability is favored by a substantial
proportion of middle-aged individuals with headache in
German-speaking countries, the exclusion of smartphone-less
individuals may impact generalizability [4]. Ownership rates
are high, for example, 92% in Switzerland and 91% in Europe
[140].
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Seventh, asmall number of participants (28/198, 14.1%) in this
study encountered technical issues, such asmissing audio tones
in videos or loss of internet connection. Although technical
support was provided to address these problems; it islikely that
these technical issues may have had a negative impact on
participants’ engagement.

Finally, the primary objective of developing this app was to
enhance the mental well-being outcomes of individuals with
headache. The app was specifically designed for this research
project. Currently, itisfreely availablefor public use. However,
thefuture availability of the app is uncertain because of ongoing
support costs and a lack of collaboration with potential
providers. We recognize the potential value of making such
interventions accessiblein thefuture, and discussionsregarding
their availability are ongoing. It is essential to note that the
university’s role is not to provide the app as a service but to
contribute through accompanying research. The sustainability
of digital health interventions, particularly with limited public
health funding, remains challenging [141,142]. Clear
cost-benefit outcomes and accountability strategies should be
addressed in future research.

Conclusions

This study represents the first empirical evaluation of an
evidence-based and CA-delivered coaching intervention
(BalanceUP) designed to promote a healthy lifestyle among
individuals with headaches. The findings provide evidence of
the positive impact of BalanceUP on participants mental
well-being, as indicated by improvements in depression and
anxiety symptoms. The establishment of a strong alliance
between participants and the CA, along with their high
commitment to the program, further reinforces the potential
effectiveness of this intervention. The scaability and
accessibility of automated coaching through a CA highlight its
potential asan engaging and effective tool for behavior change.
Further research is needed to explore the long-term effects,
intensity, and duration of delivery of coaching interventionsfor
lifestyle modifications in the heath sector. Therefore, the
applicability of mHealth interventions in diverse populations
should be investigated. Understanding these aspects will
contribute to the development of effective and inclusive
interventions that promote positive health outcomes.

This research did not receive any specific grants from funding agencies in the public, commercial, or not-for-profit sectors.

Data Availability

The data sets generated and analyzed during this study are available from the corresponding author upon reasonable request.

Authors Contributions

SU designed the study and was supervised by HK and ARG. SU drafted the ethics application and registered with the trial. SU
oversaw the design of the coaching program, with assistance from VZ. Technica implementation was a collaborative effort
supported from Zurich University of Applied Sciences (ZHAW) and Swiss Federal Institute of Technology Zurich (ETH).
Statistical analyses were performed by SU and supervised by HK, including consultation with a statistician from ZHAW.

https://www.jmir.org/2024/1/e50132 JMed Internet Res 2024 | vol. 26 | €50132 | p. 21

(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Ulrich et d

Interpretation and discussion of the results were led by SU in consultation with TK and ARG. SU wrote the manuscript, and TK
critically reviewed the entire manuscript. All the authors approved the final manuscript.

Conflictsof Interest

TK is affiliated with the Centre for Digital Health Interventions, ajoint initiative of the Institute for Implementation Sciencein
Health Care, University of Zurich; the Department of Management, Technology, and Economics at Swiss Federa Institute of
Technology Zurich; and the Ingtitute of Technology Management and School of Medicine at the University of St. Gallen. The
Centre for Digital Health Interventionsis funded in part by CSS, a Swiss health insurer; Mavie Next, an Austrian health insurer;
and MTIP, a Swiss digital health investor. TK is also a cofounder of Pathmate Technologies, a university spin-off company that
creates and delivers digital clinical pathways. However, neither CSS nor Pathmate Technol ogies were involved in this research.
ARG has no conflicts of interest to report to this publication. He is a board member of the Swiss Headache Society. All other
authors declare no other conflicts of interest.

Multimedia Appendix 1

Overview of the coaching intervention.
[PDFE File (Adobe PDF File), 151 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Intervention flow.
[PDF File (Adobe PDF File), 112 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Behavior change techniques implemented.
[PDE File (Adobe PDF File), 148 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Aspects of engagement.
[PDEF File (Adobe PDF File), 228 KB-Multimedia Appendix 4]

Multimedia Appendix 5

Outcomes and time points.
[PDE File (Adobe PDF File), 123 KB-Multimedia A ppendix 5]

Multimedia Appendix 6

Engagement with subjective experience dropout versus intended use.
[PDE File (Adobe PDF File), 96 KB-Multimedia Appendix 6]

Multimedia Appendix 7

CONSORT-EHEALTH Checklist.
[PDF File (Adobe PDF File), 763 KB-Multimedia Appendix 7]

References

1.  GBD 2016 Disease and Injury Incidence 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
Global Burden of Disease Study 2016. Lancet. Sep 16, 2017;390(10100):1211-1259. [FREE Full text] [doi:
10.1016/S0140-6736(17)32154-2] [Medline: 28919117]

2. Steiner TJ, Stovner LJ, Birbeck GL. Migraine: the seventh disabler. J Headache Pain. Jan 10, 2013;14(1):1. [FREE Full
text] [doi: 10.1186/1129-2377-14-1] [Medline: 23566305]

3. Steiner TJ, Terwindt GM, KatsaravaZ, Pozo-Rosich P, Gantenbein AR, Roche SL, et al. Migraine-attributed burden, impact
and disability, and migraine-impacted quality of life: expert consensus on definitions from a Delphi process. Cephalalgia.
Nov 2022;42(13):1387-1396. [FREE Full text] [doi: 10.1177/03331024221110102] [Medline; 35791285]

4. Lampl C, Thomas H, Stovner LJ, Tassorelli C, Katsarava Z, Lainez JM, et al. Interictal burden attributable to episodic
headache: findings from the Eurolight project. J Headache Pain. 2016;17:9. [FREE Full text] [doi:
10.1186/s10194-016-0599-8] [Medline: 26879832]

https://www.jmir.org/2024/1/e50132 JMed Internet Res 2024 | vol. 26 | €50132 | p. 22
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v26i1e50132_app1.pdf&filename=ac9b226fd383abdc2701370a5a6ed4da.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e50132_app1.pdf&filename=ac9b226fd383abdc2701370a5a6ed4da.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e50132_app2.pdf&filename=ace6bc4c0b2f6ba807f09e6e153e33f6.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e50132_app2.pdf&filename=ace6bc4c0b2f6ba807f09e6e153e33f6.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e50132_app3.pdf&filename=06e6ed2dd006ee6fc3f91c0bb78a2f31.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e50132_app3.pdf&filename=06e6ed2dd006ee6fc3f91c0bb78a2f31.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e50132_app4.pdf&filename=c6680a0aa0c27b4a516eff3db94f6c6f.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e50132_app4.pdf&filename=c6680a0aa0c27b4a516eff3db94f6c6f.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e50132_app5.pdf&filename=b0222cd729254c04c061baa8166e603d.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e50132_app5.pdf&filename=b0222cd729254c04c061baa8166e603d.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e50132_app6.pdf&filename=3c26a894ce89796f7bbaa05f1a66879a.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e50132_app6.pdf&filename=3c26a894ce89796f7bbaa05f1a66879a.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e50132_app7.pdf&filename=44b30575c80d9423ac1487d2325dba11.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e50132_app7.pdf&filename=44b30575c80d9423ac1487d2325dba11.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(17)32154-2
http://dx.doi.org/10.1016/S0140-6736(17)32154-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28919117&dopt=Abstract
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/1129-2377-14-1
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/1129-2377-14-1
http://dx.doi.org/10.1186/1129-2377-14-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23566305&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/03331024221110102?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/03331024221110102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35791285&dopt=Abstract
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/s10194-016-0599-8
http://dx.doi.org/10.1186/s10194-016-0599-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26879832&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ulrich et d

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Berg J, Stovner LJ. Cost of migraine and other headaches in Europe. Eur J Neurol. Jun 2005;12 Suppl 1(s1):59-62. [doi:
10.1111/j.1468-1331.2005.01192.x] [Medline: 15877781]

Gustavsson A, Svensson M, Jacobi F, Allgulander C, Alonso J, Beghi E, et al. CDBE2010Study Group. Cost of disorders
of the brain in Europe 2010. Eur Neuropsychopharmacol. Oct 2011;21(10):718-779. [doi: 10.1016/j.euroneuro.2011.08.008]
[Medline: 21924589]

Sokolovic E, Riederer F, Szucs T, Agosti R, Sandor PS. Self-reported headache among the employees of a Swiss university
hospital: prevalence, disability, current treatment, and economic impact. J Headache Pain. Mar 26, 2013;14(1):29. [FREE
Full text] [doi: 10.1186/1129-2377-14-29] [Medline: 23565579]

Linde M, Gustavsson A, Stovner LJ, Steiner TJ, Barré J, Katsarava Z, et a. The cost of headache disordersin Europe: the
Eurolight project. Eur JNeurol. May 2012;19(5):703-711. [doi: 10.1111/j.1468-1331.2011.03612.x] [Medline: 22136117]
Amoozegar F, Khan Z, Oviedo-Ovando M, Sauriol S, Rochdi D. The burden of illness of migrainein Canada: new insights
on humanistic and economic cost. Can J Neurol Sci. Mar 2022;49(2):249-262. [doi: 10.1017/cjn.2021.75] [Medline:
33875042]

Hasenbring M1, Korb J, Pfingsten M. Psychol ogische M echanismen der Chronifizierung ? Konsequenzen fir die Prévention.
In: Kroner-Herwig B, Frettloh J, Klinger R, Nilges P, editors. Schmerzpsychotherapie: Grundlagen — Diagnostik —
Krankheitsbilder — Behandlung. Berlin, Germany. Springer; 2017;115-131.

Turk DC, Okifuji A. Psychological factorsin chronic pain: evolution and revolution. J Consult Clin Psychol. Jun
2002;70(3):678-690. [doi: 10.1037//0022-006x.70.3.678] [Medline: 12090376]

Martin PR. Stress and primary headache: review of the research and clinical management. Curr Pain Headache Rep. Jul
23, 2016;20(7):45. [doi: 10.1007/s11916-016-0576-6] [Medline: 27215628]

Klan T, Liesering-Latta E. Kognitiv-verhaltenstherapeuti sches Migranemanagement (MIMA): Ein Behandlungsmanual
zur Krankheitsbewéltigung und Attackenprophylaxe bei Migrane. Gottingen, Germany. Hogrefe Verlag; 2020.

Fritsche G, Gaul C. Migréne. In: Kroner-Herwig B, Frettloh J, Klinger R, Nilges P, editors. Schmerzpsychotherapie:
Grundlagen - Diagnostik - Krankheitshilder - Behandlung. Berlin, Germany. Springer; 2017;475-502.

French DJ, Holroyd KA, Pinell C, Malinoski PT, O'Donnell F, Hill KR. Perceived self-efficacy and headache-related
disability. Headache. Sep 2000;40(8):647-656. [doi: 10.1046/j.1526-4610.2000.040008647.x] [Medline: 10971661]
Martin NJ, Holroyd KA, Penzien DB. The headache-specific locus of control scale: adaptation to recurrent headaches.
Headache. Nov 1990;30(11):729-734. [doi: 10.1111/].1526-4610.1990.hed3011729.x] [Medline: 2074167]

Pellegrino AB, Davis-Martin RE, Houle TT, Turner DP, Smitherman TA. Perceived triggers of primary headache disorders:
ameta-analysis. Cephalalgia. May 2018;38(6):1188-1198. [ FREE Full text] [doi: 10.1177/0333102417727535] [Medline:
28825314]

Limbrecht-Ecklundt K, Bischoff C, Traue HC. Kopfschmerz vom Spannungstyp. In: Kroner-Herwig B, Frettloh J, Klinger
R, NilgesP, editors. Schmerzpsychotherapie: Grundlagen — Diagnostik — Krankheitsbilder — Behandlung. Berlin, Germany.
Springer; 2017;451-474.

Rasmussen BK. Migraine and tension-type headache in ageneral population: precipitating factors, female hormones, sleep
pattern and relation to lifestyle. Pain. Apr 1993;53(1):65-72. [doi: 10.1016/0304-3959(93)90057-V] [Medline: 8316392]
Nash JM, Thebarge RW. Understanding psychological stress, its biological processes, and impact on primary headache.
Headache. Oct 2006;46(9):1377-1386. [doi: 10.1111/].1526-4610.2006.00580.x] [Medline: 17040334]

Seng EK, Martin PR, Houle TT. Lifestyle factors and migraine. Lancet Neurol. Oct 2022;21(10):911-921. [doi:
10.1016/S1474-4422(22)00211-3] [Medline: 36115363]

Diener HC, Gaul C, Kropp P. Therapie der migraneattacke und prophylaxe der migrane. AWMF Online. 2018. URL: https:/
[register.awmf.org/assets/quidelines/030-0571_S1_Migraene-Therapie 2020-12.pdf [accessed 2023-12-28]

Kropp P, Meyer B, Dreder T, Fritsche G, Gaul C, Niederberger U, et a. Entspannungsverfahren und verhaltenstherapeutische
interventionen zur behandlung der migrane: leitlinie der Deutschen migrédne- und kopfschmerzgesellschaft. Schmerz. Oct
31, 2017;31(5):433-447. [doi: 10.1007/500482-017-0214-1] [Medline: 28364171]

Fritsche G, Kroner-Herwig B, Kropp P, Niederberger U, Haag G. Psychol ogische therapie der migrane: systematische
ubersicht. Schmerz. Jun 19, 2013;27(3):263-274. [doi: 10.1007/s00482-013-1319-9] [Medline: 23685993]

Liking M, Martin A. Entspannung, Im agination, Biofeedback und Meditation. In: Kroner-Herwig B, Frettléh J, Klinger
R, Nilges B, editors. Schmerzpsychotherapie: Grundlagen - Diagnostik - Krankheitsbilder - Behandlung. Berlin, Germany.
Springer; 2017;303-324.

Roditi D, Robinson ME. Therole of psychological interventionsin the management of patients with chronic pain. Psychol
Res Behav Manag. 2011;4:41-49. [FREE Full text] [doi: 10.2147/PRBM.S15375] [Medline: 22114534]

Frettloh J, Hermann C. Kognitiv-behaviorale therapie. In: Kroner-Herwig B, Frettloh J, Klinger R, Nilgesditors P, editors.
Schmerzpsychotherapie: Grundlagen - Diagnostik - Krankheitshilder - Behandlung. Berlin, Germany. Springer; 2017;349-371.
Gaul C, van Doorn C, Webering N, Dlugaj M, Katsarava Z, Diener HC, et al. Clinical outcome of a headache-specific
multidisciplinary treatment program and adherence to treatment recommendations in a tertiary headache center: an
observational study. JHeadache Pain. Aug 5, 2011;12(4):475-483. [FREE Full text] [doi: 10.1007/s10194-011-0348-y]
[Medline: 21544647)

https://www.jmir.org/2024/1/e50132 JMed Internet Res 2024 | vol. 26 | €50132 | p. 23

(page number not for citation purposes)


http://dx.doi.org/10.1111/j.1468-1331.2005.01192.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15877781&dopt=Abstract
http://dx.doi.org/10.1016/j.euroneuro.2011.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21924589&dopt=Abstract
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/1129-2377-14-29
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/1129-2377-14-29
http://dx.doi.org/10.1186/1129-2377-14-29
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23565579&dopt=Abstract
http://dx.doi.org/10.1111/j.1468-1331.2011.03612.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22136117&dopt=Abstract
http://dx.doi.org/10.1017/cjn.2021.75
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33875042&dopt=Abstract
http://dx.doi.org/10.1037//0022-006x.70.3.678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12090376&dopt=Abstract
http://dx.doi.org/10.1007/s11916-016-0576-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27215628&dopt=Abstract
http://dx.doi.org/10.1046/j.1526-4610.2000.040008647.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10971661&dopt=Abstract
http://dx.doi.org/10.1111/j.1526-4610.1990.hed3011729.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2074167&dopt=Abstract
https://europepmc.org/abstract/MED/28825314
http://dx.doi.org/10.1177/0333102417727535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28825314&dopt=Abstract
http://dx.doi.org/10.1016/0304-3959(93)90057-V
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8316392&dopt=Abstract
http://dx.doi.org/10.1111/j.1526-4610.2006.00580.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17040334&dopt=Abstract
http://dx.doi.org/10.1016/S1474-4422(22)00211-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36115363&dopt=Abstract
https://register.awmf.org/assets/guidelines/030-057l_S1_Migraene-Therapie_2020-12.pdf
https://register.awmf.org/assets/guidelines/030-057l_S1_Migraene-Therapie_2020-12.pdf
http://dx.doi.org/10.1007/s00482-017-0214-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28364171&dopt=Abstract
http://dx.doi.org/10.1007/s00482-013-1319-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23685993&dopt=Abstract
https://europepmc.org/abstract/MED/22114534
http://dx.doi.org/10.2147/PRBM.S15375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22114534&dopt=Abstract
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1007/s10194-011-0348-y
http://dx.doi.org/10.1007/s10194-011-0348-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21544647&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ulrich et d

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

Wallasch TM, Kropp P. Multidisciplinary integrated headache care: a prospective 12-month follow-up observational study.
JHeadache Pain. Oct 2012;13(7):521-529. [FREE Full text] [doi: 10.1007/s10194-012-0469-y] [Medline: 22790281]
Pérez-Mufioz A, Buse DC, Andrasik F. Behavioral interventions for migraine. Neurol Clin. Nov 2019;37(4):789-813. [doi:
10.1016/.ncl.2019.07.003] [Medline: 31563233]

Schaetz L, Rimner T, Pathak P, Fang J, Chandrasekhar D, Mueller J, et al. Employee and employer benefitsfrom amigraine
management program: disease outcomes and cost analysis. Headache. Oct 2020;60(9):1947-1960. [FREE Full text] [doi:
10.1111/head.13933] [Medline: 32799346]

Cavanagh K, Strauss C, Forder L, Jones F. Can mindfulness and acceptance be learnt by self-help?: a systematic review
and meta-analysis of mindfulness and acceptance-based self-help interventions. Clin Psychol Rev. Mar 2014;34(2):118-129.
[FREE Full text] [doi: 10.1016/j.cpr.2014.01.001] [Medline: 24487343]

Linardon J, CuijpersP, Carlbring P, Messer M, Fuller-Tyszkiewicz M. The efficacy of app-supported smartphoneinterventions
for mental health problems: a meta-analysis of randomized controlled trials. World Psychiatry. Oct 2019;18(3):325-336.
[FREE Full text] [doi: 10.1002/wps.20673] [Medline: 31496095]

Gél E, tefan S, Cristeal A. The efficacy of mindfulness meditation apps in enhancing users well-being and mental health
related outcomes: a meta-analysis of randomized controlled trials. J Affect Disord. Jan 15, 2021;279:131-142. [doi:
10.1016/j.jad.2020.09.134] [Medline: 33049431]

Kabat-Zinn J, Lipworth L, Burney R. The clinical use of mindfulness meditation for the self-regulation of chronic pain. J
Behav Med. Jun 1985;8(2):163-190. [doi: 10.1007/BF00845519] [Medline: 3897551]

Wong SY, Chan FW, Wong RL, Chu MC, Kitty Lam Y'Y, Mercer SW, et al. Comparing the effectiveness of
mindfulness-based stress reduction and multidisciplinary intervention programsfor chronic pain: arandomized comparative
trial. Clin J Pain. Oct 2011;27(8):724-734. [doi: 10.1097/AJP.0b013e3182183c6e] [Medline: 21753729]

Rosenzweig S, Greeson JM, Reibel DK, Green JS, Jasser SA, Beasley D. Mindfulness-based stress reduction for chronic
pain conditions: variation in treatment outcomes and role of home meditation practice. J Psychosom Res. Jan
2010;68(1):29-36. [doi: 10.1016/j.jpsychores.2009.03.010] [Medline: 20004298]

Day MA, Thorn BE, Rubin NJ. Mindfulness-based cognitive therapy for the treatment of headache pain: a mixed-methods
analysis comparing treatment responders and treatment non-responders. Complement Ther Med. Apr 2014;22(2):278-285.
[doi: 10.1016/j.ctim.2013.12.018] [Medline; 24731899]

Simshduser K, Liking M, Kaube H, Schultz C, Schmidt S. Is mindfulness-based stress reduction a promising and feasible
intervention for patients suffering from migraine? A randomized controlled pilot trial. Complement Med Res.
2020;27(1):19-30. [doi: 10.1159/000501425] [Medline: 31390617]

WellIs RE, O'Connell N, Pierce CR, Estave P, Penzien DB, Loder E, et al. Effectiveness of mindfulness meditation vs
headache education for adultswith migraine: arandomized clinical trial. JAMA Intern Med. Mar 01, 2021;181(3):317-328.
[FREE Full text] [doi: 10.1001/jamainternmed.2020.7090] [Medline: 33315046]

Lake AE, Rains JC, Penzien DB, Lipchik GL. Headache and psychiatric comorbidity: historical context, clinical implications,
and research relevance. Headache. May 09, 2005;45(5):493-506. [doi: 10.1111/j.1526-4610.2005.05101.x] [Medline:
15953266]

Andrasik F, Wittrock DA, Passchier J. Psychol ogicalM echanisms of tension-type headaches. International Headache Society.
2005. URL: https://ihs-headache.org/wp-content/upl oads/2020/06/Andrasik.pdf [accessed 2023-12-14]

WellsRE, Smitherman TA, Seng EK, Houle TT, Loder EW. Behavioral and mind/body interventionsin headache: unanswered
guestions and future research directions. Headache. Jun 15, 2014;54(6):1107-1113. [doi: 10.1111/head.12362] [Medline:
24735261]

Minen MT, Torous J, RaynowskaJ, Piazza A, Grudzen C, Powers S, et al. Electronic behavioral interventionsfor headache:
asystematic review. JHeadache Pain. 2016;17:51. [FREE Full text] [doi: 10.1186/s10194-016-0608-y] [Medline: 27160107]
Stubberud A, Linde M. Digital technology and mobile health in behavioral migraine therapy: anarrative review. Curr Pain
Headache Rep. Jul 31, 2018;22(10):66. [doi: 10.1007/s11916-018-0718-0] [Medline: 30066141]

Gobel H, Frank B, Heinze A, Zimmermann W, Gobel C, Gobel A, et al. Gesundheitsverhalten von Migrane- und
kopfschmerzpatienten bel digitaler therapiebegleitung mit der Migréane-app. Schmerz. Apr 2019;33(2):147-155. [doi:
10.1007/s00482-018-0355-x] [Medline: 30649625]

Mosadeghi-Nik M, Askari M S, Fatehi F. Mobile health (mHealth) for headache disorders: areview of the evidence base.
JTelemed Telecare. Dec 2016;22(8):472-477. [doi: 10.1177/1357633X16673275] [Medline: 27799450]

Tudor Car L, Dhinagaran DA, Kyaw BM, Kowatsch T, Joty S, Theng YL, et al. Conversational agentsin health care:
scoping review and conceptual analysis. JMed Internet Res. Aug 07, 2020;22(8):e17158. [EREE Full text] [doi:
10.2196/17158] [Medline: 32763886]

Laranjo L, Dunn AG, Tong HL, Kocaballi AB, Chen J, Bashir R, et al. Conversational agentsin healthcare: a systematic
review. JAm Med Inform Assoc. Sep 01, 2018;25(9):1248-1258. [FREE Full text] [doi: 10.1093/jamia/ocy072] [Medline:
30010941]

Provoost S, Lau HM, Ruwaard J, Riper H. Embodied conversational agentsin clinical psychology: a scoping review. J
Med Internet Res. May 09, 2017;19(5):e151. [FREE Full text] [doi: 10.2196/jmir.6553] [Medline: 28487267]

https://www.jmir.org/2024/1/e50132 JMed Internet Res 2024 | vol. 26 | €50132 | p. 24

(page number not for citation purposes)


https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1007/s10194-012-0469-y
http://dx.doi.org/10.1007/s10194-012-0469-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22790281&dopt=Abstract
http://dx.doi.org/10.1016/j.ncl.2019.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31563233&dopt=Abstract
https://europepmc.org/abstract/MED/32799346
http://dx.doi.org/10.1111/head.13933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32799346&dopt=Abstract
https://core.ac.uk/reader/19701137?utm_source=linkout
http://dx.doi.org/10.1016/j.cpr.2014.01.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24487343&dopt=Abstract
https://europepmc.org/abstract/MED/31496095
http://dx.doi.org/10.1002/wps.20673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31496095&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2020.09.134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33049431&dopt=Abstract
http://dx.doi.org/10.1007/BF00845519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3897551&dopt=Abstract
http://dx.doi.org/10.1097/AJP.0b013e3182183c6e
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21753729&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychores.2009.03.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20004298&dopt=Abstract
http://dx.doi.org/10.1016/j.ctim.2013.12.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24731899&dopt=Abstract
http://dx.doi.org/10.1159/000501425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31390617&dopt=Abstract
https://europepmc.org/abstract/MED/33315046
http://dx.doi.org/10.1001/jamainternmed.2020.7090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33315046&dopt=Abstract
http://dx.doi.org/10.1111/j.1526-4610.2005.05101.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15953266&dopt=Abstract
https://ihs-headache.org/wp-content/uploads/2020/06/Andrasik.pdf
http://dx.doi.org/10.1111/head.12362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24735261&dopt=Abstract
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/s10194-016-0608-y
http://dx.doi.org/10.1186/s10194-016-0608-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27160107&dopt=Abstract
http://dx.doi.org/10.1007/s11916-018-0718-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30066141&dopt=Abstract
http://dx.doi.org/10.1007/s00482-018-0355-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30649625&dopt=Abstract
http://dx.doi.org/10.1177/1357633X16673275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27799450&dopt=Abstract
https://www.jmir.org/2020/8/e17158/
http://dx.doi.org/10.2196/17158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32763886&dopt=Abstract
https://europepmc.org/abstract/MED/30010941
http://dx.doi.org/10.1093/jamia/ocy072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30010941&dopt=Abstract
https://www.jmir.org/2017/5/e151/
http://dx.doi.org/10.2196/jmir.6553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28487267&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ulrich et d

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.
70.

71.

Stieger M, Fliickiger C, Riegger D, Kowatsch T, Roberts BW, Allemand M. Changing personality traits with the help of
adigital personality change intervention. Proc Natl Acad Sci U SA. Feb 23, 2021;118(8):€2017548118. [FREE Full text]
[doi: 10.1073/pnas.2017548118] [Medline: 33558417]

Ly KH, Ly AM, Andersson G. A fully automated conversational agent for promoting mental well-being: apilot RCT using
mixed methods. Internet Interv. Dec 2017;10:39-46. [FREE Full text] [doi: 10.1016/j.invent.2017.10.002] [Medline:
30135751]

Gardiner PM, McCue KD, Negash LM, Cheng T, White LF, Yinusa-Nyahkoon L, et al. Engaging women with an embodied
conversational agent to deliver mindfulness and lifestyle recommendations: a feasibility randomized control trial. Patient
Educ Couns. Sep 2017;100(9):1720-1729. [FREE Full text] [doi: 10.1016/j.pec.2017.04.015] [Medline: 28495391]
Kowatsch T, Volland D, Shih |, Riegger D, Kunzler F, Barata F, et al. Design and evaluation of a maobile chat app for the
open source behavioral health intervention platform MobileCoach. In: Proceedings of the 12th International Conference
on Designing the Digital Transformation. Presented at: DESRIST '17; May 30-June 1, 2017, 2017;485-489; Karlsruhe,
Germany. URL: https:/link.springer.com/chapter/10.1007/978-3-319-59144-5 36 [doi: 10.1007/978-3-319-59144-5 36]
Fitzpatrick KK, Darcy A, Vierhile M. Delivering cognitive behavior therapy to young adults with symptoms of depression
and anxiety using a fully automated conversational agent (\Woebot): arandomized controlled trial. IMIR Ment Health. Jun
06, 2017;4(2):e19. [FREE Full text] [doi: 10.2196/mental.7785] [Medline: 28588005]

PereiraJ, Diaz O. Using health chatbots for behavior change: a mapping study. J Med Syst. Apr 04, 2019;43(5):135. [doi:
10.1007/s10916-019-1237-1] [Medline: 30949846]

Bickmore T, Gruber A, Picard R. Establishing the computer-patient working alliance in automated health behavior change
interventions. Patient Educ Couns. Oct 2005;59(1):21-30. [doi: 10.1016/j.pec.2004.09.008] [Medline: 16198215]
Bickmore T, Schulman D, Yin L. Maintaining engagement in long-term interventions with relational agents. Appl Artif
Intell. Jul 01, 2010;24(6):648-666. [FREE Full text] [doi: 10.1080/08839514.2010.492259] [Medline: 21318052]
Horvath AO, Greenberg LS. Development and validation of the working alliance inventory. J Couns Psychol. Apr
1989;36(2):223-233. [FREE Full text] [doi: 10.1037/0022-0167.36.2.223]

Flickiger C, Del Re AC, Wampold BE, Symonds D, Horvath AO. How central isthe alliancein psychotherapy? A multilevel
longitudinal meta-analysis. J Couns Psychol. Jan 2012;59(1):10-17. [doi: 10.1037/a0025749] [Medline: 21988681]

Laux G. Online-/internet-programme zur psychotherapie bei depression — eine zwischenbilanz // online-/internet-based
psychological therapies for depression —a summarizing report. J Neurol Neurosurg Psychiatry. 2017;18(1):16-24. [FREE
Full text]

Linardon J, Fuller-Tyszkiewicz M. Attrition and adherence in smartphone-delivered interventionsfor mental health problems:
asystematic and meta-analytic review. J Consult Clin Psychol. Jan 2020;88(1):1-13. [doi: 10.1037/ccp0000459] [Medline:
31697093]

KareklaM, Kasinopoulos O, Neto DD, Ebert DD, Van Daele T, Nordgreen T, et al. Best practices and recommendations
for digital interventionsto improve engagement and adherencein chronicillness sufferers. Eur Psychol. Jan 2019;24(1):49-67.
[FREE Full text] [doi: 10.1027/1016-9040/a000349]

Perski O, Blandford A, West R, Michie S. Conceptualising engagement with digital behaviour change interventions: a
systematic review using principles from critical interpretive synthesis. Transl Behav Med. Jun 2017;7(2):254-267. [FREE
Full text] [doi: 10.1007/s13142-016-0453-1] [Medline: 27966189]

Baumel A, Birnbaum ML, SucalaM. A systematic review and taxonomy of published quality criteriarel ated to the evaluation
of user-facing eHealth programs. JMed Syst. Aug 22, 2017;41(8):128. [doi: 10.1007/s10916-017-0776-6] [Medline:
28735372]

Bickmore TW, Kimani EN, Trinh H, Pusateri A, Paasche-Orlow MK, Magnani JW. Managing chronic conditions with a
smartphone-based conversational virtual agent. In: Proceedings of the 18th International Conference on Intelligent Virtual
Agents. Presented at: 1VA '18; November 5-8, 2018, 2018;119-124; Sydney, Australia. URL : https://dl.acm.org/doi/10.1145/
3267851.3267908 [doi: 10.1145/3267851.3267908]

Hauser-Ulrich S, Kunzli H, Meier-Peterhans D, Kowatsch T. A smartphone-based health care chatbot to promote
self-management of chronic pain (SELMA): pilot randomized controlled trial. IMIR Mhealth Uhealth. Apr 03,
2020;8(4):€15806. [FREE Full text] [doi: 10.2196/15806] [Medline: 32242820]

Weisel KK, Fuhrmann LM, Berking M, Baumeister H, Cuijpers P, Ebert DD. Standal one smartphone apps for mental
health-a systematic review and meta-analysis. NPJ Digit Med. Dec 2, 2019;2(1):118. [FREE Full text] [doi:
10.1038/s41746-019-0188-8] [Medline: 31815193]

Home page. MohileCoach. URL: https://www.mobile-coach.eu/ [accessed 2023-12-14]

Filler A, Kowatsch T, Haug S, Wahle F, Staake T, Fleisch E. MobileCoach: a novel open source platform for the design

of evidence-based, scalable and low-cost behavioral health interventions. overview and preliminary evaluation in the public
health context. In: Proceedings of the 2015 Wireless Telecommunications Symposium. Presented at: WTS '15; October
15-17, 2015, 2015;1-6; New York, NY. URL : https.//ieeexplore.ieee.org/document/7117255 [doi: 10.1109/wts.2015.7117255]
Klan T, Liesering-Latta E, Gaul C, Martin PR, Witthoft M. An integrative cognitive behavioral therapy program for adults
with migraine: afeasibility study. Headache. May 10, 2019;59(5):741-755. [doi: 10.1111/head.13532] [Medline: 30970172]

https://www.jmir.org/2024/1/e50132 JMed Internet Res 2024 | vol. 26 | €50132 | p. 25

(page number not for citation purposes)


https://europepmc.org/abstract/MED/33558417
http://dx.doi.org/10.1073/pnas.2017548118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33558417&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(17)30091-X
http://dx.doi.org/10.1016/j.invent.2017.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30135751&dopt=Abstract
https://europepmc.org/abstract/MED/28495391
http://dx.doi.org/10.1016/j.pec.2017.04.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28495391&dopt=Abstract
https://link.springer.com/chapter/10.1007/978-3-319-59144-5_36
http://dx.doi.org/10.1007/978-3-319-59144-5_36
https://mental.jmir.org/2017/2/e19/
http://dx.doi.org/10.2196/mental.7785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28588005&dopt=Abstract
http://dx.doi.org/10.1007/s10916-019-1237-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30949846&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2004.09.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16198215&dopt=Abstract
https://europepmc.org/abstract/MED/21318052
http://dx.doi.org/10.1080/08839514.2010.492259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21318052&dopt=Abstract
https://psycnet.apa.org/record/1989-24600-001
http://dx.doi.org/10.1037/0022-0167.36.2.223
http://dx.doi.org/10.1037/a0025749
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21988681&dopt=Abstract
https://www.kup.at/kup/pdf/13597.pdf
https://www.kup.at/kup/pdf/13597.pdf
http://dx.doi.org/10.1037/ccp0000459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31697093&dopt=Abstract
https://econtent.hogrefe.com/doi/10.1027/1016-9040/a000349
http://dx.doi.org/10.1027/1016-9040/a000349
https://europepmc.org/abstract/MED/27966189
https://europepmc.org/abstract/MED/27966189
http://dx.doi.org/10.1007/s13142-016-0453-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27966189&dopt=Abstract
http://dx.doi.org/10.1007/s10916-017-0776-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28735372&dopt=Abstract
https://dl.acm.org/doi/10.1145/3267851.3267908
https://dl.acm.org/doi/10.1145/3267851.3267908
http://dx.doi.org/10.1145/3267851.3267908
https://mhealth.jmir.org/2020/4/e15806/
http://dx.doi.org/10.2196/15806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32242820&dopt=Abstract
https://doi.org/10.1038/s41746-019-0188-8
http://dx.doi.org/10.1038/s41746-019-0188-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31815193&dopt=Abstract
https://www.mobile-coach.eu/
https://ieeexplore.ieee.org/document/7117255
http://dx.doi.org/10.1109/wts.2015.7117255
http://dx.doi.org/10.1111/head.13532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30970172&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ulrich et d

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

90.

91.

Klan T, Gaul C, Liesering-Latta E, Both B, Held I, Hennemann S, et al. Efficacy of cognitive-behaviora therapy for the
prophylaxis of migrainein adults: athree-armed randomized controlled trial. Front Neurol. Apr 28, 2022;13:852616. [FREE
Full text] [doi: 10.3389/fneur.2022.852616] [Medline: 35572937]

Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med. Aug 2013;46(1):81-95. [FREE Full text] [doi: 10.1007/s12160-013-9486-6] [Medline:
23512568]

Michie S, Wood CE, Johnston M, Abraham C, Francis JJ, Hardeman W. Behaviour change techniques: the devel opment
and evaluation of ataxonomic method for reporting and describing behaviour change interventions (a suite of five studies
involving consensus methods, randomised controlled trials and analysis of qualitative data). Health Technol Assess. Nov
2015;19(99):1-188. [FREE Full text] [doi: 10.3310/hta19990] [Medline: 26616119]

Yardley L, Spring BJ, Riper H, Morrison LG, Crane DH, CurtisK, et a. Understanding and promoting effective engagement
with digital behavior changeinterventions. Am JPrev Med. Nov 2016;51(5):833-842. [doi: 10.1016/j.amepre.2016.06.015]
[Medline: 27745683]

Jakob R, Harperink S, Rudolf AM, Fleisch E, Haug S, Mair JL, et a. Factors influencing adherence to mHealth apps for
prevention or management of noncommuni cable diseases: systematic review. JMed Internet Res. May 25, 2022;24(5):€35371.
[FREE Full text] [doi: 10.2196/35371] [Medline: 35612886]

Szinay D, Jones A, Chadborn T, Brown J, Naughton F. Influences on the uptake of and engagement with health and
well-being smartphone apps: systematic review. J Med Internet Res. May 29, 2020;22(5):e17572. [FREE Full text] [doi:
10.2196/17572] [Medline: 32348255]

Nahum-Shani I, Smith SN, Spring BJ, Collins LM, Witkiewitz K, Tewari A, et a. Just-in-time adaptive interventions
(JTAIs) in mobile health: key components and design principles for ongoing health behavior support. Ann Behav Med.
May 18, 2018;52(6):446-462. [FREE Full text] [doi: 10.1007/s12160-016-9830-8] [Medline: 27663578]

Kowatsch T, Schachner T, Harperink S, Barata F, Dittler U, Xiao G, et al. Conversational agents as mediating social actors
in chronic disease management involving health care professionals, patients, and family members: multisite single-arm
feasihility study. JMed Internet Res. Feb 17, 2021;23(2):€25060. [ FREE Full text] [doi: 10.2196/25060] [Medline: 33484114]
Stieger M, NifRen M, Riegger D, Kowatsch T, FHuckiger C, Allemand M. PEACH, a smartphone- and conversational
agent-based coaching intervention for intentional personality change: study protocol of a randomized, wait-list controlled
trial. BMC Psychol. Sep 04, 2018;6(1):43. [FREE Full text] [doi: 10.1186/s40359-018-0257-9] [Medline: 30180880]
Kelders SM, Kok RN, Ossebaard HC, Van Gemert-Pijnen JE. Persuasive system design does matter: a systematic review
of adherence to web-based interventions. J Med Internet Res. Nov 14, 2012;14(6):e152. [EREE Full text] [doi:
10.2196/jmir.2104] [Medline: 23151820]

Sieverink F, Kelders SM, van Gemert-Pijnen JE. Clarifying the concept of adherence to eHealth technology: systematic
review on when usage becomes adherence. J Med Internet Res. Dec 06, 2017;19(12):e402. [FREE Full text] [doi:
10.2196/jmir.8578] [Medline: 29212630]

Donkin L, Christensen H, Naismith SL, Nea B, Hickie IB, Glozier N. A systematic review of the impact of adherence on
the effectiveness of e-therapies. JMed Internet Res. Aug 05, 2011;13(3):e52. [FREE Full text] [doi: 10.2196/jmir.1772]
[Medline: 21821503]

von Ryan RM, Deci EL . Self-Determination Theory: Basic Psychological Needsin Motivation, Development, and Wellness.
New York, NY. The Guilford Press; 2017.

Kroenke K, Wu J, Yu Z, Bair MJ, Kean J, Stump T, et al. Patient health questionnaire anxiety and depression scale
(PHQ-ADS): initial validation in three clinical trials. Psychosom Med. 2016;78(6):716-727. [FREE Full text] [doi:
10.1097/PSY.0000000000000322] [Medline: 27187854]

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med. Sep
2001;16(9):606-613. [FREE Full text] [doi: 10.1046/].1525-1497.2001.016009606.x] [Medline: 11556941]

Léwe B, Decker O, Miiller S, Bréhler E, Schellberg D, Herzog W, et al. Validation and standardization of the Generalized
Anxiety Disorder Screener (GAD-7) in the general population. Med Care. Mar 2008;46(3):266-274. [doi:
10.1097/MLR.0b013e318160d093] [Medline: 18388841]

Penzien DB. Guidelinesfor trials of behavioral treatmentsfor recurrent headache: purpose, process, and product. Headache.
May 2005;45 Suppl 2:S87-S89. [doi: 10.1111/].1526-4610.2005.4502001.x] [Medline: 15921504]

Kroenke K, Spitzer RL, Williams JB. The PHQ-15: validity of a new measure for evaluating the severity of somatic
symptoms. Psychosom Med. 2002;64(2):258-266. [doi: 10.1097/00006842-200203000-00008] [Medline: 11914441]
Toussaint A, Hiising P, Kohimann S, Léwe B. Detecting DSM-5 somatic symptom disorder: criterion validity of the Patient
Health Questionnaire-15 (PHQ-15) and the Somatic Symptom Scale-8 (SSS-8) in combination with the Somatic Symptom
Disorder - B Criteria Scale (SSD-12). Psychol Med. Jan 2020;50(2):324-333. [doi: 10.1017/S003329171900014X] [Medline:
30729902]

Klein EM, Bréhler E, Dreier M, Reinecke L, Miiller KW, Schmutzer G, et al. The German version of the Perceived Stress
Scale - psychometric characteristicsin arepresentative German community sample. BMC Psychiatry. May 23, 2016;16:159.
[FREE Full text] [doi: 10.1186/s12888-016-0875-9] [Medline: 27216151]

https://www.jmir.org/2024/1/e50132 JMed Internet Res 2024 | vol. 26 | €50132 | p. 26

(page number not for citation purposes)


https://europepmc.org/abstract/MED/35572937
https://europepmc.org/abstract/MED/35572937
http://dx.doi.org/10.3389/fneur.2022.852616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35572937&dopt=Abstract
https://core.ac.uk/reader/191129821?utm_source=linkout
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
https://doi.org/10.3310/hta19990
http://dx.doi.org/10.3310/hta19990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26616119&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2016.06.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27745683&dopt=Abstract
https://www.jmir.org/2022/5/e35371/
http://dx.doi.org/10.2196/35371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35612886&dopt=Abstract
https://www.jmir.org/2020/5/e17572/
http://dx.doi.org/10.2196/17572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32348255&dopt=Abstract
https://europepmc.org/abstract/MED/27663578
http://dx.doi.org/10.1007/s12160-016-9830-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27663578&dopt=Abstract
https://www.jmir.org/2021/2/e25060/
http://dx.doi.org/10.2196/25060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33484114&dopt=Abstract
https://bmcpsychology.biomedcentral.com/articles/10.1186/s40359-018-0257-9
http://dx.doi.org/10.1186/s40359-018-0257-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30180880&dopt=Abstract
https://www.jmir.org/2012/6/e152/
http://dx.doi.org/10.2196/jmir.2104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23151820&dopt=Abstract
https://www.jmir.org/2017/12/e402/
http://dx.doi.org/10.2196/jmir.8578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29212630&dopt=Abstract
https://www.jmir.org/2011/3/e52/
http://dx.doi.org/10.2196/jmir.1772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21821503&dopt=Abstract
https://europepmc.org/abstract/MED/27187854
http://dx.doi.org/10.1097/PSY.0000000000000322
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27187854&dopt=Abstract
https://europepmc.org/abstract/MED/11556941
http://dx.doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11556941&dopt=Abstract
http://dx.doi.org/10.1097/MLR.0b013e318160d093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18388841&dopt=Abstract
http://dx.doi.org/10.1111/j.1526-4610.2005.4502001.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15921504&dopt=Abstract
http://dx.doi.org/10.1097/00006842-200203000-00008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11914441&dopt=Abstract
http://dx.doi.org/10.1017/S003329171900014X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30729902&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-016-0875-9
http://dx.doi.org/10.1186/s12888-016-0875-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27216151&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ulrich et d

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.
112.

113.

114.

Graef JE, Rief W, French DJ, Nilges P, Nestoriuc Y. German |anguage adaptation of the headache management self-efficacy
scale (HM SE-G) and development of a new short form (HMSE-G-SF). Headache. Apr 22, 2015;55(7):958-972. [doi:
10.1111/head.12564] [Medline: 25904007]

Schwarzer R. Modeling health behavior change: how to predict and modify the adoption and maintenance of health behaviors.
Appl Psychol. Jan 30, 2008;57(1):1-29. [FREE Full text] [doi: 10.1111/].1464-0597.2007.00325.x]

Benz T, Lehmann S, Gantenbein AR, Sandor PS, Stewart WF, Elfering A, et al. Trandlation, cross-cultural adaptation and
reliability of the German version of the migraine disability assessment (MIDAS) questionnaire. Health Qual Life Outcomes.
Mar 09, 2018;16(1):42. [FREE Full text] [doi: 10.1186/s12955-018-0871-5] [Medline: 29523138]

Geisser E. Fragebogen zur Erfassung der Schmerzverarbeitung. Goéttingen, Germany. Hogrefe; 2001.

Caroli A, Klan T, Gaul C, Liesering-Latta E, Martin PR, Witthoft M. Die erfassung von triggerempfindlichkeit und
-vermeidung bei priméren kopfschmerzen: entwicklung und psychometrische erprobung einer deutschen version des
Headache Triggers Sensitivity and Avoidance Questionnaire (HTSAQ-G). Verhaltenstherapie. Jul 2, 2019;30(3):234-245.
[doi: 10.1159/000501218]

Zoubek K. Prozessevaluation einer kognitiv-verhaltenstherapeutischen gruppentherapie bei diabetes und depression :
entwicklung und validierung der patienten- und therapeuten- gruppentherapiestundenbdgen (GTS-P, GTS-T, GTS-TP) zur
vorhersage des therapieerfol gs. Johannes Gutenberg-Universitat Mainz. 2013. URL : https://openscience.ub.uni-mainz.de/
handle/20.500.12030/1758 [accessed 2023-12-28]

van der Heijden H. User acceptance of hedonic information systems. MIS Q. 2004;28(4):695-704. [FREE Full text] [doi:
10.2307/25148660]

Kamis A, Koufaris M, Stern T. Using an attribute-based decision support system for user-customized products online: an
experimental investigation. MIS Q. Mar 2008;32(1):159-177. [FREE Full text] [doi: 10.2307/25148832]

Falkenstrom F, Hatcher RL, Skjulsvik T, Larsson MH, Holmgvist R. Development and validation of a 6-item working
alliance questionnairefor repeated administrations during psychotherapy. Psychol Assess. Mar 2015;27(1):169-183. [FREE
Full text] [doi: 10.1037/pas0000038] [Medline: 25346997]

Falkenstrom F, Hatcher RL, Skjulsvik T, Larsson MH, Holmgvist R. Session alliance inventory—patient version. APA
PsycTests. 2015. URL: https.//psycnet.apa.org/doi L anding?doi=10.1037%2Ft39594-000 [accessed 2023-12-14]

Wilmers F, Munder T, Leonhart R, Herzog T, Plassmann R, Barth J, et al. Die deutschsprachige Version des Working
Alliance Inventory: short revised (WAI-SR): ein schulentibergreifendes, 6konomisches und empirisch validiertes | nstrument
zur erfassung der therapeutischen allianz. Klin Diagnostik u Evaluation. 2018;1(3):343-358.

Stoyanov SR, Hides L, Kavanagh DJ, Wilson H. Development and validation of the user version of the mobile application
rating scale (UMARS). IMIR Mhealth Uhealth. Jun 10, 2016;4(2):e72. [FREE Full text] [doi: 10.2196/mhealth.5849]
[Medline: 27287964]

Ferguson L, Scheman J. Patient global impression of change scores within the context of a chronic pain rehabilitation
program. J Pain. Apr 2009;10(4):S73. [doi: 10.1016/j.jpain.2009.01.258]

Bromberg J, Wood ME, Black RA, Surette DA, Zacharoff KL, Chiauzzi EJ. A randomized trial of aweb-based intervention
to improve migraine self-management and coping. Headache. Feb 2012;52(2):244-261. [FREE Full text] [doi:
10.1111/j.1526-4610.2011.02031.x] [Medline: 22413151]

Wells RE, Burch R, Paulsen RH, Wayne PM, Houle TT, Loder E. Meditation for migraines: a pilot randomized controlled
trial. Headache. Oct 2014;54(9):1484-1495. [doi: 10.1111/head.12420] [Medline: 25041058]

Shamekhi A, Bickmore T, Lestoquoy A, Gardiner P. Augmenting group medical visitswith conversational agentsfor stress
management behavior change. In: Proceedings of the 12th International Conference on Persuasive Technology: Devel opment
and Implementation of Personalized Technologies to Change Attitudes and Behaviors. Presented at: PERSUASIVE '17;
April 4-6, 2017, 2017;55-67; Amsterdam, The Netherlands. URL : https://link.springer.com/chapter/10.1007/
978-3-319-55134-0_5 [doi: 10.1007/978-3-319-55134-0 5]

Mallinckrodt CH, Clark WS, David SR. Accounting for dropout bias using mixed-effects models. J Biopharm Stat.
2001;11(1-2):9-21. [doi: 10.1081/BIP-100104194] [Medline: 11459446]

Siddiqui O, Hung HM, O'Neill R. MMRM vs. LOCF: acomprehensive comparison based on simulation study and 25 NDA
datasets. J Biopharm Stat. Feb 12, 2009;19(2):227-246. [doi: 10.1080/10543400802609797] [Medline: 19212876]

Bell ML, Fiero M, Horton NJ, Hsu CH. Handling missing datain RCTSs; areview of the top medical journals. BMC Med
Res Methodol. Nov 19, 2014;14:118. [FREE Full text] [doi: 10.1186/1471-2288-14-118] [Medline: 25407057]

Mayring P. Qualitative content analysis. Forum Qual Soc Res. 2000;1(2):251-257. [doi: 10.17169/fgs-1.2.1089]

Mayring P. Qualitative inhaltsanalyse. In: Flick U, von Kardoff E, Keupp H, Rosenstiel L, Wolff S, editors. Handbuch
Qualitative Sozialforschung: Grundlagen, Konzepte, M ethoden und Anwendungen. Weinheim, Germany. Beltz; 1991;209-213.
Torous J, Lipschitz J, Ng M, Firth J. Dropout ratesin clinical trials of smartphone appsfor depressive symptoms: asystematic
review and meta-analysis. JAffect Disord. Feb 15, 2020;263:413-419. [doi: 10.1016/j.jad.2019.11.167] [Medline: 31969272]
Grazzi L, Rizzoli P, Andrasik F. Effectiveness of mindfulness by smartphone, for patients with chronic migraine and
medication overuse during the COVID-19 emergency. Neurol Sci. Dec 13, 2020;41(Supp! 2):461-462. [FREE Full text]
[doi: 10.1007/s10072-020-04659-0] [Medline: 32794128]

https://www.jmir.org/2024/1/e50132 JMed Internet Res 2024 | vol. 26 | €50132 | p. 27

(page number not for citation purposes)


http://dx.doi.org/10.1111/head.12564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25904007&dopt=Abstract
https://iaap-journals.onlinelibrary.wiley.com/doi/abs/10.1111/j.1464-0597.2007.00325.x
http://dx.doi.org/10.1111/j.1464-0597.2007.00325.x
https://hqlo.biomedcentral.com/articles/10.1186/s12955-018-0871-5
http://dx.doi.org/10.1186/s12955-018-0871-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29523138&dopt=Abstract
http://dx.doi.org/10.1159/000501218
https://openscience.ub.uni-mainz.de/handle/20.500.12030/1758
https://openscience.ub.uni-mainz.de/handle/20.500.12030/1758
https://www.jstor.org/stable/25148660
http://dx.doi.org/10.2307/25148660
https://www.jstor.org/stable/25148832
http://dx.doi.org/10.2307/25148832
http://liu.diva-portal.org/smash/get/diva2:802104/FULLTEXT01.pdf
http://liu.diva-portal.org/smash/get/diva2:802104/FULLTEXT01.pdf
http://dx.doi.org/10.1037/pas0000038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25346997&dopt=Abstract
https://psycnet.apa.org/doiLanding?doi=10.1037%2Ft39594-000
https://mhealth.jmir.org/2016/2/e72/
http://dx.doi.org/10.2196/mhealth.5849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27287964&dopt=Abstract
http://dx.doi.org/10.1016/j.jpain.2009.01.258
https://europepmc.org/abstract/MED/22413151
http://dx.doi.org/10.1111/j.1526-4610.2011.02031.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22413151&dopt=Abstract
http://dx.doi.org/10.1111/head.12420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25041058&dopt=Abstract
https://link.springer.com/chapter/10.1007/978-3-319-55134-0_5
https://link.springer.com/chapter/10.1007/978-3-319-55134-0_5
http://dx.doi.org/10.1007/978-3-319-55134-0_5
http://dx.doi.org/10.1081/BIP-100104194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11459446&dopt=Abstract
http://dx.doi.org/10.1080/10543400802609797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19212876&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-14-118
http://dx.doi.org/10.1186/1471-2288-14-118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25407057&dopt=Abstract
http://dx.doi.org/10.17169/fqs-1.2.1089
http://dx.doi.org/10.1016/j.jad.2019.11.167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31969272&dopt=Abstract
https://europepmc.org/abstract/MED/32794128
http://dx.doi.org/10.1007/s10072-020-04659-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32794128&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ulrich et d

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

Day MA, Thorn BE, Ward LC, Rubin N, Hickman SD, Scogin F, et al. Mindfulness-based cognitive therapy for the treatment
of headache pain: a pilot study. Clin J Pain. Feb 2014;30(2):152-161. [doi: 10.1097/AJP.0b013e318287aldc] [Medline:
23446085]

Kleiboer A, Sorbi M, van Silfhout M, Kooistra L, Passchier J. Short-term effectiveness of an online behavioral training in
migraine self-management: arandomized controlled trial. Behav Res Ther. Oct 2014;61:61-69. [doi:
10.1016/j.brat.2014.07.009] [Medline: 25133856]

Raggi A, Grignani E, Leonardi M, Andrasik F, Sansone E, Grazzi L, et al. Behavioral approaches for primary headaches:
recent advances. Headache. Jun 2018;58(6):913-925. [doi: 10.1111/head.13337] [Medline: 29802634]

Erbe D, Eichert HC, Riper H, Ebert DD. Blending face-to-face and internet-based interventions for the treatment of mental
disordersin adults: systematic review. JMed Internet Res. Sep 15, 2017;19(9):e306. [FREE Full text] [doi: 10.2196/jmir.6588]
[Medline: 28916506]

Berger T, Bur O, Krieger T. Internet-interventionen in der psychotherapie. Psychother Psychosom Med Psychal. Oct 10,
2019;69(9-10):413-426. [doi: 10.1055/a-0963-9055] [Medline: 31600812]

Nicholson RA, Hursey KG, Nash JM. Moderators and mediators of behavioral treatment for headache. Headache. May
2005;45(5):513-519. [doi: 10.1111/].1526-4610.2005.05103.x] [Medline: 15953268]

HeY, YangL,QianC, Li T, SuZ, Zhang Q, et al. Conversational agent interventionsfor mental health problems: systematic
review and meta-analysis of randomized controlled trials. JMed Internet Res. Apr 28, 2023;25:e43862. [FREE Full text]
[doi: 10.2196/43862] [Medline: 37115595]

Aggarwa A, Tam CC, Wu D, Li X, Qiao S. Artificial intelligence-based chatbots for promoting health behavioral changes:
systematic review. JMed Internet Res. Feb 24, 2023;25:e40789. [FREE Full text] [doi: 10.2196/40789] [Medline: 36826990]
Abd-Alrazag AA, Rababeh A, Algjlani M, Bewick BM, Househ M. Effectiveness and safety of using chatbots to improve
mental health: systematic review and meta-analysis. JMed Internet Res. Jul 13, 2020;22(7):€16021. [FREE Full text] [doi:
10.2196/16021] [Medline: 32673216]

Gewirtz A, Minen M. Adherenceto behavioral therapy for migraine: knowledge to date, mechanismsfor ng adherence,
and methods for improving adherence. Curr Pain Headache Rep. Jan 19, 2019;23(1):3. [FREE Full text] [doi:
10.1007/s11916-019-0739-3] [Medline: 30661135]

Darcy A, Daniels J, Salinger D, Wicks P, Robinson A. Evidence of human-level bonds established with a digital
conversational agent: cross-sectional, retrospective observational study. IMIR Form Res. May 11, 2021;5(5):e27868. [FREE
Full text] [doi: 10.2196/27868] [Medline: 33973854]

Beatty C, Malik T, Meheli S, Sinha C. Evaluating the therapeutic aliance with afree-text CBT conversational agent (Wysa):
amixed-methods study. Front Digit Health. Apr 11, 2022;4:847991. [ FREE Full text] [doi: 10.3389/fdgth.2022.847991]
[Medline: 35480848]

Munder T, WilmersF, Leonhart R, Linster HW, Barth J. Working alliance inventory-short revised (WAI-SR): psychometric
propertiesin outpatients and inpatients. Clin Psychol Psychother. May 2010;17(3):231-239. [doi: 10.1002/cpp.658] [Medline:
20013760]

Jasper K, Weise C, Conrad |, Andersson G, Hiller W, Kleinstauber M. The working alliance in arandomized controlled
trial comparing internet-based self-help and face-to-face cognitive behavior therapy for chronic tinnitus. Internet Interv.
Apr 2014;1(2):49-57. [doi: 10.1016/j.invent.2014.04.002]

Trautmann E, Kroner-Herwig B. A randomized controlled trial of Internet-based self-help training for recurrent headache
in childhood and adolescence. Behav Res Ther. Jan 2010;48(1):28-37. [doi: 10.1016/j.brat.2009.09.004] [Medline: 19782343]
Bergman Nordgren L, Carlbring P, Linna E, Andersson G. Role of the working alliance on treatment outcome in tailored
internet-based cognitive behavioural therapy for anxiety disorders: randomized controlled pilot trial. IMIR Res Protoc. Jan
18, 2013;2(1):e4. [FREE Full text] [doi: 10.2196/resprot.2292] [Medline: 23612437]

Meyer B, Bierbrodt J, Schroder J, Berger T, Beevers CG, Weiss M, et a. Effects of an internet intervention (Deprexis) on
severe depression symptoms: randomized controlled trial. Internet Interv. Mar 2015;2(1):48-59. [FREE Full text] [doi:
10.1016/j.invent.2014.12.003]

Luedtke K, Basener A, Bedei S, Castien R, Chaibi A, FallaD, et a. Outcome measures for assessing the effectiveness of
non-pharmacological interventions in frequent episodic or chronic migraine: a Delphi study. BMJ Open. Feb 12,
2020;10(2):e029855. [FREE Full text] [doi: 10.1136/bmjopen-2019-029855] [Medline: 32051295]

Lim SM, Shiau CW, Cheng LJ, Lau Y. Chatbot-delivered psychotherapy for adults with depressive and anxiety symptoms:
asystematic review and meta-regression. Behav Ther. Mar 2022;53(2):334-347. [doi: 10.1016/j.beth.2021.09.007] [Medline:
35227408]

Chan WW, Fitzsmmons-Craft EE, Smith AC, Firebaugh ML, Fowler LA, DePietro B, et a. The challengesin designing
aprevention chatbot for eating disorders: observational study. IMIR Form Res. Jan 19, 2022;6(1):€28003. [EREE Full text]
[doi: 10.2196/28003] [Medline: 35044314]

Schachner T, Keller R, V Wangenheim F. Artificial intelligence-based conversational agents for chronic conditions:
systematic literature review. J Med Internet Res. Sep 14, 2020;22(9):e20701. [FREE Full text] [doi: 10.2196/20701]
[Medline: 32924957]

https://www.jmir.org/2024/1/e50132 JMed Internet Res 2024 | vol. 26 | €50132 | p. 28

(page number not for citation purposes)


http://dx.doi.org/10.1097/AJP.0b013e318287a1dc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23446085&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2014.07.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25133856&dopt=Abstract
http://dx.doi.org/10.1111/head.13337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29802634&dopt=Abstract
https://www.jmir.org/2017/9/e306/
http://dx.doi.org/10.2196/jmir.6588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28916506&dopt=Abstract
http://dx.doi.org/10.1055/a-0963-9055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31600812&dopt=Abstract
http://dx.doi.org/10.1111/j.1526-4610.2005.05103.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15953268&dopt=Abstract
https://www.jmir.org/2023//e43862/
http://dx.doi.org/10.2196/43862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37115595&dopt=Abstract
https://www.jmir.org/2023//e40789/
http://dx.doi.org/10.2196/40789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36826990&dopt=Abstract
https://www.jmir.org/2020/7/e16021/
http://dx.doi.org/10.2196/16021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32673216&dopt=Abstract
https://europepmc.org/abstract/MED/30661135
http://dx.doi.org/10.1007/s11916-019-0739-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30661135&dopt=Abstract
https://formative.jmir.org/2021/5/e27868/
https://formative.jmir.org/2021/5/e27868/
http://dx.doi.org/10.2196/27868
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33973854&dopt=Abstract
https://europepmc.org/abstract/MED/35480848
http://dx.doi.org/10.3389/fdgth.2022.847991
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35480848&dopt=Abstract
http://dx.doi.org/10.1002/cpp.658
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20013760&dopt=Abstract
http://dx.doi.org/10.1016/j.invent.2014.04.002
http://dx.doi.org/10.1016/j.brat.2009.09.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19782343&dopt=Abstract
https://www.researchprotocols.org/2013/1/e4/
http://dx.doi.org/10.2196/resprot.2292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23612437&dopt=Abstract
https://www.sciencedirect.com/science/article/pii/S2214782914000402
http://dx.doi.org/10.1016/j.invent.2014.12.003
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=32051295
http://dx.doi.org/10.1136/bmjopen-2019-029855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32051295&dopt=Abstract
http://dx.doi.org/10.1016/j.beth.2021.09.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35227408&dopt=Abstract
https://formative.jmir.org/2022/1/e28003/
http://dx.doi.org/10.2196/28003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35044314&dopt=Abstract
https://www.jmir.org/2020/9/e20701/
http://dx.doi.org/10.2196/20701
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32924957&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ulrich et d

136. Stovner LJ, Andree C. Prevalence of headache in Europe: areview for the Eurolight project. J Headache Pain. Aug
2010;11(4):289-299. [FREE Full text] [doi: 10.1007/s10194-010-0217-0] [Medline: 20473702]

137. TorousJ, Firth J. The digital placebo effect: mobile mental health meets clinical psychiatry. Lancet Psychiatry. Feb
2016;3(2):100-102. [doi: 10.1016/S2215-0366(15)00565-9] [Medline: 26851322]

138. Lutz J, Offidani E, Taraboanta L, Lakhan SE, Campellone TR. Appropriate controls for digital therapeutic clinical trials:
anarrative review of control conditionsin clinical trials of digital therapeutics (DTx) deploying psychosocial, cognitive,
or behavioral content. Front Digit Health. 2022;4(6):823977-823950. [FREE Full text] [doi: 10.3389/fdgth.2022.823977]
[Medline: 36060538]

139. Vogel MM, Combs SE, Kessel KA. mHealth and application technology supporting clinical trials: today's limitations and
future perspective of smartRCTs. Front Oncol. Mar 13, 2017;7:37. [FREE Full text] [doi: 10.3389/fonc.2017.00037]
[Medline: 28348978]

140. Grampp M, Brandes D. Smartphones - bane or boon? Opportunities and risks for customers, consumers and companies.
Deloitte. 2019. URL: https.//www?2.del oitte.com/ch/en/pages/technol ogy-media-and-tel ecommuni cations/articles/
global-mobile-consumer-survey.html [accessed 2023-12-15]

141. lyamu |, Gomez-Ramirez O, Xu AX, Chang HJ, Watt S, Mckee G, et a. Challenges in the development of digital public
health interventions and mapped solutions: findings from a scoping review. Digit Health. 2022;8:20552076221102255.
[FREE Full text] [doi: 10.1177/20552076221102255] [Medline: 35656283]

142. Wienert J, Zeeb H. Implementing health apps for digital public health - an implementation science approach adopting the
consolidated framework for implementation research. Front Public Health. 2021;9:610237. [FREE Full text] [doi:
10.3389/fpubh.2021.610237] [Medline: 34026702]

Abbreviations

Al: artificial intelligence

BCT: behavior change technique

CA: conversational agent

CONSORT: Consolidated Standards of Reporting Trials

GAD-7: General Anxiety Disorder Scale-7

HM SE-G-SF: German short form of the Headache Management Self-Efficacy
ITT: intention-to-treat

LMM: linear mixed model

mHealth: mobile health

MIMA:  Cognitive-Behavioral Therapy for Migraine Management (Kognitiv-verhaltenstherapeutisches
Migranemanagement)

PHQ-15: Patient Health Questionnaire-15

PHQ-9: Patient Health Questionnaire-9

PHQ-ADS: Patient Health Questionnaire Anxiety and Depression Scale

PP: per-protocol

RCT: randomized controlled trial

TTH: tension-type headache

UMARS: translated version of the Mobile App Rating Scale

Edited by T de Azevedo Cardoso; submitted 27.06.23; peer-reviewed by C Gaul, R Davis-Martin, P Wicks, comments to author
16.08.23; revised version received 20.09.23; accepted 12.12.23; published 24.01.24

Please cite as:

Ulrich S Gantenbein AR, Zuber V, Von Wyl A, Kowatsch T, Kiinzli H

Development and Eval uation of a Smartphone-Based Chatbot Coach to Facilitate a Balanced Lifestyle in Individuals With Headaches
(BalanceUP App): Randomized Controlled Trial

J Med Internet Res 2024; 26:€50132

URL: https://www.jmir.org/2024/1/€50132

doi: 10.2196/50132

PMID: 38265863

©Sandra Ulrich, Andreas R Gantenbein, Viktor Zuber, Agnes VVon Wy!, Tobias Kowatsch, Hangjérg Kiinzli. Originally published
in the Journal of Medical Internet Research (https://www.jmir.org), 24.01.2024. This is an open-access article distributed under
thetermsof the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted

https://www.jmir.org/2024/1/e50132 JMed Internet Res 2024 | vol. 26 | €50132 | p. 29
(page number not for citation purposes)

RenderX


https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1007/s10194-010-0217-0
http://dx.doi.org/10.1007/s10194-010-0217-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20473702&dopt=Abstract
http://dx.doi.org/10.1016/S2215-0366(15)00565-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26851322&dopt=Abstract
https://europepmc.org/abstract/MED/36060538
http://dx.doi.org/10.3389/fdgth.2022.823977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36060538&dopt=Abstract
https://europepmc.org/abstract/MED/28348978
http://dx.doi.org/10.3389/fonc.2017.00037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28348978&dopt=Abstract
https://www2.deloitte.com/ch/en/pages/technology-media-and-telecommunications/articles/global-mobile-consumer-survey.html
https://www2.deloitte.com/ch/en/pages/technology-media-and-telecommunications/articles/global-mobile-consumer-survey.html
https://journals.sagepub.com/doi/10.1177/20552076221102255?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20552076221102255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35656283&dopt=Abstract
https://europepmc.org/abstract/MED/34026702
http://dx.doi.org/10.3389/fpubh.2021.610237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34026702&dopt=Abstract
https://www.jmir.org/2024/1/e50132
http://dx.doi.org/10.2196/50132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38265863&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ulrich et d

use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet

Research, is properly cited. The complete bibliographic information, alink to the original publication on https://www.jmir.org/,
aswell asthis copyright and license information must be included.

https://www.jmir.org/2024/1/e50132 JMed Internet Res 2024 | vol. 26 | €50132 | p. 30

(page number not for citation purposes)

RenderX


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

