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ABSTRACT 

Dissertation Title: The Effects of Mindfulness Based Stress Reduction on Brain Gray 

Matter Volume and Psychosocial Co-Morbidities in Episodic Migraine Patients 

Shana Burrowes, Doctor of Philosophy 2018 

Dissertation Directed by: David A. Seminowicz, PhD 

Professor, Department of Neural and Pain Sciences 

Background: Studies show that migraine patients have altered brain structure. The 

morbidity associated with migraine is due to both the headaches and comorbid 

psychosocial factors, such as anxiety and depression. Current pharmacological therapies 

either prevent headaches or treat the ongoing pain, but fail to address the comprehensive 

migraine experience.  

Objectives: The comprehensive effects of Mindfulness Based Stress Reduction (MBSR) 

in episodic migraine patients enrolled in the MRI Outcomes of Mindfulness Meditation 

for Migraine Clinical Trial were assessed. We examined  longitudinal changes in brain 

grey matter volume (GMV) of patients and healthy controls (HC), changes in 

psychosocial well-being and the manner in which these psychosocial factors were 

associated with treatment response (50% reduction in headache frequency post-

intervention). 

Methods: Patients were randomized to receive MBSR or stress management for 

headache (SMH). Patients were scanned at three time points approximately 3 months 

apart (baseline, mid-intervention and post-intervention), completing psychosocial 

questionnaires and headache diaries. HC were also enrolled and completed the same MRI 

sessions and questionnaires.  



 

 

Results:  From baseline to six months HC had reductions in six regions: bilateral superior 

frontal gyrus (SFG), anterior cingulate cortex, right middle frontal gyrus and anterior 

insula. Compared to HC, patients had increased GMV from baseline to six months in the 

right SFG and in a cluster located in the left parietal cortex. At baseline patients without 

prior clinical care for migraine had reduced GMV in the right dorsal medial prefrontal 

cortex compared to those with prior care. There was no difference between MBSR and 

SMH in psychosocial and quality of life measures (stress, anxiety, depression or sleep) 

from baseline to six months. Sleep quality improved significantly in both patient groups 

at 6 months. Baseline stress, depression and anxiety scores were not associated with 

treatment response. Mediation analysis showed that small significant changes in 

psychosocial scores over time were responsible for 6-8% of the proportion of the 

treatment response.  

Conclusion: Migraine patients had increased GMV compared to controls. These changes 

are likely linked to treatment effects. While there were no significant longitudinal 

psychosocial changes, small improvements were important in mediating the effect of the 

treatment on headache frequency.  
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CHAPTER I: Background and Significance 

 

A. Clinical Characteristics of Migraine 

 

Migraine is a chronic neurological disorder which is characterized by repeated headache 

attacks that can last between 4-72 hours and are accompanied with a range of 

symptoms.1-3  The variability in the clinical presentation of migraine is one of the 

difficulties faced in both research and clinical settings as heterogeneity complicates 

phenotyping patients. Headache attacks vary in length, intensity and associated 

symptoms. These symptoms include but are not limited to photophobia, phonophobia, 

nausea, vomiting, visual and sensory symptoms and in approximately 20-30% of people 

language disturbances.1,2 Migraine attacks are triggered by several factors which also 

vary between and within individuals. These may include food triggers such as 

monosodium glutamate, environmental factors (weather, odors, bright light, stress), 

hormonal fluctuations, lack of sleep and caffeine/alcohol withdrawal.2 However while 

50-75% of migraine patients commonly report triggers for their headaches, the 

mechanisms by which they initiate headaches are still unclear.4  

According to the International Headache Classification 2nd Edition5 two broad categories 

of migraine are migraine with and without aura (though these are not mutually exclusive). 

Migraine disorders are further dived into episodic (EM) and chronic (CM) migraine 

which differ on headache days: EM patients experience fewer than 15 headache days per 

month, whereas CM patients are defined by headaches on 15 or more days per month for 

three months, and 8 of these headaches must have migraine features.2,6 This difference 

between EM and CM may seem trivial as an individual can easily be misdiagnosed and 

seemingly move between categories; however the burden associated with migraine is 
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quite severe and much work is currently being done to properly identify these two groups 

and prevent individuals from transitioning from episodic to chronic forms of migraine.1 

Additionally the pathological effects on the brain of the repeated headache attacks that 

are the hallmark of migraine are still being explored. Furthermore, the distribution of 

triggers and epidemiological differences in the presentation of both EM and CM are 

under examination as current disparities in migraine leave much to be understood. 

B. Epidemiology of Migraine 

 

Migraine affects 10-15% of the general population and over one third (37%) experience 

five or more attacks per month which contributes to the considerable personal and social 

burden associated with the disorder.7,8 One of the interesting things about migraine is that 

since there is no mortality associated, all of its burden is captured in years lived with 

disability (YLDs). It has been ranked one of the most disabling diseases worldwide 

ranking in the top eight causes in the global burden of disease (GBD) 2010 report, and 

moving to the top 5 in the most recent 2016 GBD report.9,10 Studying the epidemiology 

of migraine has proven to be difficult over the years given both the episodic nature of the 

disorder and the lack of an objective laboratory test or biomarker.11 Additionally the 

difficulty in conducting prospective studies to estimate the true incidence of the disease 

has been an ongoing barrier.1,12 One longitudinal study which followed a migraine cohort 

for forty years noted that 62% were migraine free as young adults, however after 40 years 

only 46% were still migraine free.12 Additionally almost one fifth of individuals with 

current migraine reported that their migraine had remitted in the past, again adding to 

difficulty in truly assessing the incidence of the disease.12 While it is associated with high 

morbidity, since many are not hospitalized and there not a high mortality associated with 
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the disorder, the true public health burden can often be underestimated.9 However 

migraine patients not only suffer intense pain during attacks but also suffer reduced 

quality of life between attacks and over time researchers have employed various 

measures to account for this the disability.1,13  

An estimated 36 million (15-18%) people in the US and 14.7% of the European 

population suffer from migraine headaches and estimates have been improving due to 

revisions in the classification of the disorder and expansion of studies from clinical 

populations to the general population.2,14 A review of several nationwide studies in the 

US, reports that prevalence can range from 11.7% in the American Migraine Prevalence 

and Prevention Study to 22.7% using data from the National Health and Nutrition 

Survey.15 However even with improvements in classification systems migraine is still 

often misdiagnosed and undertreated in many patients. According to the World Health 

Organization it is the 7th leading cause of years lost due to disability and is associated 

with high cost due to absenteeism and reduced productivity when at work.16-18 

 

Incidence  

The original definitions of migraine were established by the International 

Headache Society almost two decades ago and now include differentiations in types of 

migraine based on preceding symptoms (migraine with and without aura) and frequency 

of migraine attacks (episodic vs. chronic migraine).5,13 Diagnosis is generally done by 

clinical examination and changes in migraine incidence and prevalence vary with sex and 

age.1,12,13,19,20 While the incidence of migraine is usually very hard to measure given the 

episodic nature and high remission rates methods have been developed to estimate 

incidence from some cross sectional data, based on age of onset.13,21 Large 
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epidemiological work in the US has used data from national surveys to estimate 

incidence rates. The results show that there are differences in peak incidence rates in 

males and females based not only on age but also on type of migraine. Incidence peaks 

earlier in men, however in both males and females the incidence of migraine with aura 

peaks at an earlier age of onset compared to migraine without aura 12,13,19. Female 

incidence for migraine with aura peaked between ages 12-13 years (14.1 per 1000 person 

years) and without aura between 14-17 years (18.9 per 1000 person years). In males the 

incidence of migraine with aura peaked around age 5 (6.6 per 1000 person years) and 

without aura between 10-11 years (10 per 1000 person years)1,13. While these 

epidemiological differences exist between migraine with and without aura basic science 

research has found no underlying pathophysiological explanation, however many still 

continue to treat these as separate diseases.13 New cases of migraine are rare in men in 

their twenties, and several studies using different incidence methods and populations 

have reported similar incidence rates. Victor et al. show that rate of new cases in both 

females and males is highest in adolescents which is consistent with other works 

reporting that in <25% of boys and <15% of girls new onset migraine cases occur before 

age 14.19  

 

Prevalence 

 

Before puberty migraine prevalence is higher in boys than girls however in 

adolescence incidence and prevalence increases rapidly in girls.1 This prevalence 

increases until about age 40. Overall prevalence is highest in ages 25-55, which coincides 

with the ages of peak economic productivity. The gap between peak incidence in 

adolescence and peak prevalence in middle life indicates that migraine is a condition of 
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long duration and thus one with high public health burden. The American Migraine Study 

which was a large epidemiological migraine study in the US which had two phases in 

1989 and 1999 reported a prevalence of 18% in women and 6% in men which was steady 

over the ten year period.1,12,13 Studies pulling prevalence data from the National Health 

Interview Survey found a weighted migraine prevalence of 8.6% in males and 17.5% in 

females and 13.2% overall.19 However this particular study indicated that while men still 

peaked at earlier ages than women, migraine prevalence may have two peak time points. 

Given the wide range of ages accessible in the study (3-85 years) the study was able to 

assess prevalence across the full lifespan. It was noted that migraine prevalence peaked 

for women at ages 25±8.6 years and 50±15.8 years. In men the peak prevalence periods 

were at ages 18.7±7.4 years and 47.6±16.8 years.19 This study showed an even greater 

burden than was previously reported and indicated a need for further research into the 

drive behind these peaks in later life.  

Across Europe, Asia and Africa similar prevalence patterns between men and women 

exist.1,11. In Western countries migraine prevalence in men ranges from 5-9% and 12-

25% in women. Differences exist based on race, country and methodology employed.20 A 

review of 25 population based studies using the IHS diagnostic criteria from 1991- 2004 

show countries ranging from as low as 1% in Hong Kong, 3% in Ethiopia, 9.9% in Brazil 

and 8.1% in France.1,12 However it is important to note that migraine prevalence is most 

common in North America and South America, followed closely by Europe and even 

lower in Africa and Asia. This geographic distribution is representative of the 

racial/ethnic breakdown within the United States with European Americans having the 

highest prevalence, followed by African Americans and Asian Americans.1,12,22 An 
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analysis of racial/ethnic differences in migraine in Baltimore city from 1993-1994 

revealed that while the prevalence in Caucasian women (20.4%) was significantly higher 

than African Americans (16.25%) or Asians (9.2%) (a similar pattern was seen in men), 

headache related pain intensity was higher in African Americans. This pattern of racial 

differences has remained in more recent analyses in the US.12,22 This representation of 

prevalence in the US may be due to healthcare seeking/receipt behaviors or genetic 

factors related to migraine itself.22 Additionally sex differences apparent in migraine 

extend to many of the co-morbidities that plague those with the disease. This may also be 

due to health seeking behaviors in men and women or shared risk factors.  

C. Pathophysiology of Migraine 

 

The neural and vascular mechanisms underlying the development and propagation of 

migraine are still not clearly understood.23,24 Over three decades of animal and clinical 

work have suggested several mechanisms which may be involved in this complex process 

and current knowledge points to both the “activation of the trigeminovascular pathway by 

pain signals which originate in the peripheral intracranial nociceptors and dysfunction of 

central nervous system (CNS) structures which are involved in the modulation of 

neuroexcitability and pain”.23,24 While the relationship remains unclear current evidence 

suggests that activation of the trigeminal nerve afferents (mechanism of activation are 

still under investigation) plays an important role in the initiation of migraine pain and 

central sensitization. Self-sustained central desensitization is then thought to be important 

in sustaining and prolonging migraine pain.24,25 Genetic studies also support these 

findings showing that migraine has a strong genetic component (up to 50%) and 
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polygenic inheritance may predispose some people to excitability of the trigeminovasular 

system.23,24,26 

The complexity and clinical heterogeneity of migraine is not only due to its multifactorial 

etiology but is heightened by the set of preceding symptomology present in some 

migraineurs.23,24 In some cases the migraine attack may begin with no warning signs, 

whereas in others there is a prodromal phase. This includes but is not limited to fatigue, 

euphoria, depression, irritability, constipation, photophobia, phonophobia, and an aura 

which includes “a variety of focal cortically mediated neurological symptoms that appear 

just before and or during the headache phase.27 It is unknown if or how the prodrome 

initiates the headache but the prodromal phase of migraine has two proposed 

mechanisms. The first proposed mechanism hypothesizes that hypothalamic neurons 

respond to changes in physiological and emotional homeostasis. This is thought to 

activate the meningeal nociceptors by altering the balance between the parasympathetic 

and the sympathetic tone towards a parasympathetic predominance.27 The second 

hypothesis states that headache is established when the threshold for the transmission of 

nociceptive trigeminovascular signals from the thalamus to the cortex is lowered. This is 

controlled by hypothalamic and brainstem neurons which regulate responses to deviation 

from physiological and emotional homeostasis.27
 

The aura, which is present in one third of migraine patients, often presents as a visual 

perception of light flashes moving across the visual field and is commonly thought to be 

propagated by cortical spreading depression (CSD).3,23,25,27 While the exact processes by 

which CSD is initiated in humans is not known, factors that promote inflammatory 

molecules such as emotional or psychological stress may be involved.23,27 CSD is a slow 



8 

 

propagating wave of neuronal and glial depolarization which is followed by a prolonged 

inhibition of cortical activity.23,25,27 While CSD is thought to be commonly associated 

with migraine with aura it is important to note that it can occur in migraine patients 

without aura and does not always precede the migraine headache. This inability to 

consistently differentiate between two main migraine classes, even with the use of animal 

models has made the use of imaging modalities in human studies invaluable in exploring 

migraine mechanisms. 

 

D. Magnetic Resonance Imaging (MRI) in Migraine  

 

Structural brain changes in Migraine-A review of MRI findings  

Given that migraine is a primary headache disorder (unlike post-traumatic headache after 

traumatic brain injury for example) it is generally considered that there should not be any 

change to the brain structure.28 However the diverse body of symptoms associated with 

migraine including the sensory, cognitive and affective components make it clear that it is 

more than a headache and it is now viewed as a complex neurological disorder.27 With 

the advent of imaging techniques over the last few decades we have been able to examine 

migraine patients during the ictal and iterictal period and gain insight into the extent and 

distribution of the central nervous system damage and the cortical reorganization which 

occurs in migraine patients.29-31 This reorganization and subsequent changes are thought 

to be a result of the repeated attacks migraine patients experience which cause 

maladaptive changes to brain structure and function.30 Imaging techniques such as 

magnetic resonance imaging (MRI) and functional MRI (fMRI) have been used with 

increasing frequency to not only understand the pathophysiology of migraine, but to 
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differentiate from other headache disorders with the hope of eventually providing an 

objective biomarker for migraine as well as identifying potential therapeutic targets.29  

 The use of MRI and grey matter volume (GMV) in health and disease predate 

migraine imaging research and its use has been established as a mainstay in diseases such 

as multiple sclerosis, Alzheimer’s, and schizophrenia in which grey matter atrophy is a 

known marker of disease and developmental research. In children grey matter 

development has a distinct pattern from school age to adolescence, with rapid increases in 

early childhood, which peaks in puberty, followed by selective elimination and 

myelination which results in thinning. However this process has been found to be altered 

by early childhood psychological disorders such as depression.32 In multiple sclerosis 

(MS), grey matter atrophy has been associated with more progressive forms of the 

disease and has therefore been a useful tool for assessing disability in the MS 

population.33,34 In schizophrenia the work has been even more extensive, where early 

studies thought brain loss in these patients was static over time. However with the 

increase in longitudinal studies it is now known that brain loss is not linear and the 

progressive loss of GMV is restricted to patients with poor outcomes.35 Furthermore the 

use of GMV as a biomarker in several diseases for prognostic and predictive purposes has 

been on the rise. In both Alzheimer’s and MS research the clinical utility of GMV as a 

means to guide treatment and early intervention has shown promise. It has been found 

that atrophy in certain areas of the brain such as the thalamus, superior frontal gyrus and 

cerebellum are predictors of conversion to MS in patients with clinically isolated 

syndrome (which is the first neurologic episode in MS).36 In pain the research is 

expanding to use changes in GMV as a marker of widespread pain in chronic pelvic pain 
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(CPP) and fibromyalgia. These changes were not present in healthy controls and 

furthermore patients had reduced physical and mental function which was independent of 

pain severity.37Abnormal changes to GMV are also observed in more common pain 

afflictions such as chronic lower back pain.38 Furthermore research has shown that the 

reorganization of the chronic pain brain may be specific to each pain disorder.39 

Early fMRI studies in migraine were able to detect the haemodynamic changes 

associated with cortical spreading depression in both patients with and without aura.29 

Early MRI studies which first utilized voxel based morphometry (VBM) to compare 

structural changes between diseased and non-diseased individuals reported that there 

were no structural whole brain or regional brain differences between migraine patients 

(with and without aura) and healthy controls.28 However this early study did not adjust 

for other variables such as psychosocial factors which may have confounded the results. 

In migraine patients with co-morbid disorders such as depression or anxiety, there are 

reported differences in gray matter volume, compared to those without additional co-

morbidities.40 The full impact of these disorders in migraine patients and the effect on 

brain structure is further discussed in the section “Theories of neurological relationship 

between migraine and psychosocial comorbidities and changes to GMV”. 

Several independent studies later disputed these results all with similar sample 

sizes (approximately 20-30 patients and controls), reporting decreases in (GMV) in the 

frontal and temporal cortices.7,31,41,42 Of note Valfre et al. compared episodic migraine 

patients to controls and found decreases in the superior temporal gyrus, inferior frontal 

gyrus and precentral gyrus and when comparing all migraineurs to controls. Furthermore 

it was found that decreases in the anterior cingulate cortex were correlated to migraine 
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frequency.30,42,43 This correlation between GMV and migraine frequency has been 

reported in several other studies and lends supports the hypothesis that migraine is a 

progressive disease and changes are related to the repeated attacks and hence successful 

treatment should lead to reversal of structural changes.30,31,42,44,45 However there has been 

some debate in the literature as others have reported that there is no association between 

grey matter reduction and headache activity. This may indicate that some grey matter 

changes predispose an individual to migraine or that migraineurs may have remitted over 

time.31,46 Interestingly these later studies which did report a correlation with migraine 

frequency found that the most commonly reported brain areas were involved in pain and 

emotional processing.31 Many of these regions are located in the frontal lobe and while 

every study does not find changes in the same regions, there is some overlap. Kim et al. 

reported decreases in the bilateral insula, motor premotor, prefrontal, cingulate cortex as 

well as the right posterior parietal cortex and orbitofrontal cortex.47,48 Similarly findings 

from a pilot study in the Seminowicz pain imaging lab found that migraine patients had 

increased GMV of the left hippocampus compared to controls and patients showed 

negative correlations between GMV and headache frequency in several brain areas 

including the left inferior frontal gyrus and right primary somatosensory cortex.41  

Given that whole brain analyses have identified several regions involved in pain 

and affective processing in migraine patients, researchers have designed studies to look at 

specific brain areas to determine their role in migraine. In particular studies assessing 

hippocampal, thalamic and cerebellum volume have been conducted as the hippocampus 

is important in stress response, the cerebellum in pain processing and the thalamus an 

important relay system involved in the sensory, affective, and cognitive components of 
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pain.49-52 Bilateral hippocampal volume was larger in low frequency episodic migraine 

patients compared to high frequency migraine patients and healthy controls.49 In the 

cerebellum there was greater GMV in four clusters when compared to healthy controls. 

The migraine patients in this study were both episodic and chronic.50 A multicenter study 

looking at episodic migraine patients from the US, Germany and Denmark found 

decreased GMV in the anterior thalamic nuclei, central nuclear complex and lateral 

dorsal nucleus.52  

While these key studies support a general pattern of GMV decrease across the 

brain and in specific areas31,44, there have been reports of increases in GMV as well.50 Of 

note Mehnert et al. reported increased GMV in the cerebellum and Rocca et al. reported 

increased GMV in the periaqueductal gray (PAG) and the dorsolateral pons.50,53 However 

these findings were specific to migraine with aura and in the presence of T2 lesions.7,31,53 

Other studies which have reported increased GMV found these differences only existed 

between chronic migraine patients and controls, finding no significant differences 

between episodic migraine patients and controls.54 These different findings may stem 

from the heterogeneity across study samples which mix both chronic and episodic 

patients, as well as the fact that migraine in itself is episodic in nature and patients are 

often times scanned when they are not experiencing a migraine attack.55 Later studies 

have sought to address these gaps by limiting scan periods to specific migraine patients 

and to either the ictal or interictal periods. Taking this approach Coppola et al. conducted 

a study in episodic migraine patients without aura and found that in between attacks there 

was lower GMV in the right inferior parietal lobule, right temporal inferior gyrus, right 

superior temporal gyrus and the left temporal pole. However during the ictal period there 
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were increases in GMV in the left temporal pole, bilateral insula and right lenticular 

nuclei compared to healthy controls with no decreases reported.55 These findings 

highlight the importance of not only the composition of the patient sample but also the 

scanning period, and this could explain some of the inconsistencies across studies.  

While there has been a surge in MRI data in the migraine literature, given the cost 

and the episodic nature of the disorder, longitudinal studies are few. As imaging 

modalities improve research should aim to include more studies which follow migraine 

patients longitudinally and not only collect scan data but also phenotype patients in such 

a way as to address several confounding and modifying factors of migraine (psychosocial 

factors, headache diaries, treatment data).  

 

E. Impact of Psychosocial Comorbidities and Quality of Life Factors in Migraine 

 

Migraine is associated with several co-morbid conditions including but not limited to 

anxiety, depression and other chronic pain disorders.6,12,56,57 Longitudinal studies show 

that in EM the rate of transition to CM is 2-3% per year and this is associated with 

several modifiable risk factors such as depression, stress, anxiety and comorbid pain 

disorders.2,58 Some of the conditions may be linked to migraine such a depression 

whereas others may be iatrogenic (and due to medication overuse such as renal disease).12 

The relationship between migraine and affective disorders in particular is of great interest 

as epidemiological studies cannot fully disentangle whether the relationship is causal or 

not. Causal hypotheses suggest that the stress from recurrent severe headaches results in a 

psychological response.59 Alternative hypotheses propose the idea of shared 

environmental factors for both migraine and psychiatric disorders.59-61 Others have 
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suggested that there is a specific order of onset where anxiety disorders precede migraine 

and depression follows.61,62  However a bi-directional relationship seems to be the most 

plausible model and suggests that each disorder may increase the risk of the first 

occurrence of the other, a hypothesis which is supported by antidepressant medication 

being used as preventative treatments for migraine.59  

Various works assessing these co-morbidities indicate that while migraine is one of the 

leading causes of disability worldwide it is also associated with other leading disabling 

conditions such as anxiety and other affective disorders.9 Due to this the disability weight 

associated with migraine is 0.433.9 This weight quantifies health losses for non-fatal 

consequences of disease of injury on a scale of 0-10 where 0 indicates no loss of health 

and 1 indicates health loss equivalent to death.63 A value of 0.433 indicates that a 

migraineur has 43.3% disability during a migraine attack. This is comparable to the first 

two days post-acute myocardial infarction (0.422) or untreated spinal cord injury below 

the neck (0.440).9 This increased disability is also linked to increased healthcare and 

pharmacological usage by migraine patients.58,64,65 In migraine patients, healthcare claims 

related to non-migraine conditions exceed those made by non-migraine patients by 4 to 

1.12 Reports also indicate that compared to the general patient population migraine 

patients generated twice as many medical claims and 2.5 times the amount of pharmacy 

claims and that psychiatric comorbidities are associated with 1.55 times increase in 

migraine costs in the US.12,64 One study reported that patients with co-morbid anxiety 

spend $4634 more per year in healthcare than those without.58 A large migraine cohort 

from a database of medical claims showed that not only did migraine patients have higher 

outpatient and inpatient medical costs than matched controls, but that these costs 
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increased with the number of co-morbidities with individuals with comorbid anxiety and 

depression experiencing significantly higher costs compared to those without ($13,442).65 

This increased cost is also linked to higher healthcare usage. A study of emergency 

department (ED) visits and treatment in a general hospital show that compared to 

migraine patients without a psychiatric co-morbidity, those with a co-morbidity have 

three times more visits to the ED, six times more in patient stays and four times more 

outpatient visits.64 This increased costs appears to be more burdensome in EM because 

while all migraine patients with comorbid anxiety or depression report poorer quality of 

life only EM report less successful careers and reduced earnings.66 

Depression 

Depression is one of the most common co-morbidities in migraine and compared to non-

migraine patients, migraineurs have an increased odds (>2.5) of suffering from 

depression.58 In patients with major depressive disorder (MDD) the risk of co-morbid 

migraine is 2-3 times higher than patients without MDD.62 Studies in migraine patients 

have provided wide estimates of the prevalence of depression ranging 8.6-47.9%, largely 

due to the bi-directional nature of the relationship, study design type, population surveyed 

and type of diagnostic criteria applied.58 Still depression is one of the risk factors 

consistently reported for the transition from EM to CM. One study indicated that relative 

to those with none or mild depression those with moderate (OR=1.77 95% CI 1.25-2.52), 

moderately severe (OR=2.35 95% CI 1.53-3.62) and severe depression (OR=2.53 95% CI 

1.52-4.21) had an increased odds of CM.58  
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Several studies have assessed the relationship between specific migraine 

symptoms and depression in an effort to further understand the link.67-69 Photophobia is a 

common symptom in many migraineurs and two recent publications assessed the 

presence of interictal photophobia (photophobia which occurs between migraine attacks) 

and its relationship to depression. Llop et al. found that the average depression inventory 

score was higher for migraine patients with interictal photophobia (mean 13 S.D =10) 

than those without (mean=6 S.D=4.7 p=0.021) or controls (mean=6 S.D=8.8 p=0.0245).68 

Seidel and colleagues conducted a similar investigation with a larger sample size, and 

while they found higher depression scores in patients than healthy controls, there was 

only a linear trend towards statistical significance for interictal photophobia as a predictor 

of depressive symptoms (rho=0.457 p=0.056).69 These differences may be due to the 

depression questionnaires used in the studies, the age difference between the two study 

cohorts or the samples sizes. Mendonca et al. found that depression scores were 

independently associated with allodynia (which is present in approximately 60% of 

migraineurs) (OR 1.236 95% CI 1.046-1.461).67 While none of these studies where 

longitudinal in nature they provide some indication that symptoms of migraine may be 

linked to depression.  

Co-morbid depression has also been linked to poor treatment outcomes in 

migraine patients given that migraine and co-morbid MDD is more disabling than 

migraine on its own.70 While the bi-directional relationship and lack of prospective 

studies make this hard to quantify one study looked at the impact of migraine at 2 year 

follow-up in MDD patients. Hung et al. reported that patients with active migraine had 

the lowest improvement and remission rates. 71 Additionally MDD patients with migraine 
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also had increased rates of anxiety compared to those without anxiety.71 These findings 

expand the body of the literature examining the intricate reciprocal relationship between 

these disorders and highlight the need for treatments that address and improve both sets 

of outcomes.  

 

Anxiety 

Anxiety is the most common psychiatric comorbidity among migraine patients 

ranging in prevalence from 25.5-57.6%.72,73 More than half (51-58%) of patients with 

migraine will meet the criteria for an anxiety disorder in their lifetime.58,64 Compared to 

the general population anxiety disorders are 2-5 times more prevalent in migraine 

patients. Among them Generalized Anxiety Disorder (GAD) is common and migraine 

patients have an increased odds of anxiety (OR 3.13 95% CI 1.56-6.3). Similarly GAD 

patients have an increased odds of migraine (OR 3.86 95% CI 2.48-6).58 In comparison to 

migraine patients without anxiety or depression, those with comorbid anxiety have higher 

migraine disability, report lower levels of quality of life and lower satisfaction with acute 

treatments.73 Similar to migraine, anxiety disorders have sex differences and are twice as 

common among women, more prevalent in Caucasian Americans and in those of low 

socioeconomic status.73 A Canadian study aimed at untangling the relationship between 

anxiety and migraine found that 6% of migraineurs in the past year had GAD compared 

to 2.1% of non-migraineurs. The adjusted OR for GAD was 2.46 (95% CI 2.00-3.02). 

Furthermore, a path analysis illuminated the relationship between migraine and anxiety, 

revealing that debilitating pain as well as limitations in instrumental activities in daily 

living (IADLs) were mediators of the relationship.73  
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As with other psychosocial disorders the relationship is also thought to be 

bidirectional and is often co-morbid with depression.72 42.1-84.6% of migraine patients 

with depression also have anxiety and 66.1-86.7% of migraine patients with anxiety also 

have depression.72 The clinical significance of this has been explored in a few studies, but 

disentangling the role is still a challenge. However some studies have found that while 

headache frequency is higher in patients with comorbid depression and anxiety compared 

to either anxiety or depression alone.72In term of pain intensity anxiety alone and 

comorbid anxiety and depression resulted in similar pain scores which were higher than 

those in migraine patients without either condition.72 Additionally patients with 

photophobia during the interictal period have significantly higher anxiety scores than 

those without.68 

Stress 

Stress is one of the most prevalent triggers for migraine and as such migraine patients 

report high levels of stress.58 Several studies have suggested that stressful life events are 

associated with increased migraine frequency and precede migraine chronification.58 Up 

to 76% of migraineurs report stress as one of their triggers.74 The relationship between 

stress and migraine is unique and complicated in that stress reduction is also associated 

with increased risk of a migraine attack the following day.58 Some hypothesize that this is 

because stressors activate the autonomic nervous and neuroendocrine systems. This leads 

to increased anti-inflammatory and antinociceptive effects and this process is reversed 

when stress ends, which can trigger a migraine.58 Epidemiological studies to assess this 

relationship look at stress as a trigger and in the presence of other closely linked triggers 

and co-morbidities. Dikmen and colleagues found that EM patients had disturbed sleep 

even in the absence of stress whereas Mollaoglu assessed triggers in EM patients and 
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found stress and sleep to be the most prevalent.74,75 This intermingling of the two is a 

complicated relationship that needs to be assessed in longitudinal studies. Other research 

which has examined stress in isolation over time have been able to show clearer 

relationships with migraine Lipton et al. followed migraine patients over 3 months found 

that decreased stress (from one day to the next) increased the risk of migraine in the 

following 6-18 hour period (OR 1.5-1.9).76 Studies of this nature that capture headache, 

and stress data every day are needed to better understand how other factors interact with 

stress to trigger headaches in migraine patients. 

Sleep 

More than half of migraine patients report sleep difficulties and the most frequent sleep 

disorder is insomnia which in was found to occur in ½ to 2/3 of migraine patients who 

present to community clinics compared to 10.8% of the general population.58,77 As with 

other co-morbid conditions in migraine the relationship with sleep disorders in migraine 

is bi-directional. Sleep disturbances such as lack of or excess sleep can lead to migraines 

and migraines also interfere with a patient’s sleep quality and one study reports that 

migraineurs with 8 or more headaches a month have worse sleep quality compared to 

controls.58,77,78 This relationship between sleep and migraine has been replicated in 

several cross sectional and case control studies in different migraine populations. Using 

the Pittsburgh Sleep Quality Index (PSQI), Walters et al. found that EM patients reported 

clinically significant poor sleep quality compared to those without migraine (85.9% vs. 

62%). Additionally poor sleep quality was significantly associated with headache 

frequency and headache related disability.77 Similarly in a Turkish population Dikmen 

and colleagues found a significant positive correlation between PSQI scores and migraine 
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related disability (r=0.24 p=0.04).75 In Taiwan PSQI scores were highest in those with 

frequent migraine and frequency was independently related to sleep quality.78 Finally one 

study found that headache frequency and headache impact test-6 (HIT-6) scores were 

higher in migraine patients with insomnia (based on the insomnia severity index) 

compared to those without.79 

The research by Dikmen not only showed the disability associated with poor sleep 

but also that EM was a predictor or poor sleep even without co-morbid anxiety, stress or 

depression.75 This indicates a possibility that intervening on sleep can likely help 

migraines. A small randomized placebo controlled trial with behavioral sleep 

modification intervention showed that patients had significant improvement in headache 

frequency and some reversal from chronic to episodic migraine after intervention.80
  This 

provides evidence that nonpharmacological therapies that focus on conditions co-morbid 

with migraine can be effective migraine therapies.  

 

F. Theories of neurological relationship between migraine and psychosocial 

comorbidities and changes to GMV 

 

Several systems appear to be involved in the relationship between migraine and 

psychosocial comorbidities. These include systems involved with stress, inflammation, 

hormonal influences and central sensitivity/sensitization of the sensory and emotional 

neural networks as well as shared genetic risk factors.58 Given current hypotheses 

surrounding pain generation in migraine, and the observation of altered levels of 

serotonin in some people during migraine attacks, serotonergic and dopaminergic 

dysfunction are hypothesized to underlie depression comorbidity.57,62 Additionally further 

changes to the 5HT transporter gene have been linked to anxiety in migraine patients as 
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well as stress, sleep and the reciprocal relationship we see between migraine and these 

states.57,82  

As the use of MRI and fMRI becomes more prevalent researchers utilize this 

modality to examine some of the hypothesized relationships. Repeated stress due to 

migraine attacks leads to allostatic dysfunction which manifests as both structural and 

functional damage in the brain.58,83 These negative changes impact pain processing in 

patients and induce central sensitization, which also affects trigeminal as well as 

extracephalic pain processing in migraine patients.58 Migraine patients are noted to have 

cortical thinning in several areas including the posterior cingulate, regions of the parietal 

cortex and precuneus, which are negative correlated with pain thresholds.84 Further 

reductions have been observed in the anterior cingulate cortex (ACC) and the insula as 

well as reduced functional connectivity, regions which are both implicated in the 

emotional processing of pain.81 Some studies have also reported increased connectivity 

between orbitofrontal cortex and the ACC as well as increased connectivity to the 

anterior insula compared to controls which may be key in the development of 

depression.81,85  

Several voxel based morphometry (VBM) studies in migraine highlight decreases 

GMV in the network including the ACC, which overlaps with the stress-response 

processing network in the brain, yet few studies look specifically at GMV changes related 

to co-morbid migraine and psychosocial disorders. However some work has been done to 

assess the effect of depression and anxiety on GMV. In patients with co-morbid 

depression and anxiety, there is increased GMV in the frontal and temporal lobes and 

insula compared to patients with only depression.40 Furthermore these GMV 



22 

 

abnormalities were correlated with the severity of depressive and anxiety symptoms.40 

Similarly Webb et al. reported reduced GMV correlated with depressive symptoms. 

However they found that compared to healthy controls patients with MDD (even mild 

subclinical cases), had reduced GMV in the orbitofrontal cortex, ACC, thalamus, superior 

temporal gyrus, temporal pole and superior frontal gyrus; this is also consistent with 

functional findings.86 A longitudinal study by Gudmundsson et al. showed that in 

migraine patients with comorbid MDD there was reduced total brain volume and GMV 

when compared to either having depression or migraine only, indicating a possible brain 

phenotype for the comorbidity.62,87  

Anxiety disorders have been associated with dysfunction and structural changes of the 

amygdala.81,88,89 The structural changes have been linked to stress which result in 

plasticity.81 One of the earliest studies of GAD in adults which reported abnormalities in 

the amygdala included individuals with co-morbid psychiatric conditions who were also 

on treatment.89 Later work looked at specific brain regions associated with worrying and 

examined GAD in adults who were not receiving pharmacological intervention and found 

increased GMV in the amygdala and in the dorsomedial prefrontal cortex (DMPFC) 

compared to healthy controls.89 Additionally symptom severity scores were positively 

correlated with GMV in the ACC and DMPFC.89 In whole brain analyses, Moon et al. 

reported patients with GAD had significant reductions in GMV in the hippocampus, 

midbrain, thalamus, insula and superior temporal gyrus compared to controls.88 

Furthermore compared to male patients, female patients had significantly increased 

dorsolateral prefrontal cortex (DLPFC) GMV, which was positively correlated with 

anxiety score in female patients (rho=0.68 p=0.04).88 



23 

 

Hubbard et al. examined how both disease severity and the affective component of 

migraine affected GMV. Migraine patients with high pain catastrophizing, which is the 

negative emotional response to pain, showed significant GMV decreases in the left 

primary somatosensory cortex, left medial prefrontal cortex (MPFC) and left anterior mid 

cingulate cortex (aMCC).41 Additionally baseline analysis by Burrowes et al. from the 

MRI Outcomes of Mindfulness Meditation for Migraine clinical trial sought to look at the 

interaction of migraine and comorbid disorders on GMV. Results showed that patients 

with high migraine frequency (9-14 headache days per month) and comorbid anxiety 

(GAD scores ≥5) have increased GMV in the left DLPFC, superior frontal gyrus, middle 

frontal gyrus, bilateral insula and this increase is significantly correlated with GAD score 

in the DLPFC.90 These findings signify that while there are several changes associated 

with stress, depression and anxiety in the brain there is still much we do not know about 

how they interact with migraine to alter brain structure and how treatment could possibly 

reverse these changes. They also provide regions of interest to be examined over time 

when assessing the impact of treatment on brain structure in migraine patients.  

 

G. Barriers to Diagnosis and Treatment of Migraine: Sociodemographic factors 

and economic costs 

 

Epidemiological research has consistently shown that migraineurs are afflicted during 

their peak productivity years of 25-55 years old.91,92 This along with poor management 

usually leads to absenteeism from work and low quality of life for the migraine 

patient.1,17,20,91 Hu et al. estimated that productivity lost due to migraine costs employers 

about 13 billion dollars per year accumulated via days missed from work and reduced 
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effectiveness when migraineurs are functioning below full capacity.1,12,91 In addition to 

costs associated with time lost from work are the healthcare costs of treating the migraine 

patients, usually incorrectly and ineffectively.  

Though migraine is a prevalent disease, it is still often misdiagnosed and undertreated 

and half of migraine patients never receive a diagnosis or treatment.62,93 Migraine patients 

in the US, Europe and other developed and developing nations around the world 

consistently report poor healthcare consultation rates and poor treatment strategies.94-97 

The Eurolight study which included 10 countries in Europe reported that in Italy while 

migraine was the most prevalent type of headache only 16.6% of migraineurs had ever 

received a diagnosis and only 2.4% were taking preventative medication.13 Similar 

findings were reported in the MAZE study which covered the U.K, Italy, France, 

Germany and the US and found half of migraineurs did not seek medical consultation and 

of those who did only 3-19% were prescribed triptans.95 Additionally in India and China, 

the reports were similar with less than one quarter of patients in India being engaged in 

healthcare services and patients in China being misdiagnosed with “nervous headache” 

instead of migraine.13 This is troubling given the existence of diagnostic criteria and FDA 

approved preventative and abortive medication for the treatment of migraine.98  

In the US, Lipton and colleagues used data from the AMPP study to examine the barriers 

faced by migraine patients when accessing healthcare. They identified three steps which 

patients need to traverse and these are: (1) medical consultation, (2) accurate diagnosis 

and (3) a minimal pharmacologic strategy that includes acute and preventative 

treatments.99,100 The initial study found that amongst EM patients in the AMPP cohort 

only 26.3% managed to overcome all three barriers.99 Overall the greatest barrier 
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occurred at the level of seeking medical consultation and the main predictors of this were 

health insurance, headache disability and pain intensity (Lipton and Serrano et al 2013).99 

Insurance status was also associated with increased odds of receiving a diagnosis and the 

odds of appropriate first line therapy increased with household income (OR 1.44 95% CI 

1.07-1.93).99  

While some patients traverse all three barriers there is evidence suggesting that a 

patient will not stay on their regimen. Some studies show that up to 53.8% of patients 

who are given a triptan prescription fail to consistently refill it.99 Furthermore 67.1% 

switch to non-triptans after their first re-fill and are more likely to switch to non-specific 

therapies such as opioids or NSAIDs.99 One retrospective analysis of pharmacy and 

medical claims confirmed these findings and showed that of those patients who were 

prescribed triptans 40.9% only filled the prescription once. This study also reported that 

those patients who refilled their prescription at least twice and switched their brand had 

increased healthcare utilization and inpatient hospitalization.92  

Since absence of health insurance affects the rate of consultation it is a barrier to the 

initiation of care. Lower income on the other hand has been shown to be a correlate of 

insurance and impacts the affordability of the minimally appropriate treatment once a 

diagnosis has been received.99 This presents several problems for migraine patients as 

ineffective treatment is one of the robust predictors of progression from EM to CM.101,102 

Using the migraine treatment optimization questionnaire Lipton et al. reported that higher 

annual income was associated with reduced risk of CM onset (OR 0.49 95% CI 0.36-

0.69) and the highest proportion to transition to CM were those EM patients with the 



26 

 

poorest treatment efficacy. Among those with the maximum efficacy only 2.9% 

progressed to CM however 6.8% in the poor treatment group progressed to CM.101 

The relationship with socioeconomic status and migraine in the US is linked not only 

to migraine care but also to migraine severity.15,103 These discrepancies in treatment and 

care stretch beyond income brackets and encompasses several other sociodemographic 

factors. A review of nine population based studies show that Hispanics make 89.5 annual 

ambulatory visits per 10,000 population at which they receive a diagnosis of migraine 

compared to 133.2 for African Americans and 176.3 for Whites .104 Among those who 

are diagnosed with headache disorders African Americans report more frequent and more 

severe headaches and when in treatment African Americans are two times more likely 

than Caucasians to terminate clinic based treatments before they have been administered 

completely.105 These epidemiological patterns have been explored and two theories 

emerged to explain these trends and they are the social causation and social selection 

theories.106 Research to support these theories as well as much of the treatment data in the 

US is taken from the AMPP study. Stewart and colleagues showed that there was higher 

migraine incidence in lower income groups which is consistent with the social causation 

hypothesis. This hypothesis states that low socioeconomic status is associated with stress 

and other disease mediators that increase incidence or duration (lower remission rates) of 

disease.106  

The highlight of these findings and other studies is that conditions such as depression 

and anxiety are mediators of migraine and therefore treatments which also address these 

issues will aid in remission of migraine.106 In addition once migraine is in remission it is 

independent of income. This means that treatments which are multi-focused are much 
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more effective as most pharmacological therapies are geared at pain relief and ignore 

associated migraine symptoms and co-morbid disorders.98 Several patients who are on 

triptans still have unmet needs and many EM patients progress to CM because of 

medication over use.107 Additionally MRI research shows that medication overuse was 

related to changes in GMV in several brain areas including decreases in the orbitofrontal 

cortex and left middle occipital gyrus and GMV increases in the left temporal 

pole/parahippocampus.108 Given the effects of poor medication use and the frequency 

with which migraine patients fail to refill prescriptions it is important to find better 

treatment options.  

 

H. Mindfulness Based Stress Reduction (MBSR) 

 

Mindfulness based stress reduction was a technique developed by Dr. Jon Kabat-Zinn in 

1979.109-111 Through the practice patients are taught to pay attention on purpose and 

without judgement in the present moment. The increased awareness and acceptance 

allows patients to develop a skillful way to respond to both mental and physical 

experiences.112-114 Traditional MBSR consists of a 2.5-hour class a week for 8 weeks with 

a one day retreat, with groups of up to 30 participants.111 Participants are also asked to 

complete 30-45 minutes of awareness exercise and home practice each day. The core 

practices of MBSR involve a guided body scan, mindfulness movement (yoga), and 

sitting and walking meditation. The skills taught in the course include: “understanding 

attitudes, perceptions and unskillful thought patterns, understanding and modulating 

reactions to stressors, recognizing pleasant and unpleasant emotions, thoughts and 

sensations, using mindfulness in daily activities including interpersonal communication 
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and focusing attention on internal states and sensations (such as awareness of breath) and 

maintaining an open, non-judgmental, self-monitoring attitude.”112  

MBSR as a Treatment in Chronic Illness 

Mindfulness based stress reduction was first introduced in to medical practice by Kabat-

Zinn as a treatment for chronic pain patients from 1980-1981at the University of 

Massachusetts Medical Center. It resulted in improved pain, mood and psychological 

symptoms some of which extended 15 months after the course.115 Since then there has 

been a dramatic increase and expansion of the use of mindfulness approaches in chronic 

pain and other chronic illnesses.109,116 This expansion is due in part to the fact that 

chronic pain is now seen as a major health issue which presents a challenge to manage 

with almost half of chronic pain patients failing to attain control of their pain even with 

conventional healthcare utilization.116 Additionally research shows that patient attitudes 

to complementary medicine are changing with 52% of chronic pain patients reporting that 

they would have used some of these interventions and 44% of physicians at the Mayo 

Clinic stating that they would refer a patient to these services if they are available.117 A 

survey of health professionals at an academic center in Switzerland showed that 96.9% of 

those interviewed were in favor of introducing complementary medicine approaches into 

clinical care, and though MBSR was one of the therapies that most were unfamiliar with 

compared to other interventions such as acupuncture, research shows that this is 

changing.117  

Early studies in MBSR show that across several chronic illnesses there was 

improvement in several health related metrics.109,112,114,118 These studies mainly assessed 

the immediate effects of mindfulness and measured improvements in pain, anxiety 
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disorders and depression. Moreover they included a wide range of populations and 

chronic diseases including fibromyalgia and coronary disease, drawing from patient 

samples and prison populations.118 Later studies which looked mainly at chronically ill 

populations assessed health metrics such as such as CD4 counts in HIV, systolic and 

diastolic blood pressure and increased quality of life in transplant patients.109 

Fibromyalgia which is characterized by widespread pain, fatigue and sleep disturbances 

has been a common target for MBSR and early research showed 51% of patients were 

responders to MBSR showing moderate improvement in pain, global wellbeing and 

sleep.109,119 However later randomized trials in fibromyalgia did not fully support these 

findings.120 Schmidt and colleagues found that though there was overall improvement in 

patients, effect sizes were much smaller compared to the earlier uncontrolled and quasi-

randomized trials. Even though patients in the MBSR arm of the study seemed to benefit 

the most there were no significant differences across treatment arms on overall health 

related quality of life.120 

These inconsistencies reports on the efficacy of mindfulness based interventions 

and MBSR became more prevalent as the number of studies increased and the 

methodologies varied considerably. A review of the effects of MBSR on chronically ill 

population by Bohlmeijer et al. included only RCTs and found that when assessing the 

mental health in these populations there were moderate effect sizes peaking at 0.47 for 

anxiety and dipping to 0.24 after controlling for study quality.111 A similar review 

restricted the assessment of MSBR to chronic pain patients and it was noted that its 

efficacy varied across patient subgroups. Patients with arthritis, neck or back pain as well 

as those with comorbid pain conditions showed the most improvement in pain and 
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functional limitations.116 Interestingly those with chronic headache or migraine were 

reported to have smallest improvement in health related quality of life and fibromyalgia 

patients experienced the least improvement in psychological distress.116 It is worth noting 

that both of these patient groups represented the smaller proportions of the patient sample 

(34 and 32 respectively).116 

A lot of the heterogeneity in results may be linked to the fact that there are both 

controlled and uncontrolled studies reported and most research report immediate changes 

post interventions with more recent studies extending follow-up from 3 months to 1 

year.112,114,118 Additionally there are varying types of disease groups under investigation 

and the presence of co-morbid conditions is not always fully elucidated in these cohorts 

which can lead to different results across studies.118 A recent review of 25 mindfulness 

based studies noted that 9 referred to chronic pain patients without further 

specification.114 The use of additional therapies by patients in studies has also not been 

consistently reported and the variations in MBSR programs has also increased with many 

now varying in delivery (such as self-help) and length.114,118 Furthermore patients with 

co-morbid disorders will start with more disability and represent more room to improve 

with MBSR. Also the presence of either no control condition, a non-equivalent condition 

or an equivalent condition makes a difference in the results that we see amongst the 

studies and many report the use of either waitlist or education as controls.114,121 

This lack of active controls leads to possibility that the actual effect of 

mindfulness is not being estimated in many studies.122 A meta-analysis of 21 

psychotherapy studies shows that the effect of treatment is Cohen’s d = 0.47 when the 

control treatment was not of a similar structure and d=0.15 when the treatments were 
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equivalently structured.122 This is important to our interpretation of results from 

mindfulness studies as one of the limitations in behavioral research shows that researcher 

allegiance to a particular intervention accounts for 10% in variability of treatment 

outcome and up to 69% of the difference between interventions.122  

MacCoon et al. conducted a study to validate an equivalently structured active 

control in healthy individuals and compare to MBSR. Using the Health Enhancement 

Program (HEP) which provides tools to improve health and well-being without a focus 

on mindfulness, MacCoon and colleagues assessed several outcome measures such as 

mental and physical health, as well as pain reactivity. They found that participants 

randomized to MBSR had reductions in pain ratings whereas HEP participants saw no 

change indicating that mindfulness may play a role in pain regulation. However HEP and 

MBSR participants showed improvement in mental and medical symptoms over time 

with no group differences.122  

Some of the more recent clinical trials in chronic pain include control conditions 

such as waitlist or Cognitive Behavioral Therapy (CBT) as a means to determine the 

efficacy of MBSR. In Denmark, la Cour and colleagues enrolled 109 non-specific chronic 

pain patients to receive either MBSR or waitlist and found significant improvement on 

the primary outcome (SF36 vitality scale) Cohens’d  =0.39 and medium to large effect 

sizes for general anxiety and depression Cohen’s d 0.37-0.71. Non-significant effect sizes 

were found for the improvement of pain in this study.121 Braden et al. conducted an RCT 

with an abbreviated version (4 weeks) of MBSR in low back pain patients with a stress 

reduction reading control group. While this does not address the components outlined by 

MacCoon et al. it aimed to target stress management and provide a plausible therapeutic 
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option.123 The study randomized 12 patients to MBSR and 11 to stress reduction reading 

and while both groups saw improvement only the MBSR group had significant back pain 

and somatic-affective depression symptom improvement pre to post treatment.123 Half of 

the MBSR patients reached clinical improvement compared to 18% of the control group. 

These findings were partially confirmed with a larger RCT which enrolled 342 chronic 

low back pain patients and randomized them to either MBSR, CBT or usual care.124 

Patients were followed for a year and received the full course of MBSR (8 weeks). While 

the clinical end points were different (Roland Disability Questionnaire), the proportion of 

those who reached clinical improvement was higher in the MBSR (60.5%) arm compared 

to CBT (57.7%) and usual care (44.1%). There was also greater improvement in pain 

bothersomeness at 26 weeks (RR MBSR vs CBT 1.03 95% CI: 0.78-1.36). MBSR was 

more effective compared to usual care and comparable in efficacy to CBT. However the 

effect of MBSR persisted until one year.124 

 

MBSR in Psychological Well Being 

Many pain patients suffer from co-morbid depression and anxiety and it was quickly 

realized that MBSR did not only improve pain in chronic pain populations but also 

resulted in improvement in the overall mental health and well-being of patients.125 These 

findings were also extended to healthy populations where MBSR was found to reduce 

stress levels even in comparison to a structurally equivalent meditation program.110 While 

some studies have reported moderate effects on anxiety and depression, others have 

found that MBSR improved psychosocial aspects of the patient and not improved their 

pain. This has varied by patient population and endpoints assessed.113,116,123 A review of 

the effect of meditation programs on psychological well-being showed that mindfulness 
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programs has moderate effects on anxiety (0.22-0.38) and depression (0.23-0.30). 

However these effects were comparable to those expected from the use of antidepressants 

in primary care populations without the associated toxic side effects.113 Looking at 

patients with mood and anxiety disorders showed that MBSR not only improved stress, 

anxiety, depression and worry, it also was effective in treating those with Generalized 

Anxiety Disorder (GAD).126 This review included a wide swath of samples from older 

adults including veterans to cancer patients. In assessing MBSR in patients with anxiety 

disorders MBSR showed moderate effect sizes (Cohen’s d 0.32-0.76) for anxiety and 

depression.127 These findings were confirmed in two separate studies showing 

improvements in anxiety in a sample of  GAD patients and  the reduction of stress, 

anxiety and depression in multiple sclerosis patients.128,129 Furthermore case reports of 

severe comorbid anxiety, depression and panic have shown improvement of scores on the 

respective questionnaires to the normal range after 7 weeks and maintenance post 

intervention.130 

MBSR in Headache and Migraine 

Migraine is not only associated with repeated painful attacks but is also often co-morbid 

with psychosocial disorders such as stress and anxiety. Additionally, migraine patients 

face several difficulties in obtaining and maintaining appropriate treatment and care for 

their condition. More recent research has shown that MBSR also reduces healthcare 

utilization by chronic pain patients which is an important outcome measure given the 

difficulties faced by migraine patients.112 Diagnoses are often incorrect and treatments 

tend to target the headache only, rather than the full set of symptoms. This positions 

MBSR as a relevant and needed intervention for migraine.  
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Research suggests that mind/body treatments reduce the frequency of migraine 

and tension type headaches by 35-50%.131 This is comparable to effect sizes observed in 

pharmacological clinical trials without the associated side effects.131 Few studies have 

been done to assess the use of MBSR in migraine; however MBSR has been used in 

tension and chronic headache patients.132-135 In tension headache patients randomized to 

either MBSR or treatment as usual, MBSR provided significant improvements in stress 

and global severity scores over time (F=67.19 p=0.001; F=51.85 p=0.001). Similar 

results were reported in a mixed population of chronic tension headache and migraine 

patients where there was reduction of pain intensity perception and quality of life 

compared to the usual care compare group.135 Researchers who have looked at four 

different meditation types in migraine patients have found that there was a decrease in 

migraine frequency and medication use but not headache intensity.8 This finding was 

particularly robust when comparing spiritual meditation to internally and externally 

focused secular meditation and progressive muscle relaxation.8  While this study did not 

specifically assess MBSR, by focusing on the different qualities of each meditation 

technique such as relaxation, they began to elucidate the specific aspects of meditation 

which may play a role in migraine management.8 An unpublished pilot study by our lab 

examined the effects of Vipassana meditation in chronic and episodic migraine patients. 

Vipassana differs from MBSR in that it involves a 10 day intensive silent retreat with 

focus on awareness of bodily sensations.136 Preliminary results from that study indicate 

that patients report improvements in pain intensity and anxiety post intervention.137 

Currently the only study conducted in migraine patients is a pilot RCT in episodic 

patients randomized to either MBSR or usual care. The study enrolled 19 participants 
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(MBSR=10 Usual care =9) and followed them for a month post MBSR completion.138 

MBSR patients had reduced frequency of headache attacks which were also less severe 

and of shorter duration; though these results did not reach statistical significance. 

However migraine disability (-12.6 [-22,-1] p=0.017) and headache impact (-4.8[-11,-1] 

p=0.043) were both statistically significantly improved in the MBSR compared to the 

control arm.138 While this study had a small sample size owing to the pilot nature, it 

provides some evidence that MBSR is safe and effective in migraine patients and 

warrants further exploration in a bigger trial. 

 

Biological impact of MBSR and changes in GMV 

 

Despite support for MBSR’s efficacy in reducing pain, stress and negative mood, but 

there are still various theories139, the mechanisms by which mindfulness based 

interventions mediate outcomes in patients are not yet clear.122 Several cross-sectional 

studies have reported neuroanatomical changes in persons who are practiced 

meditators.140 It has been reported that there is an increase in cortical thickness in the 

right insula and frontal lobes as well changes in GMV in several regions including the 

right thalamus, right dorsal ACC and secondary somatosensory cortex.136,140 Vipassana 

meditation was also found to enhance activity in brain regions relation to interoception 

and attention such as the right anterior insula.136 As most studies have been cross-

sectional, the causal effects of meditation could not be established.  

Reviews of the MBSR literature report mixed findings across several brain areas, 

owing to differences in study design (cross sectional vs. longitudinal), sample size and 

use of control conditions.141 Several studies report overall increased activity in the 
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prefrontal cortex after MBSR, with the amount of mindfulness practice predicting the 

increased activation in the medial and dorsolateral prefrontal cortex. However, no 

structural changes were reported. Additionally, the insula, hippocampus cingulate cortex 

and amygdala were also commonly reported areas. The results in these areas are less 

consistent with some reporting increased and others decreased activity across the four 

structures. In terms of structural findings there were no structural changes reported in the 

cingulate cortex and increased volume and no change in volume were reported in the 

hippocampus.141 

One German group in particular has done extensive research in the role of 

mindfulness in structural and functional changes in the brain. Holzel et al. first published 

a cross sectional study in 2008 and reported greater GMV in the right anterior insula of 

meditators compared to controls as well as the left inferior temporal gyrus.142 Further 

work expanded their research to look at MBSR across the brain and in specific regions 

associated with stress and affective processing. They reported a correlation between 

decreases GMV in right amygdala and reduced stress, where the volume decreased with 

greater improvement in stress after MBSR.143 Conversely a study in Parkinson’s patients 

did not support these findings, but it must be noted it was not clear in this particular study 

if the difference was due to a true increase in GMV in Parkinson’s patients or if controls 

had greater volume decrease.141,144 Later work assessed regional GMV changes after 

MBSR compared to waitlist controls and found that there was increased GMV in the 

posterior cingulate cortex and the temporal-parietal junction as well as the left 

hippocampus which was identified a priori.145 These changes in the hippocampus were 

confirmed by three other studies.141 Further work showed that psychological well-being 
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in the same population of individuals was correlated with increases in GMV in the 

bilateral brainstem particularly in areas responsible for the synthesis and release of 

norepinephrine and serotonin.146 Results from the pilot Vipassana study in the 

Seminowicz pain imaging lab which was conducted in chronic migraine patients revealed 

that patients had reduction in pain related activations in the right anterior insula, posterior 

insula and thalamus which were correlated with reduced anxiety.137 
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I. Specific Aims 

This study assessed the comprehensive effects of MBSR in episodic migraine patients 

who were enrolled in the MRI Outcomes of Mindfulness Meditation for Migraine 

Clinical Trial. It examined not only the longitudinal changes in grey matter volume of 

patients, but also changes in psychosocial well-being and the manner in which these 

measures were associated with treatment response. The specific aims of the study are as 

follows: 

Aim 1: Compare the mean difference in GMV between migraine patients and matched 

healthy control cohorts 

a: Describe the change in GMV in healthy individuals across the whole brain, 

insula, dorsolateral prefrontal cortex (DLPFC) anterior cingulate cortex (ACC) 

and superior frontal gyrus (SFG) over six months. 

b: Estimate the differences between migraine patients and healthy controls in 

GMV of the insula, DLPFC, ACC and SFG prior to intervention and over time. 

Research hypothesis: Migraine patients and controls will have different GMV across the 

entire brain and within specific brain areas at baseline and over time.  

 

Aim 2: Compare differences in GMV between migraine patients with and without prior 

clinical care for migraine at baseline. 

Research hypothesis: At baseline GMV will differ in specific pain and affective 

processing areas such as the DLPFC, insula and ACC based on diagnosis and treatment 

of migraine at baseline. 
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Aim 3: Assess the impact of MBSR and stress management for headache (SMH) on 

anxiety, stress, depression and sleep quality and the relationship between these factors 

and clinical improvement in migraine. 

a: Estimate the effect of MBSR and SMH in migraine patients on the following 

outcomes: anxiety, stress, depression and sleep quality at mid and post 

intervention.  

b: Compare the probability of treatment response (≥50% reduction in headache 

frequency post-intervention) in migraine patients randomized to MBSR and SMH 

predicted by baseline anxiety, stress and depression. 

c: Determine whether changes in anxiety, stress and depression post 

randomization mediate the effect of MBSR and SMH on headache frequency.  

Research Hypothesis: Patients randomized to MBSR will have greater improvements in 

anxiety, stress, depression and sleep quality compared to those randomized to SMH. 

These improvements will lead to greater probability of treatment success as MBSR 

decreases migraine frequency by reducing factors such as anxiety and stress.  

 

 

 

 

 

 

 

 



40 

 

CHAPTER II: Study Design and Methods 

 

A. Study design and population 

 

This secondary longitudinal analysis utilized MRI scans and data collected from the MRI 

Outcomes of Mindfulness Meditation for Migraine clinical trial (NCT02133209). This 

was a randomized placebo controlled trial with single masking. Patients were recruited in 

eight cohorts ranging in size from 17-29 individuals from June 2014 to February 2017. 

All migraine patients were episodic migraineurs who were randomly assigned to receive 

either MBSR or stress management for headaches (SMH). Randomization was stratified 

by the presence or absence of another chronic pain disorder and by headache frequency 

(4-8 and 9-14 headache days per 28 days). Chronic pain disorders included in the 

stratification process were as follows: Temporomandibular joint dysfunction (TMJ), 

irritable bowel syndrome (IBS), fibromyalgia, neck/lower back pain and chronic pelvic 

pain. Patients were randomized 1:1 to either treatment in pre-specified blocks, using a 

web-based randomization system. Each treatment was administered weekly for eight 

weeks with an additional half day retreat for the MBSR arm. There were 4 additional 

sessions over 8 weeks in both intervention arms. The primary objective of the clinical 

trial was to determine the short and long term efficacy of MBSR on migraine headache 

frequency and brain structure and function. 

Screening and intervention visits for migraine patients occurred at Johns Hopkins 

Bayview Medical Center. Neuroimaging visits for migraine patients took place at the 

University of Maryland Baltimore. Migraine patients were screened for eligibility 

inclusive of but not limited to headache questionnaires, psychosocial questionnaires and 

health history forms. Eligible patients were enrolled and initiated their first set of 28-day 



41 

 

headache diaries prior to their first neuroimaging visit. At each neuroimaging visit 

patients underwent an MRI, as well as completed several psychosocial and quality of life 

questionnaires, quantitative sensory testing (QST) and saliva sample collection for 

genetic analysis. Patients were followed for 13 months; this includes one month of 

headache diaries pre-baseline and one year of follow-up including questionnaires and 

headache diaries one year post baseline (Figure 1). 

 

Figure 1: Timeline for MRI Outcomes of Mindfulness Meditation for Migraine 

Clinical Trial 

 
Healthy Controls  

 

39 healthy (migraine and chronic pain free) controls were recruited from October 2015 to 

September 2017 using various print and electronic media. They were enrolled and 

matched to the first 39 enrolled migraine patients who completed the study. Healthy 

controls were matched to patients on five criteria: age (±5 years), sex, BMI (±5), 

education (college and no college) and race. Healthy controls attended screening at the 

University of Maryland Baltimore and completed neuroimaging visits where they 

underwent the same procedures as migraine patients. Healthy controls were followed for 

12 months (as they were not required to complete pre-baseline 28-day headache diaries); 

they complete a final set of questionnaires one year post baseline. 
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Inclusion Criteria 

• Provides a signed and dated informed consent form 

• Ability to speak, read, and write English 

• Willing to be randomized to either arm of the study (migraine patients only) 

• Is between 18 and 65 years of age 

• Meets International Classification of Headache Disorders Criteria-II for migraine 

(migraine patients only)  

A. At least 5 attacks fulfilling criteria B-D  

B. Headache attacks lasting 4-72 hours (untreated or unsuccessfully treated)  

C. Headache has at least two of the following characteristics:  

1.  unilateral location 

2.  pulsating quality  

3.  moderate or severe pain intensity 

4.  aggravation by or causing avoidance of routine physical activity (eg, 

walking or climbing stairs)  

D. During headache at least one of the following: 

1.  nausea and/or vomiting 

2.  photophobia and phonophobia 

E. Not attributed to another disorder 

• Between 4 and 14 headache days over 28 days, based on a prospectively 

maintained daily headache diary (migraine patients only) 

• History of migraine for at least one year (migraine patients only) 

• If using non-opioid medication for pain treatment: 
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o Has been on the same treatment regimen for the last 30 days prior to  

Visit 1 

o Is willing to stay on the same treatment regimen for at least 6 months, with 

the addition of acute abortive or rescue medications (as needed, such as 

antihistamines, non-steroidal anti-inflammatory, acetaminophen, triptans, 

Dopamine-antagonists) 

o Use of acute abortive or rescue medications is restricted to use only more 

than 24 hours prior to QST 

• If of child-bearing potential, agrees to use contraception throughout the study 

• Is able to understand and willing to comply with all study procedures and is 

available for the duration of the study 

• Free of an acute or chronic pain condition, and does not have a history of 

migraines (healthy controls only) 

 

Exclusion Criteria 

• Unable to undergo MRI (e.g. pacemaker), assessed on an individual basis 

• History of unstable major psychiatric disorder  

• History of migraine or chronic pain (healthy controls only) 

• More than 14 alcoholic drinks per week on average 

• Active [within 6 months] substance or alcohol abuse  

• Use of opioids 

• Severe depressive symptoms as determined by clinical assessment, triggered by 

score ≥ 27 on the CES-D at Visit 1. 
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• Suicidal ideation as determined by clinical assessment, triggered by positive 

response to the Suicidal Ideation Item on the PHQ-9 at Visit 1. 

• Positive urine toxicology screening test for barbiturates, THC, alcohol, cocaine 

and other recreational drugs of abuse  

• Positive urine pregnancy test (women only) 

• Plan to become pregnant within next 12 months (women only) 

• Lactating (women only) 

• Anything that, in the opinion of the investigator, would place the subject at 

increased risk or preclude the subject’s full compliance with or completion of the 

study 

• Lifetime history of formal training in mindfulness practice, MBSR, meditation 

• Concurrent non-pharmacological treatments with effects on mindfulness and/or 

stress reduction components, including but not limited to CBT, biofeedback, 

acupuncture, massage therapy 

• First migraines occurred after the age of 50 (migraine patients only) 

 
 
 
 
B. Data Sources 

 

Questionnaires 

 

Migraine Patients 

 

Questionnaires were completed electronically on an I-pad. Patients completed 

questionnaires at their screening visit for eligibility, at each MRI visit and 12 months post 

baseline. Patients completed the same questionnaires at all 3 MRI visits with the addition 
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of the Global Impression of Change at visits 2 and 3. At 12 months post baseline patients 

completed HIT-6 and PCS. The following questionnaires are completed by all patients at 

baseline: 

 

1. Brief Pain Inventory (BPI)-assesses pain severity and pain related interference on 

an 11 point scale over seven areas147-149 

2. Short form McGill pain (SFMPQ-2) - assesses usual and current headache pain 

using pain descriptor words on a scale of 0-10150,151 

3. Pain Catastrophizing Scale (PCS) - 13 items to assess thoughts and feelings about 

pain over three domains of catastrophizing -rumination, magnification and 

helplessness152 

4. Headache Impact Test (HIT-6)- assesses the impact of headache on lifestyle on 

five point scale from never to always153-155 

5. Patient Healthy Questionnaire-9 (PHQ-9) for depressive symptom severity- 

assesses symptoms of depression and any positive response to the suicide item 

will trigger a clinical assessment by one of the Hopkins psychologists156 

6. Allodynia Symptom Checklist (ASC)- 12 item checklist to measure frequency of 

allodynia symptoms with migraine attack157,158  

7. Generalized Anxiety Disorder – 7 (GAD-7)- measures common symptoms of 

anxiety on a scale from 0-3159  

8. Perceived Stress Scale (PSS) - measures an individual’s perceived stress to 

everyday life situations160 
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9. Five Facet Mindfulness Questionnaire (FFMQ) – 39 items on the mindfulness 

factors of observing, describing, acting with awareness, non-judgmentalness, and 

non-reactivity161 

10. Patient Health Questionnaire 15 Item Somatic Symptoms Severity Scale (PHQ-

15)- assesses somatic symptom severity and potential presence of somatization162  

11. Pittsburgh Sleep Quality Index (PSQI) – 23 item scale to assess the quality of 

sleep over the last month163 

12. Situational Catastrophizing (SCQ)- Completed in the scanner. Modified version 

of PCS which assesses catastrophizing to specific pain experience164 

13. Pain Catastrophizing Scale-Migraine (PCS-M)- Uses the same format at PCS and 

patient give the degree to which they have thoughts and feelings in regards to 

their migraine pain152 

 

 

Healthy Controls 

 

Controls completed questionnaires at each scan visit. They completed the same 

questionnaires as patients except those which were specific to migraine (HIT-6, ASC, 

SFMPQ-2 and PCS-M) and additionally they completed the Healthy History Form (HHF) 

and the Center for Epidemiologic Studies Depression (CES-D) as part of their screening 

procedures. The CES-D is a 20-item self-report scale to assess items of depression. Items 

are rated on a 5 point scale from 0=rarely or none of them time to 4= most or all of the 

time. Scores above 27 initiated follow-up with licensed psychologist to make a clinical 
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assessment and determine the appropriate next steps. At 12 months post baseline controls 

will complete all questionnaires that they did at previous time points including the HHF.  

 
fMRI Procedures 

All MRI scans performed from September 2014 through March 2017 were completed on 

a Siemens Tim-Trio 3T MRI scanner using a 32-channel head coil. Scans completed from 

April 2017 onwards used a Siemens 3T Prisma Fit MRI scanner using a 64-channel head 

coil. The scan included the following sequences: a T1 MPRAGE, high resolution 

anatomical scan for template registration and gray matter volume analysis, a resting state 

functional MRI scan (echo planar imaging, EPI), an fMRI scan with blocks of painful 

thermal stimulation; an fMRI scan with cognitive task (repeat pain and cognitive 

sequence), a diffusion weighted scan for diffusion tensor imaging (DTI) analysis 

assessing white matter tract integrity and connectivity and a resting state arterial spin 

labeling (ASL) scan. The following analyses utilized scan data from the T1 MPRAGE. 

Acquisition parameters for the T1 MPRAGE were as follows: repetition time (TR) 

2300ms, echo time (TE) 2.98ms, slice thickness 1mm, field of view (FOV) 256mm, flip 

angle 9°, voxel sixe (1x1x1mm). 

 

Headache diaries 

Patients completed 28 day headache diaries for study eligibility, prior to randomization at 

baseline, after each intervention phase and 12 months after the baseline visit for final 

follow-up. Headache diaries were completed electronically (online via a link sent through 

email) and collected detailed information on headaches over a 28 day period. Information 

on the quality of the headache including type of pain, headache duration, medication use 
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and associated symptoms such as nausea and ability to carry out activities. Data from 

headache diaries is the source of clinical endpoints (change in headache frequency over 

time), treatment response and baseline headache frequency.  

 

C. Interventions 

MBSR: Eight 2.5 hour group sessions over 8 weeks plus half day retreat as well as at 

home practice. Intervention was delivered by trained interventionists and follows the 

guidelines laid out by Center for Mindfulness in Medicine, Health Care and Society at the 

University of Massachusetts. The intervention was delivered in a high dose to enhance 

mindfulness capabilities and extended for an additional 8 weeks with 4 bi-weekly 

sessions. Sessions were conducted in groups (sizes based on the size of each cohort) and 

interventionists completed check lists at the end of each section noting if each topic was 

covered. They also provided a brief summary of topics which were covered but had not 

been on the checklist for that particular session. Patients were reminded of each 

upcoming session via phone and email; those who missed and intervention visit were 

offered the opportunity to make up a session (at the discretion of the interventionist) over 

the phone.  

 

SMH: Eight group sessions which focused on the management of headache symptoms, 

stress, stress managements, sleep hygiene and diet. This treatment taught about the 

effects of stress and the utility of stress management but did not teach participants stress 

control techniques. This treatment was also extended an additional 8 weeks with 4-bi-
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weekly sessions focused on headache management information. Reminder and make up 

procedures were identical to the MBSR arm. 

 

D. Main Outcome Measures 

 
GMV-MRI Methods 

MRI Preprocessing and Analysis Methods  

The computational anatomy (CAT12) toolbox which is located within the Statistical 

Parametric Mapping (SPM12) Software for MRI analysis will be used to assess voxel 

based morphometry of GMV in patients and healthy controls over time.165 VBM is used 

to examine differences in regional concentrations of gray matter at the local scale while 

discounting global differences in shape and gross anatomy.166,167 Using the longitudinal 

segmentation pipeline in CAT12 the structural T1-weighted images acquired at each time 

point were spatially normalized to Montreal Neurological Institute (MNI) space 

(resampled to a voxel size of 1.5mm X1.5mm X1.5mm). To improve registration to MNI 

space images were re-oriented to the anterior commissure. Spatial normalization involves 

transforming all subjects’ data to the same stereotactic space by registering all images to 

the same template. It is important to note that this step does not match every cortical 

feature exactly, but simply corrects for global differences in shape.166,167  

Next images were segmented into grey matter (GM), white matter (WM) and 

cerebrospinal fluid (CSF). Segmentation using the CAT12 toolbox is based on an 

Adaptive Maximum A Posteriori (AMAP) technique. The AMAP estimation is adaptive 

in that “local variations in parameters such as means and variance are modeled as slowly 

varying spatial functions.” This therefore accounts for intensity inhomogeneities and 
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other local variations of intensity.165 The segmentation approach also includes a Partial 

Volume Estimation (PVE) with a mixed model of two tissue types. The mixed tissue 

classes included in the model are GM-WM and GM-CSF. This allows for an estimation 

of the fraction of each pure tissue type that is present in each voxel and improves the 

accuracy of the segmentation.165 Finally images were smoothed with a 8mm Gaussian 

Kernel. Smoothing has three main goals 1) to ensure each voxel in the images contains 

the average amount of gray or white matter from around the region of the voxel 2) to 

make the data more normally distributed and in doing so increase the validity of 

parametric tests and 3) to compensate for the inexact nature of spatial 

normalization.166,167 Preprocessing utilized an absolute threshold mask of 0.1. This 

threshold excludes voxels with less than 10% probability of being grey matter.  

To assess differences between patients and healthy controls at baseline the cross 

sectional pipeline in CAT12 was used. Preprocessing steps are identical to above with the 

exception of the use of modulation which results in the analysis of relative differences in 

regional GMV that is then further corrected for total intracranial volume (TIV) during 

statistical analysis.165 Regions used in the masked analyses were, the DLPFC, insula, 

ACC and SFG will be extracted using Marsbar.  

 

Quality Control of Raw and Preprocessed Images 

Quality controls of MRI images took place in two stages. Raw images were carefully 

examined for morphological abnormalities, as well as movement and scanner artifacts 

prior to pre-processing. Each image was also overlaid with the T1 template in Check Reg 

to assess the orientation. Post preprocessing each image was assessed for quality using 

the two options available in CAT12 165. We first selected the display all slices option in 
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CAT12, which utilizes the normalized, bias corrected structural images. This option 

displays one horizontal slice for each subject and thus gives an overview of the 

segmentation. Images with artifacts or those with incorrect orientation will appear “off” 

in this tool. Any images that warranted further inspection were overlaid on the standard 

T1 brain in Check Reg. Secondly we utilized the sample homogeneity option in CAT12. 

This utilizes the unsmoothed normalized grey matter segments (modulated for the cross-

sectional analysis). Additionally, we used the quality measures created during 

preprocessing as well as nuisance parameters (age, sex and TIV) the get a better picture 

of the quality of the data. The tool displays a correlation matrix as well as overall mean 

correlation and weighted overall image quality 165. Though there is no clear cut off for a 

bad image we implemented a rule where images below more than two standard 

deviations were further assessed in Check Reg. Additionally we used the option to view 

the most deviating data and these were also examined in Check Reg. Provided data did 

not have any artifacts upon further inspection they were utilized in the analysis.  

 

Masked Analysis 

To assess change in GMV over time in healthy participants, compare differences in 

patient groups and between patients and controls we conducted masked as well as whole 

brain analyses. The following regions were included in the masked analysis: bilateral 

SFG, DLPFC, insula and ACC. These regions were chosen based on their relationship 

with migraine clinical characteristics as reported in the literature. The right ACC and 

bilateral insula have been associated with headache frequency when comparing episodic 

and chronic migraine patients; where CM patients exhibited decreased GMV compared to 
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EM.31,168Chen et al. also reported decreased GMV in the left SFG in migraine patients 

(both EM and CM) when compared to tension type headache patients, suggesting that 

differences in the SFG are specific to headache type.168 Additionally, greater pain 

intensity and disease duration have been associated with reduced GMV in the bilateral 

posterior and the left anterior insula.41 This study by Hubbard et al. further found reduced 

cortical thickness in the bilateral DLPFC associated with increased attack frequency and 

longer disease duration.41 All regions included in the analysis were made from the Atlas 

of Intrinsic Connectivity of Homotopic Areas (AICHA).169 The AICHA atlas comprises 

resting state fMRI data from 281 individuals and covers the entire cerebrum with 192 

homotopic region pairs. To make regions utilized in the analysis we combined 

components using the “-add” command in FSLMATHS. All regions were bilateral as we 

did not pre-specify laterality. Figure 2 below presents the regions utilized in all masked 

analyses. 

 

 

Figure 2: Explicit mask used for region of interest analyses overlaid on average 

brain of all participants 
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Sandwich Estimator Toolbox 

The Sandwich estimator toolbox (SwE)170 was used to model the longitudinal changes in 

GMV in the healthy controls and patients with covariates for time at baseline, 3 and 6 

months. This toolbox is specifically designed for repeated measures MRI analysis and 

uses an unstructured covariance structure and a small sample adjustment.170 It uses an 

alternative to the traditional linear mixed model and employs a simple Ordinary Least 

Squares (OLS) marginal model for estimates of the parameters of interest. The sandwich 

estimator is utilized to calculate the standard errors of these estimates and is used in 

conjunction with the OLS. The flexibility of the SwE is in its robustness to 

misspecification of the covariance structure and the utilization of this approach accounts 

for the correlations in repeated measures and can be used with unbalanced datasets with 

missing data.170  

 

Cluster and Volume Extraction for Brain Regions  

Results from SwE are written in a -log10 cluster and FWE-corrected non-parametric p 

value image. Whereas traditional MRI cluster results are written with coordinates to 

identify a peak voxel, identifying the location of the highest intensity within the cluster, 

results from SwE cluster analysis are written to produces clusters where all voxels within 

the said cluster are the same intensity. Therefore a center of gravity (COG) location is 

more useful as it gives a weighted average of the coordinates by intensity, given that the 

intensities are the same this value is located in the middle of the cluster. 

To obtain the clusters with a corrected p-value ≤0.05, the images were thresholded using 

the following approach in FSL cluster tool: -log10 (0.05) = 1.301. All resulting clusters 
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for the analyses including only healthy controls were displayed on an average brain of all 

included participants.  

Marsbar was used (http://marsbar.sourceforge.net/) to extract data from significant 

clusters identified in the above analyses. Values were converted to mm3 using the 

following equation: cluster size x voxel size x beta value. The beta value extracted 

represents the proportion of the voxel attributed to grey matter. Differences between 

patients and controls at each time point and patient groups and controls were assessed 

using linear mixed models. Mean volume over time by group was plotted. To assess 

variability in healthy controls individual GMV was plotted over time. All analyses 

including plots were done SAS 9.4 and were considered significant at p≤0.05.  

 

Psychosocial/Quality of Life Measures 

Anxiety trait was assessed with the GAD-7 questionnaire, which has been validated in 

migraine patients and asks patients 7 questions about how bothered they were by several 

anxiety related problems. Responses are reported on a scale of 0-3 and scores can range 

from 0-21.171 Stress in migraine patients was assessed using the PSS which is a “14 item 

measure with scores ranging 0-40 of the degree to which situations in one’s life are 

appraised as stressful.”160 Depression was evaluated with the PHQ-9 questionnaire which 

has been validated and tested in migraine patients. It measures major depressive disorder 

using 9 criteria from the Diagnostic and Statistical Manual of Mental Disorders Fourth 

Edition. Each item is rated on a four point scale from 0-3, with overall scores ranging 

from 0-27.156 Sleep quality which is a quality of life factor will be assessed with the 

PSQI. This questionnaire has been utilized in studies with migraine patients and shown 
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an association between migraine headaches and poor sleep quality. It consists of 7 

component scores which are added for a global score.78,163 Clinical cut-points for all 

questionnaires are shown below in Table 1. 

Table 1: Definition and source of psychosocial and quality of life measures in 

migraine patients and healthy controls 

 

 

Description of Treatment Responders 

Throughout the document we define migraine patients who achieve success with either 

intervention as treatment responders. Given the nature of headache diaries not all patients 

complete a full 28 days. In order to standardize the headache days collected, we 

calculated a proportion for each individual. This was calculated by dividing the number 

of headache day reported by the total number of diary days collected in that period. For 

any given individual the maximum denominator was 28. In addition, we multiplied the 

proportion by 28 to get a continuous variable for headache days to utilize in final model. 

To calculate the responders in the sample we used the above proportion and standardized 
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headache days variable and calculated the difference between baseline and the post-

intervention time point. Any person whose difference was at least 50% reduction from 

their baseline value was considered a responder to the treatment.  

Statistical Analysis 

Difference in GMV between migraine patients and matched healthy control cohorts 

T1 images were preprocessed as described in the MRI pre-processing methods. The 

Sandwich estimator toolbox (SwE)170 was used to model the longitudinal changes in 

GMV in the healthy controls with covariates for time at baseline, 3 and 6 months. This 

toolbox is specifically designed for repeated measures MRI data analysis and uses an 

unstructured covariance structure and a small sample adjustment.170 Using the non-

paprametric option and 10,000 bootstraps all analyses in SwE were set to an initial cluster 

forming threshold of p<0.001. Change over time in healthy controls was modeled using a 

T-contrast to observe regions of increase and decrease from baseline. Any clusters that 

showed significant changes at this threshold over time were extracted using Marsbar as 

described above and converted to mm3 using the following equation: cluster size x voxel 

size x beta value. The beta value extracted is the proportion of the voxel attributed to gray 

matter. Potential confounders for this analysis were age, sex, BMI, education and 

race/ethnicity. To examine this change we graphed the distribution of GMV in each brain 

area over time in both the whole brain and pre-specified regions in the explicit mask: 

DLPFC, insula, ACC and SFG.  

To assess plausible differences between the 38 matched EM patients and the 

patients from the unmatched EM cohort. Their demographic and clinical differences were 

compared. Univariate analyses was utilized to compare distribution of continuous and 

categorical matching variables (age, sex, race/ethnicity, education, BMI) as well as 
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additional confounders of interest such a headache frequency at baseline and level of 

anxiety, depression and stress. The t, Wilcoxon and Chi-Square tests were used to 

estimate and compare differences between these two patient groups. No significant 

differences were found, hence, the matched patients are representative of the rest of the 

study sample.  

Using the SwE toolbox we employed a repeated measures analysis which is 

implanted using an OLS approach with the following covariates: time, group (patient vs. 

control) and treatment (MBSR vs. SMH). The model assessed the difference in GMV 

over time between EM patients and healthy controls in both whole brain and explicit 

mask analysis adjusted for treatment group. Additionally, to account for the scanner 

upgrade which occurred within the last year of the study and impacted the final cohort of 

patients (patients whose scans were conducted on both scanners), all analyses were run 

adjusting for this change to account for any differences in scanner type. We also checked 

age, sex, education, BMI, race/ethnicity as potential confounders. All analyses in SwE 

were set to an initial cluster forming threshold of p<0.001. Additional regions from the 

whole brain analysis which are significant at this threshold, along with the DLPFC, 

insula, ACC and SFG were extracted using Marsbar as described above and converted to 

mm3 using methods as described previously. 

Exploratory analyses aimed as assessing the relationship between psychosocial 

variables and grey matter volume were carried in regions which showed significant 

change over time. All scores were modeled as both raw values and categorized clinical 

cut points as described in Table 1. The Chi Square, Fisher exact, Wilcoxon and Kruskal 

Wallis tests were used to assess differences in scores and categorized cut points over time 
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as well as the relationship with potential confounders. To assess the relationship with 

GMV the linear mixed effects models were used. We performed model diagnostics to 

assess the linear relationship between the predictors and GMV as well as of the influence 

of individuals in the dataset. Separate models were used for each region which was 

significant in the MRI analysis. We assessed the relationship with anxiety, stress and 

depression. Age, sex, race, education, BMI and season (of the year) as well as daylight 

savings (yes or no) were assessed as potential confounders for these analyses. The 

relationships between season/daylight saving and psychosocial variables and visit were 

also assessed given that season affective disorder may impact psychosocial scores and 

patients with visits in the winter may report greater scores on their psychosocial 

questionnaires. All statistical analyses were conducted using SAS (v.9.4, SAS Institute 

Inc. Cary, NC). Testing was two-sided and done at the 0.05 level of significance.  

 

Sample size and power 

Preliminary data from a cross-sectional study conducted in the Seminiowicz lab provided 

an estimate of the hippocampal volume in healthy participants.41 The mean value we 

expect to see in the hippocampus is (2625± 220 mm3), the measurement was taken at one 

time point in a sample of 18 controls. The current study enrolled 39 controls, 27 with 

longitudinal data. The variability in the outcome will be reduced compared to that seen 

with fewer patients and we will have adequate power to estimate a hippocampal GMV 

(Table 2). Prior research done in the Seminowicz lab also examined the difference 

between patients and controls in several pain and affective processing areas.41 While 

there have been no studies which established a clinically relevant change in GMV for 
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migraine, there has been work in other patient populations which indicate that over time 

there are clinical changes in patients which impact GMV. A study in progressive MS 

noted a change a total grey matter change from baseline to one year follow up of 2.2% in 

patients undergoing treatment.172 Another in schizophrenic patients followed over 5 years 

reported decreases in GMV up to 4.5% and increases in GMV up to 9.6% which were 

different from non-schizophrenic patients who only have decreases of 0.8% and increases 

of 6.9%.35 To calculate power for we utilized the values for the GMV in the medial pre 

frontal cortex (MPFC) where migraine patients had an average volume of 98±9mm3 and 

healthy controls 108±11 mm3. Therefore, migraine patients are expected to have a 

minimum increase of approximately 10mm3 (10% increase) in the MPFC over the course 

of the study. Using a paired analysis of the difference in GMV from baseline to post-

intervention in migraine patients, using the sample size calculation for paired data and 

assuming a correlation of 0.5 between the measurements, 2 sided alpha 0.05 and 30 

migraine patients we have a power of 1.173 Since the trial aimed to enroll 30 migraine 

patient and control pairs this aim will be sufficiently powered, even in the event of a 

reduced sample size. Assuming a range of mean differences between 8-15 mm3 and 

standard deviation ranging from 8-15 mm3 in migraine patients from baseline to post-

intervention the following power calculations are presented below. 
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Table 2: Power estimates to detect mean differences 8-15mm3 in migraine patients 

from baseline to post-intervention paired T-test for mean difference test; 2 sided 

alpha=0.05; correlation = 0.5. 

 

 

Differences in GMV between migraine patients with and without prior clinical care 

for migraine at baseline 

 

T1 images were preprocessed using the cross sectional pipeline in CAT12. In SPM12, the 

second level analysis module a two sample t-test adjusted for age and TIV was used to 

assess differences between the two patient groups. A cluster forming threshold of 

p<0.001 was used and significant pre-specified regions in the explicit mask as well 

significant clusters in the whole brain analyses were extracted using Marsbar 

(http://marsbar.sourceforge.net/). Exploratory analyses assessed for confounding by age, 

sex, and total intracranial volume (TIV) to account for differences in brain size. Other 

covariates assessed were education, BMI, race/ethnicity and headache frequency and pain 

intensity at baseline. In particular obesity, migraine frequency and education are all 

factors associated with more severe headache, seeking care and GMV.1  

Prior clinical care was determined based on diagnosis of migraine from a medical 

provider and or currently taking prescribed migraine specific preventative or abortive 

medications. Information on diagnosis and prescription of medication are collected at 

screening and baseline visits for migraine patients. Patients complete the HHF forms 

which covers information on current and past medical diagnoses and problems, 
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prescription and over the counter medications including doses as well as life style factors 

such as smoking, drinking and exercise. In addition, patients undergo a migraine 

diagnosis by a neurologist at Johns Hopkins using ICHD-II criteria as well as a separate 

screen about history of their migraine including but not limited to prior diagnoses and 

treatment information for migraine headaches.  

Using information from the health history form and migraine screening 

information patients were categorized into two groups based on diagnosis of migraine 

prior to study enrollment or prescription of migraine specific medication for which the 

intended use was migraine prevention or treatment. Interaction terms for headache 

frequency at baseline and prior clinical care was explored in analyses. Any regions that 

are significant at the cluster forming threshold of p<0.001 as well as pre-specified areas 

were extracted and converted to mm3 as previously described.  

Linear regression models were used to assess the relationship between GMV 

differences in those with and without prior clinical care and clinical characteristics of 

migraine. Of particular interest were headache severity, headache pain intensity, headache 

frequency, duration of disease and psychosocial disorders (anxiety, stress and depression) 

(Table 1). Other covariates which were assessed as potential confounders for these 

models are BMI, race, age, education and employment status. Employment status was 

modeled as it was reported by each individual as well as a dichotomous variable (full 

time vs not-full time). Chi-Square, Fishers Exact, T-tests and Wilcoxon tests were used to 

assess differences in clinical and confounding variables. All statistical analyses were 

conducted using SAS (v.9.4, SAS Institute Inc. Cary, NC). Testing was two-sided and 

done at the 0.05 level of significance.  
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Sample size and power 

This calculation is based on hypothesized effect sizes from previous work looking at 

differences in severity at baseline in migraine patients. The following calculation assumes 

different numbers of exposed patients in each group for a given effect size. Previous 

work in the Seminowicz pain imaging lab conducted in a sample of 17 chronic migraine 

patients found changes in GMV with increasing migraine severity.41 Given that baseline 

data has been collected on 120 patients we expect to have sufficient power to detect a 

difference between the groups at baseline.  

 
Table 3: Power estimates to detect mean differences 8-15mm3 between migraine 

patients with and without prior clinical care at baseline with n=120 and group ratio 

3:1 using two sample T-test; 2-sided alpha=0.05 

 

The impact of MBSR and SMH on anxiety, stress, depression and sleep quality and 

the relationship between these factors and clinical improvement in migraine. 

 

To describe the change in psychosocial measures over time anxiety, depression, stress 

and sleep quality were assessed as both continuous and categorical variables as described 

in the section Psychosocial/Quality of Life Measures. Though all questionnaires have 

been validated in clinical samples, the internal consistency was assessed with Cronbach’s 

alpha. Currently there are no clinically relevant changes for these psychosocial measures 

in migraine patients in the literature, and changes over time were assessed in these 

analyses. Preliminary analysis examined the distribution of the baseline scores and the 
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change in scores over time (baseline, mid and post intervention). This was done by 

individual and by treatment group. ANOVA and repeated measures ANOVA were used 

to assess average difference in groups across the three time points and between groups 

and each time. As each questionnaire was assessed on a different scale, exploratory 

analysis looked at standardized scores using Cohen’s D to compare the magnitude of 

change across the four metrics.  

Exploratory correlation analyses were done to assess the relationships amongst 

the different outcomes. Outcomes were found to be significantly correlated (p≤0.05) and 

separate mixed models will be built for each outcome. Several regression diagnostic 

measures were utilized to examine the linearity of variables as outcomes and correlation 

of these variables as predictors. Using variance inflation factor (VIF), Cook’s D, plots of 

both the raw and scaled residuals and predicted values we examine both the assumptions 

of normality, linearity and independence of these variables as both outcome and 

predictive measures. Given the skewed nature of GAD-7, PHQ-9 and PSQI we also 

assessed the utility of log transformation on these factors. Models were run with log 

transformed and untransformed outcomes for comparison. Final models utilized the 

untransformed scores in linear mixed model as results using both the log transformed and 

untransformed scores were consistent and analysis indicated that the linear and normality 

assumptions were not violated in the . The PSS questionnaire was also modeled using 

raw scores as these were normally distributed. Models’ fit were assessed with Akaike 

Information Criterion (AIC) as well as the impact of additional variables on change in the 

standard error.  
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All models utilized an unstructured covariance and assessed differences between 

MBSR and SMH groups as well as change from baseline. Given the individual variability 

observed in exploratory plots of psychosocial scores by patients collectively and by 

randomization group, random intercept and random slope models were assessed to 

examine this variation and determine if they were a better fit for the data. Interactions 

between time and group were also assessed. All statistical analyses were conducted using 

SAS (v.9.4, SAS Institute Inc. Cary, NC). Testing was two-sided and done at the 0.05 

level of significance. The association between treatment response and baseline scores for 

GAD-7, PSS and PHQ-9 were analyzed using logistic regression. Raw scores and clinical 

cut points as defined in Table 1 were assessed as independent predictors. To assess the 

relationship between the predictors for this analysis we built models using data from each 

questionnaire and utilized diagnostics as described above to assess the stability of the 

model and potential collinearity and correlation. Separate models for each questionnaire 

score were used to assess the relationship between baseline values and treatment 

response. Additional covariates of interest were age, sex, gender/ethnicity, migraine 

medications, baseline GMV, treatment arm, presence of another pain condition as well as 

headache impact score and pain catastrophizing and a cohort variable to account for 

clustering. All results predicted situations on average, given an individual has the 

characteristics present in the model. All statistical analyses were conducted using SAS 

(v.9.4, SAS Institute Inc. Cary, NC). Testing was two-sided and done at the 0.05 level of 

significance.  
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Mediation Analysis 

The final set of analyses looked at the mediation of treatment response through change in 

psychosocial outcomes over time. Since we hypothesize that treatment works through 

anxiety, stress and depression to decrease headache frequency the use of mediation 

analysis methods for binary outcomes and multiple mediators outlined by 

VanderWeele174 and VanderWeele and Vansteelandt175 was employed. Below we outline 

the assumptions for multiple mediators as strict assumptions are needed to estimate the 

natural direct and indirect effects. 

 

 

Assumptions for multiple mediators 

 
Mediation methods proposed are based on four assumptions for an exposure A, outcome 

Y, a vector of mediators M = (M(1),….M(k)) and a set of covariates C: 

1. Yam ⫫ A|C – The effect of exposure A on outcome Y is unconfounded conditional on C 

2. Yam ⫫ M|{A, C} – The effect of the mediators on the outcome is unconfounded 

conditional on A and C 

3. Ma ⫫ A|C – The effect of exposure A on the mediators is unconfounded conditional on 

C 

4. Yam ⫫ Ma* lC – The cross-world assumption should hold such that there is no 

mediator-outcome confounder that is affected by the exposure 

 

The assumptions above are required to estimate the natural direct and indirect effects, 

however many studies, particularly longitudinal studies violate the fourth assumption, 

given the presence of repeated measurements. VanderWeele and Vansteelandt175 
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developed a weighting method to estimate these effects even if the mediators effect each 

other. In order to circumvent this issue which is present in the DAG in Figure 3 where 

mid-point headache frequency for example is affected by the exposure and confounds the 

mediator exposure relationship, it needs to be included in the mediator vector as 

described below.  

 

The exposure A is dichotomous a= MBSR and a*= SMH; the outcome Y is treatment 

response (HA freq), the vector of mediators for anxiety is defined as M = (mid-HA freq, 

mid-anxiety, post-anxiety) and baseline covariates defined as C= (baseline HA freq, 

baseline depression, baseline stress, baseline anxiety).  

 

Weighting Method 

 
The weighting approach estimates the marginal natural direct effect: 

E[HAfreqaMa*]−E[HAfreqa*Ma*] 

The marginal natural indirect effect: E[HAfreqaMa] − E[HAfreqaMa*] 

The estimation of these effects is achieved through the estimation of three different 

counterfactuals: E[HAfreqaMa*], E[HAfreqa*Ma*], and E[HAfreqaMa]. 

 

For E[HAfreqa*Ma*]: the weighted average of subjects with A=SMH where each subject i 

is given a weight: P(A=SMH)/P(A=SMH|ci) 

ci=actual covariate values of baseline headache frequency, stress, anxiety and depression 

for subject i. For binary exposure such as this where MBSR =1 and SMH =0, 
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probabilities P(A=0|ci) for each subject i can be fit using a logistic regression and 

obtaining predicted probabilities.  

 
For E[HAfreqaMa] : P(A=MBSR)/P(A=MBSR|ci) where a logistic regression can again be 

used to obtain predicted probabilities for P(A=1|ci). 

 

The final counterfactual E[HAfreqaMa*] for each subject i with Ai = SMH uses an 

outcome model E(HAfreqlMBSR, mi, ci), which can include exposure mediator or 

mediator-mediator interactions to obtain a predicted estimate of the outcome if the 

individuals had had exposure Ai=MBSR rather than Ai=SMH, but uses the individual’s 

own value of the mediator M=mi and covariates C=ci. After these predicted values have 

been obtained an estimate for the counterfactual is calculated by taking a weighted 

average of the predicted values for subjects with Ai=SMH given by: 

P(A=SMH)/P(A=SMH|ci). 
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Figure 3: Causal diagram to represent plausible mediation relationship between 

MBSR and treatment response 

* Arrows assume direction of causal relationships. Model assumes no unmeasured confounding. Black 
boxes indicate baseline covariates. Solid black arrows represent adjusted confounding. The orange box 
indicates the randomized treatment MBSR vs. SMH. The solid green box is the outcome which is treatment 
response. This variable is created from baseline and post-intervention headache frequency (green outlined 
boxes) Blue boxes represent possible mediators of the relationship between exposure and outcome. 
Baseline covariates were measured prior to randomization and therefore are not affected by the treatment. 
Mid-point anxiety, depression and stress were measured at the scan visit directly after the completion of the 
first block of treatment (8 weeks post baseline). Headache diaries were completed for 28 days post the first 
block of treatment and therefore are captured after the psychosocial measurements. Post-treatment 
psychosocial measurements were taken at the scan visit directly after the final treatment block had been 
completed (12 weeks post baseline). These visits usually occur over a two-week period post study 
completion. Headache diaries are completed for 28 days post treatment. 

 
Given the proposed causal model sequential mediation methods would fail. This 

approach for multiple mediators overcomes these limitations as it allows the direct effect 

to be decomposed even if there is unmeasured confounding for two or more of the 

mediators. It is possible to include all psychosocial variables in one mediator but due to 
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the relationship between mediators in the model the dependence will not be fully 

captured. We assumed that baseline psychosocial values may influence each other and 

therefore included them as baseline covariates. However, given dependence we ran 

separate models for each of the psychosocial variables of interest. Additionally, 

weighting methods can be unstable due to the size of the probabilities, because of this the 

distribution of the weights in the exposed and the unexposed were examined. It is also 

important to note that this approach required the correct model specification for the 

outcome model and the exposure model. Misspecification of either models could lead to 

bias.175 All analyses were conducted SAS 9.4 and statistical significance was assessed at 

p<0.05.  

 

Sample size and power 

To determine the power for the longitudinal analysis of psychosocial and quality of life 

measures, we first looked at effect sizes for these metrics in other populations in the 

MBSR literature. A meta-analysis of mindfulness based interventions compared to non-

specific education controls as well as active controls such as exercise showed that MBSR 

had moderate effect sizes (ES) in improving anxiety at 3-6 months (ES= 0.22; 0.02-0.43), 

depression (ES= 0.23; 0.05-0.42) and low evidence for stress.113 However the populations 

included in the analysis were not limited to chronic pain patients. In a study of chronic 

pain patients, the ES for improved psychological distress post MBSR treatment was 

0.80.116 In tension headache patients MBSR (n=30) significantly reduced PSS scores 

compared to the treatment as usual group (n=30) from 16.96±2.53 to 13.5±2.33 at final 

follow up.134 We therefore expected to detect at least an effect size of 0.50, given that 
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significant differences have been found in studies with samples as small as 18, and our 

MBSR program provides a high dose of the treatment and had 50 patients randomized to 

MBSR arm and 48 to the SMH arm. Additionally, questionnaires were administered at 

three time points allowing for greater precision and power. Using the power calculation 

for repeated measures, with an expected effect size of 0.50, alpha 0.05, measurements at 

three time points and an assumed correlation between measurements of 0.4 the minimum 

sample size needed for 80% power is 38 patients per group.176 The following table shows 

the power and sample size requirements with effect sizes varying from 0.20-0.60 and 

correlation of 0.3-0.5, with 49 patients per group. 

 
Table 4: Power estimates to detect mean differences effect sizes ranging 0.2-0.6 

between patients randomized to MBSR or SMH with a sample size of 98 and group 

ratio 1:1 2-sided alpha=0.05 

 

 
 

 
To our knowledge there have been no studies which have assessed how baseline anxiety, 

stress or depression impact the efficacy of non-pharmacological pain therapies in 

migraine patients. However, the clinical trial serving as the data source for this study has 

above 80% power to detect an OR of 2.9 between MBSR and SMH. Studies which have 

examined baseline distress tolerance in MBSR and mindfulness based relapse prevention 
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therapy, have both found it to be a significant predictor of success at baseline.177,178 One 

study in generalized social anxiety disorder (SAD) patients assessed how baseline SAD 

scores impacted follow up scores. Patients were randomized to either MBSR (n=27) or 

aerobic exercise (n=20) and significant differences were detected between MBSR and AE 

in those patients with lower baseline SAD.179 While both studies were in non-pain 

populations, with sample sizes of 268 and 168 respectively, the current study will have 

longer follow up and implemented intensive forms of treatment in both arms. Assuming 

that baseline anxiety (and other psychosocial factors) predict migraine outcomes in much 

the same way that baseline SAD and distress tolerance significantly impacts outcomes in 

their respective populations we expect that patients with lower baseline GAD scores will 

have better likelihood of headache reduction and the following power analyses show that 

even with odds ratios below 2.9 the study will be sufficiently powered. Using the power 

calculation for logistic regression with a continuous predictor in the RTM power package, 

assuming alpha 0.05, n=98 (49 in each group) and rate of continuous predictor of 0.5 the 

following power estimates are expected. 

 

Table 5: Power estimates to detect ORs ranging 0.40-0.55 between patients 

randomized to MBSR or SMH with a sample size of 98 and group ratio 1:1 2-sided 

alpha=0.05 and rate of the continuous predictor of 0.5. 

  

 

 



72 

 

Given the main RCT is powered at 80% to detect a difference in treatment efficacy (OR 

2.9), this mediation analysis will also be sufficiently powered to detect the effect of the 

intervention on the outcome. However, as we want to assess the indirect effect of several 

mediators on the outcome we will use mediation analysis to decompose the direct and 

indirect effects of the interventions and mediators on the outcome. Using the 

powerMediation package in RTM for dichotomous outcomes, assuming a sample size of 

98 (49 per group), power 0.8, standard deviation of the mediator 0.4, correlation between 

the predictor and mediator 0.3, alpha 0.05 and 30% marginal prevalence of the outcome, 

the minimal detectable difference attributable to the mediator will be an OR of 1.62.  

 
Power for the mediator: b2σm √(1 – ρ2xm)p(1 − p) 
 
- where b2 is the regression coefficient, σm is the standard deviation of the mediator m, 

ρxm is the correlation between the predictor x and the mediator m, and p is the marginal 

prevalence of the outcome. 

Table 6: Power estimates to detect OR (ranging 1.4-1.65 ) for the mediator between 

MBSR and headache frequency with a sample size of 98 and group ratio 1:1, 

standard deviation of the mediator 0.4, correlation between the predictor and 

mediator 0.2-0.3, 2-sided alpha 0.05 and 30% marginal prevalence of the outcome. 
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CHAPTER III: Longitudinal Differences in Grey Matter Volume in Healthy Pain 

Free Individuals and Episodic Migraine Patients Randomized to Mindfulness Based 

Stress Reduction or Stress Management for Headache 

 

A. Abstract 

Migraine is a chronic neurological pain disorder characterized by repeated headache 

attacks and patients have a high prevalence of several co-morbid psychosocial disorders. 

Though the exact origin of migraine remains unclear, MRI research has shown that 

patients present with altered brain structure and function, including widespread decreased 

grey matter volume (GMV) in pain and affective processing areas, compared to healthy 

controls. Mindfulness Based Stress Reduction (MBSR) has been shown to be effective in 

several pain populations, improving function and quality of life. Furthermore, it has 

shown to increase GMV in healthy meditators. In this study we follow migraineurs and 

healthy controls to determine the relative stability of GMV in healthy controls and 

compare GMV over time in patients and control cohorts. We conducted a longitudinal 

analysis (whole brain and masked) of 88 patients and 27 healthy controls, who were 

scanned at three time points approximately 3 months apart. Both patients and controls 

completed psychosocial questionnaires at each visit. In the masked analysis, healthy 

controls had reduced GMV in six regions of the brain from baseline to 6 months: bilateral 

superior frontal gyrus, bilateral anterior cingulate cortex, right middle frontal gyrus and 

anterior insula. These regions were further associated with increasing scores on 

psychosocial questionnaires for depression, stress and anxiety. Conversely there was 

increased GMV in patients compared to healthy controls over time in two regions: right 

SFG (masked) and a cluster located in the left parietal cortex (whole brain). There was no 

association with psychosocial factors and these regions.  
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B. Introduction 

Migraine is a chronic disabling neurological condition which impacts 36 million 

people in the US. Migraine can be episodic or chronic with episodic migraineurs (EM) 

experiencing less than 15 headache days per month. 2,180 In addition the morbidity 

associated with the headache phase of migraine, there are several psychosocial and 

quality of life factors which are also present. 2,58 Migraineurs have an increased 

prevalence of anxiety and depression, both of which are risk factors for transition to more 

chronic forms of migraine. 2,101 Research has found that in addition to these psychological 

disorders and traditional clinical characteristics of migraine, the burden of disease in 

migraine patients extends to alterations in brain structure. 3,7,31 Changes in brain structure, 

particularly grey matter volume (GMV) has in many cases been associated with increased 

migraine severity. 3,7,31,41 Grey matter (GM) reductions in the left superior frontal gyrus 

(SFG) and inferior parietal lobe have also been associated with greater headache 

frequency. 3 Others have reported negative correlations with GM and headache frequency 

and duration in the bilateral insula and cingulate cortex, frontal, temporal and parietal 

lobes. 7,31  

Given the multifaceted consequences of migraine, pharmacological treatments often 

fail to address the comprehensive migraine experience. Many aim to decrease headache 

frequency and reduce pain during the migraine attack.181 This leaves the associated co-

morbid conditions untreated and does not address the pathophysiological changes such as 

brain structure. This gap in treatment creates the opportunity for non-pharmacological 

interventions such as Mindfulness Based Stress Reduction (MBSR) to be utilized, with 

the aim of addressing the complete migraine experience. In other chronic pain 
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populations, treatments such as cognitive behavioral therapy (CBT) and MBSR have 

shown improvement in pain and overall quality of life. 121,124,182 In headache patients 

there have been mixed results regarding the efficacy of mindfulness in treating migraine. 

One review including 10 RCTs and one controlled trial reported significant 

improvements in headache pain and frequency (p=0.02)178 whereas others have found no 

significant improvement in headache pain or duration with MBSR compared to regular 

care and CBT. 183,184These studies have often included mixed headache groups and many 

have had small sample sizes. In EM patients there is currently one small pilot study 

which assessed the safety and efficacy of MBSR and found non-significant improvement 

in headache severity and a significant reduction in headache duration (p=0.043)138, but 

the relationship with psychosocial disorders and structural changes were not examined.  

The mindfulness literature has firmly established the improvement of quality of life 

and psychosocial factors across several patient populations and healthy individuals. 

118,123,185-187 In addition, there has been extensive work examining changes in GMV over 

time in chronically ill individuals and both experienced and novice healthy meditators. Of 

note the insula, cingulate cortex and hippocampus have shown increased GMV in both 

patients and healthy individuals post-meditation. 145,188,189 These regions are of interest in 

migraine research because they are often implemented in pain and affective 

processing.31,44 Furthermore, when healthy individuals are compared to migraine patients 

several of these regions are found to be different and we see reductions in GMV in the 

insula, cingulate, SFG and pre-frontal cortices in patients compared to controls. 31,46,48,190 

The use of healthy controls for comparison in the MRI literature has been very 

important in establishing these abnormalities we report in migraine patients and other 
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clinical populations. Current studies though plentiful, often use mixed patient groups, 

have small sample sizes, are cross-sectional or fail to follow the healthy group for a 

comparable length of time. 41,47,48,54,191,192 As we continue to explore non-

pharmacological treatments in migraine it is critical to establish a “normal baseline” to 

which patients can be compared. It is therefore imperative to ascertain the relative 

stability of GMV in the healthy controls to better inform conclusions drawn from 

comparisons to diseased individuals. 

  In this study we have enrolled a cohort comprised of only EM patients as well as 

matched healthy controls who will be followed for the same length of time as patients. 

This approach will enable us to assess differences attributed to presence/absence of 

disease and longitudinal changes associated with MBSR in the migraine patients.  

C. Methods 

Study design and population 

 

 All participants included in this longitudinal analysis of GMV were enrolled in 

the MRI Outcomes of Mindfulness Meditation for Migraine clinical trial 

(NCT02133209). Participants were enrolled in cohorts (a total of 8) from June 2014 to 

February 2017 and followed for one year. All migraine patients were episodic 

migraineurs as defined by the International Classification of Headache Disorders Criteria-

II for migraine. 5 Migraine patients were prospectively recruited from patient registries at 

headache clinics at John’s Hopkins and the University of Maryland Medical Center and 

via print, electronic and radio media. Migraine patients completed 28-day headache 

diaries at enrollment and were eligible if they reported 4 to 14 headache days at baseline. 

Healthy (migraine- and chronic pain-free) controls were enrolled from October 2015 to 
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September 2017 and matched to the first 30 enrolled migraine patients who completed 

the study. Patients and controls were matched 1:1 on age (±5 years), sex, BMI (±5), 

education (college and no college) and race. All participants were aged 18-65 and were 

not eligible if they had a history of mindfulness meditation practice. Both patients and 

controls were followed for six months from baseline and completed three MRI visits 

approximately three months apart. Eligible participants for this study were as follows: 

migraine patients who were randomized into either arm of the study and completed at 

least two MRI visits and healthy controls who completed at least two MRI visits. Patients 

were included regardless of whether they were individually matched to a control, as 

analysis showed no significant differences between matched and unmatched patients (see 

details below in Comparison Matching Variables by Patient and Control Status). 

Participants who were enrolled but did not complete MRI visits or have unusable MRI 

data were excluded from this study. 

 

Design of clinical trial  

The MRI Outcomes of Mindfulness Meditation for Migraine clinical trial was a 

randomized placebo controlled trial with single masking. Due to the nature of the 

treatment participants and interventionists were not blinded. Episodic migraine patients 

were randomly assigned to receive either MBSR or stress management for headaches 

(SMH). Patients were randomized 1:1 to either treatment in pre-specified blocks, using a 

web-based randomization system. Screening and intervention visits for migraine patients 

were conducted at Johns Hopkins Bayview Medical Center. Neuroimaging visits for 

migraine patients occurred at the University of Maryland Baltimore. At each visit patients 
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underwent an MRI and completed several psychosocial and quality of life questionnaires, 

quantitative sensory testing (QST) and saliva sample collection for genetic analysis. 

Patients provided headache diary data at baseline, mid-intervention (~3 months post 

baseline) and post-intervention (~ 6 months post baseline) and completed psychosocial 

and quality of life questionnaires at each visit. 

Healthy controls were screened and enrolled at the University of Maryland 

Baltimore where they also completed neuroimaging visits. At each visit they underwent 

the same procedures as migraine patients. They complete the same questionnaires as 

patients except those which are specific to migraine: Headache Impact Test (HIT-6), 

Allodynia Symptom Checklist (ASC), Short form McGill pain (SFMPQ-2) and Pain 

Catastrophizing Scale-Migraine (PCS-M). Additionally, they complete the Healthy 

History Form (HHF) and the Center for Epidemiologic Studies Depression (CES-D) as 

part of their screening procedures. Healthy controls did not participate in either 

intervention arm. 

 

Interventions 

MBSR: Patient randomized to MBSR underwent eight 2.5 hour group sessions over 8 

weeks plus half day retreat as well as at home practice. The intervention was delivered by 

trained interventionists and followed the guidelines laid out by Center for Mindfulness in 

Medicine, Health Care and Society at the University of Massachusetts. The intervention 

was delivered in group format in a high dose to enhance mindfulness capabilities and 

extended for an additional 8 weeks with 4 bi-weekly sessions.  
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SMH: Eight group sessions which focused on the management of headache symptoms, 

stress, stress managements, sleep hygiene and diet. This treatment taught about the 

effects of stress and the utility of stress management but did not teach participants stress 

control techniques. This treatment was also extended an additional 8 weeks with 4 bi-

weekly sessions focused on headache management information.  

Comparison of matching variables by patient and control status 

The initial clinical trial sought to match 30 healthy controls to the first 30 migraine 

patients that completed the clinical trial. Final enrollment resulted in 39 controls, 36 with 

scan data at 1 or more time points. To improve power and use as many scans as possible 

initial analyses explored differences between the 39 patients matched to the controls and 

the remaining unmatched migraine cohort as well as the final 27 patients included in the 

analysis and the remainder of the patient cohort. Univariate analyses assessed means and 

frequencies of the matching variables (age, sex, race/ethnicity, education, BMI) as well as 

additional confounders of interest such a headache frequency at baseline and distribution 

of anxiety, depression and stress scores. The t, Wilcoxon and Chi-Square tests were used 

to assess differences in these variables between the two patient groups. Additionally, 

analyses were conducted to assess differences between healthy controls and those 

patients included in the final analysis. Because patients and controls were also matched 

on time between visits we also examined the time between each visit between the final 

patient and control cohorts. 

fMRI Procedures 

All MRI scans performed from September 2014 through March 2017 were completed on 

a Siemens Tim-Trio 3T MRI scanner using a 32-channel head coil. Scans completed from 
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April 2017 onwards were completed on a Siemens 3T Prisma Fit MRI scanner using a 

64-channel head coil. The MRI scan included the following sequences: a T1 MPRAGE, 

high resolution anatomical scan for template registration and gray matter volume 

analysis, a resting state functional MRI scan (echo planar imaging, EPI), an fMRI scan 

with blocks of painful thermal stimulation; an fMRI scan with cognitive task (repeat pain 

and cognitive sequence), a diffusion weighted scan for diffusion tensor imaging (DTI) 

analysis assessing white matter tract integrity and connectivity and a resting state arterial 

spin labeling (ASL) scan. This study utilized scan data from the T1 MPRAGE. 

Acquisition parameters for the T1 MPRAGE were as follows: repetition time (TR) 

2300ms, echo time (TE) 2.98ms, slice thickness 1mm, field of view (FOV) 256mm, flip 

angle 9°, voxel sixe (1x1x1mm). 

 

MRI Preprocessing and Analysis Methods 

We used voxel based morphometry (VBM) to assess longitudinal changes in GMV in 

healthy controls as well as to assess differences between patients and controls over time 

166. All images were realigned to the anterior-posterior commissure in Statistical 

Parametric Mapping (SPM12) prior to pre-processing. The computational anatomy 

(CAT12) toolbox located within SPM12 was used to assess VBM of GMV in patients 

and healthy controls over time. 165 Using the longitudinal segmentation pipeline in 

CAT12.1 (r1278) the structural T1-weighted images acquired at each time point were 

spatially normalized to Montreal Neurological Institute (MNI) space (resampled to a 

voxel size of 1.5mm X1.5mm X1.5mm), segmented into grey matter (GM), white matter 

(WM) and cerebrospinal fluid (CSF). Segmentation using the CAT12 toolbox is based on 
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an Adaptive Maximum A Posteriori (AMAP) technique. The AMAP estimation is 

adaptive in that “local variations in parameters such as means and variance are modeled 

as slowly varying spatial functions.” This therefore accounts for intensity 

inhomogeneities and other local variations of intensity. 165 The segmentation approach 

also includes a Partial Volume Estimation (PVE) with a mixed model of two tissue types. 

The mixed tissue classes included in the model are GM-WM and GM-CSF. This allows 

for an estimation of the fraction of each pure tissue type that is present in each voxel and 

improves the accuracy of the segmentation. 165 Scans were preprocessed with an absolute 

threshold mask of 0.1. This threshold excluded voxels with less than 10% probability of 

being grey matter. Finally, images were smoothed with an 8mm Gaussian Kernel prior to 

analysis. 

 

Explicit Mask Analyses 

To assess change in GMV over time in healthy participants and the difference 

over time in patients and controls we conducted explicit mask and whole brain analyses. 

The explicit mask comprised the bilateral SFG, dorsolateral prefrontal cortex (DLPFC), 

insula and anterior cingulate cortex (ACC). The inclusion of these regions in the explicit 

mask was based on their relationship with migraine clinical characteristics as reported in 

the literature. The right ACC and bilateral insula have been associated with headache 

frequency when comparing episodic and chronic migraine patients; where CM patients 

exhibited decreased GMV compared to EM. 31,168 Chen et al. also reported decreased 

GMV in the left SFG in migraine patients (both EM and CM) when compared to tension 

type headache patients, suggesting that differences in the SFG are specific to headache 

type 168. Additionally, greater pain intensity and disease duration have been associated 
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with reduced GMV in the bilateral posterior and the left anterior insula 41. That study by 

Hubbard et al. further found reduced cortical thickness in the bilateral DLPFC associated 

with increased attack frequency and longer disease duration 41. All regions included in the 

analysis were made from the Atlas of Intrinsic Connectivity of Homotopic Areas 

(AICHA) 169. The AICHA atlas comprises resting state fMRI data from 281 individuals 

and covers the entire cerebrum with 192 homotopic region pairs. Given no a-priori 

hypotheses about laterality all regions were made for both the left and right sides of the 

brain. The regions were combined using the “-add” function in FSLMATHS and 

displayed for inspection on a standard brain in MNI space (Supplemental Figure 1).  

 

Sandwich Estimator Toolbox Analysis (SwE) 

The Sandwich estimator toolbox (SwE) was used to model the longitudinal changes in 

GMV in the healthy controls modeling time at baseline, 3 and 6 months. 170 This toolbox 

is specifically designed for repeated measures MRI analysis and uses an unstructured 

covariance structure and a small sample adjustment. The flexibility of the SwE toolbox is 

in its robustness to misspecification of the covariance structure and the utilization of this 

approach accounts for the correlations in repeated measures and can be used with 

unbalanced datasets with missing data such as ours. 170 Using the non-parametric SwE 

model with 10,000 bootstraps, change from baseline to six months was assessed in 

healthy controls and modeled using a T contrast. Change over time was assessed both in 

pre-specified regions described above and across the whole brain. Explicit mask analyses 

utilized a mask of the defined regions which was included using the explicit mask option 

in SwE. An initial cluster-forming threshold of p<0.001 was applied and FWE (estimated 
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from the wild bootstrap distribution) correction was set to 0.05. Whole brain analyses 

utilized the same model with the exception of the explicit mask option. An implicit mask 

was used and the absolute masking threshold was set to 0.1. 

To compare differences between migraine patients and controls group by time 

interactions were assessed. Using the non-parametric SwE model with 10,000 bootstraps 

and an initial cluster-forming threshold of p<0.001 was set. The model included 

covariates for time and group (healthy control, MBSR, SMH). Additionally, to account 

for the scanner upgrade which occurred within the last year of the study and impacted the 

final cohort of patients (patient scans were conducted on both scanners), all analyses were 

run adjusting for this change to account for any differences in scanner type. The model 

utilized T-contrasts to assess change from baseline to 6 months comparing all patients to 

controls adjusting for randomization group. These models were assessed in explicit mask 

analyses as described above and across the whole brain.  

 

Cluster and Volume Extraction for Brain Regions  

Results from SwE are written in a -log10 cluster and FWE-corrected non-parametric p 

value image. Whereas traditional MRI cluster results are written with coordinates to 

identify a peak voxel, identifying the location of the highest intensity within the cluster, 

results from SwE cluster analysis are written to produce clusters where all voxels within 

the said cluster are the same intensity. Therefore, a center of gravity (COG) location is 

more useful as it gives a weighted average of the coordinates by intensity, given that the 

intensities are the same this value is located in the middle of the cluster. 
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To obtain the clusters with a corrected p-value ≤0.05, the images were thresholded using 

the following approach in FSL cluster tool: -log10 (0.05) = 1.301. All resulting clusters 

for the analyses including only healthy controls were displayed on an average brain of all 

included healthy participants (n=27). Results from comparisons between patients and 

controls were displayed on an average brain of all included healthy controls and patients 

(n=115).  

Marsbar was used (http://marsbar.sourceforge.net/) to extract data from significant 

clusters identified in the above analyses. Values were converted to mm3 using the 

following equation: cluster size x voxel size x beta value. The beta value extracted 

represents the proportion of the voxel attributed to grey matter. Differences between 

patients and controls at each time point and patient groups and controls were assessed 

using linear mixed models. Mean volume over time by group was plotted. To assess 

variability in healthy controls individual GMV was plotted over time. All analyses 

including plots were done SAS 9.4 and were considered significant at p≤0.05.  

 

Analysis of Psychosocial Variables 

Exploratory analyses aimed as assessing the relationship between psychosocial variables 

and GMV were carried out in regions which showed significant change over time. 

Anxiety was measured by the Generalized Anxiety Disorder-7 (GAD7), depression-

Patient Healthy Questionnaire-9 (PHQ9) and stress-Perceived Stress Scale (PSS). All 

scores were modeled as both raw values and categorized clinical cut points. GAD-7 was 

categorized as 0-4 (no anxiety), 5-9 (mild), 10-14 (moderate), 15≤ (severe). Similarly, 

PHQ-9 was modeled categorically in bins of 5 (0-4, 5-9, 10-14, 15-19 and ≥20) to 
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represent no depression mild, moderate, moderately severe and severe. PSS was modeled 

where 0-13 is average, 14-26 is moderate stress and high stress is 27-40. Given the small 

sample size and small cell sizes in the categorical variables, raw scores were used in the 

final model. The Chi Square, Fisher’s Exact, Wilcoxon and Kruskal Wallis tests were 

used to assess differences in scores and categorized cut points over time as well as the 

relationship with potential confounders. To assess the relationship with grey matter 

volume linear mixed models were used. We performed model diagnostics to assess the 

linear relationship between the predictors and GMV as well as of the influence of 

individuals in the dataset. Separate models were used for each region which was 

significant in the MRI analysis. We assessed the relationship with anxiety, stress and 

depression. Age, sex, race, education, BMI and season (of the year) as well as daylight 

savings (yes or no) were assessed as potential confounders for these analyses. The 

relationships between season/daylight saving and psychosocial variables over time were 

also assessed to determine if seasonal affective disorder was influencing psychosocial 

scores. All statistical analyses were conducted using SAS (v.9.4, SAS Institute Inc. Cary, 

NC). Testing was two-sided and done at the 0.05 level of significance.  

D. Results 

Description of sample characteristics for healthy controls 

Baseline characteristics for healthy controls are presented in Table 7. Subjects were on 

average 37 years old, predominantly female (92.6%), white (77.8%), with a college 

education (63%). All healthy controls reported PSS scores indicating average or moderate 

stress, and there was no evidence or anxiety or depression at baseline. There was no 

change over time in demographic and psychosocial variables. Participants continued to 
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rate either average or moderate stress over time, with one individual reporting severe 

stress at 6 month follow up. Anxiety and depression scores remained largely unchanged 

over time. However, by six-month follow-up, five individuals were reporting mild 

anxiety and five were reporting mild depression. Only the change in depression was 

significant at group-level (Supplemental Table 1). 

Table 7: Demographic and psychosocial description of healthy controls at baseline 

 

MRI- Longitudinal changes in healthy controls 

Table 8 shows the results from the SwE explicit mask and whole brain model, indicating 

regions that decreased in volume from baseline to six months. No regions had increased 

GMV in either the explicit mask or whole brain analyses, even at a more liberal cluster 

forming threshold of 0.005. 
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Table 8: Regions with decreased GMV from baseline to 6 months in healthy controls 

from explicit mask and whole brain analyses1 

1 The length of time from baseline and month 3 ranged 43-92 days. Baseline to 6 months ranged 98-203 
days.2Cluster forming threshold p=0.005, 3FWE corrected p value threshold= 0.05, SFG: superior frontal 
gyrus, ACC: anterior cingulate cortex, aIns: anterior insula, MFG: middle frontal gyrus, FWE: family wise 
error 

 

Explicit Mask Analysis 

Six of the eight regions included in the mask showed decreased GMV over time, 

including the bilateral SFG, bilateral ACC, right middle frontal gyrus (R MFG) and right 

anterior insula (aIns). These clusters are described in Table 8 above and their location in 

the brain is given by center of gravity coordinates. The location of each cluster is also 

clearly shown on Figures 4a-f and in addition to tabular descriptions it can be seen that 

some of the clusters are quite extensive and cover several areas. The left SFG comprises 

647 voxels and covers small portions of the left middle frontal gyrus, whereas other 

regions such as right MFG is not as extensive.  
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Figures 4a-f are accompanied by plots to show change in volume over time. Each time 

point indicates the absolute volume at that visit and F statistic for visit indicates the fixed 

effect of time from the linear mixed model. It can be seen from Figure 4 that there was a 

general decline in grey matter volume from baseline to six months in most regions (Table 

9). The largest reductions in GMV were observed in the bilateral ACC where there was 

notable decline at 3 months, 102 mm3 in the left and 160 mm3 in the right. These 

reductions persisted to 6 months, though much less so; in the right ACC there was an 

additional GMV loss of 26 mm3 for a total 128 mm3 reduction from baseline. In the left 

ACC an additional reduction of 36 mm3 was observed by 6-month follow-up for a total 

196 mm3 reduction from baseline (Table 3). This was equivalent to a 7.18% decline in 

volume from baseline to 6 months in the right ACC and 6.2% in the left (Supplemental 

Table 2) 

To further examine the distribution of GMV in healthy individuals over time, we 

looked at the individual variability across each region. Supplemental Figures 2a-f depict 

plots of each region by participant over time and highlight the high variability of GMV 

across some regions. Of note the bilateral ACC showed high variability across 

individuals and time points (Supplemental Table 3). In the left ACC GMV had a range of 

269mm3 at baseline and 491mm3 at 6 months. Similarly, the right ACC has a range of 

298 at baseline which increases to 721 at the six-month visit. This high variability is not 

present in all regions as the right MFG and right anterior insula both show small ranges in 

GMV values over time.  
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Figure 4: Regions with decreased GMV from baseline to 6 months* in healthy 

controls from explicit mask and whole brain analyses.  
The length of time from baseline and month 3 ranged 43-92 days. Baseline to 6 months ranged 98-203 
days. 
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Table 9: Results from the linear mixed model showing change in GMV over time in 

significant regions from MRI analysis in healthy controls1 

 

1 The length of time from baseline and month 3 ranged 43-92 days. Baseline to 6 months ranged 98-203  
*p value from linear mixed model  
SFG: superior frontal gyrus, ACC: anterior cingulate cortex, aIns: anterior insula, MFG: middle frontal 
gyrus.  



91 

 

Whole Brain Analysis 

The results from the whole brain analyses showed a large cluster along the midline of the 

brain. This region spans 6577 voxels and at its most anterior covers the right frontal 

medial orbitofrontal gyrus and extends posteriorly to the right precuneus in the parietal 

cortex. Most of the cluster is located in the mid and anterior cingulate cortex, and 

henceforth referred to as the bilateral cingulate cluster. Figure 4g shows the expanse of 

the cluster as well as the plot of the GMV at each time point. There were reductions of 

231mm3 at 3 months and 272mm3 at 6 months. Inspection of the data revealed very 

consistent GMV decreases of this region across subjects. 

Psychosocial factors and GMV in healthy controls 

Results from the exploratory analyses of psychosocial variables indicate a general inverse 

relationship with psychosocial scores and GMV. Given the small sample size all reported 

p values are nominal, purely exploratory and hypothesis generating. The relationship 

between GMV, time and each of the psychosocial variables (anxiety, depression and 

stress) was examined separately, and additionally assessed for confounding by season and 

daylight saving. Neither were found to be significantly associated with GMV or change 

in psychosocial state and were not included in the final models. Anxiety, assessed by the 

GAD-7 questionnaire was associated with decreased GMV in three regions (bilateral 

ACC and right MFG), depression measured by the PHQ-9 was associated with the 

decreased GMV in the bilateral SFG and stress (PSS scores) was associated with 

decreased GMV in the right anterior insula. The volume decrease varied by region and 

psychosocial factor. In the right aIns the smallest decrease was observed with a decrease 

of 2 mm3 with each point increase of PSS questionnaire (Table 10). In the bilateral ACC 
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the greatest decreases were noted; in the left ACC each point increase on the GAD-7 

questionnaire was associated with a decrease of 15 mm3 and 24 mm3 in the right ACC. 

There were no regions that were associated with more than one psychosocial variable and 

there was no significant interaction between psychosocial scores and visit. Supplemental 

Figures 3a-f show plots of GMV and each psychosocial variable stratified by visit. The 

shaded area of the graph indicates the clinical cut off for each psychosocial state. The 

decrease in GMV with increase score does not change across visits but is being driven by 

small numbers of participants with high questionnaire scores. 
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Table 10: Association between GMV in significant regions from MRI analysis and 

psychosocial factors in healthy controls1 

1 The length of time from baseline and month 3 ranged 43-92 days. Baseline to 6 months ranged 98-203 
SFG: superior frontal gyrus, ACC: anterior cingulate cortex, aIns: anterior insula, MFG: middle frontal 
gyrus, PHQ-9: Patient healthy questionnaire, GAD-7: Generalized anxiety disorder, PSS: Perceived stress 
score*p value from linear mixed model 
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GMV differences between EM patients and healthy controls 

Description of demographics between patients and healthy controls 

Ninety-eight EM patients were randomized into the study and eligible to be matched to 

healthy controls. Eight patients had only baseline data and two patients were excluded 

due to abnormal brain morphology. Baseline analyses between all remaining eligible 

patients and controls indicated no significant difference between those who were matched 

and unmatched (Supplemental Table 4) therefore final analyses included all migraine 

patients with longitudinal imaging data (n=88) and 27 healthy controls. Similar to healthy 

controls, migraine patients were on average 36 years old, predominantly female (92%), 

white (75%), college educated (59%), within the normal range for BMI with a median 

value of 25.9 (Table 11). There were no significant differences over time between 

patients and healthy controls. Psychosocial disorders were significantly more prevalent in 

migraine patients, with 11% reporting anxiety, 20% reporting depression and 37% 

reporting stress. 
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Table 11: Comparison of demographic and psychosocial variables in healthy 

controls and episodic migraine patients at baseline 

*Wilcoxon, Kruskal Wallis and Chi Square p values; IQR: interquartile range 
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Comparison of GMV over time in migraine patients and healthy controls 

Explicit Mask Analysis 

Table 12 shows the results from the explicit and whole brain analyses in SwE. Results 

from the explicit mask show increased GMV over time in patients compared to controls 

in one cluster located in the right SFG (Figure 5a). These analyses did not result in any 

regions of decreased GMV over time in patients compared to healthy controls.  

Table 12: Significant clusters from explicit mask and whole brain analysis 

examining change from baseline to 6 months in episodic migraine patients 

compared to healthy controls  

1FWE corrected p value threshold p ≤0.05 
2Cluster forming threshold for ROI analysis p=0.005 

3Cluster forming threshold for whole brain analyses p=0.001 
FWE: family wise error; SFG: superior frontal gyrus 
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Figure 5: Significant regions of GMV increase in migraine patients compared to 

healthy controls from baseline to six months  
HC: healthy controls; SMH: Stress Management for Headache; MBSR: Mindfulness Based Stress 
Reduction 
 

The significant cluster shown in Figure 5a was overlaid on an average brain of all 

participants included in the study (n=115), accompanied by a plot of the change in GMV 

over time in patients (stratified by treatment group) and healthy controls. Volumes were 

plotted by group as there was a significant group by time interaction. 

Whole Brain Analysis 

Similar to the explicit mask analyses, the whole brain analysis resulted in no regions 

where there was increased GMV in healthy controls compared to patients over time. 

However, there was increased GMV in patients compared to controls in the left parietal 

cortex (Table 12). This region extended from the left postcentral gyrus to portions of the 
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left precuneus, an extent of 879 voxels. Due to the extent of the cluster it will be referred 

to as the left parietal cortex cluster. The location of the cluster is shown in Figure 5b 

accompanied by the plot to depict the change over time both patient groups compared to 

controls. Similar to the results seen in the right SFG, group by time interaction term was 

significant in the linear mixed model and patients randomized to SMH show a greater 

increase in GMV over time in both clusters compared to controls at baseline 3 and 6 

months (Table 13). In keeping with the trend seen in the explicit mask analysis there is 

also a greater increase in GMV from baseline to 3 months (34 mm3 in SMH and 26 mm3 

in MBSR) compared to the increase observed from 3 months to 6 months where there 

was an increase of 7 mm3 and 12 mm3 in the respective groups.  

 

 

 

 

 

 

 

 

 

 



99 

 

Table 13: Change in GMV from baseline to six months in migraine patients and 

healthy controls in the explicit mask and whole brain analyses 

*p value from linear mixed model. SFG: superior frontal gyrus 
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Relationship between psychosocial measures and GMV differences in migraine 

patients and healthy controls 

In addition to the MRI analyses, we explored the between change in GMV over time and 

psychosocial factors in patients and controls. Results from the linear mixed model did not 

indicate that there is any significant association between any of the psychosocial 

variables (depression, anxiety, stress) and GMV in the either the R-SFG/DLPFC or the L 

parietal cortex cluster. 

 

E. Discussion  

This study represents the first longitudinal analysis of MBSR in migraine patients, 

with a focus on changes in GMV in relation to healthy controls. We observed that in 

healthy controls with equal follow up, who were similar in sociodemographic factors to 

patients there was an observed decrease in GMV over time. These reductions were 

primarily observed in six regions in the masked analysis (bilateral SFG, bilateral ACC, 

right MFG and aIns); areas of the brain commonly associated with both pain and 

affective conditions. 31,48 Additional examination of GMV in healthy controls found that 

decreases in GMV in all six regions from the masked analysis were associated with 

increasing scores across depression, anxiety and stress questionnaires. In particular, 

reduced GMV in the bilateral ACC was associated increasing anxiety scores, decreased 

GMV in the insula was associated with PSS and the bilateral SFG was associated with 

depression.  

When we compared migraine patients to controls there were two regions of relatively 

increased GMV in patients. In the explicit mask analysis there was increased GMV in the 

right SFG and in the whole brain there was a cluster of increased GMV located in the left 

parietal cortex. Of note there was no overlap in regions which decreased over time in 
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healthy controls and those which differed between controls and patients. Moreover, the 

two regions which increased in patients were relatively stable in the healthy controls over 

time. This likely indicates that regions of change between the two groups were specific to 

migraine. 

The examination of grey matter volume in the literature is rarely confined to healthy 

persons in the absence of a comparable patient population. The instances in which this 

does occur, the examination of GMV focuses on age related changes. Though we 

hypothesized that healthy controls should not experience any significant changes over 

time our results show that this was not the case. The ageing literature however offers 

some explanations for the changes we observed in our healthy controls in the absence of 

disease. GMV in several subcortical structures, sensorimotor, anterior cingulate and 

posterior brain regions are reduced with normal aging in healthy individuals. 193 Of note 

the insula, anterior cingulate, left MFG, bilateral superior parietal cortex and pre and 

postcentral gyri have been reported to show GM loss whereas GMV in the thalamus, 

hippocampus and amygdala are relatively preserved. 194 These brain areas (left pre and 

post central gyri, left MFG, left SFG, bilateral insula) were also reported to be negatively 

associated with age in a study of normal aging by Hutton and colleagues.195 

Whereas we found decreasing GMV in the bilateral ACC and right MFG with increasing 

GAD scores, several studies have reported different brain regions and measures such as 

cortical thickness and gyrification index which are associated with factors such as anxiety 

and depression. 196,197 Moreover studies often report that when GMV is related to disease 

status (anxiety, depression etc.) there is a positive correlation. 198,199 In one study of 

subclinical anxiety and depression in healthy subjects, increased GMV was positively 
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correlated with depression in the Rolandic operculum, left STG, bilateral postcentral 

gyrus and positively correlated with anxiety symptoms in the middle temporal gyrus, 

rolandic operculum and bilateral precuneus. 200  

There are some studies however which have looked at how depression, anxiety 

and stress change the brain and have in some instances corroborated our findings. In a 

large sample of college students, Li and colleagues showed that increased PSS scores 

were negatively correlated with right insula GMV. 201 However a study of preclinical 

depression in healthy individuals (measured by the Automatic Thoughts Questionnaire- 

ATQ), found that GMV in the parahippocampal and fusiform gyrus increased with ATQ 

score. 202 These mixed results are generally present in the literature because study 

populations include individuals with multiple disorders. In depressed patients there has 

been reported decreased GMV in the insula whereas in those with co-morbid depression 

and anxiety there was increased GMV in the medial prefrontal and somatosensory 

cortices when compared to healthy controls. 40 With such variability we do think our 

findings may be influenced primarily by individuals in the sample with high 

questionnaire scores (anxiety, depression, stress) and further research with a larger 

sample size will be needed. 

The right SFG, though of smaller volume in patients at baseline, increased over 

time in both patient groups, whereas there was a small decline in healthy controls. 

Notably this decline in volume was less that that seen in other areas of the SFG in the 

longitudinal analysis of healthy controls. In whole brain analyses patients again started 

with reduced volume in the left parietal cortex, primarily the post central gyrus and left 

precuneus. This volume increased over time in both intervention groups and similar to the 
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right SFG patients were of comparable volume to healthy controls by six months. Unlike 

the regions that changed over time in healthy controls there was no relationship with 

psychosocial factors in the right SFG and the left parietal cortex. Though patients had 

higher scores in all questionnaires at baseline they saw a general improvement over time 

and it is possible that given the complicated relationship between migraine and these 

factors, the relationship between GMV and psychosocial disorders may differ in the 

presence of chronic pain.  

These regions of increase in migraine patients over time are telling given that they 

are often implicated in disease and furthermore are regions which often differ between 

migraine patients and controls. 31,45,48 Regions in the prefrontal and parietal cortices have 

consistently shown to differ between several migraine patients (CM, EM, migraine 

overuse headaches) and controls. 7,31,44,45,48 Patients not only show reduced GMV in the 

SFG compared to healthy controls but these reductions in the left SFG have been 

negatively correlated with attack frequency and has been shown to differentiate migraine 

from tension type headache patients. 3,31,168 The inferior, and posterior parietal lobes 

including the left precuneus have also shown decreased GMV in migraine patients 

compared to controls and similar to the SFG have been negatively correlated with 

headache duration and lifetime headache frequency. 47,53,203,204 

The changes observed in migraine patients compared to controls are not only in 

regions that have been associated with migraine disease, but have also been shown to 

decrease with age. 31,194,195 It is important to note however that regions which changed 

over time in healthy controls did not overlap with regions that differed between patients 

and controls. This suggests that the left SFG and left parietal cortex which were observed 
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were specific to migraine and the recovery over time may have been associated with 

improvement in disease. This is further supported by the fact that though healthy controls 

show a loss of volume in these areas, it was not as severe as that seen over time in the 

bilateral SFG, bilateral ACC, R MFG and R aIns. 

There is currently no literature on the effects of MBSR on brain structure in 

migraine patients and so the differences reported here between patients and controls is the 

first look at how this intervention may in fact change GMV. Though it is the aim of these 

analyses to assess differences in treatment efficacy we can see from our results that all 

patients regardless of intervention received, experienced an increase in GMV over time. 

Moreover, all patients returned to GMV values which were comparable to healthy 

controls by six-month follow-up. It should be noted that while there are no studies that 

assess SMH and the effect on GMV the results suggest that the changes we observe in 

both patients are associated with improvement in their headache over time. Further given 

that changes to GMV have been associated with mindfulness in both healthy and clinical 

populations, the plausible effects of MBSR can be discussed. Meditation has long been 

known to result in an increase in GMV in brain areas such as the hippocampus, amygdala 

and the insula 142,145. In non-pain patient populations we have seen changes in both 

functional connectivity and grey matter in patients compared to controls in the prefrontal 

cortex, amygdala, cingulate cortex, insula and hippocampus, changes which in some 

cases have been comparable between mindfulness and active control arms. 141,144,205 The 

results from the literature which examined changes in the brain after 8 week MBSR are 

most telling, as we see that these changes are comparable to those seen in experienced 

meditators. 141 
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Though we present novel findings in both the migraine and mindfulness field, our 

results should be interpreted in light of some limitations. It cannot be ignored that the 

analysis in healthy controls included 27 participants and though we provide longitudinal 

follow-up on all 27 individuals compared to the many cross sectional studies in the 

literature, it is still a relatively small sample size. Only a maximum of five healthy 

participants at any given time attained questionnaire scores which satisfied the clinical 

criteria for anxiety or depression and so our findings may be driven by small numbers of 

participants with high questionnaire scores. Additionally, we note that patients in this 

study were drawn from within the University of Maryland and John’s Hopkins catchment 

area and therefore may not be fully representative of the migraine population. There is 

also the possibility of selection bias with any study however as this was a small RCT 

precautions were taken to protect against this by utilizing stratified randomization at 

baseline. Given the nature of the intervention patients were not blinded to treatment 

assignment. This therefore limits the interpretation of our findings of patient 

improvement over time as it is plausible that those in the SMH group sought out other 

stress management techniques or tried MBSR on their own. However given the time 

consuming nature of both interventions it is unlikely that this was a common occurrence. 

There are however several strengths to this study. It is the first to provide a 

longitudinal look at changes in GMV in migraine patients who have received MBSR or 

SMH and compare these changes to controls. Furthermore, it is the first to separately 

asses the stability of GMV in healthy controls to determine whether changes that we see 

in our patients reflect reliable clinical improvements. The study also overcame three of 

the main difficulties in MRI and migraine research in that there was no mixed migraine 
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population, only EM patients were used, we followed all patients and controls for the 

same lengths of time and characterized their mental health at each time point. Thereby 

allowing us to examine the possible effects on GMV.  

The results which we present though new in the mindfulness field are supported by 

findings that effective treatment in other chronic pain patients, results in recovery of brain 

structure 206. The relationship between increase in GMV and change in disease status 

however is something that needs to be explored, as well as the possible mediating effect 

of psychosocial factors such as stress, anxiety and depression. Given the results of the 

study we can see that healthy controls remain relatively stable in regions where migraine 

patients saw an increase in GMV. This means we can be confident that this increase is 

associated with treatment effects and not an expected temporal trend in the population. 

 

F. Conclusion 

The previous findings add to a growing body of literature which support regions of 

decreased GMV in migraine patients compared to controls. It further extends the 

structural literature by noting that with treatment migraine patients regain GMV in 

regions of the brain previously affected by their disease status. With the expansion of 

MRI both in clinical and research settings this is important in leveraging the use of this 

imaging modality for assessing both disease and treatment trajectories in the migraine 

population. Future work would therefore aim to fully establish specific differences 

between the two treatment groups to determine regions which are associated with 

mindfulness and further examine clinical migraine factors that may also change with 

these changes in GMV. 
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CHAPTER IV: Decreased Grey Matter Volume in Episodic Migraine Patients 

without Prior Diagnosis or Clinical Care 

 

A. Abstract 

Migraine is a disabling primary headache disorder that affects approximately 18% of the 

US population and according to the WHO has a lifetime prevalence of 14-46%. Despite 

this common occurrence migraine often goes undiagnosed and migraine sufferers face 

difficulties getting appropriate care and treatment options. Migraine affects several 

regions of the brain, resulting in reduced grey matter volume (GMV) associated with 

clinical characteristics of the disorder. However, it is unclear how lack of care impacts 

GMV in this population. In this study we aimed to assess the difference in GMV in 

migraine patients with and without prior clinical care for migraine. We utilized the 

baseline scan from a longitudinal study which included 3 scanning time points. Prior care 

of migraine was determined by diagnosis by a medical practitioner or prescription of 

migraine specific medication. 117 patients were included in the study and we found that 

those who had not received prior care presented with reduced GMV in the right dorsal 

medial prefrontal cortex relative to patients who had prior care (p=0.034). There was no 

association with headache clinical variables however we saw that in all patients 

regardless of care status, increasing scores on the stress (Perceived Stress Score) and 

depression questionnaires (Patient Health Questionnaire) were associated with increased 

GMV. The increase in GMV associated with stress was 4.60mm3 (p=0.009) stress and 

2.15 mm3 (p=0.007) in depression.  
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B. Introduction  

Migraine is a common disabling primary headache disorder that affects 

approximately 18% of the US population and according to the WHO has a lifetime 

prevalence of 14-46%. 99,207 Despite this common occurrence migraine often goes 

undiagnosed and migraine sufferers face difficulties in ascertaining appropriate care and 

treatment options. 208,209 Nationwide studies in the US have shown that among persons 

with episodic migraine (EM), only 45.5% had received a medical consultation in the 

preceding year, and of those 86.7% received a diagnosis of migraine. Furthermore of 

those migraineurs who are in need of clinical care only one quarter successfully achieved 

the minimum appropriate care. 99 These treatment patterns are not unique to the US. The 

Eurolight project comprising 10 European countries, reported that in population-based 

samples the proportion of patients who had seen a doctor ranged between 9.5-18% and an 

even smaller proportion (3.1-15%) were prescribed migraine specific abortive medication 

(Triptans).210  

In the American Migraine Prevalence and Prevention Study (AMPP) it was found that 

there were three main steps that patients needed to traverse in order to attain minimum 

care, and these were: appropriate medical consultation, accurate diagnosis and effective 

treatment. 99 Though barriers exist at each level, the greatest occur at the level of seeking 

care where predictors for consultation are, having access to health insurance, and 

headache related variables such as headache related disability and pain intensity. 99 

Migraineurs with insurance have an increased odds (OR=1.73) of medical consultation 

compared to those without as do those with higher migraine severity (OR=1.19).99  



109 

 

The need to overcome the aforementioned barriers is extremely important for several 

reasons, the most important being to reduce the risk of migraine patients transitioning to 

more chronic and severe forms of the disease. Ineffective treatment of episodic migraine 

is just one of the risk factors for new onset chronic migraine (CM). 211 The goal of 

preventative treatments such as Topiramate is to reduce headache frequency and severity 

which subsequently reduces the need for acute medication use and reduced risk for 

chronicity. 181 With this prevailing pattern of poor treatment episodic migraineurs are at 

an increased risk of CM. The prevailing theory is that as a patient experiences more 

frequent headache attacks there is prolonged activation of neuronal networks that are 

involved in pain processing during attacks and through neuroplastic mechanisms have 

lower the thresholds for subsequent attacks. 211-213 It is also hypothesized that ineffective 

treatment leads to longer exposures to pain which increase the risk of CM. 211 

There has been extensive work which has established several regions in the pain 

processing area of the brain which have abnormal brain structure in migraine patients. 

Furthermore grey matter volume (GMV) in these regions (motor/premotor, prefrontal, 

cingulate, posterior parietal cortices, orbitofrontal) have been negatively correlated with 

headache severity, frequency, duration, and pain intensity.31,47,48 However, there has not 

been any investigation into the pathophysiological association between ineffective or lack 

of treatment and migraine and it is clear that this is a gap that needs to be addressed. In 

this study we will examine GMV differences between two groups of EM patients, those 

who have received care for their migraine and those who have not in effort to not only 

understand the epidemiological profile of these patients but also how these disparities 

manifest in the brain. 
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C. Methods 

Study design and population 

 

All participants included in this cross-sectional analysis of grey matter volume 

were enrolled in the MRI Outcomes of Mindfulness Meditation for Migraine clinical trial 

(NCT02133209). Participants were enrolled from June 2014 to February 2017 and 

followed for one year. All participants were aged 18-65 and were not eligible if they had 

a history of mindfulness meditation practice. All migraine patients were episodic 

migraineurs (EM) as defined by the International Classification of Headache Disorders 

Criteria-II for migraine 5. Migraine patients were prospectively recruited from patient 

registries at headache clinics at John’s Hopkins and University of Maryland Medical 

Center and via print, electronic and radio media. Migraine patients completed 28-day 

headache diaries at enrollment and were eligible if they reported 4-14 headache days at 

baseline. Screening and intervention visits for migraine patients were conducted at Johns 

Hopkins Bayview Medical Center.  

Neuroimaging visits for migraine patients occurred at the University of Maryland 

Baltimore. At each visit patients underwent an MRI, as well as completed several 

psychosocial and quality of life questionnaires, quantitative sensory testing (QST) and 

saliva sample collection for genetic analysis. Patients provided headache diary data as 

well as psychosocial and quality of life questionnaires at baseline, mid-intervention 

(about 3 months post-baseline) and post-intervention (about six months post-baseline). 

Headache diaries were completed electronically (online via a link sent through email) and 

collected detailed information on headaches over a 28 day period. Information on the 

quality of the headache including type of pain, headache duration and associated 
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symptoms were collected. Psychosocial and quality of life questionnaire data were 

collected at each MRI visit. These analyses will have utilized diagnosis information, 

MRI, headache diary and questionnaire data at baseline. Participants who were enrolled 

but did not complete MRI visits, have unusable MRI data or missing data on prior clinical 

care and treatment for migraine were not included in this study. 

 
Assessment of Prior Clinical Care 

 

Migraine diagnosis or clinical care prior to enrollment in the study was 

established by detailed interview and health history form (HHF) during the baseline 

screening at Johns Hopkins. The HHF form collected information on current and past 

medical diagnoses and problems, prescription and over the counter medications including 

doses as well as life style factors such as smoking, drinking and exercise. Patients also 

completed a separate screen about history of their migraine including but not limited to 

prior diagnoses and treatment information for migraine headaches. Based on information 

from their health history form and migraine screening session, patients were categorized 

into two groups prior to study enrollment. Categorization was achieved using records of 

diagnosis from a medical practitioner (specialist or general practitioner) or prescription of 

migraine specific medication for which the intended use was migraine prevention or 

treatment. However, all patients were officially diagnosed with migraine at enrollment by 

a neurologist at Johns Hopkins using ICHD-II criteria.  
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 fMRI Procedures 

All baseline MRI scans were performed from September 2014 through March 2017 and 

completed on a Siemens Tim-Trio 3T MRI scanner using a 32-channel head coil. The 

MRI scan included the following sequences: a T1 MPRAGE, high resolution anatomical 

scan for template registration and gray matter volume analysis, a resting state functional 

MRI scan (echo planar imaging, EPI), an fMRI scan with blocks of painful thermal 

stimulation; an fMRI scan with cognitive task (repeat pain and cognitive sequence), a 

diffusion weighted scan for diffusion tensor imaging (DTI) analysis assessing white 

matter tract integrity and connectivity and a resting state arterial spin labeling (ASL) 

scan. This study utilized scan data from the T1 MPRAGE. Acquisition parameters for the 

T1 MPRAGE were as follows: repetition time (TR) 2300ms, echo time (TE) 2.98ms, 

slice thickness 1mm, field of view (FOV) 256mm, flip angle 9°, voxel sixe (1x1x1mm). 

 

MRI preprocessing and analysis methods 

We used voxel based morphometry (VBM) to assess differences in GMV in episodic 

migraine patients with and without prior clinical care/treatment for migraine at baseline 

166. All images were realigned to the anterior-posterior commissure in Statistical 

Parametric Mapping (SPM12) prior to pre-processing. The computational anatomy 

(CAT12) toolbox located within SPM12 was used to assess VBM of GMV in both patient 

groups 165. Using the cross sectional segmentation pipeline in CAT12.1 (r1250) the 

structural T1-weighted images acquired baseline were spatially normalized to Montreal 

Neurological Institute (MNI) space (resampled to a voxel size of 1.5mm x 1.5mm x 

1.5mm), segmented into gray matter (GM), white matter (WM) and cerebrospinal fluid 
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(CSF). Segmentation using the CAT12 toolbox is based on an Adaptive Maximum A 

Posteriori (AMAP) technique. The AMAP estimation is adaptive in that “local variations 

in parameters such as means and variance are modeled as slowly varying spatial 

functions.” This therefore accounts for intensity inhomogeneities and other local 

variations of intensity 165. The segmentation approach also includes a Partial Volume 

Estimation (PVE) with a mixed model of two tissue types. The mixed tissue classes 

included in the model are GM-WM and GM-CSF. This allows for an estimation of the 

fraction of each pure tissue type that is present in each voxel and improves the accuracy 

of the segmentation 165. Scans were preprocessed with an absolute threshold mask of 0.1. 

This threshold excluded voxels with less than 10% probability of being grey matter. 

Finally, images were smoothed with an 8mm Gaussian Kernel prior to analysis. 

 

Explicit mask analyses 

To assess the difference in GMV between EM patients with and without prior 

clinical care we conducted explicit mask and whole brain analyses. The explicit mask 

comprised the bilateral SFG, dorsolateral prefrontal cortex (DLPFC), insula and anterior 

cingulate cortex (ACC). The inclusion of these regions in the explicit mask was based on 

their relationship with migraine clinical characteristics. The right ACC and bilateral 

insula have been associated with headache frequency in episodic migraine patients 31,168. 

Chen et al. also reported decreased GMV in the left SFG in migraine patients (both EM 

and CM) when compared to tension type headache patients, suggesting that differences in 

the SFG are specific to headache type 168. Additionally greater pain intensity and disease 

duration have been associated with reduced GMV in the bilateral posterior and the left 
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anterior insula 41. This study by Hubbard et al. further found reduced cortical thickness in 

the bilateral DLPFC associated with increased attack frequency and longer disease 

duration 41, providing further evidence that structural changes to these areas are 

associated with severity of disease. All regions included in the analysis were made from 

the Atlas of Intrinsic Connectivity of Homotopic Areas (AICHA) 169. The AICHA atlas 

comprises resting state fMRI data from 281 individuals and covers the entire cerebrum 

with 192 homotopic region pairs. Given no a-priori hypotheses about laterality all regions 

were made for both the left and right sides of the brain. The regions were combined using 

the “-add” function in FSLMATHS and displayed for inspection on a standard brain in 

MNI space (Supplemental Figure 1).  

 

SPM12 group analysis and GMV extraction 

In SPM12, the second level analysis module a two sample t-test adjusted for age and total 

intracranial volume (TIV) was used to assess differences between the two patients 

groups. A cluster forming threshold of p<0.001 was used and significant pre-specified 

regions in the explicit mask as well significant clusters in the whole brain analyses were 

extracted using Marsbar (http://marsbar.sourceforge.net/). Values were converted to mm3 

using the following equation: cluster size x voxel size x beta value. The beta value 

extracted represents the proportion of the voxel attributed to grey matter. For 

visualization of the results, clusters were displayed on an average brain of patients 

included in the analysis. 
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Analysis of clinical variables 

Linear regression models were used to assess the relationship between GMV differences 

in those with and without prior clinical care and clinical characteristics of migraine. Of 

particular interest were headache severity, headache pain intensity, headache frequency, 

duration of disease and psychosocial disorders (anxiety, stress and depression). Anxiety 

was measured by the Generalized Anxiety Disorder-7(GAD7), depression-Patient 

Healthy Questionnaire-9 (PHQ9) and stress-Perceived Stress Scale (PSS). All scores 

were modeled as both raw values and categorized clinical cut points. GAD-7 was 

categorized as 0-4 (no anxiety), 5-9 (mild), 10-14 (moderate), 15≤ (severe). Similarly 

PHQ-9 was modeled categorically in bins of 5 (0-4, 5-9, 10-14, 15-19 and ≥20) to 

represent no depression mild, moderate, moderately severe and severe. PSS was modeled 

where 0-13 is average, 14-26 is moderate stress and high stress is 27-40. Other covariates 

which were assessed as potential confounders for these models were BMI, race, age, 

education and employment status. Employment status was modeled as it was reported by 

each individual as well as a dichotomous variable (full time vs not-full time). The Chi-

Square, Fishers Exact, t and Wilcoxon tests were used to assess differences in clinical and 

confounding variables. All statistical analyses were conducted using SAS (v.9.4, SAS 

Institute Inc. Cary, NC). Testing was two-sided and done at the 0.05 level of significance.  

Results 

Description of demographic and clinical profiles 

There were 120 migraine patients with MRI and diagnosis data at baseline. Two patients 

were excluded due to abnormal brain morphology and one was excluded due to poor data 

quality. Of those included in the final analyses 94 (80.34%) migraine patients were 
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classified as having received either a diagnosis of or clinical care for migraine prior to 

study enrollment and 23 (19.66%) had not received a diagnosis/care for their migraine 

headaches. Migraine patients with prior clinical care were significantly older than those 

without (mean age 38 vs. 31) and reported longer median duration of disease (18 vs 10 

years) (Table 14). However, across other clinical and sociodemographic metrics both 

groups were comparable, being predominantly female, White, college educated, 

employed full time, with BMI in the normal range. Patient groups also showed no 

difference in headache frequency, intensity of headache pain or severity of headaches.  
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Table 14: Distribution of sociodemographic and clinical factors in episodic migraine 

patients with and without prior clinical care for migraine 

 

1Variables with missing observations 
2Headache days per 28 days are adjusted headache days as described in methods 
3Raw headache days do not account for incomplete diaries 
*T test, Chi Square, Wilcoxon, Kruskal Wallis p value 
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MRI- GMV differences between episodic migraine patients with and without prior 

clinical care 

In the explicit mask analyses none of the a-priori regions were found to differ 

significantly between the two groups. However whole brain analyses showed that patients 

without prior clinical care had lower GMV in one cluster in the frontal lobe of the brain. 

The cluster was located in the right dorsal medial prefrontal cortex (R DMPFC) 

(p=0.034, FWE cluster-level corrected) compared to those with prior clinical care. The 

average volume in patients with prior clinical care was 471.68mm3 compared to 

435.92mm3 in those without. The cluster comprises 418 voxels and extends to include 

Brodmann Area 10 (BA10), portions of the right middle frontal gyrus (MFG), medial 

superior frontal gyrus and medial frontal gyrus (Figures 6a and b). Table 15 details the 

size and location of the cluster as well as peak voxels within the cluster.  

 

 

Figure 6: Cluster results from t-test showing region of reduced GMV in the right 

medial dorsal medial prefrontal cortex of EM patients without prior clinical care 

compared to those with prior clinical care. 1a displays the cluster is displayed on the average 
brain created from all 117 patients. Cluster forming threshold of p=0.001, k=418. 1b displays the cluster on 
the SPM12 cortical surface.  
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Table 15: Region of decreased GMV from whole brain analyses comparing EM 

patients with and without prior clinical care  

*p value from SPM12 analyses 
MNI: Montreal neurological institute 
 

Difference in GMV in EM patients with and without prior clinical care and the 

relationship with clinical characteristics 

The main clinical characteristics of migraine assessed in this study were disease duration, 

headache frequency, severity (mild, moderate, severe), headache pain intensity, and 

specific psychosocial disorders associated with migraine (anxiety, stress and depression). 

All clinical models were assessed for potential confounding with age, sex, race, BMI, 

education and employment status. Results from the linear regression did not reveal any 

significant association with headache clinical characteristics. However, in the exploration 

of psychosocial measures we observed a significant association between grey matter 

volume and depression as well as stress. Table 16 shows the results from the linear 

regression models of GMV in the right DMPFC with patient group (prior care vs. no 

prior care) and depression/stress modeled as predictors. Both the depression and stress 

models show that those patients without prior clinical care have less GMV 

(approximately 53mm3) compared to those with clinical care. Consistent in both models 

was increased GMV with increasing scores on the depression and stress questionnaire. 

With every point increase on the depression PHQ-9 questionnaire there was a 4.60mm3 

increase in GMV. For the stress model there was a 2.15mm3 increase with every point 

increase on the stress PSS questionnaire. There was no interaction between prior clinical 

care and depression or stress, however the increase in GMV associated with these 
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psychosocial scores was greater in those with prior clinical care as evidenced by the slope 

of the regression lines in (Supplemental figures 5a and b). These figures also show that 

(particularly the relationship with depression), small numbers of patients with high scores 

may be driving this relationship.  

Table 16: Adjusted analyses from linear regression models to examine the 

association between GMV in EM patients and psychosocial factors 

*All models are adjusted for age; Ref: reference level for comparison; DMPFC: dorsal medial prefrontal 
cortex; EM: episodic migraine 

 

D. Discussion 

In recent years our knowledge of migraine pathophysiology has improved 

tremendously, however gaps remain in our knowledge as it relates to how treatment 

disparities are reflected in brain changes. In this study we examined GMV differences in 

EM patients with and without prior clinical care for their migraine headaches. Our results 

show that though migraine patients with and without prior clinical care present with 
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similar clinical and sociodemographic profiles there exists an underlying difference in 

brain pathology. To our knowledge this the first study to highlight grey matter differences 

between migraine patients who have been diagnosed/treated for their migraine. Migraine 

patients who had not received a diagnosis or treatment had less GMV in the right dorsal 

medial prefrontal cortex compared to those with prior care for their migraines. The 

cluster included portions of the right MFG, medial frontal gyrus, and medial superior 

frontal gyrus, all regions which play critical roles in migraine pathophysiology and 

clinical characteristics. 31,48 The prefrontal cortex has also been shown to differ between 

migraine patients and healthy controls in several studies. Specifically, the left MFG has 

shown reduced GMV volume in migraine patients. 47,48,214 Further work to differentiate 

between subtypes of migraine patients, have used several approaches and localized the 

bilateral MFG as well as other regions in the pre-frontal cortex to classify migraine 

patients from other headache types as well as EM from CM. 168  

Conversely a recent study in an Italian cohort found that regions in the frontal and 

temporal lobes including the R SFG, left middle temporal gyrus (L MTG) and right 

inferior frontal gyrus (R IFG) of migraine patients had increased GMV compared to 

controls and this was positively correlated with headache symptoms. 215 However in 

those studies which reported reductions in GMV there were negative correlations with 

headache severity, duration and headache frequency. 31,47,48,214 This negative association 

with headache clinical variables was not present in this current study, as we found no 

significant relationship between GMV and headache symptomology. However, there was 

a positive association with stress and depression. Our results therefore can be examined 

in the context of these psychosocial factors and clinical findings in other pain patients. It 
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should be noted that this relationship is likely driven by small numbers of patients with 

high psychosocial scores and so the association which we see is hard to interpret. 

Plausible explanations are that patients with these scores may be more likely to see 

clinical care, or that the interaction of headaches and psychosocial comorbidities affects 

the brain differently than each disorder separately.  

The medial prefrontal cortex (mPFC) has been implicated in many pain disorders 

including IBS, fibromyalgia the aforementioned back pain and migraine. 

46,206,216,217Though there have not been any studies in migraine patients examining how 

lack of treatment is associated with brain structure, work in other chronic pain conditions 

has shown that with successful treatment there is recovery of abnormal brain structure in 

the prefrontal cortex. In chronic back pain patients Seminowicz et al. showed that there 

was prior thinning in DLPFC in patients compared to controls and increased thickness 

after treatment was correlated with reductions in pain and physical disability. 206 One 

RCT in migraine found the baseline mPFC volume may predict hypolagesia response 

with sham acupuncture after 8 weeks (mediated by anxiety). 218 This gives some insight 

into the role that the mPFC plays not only in migraine but in the way it interacts with 

psychological disorders in migraine and subsequent migraine improvement. The 

interaction between migraine and co-morbid psychological disorders is of growing 

interest due to the prevalence of these disorders in the migraine population. A recent 

imaging study looked at differences in intrinsic activity measured by amplitude of low-

frequency fluctuation (ALFF) in migraineurs with and without co-morbid depression. 

Researchers found significant main effects of migraine and depression in the left mPFC 

where there was increased ALFF associated with both disorders. It was concluded that 
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these findings may indicate a common therapeutic target for migraineurs with co-morbid 

depression. 219  

In light of previous studies our results add to a growing body of work which highlight 

the medial prefrontal cortex as not only an important role in chronic pain, but an 

important region in both the treatment of pain patients. We show that this region may also 

be a region that is adversely affected in patients who do not receive care and treatment for 

their migraine headaches. However, our findings need to be examined with some 

limitations in mind. In our sample almost 20% of patients had never received prior 

clinical care for their migraine. Compared to population based studies where less than 

half of migraine patients often report receiving medical consultation for their condition 

our sample of patients had a much higher proportion of diagnosed patients (approx. 

80%). Our patients were also very similar in their sociodemographic and clinical profiles, 

regardless of prior care status. While most epidemiological literature has found difference 

in socioeconomic and headache severity status between those who seek care and those 

who do not, this was not present in our study. Given that we were unable to directly 

assess socioeconomic status, and there was no association between headache factors and 

GMV, there may be some unmeasured confounding in the sample. This high consultation 

rate and demographic similarity between groups was likely due to the fact that our 

patients were recruited for a clinical trial and will not be representative of the general 

population of migraine patients.  

We do however present a study with several strengths. Though the proportion of 

undiagnosed patients was smaller than expected, we observed a much larger difference in 

GMV between patients than anticipated. Power analyses were based on expected 
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differences of 8-15mm3 and we report a difference of almost 36mm3 between patient 

groups. This is also the first study which exclusively compares GMV differences between 

migraine patients, based on prior clinical care. Given the work which has been done in 

other populations and there is a common theme where abnormal structure and function in 

several regions in the prefrontal cortex (DLPFC, mPFC) may both predict treatment 

success and be altered with successful treatment. Future studies should therefore enroll 

treatment naïve migraine patients to determine how the mPFC changes over time with 

appropriate care.  

 
E. Conclusion 

Migraine patients are known to have abnormal GMV associated with disease status. 

The results we present provide further evidence that those who are not receiving care may 

have an added burden associated with this lack of care even though clinically they may 

present the same. Given these findings it is clear that efforts to improve access to 

treatment in migraine need to be expanded. Furthermore, these results indicate that some 

patients may need different treatment options to address this baseline deficit. Future 

studies should aim at following treatment naïve patients to determine if they take longer 

to regain GMV over time and if they require either different or more intense therapy to 

reach treatment success.  
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Chapter V: Mindfulness Based Stress Reduction and Its Effects on Psychosocial and 

Quality of Life Factors in Episodic Migraine Patients  

 

A. Abstract 

Migraineurs suffer from high morbidity due to both the repeated headache attacks 

characteristic of the disorder and the high prevalence of co-morbid psychosocial 

disorders. These disorders such as depression, and anxiety are of concern in migraine 

patients because they have been associated with increased risk of progression to more 

chronic forms of the disease. Current pharmacological therapies do not address these 

aspects of migraine, but non-pharmacological treatments such as Mindfulness Based 

Stress Reduction (MBSR) have been shown to improve not only pain by psychological 

well-being. In this study we examine the longitudinal change in psychosocial and quality 

of life outcomes from the MRI Outcomes for Mindfulness Meditation Clinical Trial and 

assess how these mediate treatment response (50% reduction in headache frequency post-

intervention). We also examine the relationship between baseline values and treatment 

response. The trial included 98 migraine patients randomized to either MBSR or stress 

management for headache (SMH). They completed psychosocial questionnaires and 

headache diaries at baseline, mid-intervention (8 weeks post baseline) and post-

intervention (12 weeks post baseline). There was no significant association between 

baseline scores and treatment response. There was also no significant change in stress, 

anxiety or depression over time, however we did find a significant improvement in sleep 

quality at post-intervention (p=0.0025) and this did not differ by treatment group. 

Mediation analysis showed a significant indirect effect for each psychosocial measure 

(anxiety, stress, depression) on treatment response, ranging from 6-8%. This indicates 
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that the effect of the intervention on reducing headache frequency worked through 

pathways that included the reduction of these psychosocial factors. 

 

B. Introduction  

Migraine is a chronic, disabling, neurological disorder and affects 10-15% of the 

general population. 220 Though there is no mortality associated with migraine there is 

considerable morbidity indicated by its consistent rank in the top ten causes of the global 

burden of disease. 9,10 One of the reasons migraineurs suffer from such high morbidity is 

due in part to the co-morbidities present in this population. Of note psychosocial 

comorbidities occur at a higher prevalence in migraine patients compared to the general 

population (and many such as anxiety and depression are highly co-morbid) 73 however 

the mechanism behind this commingling of neurological disorders is unknown. 221 What 

is clear however is that the presence of these disorders affect the quality of the migraine 

experience and those who experience anxiety and depression have greater migraine 

frequency.66,72,221 

Due to the presence of the aforementioned co-morbid conditions treating migraine 

has proven to be very difficult. Current migraine therapies generally fall into two 

categories: 1) abortives, aimed at reducing the pain associated with the headache rapidly 

and consistently with no relapse, while restoring patient functionality and 2) 

preventatives aimed at preventing the migraine from occurring 221. Because of this the 

success of any migraine therapy relies on the category of medication used. Different 

clinical trials have adopted varying definitions of efficacy when assessing treatment 

success with migraine medications. Abortives, particularly medicines in the Triptan 
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family are usually assessed on the basis of providing a pain-free response within 2 hours, 

with a sustained pain-free state, while preventative medications such as Topiramate are 

evaluated on their success in reducing migraine frequency. 98,222 Some clinical trials also 

assess other aspects of the migraine headache such as photophobia and phonophobia. 221 

However, relief from migraine is a combination of the physical components which 

describe the headache phase of the migraine as well as the affective factors, both of 

which are targeted by non-pharmacological interventions such as mindfulness based 

stress reduction (MBSR).  

MBSR and other mindful therapies have gained popularity in the pain field as an 

addition to or replacement of current pharmacological therapies. There have been several 

reports of improvement in pain and function in lower back pain, fibromyalgia and cancer 

pain. 120,223,224 The few studies in headache patients also report that there are 

improvements in headache frequency across mixed groups of headache patients including 

migraine and tension headache. 135,225,226 Additionally the relationship between 

mindfulness and disorders such as anxiety depression and stress have been extensively 

reported in both healthy population and cancer patients where we see improvements 

across these psychosocial metrics. 227,228 Furthermore, research has shown that individual 

differences in several psychological factors play a role in treatment success. Patients with 

lower levels of baseline distress tolerance have had greater improvements in MBSR.177,178 

Neuroticism and baseline social anxiety have also been shown to moderate the effects of 

MBSR. 179,229
 

Given this evidence in both healthy and other pain populations, mindfulness and 

MBSR in particular is likely to be useful in not only improving headache pain but also 
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improving psychosocial co-morbidities commonly faced in these patients. There has been 

one small pilot study implemented in migraine patients which utilized MBSR (n=19). 230 

The study showed that there was some improvement in headache metrics but because of 

the small sample size psychosocial factors were not fully examined. 230 This current study 

will utilize data from the first large clinical trial in migraine patients who receive MBSR 

and conduct analysis on the relationship between MBSR and psychosocial and quality of 

life factors over time. We will explore changes in psychosocial factors over time to gain 

insight into the utility of MBSR as a comprehensive therapy in migraine patients. 

Moreover, we will examine the possible predictive and mediating effects of stress and 

other psychosocial measures on treatment efficacy as this will be important in tailoring 

patient centered approaches.  

 

C. Methods 

Clinical Trial Design 

This secondary analysis utilized data from the MRI Outcomes of Mindfulness Meditation 

for Migraine clinical trial (NCT02133209). This was a randomized placebo controlled 

trial with single masking. All migraine patients were episodic migraineurs who were 

randomly assigned to receive either MBSR or stress management for headaches (SMH). 

Patients were randomized 1:1 to either treatment in pre-specified blocks, using a web-

based randomization system. Randomization was stratified by the presence or absence of 

another chronic pain disorder and by headache frequency: 4-8 (low frequency) or 9-14 

(high frequency) headache days per 28 days. Each treatment was administered weekly for 

8 weeks with an additional half day retreat for the MBSR arm and then both treatments 
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were administered for an additional 4 sessions over 8 weeks. The primary objective of the 

clinical trial was to determine the short and long term efficacy of MBSR on migraine 

headache frequency, brain structure and function. The clinical trial also enrolled 30 

healthy pain free controls, matched to the migraine patients on age (±5 years), sex, BMI 

(±5), education (college and no college) and race. Data from healthy controls were not 

utilized in these analyses.  

 

Subjects 

Screening and intervention visits for migraine patients occurred at Johns Hopkins 

Bayview Medical Center. Neuroimaging visits occurred at the University of Maryland 

Baltimore. Migraine patients were screened for eligibility inclusive of but not limited to 

headache questionnaires, psychosocial questionnaires and health history forms. Eligible 

patients were enrolled and initiated their first set of 28-day headache diaries prior to their 

first neuroimaging visit. At each neuroimaging visit patients underwent an MRI, as well 

as completed several psychosocial and quality of life questionnaires, quantitative sensory 

testing (QST) and saliva sample collection for genetic analysis. Patients were followed 

for 13 months; this includes one month of headache diaries pre-baseline and one year of 

follow-up including questionnaires and headache diaries one year post baseline. Any 

participant practicing yoga, tai-chi or any non-specific meditative practices are expected 

to continue however patients who were not currently practicing were asked not to begin. 

Additionally, patients were required to maintain their baseline medication profile for the 

duration of the study, this included both preventative and abortive migraine medications. 
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Outcome Measures    

Patients were assessed at three time points: baseline (pre-randomization), mid-

intervention and post-intervention. The mid-intervention time point occurred after the 

first 8 weeks of intervention and the post-intervention time point occurred after the 

second 8 weeks. This current analysis includes migraine patients who are randomized 

into one of the study arms (MBSR or SMH).  

Headache Diaries 

 

Headache diaries were completed electronically (online via a link sent through email) and 

collected detailed information on headaches over a 28-day period. Information on the 

quality of the headache including type of pain, headache duration and associated 

symptoms were collected. Additional information on medication used during the 

headache was also acquired. Data from headache diaries was used to ascertain clinical 

endpoints including, achieving at least a 50% reduction in headache frequency from 

baseline to post-intervention (treatment responders), baseline headache frequency, and 

headache frequency over time. 

  

Quality of life and psychosocial questionnaires 

 
Anxiety was assessed using the Generalized Anxiety Disorder (GAD-7) questionnaire. 

159,231 This is a 7 item questionnaire which measures common symptoms of anxiety 

asking patients if they were bothered by any anxiety related problems over the last two 

weeks, and respond on a four-point scale (0-3). Scores can range from 0-21 and patients 

were classified with anxiety if they scored 5 or above. Stress was assessed with the 

Perceived Stress Scale (PSS). 160,232 The PSS is a 10 item questionnaire which measures 

an individual’s perceived stress to everyday life situations over the last month. Questions 
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are answered on five point Likert scale and scores can range from 0-40. There are two 

subscales; one positive (items 4, 5, 7, and 8) and the other negative (items: 1, 2, 3, 6, 9, 

and 10). Scores 14 or above were rated as above average stress. Depression was 

measured with the Patient Health Questionnaire-9 (PHQ-9). 156 This is a nine item 

questionnaire for depressive symptom severity. It assesses symptoms of depression over 

the last two weeks and any positive response to the suicide item triggered a clinical 

assessment by one of the psychologists at Johns Hopkins. Items are scored on a four point 

Likert scare and range from 0-27. Patients who scored 5 or above were characterized as 

having depression. Finally sleep quality was assessed using the Pittsburgh Sleep Quality 

Index (PSQI) questionnaire. 163 This is a 23 item scale to assess the quality of sleep over 

the last month. These items generate 7 component scores (sleep duration, sleep 

disturbance, sleep latency, daytime dysfunction due to sleepiness, sleep efficiency, 

overall sleep quality and need to use sleep medications), which are combined to calculate 

a global score. Scores range from 0-21 and participants who score 5 or above are 

classified as poor sleepers. 163 

Statistical Analysis 

Demographic and Clinical Variables 

Baseline differences between patients randomized to MBSR and SMH as well as 

differences between those patients who were treatment responders were assessed at 

baseline utilizing parametric Chi-square and t-tests, and nonparametric Wilcoxon and 

Kruskal Wallis tests. Descriptive statistics are presented as means, medians and 

proportions with the accompanying standard errors, ranges and inter-quartile ranges. 

Baseline characteristics included baseline headache frequency, presence of an additional 

chronic pain condition, education, age, sex, race and BMI. Additionally, clinical 
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characteristics related to headaches were examined such as: headache days, mean 

headache pain, headache impact test (HIT-6) scores and pain catastrophizing scores 

(PCS). We also assessed the relationship with psychosocial and quality of life variables 

(GAD-7, PSQI, PHQ-9, and PSS).  

  To determine the relationship between independent predictors, particularly 

questionnaire scores, we utilized Pearson and Spearman correlations. Significant 

correlation was determined by a p value <0.05 as well as rho values 0.5 and above. All 

analyses were conducted using intention to treat analysis, therefore patients were 

analyzed as randomized. 

Assessment of treatment responders 

Given the nature of headache diaries not all patients complete a full 28 days. In order to 

standardize the headache days collected, we calculated a proportion for each individual. 

This was calculated by dividing the number of headache day reported by the total number 

of diary days collected in that period. For any given individual the maximum 

denominator was 28. In addition, we multiplied the proportion by 28 to get a continuous 

variable for headache days to utilize in final model. To calculate the responders in the 

sample we used the above proportion and standardized headache days variable and 

calculated the difference between baseline and the post-intervention time point. Any 

person whose difference was at least 50% reduction from their baseline value was 

considered a responder to the treatment.  

Change in psychosocial outcomes over time 

Exploratory analysis examined the distribution of baseline scores of all questionnaires 

and the change in scores over time (baseline, mid and post intervention). Change over 
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time was modeled by individual and by treatment group. Wilcoxon, ANOVAs and 

repeated measures ANOVAs were used to assess the difference between groups at each 

time point, within groups over time and between groups across the three time points. 

Scores were also categorized according to clinically validated cut points. GAD-7 was 

categorized into four groups: 0-4 (no anxiety), 5-9 (mild), 10-14 (moderate), 15≤ 

(severe). Similarly, PHQ-9 was separated into 5 categories: (0-4, 5-9, 10-14, 15-19 and 

≥20) to represent no depression, mild, moderate, moderately severe and severe. PSS was 

categorized into three groups where 0-13 is average, 14-26 is moderate stress and high 

stress is 27-40. PSQI total scores ≥5 indicate poor sleep quality. Finally, patients were 

assessed as either meeting clinical criteria or not for all of the above questionnaires 

(yes/no). This approach allowed us to examine the distribution of patients in each clinical 

category at each time point. Given that stress, depression and anxiety were found to be 

highly correlated all final analyses looked at each variable as a separate outcome, 

predictor and mediator.  

Several regression diagnostic measures were utilized to examine the linearity of 

variables as outcomes and to assess the correlation of these variables as predictors. Using 

variance inflation factor (VIF), Cook’s D, plots of both the raw and scaled residuals and 

predicted values we examine both the assumptions of normality, linearity and 

independence of these variables as both outcome and predictive measures. Given the 

skewed nature of GAD-7, PHQ-9 and PSQI we also assessed the utility of log 

transformation on these factors. Models were run with log transformed and 

untransformed outcomes for comparison. Final models utilized the untransformed scores 

in linear mixed model as results using both the log transformed and untransformed scores 
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were consistent and analysis indicated that the linear and normality assumptions were not 

violated in the Proc Mixed model. The PSS questionnaire was also modeled using raw 

scores in Proc Mixed as these scores were normally distributed. All models utilized an 

unstructured covariance and assessed differences between MBSR and SMH groups as 

well as change from baseline and group by time interactions. Given the individual 

variability observed in exploratory plots of psychosocial scores by patients collectively 

and by randomization group, random intercept and random slope models were assessed to 

examine this variation and determine if they were a better fit for the data. A random 

intercept was utilized in the final model for depression only as this was the only outcome 

where this approached improved the model fit. Models were assessed with Akaike 

Information Criterion (AIC) as well as the impact of additional variables on the standard 

error. All statistical analyses were conducted using SAS (v.9.4, SAS Institute Inc. Cary, 

NC). Testing was two-sided and done at the 0.05 level of significance.  

 

Baseline psychosocial scores and the relationship with treatment response from 

baseline to post-intervention 

Baseline GAD-7, PHQ-9 and PSS scores were the main predictors assessed for their 

impact on treatment response. As these three factors are known to be related, initial 

analyses assessed the statistical correlation with each other, using Spearman’s Rho as 

well as their impact on each other by examining collinearity diagnostics. Rho values 

equal to or more then 0.5 as well as a p value ≤0.05 were assessed further. We assessed 

condition index, variance inflation factor, tolerance and proportion of variance values. 

This was first conducted with all three predictors in the model and then with only two 

after removing the variable with the largest condition index value and a variance 
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proportion of 0.5 and above. Using this approach, it was determined that each predictor 

would be modeled separately to assess their individual association with treatment 

response. Each model utilized a separate psychosocial variable as the predictor, adjusting 

for treatment group. Confounders of interest at baseline were BMI, education, race, sex, 

age, presence of another pain condition as well as headache impact score and pain 

catastrophizing. Given the nature of the intervention we also assessed the role of baseline 

mindfulness as a potential confounder. Final models were determined by AIC and how 

the addition of potential confounders changed the standard error. A minimum p value of 

0.2 was set for all potential confounders. All statistical analyses were conducted using 

SAS (v.9.4, SAS Institute Inc. Cary, NC). Testing was two-sided and done at the 0.05 

level of significance.  

 

Mediation of Treatment Response by Change in Psychosocial Scores over Time 

These analyses examined the mediation of treatment effects MBSR vs. SMH on 

treatment response through anxiety, depression and stress. We hypothesized that 

treatment works to reduce headache days by improving anxiety, stress and depression. To 

assess the presence of mediation via these factors we employed mediation analysis 

methods for binary outcomes and multiple mediators as outlined by VanderWeele 174 and 

VanderWeele and Vansteelandt. 175 Strict assumptions are required to interpret estimates 

as natural direct and indirect effects, but many studies, particularly longitudinal studies 

violate these assumption, given the presence of repeated measurements. The assumption 

which is most vulnerable in longitudinal studies is that which states that there is no 

mediator-outcome confounder that is affected by the exposure. This issue is clearly 
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present in the directed acyclic graph (DAG) in Figure 7 where mid-point headache 

frequency for example is affected by the exposure and confounds the mediator exposure 

relationship. In an effort to address this vulnerability VanderWeele and Vansteelandt 

developed a weighting method to estimate these effects even if the mediators effect each 

other. 175 When this occurs the confounder of the mediator-exposure relationship (mid-

point headache frequency) needs to be included in the mediator vector as described 

below. Additionally, given the relationship between these variables, baseline confounders 

include the baseline values of all psychosocial factors.  

 

Description of vectors to assess the mediating effect of Anxiety (GAD-7) 

 The exposure A is dichotomous a= MBSR and a*= SMH; the outcome Y is 

treatment response (HA freq), the vector of mediators is defined as M = (mid-HA freq, 

mid-anxiety, post-anxiety) and baseline covariates defined as C= (baseline anxiety, 

baseline depression, baseline stress,).  
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Figure 7: Causal diagram to represent plausible mediation relationship between 

MBSR and treatment response 

Arrows assume direction of causal relationships. Model assumes no unmeasured confounding. Black boxes 
indicate baseline covariates. Solid black arrows represent adjusted confounding. The orange box indicates 
the randomized treatment MBSR vs. SMH. The solid green box is the outcome which is treatment 
response. This variable is created from baseline and post-intervention headache frequency (green outlined 
boxes) Blue boxes represent possible mediators of the relationship between exposure and outcome. 
Baseline covariates were measured prior to randomization and therefore are not affected by the treatment. 
Mid-point anxiety, depression and stress were measured at the scan visit directly after the completion of the 
first block of treatment (8weeks post baseline). Headache diaries were completed for 28 days post the first 
block of treatment and therefore are captured after the psychosocial measurements. Post-treatment 
psychosocial measurements were taken at the scan visit directly after the final treatment block had been 
completed (12 weeks post baseline). These visits usually occur over a two-week period post study 
completion. Headache diaries are completed for 28 days post treatment. 
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Weighting Method 
 

The weighting approach estimates the marginal natural direct effect: 

E[HAfreqaMa*]−E[HAfreqa*Ma*] 

The marginal natural indirect effect: E[HAfreqaMa] − E[HAfreqaMa*] 

The estimation of these effects is achieved through the estimation of three different 

counterfactuals: E[HAfreqaMa*], E[HAfreqa*Ma*], and E[HAfreqaMa]. 

 

For E[HAfreqa*Ma*]: the weighted average of subjects with A=SMH where each subject i 

is given a weight: P(A=SMH)/P(A=SMH|ci) 

ci=actual covariate values of baseline stress, anxiety and depression for subject i. For 

binary exposure such as this where MBSR =1 and SMH =0, probabilities P(A=0|ci) for 

each subject i can be fit using a logistic regression and obtaining predicted probabilities.  

 

For E[HAfreqaMa] : P(A=MBSR)/P(A=MBSR|ci) where a logistic regression can again be 

used to obtain predicted probabilities for P(A=1|ci). 

 
The final counterfactual E[HAfreqaMa*] for each subject i with Ai = SMH uses an 

outcome model E(HAfreqlMBSR, mi, ci), which can include exposure mediator or 

mediator-mediator interactions to obtain a predicted estimate of the outcome if the 

individuals had had exposure Ai=MBSR rather than Ai=SMH, but uses the individual’s 

own value of the mediator M=mi and covariates C=ci. After these predicted values have 

been obtained an estimate for the counterfactual is calculated by taking a weighted 

average of the predicted values for subjects with Ai=SMH given by: 

P(A=SMH)/P(A=SMH|ci). 
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Final model  

Initial models assessed all mediators (depression stress and anxiety) contained within one 

mediator vector. It was determined given the correlation and different impact of 

intervention on the psychosocial factors to assess each mediator separately, adjusting for 

baseline values of the remaining psychosocial variables. Furthermore, headache 

frequency at midpoint as indicated in Figure 1 was an exposure-mediator confounder and 

was therefore included in the mediator vector in each model. Exposure-mediator 

(treatment group*psychosocial factor) and mediator-mediator interactions were assessed 

in all models, however these models did not differ significantly from those without 

interaction. 

The weighting method described produced weighted probabilities for each of the 

defined counterfactuals. These were used to calculate the natural direct and natural 

indirect effects. Given that there were no interactions in the final model the natural direct 

effect is equivalent to the controlled direct effect. To calculate standard errors and 95% 

confidence intervals a bootstrapping approach was employed via Proc Surveyselect in 

SAS 9.4. This process generated 1000 samples with replacement after which 

counterfactual estimates and confidence intervals were generated for all samples. 
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D. Results 

  
Description of baseline demographic and clinical measures in episodic migraine 

patients 

Six hundred and eight migraine patients were screened for participation in the clinical 

trial. Of these 124 completed baseline assessments and 98 were randomized to receive 

either MBSR or SMH. Patients were enrolled in 8 cohorts over the study period and each 

cohort of patients was randomized to either MBSR or SMH. Table 1 shows the size of 

each of the eight cohorts The MBSR group consisted of 50 patients and the SMH group 

consisted of 48 patients. All 98 patients were included in the analyses that examine the 

change in psychosocial scores over time. When assessing treatment response, the sample 

size was reduced to 95 patients as only those with baseline and post-intervention follow-

up data could be included to assess the outcome.  

Migraine patients randomized to MBSR or SMH were of comparable age, race, 

sex, BMI and educational attainment. Both groups were predominantly female, White, 

college educated with a median age of 36 (Table 17). Clinical characteristics particularly 

those related to migraine were also similar between the randomized groups. The 

proportion of headache days ranged from 0.11-0.5 in both groups with an average value 

of 0.25 in the SMH group and 0.29 in the MBSR group. As a means of comparison we 

also calculated headache frequency utilizing raw headache day data that each person 

provided as well as standardized values. There were 11 patients at baseline and 3 months 

who did not provide a complete 28 day diary and 10 at post-intervention. The smallest 

number of diary days provided was 15 and this was recorded at the post-intervention time 

point by one participant. Across all three time points only four participants provided less 
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than 21 days of diary data. We compared headache frequency using raw headache days 

and standardized headache days and the mean number of headache days in each treatment 

group as well as the range remained the There was an average of 7 days in the SMH 

group and 8 in the MBSR with a range of 3-14 in both groups.  

Small differences were noted in the use of a preventative migraine medication at 

baseline where 73% of those on medication were assigned to the MBSR group. 

Additionally, there were generally higher median scores on all psychosocial 

questionnaires in the SMH group. Median stress score in the SMH group was 13 

compared to 9 in the MBSR group. Similarly, median GAD and PHQ-9 scores were 1.3 

and 3 respectively in the SMH group compared to 1 and 3 in the MBSR group (Table 17). 

Though median values were small, there was an extensive range in both randomized 

groups. Table 17 also shows the distribution of patients that met criteria for anxiety, 

depression, stress and poor sleep. 13% of all patients met anxiety criteria, 20% had 

depression, 39% had stress and 29% reported poor sleep quality. There was no significant 

difference in the proportions between MBSR and SMH groups (Table 17). 
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Table 17: Baseline clinical and demographic variables in episodic migraine patients 

randomized to either MBSR or SMH 

 

1Standardized headache days are adjusted to 28 days. Raw headache days are only those headache days 
provided 2Preventative medications cover four categories of medications which have been combined in this 
table 3Psychological medication covered three categories, which have been combined in this table 
*p values calculated from T tests, Chi Square, Wilcoxon, Kruskal Wallis tests HIT-6: headache impact test, 
FFMQ-five facets of mindfulness questionnaire, PSS: perceived stress score, GAD-7: generalized anxiety 
disorder, PHQ-9: patient healthy questionnaire, PSQI: Pittsburgh sleep quality index 
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Change in psychosocial measures over time 

Anxiety: GAD-7 

Anxiety was assessed in both groups over time as change in scores and change in 

proportion of patients meeting anxiety criteria. While scores were relatively constant over 

time in both groups, it was higher in the SMH group at all time points (median of 2 in the 

SMH and 1 in the MBSR) (Supplemental Table 5). Supplemental figure 6 depicts the 

variability of GAD-7 scores in both groups over time. It can be seen that although 

patients were relatively stable (patients who are not anxious remain that way over the 

course of the study), both groups were populated by patients who started with very high 

scores (maximum of 16 at baseline) and saw rapid improvement over time and those that 

started with low scores and saw increases over time. The latter was particularly present in 

the SMH group where several patients had higher scores at post-intervention. These 

changes were also explored in terms of the impact on diagnosis with anxiety. 

Supplemental table 6 shows the change in proportion of anxious patients over time. 

Patients randomized to SMH saw an increase in anxious patients at mid-intervention 

(19% compared to 12% at baseline) whereas those in the MBSR group showed a decline 

(14% to 12%). By the post-intervention time point there were comparable proportions in 

both groups (Supplemental Table 6).  

These differences were assessed in longitudinal mixed models (Table 18) and 

there was no group differences nor were there any significant changes over time. Patients 

in the MBSR group had on average lower scores of -0.13 compared to those randomized 

to SMH. The patterns of change over time was the same in both groups with a decrease in 

GAD-7 scores at md-intervention (-0.20 95%CI -0.66, 0.25) follow-up and then an 

increase from baseline to post-intervention (0.14 95% -0.26, 0.55). The confidence 
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intervals for each time point shows what was observed in the exploratory analysis of raw 

data, there were patients at mid-intervention who saw rapid improvement in their anxiety 

and also those that saw increases. This same pattern was seen at post-intervention follow-

up.  

 
Table 18: Adjusted analyses assessing change in psychosocial and quality of life 

factors over time in episodic migraine patients randomized to either MBSR or SMH 

1 
Model adjusted for stress and depression.  
2 Model adjusted for anxiety, headache impact score and additional idiopathic pain condition. Model 
includes random intercept.  
3 Model adjusted for stress, BMI and headache pain 
4 Model adjusted for depression, anxiety, sleep and headache days  
PSS: perceived stress score, GAD-7: generalized anxiety disorder, PHQ-9: patient healthy questionnaire, 
PSQI: Pittsburgh sleep quality index 
*p value from linear mixed model 
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Depression: PHQ-9 

Depression scores showed a general decline over time in all migraine patients. Patients in 

the SMH arm started with a median score of 3 which declined to 2 by at the post-

intervention time point. Similarly in the MBSR group there was a decline from 2 at 

baseline to 1 at post-intervention (Supplemental Table 5). Though median scores were 

small there was wide range of values in both treatment groups (Supplemental Figure 6) 

shows the variability in these scores over time and we see that while patients in the SMH 

remained relatively stable there was wide variation in the scores of patients in the MBSR 

arm. We also show in supplemental figure 6 that several patients met criteria for 

depression. This proportion of patients declined over time regardless of treatment group. 

The SMH group started with 23% of patients depressed and this declined to 13% by post-

intervention. In the MBSR group the proportion remained relatively constant 18% at 

baseline and post-intervention with a slight increase at the mid-intervention time point 

where 24% (Supplemental Table 6).  

Longitudinal analyses examined the change in mean scores over time. Table 18 

shows that those randomized to MSBR reported an average lower score than those in 

SMH (-0.1378 95%CI -0.8845, 0.6088), though this difference was not significant. 

Additionally, there was no significant group by time interaction, however at mid-

intervention there was an increase in scores (0.3512 95% CI -0.0943, 0.7966) and then a 

decline from baseline to post-intervention follow-up (-0.1081 95% CI -0.5694, 0.3532). 

The range of confidence interval shows that there were some patients who derived benefit 

from treatment and saw decline in their scores even though the change across the entire 

sample was not significant.  
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Sleep Quality: PSQI 

Longitudinal analysis of PSQI scores showed that patients randomized to MBSR had 

lower average scores than those randomized to SMH (-0.42 95% CI -1.39-0.55). While 

this difference was not significant and there was not a significant group by time 

interaction there was a significant decline in scores over time. From baseline to mid-

intervention there was a decline of (-0.13 95% CI -0.70, 0.45) and at post-intervention 

there was further decline which was significantly different from baseline p=0.0025 with 

patients reporting scores which were on average -0.67 (95% CI -1.10, -0.24) lower.  

This change in scores over time also resulted in changes in the proportion of 

patients reporting poor sleep over time. At baseline the proportion of patients classified as 

poor sleepers was 31% in the SMH group and 28% in those randomized to MBSR. By 

post-intervention this proportion had decreased to 19% in the SMH group and 12% in 

MBSR (Supplemental table 6). It should be notes that this was not always the case as 

patients gained benefit with reduction in sleep scores but never crossed the threshold 

from poor sleep to good sleep (Supplemental figure 6). 

Stress: PSS 

Stress was the most prevalent disorder in our migraine patients with 38.7% of all patients 

meeting the criteria for above average stress. Similar to the distribution of scores across 

the other metrics there was a lot of variation observed, however unlike depression this 

variation over time was noted in both the MBSR and the SMH groups (Supplemental 

figure 6). Patients showed varied response to treatment over time with some individuals 

both seeing a benefit and others seeing no change or becoming more stressed over time. 

Analysis of stress scores over time showed a similar pattern to those recorded in 

depression with an increase at the mid-intervention time point (0.09 95% CI -0.84, 1.03) 



147 

 

and followed by a decline compared to baseline at post-intervention follow-up (-0.49 

95% CI -1.65, 0.67). MBSR patients consistently reported lower levels of stress almost 

one point lower (-0.93 95% CI -2.49, 0.62) with confidence interval that indicated 

patients in the MBSR group saw decreases up to 2.5 points compared to those 

randomized to SMH (though this group difference was not significant).  

The proportion of patients that met criteria for above average stress was higher 

than those observed across the other psychosocial metrics. At baseline 46% of those in 

the SMH group and 32% in MBSR reported above average stress. By post-intervention 

these proportions had reduced to 32% in the SMH group and 22% in MBSR 

(Supplemental Table 6).  

 

Baseline psychosocial scores and the association with treatment response  

Ninety-five patients were eligible for inclusion in the responder analysis (Table 19). 

There were 37 migraine patients classified as treatment responders. Of these 26 were 

randomized to MBSR and 11 to SMH. Patients who were classified as responders were 

similar in demographic makeup as non-responders. Patients were approximately 37 years 

of age, predominantly female, White and college educated. Clinically there were also 

similarly matched with both groups reporting comparable baseline headaches (p=0.26), 

preventative migraine medication use (0.13) as well as similar proportions of patients 

diagnosed with anxiety, stress and depression (Table 19). There was a significant 

difference in the proportion of patients with an additional idiopathic pain condition at 

baseline with responders experiencing a higher burden (40.5 vs 20.7% p=0.04). 
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Table 19: Baseline clinical and demographic variables in episodic migraine patients 

randomized to either MBSR or SMH by responder status 

1Preventative medications cover four categories of medications which have been combined in this table 
2Table shows headache days standardized for 28 days. Median and range was the same for raw headache 
days *p values calculated from T tests, Chi Square, Wilcoxon, Kruskal Wallis tests 
HIT-6: headache impact test, FFMQ-five facets of mindfulness questionnaire, PSS: perceived stress score, 
GAD-7: generalized anxiety disorder, PHQ-9: patient healthy questionnaire, PSQI: Pittsburgh sleep quality 
index 
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Logistic regression models examined the association between baseline psychosocial 

scores and the probability of success with treatment. Table 20 shows the results of each 

regression model. Each predictor was modeled separately and while there was no 

significant association of any baseline value (GAD-7, PHQ-9 or PSS), they all showed 

similar relationships with treatment success where increasing scores were associated with 

increased odds of treatment response. There was no interaction between intervention arm 

and baseline psychosocial score (continuous or categorical). Therefore results are not 

stratified by intervention arm. The association between intervention and treatment 

response was similar across all psychosocial metrics (Table 20).  
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Table 20: Adjusted models to examine the association between baseline psychosocial 

scores and treatment response 

*All modes adjusted for randomization group, additional chronic pain condition and BMI 
GAD-7: generalized anxiety disorder; MBSR: Mindfulness Based Stress Reduction; PHQ-9: patient healthy 
questionnaire; PSS: perceived stress score; SMH: Stress Management for Headache 
 

The OR associated with baseline GAD-7 score was 1.11 95% CI -0.95, 1.30. This 

indicates that with each point increase on the GAD-7 questionnaire the odds of treatment 

response increased by 11%. Stratification by clinical anxiety showed that those without 

anxiety had decreased odds of success compared to those with anxiety. It is important to 

note that this was not a significant difference. This pattern was consistent across PHQ-9 

(OR 1.13 95% CI (0.92, 1.38) and PSS (OR 1.03 95% CI 0.96, 1.11), with increasing 

scores associated with increase odds of treatment response. Supplemental table 7 shows 

the odds of treatment success using dichotomous predictors of clinical definitions of 
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anxiety, depression and stress. Though there was no significant difference the pattern 

suggests that those who do not meet clinical criteria have a reduced odds of success with 

the treatment.  

 

Mediation of Treatment Response by Change in Psychosocial Scores over Time 

For the following results let a= MBSR and a*=SMH. We define the following 

counterfactuals as follows: 

 E[HAfreqaMa*] is the expected value for treatment response in the population if all were 

randomized to MBSR, if their mediator values (anxiety, depression and stress scores) 

were set to a value it would have taken had they received SMH.  

E[HAfreqa*Ma] is the expected value for treatment response in the population if all were 

randomized to SMH, if their mediator values (anxiety, depression and stress scores) were 

set to a value it would have taken had they received MBSR.  

E[HAfreqaMa] is the expected value for treatment response in the population if all were 

randomized to MBSR, and their mediator values (anxiety, depression and stress scores) 

under MBSR 

E[HAfreqa*Ma*] is the expected value for treatment response in the population if all were 

randomized to SMH, and their mediator values (anxiety, depression and stress scores) 

under SMH. 

Individual proportions from the weighting analysis of each mediator are presented in 

Supplemental table 8. Each of the four counterfactual values were consistent across each 

of the mediators. The natural direct and indirect effects calculated from these estimates 
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are presented in Table 21. Given that there were no interactions included in these 

analyses, the natural direct effects can be interpreted as controlled direct effects. The 

natural direct effect for anxiety was 0.22 95% CI 0.21, 0.24. This is the effect of MBSR 

on treatment response intervening to set anxiety scores to the value they would take if 

patients were not exposed. This value therefore indicates that 22% of the effect of MBSR 

is through pathways which do not include anxiety. Similarly for depression 22% of the 

effect of MBSR on treatment response was via pathways which do not include 

depression. The direct effect for stress was comparable to anxiety and depression (0.23 

95% CI 0.04, 0.42). All direct effects were significant as indicated in Table 21.  

Table 21: Direct and indirect effects of MBSR on treatment response 

*All models adjusted for baseline values of all mediators. All models include headache frequency at mid-
intervention in the mediator matrix to account for mediator outcome confounding. 

 

The indirect effect for all three mediators analyzed separately ranged from 0.06-0.08, 

indicating that 6-8% of the effect was mediated through pathways that included anxiety, 

depression or stress. This is the effect of intervention if everyone received MBSR but the 

mediator level changed from that under MBSR to that under SMH. The largest indirect 



153 

 

effect was mediated through depression with a value of 0.08 95% CI 0.06, 0.09. This 

shows the effect of MBSR mediated through the reduction of depression scores. In the 

case of anxiety the indirect effect was 0.07 95% CI 0.06, 0.08 and 0.06 95% CI 0.05, 0.07 

for stress. Though the indirect effects were small in comparisons to the direct, each 

proportion mediated was significant.  

 

E. Discussion 

We report results from several analyses which took a comprehensive look at the 

relationship between MBSR treatment and psychosocial and quality of life factors. In the 

assessment of psychosocial scores over time, we observed high variability across 

patients. In the depression model we found that the range of differences in baseline scores 

amongst individuals was quite large and accounted for 54% of the variance. 

Improvements were found in sleep quality at each time point with a significant change at 

post-intervention (-0.6704 p=0.0025). There were no significant changes observed across 

stress, anxiety and depression, but all metrics showed improvement at either mid or post-

intervention time points. The relationship between baseline psychosocial metrics and 

treatment response did not result in any significant associations but also a general trend 

where increasing scores were associated with a higher odds of treatment response (OR 

range: 1.03-1.13). Finally, to further decompose the mechanisms involved in 

mindfulness, we assessed the mediation effect of these psychosocial factors on reduction 

in headache frequency. Both the direct and indirect effects for all psychosocial factors 

were significant. We found that over 20% of the effect of MBSR was through pathways 
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that did not involve the mediators of interest. A small proportion (6-8%) was mediated 

through the lowering of anxiety, depression and stress.  

The literature assessing the impact of MBSR on psychosocial and quality of life 

measures is varied, as it spans several patient groups and heathy controls. Currently there 

is only one small pilot study assessing MBSR in episodic migraine patients (n=19) and 

they report significant changes in headache duration and self-efficacy compared to usual 

treatment. 138 While there were improvements in anxiety (-10.3 p=0.10) and stress (-3.3 

p=0.27) these were not significant. Furthermore depression scores did not improve and 

increased at both mid and post intervention time points (1.7 p=0.59). 138 Cherkin and 

colleagues reported significant improvements in depression (PHQ-8) and anxiety (GAD-

2) in chronic lower back pain patients randomized to MBSR, cognitive behavioral 

therapy (CBT) and usual care up to 26 weeks post intervention.124 These improvements 

did not persist to one year. Differences between groups was most notable between MBSR 

and usual care where significant differences were reported only at 8 weeks post 

intervention. While direct comparisons cannot be made given the different patient 

populations and assessment questionnaires, we report similar decreases in anxiety at our 

mid-intervention (8 weeks post therapy) as Cherkin et al.124 Patients who received MBSR 

in both studies had a reduction in anxiety scores of -0.33 after 8 weeks of intervention 

and group differences between MBSR and SMH was -0.13 in our migraine patients and -

0.18 between MBSR and CBT in chronic lower back pain at 8 week follow up.  

These modest effects have been reported elsewhere in the literature. Goyal et al. 

conducted meta-analysis of mindfulness studies with specific and non-specific control 

arms and across several patient groups and the effect size for anxiety was 0.38 (95% CI 
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0.12-0.64) and 0.30 (95% CI 0.00-0.59) for depression at 8 weeks, both of which decline 

by 6 months; 0.22 for anxiety and 0.23 for depression. 113 Examinations of these findings 

by intervention and patient group found that in pain populations (fibromyalgia and 

chronic back pain), these impacts on depression and anxiety, though favoring 

mindfulness was not significant. 113 These findings were consistent with a meta-analysis 

assessing MBSR and acceptance based therapy in chronic pain patients. While there were 

small to moderate effects on anxiety and depression, these effects were much smaller 

when treatments were compared to an active intervention (CBT or relaxation) 114, 

moreover these changes were not significant (p=0.14 for depression when CBT was the 

control and p=1 for anxiety, p=0.29 for depression when compared to relaxation). 114 

Many of these studies that included pain patients focused on back pain and fibromyalgia. 

However, the patterns reported are similar to our sample of migraine patients where there 

is significant improvement in pain and function but small to modest changes in 

psychosocial factors. 

Schmidt et al. further assessed sleep quality in their fibromyalgia population and also 

found no significant improvement. 120 Conversely a systematic review assessing the 

effects of MBSR on sleep disturbance found that sleep quality was significantly improved 

in several clinical populations, including fibromyalgia, however this significant 

improvement was only observed in uncontrolled studies. 233 Studies with an active 

control condition found improvements but there was no significant difference between 

the arms. Additional research in healthy participants who received MBSR saw significant 

improvements in sleep compared to those on waitlist. This results was particularly robust 

in patients who started the study with PSQI scores ≥10. 234 Given that there was no 
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inclusion of an active arm there are some limitations this interpretation. In our patients 

we saw significant improvements in sleep quality at the post-intervention time point. This 

observation occurs after 12 weeks of mindfulness meditation intervention, whereas 

previously mentioned studies conducted 8 week interventions. It is possible that unlike 

depression and stress and anxiety which see improvements after 8 weeks, sleep requires 

longer courses of the intervention.  

In the context of previous work, it is evident that in the patients with diagnosed 

psychosocial disorders there is more improvement with MBSR than those with chronic 

pain. The variation in results in chronic pain patients is likely due to the relationship 

between chronic pain and psychosocial disorders as well as individual differences in 

patients which may drive outcomes and impact the success of the treatment. One 

plausible explanation for this studies which look exclusively at clinical populations with 

psychosocial disorders enroll patients with more severe depression, stress, anxiety etc. 

Whereas in other clinical populations such as pain these co-morbid psychosocial 

disorders may not be as severe and therefore there is less room for improvement. This is 

also a possible explanation for our sleep findings where we may have had more patients 

who had sleep difficulties and thus more room for improvement. 

In our assessment of baseline psychosocial scores, the general trend was that 

increasing scores were associated with a higher odds of treatment success. This may seem 

counterintuitive however it is likely that treatment works by lowering psychosocial scores 

and so those with low scores derive less benefit from this type of treatment. Few studies 

have taken this approach to examine how baseline factors impact treatment success. 

Gawrysiak et al. looked at baseline distress tolerance and saw that lower scores were 
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associated with greater improvement in stress. 177 In alcoholic patients Hsu et al. found 

similar results, noting that lower distress tolerance scores were moderating the effect of 

mindfulness based relapse prevention on reduction in alcohol and drug use. 178 

Conversely in a population of patients reporting psychological stress, Nyklicek and 

colleagues reported significant improvements in anxiety and depression in those with 

higher level of baseline neuroticism, a result that remained significant for anxiety after 

adjusting for baseline mood. 229 Given previous finding in our longitudinal analysis these 

results make sense in our sample. Our patients with higher scores saw greater benefit as 

lowering of their scores resulted in headache improvement, however those who did not 

meet clinical criteria for any of the psychosocial measures again did not have room for 

improvement. This was further assessed in the mediation analysis. 

In the mediation analysis we observe an indirect effect of 6-8%. Though this 

proportion is low in comparison to the direct effect (20%), we see that these small effects 

played a role in the efficacy of the intervention illustrating that at least some of the effect 

of MBSR on reduction in headache frequency is mediated through pathways that include 

reductions in these factors. This proportion we observe is likely small because many of 

the migraine patients in the study started with low scores across all psychosocial metrics. 

This means many patients did not meet clinical criteria for anxiety, depression or stress 

and leaving very little room for their psychosocial scores to improve. These results do 

show that in those patients who started with high scores they experienced decreases over 

time which then led to improvement in their headache frequency. 

  Other studies that have explored the mechanisms involved in mindfulness based 

cognitive therapy (MBCT) and the effect on depressive disorder. The main predictive and 
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mediating components were alterations in mindfulness, rumination, worry and self-

compassion.228 This study reported that patients who were more mindful saw greater 

improvement as that improvement in depression was mediated by other negative affect 

components such as rumination and worry. In pain patients Day and colleagues assessed 

headache pain in 36 patients. Using brief pain inventory scores as the outcome they 

reported that pathways through pain acceptance were responsible for reductions -1.29 in 

pain scores.235 These results are comparable to our findings in that though the indirect 

effects were small, they still made up a significant proportion of the success of treatment. 

Results from across the literature suggest that MBSR is successful in treating anxiety, 

depression and stress in patients who suffer clinically from these disorders.127 Though we 

report smaller non-significant impacts in migraine patients (with the exception of sleep) 

the confidence intervals and variability in patient scores over time indicates that our 

results may be impacted by individual level predictors. This is further evident in the over 

50% variation we see in baseline values of depression in this study. This therefore 

highlights the importance of matching patients with appropriate treatment based on their 

complete migraine profile. Our results also suggest, as others studies have reported, that 

MBSR is comparable to other active interventions, including education arms such as that 

included in our study, exercise and CBT. Though we did not have a treatment as usual 

arm, work across the field indicates that MBSR is indeed superior to this approach. 

Future work should therefore assess the utility of MBSR in migraine patients compared 

to active and treatment as usual control arms. 

The mindfulness literature in headache primarily focuses on improvements in pain 

and reductions in headache frequency.138,183 To date there have been several reports of 
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mindfulness meditation and its impact on headache clinical variables, but little attention 

is given to the co-morbid conditions present in many migraine patients.183 Gu et al. report 

a review of mindfulness studies in headache, presenting 11 trials using mindfulness, 5 of 

which employed MBSR. These studies reported improvements in pain and headache 

frequency but did not examine the other metrics of migraine or use an active control arm. 

Moreover, the largest sample size was 60 patients and the intervention was given for the 

traditional eight weeks. In a small pilot study of episodic migraine (n=19) Wells reported 

a general trend of improvement in migraine patients after 8 weeks of MBSR. There were 

non-significant reductions in migraine frequency (p=0.38) and headache severity (0.053) 

whereas significant improvements were observed on HIT-6 (p=0.043) and migraine 

disability p=0.017 (Migraine Disability Assessment).138 We therefore present the first 

extensive analysis of the impact of MBSR on the accompanying psychosocial disorders 

in migraine patients. Furthermore, we present these findings in the largest sample size to 

with evidence that an extended dose of MBSR (12 weeks vs. 8) not only improves 

psychosocial outcomes but provide evidence that these improvements, though not always 

significant on their own, play a pivotal role in the way the intervention improves the 

clinical outcomes which are often reported.  

These findings shed light on the need for personalized recommendations when 

determining appropriate treatment strategies for patients. While we see that those with 

increased anxiety, stress and depression scores gain more benefit from this type of 

treatment, it means that these factors can be useful screening tools for directing treatment. 

Though novel, our findings and approaches to assessing MBSR in migraine patients 

should be viewed in the context of some limitations. Clinical trials generally suffer from 
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lack of generalizability and as this trial involves a non-pharmacological therapy it may 

encourage participation from migraine patients who are not representative of the general 

migraine population. Additionally, participants were recruited from the John’s Hopkins 

headache clinic as well as advertised electronic and print materials around the JHU, UMB 

campuses and surrounding areas. Given the limited geographic scope and clinics 

included, the sample may not be representative of episodic migraine patients in Baltimore 

or Maryland. Although data collection on psychosocial measures such as anxiety and 

stress is done at each visit, the questionnaires do not cover the entire time since we have 

last seen the patients. Most questionnaires, particularly the GAD-7 is structured to 

capture state anxiety but not anxiety trait which is thought to be a more stable measure. 

Therefore, it is possible to miss periods of high or low stress or anxiety that may have 

contributed to headaches in the preceding 28 days before scanning; however, as these 

measurements are assessed at several time points we were able to capture patients’ 

psychosocial state over a period of time.  

Amidst these limitations the study had several strengths. Primarily it is the largest 

RCT assessing MBSR in migraine patients to date and thus provides the first 

comprehensive look at this intervention episodic migraineurs. We also utilize a 

comparable control treatment arm instead of a waitlist of treatment as usual option which 

allows us to draw more precise conclusions from analysis. Given the size of the study we 

utilized stratified block randomization to mitigate possible imbalances in risk factors 

between our intervention groups. Loss to follow up is often an issue in longitudinal 

studies and leads to biased results. Of the 98 patients randomized only three patients were 

loss to follow-up and thus patient drop out was minimal. Additionally, all analyses were 
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conducted using an intention to treat approach which both preserves the benefits of 

randomizations and produces results which show how the intervention would work in the 

real world setting. While there is the drawback that patients randomized to SMH may 

have tried alternative stress management techniques or even try MBSR on their own, the 

benefits of the ITT approach outweigh the harms and the likelihood of patients trying 

both treatments is slim given the time burden associated.  

The mediation analysis was an important step in deconstructing the relationship 

between MBSR and headache frequency. We were able to show that though longitudinal 

reductions on their own were not significant these changes worked to improve headache 

frequency over time. Further see that this was accomplished through several negative 

affective pathways. One of the drawbacks of this approach is not being able to 

disentangle which mediators are responsible for the effect. However, we were able to 

show that in separate models the effect of each psychosocial outcome was similar and 

thus imply that MBSR works through reduction of these negative affective pathways to 

reduce headache frequency. There is always the concern of unmeasured confounding 

especially in light of the strict assumptions which must be employed with these type of 

analyses. Given that this was a randomized study and the rich collection of baseline 

covariate this risk is diminished in this study.  

These mediation and predictive analyses therefore provide a framework with which 

we are able to ascertain which patients would gain the greatest benefit for these types of 

treatments. Future work in this field should seek to address several gaps, such as an 

additional control arm with treatment as usual as well as an additional healthy control 

arm that receives the intervention. This approach will allow to better examine the 
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mechanisms of MBSR and examine the efficacy in the presence and absence of pain 

conditions.  

 

F. Conclusion 

Psychosocial co-morbidities are a major concern in migraine patients and treating them 

has been an ongoing difficulty in this population. The results presented as well as the 

literature in pain populations show that MBSR has moderate effects in treating these co-

morbidities. Our results suggest that it may be more effective in patients that have 

moderate to severe stress, anxiety and depression. Furthermore, improvement in these 

psychosocial metrics, results in reduced headache frequency. In this era of personalized 

medicine these results should be used to help inform treatment strategies specifically in 

patients who present with co-morbid psychosocial disorders.  
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Chapter VI: Summary and Implications of the Research 

 

A. Study Overview 

Migraine is a common neurological disorder, affecting 36 million people in the US, 

however the exact neurobiological origins of migraine are still not clearly understood. 

2,24,236  Several studies have shown that migraine patients have altered brain structure and 

function across the pain and affective regions of the brain .31,45,48   The morbidity 

associated with migraine is due to both the headaches which are characteristic of the 

disorder as well as the prevalence of psychosocial factors, such as anxiety and depression 

2,58The presence of these factors is associated with increased risk of progression to more 

chronic forms of migraine and so treatment options which target not only the migraine 

pain but these affective disorders are highly desirable. 2,101 Current pharmacological 

therapies, such as medications in the abortive Triptan class, aim to reduce migraine pain 

at the onset of the headache and others in the preventative category reduce headache 

frequency. 181 By not addressing critical co-morbid disorders, many migraine patients do 

not find relief.  

The current study conducted several analyses both cross-sectional and longitudinal in 

episodic migraine patients and healthy controls, who were enrolled in the MRI Outcomes 

for Migraine Clinical Trial. Patients in the trial were randomized to receive either MBSR 

or SMH, were scanned at three time-points, and completed headache diaries and several 

psychosocial and quality of life questionnaires. Patients were enrolled regardless of prior 

care of use of migraine specific medication and so one of the aims of these secondary 

analyses was to examine differences in GMV in those patients who had previously 

received some form or care/treatment for their migraine headaches and those who did not. 

Given the extensive literature detailing GMV differences between patients and controls, 
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we looked at both the longitudinal patterns in healthy controls (to assess the stability of 

GMV in healthy individuals) and differences between patients and controls over time.  

The biggest benefit of MBSR over current pharmacological therapies is the reported 

success in improving the psychosocial well-being in several clinical and healthy 

populations. It was therefore important to look at how factors such as stress, anxiety and 

depression changed over time in patients. We also looked at how baseline values were 

related to improvement in headache frequency over time as several research studies have 

shown that baseline psychometric properties have predictive value for treatment success. 

Finally, the premise of MBSR is that it works through the complicated relationship which 

exists between pain and affect. We therefore hypothesized that MBSR improves 

headache pain and decreases frequency by improving depression, stress and anxiety. 

These secondary analyses will provide some insight into the relationship between MBSR 

and comprehensive relief in EM patient and hopefully guide prescribing practices.  

 

B. Main Findings 

The study had three main aims covered in the manuscripts presented. The first two aims 

covered changes and differences in GMV in by patient and control status as well as prior 

clinical care. All GMV analyses were conducted both across the whole brain in 8 pre-

specified (bilateral SFG, DLPFC, insula, ACC) regions in masked analyses. The first 

manuscript examined the distribution of GMV in healthy controls over time and 

compared EM patients to controls. These analyses found that healthy controls had 

decreased GMV in six regions in the masked analysis including the bilateral SFG, 

bilateral ACC, right MFG and aIns. The largest reductions in GMV were observed in the 
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bilateral ACC where there was notable decline at 3 months, 102 mm3 in the left and 160 

mm3 in the right. These reductions persisted to 6 months, though to a lesser extent. 

Because we were also interested in the stability of GMV in healthy controls we also 

graphed the distribution over time. Of note the bilateral ACC showed high variability 

across individuals and time points. This high variability is not present in all regions as the 

right MFG and right anterior insula both show small ranges in GMV values over time. In 

the whole brain analysis there was one large cluster which covered much of the bilateral 

ACC region which was pre-specified in the explicit mask analyses. It also extended to 

include the right frontal medial orbitofrontal gyrus and the right precuneus. Inspection of 

the data revealed very consistent GMV decreases of this region across subjects. 

 These reductions in healthy controls were associated with increases across several 

psychosocial questionnaires. Decreases in the bilateral SFG were associated with 

increased in the PHQ-9 questionnaire which measures depression. Decreases in the 

bilateral ACC and the right MFG were associated with increased in anxiety (GAD-7) and 

decreased GMV in the R aIns was associated with increased stress (PSS). We however 

think that the reductions in healthy controls are likely age related reductions and not 

associated with psychosocial disorders. There are several studies in the literature which 

show that GMV in several subcortical structures, sensorimotor, anterior cingulate and 

posterior brain regions are reduced with normal aging in healthy individuals. 193 The 

associations observed with psychosocial factors though also present in other populations 

201 was possibly driven by the small numbers of individuals with high questionnaire 

scores in our sample. It does however provide some insight that depression and anxiety in 

healthy individuals does impact their GMV and opens the platform for future studies.  
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The assertion that the decrease in GMV over time in healthy controls was age 

related was supported by our findings in the second part of the manuscript where we 

found that the regions in which patients and controls differed did not overlap with those 

which declined over time in healthy controls, and they were not associated with any of 

the psychosocial variables. In these analyses patients saw increased GMV in the right 

SFG compared to controls in the explicit mask analysis and increased GMV in a cluster 

located in the left parietal cortex. These clusters were relatively stable in healthy controls 

who saw minimal decline over time, but increased in patients. This could indicate that 

these regions are disease specific and the changes observed were effects of treatment.  

Studies which have examined differences between migraine patients and controls 

report similar differences. 47,48, 47,48, 47,48 Further, these regions specifically the prefrontal 

and parietal cortices have been found to differentiate between different headache groups. 

GMV differences particularly in the left SFG have also been shown to be associated with 

disease severity (headache frequency, duration, pain intensity) with decreases in GMV 

commonly associated with increases in said clinical factors. 1-3,31,168 Though we did not 

examine the relationship with clinical factors as this is analysis that will be conducted in 

the context of the larger clinical trial the current results provide some insight into regions 

which may be impacted by treatment. 

The results from the longitudinal analysis of GMV dovetail nicely into the 

findings from the second manuscript. Migraine patients without prior clinical care for 

their headache disorder had reduced GMV in the right DMPFC compared to those with 

prior care. This finding adds to the body of the literature which implicates the prefrontal 

cortex in the pathophysiology of migraine. Previous studies had not examined the 
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specific effects of lack of care on the brain prior to these results and we show that these 

patients have a clear deficit. In light of the findings in the literature and our results from 

the first manuscript we can hypothesize that though patients present with similar clinical 

profiles there are underlying pathophysiological differences. As we show that patients 

can recover with treatment future work will need to examine the treatment trajectories of 

treatment naïve patients. This will allow us to determine if different treatment approaches 

need to be taken or if there is a ceiling effect for recovery given baseline values.  

We finally looked at how treatment with MBSR impacted the psychosocial well-

being and quality of life in our migraine patients. Reports in other chronic pain 

population and clinical settings have some small to moderate effects and we expected 

similar findings in our sample. What was observed was somewhere in the middle where 

there was a general trend of improvement but this was not significant. This was because a 

large portion of our patients did not have room to improve. Therefore, those with high 

anxiety or depression saw improvement but those who had low scores remained relatively 

unchanged. This pattern was only different when we assessed sleep quality as in this case 

we saw significant improvements with MBSR. This improvement may have been due to 

the improvement in headache which made patients sleep better. 

To understand this relationship with these factors and the subsequent 

improvement of headache clinical factors we conducted analysis to assess the predictive 

relationship between baseline values and treatment response as well as how longitudinal 

values mediate this relationship. While we did not find any significant relationship 

between baseline scores and treatment response there was a general trend, where higher 

scores were associated with increased odds of treatment response (OR range 1.03-1.13). 
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Though we hypothesized that patients with less severe psychosocial disorders would have 

better improvement these findings are consistent with hypothesis for the mechanisms of 

action for MBSR. Those with higher scores would receive more benefit as MBSR would 

lower their scores and subsequently improve their headaches. This was shown in the final 

analyses were we saw through mediation analysis that there were small but significant 

findings showing that 6-8% of the effect of MBSR was through pathways which involved 

anxiety, depression and stress. 

The literature in other mindfulness interventions and other populations suggest that 

these findings are consistent. In MBCT, improvements in depression were mediated by 

changes in mindfulness and rumination. 227,228 Day et al also reported that pathways 

through pain acceptance were significant in improving pain in headache patients. 229 

Assessment of baseline scores and mindfulness therapies in various clinical population 

was much more varied and it is possible that the results differ based on the clinical 

population.177, 229 In particular, we expect that in populations where the goal is to improve 

stress, anxiety etc. those with lower scores may do better.177 This is because if all patients 

start depressed those lower on the depression scale have a shorter distance to travel 

before they cross over to “not depressed”. In instances where the long term goal is pain 

improvement or another clinical measure such a headache frequency, higher anxiety and 

depression scores may be more beneficial. This difference may be due to the relationship 

with pain and these psychosocial factors as shown in the mediation analysis where scores 

are lowered in the reduction of headache frequency. 

 



169 

 

C. Limitations  

This secondary analysis was conducted on data collected for a clinical trial and so 

patients enrolled in the study may not be representative of the general migraine 

population. This was evident in our second manuscript where we saw higher than average 

consultation rates in the sample at baseline. Selection bias within the clinical trial 

manifests when the allocation of treatment is predictable; however the implementation of 

proper randomization procedures within the study (web-based randomization system) 

ensures that treatment assignment is unbiased.173 Further potential bias can be 

encountered if randomization results in imbalances in risk factors between treatment 

groups. This is more likely in smaller clinical trials such as this and to mitigate this issue 

we stratified patients at baseline and randomized in pre-specified blocks. Additionally, as 

with any longitudinal study loss to follow up often leads to biased results. We only lost 

three patients who did not complete post-intervention visits for the third manuscript and 

therefore this was minimal. To counteract any possible issues we utilized intention to 

treat analyses. The drawback of this approach is that patients may be misclassified if they 

did not complete intervention as required but given that interventions were administered 

in person and it would be difficult for patients in the SMH arm to attempt MBSR on their 

own we think this is minimal.  

The other opportunity for misclassification would be with psychosocial measures 

such as anxiety and stress as questionnaires do not cover the entire time since we last see 

the patients. Most questionnaires, particularly the GAD-7 are structured to capture state 

anxiety but not anxiety trait which is thought to be a more stable measure. Therefore, it is 

possible to miss periods of high or low stress or anxiety that may have contributed to 

headaches in the preceding 28 days before scanning; however, as these measurements are 
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assessed at several time points we are able to capture patients’ state over a period of time. 

In our analysis of GMV in healthy controls we encountered small sample sizes in the 

assessment of the relationship between GMV and psychosocial factors. These analyses 

were strictly exploratory and so we expect that future analyses will require larger sample 

sizes before we can infer the relationship between these brain regions and stress, anxiety 

and depression. Finally, the mediation analysis does decompose all pathways leading 

from the mediators to the outcome but gave average direct and indirect effects. Therefore, 

specific effects mediated via the dependence between subsets of mediators is not 

accounted for in methods. To counteract this, we used separate models to ascertain the 

effects and found that similar direct effects were mediated by pathways through stress, 

anxiety and depression.  

 

D. Strengths 

The findings we present are unique because it is the first longitudinal analysis of 

GMV and psychosocial factors in EM patients who have received MBSR. It is also the 

largest sample size with 98 patients, 95 of whom were followed to post-intervention 

follow-up. There are several studies which employ MBSR or similar mindfulness 

therapies in the literature but it has been difficult to fully understand how mindfulness 

works due to lack of an appropriate comparison arm. By using an equivalently structured 

education arm we reduce bias of the estimate of the effect of MBSR in migraine patients. 

Many studies of MBSR also fail to address the full effect of therapy and we present not 

only psychosocial changes but also GMV changes over time. And while only some of our 

findings were significant we are confident that these are so because we have an 
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appropriate control arm. Furthermore, we are able to see that though some variables such 

as stress and depression may not change we see changes in the GMV of migraine patients 

when compared to healthy controls. Unlike many longitudinal studies there was very 

minimal loss to follow-up which allowed us to have a large number of scan data for the 

GMV analysis. This therefore provided data for the first study of patient and controls 

over time after treatment with MBSR. Many studies in the literature often report mixed 

results because they enroll mixed patient samples however our study exclusively included 

only EM patients.  

Though we had a smaller than expected proportion of undiagnosed patients, we 

were able to detect a large difference between patients, more than double what was 

expected, which provides insight into a plausible treatment predictor for patients. 

Additionally, we present mediation analysis which has never be done in this population 

before and shows that even with very small changes in psychosocial measures over time 

patients can have significant improvements in headache frequency. We were able to 

decompose the indirect effect through stress, anxiety and depression to show that 

improvements in affect lead to reductions in headache frequency.  

 

E. Conclusion 

The findings from this dissertation are important for many reasons and should go a long 

way to improve the lives of migraine patients. We show that psychosocial measures play 

a small but significant role in the way that MBSR works in this patient population and 

should therefore be taken into consideration when patients are seeking treatment. 

Additionally, we see that patients who have not received treatment are at a disadvantage 
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even though clinically they may present the same. We know that the use of MRI can be 

beneficial not just for research but can be extremely helpful in guiding clinical practice in 

even routine care of migraine. Finally, it is important as we move forward to understand 

that the migraine brain can recover and that specific regions of the brain do appear to 

change with migraine. Future research should continue to focus on narrowing down these 

regions in the hope of understanding if there are long term consequences associated with 

the abnormal structure of these regions and how sustainable the recovery if these regions 

can be. 
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APPENDIX A: Supplemental Figures 

 

 

Supplemental Figure 1: Explicit mask used for region of interest analyses overlaid 

average brain of all participants. *Mask includes the bilateral SFG, DLPFC, insula, and cingulate 
cortex. 

 

 

Supplemental Figure 2: Distribution of GMV across individuals in significant 

clusters from explicit mask analysis 
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Supplemental Figure 3: Change in GMV over time in healthy controls with 

psychosocial factors across regions which were significant in explicit mask analysis 

 

 
Supplemental Figure 4: The location of clusters in which reduced GMV was 

observed in healthy controls over time overlaid on an average brain of all 

participants in relation to region of increased GMV in patients compared to healthy 

controls in the ROI analysis. Blue clusters are those which showed decreased GMV over time in 
healthy controls and the red cluster is the region where GMV increased in patients and decreased in healthy 
controls. The yellow circle represents the shared region that changed in both healthy controls over time and 
the comparison between healthy controls and patients. 
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Supplemental Figure 5: Scatter plot of change in right dorsal medial prefrontal 

gyrus GMV with stress (PSS) score (a) and depression (PHQ-9) score (b) in EM 

patients with (2) and without (1) prior clinical care 
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Supplemental Figure 6: Distribution of GAD-7, PHQ-9, PSS and PSQI scores in 

individual episodic migraine patients randomized to MBSR and SMH over time 
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APPENDIX B: Supplemental Tables 

Supplemental Table 1: Distribution of severity of psychosocial disorders over time 

in healthy controls 

*Fisher’s Exact test for distribution of proportion of across time points 

Supplemental Table 2: Percent GMV change from baseline to six months in healthy 

controls in explicit mask and whole brain analyses 

SFG:superior frontal gyrus; MFG: middle frontal gyrus; ACC: anterior cingulate cortex; aIns: anterior 
insula; 
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Supplemental Table 3: Range of GMV values at each time point from explicit mask 

analysis in healthy controls 

SFG:superior frontal gyrus; MFG: middle frontal gyrus; ACC: anterior cingulate cortex; aIns: anterior 
insula; 
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Supplemental Table 4: Distribution of matching and psychosocial variables between 

matched and unmatched migraine patients 

 
*Chi Square, Fisher’s Exact, Wilcoxon, Kruskal Wallis p values 
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Supplemental Table 5: Distribution of psychosocial and quality of life scores by 

treatment group over time 

*T test and Wilcoxon p values 
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Supplemental Table 6: Distribution of psychosocial and quality of life factors by 

clinical definition and treatment group over time 

*Chi Square or Fishers exact p value 
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Supplemental Table 7: Adjusted analyses of the association between baseline 

psychosocial status and treatment response 

*All modes adjusted for randomization group, additional chronic pain condition and BMI 
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Supplemental Table 8: Counterfactual estimates from the weighting approach to 

assess mediation effects of anxiety, depression and stress on treatment response  

1All models adjusted for baseline values of all mediators. All models include headache frequency at mid-
intervention in the mediator matrix to account for mediator outcome confounding.  
2a= MBSR, a*=SMH M=mediator vector 
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