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ABSTRACT: Background: Self-guided Internet-based cognitive behavior therapy (iCBT) for migraine interventions could improve access to
care, but there is poor evidence of their efficacy. Methods: A three-arm randomized controlled trial compared: iCBT focused on
psychoeducation, self-monitoring and skills training (SPHERE), iCBT focused on identifying and managing personal headache triggers
(PRISM) and a waitlist control. The primary treatment outcome was a ≥ 50% reduction in monthly headache days at 4 months post-
randomization. Results: 428 participants were randomized (mean age= 30.1). 240 participants (56.2%) provided outcome data at 4 months.
Intention-to-treat (ITT) analysis with missing data imputed demonstrated that the proportion of responders with a ≥ 50% reduction was
similar between combined iCBTs and waitlist (48.5/285, 17% vs. 16.6/143, 11.6%, p= 0.20), but analysis of completers showed both iCBT
programs to be superior to the waitlist (24/108, 22.2% vs. 13/113, 11.5%, p= 0.047). ITT analysis with missing data imputed showed no
difference between the two iCBTs (SPHERE: 24.8/143, 17.3% vs. PRISM: 23.7/142, 16.7%, p= 0.99). Uptake rates of the iCBTs were high
(76.9% and 81.69% logged in at least once into SPHERE and PRISM, respectively), but adherence was low (out of those who logged in at least
once, 19.01% [21/110] completed at least 50% modules in SPHERE and 7.76% [9/116] set a goal for trying out a given trigger-specific
recommendation in PRISM). Acceptability ratings were intermediate. Conclusions: Self-guided iCBTs were not found to be superior in our
primary ITT analysis. Low adherence could explain the lack of effects as completer analysis showed effects for both interventions.
Enhancement of adherence should be a focus of future research.

RÉSUMÉ : Essai à répartition aléatoire d’interventions d’autothérapie cognitivo-comportementale en ligne contre la migraine.
Contexte : Les interventions d’autothérapie cognitivo-comportementale en ligne (ATCCL) pour soulager les migraines pourraient améliorer
l’accès aux soins, mais il existe peu de données sur leur efficacité. Méthode : Il s’agit d’un essai contrôlé, à répartition aléatoire, visant à
comparer un premier groupe d’ATCCL axée sur la psychoéducation, l’autosurveillance et l’apprentissage d’habiletés (SPHERE); un deuxième
groupe d’ATCCL axée sur la reconnaissance et la prise en charge des déclencheurs personnels de céphalée (PRISM) et un troisième groupe
formé de la liste d’attente témoin. Le principal critère d’évaluation du traitement était une réduction ≥ 50 % du nombre mensuel de jours de
céphalée, 4 mois après la répartition aléatoire. Résultats :Au total, 428 participants ont été répartis au hasard (âge moyen : 30,1 ans), dont 240
(56,2 %) ont fourni des données sur les résultats au bout de 4 mois. D’après l’analyse selon l’intention de traiter (AIT), y compris des données
imputées, la proportion de répondants ayant observé une réduction des symptômes≥ 50 % était comparable entre les deux groupes d’ATCCL
réunis et celui de la liste d’attente (48,5/285 = 17 % contre [c.] 16,6/143 = 11,6 %; p = 0,20); toutefois, l’analyse des patients ayant terminé leur
traitement a révélé que les deux programmes d’ATCCL étaient supérieurs à celui de la liste d’attente (24/108 = 22,2 % c. 13/113 = 11,5 %;
p = 0,047). Enfin, l’AIT, y compris des données manquantes imputées, n’a fait ressortir aucune différence entre les deux groupes d’ATCCL
(SPHERE : 24,8/143 = 17,3 % contre PRISM : 23,7/142 = 16,7 %; p = 0,99). Quant aux taux de mise en œuvre de l’ATCCL, ils étaient élevés
(76,9 % et 81,69 % des participants s’étaient connectés au moins une fois à SPHERE et à PRISM, respectivement), mais l’observance, faible
(parmi tous les sujets qui s’étaient connectés au moins une fois, 19,01 % [21/110] avaient effectué au moins 50 % des modules dans le groupe
SPHERE et 7,76 % [9/116] s’étaient fixé l’objectif d’essayer une recommandation propre à un déclencheur particulier, présentée dans PRISM).
Le degré d’acceptabilité était moyen. Conclusion : Les interventions d’ATCCL ne se sont pas révélées supérieures à l’autre type demesure dans
l’analyse principale selon l’intention de traiter, mais le manque d’observance thérapeutique pourrait expliquer le peu d’effets puisque, d’après
l’analyse des patients ayant terminé leur traitement, les deux types d’intervention ont donné des résultats favorables. La question de
l’amélioration du respect du traitement devrait faire l’objet d’autres recherches.
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Introduction

Migraine is a major public health concern due to its prevalence and
individual and societal burden.1

Its management is challenging, as less than 20% of individuals
with migraine seek professional help2 and typically self-manage
with over-the-counter medication.2 Due to the complex and
multidimensional nature of the disease, a biopsychosocial
approach combining both pharmacological and non-pharmaco-
logical interventions is considered the best treatment.3 The results
of cognitive-behavioral therapy (CBT) aremodest yet have benefits
in reducing pain.4,5 Clinical practice guidelines6 state that CBT can
be used alone or in conjunction withmedication. CBT is a family of
interventions that encompasses different techniques (e.g., psycho-
education, self-monitoring, relaxation) that target different
factors.7 Little attention has been paid to specific elements and
whether they may impact CBT’s effects.

Conventional CBT includes face-to-face sessions with a
therapist for 8–12þ sessions, but this approach has considerable
practical and financial limitations.8 One promising solution is self-
guided Internet-based CBT (iCBT).

The research on iCBT interventions for migraine is at a
preliminary stage. There are few published studies. Most of them
are pilots with small samples, and a minority showed effectiveness
in reducing headaches.9,10 There is a need for larger, pragmatic
randomized clinical trials (RCTs) to evaluate the effectiveness of
iCBT interventions for migraine before recommending their use.

The primary purpose of this study was to compare the
effectiveness of two iCBT interventions against a waitlist control.
The interventions were SPHERE (Specialized Program for
Headache Reduction), which uses a broad CBT approach including
psychoeducation, self-monitoring and skills training, covering
most factors that have been linked to migraine, and PRISM
(Personalized Intervention for Self-Management of Migraine), a
personalized intervention that identifies an individual’s triggers
and provides CBT skills, building on frequently recommended
advice to either cope with or avoid triggers.11 We examined
at least a 50% reduction in the number of headache days
over 4 weeks (primary outcome) and a statistically significant
reduction in peak headache severity over 4 weeks (secondary
outcome), as well as a reduction in headache-related functional
impairment and depressive symptomatology (exploratory
outcomes) from baseline to 4 months post-randomization.
We hypothesized that SPHERE or PRISM would reduce the
number of headache days and peak headache pain intensity
compared to waitlist control.

The secondary purpose of this study was to evaluate the uptake,
adherence and satisfaction with the iCBT interventions.

Methods

Procedures and participants

A prospective parallel three-arm RCT was conducted. Participants
were recruited globally using online social media, as well as
partnerships with headache clinics and professional associations.
Recruitment started in April 2018 and ended in August 2019 when

the target sample size was obtained. Eligibility was determined
based on self-report and involved a two-step process. Interested
individuals accessed a 12-item online survey that assessed
preliminary eligibility (step one). Inclusion criteria for preliminary
eligibility were (1) aged 14–40 years. We selected this age range for
two reasons: (a) to target migraine in the early stages to increase the
likelihood of influencing behaviors and (b) to reach a wide age
range to potentially benefit as many people as possible; (2) fluent in
English; (3) living with migraine as indicated by a score of 2 and
above on the ID Migraine;12 (4) living with migraine for a
minimum of 3 months (for 14–17 years old) or 1 year (for
18–40 years); and (5) owning a smartphone with Internet access
that is used for more than texting and calling. Exclusion criteria for
preliminary eligibility were (1) a known underlying reason for
headaches; (2) pregnant, planning to get pregnant in the following
4–6 months or breastfeeding. Since hormonal changes greatly
influencemigraine in women, these groups are recommended to be
excluded from trials of behavioral treatments13 because it would be
challenging to ascertain if these interventions are the reason for
improvements in the outcome measures; (3) inability to give
informed consent; (4) diagnosed with psychosis and/or schizo-
phrenia; and (5) having participated in the pilot RCT. If eligible in
the preliminary stage, individuals were asked to provide electronic
informed consent. Once consented, participants were asked to
complete a T1 assessment to confirm eligibility for the second step
for enrollment into the study and obtain baseline data. The T1
assessment involved completing an electronic headache diary
(EHD) daily for 4 weeks and completing an online baseline
questionnaire. To be eligible, they had to have a minimum of
4 headache days in a 4-week period at T1. Exclusion criteria
included (1) having completed less than 14 daily EHD entries at T1
or (2) having more than 20 headache days in the 4-week period
since the management of highly frequent migraine attacks or
chronic daily migraine is especially difficult and complex and low-
intensity interventions are more intended to prevent the escalation
of mild or moderate conditions into more severe ones. Criteria
were aligned with the American Headache Society and the
International Headache Society guidelines.13

Participants eligible for study enrollment were then randomized
1:1:1 to the SPHERE, PRISM or waitlist group with stratification by
age (14–21 years and 22–40 years). A permuted block randomi-
zation procedure14 was generated by an external researcher who
prepared sealed numbered envelopes. The research assistant
allocated the eligible participants to their group, which participants
were not blind to. Those allocated to SPHERE or PRISM received a
link and were encouraged to use their program for 4 months via
automated notifications. A final assessment, at 4 months post-
randomization (T2), included a 4-week headache diary assessment
and another online questionnaire. Participants received an
honorarium following completion of the assessments at T1 and
T2. After T2, those assigned to the waitlist were given access to either
PRISM or SPHERE.

The trial protocol was approved by the ethics committee at the
home institution of the principal investigator and at each
participating headache clinic. The trial was registered at
ClinicalTrials.gov. The CONSORT reporting guidelines15 were
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followed. Unanticipated problems were recorded and reported to
the ethics committee at the home institution, and adverse events
were not monitored. Changes to the eligibility criteria were made
after the initiation of the trial to facilitate recruitment and
generalizability (see Figure 1).

iCBT interventions

SPHERE consists of 17 20-minute interactive multimedia modules
providing education about headaches, teaching CBT skills and

encouraging healthy habits (see Table 1). Each module content is
organized into sections including Goals, Getting Started, Let’s
Talk/Let’s Practice and a Quiz. Nine out of the 20 modules include
“practices” to allow users to practice and reinforce the skills or
healthy practices learned in the modules in their everyday lives.
Users are encouraged to complete at least two modules and
accompanying practice activities each week. The use of SPHERE
also includes the myWHI headache diary16 to track relevant
information (e.g., potential triggers and headache frequency) and a
discussion forum to connect SPHERE users.17 The SPHERE forum

Figure 1. Flowchart of the participants. After 4 months of recruitment, we removed the stable pattern exclusion criterion (i.e., stable pattern of headaches for 6 months) (step 1);
we added that those in the 14–17 age range had to self-report headaches for at least 3months instead of 1 year (step 1), andwe only excluded participants that reportmore than 20
headache days during the 4-week period at T1 instead of 15 headache days (step 2).
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was monitored by a moderator who was supervised by a licensed
psychologist.

PRISM explains to users what a trigger is and the importance of
identifying and coping with it. PRISM encourages users to
consistently track a maximum of five potential triggers and record
their headaches. PRISM lists 31 common triggers, but users can
add their own. PRISM assesses the association between potential
triggers and headaches and provides feedback on which suspected
factors may be a trigger for the specific user (single or
combinations of factors can be identified). A minimum amount
of data is required for PRISM to analyze data (i.e., five headaches
and seven exposures to the same possible trigger). Data are
analyzed and updated every day. Once identified, users receive
recommendations for either avoiding or coping with the triggers
that cannot be avoided by using CBT skills that are taught through
the application (see Table 2). Videos, animations or narrative
examples are used to illustrate CBT skills. Users are encouraged to
choose a recommendation and commit to it by setting a goal, which
includes setting a start and end date for them to follow the selected
recommendation. Users are then encouraged to continue tracking
their headaches and exposures to the triggers, as well as completion
of goals. Through the reports, users can see whether their
headaches are improving and their level of adherence to the
selected recommendation. Potential triggers and recommenda-
tions were developed based on a review of the scientific literature
and a Delphi study with headache experts.

Both interventions are mobile-optimized web-based applica-
tions accessible by smartphone. In an attempt to satisfy diversity
and inclusion for a diverse set of potential users, both interventions
were tailored to employ characters with different characteristics in

terms of age, gender and ethnicity. Participants received technical
support and automated tailored reminders to stay engaged and
reinforce their efforts. SPHERE and PRISM underwent in-lab
usability testing with users18 and the feasibility of the two
interventions and the full protocol was evaluated through a
pilot RCT.19

Table 1. Content of SPHERE

Modulesa Description
Includes
practices?

Basic
information

1 About SPHERE Learn how the SPHERE program can benefit X

2 About headaches Understand what pain is and where headaches come from X

3 Identifying triggers Find out what can trigger headaches
p

4 Managing triggers and
headaches

Start to learn how you can cope with triggers and headaches X

Skills 5 Using relaxation Learn about the power of relaxation and different strategies that
can be used

p

6 Using distraction Learn about the power of distraction and different strategies that
you can use

p

7 Changing thoughts Discover how to change unhelpful thoughts to helpful ones
p

8 Pacing yourself Learn how to stay active and pace themselves X

9 Problem-solving Find new ways to resolve problems
p

10 Expressing yourself Build assertive communication skills
p

11 Moving forward Build up a plan for possible future setbacks X

Healthy practices 12 Nutrition Discover how maintaining a healthy, balanced diet can help with
headaches

X

13 Sleep Review some good sleeping habits
p

14 Exercise Learn how to start and maintain an exercise routine
p

15 Self-esteem Build self-esteem to feel better about themselves
p

16 Medication Review the proper use of different medications X

17 Alternative medicine Discover complementary and alternative medicine options X

Table 2. Example of recommendations and skills taught by PRISM to help cope
with one of the major triggers of migraine attacks: stress

1 Avoid stressful situations

2 Use muscle relaxation

3 Use relaxation without tension

4 Use mini relaxation

5 Belly breath

6 Use relaxation using suggestions

7 Reduce negative thoughts: Use attention focusing

8 Reduce negative thoughts: Use your imagination

9 Reduce negative thoughts: Stop negative thoughts

10 Reduce negative thoughts: Think positively

11 Reduce negative thoughts: Change negative thoughts to positive
ones

12 Pace yourself

13 Exercise regularly

14 Adopt healthy sleep habits
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Waitlist control

They were not offered access to either SPHERE or PRISM but were
put on a waiting list to receive their preferred program after 4
months post-randomization.

Measures

Screening measures for eligibility
ID -Migraine12 was used to screen for migraine. ID-Migraine has
shown good validity for the diagnosis of migraine.12,20

A 12-item survey was used to see if potential participants met
the criteria for preliminary eligibility (step 1) and to collect
sociodemographic and headache characteristics.

A version of myWHI diary16 was used to track headaches.

Primary and secondary outcome measures (at T1 and T2)
The primary outcome (i.e., achieving at least a 50% reduction in
the number of headache days per month) and secondary outcome
(i.e., reduction in maximum headache severity) were evaluated
using a simplified version of the myWHI diary.16 Participants
recorded every day whether or not they had a headache and the
highest pain intensity using an 11-point numerical rating scale
(NRS-11) for 4 weeks.

Exploratory outcome measures (at T1 and T2)
The Migraine Disability Assessment Scale–Pediatric version
(PedMIDAS)(21) and the Migraine Disability Assessment
Scale (MIDAS)22 were used for participants between 14 and 17
years old and for those between 18 and 40 years, respectively.
PedMIDAS examines headache disability in school, at home and in
extracurricular and social activities. MIDAS assesses the impact of
headaches on work, school, household work and non-work time
including family, social and leisure activities. Both measure scores
range from 0 to 240, with a higher score indicating greater impact.
Scores can also be categorized according to the degree of disability
(“little or no disability: score 0–5; “mild”: score 6–10; “moderate”:
score 11–20; “severe”: score 21–40; “very severe” ≥ 41). Both
measures are valid and reliable.21,22

The Center for Epidemiological Studies–Depression Scale
(CES-D)23 evaluates depressive symptomatology. Using a 4-point
Likert scale, individuals rate the occurrence of 20 depressive
symptoms. Scores range from 0 to 60, with higher scores indicating
more depressive symptoms. The CES-D also provides a cutoff
point of 16 to screen for significant depressive symptomatology.
The CES-D has sound psychometric properties.23,34

Acceptability measure (at T2)
The 8-item Client Satisfaction Questionnaire (CSQ-8)25,26

evaluates consumer satisfaction with health and human services.
Scores range between 8 and 32, with a higher score indicating
higher satisfaction. It has been shown to be a reliable measure and
to have good construct validity.27 The following cut-off categories
were used: low level of satisfaction (8–20), intermediate (21–26) or
high (27–32).25

Sample size

Sample size estimates assumed that 20% of the control would
clinically improve on the primary outcome (i.e., ≥ 50% reduction
in monthly headache days)28 and a 15% difference for participants
in the treatment groups, with both groups combined, would be
regarded as the minimal clinically important difference. Assuming

a power of 80% and a (two-sided) significance level of 5%,
101 participants per group were required. The sample size was
calculated with G-Power29 on the contrast between the combined
treatment groups (n= 202) and the waitlist group (n= 101). A 40%
attrition rate was anticipated.30 Thus, a total of 424 were needed.
The primary analysis was planned to include all randomized
subjects (intent-to-treat) using multiple imputations. A com-
pleters-only secondary analysis was also preplanned.

Analysis

Analyses were performed with SPSS Statistics (version 29; IBM
Corp) and JASP (version 16; JASP Team). Participant character-
istics were summarized descriptively as mean and standard
deviations (SD) or frequency counts and percentage.

Dropout rates were calculated as the number of participants
who completed less than 14 days in the EHD at T2 divided by the
total number of participants who were randomized. The balance
between intervention versus control groups and completers versus
non-completers was assessed by the Fisher’s exact test and a 2
(combined treatment group vs. control) × 2 (completers vs. non-
completers) between groups Analysis-of-Variance (ANOVA). Q–
Q plots, histogram and density plots were used to assess
assumptions of normality of continuous variables.

To evaluate treatment outcomes, two preplanned orthogonal
contrasts were conducted. We contrasted the combined treatment
groups (i.e., PRISM and SPHERE) with the waitlist (primary
analysis), and we compared the two treatment groups to one
another (secondary analysis).

When evaluating treatment effects on the primary and
secondary outcomes, Fisher’s exact tests and independent samples
t-tests were conducted. T-tests showed that missing data were not
missing at random but were found to be related to group
assignment, percentage of headache days and maximum headache
intensity at pretreatment. However, it was assumed that the
specific values of the missing data were randomly distributed. For
this reason, multiple imputation was performed using the EM
(expectation maximization) algorithm based on participants’ age,
number of headache days at baseline and percentage of headache
days and maximum headache intensity at baseline and 4 months.
Ten separate datasets were generated where missing values on the
percentage of headache days from the diary had been replaced for
all participants who did not complete at least 14 days of the post-
assessment. The imputed data were used to calculate the
percentage reduction and then converted to a binary variable
indicating if a 50% reduction had occurred (coded 1) or not (coded
0). Treatment effect analyses were performed on the 10 datasets,
and the consistency in the direction and size of the estimated effects
when performing control-combined treatment comparison and
PRISM-SPHERE comparison was evaluated. The results were also
combined into one single estimated effect. Odds ratio’s and
Cohen’s d effect sizes were calculated to indicate the effect size at
4 months for the primary (50% reduction in number of headache
days) and secondary outcomes (reduction in maximum intensity).

To provide a comprehensive overview and show the possible
influence of missing values on our analyses, as planned, we
included completers analyses.

Mixed effects linear modeling was used to evaluate change in
exploratory outcomes (i.e., functional impairment and depres-
sion). Each exploratory outcome was regressed into groups (two
levels: combined treatment vs. control and PRISM vs. SPHERE)
and time (two levels) and the interaction of the group by time.
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These analyses were conducted using an intention to treat (ITT)
approach, and full information maximum likelihood was used to
estimate model parameters.

Significance tests were 2-tailed at a significance level of 0.05 and
were not adjusted for multiple testing.

To describe uptake, frequency counts and percentage of
participants who logged in at least once into the programs were
calculated. To describe adherence to SPHERE, we calculated as the
primary indicator the frequency counts and percentage of users
who completed at least 50% of the modules (i.e., any 9 out of the
17 modules) since it was established that a reasonable use of
SPHERE to have some benefit was to have completed at least 50%
of the modules. We also calculated the frequency counts and
percentage of users who completed all 17 modules and each
module, the mean and SD of modules completed per user (defined
as a participant having visited the last page of the module) and the
average percentage of users performing practices per completed
module that includes practices. For PRISM, we calculated as the
primary indicator the frequency counts and percentage of users
who set a goal for a recommendation since it was established that a
reasonable use of PRISM to have some benefit was to have used it at
the extent that the system has identified a potential trigger and
provided recommendations and the user has selected a recom-
mendation and set at least one goal. We also calculated the mean
and SD of diary entries per user, frequency counts and percentage
of users for whom PRISM was able to identify a potential trigger
and mean, SD and median days that a user who set a goal tracked
goal completion.

To describe satisfaction with the interventions, we calculated
means and SD for the total CSQ-8 score when treated as
continuous and frequency counts and percentage for the CSQ-8
score when treated as a categorical.

Results

Participant characteristics

Figure 1 shows the flow of participants through the study. 2,613
were screened to reach our desired sample size.

Participants were predominantly Caucasian non-Hispanic,
females, over age 18 and recruited from the online community.
At baseline, participants reported on average that they had lived
with headaches for 10.3 years, that their headaches occurred on
almost 50% of the days and had moderate intensity and that they
experienced severe disability due to headaches (see Table 3).

Missing treatment outcome data

Of the 428 people randomized, 207 participants did not complete
at least 14 days of the 4 months post-randomization headache days
measure and headache intensity measure (a 48% dropout rate) (see
Figure 1). The dropout rate was not evenly distributed across the
treatment and control: 113 of the 143 (79.0%) randomized control
participants completed post-test measures, whereas only 108 of the
285 (37.9%) randomized treatment participants completed
(Fisher’s exact p < 0.001).

There was no overall difference between the control and
treatment groups on the percentage of headache days at baseline
(50% control vs. 48% treatment, F = 0.81, p = 0.368). However,
there was a difference on the baseline percentage of headache days
between participants who completed post-test measures versus
those who did not (44% completers vs. 53% non-completers, F =
14.46, p < 0.001). There was no interaction between group

assignment and whether participants completed post-test mea-
sures on percentage headache days (F = 0.4, p = 0.526). A similar
pattern was found when a 2 × 2 between groups ANOVA on
baseline maximum headache intensity was performed. There was
no overall difference between the control and treatment groups on
baseline maximum headache intensity (6.9 control vs. 6.7
treatment, F = 0.91, p = 0.341). However, there was a difference
on baseline headache intensity between participants who com-
pleted post-test measures versus those who did not (6.3 completers
vs. 7.4 non-completers, F = 20.90 p < 0.001). There was no
interaction between group assignment and whether participants
completed post-test measures on headache intensity (F = 0.62,
p = 0.432).

Primary and secondary treatment outcomes

Comparison between Internet-based treatment (combined
treatment groups) and control

Intention-to-treat analyses
Table 4 displays the pooled odds ratio when comparing treatment
against control on the primary outcome derived from the 10
imputed datasets. A nonsignificant effect of the intervention on a
>50% reduction in headache days was found (17% vs. 11.6%,
p = 0.20).

Table 5 shows the mean change scores between baseline and
post-treatment on maximum headache intensity for combined
treatment and control group in each imputation dataset. Almost
all these differences as well as the pooled difference were not
statistically significant (−0.8 points vs. −0.6 points, p = 0.34).

Completers analysis
Of those who completed the EHD (n = 221), a greater percentage
of participants in the combined treatment group versus the control
group met the primary outcome (24/108, 22.2% vs. 13/113, 11.5%,
p = 0.047). There was no difference in mean change in maximum
headache intensity in the combined treatment group versus the
control group (−0.5 points vs. −0.7 points, p = 0.381).

Comparison between the two iCBT groups

Intention-to-treat analyses
Table 6 shows the percentage of participants allocated to PRISM
and SPHERE who achieved at least a 50% reduction in headache
days across 10 imputations. Fisher’s exact tests show a consistent
pattern indicating no difference between the treatment groups
(SPHERE: 17.3% vs. PRISM: 16.7%, p = 0.99).

None of the differences in estimated change scores from
baseline to post-treatment on maximum headache intensity either
for each imputation or the pooled difference was found to be
statistically significant. See Table 7.

Exploratory outcomes (intention-to-treat analyses)

Comparison between Internet-based treatment (combined
treatment groups) and control
There was a significant decrease in MIDAS scores from baseline to
post-treatment (F = 28.05, p < 0.001) among all participants, but
no significant difference between combined treatment and control
(F = 0.7, p = 0.402).

There was no change in CES-D scores between baseline and
post-test and no significant group by time interaction (F = 1.88,
p = 0.171 and F = 0.002, p = 0.964, respectively).
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Table 3. Baseline characteristics of the participants

Waitlist
(n = 143)

Combined treatment
group (n = 285)

SPHERE
(n = 143)

PRISM
(n = 142)

Total
(n = 428)

Age Mean (SD) 28.8 (6.1) 30.2 (6) 30.1 (6) 30.3 (5.9) 30.1 (6.)

Younger age group (14–17 y.o), n (%) 2 (1.4) 5 (1.7) 2 (1.4) 3 (2.1) 7 (1.6)

Older age group (17–40 y.o), n (%) 141 (98.6) 280 (98.2) 141 (98.6) 139 (97.9) 421 (98.4)

Race/ethnicity, n (%) Caucasian non-Hispanic 87 (60.8) a 73.4b 83 (58)c 102 (71.8)d 272 (63.6)e

Black 18 (12.6)a 33 (13.1)b 22 (15.4)c 11 (7.7)d 51 (11.9)e

Hispanic Latino 9 (6.3)a 8 (3.2)b 4 (2.8)c 4 (2.8)d 17 (4.0)e

East Asian 8 (5.6)a 9 (3.6)b 5 (3.5)c 4 (2.8)d 17 (4.0)e

South Asian 4 (2.8)a 11 (4.4)b 7 (4.9)c 4 (2.8)d 15 (3.5)e

First Nations, Inuit, Métis 6 (4.2)a 8 (3.2)b 3 (2.1)c 5 (3.5)d 14 (3.3)e

Others 7 (5.3)a 5 (2)b 3 (2.4)c 2 (1.6)d 12 (3.1)e

Recruitment, n (%) From clinical setting 5 (3.5) 10 (3.5) 5 (3.5) 5 (3.5) 15 (3.5)

Headache duration in years, mean (SD) 10.3 (8.8) 10 (8.5) 9.4 (7.6) 10.5 (9.2) 10.1 (8.6)

% of headache days/month, mean (SD) 47.3 (0.2) 48.7 (0.2) 48.2 (0.2) 49.2 (0.2) 48.2 (0.2)

Maximum headache intensity/month, mean (SD) 6.6 (1.8) 6.8 (1.9) 6. 8 (1.9) 6.8 (1.9) 6.7 (1.9)

Depression: CES-Dg CES-D, mean (SD) 19.9 (11) 20 (10.3) 19.3 (9.9) 20. 7 (10.6) 20 (10.5)

CES-D ≥ 16 (significant depressive
symptomatology), n (%)

80 (60.2) 158 (62.7) 74 (59.7) 84 (65.6) 238 (61.8)

Headache impairment: MIDAS MIDAS, mean (SD)f 36.8 (30) 37.1 (72.6) 33 (32.1) 41.1 (97.2) 37 (61.2)

MIDAS 0–5 (little or no disability) 4 (3.0) 10 (4.1) 2 (1.6) 8 (6.5) 14 (3.7)

MIDAS 6–10 (mild disability) 10 (7.6) 20 (8.2) 7 (5.7) 13 (10.6) 30 (8.0)

MIDAS 11–20 (moderate disability) 36 (27.3) 86 (35.1) 42 (34.4) 44 (35.8) 122 (32.4)

MIDAS 21–40 (severe disability) 44 (33.3) 76 (31.0) 44 (36.1) 32 (26.0) 120 (31.8)

MIDAS > 40 (very severe disability) 38 (28.8) 53 (21.6) 27 (22.1) 26 (21.1) 91 (24.1)

a10 participants with missing data.
b33 participants with missing data.
c19 participants with missing data.
d14 participants with missing data.
e43 participants with missing data.
fOnly participants who were aged between 18 and 40 (n= 421, 98.4% of the total sample) were asked to complete Migraine Disability Assessment Scale (MIDAS). Only 377 participants completed
the MIDAS.
gOnly 385 participants complete the Center for Epidemiological Studies–Depression Scale (CES-D).

Table 4. Intention-to-treat sample: Effectiveness of self-guided Internet-based treatment versus waitlist control on a >50% reduction in headache days. Imputed
percentage and counts of participants achieving a 50% reduction of headache days and corresponding Fisher’s exact test and odds ratios for each imputation

Dataset Combine treatment n (%) Control n (%) Fisher’s exact p Odds ratio treatment/control (95% CI)

1 59 (20.7) 19 (13.3) 0.064 1.70 (0.97–2.99)

2 52 (18.2) 16 (11.2) 0.068 1.77 (0.97–3.23)

3 43 (15.1) 16 (11.2) 0.301 1.41 (0.764–2.60)

4 54 (18.9) 18 (12.6) 0.102 1.62 (0.912–2.89)

5 50 (17.5) 16 (11.2) 0.091 1.69 (0.92–3.09)

6 49 (17.2) 16 (11.2) 0.117 1.65 (0.90–3.02)

7 47 (16.5) 18 (12.6) 0.32 1.37 (0.76–2.46)

8 44 (15.4) 14 (9.8) 0.134 1.68 (0.89–3.19)

9 33 (11.6) 14 (9.8) 0.626 1.21 (0.62–2.34)

10 54 (18.9) 19 (13.3) 0.173 1.53 (0.87–2.69)

Pooled 48.5 (17.0) 16.6 (11.6) 0.201 1.53 (0.85–2.77)
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Table 5. Intention-to-treat sample: Effectiveness of self-guided Internet-based treatment versus waitlist control. Mean change scores (SD) from baseline to treatment
on maximum headache intensity and corresponding t-tests and Cohen’s d for each imputation

Dataset Combined treatment Control T-test, p Cohen’s d (95% CI)

1 −1.01 (1.99) −0.68 (1.91) 1.62, 0.106 0.17 (−-0.04–0.37)

2 −0.83 (1.87) −0.68 (1.85) 0.77, 0.444 0.08 (−0.12– 0.28)

3 −0.72 (1.63) −0.46 (1.77) 1.5, 0.136 0.15 (−0.05–0.35)

4 −0.86 (1.76) −0.62 (1.75) 1.31, 0.193 0.13 (−0.07–0.34)

5 −0.87 (1.89) −0.58 (1.84) 1.51, 0.132 0.16 (−0.05–0.36)

6 −0.86 (1.79) −0.62 (1.9) 1.28, 0.203 0.13 (−0.07–0.33)

7 −0.75 (1.6) −0.56 (1.76) 1.17, 0.242 0.12 (−0.08–0.32)

8 −0.56 (1.76) −0.57 (1.82) −0.06, 0.955 −0.01 (−0.21–0.2)

9 −0.76 (1.78) −0.6 (1.82) 0.87, 0.383 0.09 (−0.11–0.29)

10 −0.76 (1.81) −0.6 (1.8) 0.88, 0.38 0.09 (−0.11–0.29)

Pooled −0.8 −0.6 0.96, 0.344 0.22

Table 6. Intention-to-treat sample: Effectiveness of PRISM versus SPHERE. Imputed percentage and counts of participants achieving a 50% reduction
of headache days and corresponding Fisher’s exact test and odds ratios for each imputation

Dataset SPHERE n (%) PRISM n (%) Fisher’s exact p Odds ratio (95% CI)

1 27 (18.9) 32 (22.5) 0.468 1.25 (0.70–2.22)

2 25 (17.5) 27 (19.0) 0.761 1.12 (0.61–2.02)

3 22 (15.4) 21 (14.8) 1.0 0.955 (0.50–1.83)

4 27 (18.9) 27 (19.0) 1 1.01 (0.56–1.82)

5 25 (17.5) 25(17.6) 1.0 1.01 (0.55–1.86)

6 24 (18.9) 25 (17.6) 0.876 1.06 (0.57–1.96)

7 26 (18.2) 21 (14.8) 0.524 0.78 (0.42–1.46)

8 25 (17.5) 19 (13.4) 0.413 0.73 (0.38–1.40)

9 18 (12.6) 15 (10.6) 0.712 0.82 (0.40–1.70)

10 29 (20.3) 25 (17.6) 0.651 0.84 (0.46–1.52)

Pooled 24.8 (17.3) 23.7 (16.7) 0.999 0.96 (0.52–1.78)

Table 7. Intention-to-treat sample: PRISM versus SPHERE. Mean change scores (SD) from baseline to treatment on maximum headache intensity and
corresponding t-tests and Cohen’s d for each imputation

Dataset SPHERE mean change (SD) PRISM mean change (SD) T-test, p Cohen’s d (95% CI)

1 −1.02 (1.98) −1.00 (2.00) −0.07, 0.943 −0.01 (−0.24–0.22)

2 −0.70 (1.74) −0.96 (1.99) 1.17, 0.243 0.14 (−0.94–0.37)

3 −0.60 (1.53) −0.84 (1.71) 1.28, 0.202 0.15 (−0.08–0.38)

4 −0.87 (1.74) −0.84 (1.79) −0.20, 0.844 −0.02 (−0.26–0.21)

5 −0.76 (1.81) −0.97 (1.96) 0.94, 0.348 0.11 (−0.12–0.34)

6 −0.75 (1.70) −0.95 (1.87) 0.98, 0.326 0.12 (−0.12–0.35)

7 −0.76 (1.63) −0.75 (1.58) −0.11, 0.991 0 (−0.23–0.23)

8 −0.46 (1.89) −0.65 (1.62) 0.91, 0.365 0.11 (−0.13–0.34)

9 −.73 (1.85) −0.78 (1.73) 0.22, 0.823 0.27 (−0.21–0.26)

10 −78 (1.82) −0.74 (1.80) −0.22, 0.828 −0.03 (−0.26–0.21)

Pooled −0.74 −0.85 0.42, 0.676 0.12
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Comparison of the two Internet-based treatments
All participants showed an overall decrease in the transformed
MIDAS scores from baseline to post-treatment (F= 13.10,
p < 0.001). Also, participants allocated to SPHERE showed a
statistically significant decrease compared with participants
allocated to PRISM (F = 4.48, p = 0.036).

There was no evidence of statistically significant change in
CES-D scores between baseline and post-treatment (F = 1.11,
p = 0.294) nor a group by time interaction (F = 0.03, p = 0.868).

Interventions usage

Among SPHERE participants (n = 143), 33 (23.1%) never logged
in, and those who logged in at least once (n = 110, 76.9%)
completed an average of 4.05 modules (SD = 5.67). When a
module that includes “practices” was completed, on average,
20.13% of users completed the “practices.” The percentage of
participants who completed at least 50% of modules was 19.01%
(21/110), and the percentage of participants who completed all the
17 modules out of those who logged in at least once was 10.91%
(12/110). Figure 2 shows the percentage of participants who
completed each module.

Among PRISM participants (n = 142), 26 (18.31%) never
logged in, and those who logged in at least once (n = 116, 81.69%)
made an average of 26.94 diary entries (SD = 31.94) over the
4-month period. Among the 116 participants users who logged in
at least once, they entered an average of 8.27 headache episodes
(SD = 9.08) and an average of 22.63 exposures to potential triggers
that they were interested in exploring (SD = 40.06). Sixty
participants (51.72% out of the 116) entered at least 5 headaches,
which was the minimum required number of episodes that needed
to be tracked for PRISM to start to analyze data and look for
relationships between users’ headaches and possible triggers.
Among the 116 participants users who logged in at least once,

PRISM identified a potential trigger (either single or a combina-
tion) for 17 of them (14.65%). Nine out of the 17 users (52.94%)
who were informed about their potential triggers and received
recommendations selected a recommendation and committed to it
by setting at least one goal. After this, each of these 9 users tracked
for an average of 22.11 days (SD = 19.73) or a median of 16 days
whether they have achieved or not that goal, and during an average
of 37 days (SD = 15.67) and median of 16 days, they reported that
they had reached their goal.

Satisfaction with the interventions

The mean CSQ-8 score for participants assigned to SPHERE was
23.84 (SD = 4.37, n = 59). Twelve participants (20.3%) reported
low satisfaction, 35 (59.3%) reported intermediate satisfaction and
12 (20.3%) reported high satisfaction.

The mean CSQ-8 score for participants assigned to PRISM was
23.44 (SD = 4.87, n = 63). Eighteen participants (28.6%) reported
low satisfaction, 28 (44.4%) reported intermediate satisfaction and
17 (27%) reported high satisfaction.

Discussion

The purpose of this study was to compare the effectiveness of two
iCBT interventions against a waitlist control and to describe
uptake, adherence and satisfaction with the interventions. Results
did not show clinically significant reductions in headache days,
which was our primary measure of outcome when performing ITT
analyses, although analysis with completers showed that both iCBT
programs were superior to the control condition. Despite the two
CBT interventions being quite different, we found the differences
in outcomes were not different statistically.

Four published RCTs have investigated the effect of iCBTs in
adults with migraine against waitlist/treatment as usual;31–34 only
one of them evaluated the effect on clinically meaningful

Figure 2. Percentage of participants completing each module out of those who logged in to SPHERE at least once.
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reductions in headache days and showed that the intervention was
effective after following participants for 11 months.34 Due to the
lack of data and lack of consistent results, it is still premature to
draw firm conclusions about the efficacy of the self-guided Internet
interventions. Further studies with longer follow-ups are needed.

The results on all prespecified secondary outcomes and
exploratory outcomes were consistent with the primary result.
The interventions did not have a significant effect on reducing
maximum headache intensity, disability or depression. Our
findings are consistent with research examining the effect of
interventions on headache intensity31,33 and disability.31–33 There
have been inconsistencies in the effect on depression.32

The uptake rates of both interventions were high, but levels of
adherence to the interventions were low, and the non-completion
rate of the primary outcome in our trial was higher than the
anticipated 40% in the trial design. Varied levels of uptake and low
adherence to the interventions and study protocols are character-
istic of trials of Internet interventions,35,36 especially self-guided
ones.37 Plausibly, the low adherence to the interventions could be
the primary reason for not achieving statistically significant
improvements in the primary outcome.38 Participants may have
found a novel treatment modality appealing at first but may have
dropped out due to factors that prevented them from sustaining
engagement with intervention or successfully responding to
treatment (e.g., baseline symptom severity and overall impair-
ment,39,40 lack of immediate consequences and rewards, sub-
optimal cues to action within the intervention, lack of human
guidance within the intervention41 and amount of data entry
required, especially for PRISM).42 Others may have decided they
no longer needed the interventions after experiencing improve-
ment in symptoms.43

Moreover, consistent with other health behavior change trials,
we found baseline symptom severity to be related with levels of
attrition.39,40 We also found differential attrition where partic-
ipants in the treatment group (i.e., combined iCBT) were much
more likely to drop out than the inactive control group.44

Differential attrition could be because of the greater effort required
to participate in the treatment arms. An additional contributing
factor may have been the additional incentive of participants
assigned to the control group after the completion of the post-
randomization assessment, which was absent in the treatment
groups, as the control group could gain access to the treatment of
their choice after completing the assessment.

Due to the paucity of adherence and attrition research of
Internet-delivered treatment, there are substantial gaps in the
knowledge needed to inform modifications in future interventions
to optimize uptake and adherence and ultimately realize improved
outcomes. Strategies that influence patient-, intervention- and
system-level factors related to patient engagement31 (e.g., offering
clinical guidance or coaching for motivational support, using more
persuasive design features, using higher financial incentives and
embedding interventions in existing service structures such as
clinics) are being actively investigated in eHealth research35,46,47

and should be applied to iCBT interventions for headaches. With
those additional supports in place, PRISM and SPHERE should be
tested again to determine the effectiveness of these strategies.
Advancement in iCBT in the context of headaches is still uncertain
since limited research has been done on this population.48

However, high levels of initial uptake from young adult
participants in this study and growing scientific interest in digital
therapeutics49 generally suggest that self-managed iCBT for
migraine remains an important question for future research.

Strengths, limitations and gaps

The strengths of this study included the randomized design, the
large sample size, well-specified preplanned analyses and the use of
rigorous outcomes in accordance with the recommendations by
the American Headache Society and the International Headache
Society guidelines.13

This study had several limitations. First, there was substantial
attrition and differential attrition between intervention and control
groups. We sought to balance groups post hoc through multiple
imputation methods, but these methods may have introduced bias.
Moreover, since the attrition was larger than expected, our study
did not have adequate power when conducting completers-only
analysis. Second, we did not conduct follow-ups longer than 4
months post-randomization. Future studies should examine
longer-term outcomes. Third, most participants were recruited
from the online community, and the results may not be general-
izable to healthcare settings. Fourth, it was not possible to blind
participants, which could have produced biased findings.50 Fifth, a
wide age range was selected for this study, including adolescents and
adults up to 40 years. However, the low number of adolescents made
it not possible to determine the extent to which the results were
applicable to the younger age groups. Sixth, following guidelines for
controlled trials of behavioral treatments,13 we established achieving
a 50% reduction in headache days as the primary treatment
outcome. However, it may be difficult to reach this target with non-
pharmacological interventions alone.51 Future studies may need to
look at a more modest reduction in headache days (e.g., 30%) or
assess a different outcome as the primary outcome (e.g., disability).51

Finally, participants assigned to the control group could have sought
some form of treatment during the course of this study since it
would have been unethical to deny those participants access.
Consequently, the control group could have not been a true control.

We used a three-arm trial because CBT is not a uniform
treatment. The differential effectiveness of iCBT using different
techniques and strategies remains uncertain. It is important to
compare and contrast iCBT programs to better understand whether
a simplified or more complex (e.g., tailored or personalized) iCBT
program works better and what needs to be done to optimize
treatment.

Conclusions

It is unclear whether self-guided iCBT could help reduce the
number of headache days in individuals with migraine. Further
improvements and new trials will help us address treatment
adherence, reduce dropouts, assess longer-term impacts and better
tailor interventions to the needs of the patients.
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