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A B S T R A C T

Objective: : Migraine headaches affect about approximately 15% of the population and some notable efforts have
been made to develop meditation interventions to address pain and mood among this population. However, key
active ingredients and the necessary duration of meditation interventions to produce an effect are still unknown.
The purpose of this study is to assess key meditation ingredients that positively impact mood and headache
factors across different meditation techniques and to establish an initial time or” dose” needed to reach proactive
treatment efficacy.
Method: : In this longitudinal study, three active management forms of meditation were compared to a cognitive
distraction meditation to assess the effects on migraine headaches and emotions over a 30 day period when
practiced 20min per day.
Results: : The active group showed significant decreases in anger (p= .005) and migraine pain (p= .002) over
time. Further analysis showed that the bulk of the change for the active management group occurred in the final
10 days, after 20 days of practice of the technique (p < .05).
Conclusion: : This suggests that cognitively active forms of meditation are more effective in reducing migraine
headache pain and negative mood than distraction techniques. However, individuals engaging in these strategies
need to consistently practice these techniques for approximately 20 days to proactively reduce migraine
headache pain and negative mood.

1. Introduction

Migraine headache is a pain disorder that impacts people across
multiple cultures and ethnicities. Migraine headaches are identified by
the intense, unilateral, throbbing pain that often co-occurs with pho-
tophobia and/or phonophobia.1 Migraineurs report migraines cause
significant pain (100%), negatively impact relationships (60%), and
interfere with home life (85%).2 It has also been demonstrated that
migraineurs have an increased sensitivity to pain even between head-
ache attacks.3,4

Epidemiological studies indicate a high prevalence of migraine in
the US. According to a recent American Migraine Study, approximately
18% of women and 6% of men in the United States suffer from migraine
headaches every year.5 Migraine headaches are also associated with
negative impact on individuals’ social functioning and relationships as
well as decreased quality of life.6,7,8,9 In sum, the physical,

psychological, emotional, and cost burden of migraine is sub-
stantial.10,11

Individuals who experience frequent migraines also have an in-
creased prevalence of other physical and psychiatric comorbidities and
appear to have greater psychosomatic reactivity to stress, increased
depression, and anxiety.12,13,14 Further, migraineurs are more likely to
report that irritation, worry, and anxiety are frequent triggers for mi-
graine headaches.15 Since negative emotions can trigger and prolong
migraine headaches, treatments that can address this issue may reduce
the frequency and severity of migraine headaches.

In addition to pharmaceutical treatment, migrainuers also make use
of complementary and alternative medicine (CAM) approaches.16

Adults with migraine in a nationally representative sample of US
(n= 23,393) were more likely to use CAM therapies than those without
migraine (AOR=1.29, 95% CI=1.15–1.45).17 Mind-body therapies
such as progressive relaxation, yoga, and meditation were some of the
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most frequently used techniques. While certainly these are different
practices, they all contain an element of cognitive focus or cognitive
control as part of the technique that may influence the psychoogical
and physical benefits that have been found from using these techniques.
Psychophysiological interventions aimed at increasing positive emo-
tions can improve pain tolerance18 decrease negative emotions and
improve migraine frequency.19 Since disrupted mood and anxiety
symptoms increase migraine headache frequency,20 meaningful cogni-
tive focus may be a form of stress reduction that canreduce the psy-
chophysiological impact of stress on the body.21 Neuromodulating pain
using mind-body techniques may help individuals with chronic mi-
graine.22 For example, progressive muscle relaxation can result in a
35–40% decline in frequency of headaches.23 Meditation is also emer-
ging as an efficient preventative therapy for individuals who suffer from
chronic pain and stress.24,25 Meditation, one form of cognitive control,
has proven effective in reducing physiological and psychological
arousal to stress.21 However, it appears that the daily practice of mul-
tiple types of meditation may help alleviate psychological and physical
symptoms of migraine headaches.26,27

Meditation practice has been associated with improved pain and
decreased migraine headaches frequency in previous studies.21,25,26,27

Tonelli &Wachholtz (2014) showed that a single exposure of compas-
sion based meditation to meditation naïve migraineurs (n= 27, Mage =
54.5 years SD=11.1) led to a significant decline in patient-reported
pain and emotional tension post intervention.26 There was as much as a
33% decrease in pain and 43% decrease in emotional tension from pre-
to-post intervention period. Previous research by Wachholtz & Parga-
ment (2005) also showed that spiritual meditation practice for 20min a
day for two weeks led to significant reduction in anxiety, negative
mood, and increased pain tolerance compared to secular meditation
and relaxation.21 It is possible that meaningful cognitive control that
occurs through the practice of meditation can also impact frequency of
headaches, even when there is not an explicit effort to reduce headache
pain.28 However, it is unknown if all forms of cognitive control, both
those that contain meaningful practices for the participant (e.g. medi-
tation, relaxation) and meaningless practices (e.g. simple distraction)
would be equally effective in reducing migraine headache frequency or
pain levels.

By enhancing meaningful cognitive control as a stress reduction
strategy, patients may increase their ability to improve both the fre-
quency of migraine headaches and pain tolerance. However, very few
studies have focused on comparing the impact of specific types of
meditation on migraine outcomes. Previous research has focused on
meditation practices such as mantra-based practices, and mindfulness
practices but few have done head-to-head studies comparing medita-
tion techniques for specific medical illnesses. To our knowledge no
studies have assessed differences between meaningful cognitive focus
exercises and cognitive distraction practices.

Some of these meditation techniques use a meaningful phrase,
mantra, or cognitive focus to direct the mental exercise while other
techniques rely solely on the benefits from the repetitive nature of
saying a “any soothing, mellifluous sound,” regardless of its meaning to
the individual.29Other researchers have found that meaningful phrases
are better and later research has shown that having a meaningful
component to mental focus can improve outcomes.21,30,31,32 There ap-
pears to be a difference in mental and physical health outcomes when
an intentional, meaningful focus of attention is used to reduce stress.
However, this concept has not been explicitly tested in the context of
frequent migraineurs. It is unknown whether a meaningful cognitive
focus results in different outcomes than basic distraction with regard to
negative emotions or migraine headache pain.

Gonzalez and team33 found that the post-headache experiences,
particularly life limitations, are a serious concern for individuals with
frequent migraines. Therefore, it is both headache pain, and the nega-
tive life impact even after the pain recedes, that impacts migraineurs. In
a choice format conjoint analysis of adults aged 18 years or older,

hypothetical treatments that limited the duration of headache symp-
toms without allowing them to resume their daily activities for 16 h
after a headache, on average, were viewed as less than half as good as
treatments that limited both headache and post-headache symptoms.
Therefore, patients with migraines were far more focused on perceived
impact of post-headache symptoms on social functioning and daily
activities than the migraine headache itself.

1.1. Current study

All of these factors suggest the quality of life of individuals suffering
from migraines may benefit from a psychological treatment designed to
reduce the frequency of migraine headaches, while still allowing in-
dividuals to function in their daily lives. The current study aims to
compare meditations using focused and meaningful cognitive practices
(Spiritual meditation, Internally-focused secular meditation, and
Progressive muscle relaxation practices) to a cognitive distraction
technique on migraine related pain and emotional outcomes after a one
hour training and practice session in the participant’s randomly as-
signed technique and then independent practice of the technique for 30
days to assess for differences in trajectories of migraine headache fre-
quency, or severity. The groups were categorized into two domains:
Active management group (Spiritual meditation, Internally-focused
secular meditation, and Progressive muscle relaxation) and cognitive
distraction group (Externally focused distraction phrases). As previous
research has not explicitly tested the required “dose” for these types of
meditation techniques, we will also be exploring the duration of time
needed to practice the techniques prior to seeing significant changes in
migraine headache, frequency, or severity.

1.2. Specific aims

We hypothesized that the active management group that used
meaningful cognitive control strategies would have better migraine
frequency or severity outcomes after engaging in the technique for a 30
day practice period compared to those who used only cognitive dis-
traction techniques for migraine headaches after a single one hour
training session in the participant’s randomly assigned technique.

2. Method

This study is a reanalysis of data from a longitudinal randomized
controlled trial study examining the impact of meditation techniques
and migraine headaches.27

2.1. Participants

Participants were recruited from psychology classes at a large mid-
western university and the local community through flyers and adver-
tisements in the local community surrounding the university.
Participation was completely voluntary and participants did not receive
any financial compensation. All research procedures were approved by
the university’s Institutional Review Board. The study was not regis-
tered at clinicaltrials.gov as recruitment began prior to mandated re-
gistration. The inclusion criterion was a minimum age requirement of
18 years and experience of at least two migraine headaches1 in the
previous month. Those with a history of diabetes or Raynaud’s syn-
drome were excluded from the study due to possible altered perception
of pain. The participants were screened for migraine headaches using
the ID Migraine Screener.34 Two or more positive responses to three
yes/no questions qualify as a migraine headache. This measure has
been previously used and has an established sensitivity of 0.81, speci-
ficity of 0.75, and a positive predictive value of 0.93.34
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2.2. Procedures

After completing informed consent, participants were randomly
assigned to a group meeting of 5–7 individuals using a random number
generator using the RANDBETWEEN function in Microsoft Excel to
develop a random order of numbers between 1 and 4 by an under-
graduate Research Assistant who was blinded as to which intervention
was designated by each number (which intervention was taught in
group #1, group #2, etc). The blinded RA placed the group assignments
in an envelope with the participant’s name on it to be given to the
participant upon completion of their initial survey and basic study
training. In the initial group meeting, participants received basic edu-
cation about the study and informed consent was reviewed again.
Participants then completed the initial survey (demographic, psycho-
logical, spiritual, health assessments), and taught how to use the daily
headache logs. All data collection was completed by assessment RAs
who were blinded to study hypotheses. After submitting their initial
survey, participants received their envelope with their technique group
number and directed to go to the designated room for their technique
group. Technique training was a single one hour education and practice
session that occurred immediately after the initial group meeting.
Participants were not aware of the different types of techniques being
taught in the study outside if their assigned technique. Classes were
taught by post-bac Research Assistants who were trained on the study
protocols by the study psychologists but were blinded as to the hy-
potheses of the study. They were supervised for adherence to the pro-
tocol scripts by the study psychologists via audiotapes of the education
sessions. Participants in the meditation techniques were allowed to
choose one of four phrases that they would meditate on throughout the
next 30 days. Data collection was tied to a confidential participant
number and group number so that data collection and assessment RAs
were blinded as to the technique that the participant had been assigned.
There was no overlap between the post-bac RAs that taught the inter-
vention, the undergraduate RAs that completed the data collection
procedures, and the RA that completed the randomization procedures.

Participants reported names and dosages of all headache related
analgesic medication they took during the course of the study. This
information was reported and submitted in their daily diaries. No
participants were treated with preventative migraine medication; all
migraine medication among study completers was commercially
available analgesic medications. Two participants had frequent use of
prescription abortive medication and benzodiazepines; both of these
participants dropped out of the study prior to assessment Session 2 and
were not included in the final data analysis. No participant had any
changes to their medication regimens during the study.

2.2.1. Meditation training
Each participant was trained in how to perform their assigned

meditation/relaxation task using a training protocol script by a research
assistant in a single one hour education and practice session im-
mediately subsequent to the initial group session. RAs that taught the
classes were blinded to the study hypotheses. With the training protocol
script, participants were taught to sit in a quiet room, without any
distractions (e.g. no television, radio). They were taught to wear com-
fortable clothing and told that they could sit in any position they would
like, as long as they would not fall asleep. They were encouraged to pick
a time during the day that they could use for their regular relaxation/
meditation time. During the training and practice session, participants
discussed problems that frequently arise among new practitioners of
relaxation/meditation (e.g. losing focus) and how to solve the problem
and continue relaxing/meditating.

Meditation practice consisted of repeating their choice of one of the
optional phrases provided within their randomly assigned meditation
type. Participants were asked to use the phrase to focus their meditation
and to meditate 20min/daily for 30 days and complete daily headache
diaries. The emphasis was that they would repeat the phrase mentally

rather than verbally, but if they felt it helped them enter the cognitive
focus, they could speak the phrase out loud a few times to help them
focus or re-focus their mind during their practice. Additional informa-
tion about the study research methodology and the original analyses
can be found in Wachholtz & Pargament.27

Using a random number generator, the participants were randomly
assigned to one of the following four groups. In the Spiritual Meditation
group (Group 1), participants were allowed to choose to focus on one of
the four spiritual meditative phrases “God is peace,’’ “God is joy,’’ “God
is good,’’ and “God is love.’’* In the Internal Secular Meditation group
(Group 2), participants were allowed to choose from four internally
focused positive self-reinforcement phrases: “I am content,’’ “I am
joyful,’’ “I am good,’’ “I am loved.” In the External Secular Meditation
group, participants were allowed to choose from four externally focused
secular meditation phrases: “Grass is green,’’ “Sand is soft,’’ “Cotton is
fluffy,’’ “Cloth is smooth.’, In the Relaxation group (Group 4), partici-
pants were taught progressive muscle relaxation with cognitive control
of muscle tension, relaxation, and repeated body scans.27 The relaxa-
tion group was not provided a meditation phrase and instead instructed
to focus their thoughts on identifying and reducing muscle tension in
the body.

In each group, the participants were asked to practice the technique
for 20min per day for 30 days in a quiet environment, avoiding all
possible distractions. Participants completed daily headache and prac-
tice logs. Groups 1, 2, & 4, were identified as active management groups
that taught the participants an active emotional or physiological ap-
proach to migraine management. Group 3 was conceptualized as a
cognitive distraction group. Group 3 provided cognitive activity, but it
was not meaningfully focused. No adverse effects were reported during
the study, including no increases in negative mood, headaches, or
medication use.

Manipulation checks were made during this process to assess how
participants perceived the intervention. Participants rated their re-
laxation level due to their assigned technique on a 5 point Likert scale
(0–5), with higher levels indicating greater relaxation.

2.2.2. Daily diaries
The participants logged their daily practice of technique, and re-

ported whether they performed the technique for 20min and submitted
the logs daily via email.

2.3. Measures

2.3.1. Headache logs
Participants completed daily headache diaries during each of the 30

days of the study. They submitted the diaries daily via email. Daily
diaries consisted of questions including 1) migraine headache in the
past 24 h (Yes/No), 2) if yes, the severity of the migraine headache
(0–10), and 3) if the participant consumed abortive or analgesic med-
ications for a migraine headache including medication and dosage.
Relative equi-analgesic doses and the effective analgesic dosage re-
lationships among the participants’migraine medications were assessed
using the Oxford League Table of Analgesics in Acute Pain.35 As none of
the participants that completed the study used opioids, the relation-
ships were normed to the equivalent of 1 g of acetaminophen.

2.3.2. Emotions
The participants also recorded their emotions on a daily basis on a 7

point scale where 1 represented “not at all” and 7 represented “very
much”. The participants recorded their ratings on: happiness, sadness,
calm, and anger. Participants also rated their general mood ranging

* Participants who did not feel that the term “God” reflected their spirituality
could change the term to signify the focus of their spirituality. One participant
chose to change the term to “Mother Earth.”
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from 1 (negative) to 7 (positive).

2.4. Analysis plan

The present study expanded our analyses from our previous study
utilized multi-level hierarchical linear growth modeling to examine
change over time in participants’ self-reported level of pain across the
30 days of the diary study with adjustments for frequency of headache
and medication use.27 Data were organized in IBM SPSS 20.0 and
analyzed in SSI’s HLM 7.2. Multi-level analysis was used because it can
account for clustering of data within individuals and is robust against
problems arising from issues of unequal cells sizes and independence of
errors. Mixed effects models also can accommodate missing data points
(individuals who did not provide data on one or more days during the
duration of the diary study).

Predictors of change in self-reported pain and felt emotions over
time were examined in several models. First, linear growth models were
run to examine change in participants’ self-reported emotions (anger
and happiness) over the 30 days of the intervention. Additional ana-
lyses examined group differences (active management vs. cognitive
distraction) in anger and happiness intercepts and slopes. Primary
analyses examined change in participants’ self-reported pain scores
over the 30 days of the intervention. An initial model was run to ex-
amine the amount of clustering in the data as captured in the intra-class
correlation (ICC). Next, a growth model was run with linear trend
coefficients to examine the total amount of variance in intercepts and
time slopes, and meditation group was added as a level 2 predictor of
pain intercepts and linear slopes. Then participants’ emotions were
added to the model as time-varying covariates along with time and
group. Finally, piecewise growth models were run, which examined
change in the self-reported pain over three-separate periods of the diary
study: first 10 days, second 10 days, and final 10 days. Group was in-
cluded in these models as a level 2 predictor.

3. Results

3.1. Descriptive statistics

Initially, ninety-two individuals consented to participate in the
study. Nine participants did not complete the study citing that the study
took up too much time. Three participants did not submit logs for at
least 15 days and were excluded from the analyses. The remaining
participants created an analytical sample size of N=80 (see Fig. 1).
The final sample consisted of 4 groups: Spiritual meditation (n=18),
internal secular meditation (n= 20), external secular meditation
(n=21), and relaxation group (n=21).

There was no difference in attrition across groups. One individual
difference was identified between completer and non-completers; those
who did not complete the study reported fewer headaches at pre-test as
compared to completers.27. For further data on completers and non-
completers, please see reference27. Eighty participants completed the
study (see Table 1; Fig. 1).

Power analyses utilizing an average effect/variance sizes from stu-
dies where participants meditated for less than or equal to 1 month
indicate that 20 participants per cell are required to achieve statistical
significance for a power level of 0.9.21

Description of the study sample (n=80) with significant study
variables are presented in Table 1. The study participants were pri-
marily women (n=72) with a mean age of 19 years (SD=1.06),
White race (n= 58), and slightly-to-moderately spiritual (n= 65).
There were no significant differences between the groups on monthly
headache frequency or severity.

3.2. Manipulation check

No subjective difference was observed on the level of relaxation

experienced between the groups during their assigned tasks. On an
average participants rated the tasks “moderately’’ relaxing (F (3,
71)= 0.19, p=NS, η2= 0.01; M=3.4, SD=0.97, range 3.4–3.5).

3.3. Self-reported emotions: anger and happiness

Examining change in anger and happiness. Separate linear growth
models were run to examine change over the 30-day meditation in-
tervention in participants’ self-reported levels of anger and happiness.
Models indicated that participants’ self-reported levels of anger de-
creased (B = –0.01, SE= .003, t(78) = -2.90, p = 0.005) while self-
reported happiness increased (B= .015, SE= .003, t(78)= 4.05,
p<0.001) over the 30 days of the intervention.

3.3.1. Active management group and emotion
Active Management group (active management vs. cognitive dis-

traction group) was added to these linear models as a level-2 predictor
of intercepts and linear time slopes. The active management and cog-
nitive distraction groups did not significantly differ in their happiness
either their linear happiness slopes (B = -0.009, SE= .008, t(77) =
-1.009, p= 0.317) or linear anger slopes (B= .006, SE= .008, t(77) =
-0.766, p= 0.47) over the 30 days. While the active management group
displayed significant decreases in self-reported anger (B = -.012,
SE= .004, t(77) = -2.86, p = 0.005), however the cognitive distrac-
tion group’s reported anger did not change over the 30 days (B = -.005,
SE= .007, t(77) = -0.847, p = 0.40).

3.4. Self-reported pain models

3.4.1. Linear time models
3.4.1.1. Baseline model. An initial linear growth model indicated that
participants’ self-reported pain scores were moderately clustered within
individuals (ICC=0.11). In addition, there was a significant amount of
inter-individual variance in self-reported pain intercepts
(variance= .881, χ2= 167.34, p<0.001) and time linear slopes
(variance= .001, χ2 = 104.84, p = 0.027). Participants’ self-
reported pain scores indicated a linear decrease over the 30-days of
the meditation intervention (see Fig. 2).

3.4.1.2. Active management group and pain. Similar to the model for
emotions, Active Management group (active management vs. cognitive
distraction group) was added to the model as a level-2 (individual level)
predictor of self-reported pain intercepts and. Group accounted for 1%
of the variance in self-reported pain intercepts and 6% of the variance
in linear slopes. Although the slopes for the two groups did not
significantly differ, the self-reported pain scores for the active
management group significantly decreased over time, but it should be
noted that the pain reports of the cognitive distraction group did not
significantly change over time (Table 2).

3.4.1.3. Including self-reported emotion. Next, two separate models were
run in which anger and happiness were added as time-varying
covariates. Group remained in the model as an individual predictor.
Both daily happiness (B = -0.815 SE= .056, t(77) = -14.53,
p<0.001) and daily anger (B= .30 SE= .083, t(77)= 10.79,
p<0.001) scores were significant predictors of pain scores. However,
with emotions in the model, pain scores no longer indicated significant
linear change across time, and the linear self-reported pain slopes for
both the cognitive distraction and the active management groups were
both non-significant.

3.4.2. Piece-wise linear time models
3.4.2.1. Baseline model (Table 3). A second series of models was run in
which self-reported pain scores were examined in piece-wise linear
models with time divided into three 10-day segments. Pain scores did
not demonstrate significant linear change within any of the three
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separate 10-day segments.

3.4.2.2. Active management group (Table 4). Similar to the linear time
model, active management group was added to the model as a level-2
(individual level) predictor of self-reported pain intercepts and slopes
with active management group compared to the cognitive distraction
group. The pain scores for the cognitive distraction group did not
significantly change during any of the 3 10-day segments. The pain

scores for active management group did not significantly change across
the first 10 day or the second 10-day segment. However, during the
final 10-day segment, the active management group reported
significant decreases in pain. The final 10-day slope for the active
management group was different from the final 10-day slope segment
for the cognitive distraction group (B = -0.09, SE= .053, t (78) =
-1.775, p = 0.05). Group accounted for 6.6% of the variance in the
third 10-day time segment.

Fig. 1. CONSORT Diagram of Participant Enrollment and Procedures.

Table 1
Sample Description by Demographics.

Spiritual Meditation Internal Secular Meditation External Secular Meditation Relaxation
All N (%) N (%) N (%) N (%) N (%)

Gender
Male 8 (10%) 2 (11.1%) 2 (10%) 2 (9.5%) 2 (9.5%)
Female 72 (90%) 16 (88.9%) 18 (90%) 19 (90.5%) 19 (90.5%)

Pre-Study Headache/Mon 12.1 (5.72) 13.7 (6.36) 12.8 (5.10) 11.1 (5.24) 11.4 (6.25)
Race/Ethnicity

Non-Hispanic White 58 (73.4%) 13 (72.2%) 15 (78.9%) 13 (61.9%) 17 (81%)
Non-Hispanic Black 9 (11.4%) 0 (0%) 2 (10.5%) 6 (28.6%) 1 (4.8%)
Hispanic 5 (6.3%) 1 (5.6%) 1 (5.3%) 1 (4.8%) 2 (9.5%)
Other/Multiracial 7 (8.9%) 4 (22.2%) 1 (5.3%) 1 (4.8%) 1 (4.8%)

Prayer
Never 8 (10%) 3 (16.7%) 3 (15%) 2 (9.5%) 0 (0%)
Formal 8 (10%) 2 (11.1%) 3 (15%) 1 (4.8%) 2 (9.5%)
During Stress 29 (36.3%) 6 (33.3%) 8 (40%) 7 (33.3%) 8 (38.1%)
Regularly 35 (43.7%) 7 (38.9%) 6 (30%) 11 (52.4%) 11 (52.4%)

Religion
Protestant 34 (42.5%) 7 (38.9%) 6 (30%) 9 (42.9%) 12 (57.1%)
Catholic 31 (38.7%) 8 (44.4%) 11 (55%) 5 (23.8%) 7 (33.3%)
Other 9 (11.3%) 2 (11.1%) 2 (10%) 5 (23.8%) 0 (0%)
Agnostic 6 (7.5%) 1 (5.6%) 1 (5%) 2 (9.5%) 2 (9.5%)

Religious Person
Not Religious 11 (13.7%) 4 (22.2%) 2 (10%) 4 (19%) 1 (4.8%)
Slightly 19 (23.7%) 4 (22.2%) 7 (35%) 3 (14.3%) 5 (23.8%)
Moderately Religious 37 (46.3%) 9 (50%) 9 (45%) 9 (42.9%) 10 (47.6%)
Very Religious 13 (16.3%) 1 (5.6%) 2 (10%) 5 (23.8%) 5 (23.8%)

Spirituality
Not Spiritual 5 (6.3%) 2 (11.1%) 1 (5%) 2 (9.5%) 0 (0%)
Slightly 26 (32.5%) 5 (27.8%) 6 (30%) 7 (33.3%) 8 (38.1%)
Moderately Spiritual 39 (48.8%) 10 (55.6%) 11 (55%) 10 (47.6%) 8 (38.1%)
Very Spiritual 10 (12.5%) 1 (5.6%) 2 (10%) 2 (9.5%) 5 (23.8%)

Note: All group differences were insignificant at alpha 0.05 level. Fischer exact tests were run for variables with zero cells.
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4. Discussion

Our study focused on examining the impact of meaningful cognitive
focus during meditation and relaxation on pain and associated emotions
among frequent migraineurs. While the four groups were initially
conceptualized as having unique properties that would result in unique
trajectories, the role of active vs distraction cognitive activities was a
stronger distinction than specific types of active control. The results
indicate that there was a significant decrease in self-reported pain over
the course of 30 days among migraineurs practicing active management
with the most significant change occurring after 20 days of practice. In
our study, we identified that a cognitive distraction group using
meaningless phrases had less efficacy to reduce self-reported pain or
improve mood over 30 days of practice while the active management
group using meaningful cognitive focus that included body-focused,
self-esteem focused, or spiritually focused forms of meditation showed
significant intra-group changes over the same 30 day period. We found
that despite rating their daily practice of any meditation as equally
relaxing, frequent migraineurs in the active management group re-
ported significant reduction in self-reported pain over the 30 day period
although the cognitive distraction group did not. In addition, the par-
ticipants in the active management group also reported significant re-
duction in anger, however the cognitive distraction group, indicated no
improvements in participant’s anger over the 30 day period. Stress is
one of the frequent triggers of migraine,12,14 so reducing daily levels of
experienced anger may be a key mechanism through which meditation
interventions are able to alleviate migraine symptoms. In this study,
daily experienced emotions (both anger and happiness) were sig-
nificantly associated with daily self-reported pain with no difference
among groups. In addition the effect of time on migraine pain was lost
after addition of anger and happiness in the model. This finding may
hint at the possible role of emotions that explain reduction in migraine
pain. Also, the practice of daily meditation which is known to reduce
stress and elevate mood can help improve the perceptions of extent of
pain.

Overall, the results indicated that the active management was more
effective at reducing pain symptoms over the 30 days of the study
compared to the cognitive distraction group with significant group
differences occurring after 20 days of practice. This could mean that
meditation and relaxation techniques that provide meaningful and ac-
tive management of the headaches may be more successful in relieving
pain as compared to using techniques such as external secular medi-
tation that focus more on mental distraction. We examined the impact
of 30 day practice of meditation/relaxation on migraine outcomes and
found that the active management group shows a better pain control in

Fig. 2. Linear change in self-reported pain for active management and cognitive distraction groups.

Table 2
Mixed Effects Models on Impact of Groups on Self-Reported Pain over a 30 Day
Period.

Coefficient Std. Err. t-ratio Sig.

Intercept 2.02 .14 14.02 < .001
Linear Time slope −0.02 .01 −2.94 .004
Adding Management Group to the model
Linear time X management group

interaction
.020 .016 1.18 .182

-Active Management Group slope −0.025 0.008 −3.23 .002
-Cognitive Distraction Group slope .004 0.013 −0.35 .725

Note: The hierarchical mixed effects models were run on respondents (n= 80)
with migraine.
Std. Err.: Standard Errors; Sig.: Significance level.

Table 3
Piecewise Linear Models Predicting Self-Reported Pain for 10 Day Segments.

Coefficient Std. Err. t-ratio Sig.

First 10 days slope −0.02 0.03 −0.92 0.362
Second 10 days slope −0.01 0.02 −0.39 0.702
Third 10 days slope −0.04 0.02 −1.64 0.106

Note: The 30 day daily diaries period was divided into segments of 10 days for
respondents (n= 80) with migraine. Std. Err.: Standard Errors; Sig.:
Significance level.

Table 4
Mediation Group Predicting Time Piecewise (10-day) Time Slopes.

Coefficient Std. Err. t-ratio Sig.

First Segment
Cognitive Distraction Group 0.020 0.050 0.49 0.629
Active Management Group −0.061 0.06 −1.11 0.271
Second Segment
Cognitive Distraction Group −0.040 0.038 −1.04 .302
Active Management Group .003 0.022 .17 .875
Third Segment
Cognitive Distraction Group .031 0.046 .69 .493
Active Management Group −0.063 0.027 −2.32 .023

Note: The 30 day daily diaries period was divided into segments of 10 days for
respondents (n= 80) with migraine. Std. Err.: Standard Errors; Sig.:
Significance levels.
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the final 10 days of the practice, as compared to cognitive distraction
which shows no association with migraine pain outcomes.

The findings of our study are similar to previous research on use of
meaningful phrases during meditation practice. Herbert Benson’s work
on the difference between meaningful and meaningless mantra phrases
as outlined in his book “Beyond the Relaxation Response”.30 This also
echo’s other work 32,36on use of mantra meditation among individuals
with post-traumatic stress disorder. Lang et al (2012) suggested that
mantra repetition (with meaningful phrases) may induce a feeling of
better wellbeing which can be attributed to personal perception/im-
portance of the chosen spiritual word or phrase.37 In relation to the
current study, this could mean that within the domains of techniques
that elicit mindful distractions, the meaning of the phrase may hold
greater power to relax the mind, as compared to meaningless phrases.36

On the other hand, a large body of Transcendental Meditation re-
search has established that meaningful phrases are not necessary to
elicit a relaxation response or beneficial effects. TM, a technique that
helps in reducing stress with a daily practice of 20min twice a day, has
a evidence base for improvement in stress,38,39 anxiety,40 blood pres-
sure reduction.41 TM studies have shown that despite the individual’s
lack of knowledge of the meaning of the repetitive phrase (“mantra”),
individuals show significant improvements in health and well-being.

The differential finding of TM using a “meaningless” phrase yet
showing powerful outcomes, may be related to the definition of
“meaning”. While the individual may not know the translation of their
assigned mantra in his/her spoken language, there is an imbued spiri-
tual meaning to the phrase which provides meaning for the practice to
the individual. Thus the concept of “meaning” may not need to be a
verbal translation, but an imbued meaning (spiritual or secular) may
also suffice in making a practice meaningful to an individual.

Therefore this may account for the observation in our study that a
simple cognitive distraction technique is not enough. It suggests that
distraction-only pain management strategies, such as television etc. that
do not provide intentional cognitive or physical stress management,
will do very little over the long term to reduce the frequency or severity
of migraine headaches. Simple cognitive distraction may have minimal
long-term benefit to the practitioner, and is limited to the immediate
effect of not concentrating on the pain.

The critical component of active management appears to be the
consistent practice of the active management technique for approxi-
mately 20 days. The piece-wise models showed that repeated practice
of the active management technique for 20min per day for 20 days
allows the individual to develop a skill that affects the individual’s
psychological mood, and physiological response to stress that, in turn,
changes the trajectory of migraine headache pain and negative mood.
Simple cognitive distraction reduces the immediate pain of migraine
headaches, but does not allow the individual to learn a skill to reduce
the long-term frequency of headaches. Our study shows that the con-
sistent practice of an active management technique may be the key
component to reducing the negative impact of migraine headaches.

4.1. Limitations and future directions

The current study had a few limitations. The sample size was small
(n= 80) and was restricted to primarily young adults (Mean=19
years, SD= 1.10). This study also had a higher proportion of female
participants (n=72, 90%), which may have led to overrepresentation
of female gender. However, gender differences in the current study may
not be associated with bias, since the prevalence of migraine in the
general population is also higher in females than males (80%).33 The
study also lacked verification of clinical indicators by a headache spe-
cialist. In this study, the Migraine ID screener (with well-established
validity and reliability in a primary care setting) was used to assess
presence of migraine, as was a self-reported diagnosis of migraine by
their physician, but this was not validated with a full physical by a
headache specialist in the context of the study. Additionally, it should

be noted that the measures used were not PROMIS measures and were
based on self-report. A notable strength of the study is the large number
of waves which allowed for powerful intrapersonal analyses and al-
lowed for the piecewise analyses. However, the groups were small,
which limited our ability to fully capture potential individual differ-
ences. Thus, many of the between group analyses were significant, but
some were only marginal, which potentially means the study was
under-powered. The separate forms of meditation (e.g. spiritual medi-
tation, internal secular meditation, and relaxation groups) may have
separate pain and mood trajectories over a 30 day time period that
could be identified by a larger study with more power. In a previous
study, spiritual meditation was found to be more effective in increasing
pain tolerance, reducing negative mood, among migraineurs in pre-post
test results,50 however, the intent of the study was to differentiate be-
tween meaningful and non-meaningful phrases during meditation and
their association with migraine outcomes over a 30 day period.

Future studies should focus on examining the impact of non-theistic
spiritual, secular, and open-focus forms of meditation techniques that
may help to better understand the critical components of meditation to
include for individuals using meditation to reduce the severity, fre-
quency or duration of migraine headaches. In addition, a wider spec-
trum of demographics with a larger sample size and a longer follow up
time will help in better understanding of the long-term impact of dif-
ferent types of meditation techniques and provide a basis to clinically
match specific techniques to specific patients.

4.2. Implications

Meditation and relaxation techniques are beneficial psycho-social
therapies with minimal side effects, multiple psycho-physiological
benefits, and reduced cost compared to pharmacological treatments.

The active management group reported a significantly greater pain
reduction over a period of 30 days with the greatest impact occurring
after 20 days. The use of active management techniques may not only
be responsible for clearing dysfunctional thought process but also help
in addressing relieving other issues such as co-occurring stress. Primary
and specialty care providers such as physicians, nurses, and mental
health professionals who work with frequent migraineurs can en-
courage a simple to learn, free, low daily commitment (20min), to
engage in a meditation technique that can impact the frequency and
severity of migraine headaches, as well as daily mood and reduction of
anger levels very quickly. The providers should also make an effort to
understand the preferences of the patients with migraine who may
show better symptom relief with non-pharmacological therapies such as
meditation as compared to taking medications. It should also be un-
derlined that such therapies can be added as an alternative medicine to
the pharmaceutical treatment.

4.3. Conclusions

Simple cognitive distraction techniques, such as mental distractions
with phrases that do not provide cognitive or physical stress manage-
ment may reduce immediate migraine headache pain, but may have
limited long-term impact on migraine headache pain or negative mood.
However, when practiced 20min per day for at least 20 days, active
cognitive-focus techniques using meaningful practices among frequent
migraineurs may effectively reduce migraine headache pain.
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