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Background: Behavioral approaches are central to the preventive treatment of migraine
but empirical evidence regarding efficacy and effectiveness is still sparse. This study
aimed to evaluate the efficacy of a newly developed migraine-specific, integrative
cognitive-behavioral therapy program (miCBT) combining several approaches (trigger
and stress management, coping with fear of attacks, relaxation training) by comparing
it with a single behavioral approach (relaxation training, RLX) as an active control group
and a waiting-list control group (WLC).

Methods: In a three-armed open-label randomized controlled trial, 121 adults with
migraine were assigned to either miCBT, RLX or WLC. The outpatient group therapy
(miCBT or RLX) consisted of seven sessions each 90 min. Participants who completed
the WLC were subsequently randomized to one of the two treatment groups. Primary
outcomes were headache days, headache-related disability, emotional distress, and self-
efficacy. The baseline was compared to post-treatment, and followed by assessments
4- and 12-months post-treatment to compare miCBT and RLX.

Results: Mixed-model analyses (intention-to-treat sample, 106 participants) showed
significantly stronger pre-post improvements in self-efficacy (assessed by the Headache
Management Self-Efficacy Scale, HMSE-G-SF) in both treatment groups compared to
the WLC (mean difference at post; miCBT: 4.67 [0.55-8.78], p = 0.027; RLX: 4.42
[0.38 to 8.46], p = 0.032), whereas no other significant between-group differences
were observed. The follow-up analyses revealed significant within-group improvements
from baseline to 12-month follow-up in all four primary outcomes for both treatments.
However, between-group effects (MiCBT vs. RLX) were not significant at follow-up.

Conclusion: The miCBT has no better treatment effects compared to RLX in
migraine-prophylaxis. Both treatments effectively increase patients’ self-efficacy.

Trial Registration:
DRKS-ID: DRKS00011111).

German  Clinical ~ Trials  Register  (www.drks.de;
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INTRODUCTION

Migraine is a common, primary headache disorder, (1) and one
of the leading causes of disability worldwide (2). The migraine
pathogenesis is complex, and different neurophysiological
processes or structures (e.g., hyperresponsivity of sensory
cortices, trigeminovascular system) are involved (3). In addition,
psychological factors (e.g., experience of stress, coping-style)
are assumed to affect the course of the disease (4-6). Therapy
consists of acute pain management and preventive strategies
to reduce the frequency and intensity of migraine attacks.
Preventive interventions in migraine comprise pharmacological
treatments as well as behavioral treatments with a range
of different approaches. Behavioral treatments for migraine
prophylaxis are recommended as a fundamental intervention
for all migraine patients. Pharmacological strategies should be
added if needed (7). The different behavioral approaches for the
preventive treatment of migraine can be classified into (i) patient
education; (ii) relaxation training (RLX); (iii) biofeedback;
(iv) cognitive-behavioral therapy (CBT); (v) mindfulness-based
interventions, (7-9) and (vi) trigger management for primary
headaches by “learning to cope with triggers” (LCT), which
explicitly includes exposure-based strategies (10). Since different
behavioral interventions are immanent in several behavioral
approaches (e.g., LCT includes elements of CBT and relaxation),
this classification serves more as a rough orientation rather than
a clear distinction. CBT is primarily used to improve stress
management (8, 9). However, in the last decade more migraine-
specific CBT interventions emerged (e.g., coping with fear of
attacks or addressing comorbid disorders, such as insomnia)
(11, 12).

Several reviews provide evidence for the efficacy of behavioral
approaches in migraine prophylaxis (13, 14). Relaxation,
biofeedback, and CBT are presumably effective to a similar
extent (14, 15). A meta-analysis on the efficacy of biofeedback
for migraine prevention yielded a medium effect size (16).
Different relaxation techniques are considered to have similar
effects, with the advantage of Progressive Muscle Relaxation
(PMR) being ease of learning and application (15). It has
been shown that the regular use of PMR even has a positive
impact on migraine-relevant physiological parameters (i.e., the
initial Contingent Negative Variation, iCNV) (17). Already
migraine-specific patient education and lifestyle counseling
can lead to a reduction in attack frequency (15, 18). A
recent randomized-controlled trial showed that migraine-specific
patient education and a mindfulness-based approach (i.e.,
mindfulness meditation) led to similar decreases in headache
activity (19). The exposure-based LCT tended to have higher
effects than other behavioral interventions, but some of these
differences were marginal (20). Overall, no clear superiority in
migraine prophylaxis can be attested to any of the behavioral
approaches to date. Kropp and colleagues note that several
reviews point to methodological limitations of previous studies
on behavioral migraine prophylaxis (15). A recent Cochrane
review concluded that evidence is still weak or of very low
methodological quality, and that further studies are warranted
(21). Another recent review found small to medium effects

of psychological interventions on migraine prophylaxis and
confirmed the need for further studies (22). One criticism of
most previous behavioral approaches is that migraine-specific
characteristics (e.g., recurring attacks of headache) or the
management of triggers are not addressed sufficiently. Further,
each behavioral approach in isolation might not cover the
whole range of helpful interventions for behavioral migraine-
prophylaxis, because specific pathological factors of patients (e.g.,
high trigger avoidance) are not treated adequately. To close
this gap, different approaches were combined into a migraine-
specific, integrative CBT program (miCBT) which demonstrated
good feasibility in a single group pilot study (23).

CBT has a focus on changing dysfunctional, disease-
related thoughts and beliefs. Thus, CBT is intended to reduce
inappropriate, negative emotions and to establish a better
coping with the disease. In the present miCBT, the exposure-
based LCT and behavioral interventions, such as relaxation
training, are integrated, so that this approach represents an
extension compared to CBT programs that focus on modifying
dysfunctional cognitions. This study aimed to assess the efficacy
of the miCBT compared with a standard behavioral intervention
(RLX) for migraine-prophylaxis and a waiting-list control group
(WLC) in a three-armed randomized controlled trial. The long-
term efficacy was evaluated by the comparison of miCBT
with RLX in a 4- and 12-month follow-up assessment. It was
hypothesized, that both behavioral interventions are superior to
the WLC condition and that the miCBT leads to higher treatment
effects compared to the RLX program.

METHODS
Study Design and Participants

The study was designed as an open-label randomized controlled
trial with two stages. The first stage (pre-post) comprised three
conditions (miCBT, RLX, WLC), and the second stage (4- and 12-
month follow-up) comprised two conditions (miCBT, RLX) since
the pre-post completers of the WLC were randomly assigned
to the miCBT- or RLX-condition. The study was conducted
at the psychotherapy outpatient clinic of the Department of
Psychology (University of Mainz, Germany). The study protocol
was approved by the Ethics Committee of the State Chamber of
Medicine in Rhineland-Palatinate, Germany, reference number
837.291.16 (10610).

Participants were recruited via flyers, social media, several
local newspaper articles, and one TV clip. Inclusion criteria were
(i) meeting the ICHD-3 beta criteria (24) of either migraine
without aura, migraine with aura, or chronic migraine for at least
one year; (ii) a minimum of four headache days per month, and
a pattern of migraine symptoms stable over the last six months;
(iii) psychological factors, such as dysfunctional thoughts (e.g.,
overambitious achievement orientation), emotions (e.g., attack-
related fear), and behavior (e.g., excessive avoidance of triggers),
or the experience of emotional distress, were associated with
migraine [meeting the DSM-5 criteria (25) of either “somatic
symptom disorder” or “psychological factors affecting other
medical conditions”]; (iv) fluency in German, Internet access; (v)
age of at least 18 years. Exclusion criteria were (i) diagnosis of
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medication-overuse headache; (ii) currently taking a headache
prophylactic medication (3-month wash-out) or therapy with
botulinum toxin or neuromodulation during the trial period;
(iii) previous completed or current psychotherapy; (iv) a severe
mental disorder or medical comorbidity (which was likely to
interfere with the ability to participate in group therapy, e.g.,
an acute psychosis, a major depressive episode, or an advanced
Parkinson’s disease); (v) suicidal tendency; and (vi) pregnancy
or lactating.

Pre-screening was performed by phone followed by a face-
to-face screening session. The face-to-face session included
a structured interview to validate the migraine- and DSM-
5-diagnosis. When checking possible DSM-5 diagnoses, the
individual criteria of the disorder were queried in each
case if the answer to the corresponding screening question
was positive. All participants had to give written informed
consent. Since all screenings were conducted by Master’s level
clinical psychologists, the participants had to provide a medical
certificate stating the migraine diagnosis.

Randomization and Masking

Eligible participants were randomly assigned with a 1:1:1 ratio
to miCBT, RLX, or the WLC using block-randomization. In
a second stage, the completers of the WLC were randomly
assigned to miCBT or RLX (1:1 ratio). Randomization was
performed by an independent statistician, using a computer-
generated random sequence. Participants were then informed
by the principal investigator via email about their allocation
(i.e., whether they were receiving a behavioral intervention or
had been placed on the WLC). The exact type of intervention
(miCBT or RLX) was disclosed in the first treatment session
since the treatment programs provided that the participants were
given an agenda, and since participants were assumed to realize
the type of intervention in the course of the therapy anyway.
Since all outcomes were self-reported data, blinding of outcome
assessment was not provided.

Interventions

Both treatments (miCBT, RLX) comprised seven, weekly group
sessions, each lasting 90 min. The treatments were conducted by
five Master’s degree clinical psychologists. To avoid bias, each
therapist provided a similar amount of both miCBT- and RLX-
treatments. Therapists were trained in a 1-day workshop before
conducting the treatment and received regular supervision at
least two times per treatment cycle by the first author. Both
interventions are described in detail in a treatment manual. Since
a participation rate of at least five sessions was aimed for in both
treatments, missed group sessions were made up in extra group
or one-to-one sessions.

The miCBT included a mixture of several behavioral
approaches (Figure 1) (23). In session 1 (Education about
Migraine) participants were informed about the disease (e.g.,
symptoms, different phases of a migraine attack) and the different
factors, which are assumed to contribute to the emergence and
maintenance of migraine or migraine attacks. A biopsychosocial
etiology model of migraine, integrating pathophysiological
findings (e.g., central neuronal hyperexcitability as an underlying

vulnerability), psychological factors (e.g., dealing with triggers,
especially stressors), and a threshold for migraine attacks
was provided. Participants were encouraged to reflect on
their own life situation and own coping styles regarding
the etiology model. In session 2 (Lifestyle Counseling), basic
recommendations to practice a healthy, migraine-compatible
way of life (e.g., relaxation, recreation, and physical activity
on a regular basis) were presented. The participants were
motivated to formulate their own goals with regard to an
even more balanced lifestyle. Session 3 (Coping with Fear of
Migraine Attacks) contained behavioral techniques to analyze
and modify fear-related cognitions. Thus, the participants were
informed about the vicious circle of anxiety and how to cope
with attack-related fear. In Session 4 (Coping with an Ongoing
Migraine Attack) various behavioral options in managing an
acute attack were discussed, with the assumption, that improved
coping skills lead to decreased fear of attacks. In doing so,
the four different issues (i) medication intake behavior, (ii)
activity level, (iii) communication of attack-related complaints
to other persons, and (iv) automatic thoughts were addressed.
Above all, the participants were encouraged to reduce their
activity level during an ongoing attack as far as possible.
Subsequently, the participants were asked to reflect on their
own typical behavior patterns in an ongoing attack and to
formulate appropriate change goals in this regard. Session
5 (Trigger Management) provided five different strategies to
manage triggers: (i) experiment, (ii) avoid, (iii) coping with
stress, (iv) exposure, and (v) acceptance. The participants were
asked to select suitable strategies for their own five most relevant
triggers and to apply them in the subsequent. Session 6 (Stress
Management) was focused on cognitive-behavioral techniques to
improve coping with stress since emotional distress is regarded
as the most important trigger in migraine attacks (6). Thus, the
model of behavioral analysis was applied for the assessment of
an individual, prototypical stressful situation (26). Subsequently,
each participant was encouraged to consider a suitable coping
strategy for this situation in the future. In Session 7 (Closing) the
participants were encouraged to reflect on what they have learned
and to formulate long-term behavioral goals for coping with their
migraine. Each session (except for the first session) started with
a reflection on the previous session (including feedback about
successful or failed behavioral changes). Subsequently (except
for the last session), the new issue (e.g., stress management)
was introduced (including a referred behavioral analysis) and
an individual formulation of behavioral change goals was
encouraged. At the end of each session, the participants were
taught a different, brief relaxation method.

The relaxation training (RLX) was aimed at teaching
progressive muscle relaxation (PMR) and transferring it to
everyday life. PMR is a systematic relaxation technique with
Grade A in migraine prophylaxis (9). The RLX was developed
based on the manual by Bernstein and Borkovec (27). In session
1, an education about migraine and PMR was provided. Further,
the long PMR-version (16 muscle groups) was conducted. In
session 2, the long PMR-version was conducted again, and
a rationale for regular, independent practice was given. It
was recommended to perform one relaxation exercise (lasting

Frontiers in Neurology | www.frontiersin.org

April 2022 | Volume 13 | Article 852616


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Klan et al. Behavioral Therapy in Migraine Prophylaxis

Session 1: Education about Migraine

- Information: disease and biopsychosocial etiology model
- Reflection: individual life situation and coping style

Session 2: Lifestyle Counselling

- Information: healthy, migraine-compatible lifestyle
- Reflection: individual lifestyle
- Setting a goal: behavior change towards a more balanced lifestyle

Session 3: Coping with Fear of Migraine Attacks

- Information: vicious circle of anxiety
- Analysis: own fear-related cognitions
- Setting a goal: applying coping strategies to reduce attack-related fear

Session 4: Coping with an Ongoing Migraine Attack

- Information: behavior options in an ongoing attack
- Reflection: own behavior pattern in ongoing attack
- Setting a goal: change towards a more adaptive behavior

Session 5: Trigger Management

- Information: different strategies to manage triggers
- Setting a goal: applying coping strategies for own triggers

Session 6: Stress Management

- Analysis: own behavior in prototypical stress situation
- Setting a goal: applying coping strategies to reduce experience of stress

Session 7: Closing

- Reflection: Accounting for what has been learned
Setting of long-term behavioral goals to improve migraine prophylaxis

FIGURE 1 | Migraine-specific, integrative cognitive-behavioral therapy program (miCBT).

Frontiers in Neurology | www.frontiersin.org 4 April 2022 | Volume 13 | Article 852616


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Klan et al.

Behavioral Therapy in Migraine Prophylaxis

about 20min) per day (15). In the following sessions 3-
7, variations of PMR (version with 7 or 4 muscle groups,
envision exercise, conditioned and differential relaxation) were
taught. The participants were repeatedly encouraged to regularly
perform PMR on their own. To support transfer into everyday
life, participants were given logs to document their weekly
exercise practice. Keeping the logs was not mandatory, but was
strongly recommended. From the third session onward, the
everyday life exercise practice was reported by each participant at
the beginning of the session. Difficulties in implementation were
addressed and appropriate ways to establish a regular exercise
practice were developed.

Assessments

All outcomes were assessed at baseline (pre-treatment), post-
treatment, 4-month follow-up, and 12-month follow-up. Each
assessment included a 4-week online diary and a one-time online
survey (about 60 min). The online diaries were completed by
recording hourly ratings of headache intensity using a 4-point
rating scale from 0 (no headache) to 3 (severe). Additionally, the
amount of daily pain medication had to be entered. Participants
were instructed to enter data at least once per day. The
frequency of data entry was monitored using specific software.
If participants did not enter data for more than three days, they
were reminded via a personal email or phone call. The online
survey was conducted via SoSci-Survey (28) and contained a set
of questionnaires on headache-related factors (e.g., disability).
After the successful completion of the pre-measurement, the
treatment (miCBT or RLX) or the waiting period (WLC) started.
Immediately after the last treatment session (miCBT or RLX) or
after seven weeks (WLC), the post-assessment was carried out.
The WLC-participants were randomized to one of the treatments
after the successful completion of the post-assessment. Follow-
up assessments were conducted 4 and 12 months after the
successful completion of the treatment. At the 12-month follow-
up, participants were additionally asked, whether relaxation had
continued to be practiced and to what extent.

After each treatment session, participants filled out the
Group Therapy Session Evaluation by Patients (GTS-P) (29)
as a paper-pencil questionnaire. The GTS-P comprises 8 items
regarding the therapeutic process, including one item addressing
treatment expectancy. Since there are no standardized methods
for assessing the adverse effects of behavioral therapy given to
adults with migraine, a free response field was added to each
paper-pencil questionnaire. In doing so, the participants were
given the opportunity to report adverse events as well as to make
suggestions for changes to the sessions.

Treatment Integrity

All therapy sessions (in total 112, excluding catch-up sessions)
were videotaped. In each cycle, 2 sessions were randomly selected
for evaluation (in total 32 sessions). The rating was done each by
two Master’s level clinical psychologists. Raters received training
provided by the first author on how to apply the evaluation
forms or scales. Therapists’ adherence was rated on a 10-item
evaluation form with a 3-point rating scale, with the analogous
rating possibilities 0 = not adherent, 1 = partly adherent, and

2 = adherent. The evaluation forms were largely similar for
both conditions. Both evaluation forms were developed following
the Cognitive-Behavioral Maintenance Adherence Scale (30).
Therapists’ competence was assessed each with the German
Version of the Cognitive Therapy Scale (adapted for group
therapy, CTS-D-G) (31). The CTS-D-G comprises 18 items
with each a 7-point rating scale from analogous 0 = poor to
6 = excellent.

Outcomes

Four primary outcomes were defined: (i) headache days/28 days,
(ii) headache-related disability, measured with the Headache
Disability Inventory (HDI), (32) (iii) emotional distress,
measured with the Depression Anxiety Stress Scales (DASS),
(33) and (iv) headache-specific self-efficacy, measured with
the German short form of the Headache Management Self-
efficacy Scale (HMSE-G-SF) (34). The HDI assesses the impact
of headaches on daily living. It includes 25 items and has a
very good internal consistency (Cronbach’s &« = 0.90) (32). The
DASS comprises three scales (Depression, DASS-D, Anxiety,
DASS-A, and Stress, DASS-S). Each scale includes seven items
(short version). The three scales have satisfying to good internal
consistency (Cronbach’s o = 0.78 to 0.92) (33). The HMSE-G-SF
provides an assessment of headache-specific self-efficacy beliefs.
It includes six items and has a satisfying internal consistency
(Cronbach’s a = 0.72) (34).

Secondary outcomes were (v) headache index/28 days, (vi)
medication days, defined as the number of days of using
headache medication for a 28-day period, (vii) sensitivity to and
avoidance of headache triggers, measured with the Headache
Triggers Sensitivity and Avoidance Questionnaire (HTSAQ),
(35) (viii) headache-related disability, measured with the Pain
Disability Index (PDI), (36) (ix) headache impact, measured
with the Headache Impact Test (HIT-6), (37) and (x) acceptance
of chronic pain, measured with the Chronic Pain Acceptance
Questionnaire (CPAQ) (38). The HTSAQ requires an assessment
of 26 potential triggers (24 common triggers and 2 triggers
not listed before) using four scales: (i) Triggers, which refers
to whether the named trigger is a trigger for the respondent’s
headaches, (ii) Sensitivity to triggers compared with others, S (O),
which refers to how sensitive the respondent is to the trigger
compared with other persons, (iii) Sensitivity to triggers compared
with time of least sensitivity, S (T), which refers to how sensitive
the respondent is to the trigger compared with the time of
least sensitivity, and (iv) Avoidance, which refers to how hard
the respondent tries to avoid the trigger. All four scales have a
good internal consistency (Cronbachs o = 0.83 to 0.86) (39).
The PDI includes seven items, each referring to disability in a
specific area of life (e.g., social activity). Since the PDI assesses
pain-related disability in general, the instruction was adapted
toward headache-related disability. Its internal consistency is
good (Cronbachs o = 0.85 to 0.90) (36). The HIT-6 includes
six items and has a high internal consistency (Cronbach’s o
= 0.83) (40). The CPAQ includes 20 items and showed good
internal consistency in a sample of persons with headache
(Cronbach’s @ = 0.84) (39). All questionnaires were applied in
a German Version.
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A headache day was defined as “a day with headache pain
that lasts > 4h with a peak severity of moderate or severe
intensity, or of any severity or duration if the subject takes and
responds to a triptan or ergot” (p. 490) or another headache
medication (41). Since clinical experience shows that persons
with migraine cannot always clearly assign existing headaches
to migraine headache, it was decided to record headache days
instead of migraine days. The headache index was determined
by averaging the headache intensity ratings across the total
day (24h) and calculating a mean over the 28 days. Since the
frequency of headache days per 28 days is more comprehensible
than the headache index, this measure was defined as the primary
outcome. To be analyzed, participants had to complete at least
80% of the diary entries (Figure 2) (42).

Statistical Analyses
An a priori power analysis was conducted using G*Power (43).
Based on previous evidence a moderate effect of miCBT vs. WLC
was assumed (9). Thus, with Cohen’s f = 0.25 at a power of 1 -
B = 0.95 with an o = 0.05, a necessary sample size of at least 90
participants was calculated. Considering a dropout rate of 25%,
the target sample size was increased to 120 participants.
Analyses were based on the intention-to-treat (ITT) sample,
including all participants that were allocated to one of the
three conditions and provided baseline data. To compare the
change in outcomes from pre- to post-assessment between
groups, mixed-model analyses for repeated measures (MMRMs)
were conducted. Analyses included group (miCBT, RLX, or
WLC), time (pre- and post-assessment), and the group x time
interaction as fixed factors, as well as a random intercept
(subjects) to model interindividual differences, with diagonal
covariance matrices and using restricted maximum likelihood
estimation. To analyze the second stage of this trial (long-
term effects of miCBT vs. RLX), MMRMs were conducted
with all participants that were allocated to one of the two
treatments and provided baseline data (Figure2). MMRMs
included group (miCBT or RLX), time (pre, 4-month follow-
up, 12-month follow-up), and the group x time interaction
as fixed factors, as well as a random intercept to model
interindividual differences, based on an auto-regressive structure
with heterogenous variances (ARH1). Additionally, a sensitivity
analysis using MMRMs was performed with complete cases
(participants that completed >5 treatment sessions or WLC
and provided data both at baseline and post-assessment). Since
the analysis of covariance (ANCOVA) can be considered as
robust method with high statistical power, (44) a further
sensitivity analysis using this approach was performed. In view
of the tightly calculated sample size, assuming medium-sized
effects, a more permissive composite analysis was carried out
post-hoc. The participants, which had received a behavioral
treatment (either miCBT or RLX) between pre- and post-
assessment were combined into one condition (“behavioral
therapy”, BT) and compared with the participants of the WLC.
Accordingly, an ANCOVA was performed with the outcomes’
pre-values as a covariate and the outcomes” post-values as the
dependent variable.

Within-group effect sizes were calculated as Cohen’s dyy
(45) (pre to 12-month follow-up) based on observed values.
Responder analyses were performed for both follow-up
assessments (4-month and 12-month follow-up). For the
symptom-related outcomes (headache days, headache index,
medication days), a reduction of >30% was defined as a
response. In contrast to a more conservative >50% response
operationalization, this threshold seems realistic to detect
minor changes that can represent a veritable improvement
for patients as well and can be considered more suitable for
non-pharmacological interventions (46). For the psychometric
questionnaires (e.g., HDI), the Reliable Change Index (RCI) (47)
was calculated with a CI of 95% for observed values. For the 12-
month follow-up, differences between the two treatment groups
in terms of frequency and extent of relaxation practice were
calculated using Fisher’s exact test or a t-test. All analyses were
performed with a two-tailed @ of 0.05 in SPSS statistics version
23. A two-sided o was chosen to cover potential inferiority
of the miCBT. This corresponds to the conservative approach
commonly used in the scientific community (48, 49). We did not
adjust the level of significance for multiple testing of primary
outcomes to be able to control the type II error rate, to account
for the pilot-character of this study in testing a newly developed
miCBT, and since we compared distinct treatments with a WL
control (50).

RESULTS

Participants

Inclusion occurred between 9 January 2017 and 9 April 2019.
In total, 243 persons were pre-screened by phone, which led to
a face-to-face screening in 129 potential participants (Figure 2).
Of these, 121 participants were randomly assigned to miCBT
(40), RLX (41), or WLC (40), and 106 participants entered the
intervention phase with a pre-measure (ITT; Table 1). Ninety-
seven participants (91.5%) completed the post-measurement,
and dropout rates were comparable between groups. Twenty-
nine participants of the WLC thereafter were randomized to
either miCBT (15) or RLX (14).

The treatment sessions were conducted from 5 May 2017
to 18 July 2019. Each of the two programs (miCBT and RLX)
was carried out eight times. Treatment sessions were conducted
in groups of four to nine participants. The average session
completion rate of the 91 treatment-completers (Figure 2) was
high (miCBT: 93%, M = 6.53; SD = 0.59; range 5 to 7 sessions;
RLX: 91%, M = 6.37; SD = 0.71; range 5-7 sessions).

Treatment Integrity

Therapists’ adherence was very high in both treatment conditions
(miCBT: M = 1.80; SD = 0.52; RLX: M = 1.83; SD = 0.48).
The inter-rater reliability was very high for each of the two
evaluation forms, ICC (2,2) = 0.957, p < 0.001 (miCBT), ICC
(2,2) = 0.980, p < 0.001 (RLX). Therapists’ competence was also
rated very high in both treatment conditions (miCBT: M =
5.24; SD = 0.98; RLX: M = 5.19; SD = 1.02). The inter-rater
reliability was moderate for the CTS-D-G, ICC (2,2) =0.571,p <
0.001. Thus, the treatment integrity was given in that a very high
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Pre-screening via telephone (N = 243)

Excluded (N = 114)
Not meeting inclusion criteria (N = 74)
Declined to participate (N = 34)
Other reasons (N = 6)

A

Assessed for eligibility (completed face-to-
face screening, N = 129)

Excluded (N = 8)
Not meeting inclusion criteria (N = 2)

Declined to participate (N = 4)
Randomly assigned (N = 121) Other reasons (N = 2)
A 4 A
Assigned to miCBT (n = 40) Assigned to WLC (n = 40) Assigned to RLX (n = 41)
Drop-out (n = 4); (1 Drop-out (n = 9); (1 became pregnant, Drop-out (n = 2; diary data incomplete)
withdrew consent, 2 3 withdrew consent, 2 withdrew
declined diary, 1 diary data [reason unknown], 1 declined diary, 2
incomplete) diary data incomplete)
v v
Entered treatment phase (n = 36) Completed baseline-measurement (n = 31) Entered treatment phase (n = 39)
Drop-out (n = 2); (1 treatment not Drop-out (n = 2); (1 became seriously ill, Drop-out (n = 1; treatment not
meeting needs, 1 other reasons) 1 did not complete post measurement) meeting needs)
Completed treatment (n = 34) Completed treatment (n = 38)
declined post measurement (n = 2) Declined post measurement (n = 2)

. v

Randomly assigned to miCBT (n = 15)
Drop out (n =0)

Entered treatment phase (n = 15)
Drop out (n = 2; treatment not meeting
needs)

Completed treatment (n = 13)

!

Randomly assigned to RLX (n = 14)

Drop out (n = 4); (2 declined treatment,

1 reason unknown, 1 became seriously ill)
Entered treatment phase (n = 10)
Completed treatment (n = 10)

A A

Total miCBT completers (n = 45) Total RLX completers (n = 46)

y

A

Completed 4-month follow-up (n = 44)
Lost to 4-month follow-up (n = 1; became
pregnant)

Completed 12-month follow-up (n = 36)
Lost to 12-month follow-up (n = 8); (2 declined
measurement, 6 started medication
prophylaxis)

Completed 4-month follow-up (n = 44)
Lost to 4-month follow-up (n = 2); (1 became
pregnant, 1 reason unknown)

Completed 12-month follow-up (n = 41)
Lost to 12-month follow-up (n = 3); (1 became
pregnant, 1 declined measurement, 1 started
medication prophylaxis)

4
Analysed (pre-post WLC): n = 29 Analysed (pre-post RLX): n = 36
Analysed (4-month follow-up): n = 44
Analysed (12-month follow-up): n = 41

Analysed (pre-post miCBT): n = 32
Analysed (4-month follow-up): n = 44
Analysed (12-month follow-up): n = 36

ITT (pre-post miCBT): n = 36

ITT (pre-post WLC): n =31 ITT (pre-post RLX): n =39

FIGURE 2 | Participant flow. miCBT, migraine-specific, integrative cognitive-behavioral therapy program; RLX, relaxation training; WLC, waiting-list control-group; ITT,
intention-to-treat.
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TABLE 1 | Baseline characteristics (intention-to-treat sample, N = 106).

miCBT n = 36 RLX n =39 WLC n =31
Age (years) 47.0 (11.3) 46.8 (13.9) 46.0 (10.7)
Disease duration (years) 22.2 (14.0) 21.8(12.2) 21.9(12.0)
Female 32 (89%) 34 (87%) 29 (94%)
In stable partnership 33 (92%) 31 (79%) 28 (90%)
Advanced level or degree after high school 26 (72%) 26 (67%) 21 (68%)
Employed 32 (89%) 28 (72%) 26 (84%)
Headache diagnosis
Migraine without aura 30 (83%) 35 (90%) 24 (77%)
Migraine with aura 4 (11%) 3 (8%) 6 (19%)
Chronic migraine 2 (6%) 1(3%) 1(3%)
Mental disorder as comorbidity®
No comorbid mental disorder 27 (75%) 26 (67%) 25 (81%)
Tentative diagnosis 4 (11%) 1 (8%) 1 (3%)
Comorbid mental disorder 5 (14%) 12 (831%) 5 (16%)
Previous experience in relaxation techniques 28 (78%) 23 (69%) 19 (61%)
Headache days per month (28 days) 9.0 (5.1) 8.6 (4.5) 7.4 (3.1)
Range 31025 1to22 1to 16
Headache index 0.28 (0.22) 0.27 (0.23) 0.21 (0.12)
Range 0.06 to 0.98 0.02 to 1.09 0.03t0 0.56
Medication days per month (28 days) 6.0 (4.1) 6.2 (3.9) 5.5(3.1)
Range Oto 18 0to 20 Oto 11

Data are n (%) or mean (standard deviation) unless otherwise stated. miCBT, migraine-specific, integrative cognitive-behavioral therapy program; RLX, relaxation training; WLC, waiting-list

control-group.

@Presence of at least one mental disorder in addition to the DSM-5 diagnoses “somatic symptom disorder” or “psychological factors affecting other medical conditions”.

therapists’ adherence as well as a very high therapists’ competence
(both assessments done with a statistically significant inter-rater
reliability) were observed.

Efficacy
ITT-analyses of the primary outcomes yielded significantly
stronger pre-post improvements in self-efficacy (assessed by the
HMSE-G-SF) in both treatments (miCBT: p = 0.027; RLX: p =
0.032) compared to the WLC, whereas no significant between-
group differences were found for headache days, disability, and
emotional distress (Table 2). The between-group comparisons
for the secondary outcomes did not yield any statistically
significant differences (Table 2, all p-values > 0.05). Sensitivity
analyses with complete cases (N = 97) showed a similar pattern,
except for a significant difference at post-assessment between
RLX and WLC for the secondary outcome headache index in
the ANCOVA (Supplementary Tables 1, 2; observed values in
Supplementary Table 3). The post-hoc composite analysis by
ANCOVA with complete cases yielded a significantly stronger
pre-post improvement in self-efficacy as well as a significantly
higher reduction in the headache index in the treatment
condition (BT) compared to the WLC (Supplementary Table 4).
Analyses of long-term effects (miCBT vs. RLX; Figure 3;
Supplementary Tables 5, 6) did not reveal any significant
group differences between the two treatments for changes
from baseline to the 4- and 12-month follow-up for primary

and secondary outcomes (all p-values > 0.05). However,
the within-group change from baseline to 12-month follow-
up showed significant improvements in all primary and
most of the secondary outcomes. Here, the frequency of
headache days decreased by 1.75 (miCBT) or 2.60 (RLX)
days from baseline to 12-month follow-up (each based on
a 28-day period, difference based on estimated marginal
means, Figure3, Supplementary Table 5). The within-group
effect sizes (Cohen’s d,y) of the pre to 12-month follow-up
changes ranged from 0.04 (HTSAQ, Scale B) to 0.80 (CPAQ-D;
Supplementary Table 7).

After 12-months, a large proportion of the participants
reported to continue practicing some form of relaxation (81%
miCBT; 78% RLX; p = 1), whereas the participants of the
RLX-group reported a higher extent of weekly relaxation
praxis in minutes, which however did not differ significantly
(CBT: M = 40.4; SD = 43.6; RLX: M = 59.9; SD = 69.4;
p=0.151).

Response

The responder analyses yielded a similar pattern with no
statistically significant difference between the two treatments in
the frequency of reliable change (both at 4-month and 12-month
follow-up; Supplementary Table 8). For the symptom-related
outcomes (headache days, headache index, and medication days),
the response rate was higher at 12-month follow-up compared
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TABLE 2 | Primary and secondary efficacy outcomes (by intention-to-treat, N = 106) of the pre-post analyses.

Within-group differences
(Change from pre to post)

Between-group differences

Mean difference at post (SE; 95% CI); p-value

miCBT vs. WLC RLX vs. WLC

miCBT vs. RLX

Primary outcomes
Headache days
Disability by HDI?
Emotional distress
(DASS)?
Self-efficacy
(HMSE-G-SF)°
Secondary outcomes
Headache index
Medication days
Triggers (HTSAQ)?

Scale triggers

Scale S (O)

Scale S (1)

Scale avoid
Disability by PDI?
Disability by HIT-62

Pain acceptance (CPAQ)°

0.59 (1.16; —1.72 to 2.90); 0.612
1.87 (4.75; —7.55 to 11.29); 0.695
2.80 (2.57; —2.30 to 7.90); 0.279

4.67 (2.07; 0.55 to 8.78); 0.027

0.02 (0.05; —0.07 to 0.11); 0.664
0.01 (1.08; —2.04 to 2.07); 0.990

2.02 (3.04; —4.00 to 8.04); 0.508
1.57 (3.61; —5.59 to 8.73) 0.665
1.36 (4.18; —6.94 to 9.66); 0.746

—0.57 (1.14; —2.82 t0 1.68); 0.617
5.47 (4.66; —3.78 to 14.72); 0.244
2.66 (2.52; —2.34 t0 7.67); 0.294

4.42 (2.04; 0.38 to 8.46); 0.032

—0.03 (0.05; —0.12 to 0.06); 0.486
—0.42 (1.01; —2.43 to 1.58); 0.676

0.31 (2.98; —5.60 to 6.22); 0.918
1.39 (3.55; —5.64 0 8.42); 0.696
2.37 (4.11; —5.78 to 10.52); 0.565

miCBT (n = 36) RLX (n = 39) WLC (n = 31)
EMM  (SE) EMM (SE) EMM (SE)
—0.72  (0.66) -147 (063 033 (0.70)
501  (1.70) —251 (163 -6.03  (1.85)
—2.83  (1.33) 222 (128 -043  (1.44)
4.97 (1.52) 757  (146) 250 (1.64)
—~0.03  (0.02) ~0.07 (002 002 (0.02)
067  (0.62) ~0.70 (058 045 (0.65)

1.75 (1.24) 026  (1.19) —029  (1.34)

1.60 (1.48) 026  (1.41) -0.18  (1.60)
105  (1.78) 054  (1.70) 025 (1.93)

1.11 (1.30) 2.21 (1.25)  —0.08  (1.41)
-1.98  (1.59) 395 (153 145 (1.72)
-059  (0.75) —321 (072 -123  (0.81)

5.34 (1.87) 575  (1.80)  4.36 (2.03)

—1.46 (2.69; —6.79 to 3.87); 0.588
—5.30 (3.64; —12.50 to 1.91) 0.148
—0.18 (1.33; —2.82 t0 2.47); 0.894
—5.66 (4.43; —14.45 10 3.13); 0.204

—0.11 (2.64; —5.34 10 5.13); 0.968
—3.08 (3.57; —10.16 0 3.99); 0.390
—1.11 (1.31; =38.71 to 1.49); 0.398
—7.98 (4.35; —16.61 t0 0.65);0.070

1.16 (1.10; —1.02 to 3.34); 0.294
—3.60 (4.48; —12.48 t0 5.28); 0.423
0.13 (2.42; —4.67 to 4.94); 0.956

0.25 (1.95; —3.62 to 4.12); 0.899

0.05 (0.04; —0.04 to 0.14); 0.239
0.44 (0.98; —1.51 to 2.38); 0.656

1.71 (2.86; —3.96 to 7.38); 0.551
0.18 (3.40; —6.57 t0 6.93); 0.958
—1.01 (3.94; —8.83 10 6.81); 0.798
—1.35 (2.53; —6.38 10 3.67); 0.594
—2.21; (3.42; —9.00 to 4.58); 0.519
0.93 (1.26; —1.56 to 3.42); 0.459
2.32 (4.18; —5.96 to 10.60); 0.580

Change from pre to post is based on estimated marginal means (EMM). Mean difference is based on EMM at post-measure. Analyses using linear mixed models for repeated measures, including group, time, and the group x time
interaction as fixed factors, and a random intercept to model interindividual differences, based on diagonal covariance matrices and restricted maximum likelihood estimation. Headache days, Headache index, and Medication days each
refer to a 28-day period. The HTSAQ comprises 26 triggers. Since two triggers are not listed before, and two triggers (i.e., smoking, menstrual cycle) do not apply to everyone, only the data of 22 triggers was taken into account. miCBT,
migraine-specific, integrative cognitive-behavioral therapy program; RLX; relaxation training; WLC, waiting-list control-group; SE, standard error; HDI, Headache Disability Index; DASS, Depression, Anxiety and Stress Scales, total score;
HMSE-G-SF, Headache Management Self-Efficacy Scale, German version, Short-Form; HTSAQ, Headache Triggers Sensitivity and Avoidance Questionnaire; S (O), Sensitivity compared with Others; S (T), Sensitivity compared with
Time of least sensitivity; PDI, Pain Disability Index; HIT-6, Headache Impact Test; CPAQ, Chronic Pain Acceptance Questionnaire.
aHigher values mirror higher burden or higher avoidance.

b Higher values mirror higher self-efficacy or higher acceptance.
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baseline 4-month FU  12-month FU baseline ~ 4-month FU  12-month FU
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C Emotional Distress by DASS (EMM) D Self-Efficacy by HMSE-G-SF (EMM)
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baseline 4-month FU 12-month FU baseline 4-month FU  12-month FU
assessment assessment
FIGURE 3 | Primary outcomes (by intention-to-treat, N = 104) of the follow-up analyses. (A) Headache days each refer to a 28-day period. (B) HDI and (C) DASS:
Higher values mirror higher burden. (D) HMSE-G-SF: higher values mirror higher self-efficacy. Values are based on estimated marginal means (EMM). The error bars
present the standard error. Assessment is at baseline, 4-months post-treatment, and 12-months post-treatment. Analyses used a linear mixed model for repeated
measures. The p-value each refers to a within-group comparison from baseline to 12-month follow-up (MICBT: upper p-value; RLX: lower p-value). Since two
participants of the waiting-list control group were not allocated to one of the two treatment conditions for the follow-up, N = 104 (Figure 2). miCBT, migraine-specific,
integrative cognitive-behavioral therapy program; RLX, relaxation training; EMM, estimated marginal means; FU, follow-up; HDI, Headache Disability Index; DASS,
Depression, Anxiety and Stress Scales, total score; HMSE-G-SF, Headache Management Self-Efficacy Scale, German version, Short-Form.

to 4-month follow-up (in both treatments). The miCBT, as Adverse Events and Session Evaluation

well as the RLX, showed a >30% reduction of headache  Nine participants (miCBT: four; RLX: five) reported a total of 13
days for about 44% of the participants at 12-month follow-  adverse events on the session evaluation form. All reported events
up. were classified as temporary and not serious. Five participants
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(miCBT: four; RLX: one) discontinued the treatment. None of
them reported adverse events on the evaluation form. Four of
them stated, that the treatment did not meet their expectations.
In both treatments, the session evaluation by the GTS-P
showed consistently positive assessments (all means > 3; Table 3).
However, the RLX treatment was rated significantly better in
some items and in total (Table 3).

DISCUSSION

Behavioral interventions are among the most important
strategies to counteract and prevent migraine attacks. Empirical
evidence for the efficacy of different behavioral interventions is
sparse though. This randomized controlled trial thus investigated
if a migraine-specific CBT is superior to a standard RLX in
the prophylactic treatment of migraine and when compared to
a waitlist.

Both interventions (miCBT as well as RLX) led to a
significantly higher pre-post improvement in self-efficacy
compared to the WLC. Statistically summarized as BT, both
behavioral interventions led to a significantly higher pre-post
reduction in headache activity (assessed by the headache index)
compared to the WLC. In the follow-up, both interventions
yielded significant within-group improvements in most of the
outcomes. However, and contrary to expectations, miCBT was
not superior to RLX in improving clinical outcomes, neither in
the pre-post analyses nor in the follow-up analyses. There were
only significant differences in the evaluation of the treatment by
participants, with RLX doing unexpectedly better. The question
arises as to why the miCBT, which was more tailored to migraine,
was not superior. An explanation for the strength of the RLX
could be its focus on a single, easy-to-use technique (the PMR)
in contrast to the complex, more demanding miCBT. The
participants of the RLX found the relaxation exercises probably
easier to implement since CBT techniques are supposed to be
more challenging to apply in everyday life (51). In contrast, the
miCBT provided a novel intervention in each session, which
in some cases could have led to excessive demands on the
participants. Increasing the treatment dose in miCBT to more
sessions could lead to larger effects. Another explanation for an
advantage of the RLX could be that this intervention may have
addressed both declarative and non-declarative memory (52).
While declarative processing was stimulated by information
about relaxation and talking about planned relaxation practice,
non-declarative processing was also encouraged through the
real practice of relaxation during the session. The miCBT
focused more on patient education, the analysis of migraine-
associated behavior, and the setting of behavior change goals. In
contrast, there was less practical exercise, so that non-declarative
processing of the content may have been neglected here. A future
migraine-specific CBT program could benefit from even more
hands-on exercises during the session (e.g., role-plays, practicing
skills). While the group therapy setting offers the possibility of an
interpersonal exchange of experiences, the face-to-face setting is
probably more suitable for exposure-based interventions in the
context of trigger management.

Since RLX represents one of the most evidence-based
treatments for migraine prophylaxis, having even an impact
on physiological parameters, (17) the non-inferiority of miCBT
offers patients a validated treatment option. The next step would
be to identify patient characteristics that are associated with
greater benefits from one treatment or the other (53).

Beyond this, there is a growing body of literature showing
that different psychological interventions (for both migraine
and other disorders) lead to similar improvements, (19, 54)
which is in line with the present results. While we could not
find a superior effect of migraine-specific CBT interventions,
other change mechanisms (e.g., an increase in self-efficacy)
may be of more decisive importance. At post-measurement,
both active treatments (miCBT and RLX) yielded a significant
increase in headache-related self-efficacy compared to WLC.
In both treatments, significant improvements were observed in
most of the outcomes from pre to 4-month as well as to 12-
month follow-up, providing support for emerging treatment
effects in the long-term. The reduction of about two headache
days from baseline to follow-up is comparable to observed
improvements in recent randomized clinical trials on non-
medical treatments (19, 55). The improvement in self-efficacy
already at post-measurement was probably central to the further
success of both treatments. This finding is in line with the
results of a previous study that observed large increases in
headache self-efficacy through behavior therapy and emphasized
the high importance of this parameter (56). Probably, patients
are capable to select and employ behavioral techniques that
are suitable for their individual needs by self-management (51).
Since even a low-threshold non-medical intervention (lifestyle
adaption) for migraine prophylaxis was able to bring about an
improvement in self-efficacy, (57) it is worthwhile to consider
making appropriate interventions available to as many patients
as possible.

Strengths of the study include the novel miCBT, the three-
armed design, including RLX as a strong comparator, and a
long follow-up interval. Practicability is supported by the low
drop-out rate. Limitations are the monocentric design and the
lack of a control group for the follow-up. Since there was no
precise assessment of behavioral changes implemented by the
participants, a more accurate recording of at least some basic
behavior strategies (e.g., monitoring the frequency of relaxation
praxis by an online diary) would have been desirable. Further,
the sample size of the study can be considered too low for
robust interpretation of miCBT vs. RLX differences or a strict test
regarding non-inferiority.

Future research should examine if subgroups (i.e., patients
with high psychosocial burden, such as a high trigger avoidance
or a strong fear of attacks) benefit from a more tailored
intervention, i.e., the miCBT. Future studies also could examine
the potential effects of higher treatment doses. Methodological
improvements, such as the use of a control group for a long-term
follow-up or a more accurate assessment of patients’ behavioral
changes in daily life, should be considered.

In conclusion, a novel, group-based migraine-specific CBT
program could be shown to have similar effects on migraine
prophylaxis compared to relaxation training. Both treatments
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TABLE 3 | Session evaluation by the GTS-P.

miCBT n = 51 RLX n =49 Mean difference (SE; 95% ClI); p-value
ltem 1. | was engaged during today’s 3.65 (0.38) 3.76 (0.39) —0.11 (0.08; —0.26 to 0.04); 0.147
session.
Item 2. | actively participated in 3.51 (0.53) 3.74 (0.39) —0.24 (0.09; —0.42 to —0.05); 0.014
today’s session.
Item 3. | could well comprehend the 3.75 (0.25) 3.85 0.27) —0.10 (0.05; —0.20 to >0.00); 0.062
contents of this session.
ltem 4. Today’s session gave me 3.19 (0.57) 3.50 (0.49) —0.31 (0.11; —0.52 to —0.10); 0.004
suggestions for coping with my
complaints.
ltem 5. Today the group was helpful 3.37 (0.49) 3.56 (0.49) —0.20 (0.10; —0.39 to <0.00); 0.048
for me.
ltem 6. Today the atmosphere in the 3.73 0.41) 3.86 (0.25) —0.13 (0.07; —0.27 to 0.01); 0.062
group was good.
Item 7. Overall, | am satisfied with 3.68 0.41) 3.80 (0.31) —0.13 (0.07; —0.267to 0.02); 0.088
today’s session.
Item 8. After today’s session, | think 3.06 (0.62) 3.41 (0.49) —0.35 (0.11; —0.57 to —0.13); 0.003
that this approach is promising for
coping with my complaints.
Total (mean of all 8 items) 3.49 (0.35) 3.69 (0.31) —0.19 (0.07; —0.33 to —0.06); 0.004

Data are mean (standard deviation) unless otherwise stated. All data are observed values. The mean and mean difference each refers to the average value of all 7 sessions. Data refer
to all participants, who entered the treatment (n = 100, Figure 2). The p-value refers to a t-Test for independent samples (miCBT vs. RLX). GTS-P: Eeach item or statement is rated on
a 5-point Likert scale (O = “disagree,” to 4 = “agree”; higher scores reflect a more positive evaluation). miCBT, migraine-specific, integrative cognitive-behavioral therapy program; RLX,

relaxation training; SE, standard error; GTS-F, Group Therapy Session Evaluation by Patients.

were leading to a significant improvement in self-efficacy
compared to a WLC. Both treatments also showed the potential
to reduce headache activity and headache-related impairment,
but there is still no strong evidence of efficacy in this regard, and
further studies are needed to evaluate the efficacy of behavioral
therapy for migraine prophylaxis.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the corresponding authors upon reasonable
request.

ETHICS STATEMENT

The study was approved by the Ethics Committee of the
State Chamber of Medicine in Rhineland-Palatinate, Germany,
reference number 837.291.16 (10610). The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

TK, CG, EL-L, and MW: study design and conception TK:
supervision and training of the research staff and therapists,
conception of the miCBT- and the RLX, overall responsibility
for day-to-day running of the study, acquisition, and drafting of
the manuscript. BB: advice on randomization and programming
the sequence for the analysis of the headache diary data. IH:

acquisition of the data and conception of the RLX. SH, BB, and
TK: analysis and interpretation of the data. SH, IH, MW, and CG:
critical revision of the manuscript. MW: advice on all statistical
aspects of the trial. All authors contributed to the manuscript and
approved the submitted version.

FUNDING

This trial was funded by the German Migraine and Headache
Society (DMKG, e.V.) and by internal funds (Department of
Psychology, Johannes Gutenberg University of Mainz). The
publication fee is largely taken over by the University Library of
the Johannes Gutenberg University of Mainz.

ACKNOWLEDGMENTS

We are grateful to all participants who completed the treatment
and the assessments. We thank the Department of Psychology
(University of Mainz), the research staff, and the therapists
for their contributions to the study. Also, we thank the
sapite GmbH (Sérgenloch, Germany) for cooperation, providing
their software, and assistance in the conception of the
headache diary.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2022.852616/full#supplementary-material

Frontiers in Neurology | www.frontiersin.org

12

April 2022 | Volume 13 | Article 852616


https://www.frontiersin.org/articles/10.3389/fneur.2022.852616/full#supplementary-material
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Klan et al.

Behavioral Therapy in Migraine Prophylaxis

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Woldeamanuel YW, Cowan RP. Migraine affects 1 in 10 people worldwide

featuring recent rise: a systematic review and meta-analysis of community-
based studies involving 6 million participants. ] Neurol Sci. (2017) 372:307-
15. doi: 10.1016/j.jns.2016.11.071

. Stovner LJ, Nichols E, Steiner TJ, Abd-Allah E Abdelalim A, Al-

Raddadi RM et al. Global, regional, and national burden of migraine
and tension-type headache, 1990-2016: a systematic analysis for the
global burden of disease study 2016. Lancet Neurol. (2018) 17:954-
76. doi: 10.1016/S1474-4422(18)30322-3

. Tommaso M de, Ambrosini A, Brighina E Coppola G, Perrotta A, Pierelli F

et al. Altered processing of sensory stimuli in patients with migraine. Nat Rev
Neurol. (2014) 10:144-55. doi: 10.1038/nrneurol.2014.14

. Houle TT, Turner DP, Golding AN, Porter JAH, Martin V'T, Penzien DB et al.

Forecasting individual headache attacks using perceived stress: development
of a multivariable prediction model for persons with episodic migraine.
Headache. (2017) 57:1041-50. doi: 10.1111/head.13137

. Martin PR. Stress and primary headache: review of the research

and clinical management. Curr Pain  Headache (2016)

20:45. doi: 10.1007/s11916-016-0576-6

Rep.

. Pellegrino ABW, Davis-Martin RE, Houle TT, Turner DP, Smitherman

TA. Perceived triggers of primary headache disorders: a meta-analysis.
Cephalalgia. (2017) 38:1188-98. doi: 10.1177/0333102417727535

. Singer AB, Buse DC, Seng EK. Behavioral treatments for migraine

management: useful at each step of migraine care. Curr Neurol Neurosci Rep.
(2015) 15:14. doi: 10.1007/s11910-015-0533-5

. Andrasik F. What does the evidence show? Efficacy of behavioural

treatments for recurrent headaches in adults. Neurol Sci. (2007) 28 (Suppl.
2):7. doi: 10.1007/s10072-007-0754-8

. Campbell JK, Penzien DB, Wall EM. Evidence-Based Guidelines For Migraine

Headache: Behavioral and Physical Treatments: American Academy of
Neurology. (2000). Available online at: https://hpmaine.com/images/PDFs/
aan-guidelines.pdf (accessed Nov 12, 2018].

Martin PR. Behavioral management of migraine headache triggers:
learning to cope with triggers. Curr Pain Headache Rep. (2010)
14:221-7. doi: 10.1007/s11916-010-0112-z

Fritsche G, Frettloh ], Hippe M, Dlugaj M, Matatko N, Gaul C et al.
Prevention of medication overuse in patients with migraine. Pain. (2010)
151:404-13. doi: 10.1016/j.pain.2010.07.032

Smitherman TA, Kuka AJ, Calhoun AH, Walters ABP, Davis-Martin RE,
Ambrose CE et al. Cognitive-Behavioral therapy for insomnia to reduce
chronic migraine: a sequential bayesian analysis. Headache. (2018) 58:1052—
9.doi: 10.1111/head.13313

Penzien DB, Irby MB, Smitherman TA, Rains JC, Houle TT. Well-Established
and empirically supported behavioral treatments for migraine. Curr Pain
Headache Rep. (2015) 19:34. doi: 10.1007/s11916-015-0500-5

Sullivan A, Cousins S, Ridsdale L. Psychological interventions
for migraine: a systematic review. ] Neurol. (2016) 263:2369-
77. doi: 10.1007/s00415-016-8126-z

Kropp P, Meyer B, Meyer W, Dresler T. An update on behavioral treatments
in migraine - current knowledge and future options. Expert Rev Neurother.
(2017) 17:1059-68. doi: 10.1080/14737175.2017.1377611

Nestoriuc Y, Martin A. Efficacy of biofeedback for migraine: a meta-analysis.
Pain. (2007) 128:111-27. doi: 10.1016/.pain.2006.09.007

Meyer B, Keller A, Wohlbier H-G, Overath CH, Miiller B, Kropp P.
Progressive muscle relaxation reduces migraine frequency and normalizes
amplitudes of contingent negative variation (CNV). ] Headache Pain. (2016)
17:37. doi: 10.1186/510194-016-0630-0

Kindelan-Calvo P, Gil-Martinez A, Paris-Alemany A, Pardo-Montero J,
Muinoz-Garcia D, Angulo-Diaz-Parrefio S et al. Effectiveness of therapeutic
patient education for adults with migraine. a systematic review and
meta-analysis of randomized controlled trials. Pain Med. (2014) 15:1619-
36. doi: 10.1111/pme.12505

Wells RE, O’Connell N, Pierce CR, Estave P, Penzien DB, Loder E et al.
Effectiveness of mindfulness meditation vs headache education for adults with
migraine: a randomized clinical trial. JAMA Intern Med. (2021) 181:317-
28. doi: 10.1001/jamainternmed.2020.7090

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Martin PR, Reece ], Callan M, MacLeod C, Kaur A, Gregg K et al. Behavioral
management of the triggers of recurrent headache: a randomized controlled
trial. Behav Res Ther. (2014) 61:1-11. doi: 10.1016/j.brat.2014.07.002

Sharpe L, Dudeney J. Williams ACdC, Nicholas M, McPhee
I, Baillie A et al. Psychological therapies for the prevention
of migraine in adults cochrane database. Syst Rev. (2019)

7:CD012295. doi: 10.1002/14651858.CD012295.pub2

Dudeney J, Sharpe L, McDonald S, Menzies RE, McGuire B. Are psychological
interventions efficacious for adults with migraine? a systematic review and
meta-analysis. Headache. (2022) 1-15. doi: 10.1111/head.14260

Klan T, Liesering-Latta E, Gaul C, Martin PR, Witth6ft M. An integrative
cognitive behavioral therapy program for adults with migraine: a feasibility
study. Headache. (2019) 59:741-55. doi: 10.1111/head.13532

Headache Classification Committee of the International Headache Society.
The international classification of headache disorders, 3rd edition (beta
version). Cephalalgia. (2013) 33:629-808. doi: 10.1177/0333102413485658
Falkai P, Dopfner M, editors. Diagnostische Kriterien DSM-5. 1. Aufl.
Gottingen: Hogrefe (2015).

Kanfer ~FH, Saslow G. Behavioral analysis: an

to  diagnostic  classification. = Arch  Gen  Psychiatry.
12:529. doi: 10.1001/archpsyc.1965.01720360001001

Bernstein DA, Borkovec TD. Entspannungstraining: Handbuch der
Progressiven Muskelentspannung nach Jacobson. 13. Aufl. Stuttgart:
Klett-Cotta (2013).

Leiner DJ. SoSci Survey: Der onlineFragebogen. (2014). Available online at:
URL: www.soscisurvey.de (accessed Mar 24, 2021)

Zoubek K. Prozessevaluation kognitiv-verhaltenstherapeutischen
Gruppentherapie bei Diabetes und Depression: Entwicklung und Validierung
der Patienten- und Therapeuten- Gruppentherapiestundenbiogen (GTS-P,
GTS-T, GTS-TP) zur Vorhersage des Therapieerfolgs. Mainz: Johannes
Gutenberg-Universitit (2013).

Weck E Hilling C, Schermelleh-Engel K, Rudari V, Stangier U. Reliability
of adherence and competence assessment in cognitive behavioral therapy:
Influence of clinical experience. | Nerv Ment Dis. (2011) 199:276-
9. doi: 10.1097/NMD.0b013e3182124617

Rund N. Therapeutenkompetenz und Manualtreue als Pridiktoren des
Therapieerfolgs bei Patienten mit Diabetes und Depression [Dissertation].
Tiibingen, Eberhard Karls Universitét Tiibingen (2014).

Bauer B, Evers S, Gralow I, Husstedt I-W. Psychosoziale
Beeintrachtigung durch chronische Kopfschmerzen. Nervenarzt. (1999)
70:522-9. doi: 10.1007/s001150050475

Nilges P, Essau C. Depression, anxiety and stress scales. Der Schmerz. (2015)
29:649-57. doi: 10.1007/s00482-015-0019-z

Graef JE, Rief W, French DJ, Nilges P, Nestoriuc Y. German language
adaptation of the Headache Management Self-Efficacy Scale (HMSE-G) and
Development of a New Short Form (HMSE-G-SF). Headache. (2015) 55:958-
72.doi: 10.1111/head.12564

Caroli A, Klan T, Gaul C, Liesering-Latta E, Martin PR, Witthoft
M. Die Erfassung Triggerempfindlichkeit und
bei primiren Kopfschmerzen: Entwicklung wund psychometrische
Erprobung einer deutschen Version des Headache Triggers Sensitivity
and Avoidance Questionnaire (HTSAQ-G). Verhaltenstherapie. (2020)
30:234-45. doi: 10.1159/000501218

U, Nilges P, H, Gerbershagen
disability in chronic pain patients. Der Schmerz.
10. doi: 10.1007/BF02530415

Kosinski M, Bayliss MS, Bjorner JB, Ware JE, Garber WH, Batenhorst
A, et al. A six-item short-form survey for measuring headache impact:
The HIT-6™. Qual Life Res. (2003) 12:963-74. doi: 10.1023/A:102611933
1193

Nilges P, Koster B, Schmidt CO. Schmerzakzeptanz - konzept und
uberpriifung einer deutschen fassung des chronic pain acceptance
questionnaire. Schmerz. (2007) 21:57-67. doi: 10.1007/s00482-006-0508-1
Kubik SU, Martin PR. The headache triggers sensitivity and avoidance
questionnaire: establishing the psychometric properties of the questionnaire.
Headache. (2017) 57:236-54. doi: 10.1111/head.12940

Martin M, Blaisdell B, Kwong JW, Bjorner JB. The short-form
headache impact test (HIT-6) was psychometrically equivalent in nine

alternative
(1965)

einer

von -vermeidung

Dillmann Saile HU. Assessing

(1994)  8:100-

Frontiers in Neurology | www.frontiersin.org

April 2022 | Volume 13 | Article 852616


https://doi.org/10.1016/j.jns.2016.11.071
https://doi.org/10.1016/S1474-4422(18)30322-3
https://doi.org/10.1038/nrneurol.2014.14
https://doi.org/10.1111/head.13137
https://doi.org/10.1007/s11916-016-0576-6
https://doi.org/10.1177/0333102417727535
https://doi.org/10.1007/s11910-015-0533-5
https://doi.org/10.1007/s10072-007-0754-8
https://hpmaine.com/images/PDFs/aan-guidelines.pdf
https://hpmaine.com/images/PDFs/aan-guidelines.pdf
https://doi.org/10.1007/s11916-010-0112-z
https://doi.org/10.1016/j.pain.2010.07.032
https://doi.org/10.1111/head.13313
https://doi.org/10.1007/s11916-015-0500-5
https://doi.org/10.1007/s00415-016-8126-z
https://doi.org/10.1080/14737175.2017.1377611
https://doi.org/10.1016/j.pain.2006.09.007
https://doi.org/10.1186/s10194-016-0630-0
https://doi.org/10.1111/pme.12505
https://doi.org/10.1001/jamainternmed.2020.7090
https://doi.org/10.1016/j.brat.2014.07.002
https://doi.org/10.1002/14651858.CD012295.pub2
https://doi.org/10.1111/head.14260
https://doi.org/10.1111/head.13532
https://doi.org/10.1177/0333102413485658
https://doi.org/10.1001/archpsyc.1965.01720360001001
http://www.soscisurvey.de
https://doi.org/10.1097/NMD.0b013e3182124617
https://doi.org/10.1007/s001150050475
https://doi.org/10.1007/s00482-015-0019-z
https://doi.org/10.1111/head.12564
https://doi.org/10.1159/000501218
https://doi.org/10.1007/BF02530415
https://doi.org/10.1023/A:1026119331193
https://doi.org/10.1007/s00482-006-0508-1
https://doi.org/10.1111/head.12940
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Klan et al.

Behavioral Therapy in Migraine Prophylaxis

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

languages. ] Clin Epidemiol. (2004) 57:1271-8. doi: 10.1016/j.jclinepi.2004.
05.004

Silberstein S, Tfelt-Hansen P, Dodick DW, Limmroth V, Lipton
RB, Pascual ] et al. Guidelines for controlled trials of prophylactic
treatment of chronic migraine in adults. Cephalalgia. (2008)
28:484-95. doi: 10.1111/j.1468-2982.2008.01555.x

Diener H-C, Tassorelli C, Dodick DW, Silberstein SD, Lipton RB, Ashina M
et al. Guidelines of the international headache society for controlled trials
of preventive treatment of migraine attacks in episodic migraine in adults.
Cephalalgia. (2020) 40:1026-44. doi: 10.1177/0333102420941839

Faul E Erdfelder E, Buchner A, Lang A-G. Statistical power analyses using
G*Power 3. 1: tests for correlation and regression analyses. Behav Res Methods.
(2009) 41:1149-60. doi: 10.3758/BRM.41.4.1149

Vickers AJ, Altman DG. Statistics notes: analysing controlled trials
with baseline and follow up measurements. BMJ. (2001) 323:1123-
4. doi: 10.1136/bmj.323.7321.1123

Lakens D. Calculating and reporting effect sizes to facilitate cumulative
science: a practical primer for t-tests and ANOVAs. Front Psychol. (2013)
4:863. doi: 10.3389/fpsyg.2013.00863

Luedtke K, Basener A, Bedei S, Castien R, Chaibi A, Falla D et al. Outcome
measures for assessing the effectiveness of non-pharmacological interventions
in frequent episodic or chronic migraine: a delphi study. BMJ Open. (2020)
10:€029855. doi: 10.1136/bmjopen-2019-029855

Jacobson NS, Truax P. Clinical significance: a statistical approach to defining
meaningful change in psychotherapy research. J Consult Clin Psychol. (1991)
59:12-9. doi: 10.1037/0022-006X.59.1.12

LOMBARDI CM HURLBERT SH. Misprescription and misuse of one-tailed
tests. Austral Ecol. (2009). doi: 10.1111/.1442-9993.2009.01946.x

Moyé LA. Statistical Reasoning in Medicine. New York, NY: Springer (2000).
Howard DR, Brown JM, Todd S, Gregory WM. Recommendations on
multiple testing adjustment in multi-arm trials with a shared control group.
Stat Methods Med Res. (2018) 27:1513-30. doi: 10.1177/0962280216664759
Morgan M, Cousins S, Middleton L, Warriner-Gallyer G, Ridsdale L. Patients’
experiences of a behavioural intervention for migraine headache: a qualitative
study. ] Headache Pain. (2015) 17:16. doi: 10.1186/s10194-016-0601-5
Baddeley AD, Kopelman MD, Wilson BA, editors. The Essential Handbook of
Memory Disorders for Clinicians. Chichester: Wiley (2004).

HC, Frank E, Kupfer DJ. of
outcomes: clinical, research, and policy importance. JAMA.
296:1286-9. doi: 10.1001/jama.296.10.1286

Goodyer IM, Reynolds S, Barrett B, Byford S, Dubicka B, Hill ] et al. Cognitive
behavioural therapy and short-term psychoanalytical psychotherapy versus
a brief psychosocial intervention in adolescents with unipolar major

Kraemer Moderators treatment

(2006)

depressive disorder (IMPACT): a multicentre, pragmatic, observer-blind,
randomised controlled superiority trial. Lancet Psychiatry. (2017) 4:109-
19. doi: 10.1016/52215-0366(16)30378-9

Seminowicz DA, Burrowes SAB, Kearson A, Zhang J, Krimmel SR,
Samawi L et al. Enhanced mindfulness-based stress reduction in episodic
migraine: a randomized clinical trial with magnetic resonance imaging
outcomes. Pain. (2020) 161:1837-46. doi: 10.1097/j.pain.00000000000
01860

Seng EK, Holroyd KA. Dynamics of changes in self-efficacy and locus
of control expectancies in the behavioral and drug treatment of severe
migraine. Ann Behav Med. (2010) 40:235-47. doi: 10.1007/s12160-010-9
223-3

Leroux E, Beaudet L, Boudreau G, Eghtesadi M, Marchand L, Pim H
et al. A nursing intervention increases quality of life and self-efficacy in
migraine: a l-year prospective controlled trial. Headache. (2018) 58:260-
74. doi: 10.1111/head.13178

55.

56.

57.

Conflict of Interest: CG has received honoraria for consulting and lectures
within the past 3 years from Allergan Pharma, Lilly, Novartis Pharma, Hormosan
Pharma, Griinenthal, Sanofi-Aventis, Weber & Weber, Lundbeck Perfood, and
TEVA and is honorary secretary of the German Migraine and Headache Society.
EL-L has received honoraria for lectures within the past 3 years from Allergan
Pharma, Lilly, and TEVA. EL-L and TK published a treatment manual about CBT
for migraine.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Klan, Gaul, Liesering-Latta, Both, Held, Hennemann and
Witthéft. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org

14

April 2022 | Volume 13 | Article 852616


https://doi.org/10.1016/j.jclinepi.2004.05.004
https://doi.org/10.1111/j.1468-2982.2008.01555.x
https://doi.org/10.1177/0333102420941839
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.1136/bmj.323.7321.1123
https://doi.org/10.3389/fpsyg.2013.00863
https://doi.org/10.1136/bmjopen-2019-029855
https://doi.org/10.1037/0022-006X.59.1.12
https://doi.org/10.1111/j.1442-9993.2009.01946.x
https://doi.org/10.1177/0962280216664759
https://doi.org/10.1186/s10194-016-0601-5
https://doi.org/10.1001/jama.296.10.1286
https://doi.org/10.1016/S2215-0366(16)30378-9
https://doi.org/10.1097/j.pain.0000000000001860
https://doi.org/10.1007/s12160-010-9223-3
https://doi.org/10.1111/head.13178
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Efficacy of Cognitive-Behavioral Therapy for the Prophylaxis of Migraine in Adults: A Three-Armed Randomized Controlled Trial
	Introduction
	Methods
	Study Design and Participants
	Randomization and Masking
	Interventions
	Assessments
	Treatment Integrity
	Outcomes
	Statistical Analyses

	Results
	Participants
	Treatment Integrity
	Efficacy
	Response
	Adverse Events and Session Evaluation

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


