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A randomized study using relaxation
and topiramate as controls
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Abstract

Aim: Scientific evidence regarding exercise in migraine prophylaxis is required. Therefore this study aimed to evaluate the
effects of exercise in migraine prevention.

Methods: In a randomized, controlled trial of adults with migraine, exercising for 40 minutes three times a week was
compared to relaxation according to a recorded programme or daily topiramate use, which was slowly increased to the
individual’s highest tolerable dose (maximum 200 mg/day). The treatment period lasted for 3 months, and migraine
status, quality of life, level of physical activity, and oxygen uptake were evaluated. The primary efficacy variable was
the mean reduction of the frequency of migraine attacks during the final month of treatment compared with the baseline.
Results: Ninety-one patients were randomized and included in the intention-to-treat analysis. The primary efficacy var-
iable showed a mean reduction of 0.93 (95% confidence interval (Cl) 0.31-1.54) attacks in the exercise group, 0.83 (95%
Cl10.22—1.45) attacks in the relaxation group, and 0.97 (95% CIl 0.36—1.58) attacks in the topiramate group. No significant
difference was observed between the groups (p =0.95).

Conclusion: Exercise may be an option for the prophylactic treatment of migraine in patients who do not benefit from or
do not want to take daily medication.
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Introduction

effects on both frequency and intensity of migraine, as

Migraine is a serious health problem with huge conse-
quences for individuals as well as for society (1). In the
prophylactic treatment of migraine, topiramate is a
drug of first choice, as it has been shown to be both
effective and well tolerated (2,3). However, some
patients prefer non-pharmacological treatments,
which may be as effective as drugs (4). Behavioural
therapies including relaxation, biofeedback, and stress
management have been proven to be effective, and
there is grade-A evidence of the effectiveness of relaxa-
tion therapy (5).

Regular exercise is often recommended in migraine
treatment (6). Exercise is defined as physical activity
that is planned, structured, repetitive, and purposeful
in the sense that the improvement or maintenance of
physical fitness is the objective (7). Several studies eval-
uating aerobic endurance training report beneficial

well as on the duration of the attacks and on patient
well being (8-10). However, there is not enough scien-
tific evidence available to draw conclusions about the
effects of aerobic exercise in migraine treatment and
more studies are imperative (6).

On the other hand, Kelman (11) found that 22% of
participants reported exercise as a trigger factor for
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migraines, which might be a reason for some patients to
avoid exercise. Individuals with migraine and other
headaches have been shown to be less physically
active than those without headaches (12). However,
an exercise programme, based on indoor cycling three
times a week, has been shown to be safe and useful in
improving exercise capacity with no deterioration of the
participant’s migraine status (13). The effectiveness of
exercise in migraine prevention is still unclear, and we
therefore undertook this randomized controlled trial in
order to compare exercise with common pharmacolog-
ical and non-pharmacological treatments with regard
to migraine prevention.

Methods
Patients

This study was conducted at a specialist headache clinic
in Sweden between January 2006 and March 2009. The
participants were mostly recruited via newspaper adver-
tisements, but also from the headache clinic. Those who
were interested in participation were examined by a
neurologist (ML), and a migraine diagnosis was given
according to The International Classification of
Headache Disorders criteria (ICHD-II) (14). During
this meeting, they also received individual advice
about acute medication and an information brochure
about migraine. Participants who fulfilled the inclusion
criteria and none of the exclusion criteria were invited
to participate in the study. The inclusion criteria stated
that the participants must: be aged between 18 and 65
years old; have migraine with or without aura with a
frequency of 2-8 attacks per month, and have had
migraine for at least 1 year before participating in the
study and before the age of 50. The exclusion criteria
were: interval headaches not distinguishable from
migraine; medication-overuse headache; regular exer-
cise (once or more per week during the 12 weeks
prior to the study); earlier regular practice of relaxa-
tion; pregnancy; breastfeeding; use of daily migraine
prophylaxis in the 12 weeks prior to the study; inability
to understand Swedish; use of antipsychotic or antide-
pressive medication in the 12 weeks prior to the study;
drug or alcohol abuse; and topiramate intolerance.

Randomization and masking

In order to confirm that they had a retrospective history
of 2-8 migraine attacks/month, the participants under-
went a prospective baseline period of at least 1 month,
during which time they kept a migraine diary. The base-
line period could be extended up to 3 months, depend-
ing on the date on which the treatment period could
start. The participants who met the inclusion criteria

after the baseline period were randomized into one of
three groups: relaxation, exercise, or topiramate. The
enrolling neurologist remained completely separate
from the randomization procedure, which was con-
ducted by an independent person according to a lottery
method. Six pieces of paper, two for each group, were
folded twice and put into an opaque envelope. One
piece of paper was taken each time a patient entered
the study. After six participants had been included, the
procedure started again. After randomization, the par-
ticipants were informed about the study and scheduled
for treatment by the study secretary. As this study com-
pared pharmacological and non-pharmacological treat-
ments, blindness to treatment was not possible, but all
of the completed assessment forms were encoded and
returned to the study secretary in sealed envelopes.
Therefore, the evaluator was effectively blinded.

Study design and procedures

The study was a single-centre, prospective, randomized
controlled trial and was approved by the Regional
Ethical Review Board in Gothenburg. Before enrol-
ment, all of the study participants gave their written
informed consent after receiving full oral and written
information about the study. The study was designed
according to established guidelines for randomized con-
trolled studies and for clinical trials of prophylactic
migraine treatments (15,16).

The study design, including the assessments, is
described in Figure 1. After a 4-12 week baseline
period, the 12-week treatment period started. Follow-
up was carried out 3 and 6 months after treatment. No
restrictions were placed on the use of concomitant acute
medication. Over the course of the study, all of the
participants were allowed to contact the physiothera-
pist or the neurologist with questions over the tele-
phone or in the form of a scheduled visit.

Migraine status, including the primary efficacy vari-
able, was assessed through the use of daily diaries
regarding migraine, acute medication (doses of tablets,
injections, nasal sprays, and suppositories) and the
average pain that the migraines caused. These diaries
were based on vertical visual-analogue scales, which
have been shown to be valid for the registration of
pain intensity in headache patients (17). The diaries
were sent to the study secretary every 4 weeks.
A migraine attack was defined as concomitant days
with migraine headache and distinct attacks were
counted if separated by >24h free from headache
(15). The participants were also asked to note any
adverse events (AEs) (18) during the treatment
period. All of the AEs reported in writing are pre-
sented, without any speculation as to their cause.
Quality of life (QoL) was measured using the Swedish
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Figure 1. Study design.

version of the Migraine-Specific Quality of Life
Questionnaire (MSQoL), which consists of 20 items,
each of which is rated using a response scale with
four categories (1 =very much and 4=not at all).
The data were then standardized to a range of values
from 0-100, where 0 represents the worst health status
experienced by the participants and 100 represents the
best health status (19). In order to evaluate aerobic
cﬂapacity, the estimated VO,,.x Was measured using
Astrand’s submaximal bicycle test (20,21). The tests
were performed by an experienced physiotherapist,
who was not involved in the treatment, on a 828E
ergometer cycle (Monark, Varberg, Sweden), and
pulse rate was assessed using a FS1 pulse watch
(Polar, Guangzhou, China). Finally, the International
Short Physical Activity Questionnaire (IPAQ) was used
to assess the participants’ levels of physical activity
(22). This questionnaire estimates the number of min-
utes per day or week during which an individual per-
forms different activities. The level of activity is
assessed by estimating the intensity of each type of
activity according to its energy requirements, defined
as metabolic equivalents (MET), in order to yield a
score in MET-minutes. The numbers of sedentary
hours/day were also estimated. The primary efficacy
variable in the study was a reduction in the mean fre-
quency of migraine attacks. All of the other variables
were seen as secondary variables.

The participants who had been allocated to the
relaxation group had to attend a scheduled individual
appointment with a registered physiotherapist (EV)
once a week. The relaxation programme described by
Larsson and Andrasik (23) is based on common forms
of relaxation, breathing, and stress-management tech-
niques and includes a series of six exercises, each of

which is based on the one before. Each relaxation exer-
cise lasted for between 5 and 20 minutes, and verbal and
written information was given out before the introduc-
tion of a new relaxation exercise. After each session,
there was an opportunity for the participant to discuss
their progress with the physiotherapist. If they were
absent, they were contacted and informed about how
to continue on their own. Between the scheduled ses-
sions, the participants practised at home every day with
a compact disc. For the purpose of this study, adher-
ence to the relaxation treatment was defined as partic-
ipating in six or more sessions at the clinic, as the
programme included six different exercises. Verbal con-
firmation of practice at home was also required.

The participants who were allocated to the exercise
group trained with a registered physiotherapist (EV) for
40 minutes, three times a week. The exercise pro-
gramme was based on indoor cycling. The rate of per-
ceived exertion (RPE) scale (intensity graded 6-20) was
used to set the training intensity (24). Each training
session included a 15-minute warm-up period (intensity
on RPE scale 11-13), followed by a 20-minute exercise
period (RPE scale 14-16) and a 5-minute cool-down
period (RPE scale 11-13). The exercise programme
has also been described earlier (13). The opportunity
to discuss the exercise with the physiotherapist was
given after every session. If the participant was
absent, they exercised at home or at a local gym. All
forms of continuous aerobic exercise were then
accepted, and participants were instructed to reproduce
the same intensity and duration used in the exercise
programme. Based on recommendations for increasing
VOsmax (25), participants who exercised once per week
on average at the clinic and a total of two or more times
a week were seen as adhering to the treatment.
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The participants in the medication group visited a
neurologist (ML) before starting a course of topira-
mate. Topiramate is an antiepileptic drug in use for
over 10 years and has been registered in Sweden
(Topimax; Janssen-Cilag, Sollentuna, Sweden) for the
treatment of migraine since 2005. These participants
also received written information about the drug.
Their dosage was slowly increased by 25mg every
week until the dosage reached the highest dose that
the individual could tolerate, with a maximum of
200 mg/day (18). They were allowed to call the neurol-
ogist at any time of day during the treatment period
and to book a scheduled visit if needed. At least one
follow-up visit was scheduled. Adherence was defined
as using the medicine >2 months in accordance
with the prescription and was measured using
self-reports (26).

Statistical analysis

A power analysis was conducted in order to detect a
clinically relevant difference between the groups in
terms of a change in the mean monthly migraine fre-
quency from the baseline, defined as 1.0 number of
attacks. Assuming a standard deviation of 1.2, and a
power level of 80%, a two sided-test with an alpha level
of 0.05 showed that it was necessary to have 30 subjects
in each group.

The null hypothesis was defined as follows: there is
no difference between the three treatment regimes. This
hypothesis was used for all of the efficacy variables.

Changes from the baseline at all points in time in
terms of migraine days/month, mean pain intensity,
acute medication used, QoL, MET-minutes/week, sed-
entary hours/day and VO,.,,x were evaluated as sec-
ondary efficacy variables. The response rate (>=50%
improvement in the primary efficacy variable) was
also evaluated. All of the analyses were carried out
and reported as decided beforehand in the statistical
protocol.

The primary analysis was performed using the inten-
tion-to-treat (ITT) population, with randomized partic-
ipants who met the inclusion criteria. For missing data,
the last observation was carried forward (assuming no
change for non-completers). All of the analyses were
also carried out per protocol (PP). The PP population
incorporated all of the ITT subjects who did not deviate
in any major way from the protocol, including at least
one post-baseline measure of the primary efficacy var-
iable and adherence to the actual treatment. All of the
data are presented using descriptive statistics, i.e. the
number of observations, means and standard devia-
tions for continuous variables, and frequencies and per-
centages for categorical variables. Continuous data
were analysed using ANCOVA, in which treatment

was used as a fixed factor and the baseline levels as a
covariate in the model. The data are presented with the
least square means and the corresponding 95% confi-
dence intervals (CI). Categorical data were analysed
using the chi-square test. All of the tests were two-
sided and p<0.05 was regarded as statistically signifi-
cant. All of the analyses were performed using
STATISTICA 9.0 (Stat Soft, Tulsa OK, USA).

Results
Participants

Of the 148 participants who received written informa-
tion about the study, 91 could be randomized and
included in the ITT analysis. The flow of participants
through each stage of the trial is presented in Figure 2.
Among the participants, 44 had migraine without aura,
seven had migraine with aura and 40 had both diagno-
ses. One of the patients had chronic migraine. The
demographic data and baseline outcome measures are
presented in Table 1.

A significant difference in the change in body weight
from the baseline values was seen between the groups
after treatment (PP population, p=0.007). The mean
change was 1.0 (0.1-1.9) kg within the relaxation group,
—0.5 (—1.5to 0.4) kg within the exercise group and —1.3
(—2.4 to —0.2) kg within the topiramate group.

Primary efficacy variable

The change in the number of migraine attacks during
the last month of treatment compared with the baseline
showed a mean reduction of 0.93 (95% CI 0.31-1.54)
attacks in the exercise group, 0.83 (95% CI 0.22-1.45)
attacks in the relaxation group, and 0.97 (95% CI 0.36—
1.58) attacks in the topiramate group. No significant
difference was observed between the groups (p =0.95).
This result was confirmed in the PP analysis (p =0.77).
An overall test for within individual changes over time
for the entire group showed a significant reduction
(»<0.05).

Secondary efficacy variables

Among the secondary efficacy variables, the reduction
in pain intensity from the baseline to the mean of the
3-month treatment period significantly favoured the
topiramate group (p =0.044). However, no differences
were seen when comparing the proportions of subjects
with a change in pain intensity defined numerically as
improved or non-improved (p=0.29). In the exercise
group, maximal oxygen uptake increased significantly
(p=0.008). No statistically significant differences
between the groups were found for any of the other
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148 participants fullfilled criteria and
recieved written information about the study

110 interested in participation

Excluded (n=19)

Did not meet inclusion criteria (n=>5)

Inclusion criteria could not be
confirmed (n=12)
Refused to participate (n=2)

‘ 91 randomised

Relaxation
(ITT analysis, n=30)

Exercise
(ITT analysis, n=30)

Topiramate
(ITT analysis n=31)

Withdrew (n=4)

Not satisfied with treatment (n=2)
Lack of time (n=1)
No explanation (n=1)

Withdrew (n=5)

Lack of time (n=1)
Non-compliance (n=4)

Withdrew (n=10)

Refused prophylactic drugs (n=7)
Adverse events (n=3)

Completed treatment
(PP analysis, n=26)

Completed treatment
(PP analysis, n=25)

Completed treatment
(PP analysis, n=21)

| [

3-month follow up (n=23)

3-month follow up (n=22)

3-month follow up (n=20)

6-month follow up (n=14)

6-month follow up (n=16)

6-month follow up (n=17)

Figure 2. Flow of participants throughout all stages of the study.

secondary efficacy variables at any point in time. The
PP analysis confirmed all of these results, accept for
acute medication use 6 month after treatment. The
results are presented in Table 2 and 3.

Adverse events

No AEs were documented for participants in the relax-
ation or exercise groups. AEs were documented by
eight participants in the topiramate group (33%). The
safety population (i.e. the patients who took at least
one dose of medicine) consisted of 24 individuals.
Three of them (12.5%) reported AEs as the cause of
their withdrawal from the study. The most common
AEs reported were paresthesia (n=75), fatigue (n=3),
a depressed mood (n=23), vertigo (n=2), and infre-
quent bowel movements (n=2). Headaches, tremors,
muscle twitching, mood swings, dysgeusia, nausea,
dry eyes, epistaxis, a dry mouth, urinary incontinence,
amnesia, cognitive disorders, diarrhoea, and musculo-
skeletal chest pain were each reported by one patient.
The same patients often reported several symptoms. No
serious AEs were reported.

Discussion

Scientific evidence regarding exercise in migraine pro-
phylaxis is required. In this randomized controlled
study, participants doing regular exercise experienced
an improvement in the frequency of their migraine
attacks that was not significantly different from the
change achieved with well-evaluated treatment alterna-
tives. This finding was also true for most secondary
efficacy variables and confirmed through PP analysis.
Exercise treatment resulted in a significant increase
in maximal oxygen uptake in comparison to the other
treatments, which was expected. It did not, however,
significantly affect the participants’ levels of physical
activity (MET-minutes/week) or sedentary time.
Topiramate yielded a greater improvement in terms of
mean pain intensity, which was one of the secondary
efficacy variables. However, no difference was seen in
the proportions of subjects with a change in pain inten-
sity defined numerically as improved or non-improved.
The absolute change was relatively small, and it can
therefore be discussed whether it is clinically relevant.
Furthermore, we cannot exclude type I errors. It may
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Table 3. Participants who responded to the different treatments

PP

ITT

Exercise (1=30) Topiramate (n=31) Relaxation (1=26) Exercise (1=25) Topiramate (n=2I)

Relaxation (n = 30)

Response

8 (38)
3 (14)

10 (48)

7 (28)
5 (20)
13 (52)

7 (27)
5(19)
14 (54)

8 (26)
3 (10)

20 (65)

9 (30)
5 (17)
16 (53)

7 (23)
5(17)
18 (60)

Responders (>50% improvement)

Somewhat improved (25-49% improvement)

Not clinically improved (<25% improvement)

0.93.

0.86; PP: p

Values are n (%). ITT: p

be important from a clinical perspective that AEs were
only reported in the topiramate group. No serious AEs
were reported. Although in a low proportion of
patients, topiramate has the potential to cause such
AEs (18). AEs are a well-known reason for patients
to reject prophylactic drugs, which makes it important
to further evaluate non-pharmacological options.
However, this finding must be interpreted with caution,
as written information about potential AEs was pro-
vided in the medication group only. Furthermore, the
standard method used for capturing AEs stems from
drug-related research and is not necessarily sensitive
to AEs resulting from non-pharmacological interven-
tions, which may seem more natural to participants.
As we know from previous studies that topiramate
and relaxation are effective as means of migraine pro-
phylaxis, we assume from our study results that exercise
is also effective. Our findings are also supported by ear-
lier studies and reports on migraine and exercise (8—
10,27). This has a direct implication for patients who
are unwilling to take medication or cannot tolerate it.

Although the study has acceptable power, we cannot
exclude the notion that differences between these treat-
ments exist. However, it is our opinion that if these
differences are too small to discover in a sample of
this size, other factors than effect might be just as
important to consider when choosing prophylactic
treatment. Such may include, for example, patients’
preferences, beliefs with regard to medicines (28) and
how much time they want to devote to prophylactic
actions.

We chose to have active treatments as controls,
instead of placebos or ‘waiting lists’. The issue of pla-
cebo-controlled trials has been debated (29), and our
decision was based on the conclusion of the Declaration
of Helsinki (2008), that a placebo may be used only
where no current proven intervention exists or where
there are compelling and scientifically sound methodo-
logical reasons (30). A further reason for this design
was the need to compare exercise with both standard
medical therapy and the most common non-pharmaco-
logical option. The study compared supervised group
treatment (exercise) with individual treatment (relaxa-
tion) and medication with only a few scheduled
appointments. This was primarily in order to reflect
our normal clinical practice. Regarding the risk that
the patients received unequal amounts of attention,
which could affect the results, we believe that individual
relaxation therapy once a week may have resulted in the
individual patients receiving as much attention as those
performing exercises in small groups three times a
week. The participants in the topiramate group had
the opportunity to call the neurologist at any time
during the day with questions and for support, which
many of them did. The exercise group met other
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participants, but possible group effects in migraine
treatment are poorly evaluated. We doubt that meeting
others can prevent migraine as well as well-evaluated
prophylactic medication.

It is methodologically challenging to compare phar-
macological and non-pharmacological treatments.
Participants often have a preference for drug or beha-
vioural therapy, which may undermine their adherence
for therapy, influence dropout rate, and even affect treat-
ment response (31). This was true for some participants
in our study, who were unsatisfied with the randomiza-
tion. Dropout may have affected our results accordingly,
but as we performed our analyses based on both the ITT
and PP samples without finding any differences, we
believe that this problem was controlled for. For ethical
reasons, the participants were assured of their right to
drop out at any time without giving a reason.

There are some limitations to be considered in the
interpretation of our results. This study was based on a
self-selected sample of patients and the external validity
of our findings is not obvious. In an attempt to increase
the generalizability of our findings, we predominately
recruited participants via newspaper advertisements.
The decision not to include patients who already under-
took regular exercise could be criticized, as individuals
who are unaccustomed to exercise do not necessarily
represent a typical migraine population,(6) although
migraine sufferers in general have been found to exer-
cise less with the increasing severity of the disease (12).
Regarding QoL, the patients in our study were compa-
rable to patients with migraine in a large study of 1383
patients (19).

When interpreting our results, we cannot exclude
that regression to the mean and the natural course of
the disorder play a role in the improvements during and
after treatment. Since the study was randomized, the
three groups should, however, have been equally
affected. Nor can we, with this study design, determine
the relative role of the placebo effect in the different
treatment groups. The treatment effects in our study
were somewhat smaller than expected and the effects
in the medicine group are smaller compared to other
studies of topiramate There are though some possible
explanations for this. First, in comparison to studies of
migraine prevention, our participants were slightly
older and had a longer duration of disease (32,33).
Furthermore, we chose not to exclude participants
who had severe migraine and those who had failed ade-
quate courses of treatment with >3 migraine prophy-
lactic agents. In other studies these are seen as exclusion
criteria (32,34). Owing to these factors, our patients
may have been treatment-refractory to a greater
extent, which may have affected our results negatively.
A further reason that the effects seen in our study is
inferior to what is seen in other topiramate studies can

be that we defined ITT more generously (3,35,36). Our
PP-population is therefore more suitable to use in a
comparison of treatment effects with the studies
referred to. Some studies only report the PP-population
(37,38). The efficacy variables and the definition of a
migraine attack also sometimes differ. Using the
PP-population to compare our topiramate group to
earlier important topiramate studies regarding 50%
improvement, days with migraine and, if similarly
defined, also migraine attack frequency show that our
results are superior to the placebo groups in all studies
and in some cases similar to the topiramate groups
(3,35-38). We therefore find it unlikely, that the favor-
able results in our study are entirely caused by the pla-
cebo effect in any of the groups. Since the results in the
non-pharmacological treatment groups were not signif-
icantly inferior to those in the topiramate group in this
adequately powered study, we argue that those treat-
ments are indeed effective, and assume that this is not
exclusively caused by the placebo effect. The major
strengths of our study include the randomized
controlled trial design, and that established guidelines
for randomized controlled studies and for clinical trials
of prophylactic migraine treatments were adhered to
(15,16). Other strong points include the participation
of an enrolling neurologist with a great deal of experi-
ence in diagnosing migraine patients, the use of two
well-documented treatment methods as controls, and
the use of valid and reliable outcome measures. The
overall results from our study indicate that exercise is
a non-pharmacological treatment option for migraine.
The results are of great value, as non-pharmacological
options for migraine treatment are often sought after
by patients. From a wider health-based perspective, it
should be stressed that patients with migraine are less
physically active than the general population (12), and
that exercise has positive effects in terms of general
well-being and the prevention of disease (39). We wel-
come additional studies to verify our results.

In conclusion, exercise was found to be equal to the
well-documented methods of relaxation and topiramate
with regard to the reduction of migraine frequency.
This non-pharmacological approach may therefore be
an option for the prophylactic treatment of migraine in
patients who do not benefit from or do not want daily
medication.
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