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ABSTRACT

MAGNESIUM INTAKE AND ODDS OF MIGRAINE OCCURRENCE IN PRE- AND
PERI-MENOPAUSAL WOMEN PARTICIPATING IN THE STUDY OF WOMEN’S
HEALTH ACROSS THE NATION (SWAN)

Manisha Khatri Djohi, M.S.
George Mason University, 2021
Thesis Co-Directors: Dr. Margaret Slavin

Dr. Cara Frankenfeld

Background: Migraine is a neurological disorder that causes disabling headaches that
can impede day-to-day normal activities. It is three times more prevalent in women than
men following puberty. Menstrual migraine, a subtype of migraine that occurs during the
perimenstrual period, is typically more difficult to treat than non-menstrual migraine and
can be exacerbated during peri-menopause. Magnesium supplementation has shown
promising results in reducing the occurrence and intensity of migraine attacks, including
menstrual migraines, but information on dietary magnesium intake in pre- and peri-
menopausal women in relation to migraine and menstrual migraine is scarce.

Objective: The overall aim of the study was to observe the association between dietary
magnesium intake and migraine status in pre- and peri-menopausal women.

Methods: This analysis included cross-sectional data from 3,022 pre- and peri-

menopausal women, aged 42-52 years old participating in the Study of Women’s Health



Across the Nation (SWAN). Migraine status was determined from an interview
questionnaire, and individuals were classified into four groups: menstrual migraine
(n=794), non-menstrual migraine (n=43), history of migraine (n=181), and never
migraine (control) (n=2,004). Dietary magnesium intake was determined through the
Block Food Frequency Questionnaire. Odds ratios and 95% confidence intervals were
calculated using multinomial logistic regression, and p-trends were calculated using
median regression. Variables adjusted in different regression models included BMI,
race/ethnicity, menstrual status, alcohol consumption, total family income, health
insurance, and food group (fruit, vegetable, dairy, grain, and meat) and magnesium
intake.

Results: Mean dietary intake of magnesium at baseline was below the recommended age-
based and gender-based dietary allowance in all migraine status groups. In the unadjusted
model, women had higher odds of non-menstrual migraine (OR4=2.69 [1.11-6.49],
Prend=0.014) with increasing dietary magnesium intake quartiles as compared to controls.
The relationship remained consistent when the model was adjusted for food groups and
demographics. For dietary magnesium intake, no statistically significant relationship was
observed (ptend>0.05) in the unadjusted and adjusted models for the menstrual migraine
group and the history of migraine group. Except for meat, the mean intake of all other
food groups was below the recommended age-based and gender-based food group
servings for all the migraine status groups.

Conclusions: Dietary magnesium intake and food group intake of pre- and peri-

menopausal women with different migraine status are lower than the recommended



intake levels. The debilitating nature of migraine might affect the dietary choices of
individuals which could lead to inadequate intake of healthy food groups and
micronutrients such as magnesium. A statistically significant difference was observed in
the non-menstrual migraine group in relation to dietary magnesium. These findings
suggest this group may not have been limiting their food choices to avoid triggers or in
response to symptoms as they indicated they consumed medication for migraine.
However, the results in our study did not show any statistically significant difference in
the menstrual migraine group in relation to dietary magnesium intake. Menstrual
migraine is harder to treat and does not respond well to migraine medication. This could
indicate that diet alone may not prevent menstrual migraine symptoms and may require
supplemental treatment(s), which is to be expected given current understanding of
migraine pathophysiology. Limited studies that have observed improved symptoms in
women with menstrual migraine have made use of supplemental magnesium in high
doses. More research is needed on the effect of dietary magnesium intake on features of
migraine such as frequency, intensity, and attack duration in this population, particularly
in relation to hormonal fluctuations and other pathophysiological mechanisms specific to

this population.



CHAPTER 1. LITERATURE REVIEW

An estimated 1 in 4 women will experience migraine disease in their lifetime, and
approximately 28 million women in the U.S. have migraine.! Research suggests a
potential relationship between diet and migraine,? but the evidence is limited.
Supplemental magnesium has been implicated to prevent migraine symptoms in
individuals,® but there is a scarcity of research examining the relationship between dietary
magnesium intake and migraine. This chapter will review aspects of migraine disease and
the evidence for a potential relationship between diet and migraine, with an emphasis on

magnesium, with the intention of identifying opportunities for exploring this relationship.

Migraine

Migraine disease is a neurological disorder that causes recurrent disabling
headaches that affect day-to-day normal activities of individuals. The pain can range
from moderate to severe* and can last up to 72 hours.® The attack is associated with
several other symptoms such as photophobia (sensitivity to light), phonophobia
(sensitivity to sound), nausea, and vomiting.® According to the Global Burden of Disease
survey 2019, migraine is the second most disabling condition in respect to years lived
with a disability, and the first cause of global disability in young adult women (aged 15-
49).” Migraine can have substantial effect on the quality of life, and contributes to the

socioeconomic burden.® A U.S. wide study showed that the total cost of episodic



migraine was $2649/year, whereas the total cost of chronic migraine was $8243/year.® Of

these costs, 60-64% are due to direct costs such as medical needs.’

Classification of Migraine

Migraine has been classified by The International Headache Society (IHS), and
according to their third edition of the International Classification of Headache Disorders
(ICHD-3), there are two major types of migraine: migraine without aura and migraine
with aura. Migraine without aura is described as recurrent headaches with attacks lasting
4-72 hours. The migraine headaches are characterized by their unilateral location,
pulsating nature, intensity ranging from moderate to severe, and exacerbation due to
physical activity. They are also associated with nausea and/or photophobia, and
phonophobia.l® Migraine with aura is described as recurrent attacks that last for a few
minutes. The attacks are characterized by visual, sensory, speech and/or language, motor,
brainstem, or retinal unilateral reversible aura symptoms. These symptoms are usually
followed by a headache and other migraine symptoms. !

Classification and diagnostic criteria of “menstrual migraine” has been placed in
the appendix of ICHD-3 and is still considered an area that needs further research for
validation.’?> Menstrual migraine has been defined as migraine “occurring in the
perimenstrual period, i.e. on day -2 to +3 of menstruation in at least two out of three
menstrual cycles.”*? Two types of menstrual migraine have been recognized by ICHD-3:
pure menstrual migraine (PMM) and menstrually-related migraine (MRM).*? PPM occurs

exclusively in the perimenstrual period, whereas MRM is experienced by individuals



both in and outside of the perimenstrual period. Like other types of migraine, PPM and
MRM can occur in women with or without aura.*> Non-menstrual migraine (with or
without aura), on the other hand, occurs exclusively outside of the perimenstrual

period. 14

Prevalence

Prevalence of migraine increases steadily through childhood, and with puberty a
shift occurs in the male-to-female ratio where the prevalence becomes significantly
higher in females as compared to males, and remains so throughout their lives.!®
Migraine is three times more common in women as compared to men worldwide.*®

According to most headache centers, almost 85% of their migraine patients are
women.® Among women with migraine, almost 70% report experiencing menstrual
migraine.*> Women who are diagnosed with menstrual migraine often describe the
migraine attacks as more painful and disabling, longer lasting, and comparatively less
responsive to treatment than non-menstrual migraine.*? Estrogen plays a key role in both
the menstrual cycle and the occurrence of migraine in women, and its fluctuation during
puberty, pregnancy, peri-menopause, and post-menopause impacts migraine.®

In particular, women with migraine who are going through the peri-menopausal
transition have greater risk for experiencing increased headache frequency than pre-
menopausal women with migraine.’ Prevalence of migraine has been estimated to be
between 16% to 29% in peri-menopausal women.8 This indicates that fluctuating

menstrual cycles during peri-menopause may increase the number of events when



estrogen fluctuation occurs, making the women going through the transition more prone

to migraine headaches.

Diagnosis

Migraine can be diagnosed using the IHS criteria, in combination with family
history of the patient, neurological examination, and a headache diary.'® Even so,
migraine is often underdiagnosed. More than half of the population living with migraine
is never diagnosed with migraine because majority of them do not seek medical care. Of
those who are diagnosed, only 4% seek care from headache and pain specialists, and out

of the 25% who could be eligible for preventative treatment, only 12% receive it.

Pathophysiology

In order to understand the potential ways in which diet may influence migraine, it
is important to first review the current proposed theories of migraine pathophysiology.
Later, ways in which nutrients may interact with this pathophysiology will be discussed.
Calcitonin Gene-Related Peptide

The theory for patients genetically susceptible to migraine is based in the
hyperexcitable trigeminovascular complex and possibly cortex. Trigeminovascular
neurons produce neuropeptides calcitonin gene-related peptide (CGRP) and substance P,
which are released during migraine. As a result, vasodilation, mast cell degranulation,
increased vascular permeability, and blood vessel edema takes place that causes

meningeal neurogenic inflammation. Pain results when the brainstem trigeminal nucleus



caudalis sends nociceptive information resulting from this inflammation through the
trigeminal nerve to the thalamic nuclei and the cortex.?
Cortical Spreading Depression

Cortical Spreading Depression (CSD) is the proposed theory for the aura
experienced by migraine patients. When the cerebral cortex experiences electrical or
chemical stimuli, excitation followed by depolarization takes place that further spreads
throughout the cortex.?’ Evidence suggests that CSD is associated with the release of
glutamate in the extracellular space. The released glutamate acts on the presynaptic N-
methyl-D-aspartate (NMDA) receptor which further releases more glutamate,?* and
higher concentration of glutamate increases neuronal excitability.?
Mitochondrial Dysfunction

Dysfunction of the mitochondria has also been believed to contribute to migraine
pathophysiology. Mitochondria carry out oxygen metabolism, and impairment of this
organelle can lead to reduction in mitochondrial phosphorylation potential in between
headaches.?® The main role of mitochondria in the body is to produce adenosine tri-
phosphate (ATP) through the electron transport chain. A pathogenic mutation of any kind
can negatively affect the function of mitochondria in producing energy and in
maintaining ion homeostasis in neurons leading to several abnormalities.?* Reduction in
mitochondrial phosphorylation means reduction in ATP production, therefore, in

migraine patients, the energy metabolism in the brain might be less consistent.



Estrogen Withdrawal

Estrogen decline in the perimenstrual period along with prostaglandin release is a
widely accepted theory for menstrual migraine in some women. Several biological
conditions where estrogen decline occurs in women have been associated with migraine
including the time period immediately before menses.?® Decline in estrogen levels may
increase susceptibility to prostaglandins which can cause neurogenic inflammation.*? The
inflammation can lead to increase in neuropeptides including CGRP.*? Prostaglandin
levels have been found to be elevated threefold times in the luteal phase of menstrual
cycle, and even more during menstruation.'® Although the pathophysiological difference
between pure menstrual migraine and menstrually-related migraine needs further
exploration, inflammatory response is generally accepted as the pathophysiological
mechanism for menstrual migraine.?® Considering menstrual cycles are irregular during
perimenopause, hormonal fluctuations, especially of estrogen, increases the severity and

frequency of migraine attacks in peri-menopausal women.*®

Current Treatment

According to the United States Headache Consortium (USHC), patients with
migraine should use migraine specific medications, but only two-third of those who have
sought care from a health-care provider were prescribed migraine-specific treatments.?’
The three important factors of successful treatment of migraine are: 1) abortive therapy
(treatment of acute attacks), 2) prevention of episodic attacks, and 3) reduction of the

likelihood of episodic migraines progressing to chronic migraines.?’



The purpose of abortive treatment is to abort the headaches and the associated
symptoms. Nonsteroidal anti-inflammatory drugs (NSAIDS), triptans and anti-CGRP
antibodies are types of first-line abortive therapy which play a role in mitigating mild to
moderate episodic migraines that occur a few times per month.?’

On the other hand, the purpose of preventive therapy is to decrease the severity
and frequency of future migraine headaches in individuals with more frequent attacks.
For chronic migraine prophylaxis, beta-blockers and antiepileptic drugs are prescribed
more frequently, and have shown 50% reduction in migraine frequency in half of the
treated patients.?” A new class of anti-CGRP antibodies has also been recently approved
for prevention of migraine attacks.?®

Along with these abortive and prevention medications, some minerals (such as
magnesium) and vitamins (such as B2, B12, D) have shown promising results in migraine
prevention.?®3® Unlike the medications that may have side effects, use of nutraceuticals
might be a reasonable choice as they may have less adverse effects. Micronutrients play a
role in the prevention of migraine by reducing inflammatory factors, positively affecting

the mitochondrial function and ameliorating antioxidant status.*

Magnesium
Magnesium, an essential micronutrient, is the second most abundant intracellular
divalent cation in human bodies. It plays a crucial role as a cofactor in many enzymatic
reactions in the body, is involved in many cellular functions,3 and participates in the

physiological function of the brain, heart, and skeletal muscles.®? Following are some of



the processes in which magnesium acts as a cofactor: protein synthesis, cellular energy
production and storage, reproduction, DNA and RNA synthesis, and stabilization of
mitochondrial membranes.®®

In an average adult human body, there is about 24 grams of magnesium of which
67% is located in the skeleton, 31% is present intracellularly (20% in the skeletal
muscle), and 1 to 2% is present extracellularly. Of this extracellular amount, one half is
ionized, and 20 to 30% is bound to protein.3! The balance of magnesium in the body is
maintained by the intestine, the bones, and the kidneys.3*

Absorption of dietary magnesium occurs mainly in the small intestine, but some
occurs in the large intestine. Two pathways for magnesium absorption have been
identified in the human intestine. The first pathway is paracellular transport where
magnesium is absorbed passively through the small spaces between the epithelial cells. In
the second pathway (a tightly regulated transport pathway), magnesium is actively
transported to the blood through the interior of the epithelial cell.®

The Recommended Dietary Allowance (RDA) for magnesium for female adults
aged 19-30 years is 310 mg/day and for female adults aged 31+ years is 320 mg/day.*
However, almost entire half (48%) of the U.S. population does not consume the
suggested daily requirement of magnesium through foods, and the daily intake continues
to decrease.®’

A healthy diet including magnesium-rich foods can play a key role in fulfilling
the body’s need of magnesium. Magnesium can be found in many plant and animal

foods, and foods with the highest amount of magnesium include unrefined (whole)



grains, vegetables (such as spinach and potato), nuts, seeds, and legumes.33
Supplemental magnesium is another source through which body’s magnesium needs can
be met, especially for individuals that are deficient in magnesium or have low levels of
magnesium.

The following sections will discuss several mechanisms where the role of
magnesium has been recognized in the pathogenesis of migraine, as well as review the
accumulated evidence of supplemental magnesium for preventing migraine symptoms in

patients.

Magnesium in Relation to Migraine
The United States Headache Consortium (USHC) has categorized magnesium as a
suggested mineral to prevent migraine. It has also been recommended by the American
Academy of Neurology and American Headache Society for migraine prevention,

according to the 2" highest level of evidence (Level B).%°

Potential Mechanisms of Magnesium’s Influence on Migraine

There are several opportunities for magnesium to influence migraine
pathophysiology. Some key examples are discussed below.
Calcitonin Gene-Related Peptide

CGRP, a neuropeptide, is believed to play a significant role in the pathogenesis of
migraine. After it is released from the activated trigeminal sensory nerves, it causes

dilation of the intracranial blood vessels and may increase the transmission of nociceptive



information to the brain stem and spinal cord.! Serum CGRP levels have been observed
to be high during a migraine attack, and levels return to normal when the migraine pain
subsides.®* Magnesium has shown to decrease the circulating level of CGRP,%! and this
could possibly be effective in aborting migraine attacks by decreasing the cranial
vasodilation induced by CGRP.%
N-Methyl-D-Aspartate Blockage

A neurological function of magnesium is its interaction with the NMDA receptor.
NMDA plays a role in the initiation and propagation of the CSD. Excessive activation of
NMDA glutamate receptors releases glutamate in the cerebral cortex which induces CSD.
Magnesium acts as a ‘plug’ in the NMDA receptor controlling the release of
glutamatergic neurotransmission. Low levels of magnesium increase the effect of
glutamate on the NMDA receptor which further releases more glutamate inducing
glutamatergic-dependent transmission of a CSD.31:3840
Mitochondrial Dysfunction

Magnesium cations bind to phospholipids present in the cell membrane, reducing
their mobility in the membrane. This leads to the membrane being less fluid and less
permeable.** Magnesium therefore plays a role in cellular energy production, i.e.
maintenance of oxidative phosphorylation. When magnesium levels are low in the body,
it affects the ATP production negatively because the permeability of the cell membranes
increases.*? A possible reason for migraine occurrence can be associated to decreased
neuronal energy, and since magnesium plays a role in energy production, deficiency of

this mineral in the body can be a plausible cause of migraine.
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Estrogen and Progesterone

Magnesium concentration and female sex hormones (estrogen and progesterone)
have been accounted to affect cerebral vascular smooth muscles.** Although the
relationship between estrogen and magnesium needs to be further explored in context of
menstrual migraine in women, a group of researchers found that exposure to higher
concentration of estrogen and progesterone resulted in lower levels of magnesium
concentration in single cultured canine cerebral vascular smooth muscle cells.** Serum
levels of magnesium ions and total magnesium have also been found to be inversely
related to estrogen concentration in menopausal women.** This limited evidence
demonstrating an inverse relationship between female sex hormone concentration and
magnesium status suggests the presence of a potential complicating factor in the
metabolic relationship between magnesium and migraine pathophysiology.
Magnesium Deficiency

Magnesium deficiency has been associated with migraine. It can occur due to
inadequate intake, gastrointestinal malabsorption, renal loss, and excretion due to
stress.*®45 Although the exact mechanism for magnesium deficiency in migraine patients
is still unknown, evidence has suggested that prevalence of magnesium deficiency is

higher in the migraine patients as compared to healthy controls.*®

11



Evidence of Magnesium Supplementation for Alleviating Migraine Symptoms

Due to the potential role of magnesium in the pathophysiology of migraine,

several studies have observed the role of magnesium in relation to frequency, severity,

and duration of migraine attacks. They are presented and summarized in Table 1.

However, the results are mixed,*® and the possible reason for the discrepancy could partly

be due to different magnesium formulations, dosages of magnesium supplements, and

duration of supplementation. In addition, difference in the base magnesium levels in the

serum of participants could also affect the end results obtained in the studies. 4’

Table 1. Summary of Studies that Observed Effects of Oral Supplemental Magnesium on
Prophylaxis of Migraine

Study Design Subjects (n) Dose Results
Facchinetti | Double- Women with 360 mg/day of | Magnesium reduced
et al.*8 blinded, menstrual magnesium number of days with
(1991) placebo- migraine (20) | pyrrolidone headache
controlled, Age =28 -36 | carboxylic
study years old acid
Taubert Double- Migraine 600 mg/day of | Magnesium reduced
et al.*® blinded, patients (43) trimagnesium | incidence of
(1994) crossover Age = dictrate migraine attacks
design study | Unknown
Peikert, Double- Migraine 600 mg/day of | Magnesium reduced
Wilimzig, | blinded patients (81) trimagnesium | migraine attack
and randomized Age =18 - 65 | dicitrate frequency, number
Kohne- trial years old of days with
Volland®® migraine, and drug
(1996) consumption for
symptomatic
treatment
Pfaffenrath | Randomized, | Migraine 486 mg/day of | Magnesium did not
et al.> double patients (69) magnesium-u- | reduce number of
(1996) blinded, Age =18 -60 | aspartate- days of migraine or
placebo- years old hydrochloride- | migraine attacks
controlled trihydrate
study

12




Trauninger | Clinical trial Migraine 3000 mg of 24-hour urinary
et al.> patients (20) magnesium magnesium
(2002) Age =16 -52 | lactate during | excretions were
years old 24-hour lower in migraine
interictal patients
period
Mauskop | Cohort Study | Women with - lonized magnesium
etal.> menstrual deficiency was
(2002) migraine (61) higher during
Age=20-51 menstrual attack
years old
Esfanjani | Clinical trial Migraine 500 mg/day of | Magnesium reduced
etal.?’ patients (133) | magnesium mean number of
(2012) Age =18-55 | oxide migraine frequency,
years old severity, and
migraine index, and
mean migraine
days/month
Koseoglu | Double blind, | Migraine 600 mg/day of | Magnesium reduced
et al.> randomized, patients (30) magnesium migraine attack
(2018) placebo Age =22 -55 | citrate frequency and
controlled years old severity
study

The studies mentioned above focused on administering supplemental magnesium

to the participants to observe its prophylactic effect on migraine symptoms. Most of the

studies observed that after taking oral magnesium supplementation, migraine patients

(including women with menstrual migraine) had improvements in various migraine

symptoms. These results highlight that magnesium somehow contributes to the

pathophysiology of migraine and plays some role in preventing and improving migraine

symptoms. All the same time, these results also raise many questions regarding dietary

magnesium in relation to migraine. It is possible that individuals with migraine have diets

13




that are deficient in magnesium, their dietary magnesium needs are different than the
general population, or their body does not metabolize magnesium properly.

While evidence has helped us understand the effects of supplemental magnesium
in improving and preventing migraine symptoms, the influence of dietary magnesium in
relation to migraine remains relatively unexplored. A recent study by Slavin et al.
observed the dietary magnesium intake of individuals with migraine (aged 20-50 years
old), and the researchers found that the mean dietary magnesium intake of adults with
migraine was lower than the RDA. According to their results, with increasing dietary
magnesium intake, the odds of migraine decreased.>® These outcomes indicate that
dietary magnesium intake and dietary intake, in general, in the population with migraine
needs to be further investigated as dietary magnesium might contribute in the prophylaxis
of migraine.

The study above observed the intake of dietary magnesium in a large group of
migraine patients and included both the genders, however, dietary magnesium intake in
relation to migraine has not be explored exclusively in peri-menopausal women.
Considering this population experiences higher frequency of migraine attacks due to
inconsistent menstrual cycle and estrogen withdrawal, it is also important to understand

their dietary magnesium intake and diets in general.

Migraine and Diet

Diet is one of the most important factors that can play a key role in preventing and

improving chronic health conditions, such as diabetes and cardiovascular disease.>® There

14



is a broad expectation that diet may have a similar impact for migraine disease, but
evidence to strongly support this relationship remains sparse. Some patients experiencing
migraine can associate its onset to many foods that act as triggers for the migraine
attacks, but this evidence is anecdotal. Many of these patients are asked to monitor their
diets and eliminate the foods that lead to migraine attacks. This can lead to nutritional
deficiencies in the body, and a decreased diet quality.

For a healthy dietary patten, and nutritional balance, dietary guidelines have been
established. The dietary recommendations for number of servings per day for different
food groups are: fruits: 4 servings/day, vegetables: 5 servings/day, dairy: 3 servings/day,
grains: 6 servings/day, and meat: 1 serving/day.>’

Research suggests that individuals with migraine have lower dietary quality as
compared to individuals without migraine. A few studies that have investigated the
relationship between dietary quality/intake and migraine have found significantly lower
Healthy Eating Index (HEI) scores® and lower dietary intake of fruits, vegetables and
milk®® in women with migraine as compared to women without migraine. Significant
decreases in migraine disability scores, frequency of migraine attacks per month, and use
of abortive drugs per month has also been observed in participants with migraine with
increased consumption of whole-grain foods.®® These results suggest that women with
migraine may have less a balanced diet as compared to the women without migraine, and
it may be possible that improvement in diet quality may alleviate the frequency and
intensity of migraine in some patients, but further research is required for concrete

evidence. These results also yield the question if there is bidirectional relationship
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between migraine and diet, and if presence of migraine influences the dietary choices
made by individuals.

Another dietary factor that has been associated with migraine is alcohol
consumption. Alcohol is commonly reported as a trigger for migraine attacks.®* Some
studies indicate that patients with migraine tend to limit their alcohol consumption due to
its triggering effect,%! while other studies have observed higher intake of alcohol in
patients with migraine as compared to individuals without migraine.>® The contrasting
results further need to be evaluated to understand the association between alcohol and

migraine.

Assessment of Food and Nutrients

Dietary assessments are conducted by health professionals and researchers to
observe and measure the usual dietary intake of individuals and are an important tool for
both researching the potential diet-migraine connection and providing clinical nutrition
care. They are tools that gather information about foods and drinks consumed by
individuals over a specified time.®? The foods and drinks are coded and processed to
calculate energy intake, nutrient intake, and other dietary components®? which give a
deeper understanding of the nutritional and food group intakes of individuals. The overall
dietary intake or dietary intake of individual nutrients and food groups helps researchers
understand connection between human health and diet or disease and diet.

Twenty-four-hour recalls measure the food and beverage intake consumed by an

individual in past 24 hours. It is a structured interview that helps collect detailed

16



information about not only the type of food and beverage consumed by the individual but
also portion size and preparation method of food and beverage, and the time of the day it
was consumed. It is usually administered by a trained interviewer, but automated self-
administered tools have been developed.®? The drawback of this method is that it does not
capture day-to-day variation in diet unless multiple days are recorded, and it relies on
participant memory. Hence, two or more recalls on non-consecutive day are required to
estimate usual dietary intake.5®

Food diaries collect dietary data consumed by individuals over one day or more
days.% Food, beverage, and supplement intakes are self-reported by the individuals.
Respondents are encouraged to record the foods, beverages, and supplements as they are
consuming them throughout the day. Although the data is collected in real time and does
not rely on memory, the coding of self-reported food record tends to be expensive.%*
Multi-day diets from food diaries are a reasonable choice for collecting reliable dietary
intake data, but they require expertise, commitment, and respondent time.

Food Frequency Questionnaires (FFQs) ask participants to indicate their
frequency of consumption of foods and beverages in pre-specified categories over a given
period of time.®®> Additionally, they may also measure frequency and dosage of dietary
supplement intake. The aim of administering a FFQ is to evaluate the usual dietary intake
of individuals. Nutrient composition databases are often used to translate the food and
beverage intake into nutrient intake and food group intake equivalents.5®

FFQs are often used in nutritional epidemiological studies because they are time-

saving and cost-effective for large sample sizes as compared to the other methods of
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collecting dietary data. They capture and give insight on the long-term diet of individuals
as compared to the 24-hour recalls and food diaries. Because they are collected at a single
point in time, FFQs also pose lower burden on study participants. However, the
limitations of FFQs include that they do not capture detailed information about specific
foods and beverages and brands, they include a pre-specified food list that might not
effectively reflect the dietary intake of the population, and they include systematic error
due to incomplete or inappropriate list of foods and reliance on memory.%°

FFQs need to be developed and validated for a specific population because diet
can be influenced by ethnicity, socioeconomic status, and preferences of individuals.®®
Hence, validation of FFQ is critical to assess the dietary pattern of a given population.
Sometimes they are validated against biomarkers which provide unbiased estimates of
true intake, but this process is usually conducted in a small population and selected
groups because it is expensive. A more frequently used method of validating a FFQ is
evaluating it against other dietary intake methods such as 24-hour recalls and food
records which helps understand if two individual instruments produce comparative

results.®’

Assessment of Magnesium

Assessment of individual macronutrients and micronutrients gives insight into the
potential relationship between the specific health issue and nutrient of interest.
Nutritional assessment is a process in which nutritional information is collected and

interpreted to understand and draw conclusions regarding nutrition related health issues
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experienced by individuals.%® There are few ways in which magnesium levels can be
assessed in individuals.

The gold standard to measure magnesium status of individuals is a magnesium
tolerance test which determines magnesium retention (through urine collection) after
intravenously administering magnesium. However, the invasive nature of this method
makes it difficult to use.®® Another clinical method of assessing magnesium is through
plasma ionized magnesium which reflects the physiologically active magnesium, but it is
still not known if it reflects the actual body stores.%®

Other methods of assessing magnesium include serum magnesium concentration,
urinary magnesium concentration, and dietary magnesium intake. About 30 to 40% of
dietary magnesium is absorbed in the body, but it may vary based on the amount ingested
and the composition of food.®® Collecting dietary data is a commonly used method in
epidemiological studies as compared to other clinical methods because the ease of
administering dietary assessment tools allows data collection from a larger population.

FFQs can be a better choice for collecting dietary data in epidemiologic and
clinical studies because they are easier to administer, provide valid results, and are less
expensive.’® Block and Willett FFQs or their modified versions are widely used in
epidemiological studies to collect dietary data.”* Block FFQ has been validated for
estimating magnesium intake by Subar and colleagues.”* The researchers in the study
compared three different types of FFQs (Block FFQ, Diet History Questionnaire [DHQ] -
a modified version of the Block FFQ, and Willett FFQ) to the gold standard multiple 24-

hour recalls in their study. The median intake of magnesium in women according to the
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24-hour recalls and Block FFQ was 235 mg/d and 232 mg/d respectively, and the median
intake of magnesium in men according to the 24-hour recalls and Block FFQ was 350
mg/d and 282 mg/d respectively. The researchers measured the deattenuated correlation
of magnesium between the results from the 24-hour recall and Block FFQ in women and
men. In women, the unadjusted value and adjusted value was 0.60 and 0.81 respectively.
In men, the unadjusted value and adjusted value was 0.64 and 0.76 respectively.’*
Considering these correlation values, there is a moderate to strong positive relation
between 24-hour recalls and Block FFQ in calculating magnesium intake in men and
women. The relationship, after adjustment, was higher in women than in men. The results
of this study suggest that Block FFQ is a reliable method of assessing magnesium intake

through diet.

Summary

Migraine is a neurological disorder that is more prevalent in women as compared
to men.® During the peri-menopausal stage of life, women experience more episodes of
migraine attacks due to fluctuating withdrawal of estrogen and release of
prostaglandins.t” An inverse correlation between estrogen and magnesium has been
observed in serum levels of women with migraine,* and supplemental magnesium has
shown to improve migraine symptoms in migraine patients 455 and menstrual migraine
patients.*®%3 However, dietary magnesium has not been explored enough to understand
the relationship between magnesium and migraine occurrence, especially in pre- and peri-

menopausal women. Supplemental magnesium has been observed to ameliorate migraine
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symptoms, yielding the question of whether patients with migraine consume adequate
dietary magnesium in the first place. Hence, the dietary magnesium intake of pre- and
peri-menopausal women needs further exploration to understand if the dietary
magnesium intake has any relationship with odds of migraine. Research has also shown
that patients with migraine have poor diets as compared to individuals without
migraine,®®° but literature observing dietary quality of pre- and peri-menopausal women

with menstrual migraine and non-menstrual migraine is scarce.
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CHAPTER 2. A CROSS-SECTIONAL ANALYSIS OF MIGRAINE AND
DIETARY MAGNESIUM INTAKE IN THE STUDY OF WOMEN'S HEALTH
ACROSS THE NATION (SWAN)

Rationale and Significance

Several randomized controlled trials, as mentioned in the literature review, have
indicated the possible role of supplemental magnesium in prophylaxis of migraine and
menstrual migraine.*’4859°3 However, baseline dietary magnesium intake in relation to
migraine has not been assessed extensively, especially in pre- and peri-menopausal
women.

Previous studies that investigated the dietary pattern and dietary quality of
patients with migraine found that the intake of different food groups (fruit, vegetable,
legumes, dairy) was lower in individuals with migraine as compared to those without
migraine.®® In general, these food groups contain foods high in magnesium. Thus, it
appears that individuals with migraine are consuming low amounts of food groups high
in magnesium. However, dietary magnesium intake in relation to migraine in pre-and
peri-menopausal women has not been reported in the literature to date.

Furthermore, deficiency of magnesium has been associated with menstrual
migraine® and migraine®? in general. Although the reason for presence of magnesium
deficiency in migraine patients remains unclear, possible etiologies for this deficiency
include reduced dietary intake, malabsorption in intestine, defect in transport membrane,
stress, genetic impairment in cell regulation, and hormonal status (in women).% This may

indicate that individuals with migraine may require higher amounts of dietary magnesium
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than the RDA of 320 mg/day. Additionally, dietary magnesium might not only address
migraine symptoms, but it may also aid in other comorbidities that are associated with
migraine such as cardiovascular disease, hypertension, gastrointestinal disorders, and
depression.?’

Studies have found that during peri-menopause, women with migraine have
increased vulnerability to migraine headache attacks.” There are very few studies that
have examined prophylaxis of menstrual migraine in relation to magnesium
supplementation, and the subjects included in those studies had a wide age range (20 — 51
years old).*®% One study that did explore the association between dietary magnesium and
migraine also focused on a wide age range (20 — 50 years old), and included both male
and female migraine patients.> Lack of studies examining migraine and menstrual
migraine in relation to dietary magnesium in pre- and peri-menopausal women warrants
investigation considering the withdrawal of estrogen in that stage of life leads to
increased headaches experienced by the women. Furthermore, both magnesium
concentration and sex hormones have been observed to alter cerebral vascular reactivity
which is associated with migraine,*® and inverse correlation has also been observed
between serum levels of magnesium and estrogen in menopausal women.** These
associations highlight the vital need to understand the dietary magnesium intake of
women in relation to migraine and menstrual migraine, as well as menopausal status.
Therefore, to address the gap in the literature, a secondary analysis was carried out using

the data from the Study of Women’s Health Across the Nation (SWAN).
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Objectives
The overall aim of our study was to observe the association between dietary
magnesium intake and migraine status in pre- and peri-menopausal women.
Hypothesis: Pre- and peri-menopausal women who report consuming high levels of
dietary magnesium will have lower odds of migraine than their counterparts who

consume low levels of dietary magnesium.

Methods
Study of Women'’s Health Across the Nation (SWAN)

Our study used publicly available data collected for SWAN. SWAN was carried
out to study women’s health as they approach the years of pre- and peri-menopause. It is
a longitudinal and epidemiological study that took place at multiple sites in the United
States. The study began in 1994 and selected participants in three phases. The SWAN
study protocols can be found here (https://www.swanstudy.org/about/swan-history/).
Between the years 1996 and 1997, 3,302 participants joined SWAN through designated
research centers located at Ann Arbor, MI (University of Michigan), Boston, MA
(Massachusetts General Hospital), Chicago, IL (Rush University Medical Center),
Alameda and Contra Costa County, CA (University of California Davis and Kaiser
Permanente), Los Angeles, CA (University of California at Los Angeles), Jersey City, NJ
(Albert Einstein College of Medicine), and Pittsburgh, PA (University of Pittsburgh).’

Along with other health information, SWAN also collected dietary information

from the participants through a 137-item FFQ.” The assessment was a modified version
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of 1995 Block Food Frequency Questionnaire that was administered at baseline to collect
data of eating habits and average use of foods.”* The questionnaire was administered in
four languages (English, Spanish, Chinese, or Japanese), and collected usual dietary
pattern from previous year.
Subjects

Our study used the publicly available baseline data collected by SWAN
researchers in 1996-1997.7>7¢ A total of 3,302 women were included in our study, and
their age ranged from 42-52 years old. Participants who had missing data (including those
who refused to answer questions), and those who chose “do not know” as the answer for
the following characteristics were excluded from our analysis: age, BMI, menstrual
status, total family income, migraine status, migraine medication use, alcohol intake,
dietary magnesium, daily calorie intake, daily fruit serving, daily vegetable serving, daily
dairy serving, daily grain serving, and daily meat serving. Pre- and peri-menopausal
women reporting use of hormones (including birth control pills, estrogen, progestin,
patches, and vaginal hormones) were excluded. Participants reporting alcohol intake of
>35 drinks per week (drinks/wk) were also excluded. The majority of exclusions
occurred due to missing dietary data. After all the exclusions (n=280), a total of 3,022
were included in this secondary analysis (Figure 1).

At the time of the original SWAN study, participants provided written consent to
participate. We employed a secondary analysis using de-identified publicly available
SWAN data and did not include any personally identifiable information of participants.

The use of publicly available, de-identified data is not subject to further review by the
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George Mason University Institutional Review Board, and therefore no further approval

was required for this study.

Exclusions (280): SWAN data-
Premenopausal Women
Hormonal Therapy (6) 42-52 vears old from
High Alcohol Intake (2) Baseline (1996-1997)
Missing Data: (3.302)
Age (3)
BMI (42)
Dietary Data (169)
Menstrual Status (42)

History of Migraine (6)
Migraine Medication use (9)
Menstrual Migraine (7)
Did Not Know:
History of Migraine (7) .

Menstrual Migraine (7)

¥

n=3.022 included for

*Multiple exclusions may apply to analysis
individuals.
A 4
h 4 L4 A4 Y
Never Migrain .. Jon- trual
ever € Menstrual Migraine Non I_v[egs History of Migraine
(Control) (794) Migraine (181)
(2.004) (43)

Figure 1. Exclusion and Inclusion Criteria

Demographics

For this analysis, the following demographic variables were considered: age,
race/ethnicity, total family income, and health insurance. Race/ethnicity categories from
the SWAN dataset were used, except the Chinese/Chinese American and
Japanese/Japanese American groups were combined in our analysis due to small
numbers. The categories used in this analysis were: Black/African American,

Chinese/Chinese American or Japanese/Japanese American, Caucasian/White Non-
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Hispanic, and Hispanic. Four categories were also created for the total family annual
income variable: less than $19,999, $20,000 to $49,999, $50,000 to $99,999, and
$100,000 or more. Health insurance was categorized in three groups: private insurance
only or combination of private and public, public insurance only or military insurance or
other insurance, and no insurance or missing insurance or unknown.
Anthropometrics

Anthropometric measurements assessed by the original study included weight and
height, and BMI was calculated by dividing weight (in kilograms) by square of height (in
meters).”® For our analysis, the BMI was categorized into three categories: underweight
and normal weight (n=1183) (<25 kg/m?), overweight (n=780) (25-<30 kg/m?), and obese
(n=972) (>30 kg/m?). The underweight category contained few individuals (n=48) and
was thus combined with the normal weight category for analysis.
Migraine Assessment

Migraine status and migraine medication use was determined according to each
participant’s answers to SWAN’s in-person interview questions at baseline. All the
participants were asked the following question at baseline:

1. Has a doctor, nurse practitioner, or other health care provider ever told you that

you have any of the following conditions: Migraine headaches?’®
If the participants answered yes to the above migraine question, they were asked the
following question:

2. Do you currently take medication for migraine headaches?’®

Menstrual migraine status was determined from the following separate question:

27



3. During the last year, have you had any of the following during at least half of

your menstrual periods or in the week before them: Severe headaches (including

migraine)?’®

Based on the answers of the above three questions at baseline, the participants in our

study were divided into four groups for analysis: menstrual migraine, non-menstrual

migraine, history of migraine, and never migraine (control).

Table 2. Criteria for Participants to be Placed in Individual Analysis Groups

Migraine Status

Criteria

Menstrual
Migraine

Participants Reported:
e Yes, to taking migraine medication, and
e Yes, to having symptoms of menstrual migraine
OR
¢ No, to taking migraine medication or medication question
was not applicable, and
e Yes, to having symptoms of menstrual migraine

Non-Menstrual

Participants Reported:

Migraine e Yes, to taking migraine medication, and

e No, to having symptoms of menstrual migraine
History of Participants Reported:
Migraine e No, to taking migraine medication, and

e No, to having symptoms of menstrual migraine, and
e Yes, to being diagnosed with migraine in the past

Never Migraine
(Control)

Participants Reported:
e No, to having symptoms of menstrual migraine, and
¢ No, to being diagnosed with migraine in the past

Based on their responses (Table 2), women classified in the menstrual migraine

group included women with pure menstrual migraine (i.e., having migraine exclusively in

perimenstrual period) or menstrually-related migraine (i.e. having migraine both in
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perimenstrual period and at other times of the cycle). Women classified in the non-
menstrual migraine group included women who had migraine at other times in the cycle
but not during perimenstrual period. Women were classified in the history of migraine
group on the assumption that they were diagnosed with migraine in the past but since
they were not taking migraine medication at the time data was collected, they did not
have active symptoms of migraine in the past year. Lastly, women classified in the never
migraine group included women who did not have symptoms of migraine in the
perimenstrual period, and they were never diagnosed with migraine in the past.
Dietary Assessment

Daily intake amounts of dietary magnesium and food groups (fruit, vegetable,
dairy, grain & meat) servings was estimated from the Block FFQ that was administered
by the original study at baseline (1996-1997).% The publicly available SWAN data did
not contain any information regarding magnesium supplementation.
Statistical Analysis

The statistical analysis was carried out using the data analysis tool, Stata version
16.1 (College Station, Texas).”” Descriptive categorical data including BMI,
race/ethnicity, menstrual status, alcohol consumption, total family income, and health
insurance were reported as frequencies and percent distribution. Descriptive continuous
data including age, magnesium, fruit serving, vegetable serving, dairy serving, grain
serving, and meat serving were reported as means and standard errors.

Multinomial logistic regression models were used to model migraine status with

dietary magnesium intake as the predictor variable and the “never migraine” group as the

29



reference group. The potential confounding factors that were adjusted in different models
included: race/ethnicity, BMI, menstrual status, alcohol consumption, total family
income, and health insurance. Adjusted odds ratio (OR) and 95% confidence intervals
(C1) were calculated for the migraine status groups, and a p-trend was computed using
median regression as similarly performed by Slavin and colleagues.* A p-value less than

0.05 was considered to be significantly different for the statistical tests.

Results

Participants were classified into four groups: menstrual migraine (n=794), non-
menstrual migraine (n=43), history of migraine (n=181), and control (n=2,004) (Table 3).
Demographic characteristics are summarized in Table 3. The mean age and standard
error of the total sample was 45.83 + 0.05 years. In terms of menstrual status, 54.2% of
the women in the total sample were pre-menopausal and 45.8% were early peri-
menopausal. However, in menstrual migraine group, 52.4% of the women were early
peri-menopausal and 47.6% were pre-menopausal. In terms of alcohol consumption,
7.5% of the total sample consumed 7-35 drinks/wk, but from those in the non-menstrual
group, 11.6% consumed 7-35 drinks/wk.

The total mean dietary intake and standard error of dietary magnesium in the total
sample was 258.49 + 1.74 mg/day. When the groups were categorized, the highest mean
intake of 286.08 + 15.37 mg/day was observed in the non-menstrual migraine group

(Table 3).
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The mean and standard error servings per day of fruit, vegetable, dairy, grain, and
meat in the total sample were as follows: 1.32 + 0.02, 1.77 £ 0.02, 1.38 £ 0.02, 5.21 £
0.05, and 1.81 + 0.02, respectively (Table 3).

Distribution of participants in magnesium group quartiles and food group
quartiles can be found in Table 4. The ranges of dietary magnesium intake quartiles
were: Q1 (68.6-190.0 mg), Q2 (190.1-244.6 mg), Q3 (244.6-312.3 mg), and Q4 (312.7-

915.9 mg).
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Table 3. Demographic Characteristics of Partici

pants According to Migraine Status (SWAN)

Total Menstrual Non-Menstrual History of Non-Migraine
Migraine Migraine Migraine (Control)
(n=3,022) (n=794) (n=43) (n=181) (n=2,004)
Mean [SE] or Mean [SE] or Mean [SE] or Mean [SE] or Mean [SE] or
n (%) n (%) n (%) n (%) n (%)
Age, years, mean 45.83 [0.05] 45.69 [0.09] 45.42 [0.38] 46.02 [0.22] 45.88 [0.06]
BMI (kg/m?)
<25 1213 (40.1) 300 (37.8) 14 (32.6) 59 (32.6) 840 (41.9)
25 -<30 814 (26.9) 210 (26.5) 8 (18.6) 52 (28.7) 544 (27.2)
>30 995 (32.9) 284 (35.8) 21 (48.8) 70 (38.7) 620 (30.9)
Race/Ethnicity
Black/African American 826 (27.3) 211 (26.6) 11 (25.9) 50 (27.6) 554 (27.6)
Chinese/Chinese 488 (16.2) 102 (12.9) 6 (14.0) 16 (8.8) 364 (18.2)
American and
Japanese/Japanese
American
Caucasian/White Non- 1454 (48.1) 375 (47.2) 26 (60.5) 105 (58.0) 948 (47.3)
Hispanic
Hispanic 254 (8.4) 106 (13.4) 0 (0.00) 10 (5.5) 138 (6.9)
Menstrual Status
Early Peri 1385 (45.8) 416 (52.4) 19 (44.2) 75 (41.4) 875 (43.7)
Pre-menopausal 1637 (54.2) 378 (47.6) 24 (55.8) 106 (58.6) | 1129 (56.3)
Alcohol Consumption
<1 drinks/wk 2194 (72.6) 609 (76.7) 26 (60.5) | 135 (74.6) | 1424 | (71.1)
1-7 drinks/wk 601 (19.9) 149 (18.8) 12 (27.9) 36 (19.9) 404 (20.2)
7-35 drinks/wk 227 (7.5) 36 (4.5) 5 (11.6) 10 (5.5) 176 (8.8)

Total Family Income
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Less than $19,999 419 (13.9) 150 (18.9) 5 (11.6) 22 (12.2) 242 (12.1)
$20,000 to $49,999 1002 (33.2) 255 (32.1) 15 (34.9) 76 (42.0) 656 (32.7)
$50,000 to $99,999 1080 (35.7) 269 (33.9) 13 (30.2) 59 (32.6) 739 (36.9)

$100,000 or more 438 (14.5) 97 (12.2) 9 (20.9) 22 (12.2) 310 (15.5)

Refused, Do not know 83 (2.8) 23 (2.9) 1 (2.3) 2 (1.2 57 (2.8)
or Missing
Insurance
Private Insurance Only 2465 (81.6) 588 (74.1) 40 (93.0) 142 (78.5) 1695 (84.6)
OR Combination of
Private & Public
Public Insurance Only 300 (9.9) 108 (13.6) 2 4.7 21 (11.6) 169 (8.4)
OR Military Insurance
OR Other
No insurance or Missing 257 (8.5) 98 (12.3) 1 (2.3) 18 (9.9 140 (7.0)

or Unknown?

Magnesium Intake,
mg/day, mean

258.49 [1.74]

261.19 [3.55]

286.08 [15.37]

269.40 [7.85]

255.84 [2.07]

Fruit Intake, 1.32[0.02] 1.32[0.03] 1.1410.11] 1.25[0.07] 1.33[0.02]
servings/day, mean
Vegetable Intake, 1.77 [0.02] 1.72 [0.05] 1.76 [0.15] 1.93[0.12] 1.77[0.03]
servings/day, mean

Dairy Intake, 1.38 [0.02] 1.43[0.04] 1.69 [0.29] 1.53[0.10] 1.34[0.03]
servings/day, mean

Grain Intake, 5.21[0.05] 5.16 [0.09] 5.81[0.49] 5.29[0.22] 5.21[0.06]
servings/day, mean

Meat Intake, 1.81[0.02] 1.83[0.03] 1.81[0.13] 1.86 [0.07] 1.7910.02]

servings/day, mean

& Fewer than 15 were missing or were unknown
BMI: body mass index; SWAN: Study of Women’s Health Across the Nation; SE: standard error

33




Table 4. Distribution of Participants in Magnesium and Food Group Intake Quartiles Based on Migraine Status

Menstrual Non-Menstrual History of Non-Migraine
Migraine Migraine Migraine (Control)
(n=794) (n=43) (n=181) (n=2,004)
n_ | (%) n | (%) n | (%) n_ [ (%)
Magnesium Intake, mg/day
Q1 (68.6-190.0) 195 (24.6) 7 (16.3) 44 (24.3) 510 (25.5)
Q2 (190.1-244.6) 191 (24.1) 9 (20.9) 38 (21.0) 517 (25.8)
Q3 (244.6-312.3) 208 (26.2) 9 (20.9) 50 (27.6) 489 (24.4)
Q4 (312.7-915.9) 200 (25.2) 18 (41.9) 49 (27.1) 488 (24.4)
Fruit Serving/day
Q1 (0.0 - 0.6) 225 (28.3) 13 (30.2) 59 (32.6) 508 (25.4)
Q2(0.7-1.1) 184 (23.2) 12 (27.9) 40 (22.1) 473 (23.6)
Q3(1.2-1.8) 200 (25.2) 12 (27.9) 44 (24.3) 560 (27.9)
Q4 (1.9-5.9) 185 (23.3) 6 (14.0) 38 (21.0) 463 (23.1)
Vegetable Serving/day
Q1(0.0-0.9) 216 (27.2) 7 (16.3) 44 (24.3) 489 (24.4)
Q2(0.9-1.3) 205 (25.8) 11 (25.6) 40 (22.1) 499 (24.9)
Q3(13-22) 179 (22.5) 12 (27.9) 43 (23.8) 522 (26.1)
Q4 (2.2-10.6) 194 (24.4) 13 (30.2) 54 (29.8) 494 (24.7)
Dairy Serving/day
Q1 (0.0-0.5) 181 (22.8) 8 (18.6) 42 (23.2) 525 (26.2)
Q2(0.5-1.1) 201 | (25.3) | 15 (34.9) 45 (24.9) 494 | (24.7)
Q3(1.1-18) 207 (26.1) 10 (23.3) 39 (21.6) 500 (25.0)
Q4 (1.8-11.6) 205 (25.8) 10 (23.3) 55 (30.4) 485 (24.2)
Grain Serving/day
Q1(0.2-3.3) 192 (24.2) 11 (25.6) 54 (29.8) 499 (24.9)
Q2(3.3-4.7) 208 (26.2) 12 (27.9) 36 (19.9) 499 (24.9)
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Q3 (4.7-6.5) 187 (23.6) 5 (11.6) 45 (24.9) 519 (25.9)

Q4 (6.5 27.5) 207 | (26.1) | 15 (34.9) 46 (25.4) 487 | (24.3)
Meat Serving/day

Q1(0.1-12) 205 (25.8) 10 (23.3) 44 (24.3) 497 (24.8)

Q2(1.2-1.6) 178 (22.4) 13 (30.2) 48 (26.5) 516 (25.8)

Q3(1.7-22) 201 (25.3) 8 (18.6) 39 (21.6) 508 (25.4)

Q4(22-1.9) 210 (26.5) 12 (27.9) 50 (27.6) 483 (24.1)
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A statistically significant trend was observed in the non-menstrual migraine group
in the unadjusted dietary magnesium intake model (ptend=0.014) (Table 5) where
increasing quartiles of magnesium indicated increasing odds of non-menstrual migraine.
Women consuming dietary magnesium intake in the range of Q4 were 2.69-times more
likely to be in the non-menstrual migraine group as compared to the control group
(OR=2.69 [1.11-6.49]). No statistically significant difference was observed in the

menstrual migraine group and the history of migraine group in the unadjusted model.
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Table 5. Multinomial Logistic Regression Analysis for Odds of Migraine Status® as Predicted by Dietary Magnesium Intake

(Unadjusted)

Menstrual Migraine Non-Menstrual Migraine History of Migraine

(n=794) (n=43) (n=181)

Predictor Variable OR | Cl OR | Cl OR | Cl
Magnesium Intake, mg/day
P-trend® 0.385 0.014 0.272

Q1 (68.6-190.0) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Q2 (190.1-244.6) 0.97 (0.76-1.22) 1.27 (0.47-3.43) 0.85 (0.54-1.34)
Q3 (244.6-312.3) 1.11 (0.88-1.40) 1.34 (0.50-3.63) 1.19 (0.78-1.81
Q4 (312.7-915.9) 1.07 (0.85-1.35) 2.69 (1.11-6.49) 1.16 (0.76-1.78)

4 Reference category is: Never Migraine group
b nrena: Median regression, statistical significance set at p<0.05
Cl: 95% Confidence Interval; OR: Odds ratio.
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In the model where demographics were adjusted (Table 6), and in the model
where food groups, magnesium and demographics were adjusted (Table 7), the odds of
being obese as compared to the control group were higher for all the groups. Obese
women were 2.68-times and 2.87-times more likely to be in the non-menstrual migraine
group than the control group in both the models, respectively.

Though not statistically significant, in the model where demographics were
adjusted (Table 6), and in the model where food groups, magnesium and demographics
were adjusted (Table 7) women reporting 7-35 drinks/wk were 54% and 50%
(respectively) more likely to be in the non-menstrual migraine group than the control
group.

In both the models (Table 6 and Table 7), pre-menopausal women had 29%
lower odds of being in menstrual migraine group as compared to control (OR=0.71 [0.60-
0.85]).

In both the models (Table 6 and Table 7), women reporting public insurance
only (or military insurance or other insurance) and no insurance (or missing or unknown)
had 60% and 68% (respectively) lower odds of being in the non-menstrual migraine
group as compared to the control, but the results were not statistically significant.

In the demographics adjusted model (Table 6), and the food groups, magnesium,
and demographics adjusted model (Table 7), the association between dietary magnesium
quartiles and the non-menstrual migraine group did not change (ptend=0.025, and

Ptrend=0.002, respectively).
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In the model where food groups, magnesium, and demographics were adjusted
(Table 7), the association between fruit servings/day and the non-menstrual migraine
group and the history of migraine group was statistically significant (ptend=0.025 and
Prrend=0.029 (respectively)). Women consuming fruit servings in Q4 were 68% less likely
to have non-menstrual migraine as compared to the controls (OR=0.32 [0.11-0.92]).
Women consuming fruit servings in Q3 and Q4 were 37% (OR=0.63 [0.41-0.96]) and
40% (OR=0.60 [0.37-0.96]), respectively, less likely to have history of migraine as

compared to the controls.
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Table 6. Multinomial Logistic Regression Analysis for Odds of Migraine Status® as Predicted by Dietary Magnesium Intake
and Adjusted for Demographic Characteristics

Menstrual Migraine

Non-Menstrual Migraine

History of Migraine

(n=794) (n=43) (n=181)
Predictor Variable OR | Cl OR | Cl OR | Cl
Magnesium Intake, mg/day
P-trend® 0.142 0.025 0.217
Q1 (68.6-190.0) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 (190.1-244.6)

0.98 (0.77-1.25)

1.28 (0.47-3.48)

0.87 (0.55-1.37)

Q3 (244.6-312.3)

115 (0.91-1.46)

1.23 (0.45-3.36)

1.24 (0.81-1.90)

Q4 (312.7-915.9)

1.15 (0.91-1.46)

251 (1.03-6.13)

1.20 (0.78-1.85)

BMI (kg/m?)
<25 1.00 (ref) 1.00 (ref) 1.00 (ref)
25 - <30 0.94 (0.75-1.17) 1.04 (0.42-2.57) 1.27 (0.85-1.90)
>30 1.03 (0.83-1.27) 2.68 (1.22-5.87) 1.34 (0.90-1.99)

Race/Ethnicity

Black/African American

1.00 (ref)

1.00 (ref)

1.00 (ref)

Chinese/Chinese American OR
Japanese/Japanese American

0.84 (0.62-1.14)

1.26 (0.40-3.97)

0.63 (0.34-1.18)

Caucasian/White Non-Hispanic

1.18 (0.95-1.46)

1.50 (0.70-3.22)

1.42 (0.97-2.07)

Hispanic 1.75 (1.26-2.44) 0.68 (0.32-1.44)
Menstrual Status
Early Peri 1.00 (ref) 1.00 (ref) 1.00 (ref)
Pre-menopausal 071 | (0.60-0.85) 1.06 | (0.57-1.96) 117 | (0.86-1.60)
Alcohol Consumption
<1 drinks/wk 1.00 (ref) 1.00 (ref) 1.00 (ref)

1-7 drinks/wk

0.83 (0.67-1.03)

159 (0.78-3.25)

0.91 (0.61-1.35)

7-35 drinks/wk

0.47 (0.32-0.69)

154 (0.56-4.22)

0.59 (0.30-1.16)

Total Family Income
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Less than $19,999 1.00 (ref) 1.00 (ref) 1.00 (ref)
$20,000 to $49,999 0.92 (0.69-1.23) 0.61 (0.20-1.88) 1.55 (0.88-2.73)
$50,000 to $99,999 0.97 (0.71-1.32) 0.41 (0.13-1.33) 1.12 (0.61-2.08)

$100,000 or more 0.88 (0.61-1.27) 0.74 (0.21-2.60) 1.08 (0.53-2.21)

Refused, Do not know or Missing 0.91 (0.53-1.58) 0.60 (0.07-5.47) 0.45 (0.10-2.02)
Insurance
Private Insurance Only OR 1.00 (ref) 1.00 (ref) 1.00 (ref)
Combination of Private & Public
Public Insurance Only OR Military 1.57 (1.16-2.11) 0.40 (0.08-1.85) 1.62 (0.95-2.77)
Insurance OR Other
No insurance or Missing or 1.56 (1.12-2.17) 0.32 (0.04-2.58) 1.87 (1.03-3.40)
Unknown®

@ Reference category is: Never Migraine group.
b nrena: Median regression, statistical significance set at p<0.05

¢ Fewer than 15 were missing or were unknown
BMI: Body Mass Index; Cl: 95% Confidence Interval; OR: Odds ratio.
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Table 7. Multinomial Logistic Regression Analysis for Odds of Migraine Status?® as Predicted by Dietary Magnesium Intake
and Adjusted for Food Group Intake and Demographic Characteristics

Menstrual Migraine

Non-Menstrual Migraine

History of Migraine

(n=794) (n=43) (n=181)
Predictor Variable OR | Cl OR | Cl OR | Cl
Magnesium Intake, mg/day
P-trend® 0.389 0.002 0.417
Q1 (68.6-190.0) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 (190.1-244.6)

1.01 (0.78-1.32)

1.03 (0.66-5.63)

0.99 (0.60-1.63)

Q3 (244.6-312.3)

1.19 (0.88-1.60)

2.69 (0.84-8.58)

1.43 (0.83-2.44)

Q4 (312.7-915.9)

1.14 (0.80-1.64)

7.88 (2.25-27.59)

1.24 (0.64-2.38)

Fruit Serving/day

P-trend® 0.152 0.025 0.029
Q1 (0.0 - 0.6) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Q2(0.7-1.1) 0.89 (0.70-1.13) 1.00 (0.44-2.31) 0.73 (0.48-1.13)
Q3(1.2-1.8) 0.79 (0.62-1.00) 0.72 (0.31-1.66) 0.63 (0.41-0.96)
Q4(1.9-5.9) 0.82 (0.64-1.07) 0.32 (0.11-0.92) 0.60 (0.37-0.96)
Vegetable Serving/day
P-trend® 0.413 0.623 0.060
Q1(0.0-0.9) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Q2(0.9-1.3) 1.05 (0.83-1.34) 1.59 (0.60-4.25) 1.02 (0.65-1.62)
Q3(1.3-2.2) 0.97 (0.75-1.25) 1.47 (0.54-4.02) 1.08 (0.68-1.74)
Q4 (2.2-10.6) 1.13 (0.85-1.49) 1.53 (0.53-4.40) 1.51 (0.92-2.48)
Dairy Serving/day
P-trend® 0.793 0.169 0.748
Q1(0.0-0.5) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Q2(05-1.1) 1.08 | (0.84-1.38) 1.80 | (0.73-4.42) 1.04 | (0.66-1.64)
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Q3(1.1-1.8) 1.04 (0.80-1.34) 0.97 (0.35-2.63) 0.82 (0.50-1.34)
Q4 (1.8-11.6) 0.99 (0.75-1.32) 0.67 (0.23-1.98) 1.09 (0.66-1.80)
Grain Serving/day
P-trend® 0.140 0.583 0.634
Q1(0.2-3.3) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Q2 (3.3-4.7) 1.11 (0.87-1.42) 1.04 (0.44-2.48) 0.67 (0.42-1.06)
Q3 (4.7-6.5) 1.00 (0.77-1.30) 0.31 (0.10-0.97) 0.76 (0.48-1.21)
Q4 (6.5 —27.5) 1.27 (0.96-1.67) 0.79 (0.31-2.05) 0.84 (0.51-1.39)
Meat Serving/day
P-trend® 0.552 0.225 0.889
Q1(0.1-1.2) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Q2(1.2-1.6) 0.78 (0.61-1.00) 0.88 (0.37-2.12) 1.01 (0.65-1.57)
Q3(1.7-2.2) 0.89 (0.69-1.14) 0.48 (0.17-1.35) 0.84 (0.52-1.37)
Q4(22-17.9) 0.87 (0.65-1.15) 0.53 (0.18-1.51) 1.08 (0.64-1.81)
BMI (kg/m?)
<25 1.00 (ref) 1.00 (ref) 1.00 (ref)
25 - <30 0.94 (0.76-1.17) 1.03 (0.41-2.59) 1.28 (0.86-1.92)
>30 1.03 (0.83-1.29) 2.87 (1.26-6.51) 1.30 (0.86-1.94)
Race/Ethnicity
Black/African American 1.00 (ref) 1.00 (ref) 1.00 (ref)
Chinese/Chinese American OR 0.79 (0.57-1.08) 1.09 (0.33-3.60) 0.55 (0.29-1.05)
Japanese/Japanese American
Caucasian/White Non-Hispanic 1.17 (0.93-1.47) 1.40 (0.62-3.15) 1.41 (0.94-2.10)
Hispanic 1.85 (1.31-2.61) 0.74 (0.34-1.61)
Menstrual Status
Early Peri 1.00 (ref) 1.00 (ref) 1.00 (ref)
Pre-menopausal 071 | (0.60-0.85) 115 | (0.61-2.16) 116 | (0.84-1.59)
Alcohol Consumption
<1 drinks/wk 1.00 (ref) 1.00 (ref) | 1.00 (ref)
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1-7 drinks/wk 0.84 (0.67-1.04) 1.58 (0.76-3.29) 0.89 (0.60-1.33)
7-35 drinks/wk 0.47 (0.32-0.69) 1.50 (0.54-4.15) 0.58 (0.30-1.14)
Total Family Income
Less than $19,999 .00 (ref) 1.00 (ref) 1.00 (ref)
$20,000 to $49,999 0.93 (0.69-1.25) 0.64 (0.21-2.02) 1.57 (0.89-2.77)
$50,000 to $99,999 0.99 (0.72-1.36) 0.43 (0.13-1.42) 1.17 (0.63-2.17)
$100,000 or more 0.89 (0.61-1.29) 0.78 (0.22-2.80) 1.11 (0.54-2.28)
Refused, Do not know or Missing 0.90 (0.52-1.57) 0.53 (0.56-4.99) 0.44 (0.10-1.97)
Insurance
Private Insurance Only OR 1.00 (ref) 1.00 (ref) 1.00 (ref)
Combination of Private & Public
Public Insurance Only OR Military 1.54 (1.14-2.07) 0.39 (0.08-1.81) 1.58 (0.91-2.71)
Insurance OR Other
No insurance or Missing or 1.59 (1.14-2.22) 0.32 (0.04-2.63) 1.81 (0.99-3.30)
Unknown*®

@ Reference category is: Never Migraine group.
b nrena: Median regression, statistical significance set at p<0.05

¢ Fewer than 15 were missing or were unknown
BMI: Body Mass Index; Cl: 95% Confidence Interval; OR: Odds ratio.
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In the model where food groups and magnesium were adjusted (Table 8), the
association between dietary magnesium quartiles and the non-menstrual migraine group
did not change (ptrena=0.001).

In the same model (Table 8), both the non-menstrual migraine group and history
of migraine had a statistically significant difference for fruit servings per day
(ptrend=0.014 and prrend=0.030, respectively). Participants in the non-menstrual migraine
group consuming fruit servings in Q4 were 70% less likely to have non-menstrual
migraine as compared to controls (OR=0.30 [0.11-0.82]). Participants in the history of
migraine group consuming fruit servings in Q3 and Q4 were 37% and 39% (respectively)
less likely to have a history of migraine as compared to controls (OR=0.63 [0.41-0.96]
and OR=0.61 [0.38-0.97]). Women in all the quartiles of fruit servings and vegetable
servings had lower odds of being in the menstrual migraine group, but the results were

not statistically significant.
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Table 8. Multinomial Logistic Regression Analysis for Odds of Migraine Status?® as Predicted by Dietary Magnesium Intake
and Adjusted for Food Group Intake

Menstrual Migraine

Non-Menstrual Migraine

History of Migraine

(n=794) (n=43) (n=181)
Predictor Variable OR | Cl OR | Cl OR | Cl
Magnesium Intake, mg/day
P-trend® 0.569 0.001 0.458
Q1 (68.6-190.0) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Q2 (190.1-244.6) 1.00 (0.77-1.30) 1.84 (0.64-5.36) 0.98 (0.60-1.60)
Q3 (244.6-312.3) 1.16 (0.87-1.55) 2.72 (0.87-8.52) 1.34 (0.79-2.29)
Q4 (312.7-915.9) 1.09 (0.77-1.54) 7.71 (2.26-26.33) 1.20 (0.63-2.27)
Fruit Serving/day
P-trend® 0.326 0.014 0.030
Q1 (0.0-0.6) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Q2(0.7-1.1) 0.89 (0.70-1.12) 0.89 (0.39-2.01) 0.71 (0.46-1.09)
Q3(1.2-1.8) 0.80 (0.64-1.02) 0.66 (0.29-1.50) 0.63 (0.41-0.96)
Q4 (1.9-5.9) 0.88 (0.68-1.13) 0.30 (0.11-0.82) 0.61 (0.38-0.97)
Vegetable Serving/day
P-trend® 0.230 0.809 0.180
Q1(0.0-0.9 1.00 (ref) 1.00 (ref) 1.00 (ref)
Q2(0.9-1.3) 0.92 (0.73-1.16) 1.56 (0.59-4.10) 0.95 (0.60-1.49)
Q3(1.3-22) 0.76 (0.60-0.97) 1.56 (0.58-4.13) 0.99 (0.62-1.56)
Q4 (2.2-10.6) 0.85 (0.66-1.11) 1.36 (0.49-3.78) 1.31 (0.82-2.10)
Dairy Serving/day
P-trend® 0.273 0.263 0.173
Q1(0.0-0.5) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Q2 (0.5-1.1) 1.19 (0.94-1.51) 1.93 (0.80-4.65) 1.18 (0.76-1.84)
Q3(1.1-1.38) 1.20 (0.94-1.53) 1.08 (0.41-2.85) 1.00 (0.63-1.61)
Q4 (1.8-11.6) 1.21 (0.93-1.58) 0.80 (0.29-2.23) 1.44 (0.89-2.32)
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Grain Serving/day

P-trend® 0.896 0.535 0.315
Q1(0.2-3.3) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Q2(3.3-4.7) 1.08 (0.85-1.37) 0.92 (0.39-2.17) 0.65 (0.41-1.02)
Q3 (4.7-6.5) 0.91 (0.70-1.17) 0.29 (0.09-0.88) 0.73 (0.46-1.15)
Q4 (6.5 —27.5) 1.07 (0.82-1.40) 0.75 (0.30-1.88) 0.74 (0.46-1.21)

Meat Serving/day

P-trend® 0.497 0.201 0.907
Q1(0.1-1.2) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Q2(1.2-1.6) 0.83 (0.65-1.05) 1.02 (0.43-2.41) 1.03 (0.67-1.60)
Q3 (1.7-2.2) 0.96 (0.75-1.23) 0.56 (0.21-1.50) 0.85 (0.53-1.37)
Q4 (2.2-17.9) 1.03 (0.79-1.33) 0.59 (0.22-1.58) 1.06 (0.65-1.72)

4Reference category is: Never Migraine group.
b biend: Median regression, statistical significance set at p<0.05
Cl: 95% Confidence Interval; OR: Odds ratio.
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Discussion

This study explored the relationship between dietary magnesium intake and odds
of migraine in pre- and peri-menopausal women. The hypothesis predicted that pre- and
peri-menopausal women with higher dietary magnesium intake would have lower odds of
appearing in any migraine status group than women with low magnesium intake.
The hypothesis was not supported by the analysis. Interestingly, in the non-menstrual
migraine group, the opposite relationship was observed: with increasing magnesium
intake, women had higher odds of appearing in the non-menstrual migraine group. This
merits further discussion below, along with other nuanced findings, including that (1)
overall dietary magnesium intake and food group intake of pre- and peri-menopausal
women are lower than the recommended intake levels, regardless of migraine status, and
(2) pre- and peri-menopausal women with menstrual migraine or history of migraine had
dietary magnesium intake levels similar to the never migraine (control) group. The
following sections further explore the possible reasonings for the results obtained, and the
potential prospects for future studies to enhance the understanding of dietary magnesium
intake and migraine subtypes in pre- and peri-menopausal women.
Magnesium

While supplemental magnesium has been investigated in prophylaxis of migraine
in literature, dietary magnesium intake remains unexplored in pre- and peri- menopausal
women with migraine. The recommended dietary magnesium intake for women over the
age of 31 years is 320 mg/day,® and the Estimated Average Requirement (EAR) for

women aged 31-50 years old is 265 mg/day.”® Magnesium has been recognized by the
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2015-2020 Dietary Guidelines of America as an under consumed nutrient in women aged
19-50 years.’® By using 2011-2016 NHANES data, Devarshi et al. estimated usual
dietary intake of nutrients of women in peri-menopausal age group (40-50 years), and
they found the average dietary intake of magnesium was 274.1 mg/day and 50% of the
women consumed dietary magnesium less than the EAR of 265 mg/day.”® Our study
found similar results. The average dietary intake of magnesium of our total sample was
258.49 mg/day which is below the RDA and EAR. When the total sample was divided
into different migraine status groups, the average baseline dietary magnesium intake
remained relatively low as compared to the RDA in all the migraine status groups.
Almost 75% of the individuals in the menstrual migraine group, 58% in the non-
menstrual migraine group, 73% in the history of migraine group, and 76% in the control
group had magnesium intake below the RDA (Q1 — Q3) (Table 3). These results also
align with literature that individuals with migraine consume less dietary magnesium as
compared to individuals without migraine.®

The range of magnesium dose in clinical trials that administered oral
supplemental magnesium to the participants for prophylaxis of migraine was 360 mg —
600 mg.*"485054 These doses are higher than the RDA of 320 mg/day for women
indicating that current guidelines for magnesium might not be sufficient for prevention of
migraine. The high oral doses of supplemental magnesium were also given to the
individuals once or twice a day, whereas in reality, dietary magnesium is distributed in

meals eaten throughout the day. Therefore, further research may be required to
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understand the effect of gradual intake of dietary magnesium throughout the day on the
prophylaxis of migraine.

A statistically significant difference was observed in the non-menstrual migraine
group in relation to dietary magnesium intake i.e., with increasing dietary magnesium
quartile consumption, the odds of being in the non-menstrual migraine group increased.
Women in the non-menstrual migraine group did not experience symptoms of menstrual
migraine, but they did consume medication for migraine. It is possible that this group had
severe migraine which prompted them to seek medication to treat it. The possible reason
for the association observed could be that because these women had access to medication,
they might not have been limiting their food choices. Several foods have been considered
as triggers for migraine attacks including chocolate, nuts, tomatoes, figs, beans, onions,
citrus fruits, banana, dairy products, coffee, alcohol, and monosodium glutamate, > and
some of them are high in magnesium. Hence, access to medication might not have
prevented them to avoid the foods that may trigger migraine attacks as well as being high
in magnesium. Although it is not known from the data the type of medication these
women were consuming for migraine, it should be noted that it was in the 1990s that
triptans, an acute treatment for migraine, were introduced and revolutionized the
treatment for migraine.®! Furthermore, the dietary magnesium range in the fourth quartile
was also relatively wider than the other quartiles, ranging from 312.7 — 915.9 mg/day.
Considering this wide range, individuals in this quartile might have had considerably
different diets that cannot be further elucidated with available data; therefore, this

association needs further investigation. Furthermore, the small sample size (n=43) of this
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group, and wide confidence intervals in Q4 (in the unadjusted and adjusted models)
makes this association imprecise and impedes concrete conclusions.

The results in our study did not show any statistically significant difference in the
menstrual migraine group in relation to dietary magnesium intake. Menstrual migraine is
harder to treat and does not respond well to migraine medication.? This could indicate
that diet alone may not prevent menstrual migraine symptoms and may require
supplemental treatment(s), which is to be expected given current understanding of
migraine pathophysiology. Studies that have observed improved symptoms in menstrual
migraine women have made use of supplemental magnesium in high doses.*8#2

The history of migraine group also did not show any statistically significant
difference in relation to dietary magnesium intake. This group had been diagnosed for
migraine at some point in their lives, but they were not taking any medication nor
reporting menstrual migraine symptoms at the time data was collected in the original
study, and their current status of migraines was unclear. Due to limited publicly available
data, it was not possible to decipher when in the past individuals in this group were
diagnosed for migraine. Hence, it was assumed that since they were not intaking any
medication nor reporting menstrual migraine symptoms, they probably did not have
active symptoms of migraine. Therefore, it is not unexpected that there is no difference
from the control group in terms of their dietary magnesium intake.

Diet Quality
To further understand the relationship between magnesium and migraine, analysis

of diet quality of pre- and peri-menopausal women was carried out. A healthy diet
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consists of different food groups, and the recommended number of servings per day for
different food groups are: fruits: 4 servings/day, vegetables: 5 servings/day, dairy: 3
servings/day, grains: 6 servings/day, and meat: 1 serving/day.>” The results of our study
found that, except for the meat food group, the baseline servings of other food groups in
all the migraine status groups were relatively lower than what is recommended (Table 2).
This agrees with prior research in the sense that dietary quality of individuals with
migraine has been demonstrated to be lower than nutritional recommendations.

However, prior research has also shown that patients with migraine have poor dietary
quality as compared to individuals without migraine,>® which was not demonstrated in the
current study.

Considering that the baseline intake of different food groups of the women with
migraine was not very different from that of the controls, it is possible that there may be
other factors in this population that are contributing to migraine including eating
frequency,®# sodium dysregulation,®®¢ dehydration,®” and macronutrient
composition.88 For example, several experimental studies have found that skipping
meals or fasting can trigger migraine attacks in some individuals, possibly because the
blood-glucose levels fall too low.8384 This particular eating pattern would not have been
evident in the SWAN dataset and could therefore confound our results. Similar intakes
might also indicate that the pathophysiology and mechanism of migraine in these women
might be unique and different. Hence, their dietary and magnesium needs might be

different than the women without migraine.
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However, it is also possible that migraine symptoms might affect the dietary
choices that people make. The debilitating nature of migraine can affect day-to-day
activities of individuals including dietary choices, and these dietary choices may impact
intake of different food groups. There might be a potential bidirectional relationship
between migraine and diet as migraine may influence not only the dietary choices of
individuals but also the “amount, quality, timing, and patterns of dietary intake.”*
Another factor that could potentially influence dietary intake is subtype of migraine. Rist
et al. observed intake of certain foods such as wine, chocolate, dairy products, and
processed foods was influenced by the presence or absence of aura.®* Evidence for how
migraine may influence dietary choices according to migraine subtypes is limited and
warrants further investigation to understand if diet and migraine subtypes are interrelated.
Furthermore, many foods have been associated as triggers for migraine attacks, and it is
possible that patients with migraine limit or eliminate those foods from their diet.
Currently, there are no set dietary guidelines for individuals with migraine,® and patients
are often recommended to eliminate foods that trigger migraine attacks. Elimination of
foods further leads to nutritional deficiencies of micronutrients and lower intake of
healthy food groups.?

Similar to the results of Evans et al. where they found that dietary quality of
women with migraine did not meet the dietary guidelines,>® we also observed that
baseline dietary intake of different food groups in this population did not meet the
recommendations of servings. Our study also observed the women consuming fruits in

the fourth quartile of fruit serving had lower odds of being the non-menstrual migraine
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group and the history of migraine group. Some studies have observed that higher
consumption of fruits, vegetables and grains and lower consumption of fats may be
associated with lower frequency and severity of migraine headaches.

Although the evidence is limited, improvement in diet quality has shown to
improve migraine symptoms in some patients. Altamura et al. found in their study that
when patients with migraine were educated about healthy eating, they had significant
improvement in headache frequency, abortive drug use, and migraine disability scales.®®
They even found that patients statistically ate less sweets, white bread, and red or
processed meat, and more whole grain cereals and legumes.®® Hence, it might be
beneficial to encourage and inform patients with migraine about different food groups—
particularly those with high magnesium content like whole grains, dairy and certain
vegetables—and healthy eating as it may impact their dietary lifestyle and improve their
migraine symptoms.

Magnesium is naturally present in a wide variety of plant and animal foods;
however, some varieties of fruits, vegetables, and whole grains have higher magnesium
content than others. Food group servings in publicly available SWAN data referred to
average daily intake of the food group where portion size and frequency of consumption
were added.”® Based on the fruit and vegetable serving variable, it not specifically known
which fruits and vegetables were consumed by these women in different migraine status
groups as only composite variables of all the food groups were publicly available.
Therefore, along with intake of healthy food groups, it is equally important that variety of

foods from those food groups are included in the diet as different foods have different
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nutritional composition. Following a diet that does not involve different food groups and
a variety of foods might also lead to lower levels of dietary magnesium intake.
Additional Observations

In the adjusted models, women in the non-menstrual migraine group were more
likely to be obese as compared to the controls. Although these results are independent of
the dietary magnesium intake results, it is worth noting that research has observed
association between severity of migraine and obesity.**% Additionally, adjusted models
also showed that women consuming 1-7 drinks/wk and 7-35 drinks/wk had higher odds
of being in the non-menstrual migraine group as compared to the controls, and the results
align with literature.>® Alcohol is a common trigger associated with migraine occurrence,
hence, further research is needed to understand this relationship and why it did not appear
in the menstrual migraine group. In the adjusted models, women in the non-menstrual
migraine group were also more likely to have private insurance only or combination of
private and public insurance as compared to the controls. Research suggests people with
insurance are more likely to take medication as compared to people with no insurance
due to high costs of medication.®®

A higher proportion of women in the early peri-menopausal stage were found in
the menstrual migraine group as compared to controls. These proportions align with
research that frequency of menstrual migraine is higher during peri-menopausal stage of

life due to fluctuating estrogen levels as compared to pre-menopausal stage of life.!’
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Strengths and Limitations

Research suggests that menstrual migraine attacks are more severe and harder to
treat as compared to migraine attacks occurring at other times of the cycle.®® The results
of our study revealed that the dietary magnesium intake and food group intake of women
with menstrual migraine is not different than that of the control group suggesting that
physiology of menstrual migraine might be different than other types of migraine. Hence,
the dietary needs of women with menstrual migraine might be different. Previous studies
that have observed dietary magnesium intake and dietary quality of individuals with
migraine had wide age group range and sometimes both male and females included in
analysis. This study, however, sheds light onto the magnesium intake and dietary intake
pattern of pre- and peri-menopausal women (42-52 years old) in relation to migraine.
Women at this stage of life have shown to have increased migraine symptoms’ and
might have different nutritional needs based on their age and hormonal fluctuations. The
study is further strengthened by the use of Block FFQ that has been validated for
calculating dietary magnesium by Subar et al.”* Furthermore, the large data set allowed
selection of exclusion and inclusion criteria, and adjustment of several potential
covariates.

Although the total sample size was large enough to observe the baseline dietary
magnesium intake and diet quality of pre- and peri-menopausal women with migraine,
the sample size in individual groups, especially the non-menstrual migraine group was

very small (n=43) which led to loss in statistical power.
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Other than the questions asked about diagnoses of migraine, migraine medication
use, and menstrual migraine status at baseline, diagnoses could not be verified using
available data against diagnostic criteria. However, this approach in accepting self-
diagnoses of migraine has been used in previous studies® and similar demographics®’ i.e.
majority of individuals who self-report migraine diagnoses meet the ICHD diagnostic
criteria. Migraine prevalence during the pre- and peri-menopausal stages has been
estimated to be between 16% - 29%,'8 and the prevalence observed in our study i.e.
33.7% is close to this estimate. Considering migraine is underdiagnosed in the
population®® and the diagnostic criteria for menstrual migraine is not fully established and
is present in the Appendix of ICHD-3 requiring further research,® it was reasonable to
use the menstrual migraine question in an attempt to capture more women who had
menstrual migraine but were never diagnosed.

Migraine data and dietary data was self-reported by the participants in the SWAN
study which could have led to bias and inaccuracy in recall. Furthermore, data was not
available for magnesium supplement intake and water intake in this population.
Therefore, the dietary estimate of magnesium at baseline cannot be evaluated in relation
to total magnesium intake from a combination of diet and supplements. However, at the
time SWAN data was collected, magnesium’s role in pathophysiology and prophylaxis of
migraine was beginning to be recognized and clinical studies observing supplemental
magnesium in relation to migraine characteristics had mixed results, hence, it might have

been unlikely for the women to be intaking magnesium supplementation specifically with
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the intention of preventing migraine and therefore there is no reason to expect that their

intake was influenced.

Conclusion

This study highlighted the magnesium intake and dietary pattern of pre- and peri-
menopausal women, indicating that dietary magnesium intake in this population is lower
than the recommended intake in the total sample as well as in individual migraine status
groups. Even though baseline dietary magnesium intakes were low for the migraine status
groups, levels were very similar to the control group without migraine, indicating that
there are likely other factors (i.e., pathophysiology or other confounders) that might be
contributing to the migraines experienced by these women. Since a statistically
significant difference was observed in the non-menstrual migraine group, a future study
exclusively observing this population (i.e., those taking medication for migraine but
without menstrual migraine) might help in understanding their dietary pattern and
behaviors, and the association between dietary magnesium and migraine medication use.
Future studies can further expand upon these results by exploring diet in further detail,
possibly by observing the specific types of foods consumed by these women within
individual food groups or by utilizing diet quality indices, such as the Healthy Eating
Index, to explore overall diet quality. Further, there are limited studies observing the
bidirectional role of migraine and diet, and future, prospective studies could explore this,
in addition to exploring whether the type of migraine has any influence on the dietary

choices made by individuals with migraine. From this analysis, nutritional
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recommendations of dietary magnesium and different food groups cannot be devised for
pre- and peri-menopausal with migraine, but the results suggests that dietary magnesium
intake influences migraine status. The results tap into the compelling rationale that
magnesium influences migraine disease, but significant questions of relevance of dietary
magnesium for migraine in this population still remain. Hence, future studies are

warranted to untangle the complexities that could not be addressed from this study.

59



10.

11.

REFERENCES

Migraine Facts. Migraine Research Foundation. Accessed April 11, 2021.
https://migraineresearchfoundation.org/about-migraine/migraine-facts/

Gazerani P. Migraine and Diet. Nutrients. 2020;12(6). doi:10.3390/nu12061658

Rn H-YC, Yeh T-H, Huang Y-C, Chen P-Y. Effects of Intravenous and Oral
Magnesium on Reducing Migraine: A Meta-analysis of Randomized Controlled
Trials. Pain Physician. Published online 2016:16.

Nattagh-Eshtivani E, Sani MA, Dahri M, et al. The Role of Nutrients in the
Pathogenesis and Treatment of Migraine Headaches: Review. Biomed
Pharmacother. 2018;102:317-325. doi:10.1016/j.biopha.2018.03.059

Negro A, Sciattella P, Rossi D, Guglielmetti M, Martelletti P, Mennini FS. Cost of
Chronic and Episodic Migraine Patients in Continuous Treatment for Two Years in
a Tertiary Level Headache Centre. J Headache Pain. 2019;20(1):120-120.
d0i:10.1186/s10194-019-1068-y

Lipton RB, Munjal S, Alam A, et al. Migraine in America Symptoms and Treatment
(MAST) Study: Baseline Study Methods, Treatment Patterns, and Gender
Differences. Headache J Head Face Pain. 2018;58(9):1408-1426.
doi:10.1111/head.13407

Steiner TJ, Stovner LJ, Jensen R, Uluduz D, Katsarava Z. Migraine Remains
Second Among the World’s Causes of Disability, and First Among Young Women:
Findings from GBD2019. J Headache Pain. 2020;21(1):137. doi:10.1186/s10194-
020-01208-0

Andreou AP, Edvinsson L. Mechanisms of Migraine as a Chronic Evolutive
Condition. J Headache Pain. 2019;20(1):117-117. doi:10.1186/s10194-019-1066-0

Leonardi M, Raggi A. A Narrative Review on the Burden of Migraine: When the
Burden is the Impact on People’s Life. J Headache Pain. 2019;20(1):41-41.
d0i:10.1186/s10194-019-0993-0

Gobel H. 1.1 Migraine without Aura. ICHD-3 The International Classification of
Headache Disorders 3rd edition. Accessed August 2, 2020. https://ichd-3.org/1-
migraine/1-1-migraine-without-aura/

Gobel H. 1.2 Migraine with Aura. ICHD-3 The International Classification of
Headache Disorders 3rd edition. Accessed August 2, 2020. https://ichd-3.org/1-
migraine/1-2-migraine-with-aura/

60



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Cupini LM, Corbelli I, Sarchelli P. Menstrual Migraine: What it is and Does it
Matter? J Neurol. 2021;268(7):2355-2363. doi:10.1007/s00415-020-09726-2

Gobel H. A1.1.3 Non-menstrual Migraine without Aura. ICHD-3 The International
Classification of Headache Disorders 3rd edition. Accessed April 22, 2021.
https://ichd-3.org/appendix/al-migraine/al-1-migraine-without-aura/al-1-3-non-
menstrual-migraine-without-aura/

Gobel H. A1.2.0.3 Non-menstrual Migraine with Aura. ICHD-3 The International
Classification of Headache Disorders 3rd edition. Accessed April 22, 2021.
https://ichd-3.org/appendix/al-migraine/al-2-migraine-with-aura-alternative-
criteria/al-2-0-3-non-menstrual-migraine-aura/

Faubion SS, Batur P, Calhoun AH. Migraine Throughout the Female Reproductive
Life Cycle. Mayo Clin Proc Rochester. 2018;93(5):639-645.
doi:10.1016/j.mayocp.2017.11.027

Todd C, Lagman-Bartolome AM, Lay C. Women and Migraine: The Role of
Hormones. Curr Neurol Neurosci Rep. 2018;18(7):1-6.
doi:http://dx.doi.org.mutex.gmu.edu/10.1007/s11910-018-0845-3

Martin VT, Pavlovic J, Fanning KM, Buse DC, Reed ML, Lipton RB.
Perimenopause and Menopause Are Associated with High Frequency Headache in
Women with Migraine: Results of the American Migraine Prevalence and
Prevention Study. Headache J Head Face Pain. 2016;56(2):292-305.
doi:https://doi.org/10.1111/head.12763

Bernstein C, O’Neal MA. Migraine and Menopause - A Narrative Review.
Menopause. 2021;28(1):96-101. doi:10.1097/GME.0000000000001635

Elrington G. Migraine: Diagnosis and Management. J Neurol Neurosurg Psychiatry.
2002;72(suppl 2):1i10-ii15. doi:https://doi-
org.mutex.gmu.edu/10.1136/jnnp.72.suppl_2.ii10

Sun-Edelstein C, Mauskop A. Role of Magnesium in the Pathogenesis and
Treatment of Migraine. Expert Rev Neurother. 2009;9(3):369-379.
d0i:10.1586/14737175.9.3.369

Hoffmann J, Charles A. Glutamate and Its Receptors as Therapeutic Targets for
Migraine. Neurotherapeutics. 2018;15(2):361-370. doi:10.1007/s13311-018-0616-5

Goadshy PJ, Holland PR, Martins-Oliveira M, Hoffmann J, Schankin C, Akerman
S. Pathophysiology of Migraine: A Disorder of Sensory Processing. Physiol Rev.
2017;97(2):553-622. doi:10.1152/physrev.00034.2015

61



23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Sun-Edelstein C, Mauskop A. Foods and Supplements in the Management of
Migraine Headaches: Clin J Pain. 2009;25(5):446-452.
doi:10.1097/AJP.0b013e31819a665

Stuart S, Griffiths LR. A Possible Role for Mitochondrial Dysfunction in Migraine.
Mol Genet Genomics MGG. 2012;287(11-12):837-844. doi:10.1007/s00438-012-
0723-7

Martin VT, Lipton RB. Epidemiology and Biology of Menstrual Migraine.
Headache J Head Face Pain. 2008;48(s3):S124-S130.
doi:https://doi.org/10.1111/].1526-4610.2008.01310.x

Xu T, Zhang Y, Wang C, et al. Brain Structural and Functional Differences between
Pure Menstrual Migraine and Menstrually-Related Migraine. Sci Rep.
2020;10:16454. doi:10.1038/s41598-020-73399-0

Deneris A, Allen PR, Hayes EH, Latendresse G. Migraines in Women: Current
Evidence for Management of Episodic and Chronic Migraines. J Midwifery Womens
Health. 2017;62(3):270-285. doi:10.1111/jmwh.12626

Mohanty D, Lippmann S. CGRP Inhibitors for Migraine. Innov Clin Neurosci.
2020;17(4-6):39-40.

Martin VT, Vij B. Diet and Headache: Part 2. Headache J Head Face Pain.
2016;56(9):1553-1562. doi:10.1111/head.12952

Veronese N, Demurtas J, Pesolillo G, et al. Magnesium and Health Outcomes: An
Umbrella Review if Systematic Reviews and Meta-Analyses of Observational and
Intervention Studies. Eur J Nutr. 2020;59(1):263-272. doi:10.1007/s00394-019-
01905-w

Yablon LA, Mauskop A. Magnesium in Headache. In: Vink R, Nechifor M, eds.
Magnesium in the Central Nervous System. University of Adelaide Press; 2011:125-
134. Accessed August 1, 2020.
https://www.jstor.org/stable/10.20851/j.ctt1t3055m.12

de Baaij JHF, Hoenderop JGJ, Bindels RIM. Magnesium in Man: Implications for
Health and Disease. Physiol Rev. 2015;95(1):1-46. doi:10.1152/physrev.00012.2014

Volpe SL. Magnesium in Disease Prevention and Overall Health. Adv Nutr.
2013;4(3):378S-383S. doi:10.3945/an.112.003483

Jahnen-Dechent W, Ketteler M. Magnesium Basics. Clin Kidney J. 2012;5(Suppl
1):i3-i14. doi:10.1093/ndtplus/sfr163

62



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

de Baaij JHF, Hoenderop JGJ, Bindels RIM. Regulation of Magnesium Balance:
Lessons Learned from Human Genetic Disease. Clin Kidney J. 2012;5(Suppl 1):115-
i24. doi:10.1093/ndtplus/sfr164

Office of Dietary Supplements - Magnesium. Accessed August 2, 2020.
https://ods.od.nih.gov/factsheets/Magnesium-HealthProfessional/

Rosanoff A, Weaver CM, Rude RK. Suboptimal Magnesium Status in The United
States: Are the Health Consequences Underestimated? Nutr Rev. 2012;70(3):153-
164. doi:10.1111/5.1753-4887.2011.00465.x

Dolati S, Rikhtegar R, Mehdizadeh A, Yousefi M. The Role of Magnesium in
Pathophysiology and Migraine Treatment. Biol Trace Elem Res. 2020;196(2):375-
383. doi:10.1007/s12011-019-01931-z

Holland S, Silberstein SD, Freitag F, Dodick DW, Argoff C, Ashman E. Evidence-
Based Guideline Update: Nsaids and Other Complementary Treatments for Episodic
Migraine Prevention in Adults. Neurology. 2012;78(17):1346-1353.
d0i:10.1212/WNL.0b013e3182535d0c

Maier JA, Pickering G, Giacomoni E, Cazzaniga A, Pellegrino P. Headaches and
Magnesium: Mechanisms, Bioavailability, Therapeutic Efficacy and Potential
Advantage of Magnesium Pidolate. Nutrients. 2020;12(9):2660.
doi:http://dx.doi.org.mutex.gmu.edu/10.3390/nu12092660

Ebel H, Ginther T. Magnesium Metabolism: A Review. Clin Chem Lab Med.
1980;18(5):257-270. doi:10.1515/ccIm.1980.18.5.257

Pardutz A, Vecsei L. Should Magnesium Be Given to Every Migraineur? No. J
Neural Transm Vienna Austria 1996. 2012;119(5):581-585. doi:10.1007/s00702-
012-0791-1

Li W, Zheng T, Altura BM, Altura BT. Sex Steroid Hormones Exert Biphasic
Effects on Cytosolic Magnesium lons in Cerebral Vascular Smooth Muscle Cells:
Possible Relationships to Migraine Frequency in Premenstrual Syndromes and
Stroke Incidence. Brain Res Bull. 2001;54(1):83-89. d0i:10.1016/S0361-
9230(00)00428-7

Muneyyirci-Delale O. Serum lonized Magnesium and Calcium in Women after
Menopause: Inverse Relation of Estrogen with lonized Magnesium. Fertil Steril.
1999;71(5):869-872. doi:10.1016/S0015-0282(99)00065-5

Mauskop A, Varughese J. Why All Migraine Patients Should Be Treated with

Magnesium. J Neural Transm Vienna Austria 1996. 2012;119(5):575-579.
d0i:10.1007/s00702-012-0790-2

63



46.

47.

48.

49,

50.

Y

52.

53.

54,

55.

Murray KA, O’Neal KS, Weisz M. Dietary Suggestions for Migraine Prevention.
Am J Health-Syst Pharm AJHP Off J Am Soc Health-Syst Pharm. 2015;72(7):519-
521. doi:10.2146/ajhp130671

Tarighat Esfanjani A, Mahdavi R, Ebrahimi Mameghani M, Talebi M, Nikniaz Z,
Safaiyan A. The Effects of Magnesium, I-Carnitine, and Concurrent Magnesium-I-
Carnitine Supplementation in Migraine Prophylaxis. Biol Trace Elem Res Clifton.
2012;150(1-3):42-48. doi:http://dx.doi.org.mutex.gmu.edu/10.1007/s12011-012-
9487-5

Facchinetti F, Sances G, Borella P, Genazzani AR, Nappi G. Magnesium
Prophylaxis of Menstrual Migraine: Effects on Intracellular Magnesium. Headache
J Head Face Pain. 1991;31(5):298-301. doi:10.1111/j.1526-
4610.1991.hed3105298.x

Taubert K. Magnesium in Migraine. Results of a Multicenter Pilot Study. Fortschr
Med. 1994;112(24):328-330.

Peikert A, Wilimzig C, Kéhne-Volland R. Prophylaxis of Migraine with Oral
Magnesium: Results from a Prospective, Multi-Center, Placebo-Controlled and
Double-Blind Randomized Study. Cephalalgia. 1996;16(4):257-263.
doi:doi:10.1046/j.1468-2982.1996.1604257.x

Pfaffenrath V, Wessely P, Meyer C, et al. Magnesium in the Prophylaxis of
Migraine-A Double-Blind, Placebo-Controlled Study. Cephalalgia. 1996;16(6):436-
440. doi:10.1046/j.1468-2982.1996.1606436.x

Trauninger A, Pfund Z, Koszegi T, Czopf J. Oral Magnesium Load Test in Patients
with Migraine. Headache J Head Face Pain. 2002;42(2):114-119.
d0i:10.1046/j.1526-4610.2002.02026.x

Mauskop A, Altura BT, Altura BM. Serum lonized Magnesium Levels and Serum
lonized Calcium/lonized Magnesium Ratios in Women With Menstrual Migraine.
Headache J Head Face Pain. 2002;42(4):242-248.
doi:https://doi.org/10.1046/].1526-4610.2002.02075.x

Koseoglu E, Talaslioglu A, Gonul A, Kula M. The Effects of Magnesium
Prophylaxis in Migraine Without Aura. Magnes Res Off Organ Int Soc Dev Res
Magnes. 2008;21(2):101-108. doi:10.1684/mrh.2008.0132

Slavin M, Li H, Khatri M, Frankenfeld C. Dietary Magnesium and Migraine in
Adults: A Cross-Sectional Analysis of the National Health And Nutrition
Examination Survey 2001-2004. Headache J Head Face Pain. 2021;61(2):276-286.
doi:https://doi.org/10.1111/head.14065

64



56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Casas R, Castro-Barquero S, Estruch R, Sacanella E. Nutrition and Cardiovascular
Health. Int J Mol Sci. 2018;19(12):3988. doi:10.3390/ijms19123988

Suggested Servings from Each Food Group. www.heart.org. Accessed April 13,
2021. https://www.heart.org/en/healthy-living/healthy-eating/eat-smart/nutrition-
basics/suggested-servings-from-each-food-group

Evans EW, Lipton RB, Peterlin BL, et al. Dietary Intake Patterns and Diet Quality
in a Nationally Representative Sample of Women with and without Severe
Headache or Migraine. Headache. 2015;55(4):550-561. doi:10.1111/head.12527

Nazari F, Eghbali babadi M. Migraine and Its Relationship with Dietary Habits in
Women. Iran J Nurs Midwifery Res. 2012;17:S65-71.

Altamura C, Botti G, Paolucci M, et al. Promoting Healthy Eating Can Help
Preventing Migraine: A Real-Life Preliminary Study. Neurol Sci. 2018;39(1):155-
156. doi:10.1007/s10072-018-3381-7

Onderwater GLJ, Oosterhout WPJ, Schoonman GG, Ferrari MD, Terwindt GM.
Alcoholic Beverages as Trigger Factor and the Effect on Alcohol Consumption
Behavior in Patients with Migraine. Eur J Neurol. 2019;26(4):588-595.
doi:10.1111/ene.13861

Dao MC, Subar AF, Warthon-Medina M, et al. Dietary Assessment Toolkits: An
Overview. Public Health Nutr. 2019;22(3):404-418.
d0i:10.1017/S1368980018002951

24-hour Dietary Recall (24HR) At a Glance | Dietary Assessment Primer. Accessed
June 23, 2021. https://dietassessmentprimer.cancer.gov/profiles/recall/

Food Record at a Glance | Dietary Assessment Primer. Accessed June 24, 2021.
https://dietassessmentprimer.cancer.gov/profiles/record/index.html

Food Frequency Questionnaire at a Glance | Dietary Assessment Primer. Accessed
April 23, 2021.
https://dietassessmentprimer.cancer.gov/profiles/questionnaire/index.html

Shim J-S, Oh K, Kim HC. Dietary Assessment Methods in Epidemiologic Studies.
Epidemiol Health. 2014;36. doi:10.4178/epih/e2014009

Validation | Dietary Assessment Primer. Accessed April 23, 2021.
https://dietassessmentprimer.cancer.gov/profiles/questionnaire/validation.html

65



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

BAPEN. Nutritional Assessment. BAPEN. Published May 18, 2016. Accessed June
28, 2021. https://www.bapen.org.uk/nutrition-support/assessment-and-
planning/nutritional-assessment

Higdon J. Magnesium. Linus Pauling Institute. Published 2019. Accessed April 24,
2021. https://Ipi.oregonstate.edu/mic/minerals/magnesium

Block G, Hartman AM, Dresser CM, Carroll MD, Gannon J, Gardner L. A Data-
Based Approach to Diet Questionnaire Design and Testing. Am J Epidemiol.
1986;124(3):453-469. doi:10.1093/oxfordjournals.aje.al14416

Subar AF, Thompson FE, Kipnis V, et al. Comparative Validation of the Block,
Willett, and National Cancer Institute Food Frequency Questionnaires the Eating at
America’s Table Study. Am J Epidemiol. 2001;154(12):1089-1099.
d0i:10.1093/aje/154.12.1089

About SWAN. Study of Women’s Health Across the Nation. Accessed August 18,
2020. https://www.swanstudy.org/about/about-swan/

Huang M-H, Norris J, Han W, et al. Development of an Updated Phytoestrogen
Database for Use with the SWAN Food Frequency Questionnaire: Intakes and Food
Sources in a Community-Based, Multiethnic Cohort Study. Nutr Cancer.
2012;64(2):228-244. doi:10.1080/01635581.2012.638434

Wallace TC, Jun S, Zou P, et al. Dairy Intake is Not Associated with Improvements
in Bone Mineral Density or Risk of Fractures across the Menopause Transition:
Data from the Study Of Women’s Health Across The Nation. Menopause.
2020;27(8):879-886. d0i:10.1097/GME.0000000000001555

Study of Women’s Health Across the Nation (SWAN): Baseline Dataset, [United
States], 1996-1997 ICPSR Codebook.

Study of Women’s Health Across the Nation (SWAN): Baseline Dataset, [United
States], 1996-1997 P.l. Codebook.

Stata: Software for Statistics and Data Science. Accessed April 4, 2021.
https://www.stata.com/

Institute of Medicine, Food and Nutrition Board, Standing Committee on the
Scientific Evaluation of Dietary Reference Intakes, National Academy of Sciences.
Magnesium. In: Dietary Reference Intakes for Calcium, Phosphorus, Magnesium,
Vitamin D, and Fluoride. National Academies Press (US); 1997:190-249. Accessed
August 2, 2020. https://www.ncbi.nlm.nih.gov/books/NBK 109816/

66



79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Devarshi PP, Legette LL, Grant RW, Mitmesser SH. Total Estimated Usual Nutrient
Intake and Nutrient Status Biomarkers in Women Of Childbearing Age and Women
of Menopausal Age. Am J Clin Nutr. 2021;113(4):1042-1052.
doi:10.1093/ajcn/ngaa392

Finkel AG, Yerry JA, Mann JD. Dietary Considerations in Migraine Management:
Does a Consistent Diet Improve Migraine? Curr Pain Headache Rep.
2013;17(11):373. d0i:10.1007/s11916-013-0373-4

Solomon S, Diamond S, Mathew N, Loder E. American Headache Through the
Decades: 1950 to 2008. Headache J Head Face Pain. 2008;48(5):671-677.
doi:10.1111/j.1526-4610.2008.01120.x

Allais G, Castagnoli Gabellari I, Burzio C, et al. Premenstrual Syndrome and
Migraine. Neurol Sci Off J Ital Neurol Soc Ital Soc Clin Neurophysiol. 2012;33
Suppl 1:5111-S115. doi:10.1007/s10072-012-1054-5

Turner DP, Smitherman TA, Penzien DB, Porter JAH, Martin VT, Houle TT.
Nighttime Snacking, Stress, and Migraine Activity. J Clin Neurosci Off J Neurosurg
Soc Australas. 2014;21(4):638-643. doi:10.1016/j.jocn.2013.08.013

Yadav RK, Kalita J, Misra UK. A Study of Triggers of Migraine in India. Pain Med.
2010;11(1):44-47. doi:10.1111/1.1526-4637.2009.00725.x

Pogoda JM, Gross NB, Arakaki X, Fonteh AN, Cowan RP, Harrington MG. Severe
Headache or Migraine History Is Inversely Correlated with Dietary Sodium Intake:
NHANES 1999-2004. Headache J Head Face Pain. 2016;56(4):688-698.
doi:10.1111/head.12792

Harrington MG, Chekmenev EY, Schepkin V, Fonteh AN, Arakaki X. Sodium MRI
in a Rat Migraine Model and a NEURON Simulation Study Support a Role for
Sodium in Migraine. Cephalalgia Int J Headache. 2011;31(12):1254-1265.
d0i:10.1177/0333102411408360

Khorsha F, Mirzababaei A, Togha M, Mirzaei K. Association of Drinking Water
and Migraine Headache Severity. J Clin Neurosci. 2020;77:81-84.
d0i:10.1016/j.jocn.2020.05.034

Maghsoumi-Norouzabad L, Mansoori A, Abed R, Shishehbor F. Effects of Omega-
3 Fatty Acids On The Frequency, Severity, and Duration Of Migraine Attacks: A
Systematic Review and Meta-Analysis of Randomized Controlled Trials. Nutr
Neurosci. 2018;21(9):614-623. doi:10.1080/1028415X.2017.1344371

67



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Cardia L, Calapai F, Mondello C, et al. Clinical Use of Omega-3 Fatty Acids in
Migraine: A Narrative Review. Medicine (Baltimore). 2020;99(42):e22253.
doi:10.1097/MD.0000000000022253

Gazerani P. A Bidirectional View of Migraine and Diet Relationship.
Neuropsychiatr Dis Treat. 2021;VVolume 17:435-451. d0i:10.2147/NDT.S5282565

Rist PM, Buring JE, Kurth T. Dietary Patterns According to Headache and Migraine
Status: A Cross-Sectional Study. Cephalalgia. 2015;35(9):767-775.
d0i:10.1177/0333102414560634

Hajjarzadeh S, Nikniaz Z, Shalilahmadi D, Mahdavi R, Behrouz M. Comparison of
Diet Quality Between Women with Chronic and Episodic Migraine. Headache J
Head Face Pain. 2019;59(8):1221-1228. doi:10.1111/head.13623

Peres MFP, Lerario DDG, Garrido AB, Zukerman E. Primary Headaches in Obese
Patients. Arq Neuropsiquiatr. 2005;63(4):931-933. doi:10.1590/S0004-
282X2005000600005

Bond DS, Roth J, Nash JM, Wing RR. Migraine and Obesity: Epidemiology,
Possible Mechanisms, and the Potential Role of Weight Loss Treatment. Obes Rev
Off J Int Assoc Study Obes. 2011;12(501):e362-e371. doi:10.1111/j.1467-
789X.2010.00791.x

Thielking M. When Medicines Are Unaffordable, Here’s How Patients Cut Costs.
STAT. Published March 19, 2019. Accessed April 11, 2021.
https://www.statnews.com/2019/03/19/how-patients-cut-drug-costs/

Vetvik KG, MacGregor EA. Menstrual Migraine: A Distinct Disorder Needing
Greater Recognition. Lancet Neurol. 2021;20(4):304-315. doi:10.1016/S1474-
4422(20)30482-8

Pavlovi¢ JM, Allshouse AA, Santoro NF, et al. Sex Hormones in Women with and
without Migraine: Evidence of Migraine-Specific Hormone Profiles. Neurology.
2016;87(1):49-56. doi:10.1212/WNL.0000000000002798

Pavlovi¢ JM. The Impact of Midlife on Migraine in Women: Summary of Current
Views. Womens Midlife Health. 2020;6:11. doi:10.1186/s40695-020-00059-8

Pavlovi¢ JM, Stewart WF, Bruce CA, et al. Burden of Migraine Related to Menses:
Results from the AMPP Study. J Headache Pain. 2015;16(1):24.
doi:10.1186/s10194-015-0503-y

68



BIOGRAPHY

Manisha Khatri Djohi is a graduate student at George Mason University. This thesis is
completed in partial fulfillment of the requirements for her degree in Master of Science,
Nutrition and Food Studies. She graduated from the Culinary Institute of America in
2019 with a Bachelor of Professional Studies in Culinary Science. Her passion for food
and science inspired her to pursue Masters. After graduating from George Mason
University, she looks forward to incorporating her culinary and nutritional knowledge in
her professional goals.

69



