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Obesity, migraine, and chronic migraine

Possible mechanisms of interaction

ABSTRACT Migraine and obesity are associated in several ways. First, both are prevalent and dis-
abling disorders influenced by genetic and environmental risk factors. Second, migraine with aura, as
obesity, seems to be a risk factor for cardiovascular events. Finally, large population-based studies
suggest that obesity is a risk factor for chronic migraine after adjusting for comorbidities. In this
article, we discuss plausible mechanisms that may account for this association. Several of the inflam-
matory mediators that are increased in obese individuals are important in migraine pathophysiology,
including interleukins and calcitonin gene-related peptide (CGRP). These mediators may increase the
frequency, severity, and duration of migraine attacks per se, which in turn would cause central sensi-
tization. Repeated central sensitization may be associated with permanent neuronal damage close to
the periaqueductal gray area, with poor modulation to pain. Obesity is also a state of sympathetic
activation, which may contribute to increase in headache frequency. Furthermore, the levels of adi-
ponectin are decreased in obesity. At low but not normal levels, adiponectin is nociceptive. Shared
biologic predisposition may also play a major role. Orexins modulate both pain and metabolism. Dys-
function in the orexins pathways seems to be a risk factor for both conditions. Finally, conditions that
are comorbid to both states (e.g., depression, sleep apnea) may also make the relationship between
both diseases more complex. NEUROLOGY 2007;68:1851-1861

Headache and obesity are prevalent and disabling disorders influenced by genetic and environmental risk
factors."? A longitudinal population study showed that persons with episodic headache and obesity develop
chronic daily headache (CDH) at more than five times the rate of normal weighted individuals.?> Subse-
quently, a large population study confirmed that obesity was a risk factor for CDH, and suggested that this
association occurs primarily with chronic migraine (CM) and not with chronic tension-type headache.* The
prevalence of episodic migraine, however, does not vary significantly with the body mass index (BMI),
suggesting that obesity is not a risk factor for migraine.” However, among migraineurs, high BMI was
associated with more frequent headache attacks.’ In the three studies, obesity emerged as an independent
risk factor, after adjustments for several comorbidities and demographic variables.

Identifying factors and mechanisms that contribute to the onset of CDH, particularly to frequent mi-
graine, now referred to as CM,° has emerged as a priority in headache research. Exploring the links between
headache and obesity may make a substantial contribution to this effort, and in this article we review those
links. We start by highlighting some of the mechanisms of migraine and obesity. We describe the epidemio-
logic association between the two disorders. Then we provide a framework for understanding the linkages
and review overlapping neurochemical mechanisms in both diseases. We stress that many of the putative
mechanisms between frequent headaches and obesity are speculative or supported only by animal studies.
Finally, although we emphasize the biochemical relations between both conditions, we do not want to
suggest that the biobehavioral links are less important. We mention some of these links under the comorbid-
ity section of our article and consider that the behavioral relations between headaches and obesity are
beyond the scope of this article.

MIGRAINE AND CHRONIC MIGRAINE: AN OVERVIEW Migraine is a common and often severe disease
globally.”"" The burden of migraine impacts affected individuals, their family, and society.'>'* Furthermore,
migraine is a disease that sometimes progresses and CM is the result of migraine progression. The former
nomenclature of CM was transformed migraine (TM), and both, with different criteria, refer to the same
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entity. Since some studies used the TM definition
and some studies used the CM definition, herein we
refer to CM and TM synonymously. In the United
States, the prevalence of CM is 2%.'*

Migraine is best understood as a primary disor-
der of the brain:¢ with peripheral consequences.!”
There is abundant evidence that migraine is a famil-
ial disorder with genetic foundation.'® Primary
brain dysfunction may drive peripheral neurovascu-
lar events with consequent activation of the trigemi-
novascular system.!7-1%2

The first neurologic event of migraine is a point
of controversy and two non-mutually exclusive hy-
potheses exist. Migraine may result from a dysfunc-
tion of an area of the brainstem that is involved in
the modulation of pain, sensory processing, and
craniovascular afferents and has also been shown to
control trigeminocervical nociceptive inputs.?*! Ac-
cording to this view, the pain is understood as a
combination of altered perception (due to periph-
eral or central sensitization) of stimuli, as well as the
activation of a feed-forward neurovascular dilator
mechanism in the first division of the trigeminal
nerve.! An alternative theory proposes cortical
spreading depression as the first neurologic event,
which would explain the migraine aura and would
then activate trigeminovascular afferents and in-
duces a series of cortical meningeal and brainstem
events consistent with the development of the head-
ache and the associated symptoms.'”:"”

The pathophysiology of migraine progression is
less understood. An imaging study identified
changes on MRI consistent with iron deposition in
the periaqueductal gray (PAG) area in subjects with
episodic and CM.?! The PAG is a crucial component
in the modulation of descending inhibitory path-
ways. It receives input from the trigeminal nucleus
caudalis (TNC).?> Allodynia, perception of pain
when a usually nonpainful stimulus is applied, has
been reported in about two-thirds of migraineurs
during the attack.??* It may be suggested, in a sub-
set of patients, that repeated central sensitization, or
alternatively, repetitive activation at the level of the
PAG, is associated with high metabolic activity, hy-
peroxia, high iron turnover, and a progressive free-
radical mediated permanent neuronal damage at the
level of, or close to, the PAG, with poor modulation
to pain and disease progression.”

OBESITY: AN OVERVIEW Obesity is a highly prev-
alent disorder that severely affects health-related
quality of life and is a risk factor for hypertension,
metabolic syndrome, diabetes, myocardial infarc-
tion, and stroke.? It has reached epidemic propor-
tions globally??® and in the United States, where
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64% of adults are either overweight or obese.?® Obe-
sity and its associated health problems have a con-
siderable economic impact on the health care
system, accounting for 9.1% of total US medical ex-
penditures in 1998 and reaching as high as $92.6 bil-
lion in 2002.%

Obesity is comorbid with a number of chronic
pain syndromes. In fibromyalgia, it is associated
with increased pain severity and refractoriness to
treatment, while weight loss is followed by im-
proved physical functioning.®® Obesity is also asso-
ciated with arthritis, as well as with prevalent and
severe back and neck pain in the population.’

Discussing the mechanisms of obesity is beyond
the scope of this article. Findings that are relevant to
headache are discussed below.

CLINICAL RELATIONSHIP BETWEEN MIGRAINE
AND OBESITY The link between obesity and the
frequency of primary headaches was first demon-
strated by Scher and colleagues.’ In a longitudinal
population study, over the course of 1 year, 3% of
individuals with episodic headache progressed to
CDH. Among the risk factors for progression, obe-
sity figured prominently; the relative odds of CDH
were five times higher in individuals with a BMI
>30 than in the normal weighted subjects. Over-
weight individuals (BMI ranging from 25 to 29) had
a threefold increased risk of developing CDH. In the
cross-sectional component of the study they found
that obesity was particularly associated with CDH
with migraine features vs with CDH without mi-
graine features. Obesity emerged as a risk factor af-
ter adjusting for other comorbidities and
demographics.

Following the first study,’ two large epidemio-
logic studies further investigated the relationship
between BMI, episodic migraine, and CM. The first
study focused on the relationship between BMI and
episodic migraine.® A total of 30,215 participants
were interviewed, and 3,791 had migraine. Migraine
prevalence, frequency of headache attacks, and
headache features were modeled as a function of
BMI, adjusting by covariates (age, sex, marital sta-
tus, income, medical treatment, depressive symp-
toms, medication use). BMI was not associated with
the prevalence of migraine. It was, however, associ-
ated with the frequency of headache attacks. In the
normal weighted group, just 4.4% of migraine suf-
ferers had 10 to 14 headache days per month. This
increased to 5.8% of the overweight group (OR =
1.3,95% CI = 0.6, 2.8), 13.6% of the obese (OR =
2.9,95% CI = 1.9, 4.4), and 20.7% of the severely
obese (OR 5.7,95% CI = 3.6, 8.8). Although 6% of
the underweight had high frequency of headache at-
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Figure 1
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tacks, due to the small sample size in this group, the
differences were not significant (OR = 1.4, 95%
CI = 0.7, 2.5). In adjusted analyses, obesity corre-
lated with frequency of attacks among migraineurs.

In the obesity-CDH study, similar methods were
used to assess the relationship between BMI and
CDH, as well as its subtypes, CM and chronic
tension-type headache (CTTH).* The study con-
firmed that obesity and CDH are comorbid, after
adjusting for several comorbidities and for demo-
graphics. It also suggested that obesity is a much
stronger risk factor for CM than for CTTH. For
CM, the prevalence ranged from 0.9% of the nor-
mal weighted (reference group) to 1.2% of the over-
weight (OR = 1.4 [1.1, 1.8]), 1.6% of the obese
(OR = 1.7 [1.2, 2.43]), and 2.5% of the severely
obese (OR = 2.2 [1.5, 3.2]). Underweight subjects
(prevalence = 1.06%, OR = 1.13 [0.6, 2.1]) did not
differ from normal weight (figure 1). The effects of
BMI on the prevalence of CTTH were not signifi-
cant, except in the severely obese group.

Because of the increase in the prevalence of over-
weight over the past decades,? a parallel increment
in the prevalence of CM over time could be pre-
dicted. However, studies on the prevalence of CM
are recent.>* Obesity does not seem comorbid to
migraine, just a risk factor to frequent migraine at-
tacks.’ Furthermore, none of the large prevalence
studies conducted in the United States assessed the
proportion of migraineurs with frequent attacks as
an individualized category.®*** Nonetheless, most
migraineurs in the population have few migraine at-
tacks and even considering that the proportion of
individuals with frequent attacks may be increasing

following the increase in the prevalence of obesity,

Figure 2 Possible links between obesity and

chronic migraine
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the impact on the overall frequency of attacks

should be small.

POSSIBLE LINKS OF MIGRAINE AND OBESITY
Possible reasons for the association between obesity
and frequent migraine/CM are summarized in fig-
ure 2 and briefly discussed below.

Spurious interaction. It could be that obesity and fre-
quent headaches appeared to be related as a conse-
quence of biased ascertainment. If persons with
obesity or migraine/CM were more likely to be in
the health care system, individuals with both disor-
ders may be over-represented in clinic-based sam-
ples. Another potential source of spurious
interaction is the fact that both migraine and obesity
are common disorders, potentially leading to a sta-
tistically but not pathophysiologically relevant asso-
ciation between the two.

Since the association is supported by two large
cross-sectional population studies and a longitudi-
nal analyses adjusted by gender, age, and sociode-
mographic status, spurious interactions seem to be

unlikely.>*¢
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Unidirectional causal relationships. Herein, one dis-
ease would lead to the other. CM may be a risk fac-
tor for obesity, since individuals with daily pain
may live more sedentary lives and may use preven-
tive medications that increase weight. Obesity could
increase the risk of CM if proinflammatory media-
tors contribute to headache progression. In the only
available longitudinal study,’ obesity was a risk fac-
tor for incident CM. CM has not been studied as a
risk factor for obesity.

As detailed in the next section, unidirectional
causal relationships may explain some of the rela-
tionship between both conditions (e.g., inflamma-
tory mediators that are elevated in obesity and may
be of importance in migraine).

Shared environmental risk factors. Comorbid rela-
tionships might be explained by shared environ-
mental risks. A sedentary and stressful occupation
might contribute to the co-occurrence of these dis-
orders. There is no direct evidence to support this
hypothesis.

Shared genetic risk factors. Migraine and obesity
may share a common genetic underpinning. Shared
genetic risk factors explain several of the comor-
bidities of migraine.***” Some of the relationship be-
tween obesity and migraine may be explained by
this model. As discussed below, some neurochemi-
cals, including orexins, are responsible for modulat-
ing a number of metabolic and nociceptive
processes. Genetic risk factors that lead to dys-
modulation in the orexin pathways could lead to
both refractory pain and obesity.

In the next section we discuss specific linkage
points between both conditions. Although we can-
not completely exclude shared environmental risk
factors as important, we focus on unidirectional and
shared biologic interactions.

POSSIBLE MECHANISMS OF MIGRAINE AND
OBESITY RELATIONSHIP Migraine, inflammation
and vascular mediators. The source of pain in mi-
graine headache may involve neurogenic plasma ex-
travasation and consequent vascular meningeal
inflammation.? Structural changes in the dura ma-
ter following trigeminal ganglion stimulation have
been demonstrated in animals, specifically mast cell
degranulation and changes in post-capillary venules
including platelet aggregation.?” Electrical stimula-
tion of the trigeminal ganglion leads to increases in
extracerebral blood flow and local release of both
calcitonin gene-related peptide (CGRP) and sub-
stance P (SP).* SP release is likely to be proinflam-
matory.*' Trigeminal ganglion stimulation also
causes release of a powerful vasodilator peptide, va-
soactive intestinal polypeptide (VIP), through a re-
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flex activation of the cranial parasympathetic
outflow.*

Other inflammatory promoters are also altered
in migraineurs, including several cytokines, and
some of these markers are normalized after
sumatriptan.®* Transient increase in soluble intra-
cellular adhesion molecule (SICAM-1), interleukin
(IL)-6, and tumor necrosis factor (TNF)-alpha can
be induced by sensory neuropeptides released from
activated trigeminal endings and are seen during mi-
graine attacks.*

Migraine is also comorbid to a number of vascu-
lar diseases. Migraineurs with aura seem to be at
risk of silent cerebellar infarcts.® It has been dem-
onstrated that cortical spreading depression (CSD)
alters blood—brain barrier (BBB) permeability by
activating brain  matrix metalloproteinases
(MMPs), especially MMP-9.% MMP-9 regulates
perfusion at the level of the BBB. CSD induces up-
regulation of MMP-9 which, in turn, opens the BBB
and promotes sustained leakage of serum proteins.
Barrier disruption may contribute to changes in
brain permeability during migraine attacks, as well
as neuronal death and an increase in infarct volume
in the already compromised brain.* It must be
borne in mind that most aura is visual, and there
seems to be no evidence that this region suffers an
undue burden of brain lesions.*

Studies also investigated the presence of genetic
abnormalities of the protein C system in subjects
with migraine, contrasted with controls. In one
study, migraineurs had an increased frequency of
activated protein C resistance due to Arg506Gln
factor V mutation and of protein S deficiency.* Ad-
ditionally, C-reactive protein (CRP) was increased
in individuals with migraine with aura in a clinic-
based study.”

Obesity, inflammation, and vascular mediators. Adi-
pose tissue, previously considered a passive storage
depot for fat, is now known to play an active role in
metabolism.*® Adipocytes produce and release in-
flammatory cytokines, and obesity is considered by
some experts as a permanent state of low-grade in-
flammation.’! In a population study, overweight
and obese individuals were more likely to have ele-
vated CRP levels than their normal-weight counter-
parts. After adjustment for potential confounders,
the odds for elevated CRP were 2.13 for obese men
and 6.21 for obese women. Obesity, as well as high
levels of CRP, are independent risk factors for leu-
kocytosis.’? Additionally, adipocytes secrete a wide
range of inflammatory molecules including TNF-
alpha and IL-6. The adipose tissue is estimated to
produce about 25% of the systemic IL-6 in vivo.’!
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Table 1 Selective inflammatory events of importance in obesity and migraine

Biomarker

C-reactive protein
(CRP)

Tumor necrosis
factor (TNF)-«

Interleukin (IL)-6

Mast cells

Macrophages

Obesity Migraine

Increased Increased

Secreted by adipocytes
attacks

Transient elevation in the onset
of migraine attacks

Secreted by adipocytes

One of major secretory Mast cells can be activated by
compartment of
adipose tissue

such as CGRP and substance P

The fat tissue is infiltrated
by macrophages

Macrophage iINOS upregulation

Elevated at the onset of migraine

trigeminal nerve stimulation. Mast
cells are also activated by peptides,

and edema formation follow GTN

Potential linkage

CRP is one of the acute phase proteins that
increase during systemic inflammation

CRP is also associated with cardiovascular
disease risk

Since obesity is a proinflammatory state,

it may be associated with enhancement in
the inflammatory response in migraine

TNF causes allodynia in animals
Administration of TNF increases pain states
in several models

IL-6 induces pain in several models

Activated mast cells secrete proinflammatory
and neurosensitizing mediators

Brain mast cells can also secrete
proinflammatory and vasodilatory molecules
such as IL-6

Macrophages are a major source of locally
produced proinflammatory cytokines

infusion in human models of migraine pain

CGRP = calcitonin gene-related peptide.

Additionally, the adipose tissue is infiltrated by
macrophages, which may also be a major source of
locally produced proinflammatory cytokines.*
Weight loss is associated with a reduction in the
macrophage infiltration of adipose tissue.”* Other
substances produced by the adipocytes with inflam-
matory properties include adiponectin, leptin, and
reistin, and are discussed below.

Table 1 summarizes some of the inflammatory
abnormalities that happen in obesity and migraine,
discussing some of the possible points of

interaction.

Calcitonin gene-related peptide (CGRP) and other
peptides. CGRP is released into the cranial circula-
tion of humans during acute migraine, and is an
important postsynaptic modulator of the trigemi-
novascular neurotransmission.” CGRP receptors
in the trigeminocervical complex can be inhibited
by CGRP receptor blockade.* In models of medi-
cation overuse, morphine tolerance in spinal neu-
rons can be reversed by CGRP receptor
antagonists.’® Finally, experimental CGRP recep-
tor antagonists are effective in the acute treat-
ment of migraine.”-%

Plasma levels of CGRP are elevated in obese indi-
viduals, and fat intake may also be associated with
CGRP secretion.” In a clinic-based study, CGRP
was significantly higher in obese subjects relative to
controls. After fat intake, the CGRP levels further
increased, and after weight loss, concentrations re-

iNOS is implicated in the vasodilatation that
happens in migraine pain

main unchanged. It was suggested that CGRP levels
may be genetically determined in obese individuals,
and that fat intake may be associated with increased
CGRP secretion.”

Amylin (AM) and adrenomedullin (ADM) are
two peptides that share between 25 and 50% se-
quence homology with CGRP.®*¢! The levels of
AM are elevated in obese individuals, probably
leading to downregulation of the amylin recep-
tors which, in turn, would lessen the impact of
postprandial AM secretion on satiety and gastric
emptying.®> Null amylin mutant mice have re-
duced pain response in the paw formalin test, sug-
gesting that amylin is pro-nociceptive in primary
sensory neurons.®

AM is a potent, long-lasting vasoactive peptide.
Considerable evidence exists for a wide range of au-
tocrine, paracrine, and endocrine mechanisms for
AM which include vasodilatory, antiapoptotic, an-
giogenic, antifibrotic, natriuretic, diuretic, and pos-
itive inotropic.®® The adipose tissue, especially
mature adipocytes, is a major source of AM in the
body, and AM might play a pathophysiologic role
in obesity.*

As with CGRP, ADM is a potent dilatator of hu-
man arteries. The vasodilation induced by ADM is
mediated through a CGRP1 receptor, suggesting the
presence of functional ADM receptors in human as-
troglial cells.®* This may be of importance in the
pathophysiology of migraine.
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Table 2 Calcitonin gene-related peptide (CGRP) and analogous molecules: Importance in obesity and migraine
Biomarker Obesity Migraine Potential linkage
CGRP Plasmatic CGRP is elevated Postsynaptic mediator of CGRP is one of the most important
in obese individuals. Fat intake the migraine trigemino-vascular peripheral migraine mediators and
is associated with increased inflammation one target for development of new
CGRP secretion migraine treatments
Amylin Elevated in obese individuals Not tested Amylin mutant mice display a reduced
pain response in the paw formalin test
Amylin has a pro-nociceptive function
in primary sensory neurons
Adrenomedullin (AM) Adipocytes are a major source Not tested ADM is a potent dilatator of human

of AM in the body

ADM = adrenomedullin

Table 2 summarizes the importance of CGRP
and analogous molecules in obesity and migraine.

Substances and pathways important in the regulation
of food intake and weight control. Orexins. Several
peptides have been reported recently to be involved
in the modulation of appetite and energy homeosta-
sis, including the orexins (orexin A and B)®*¢’ (table
3). The orexins bind to two G-protein coupled re-
ceptors, termed OX R and OX,R. Orexin A has an
equal affinity for both receptors, whereas orexin B
has a 10-fold higher affinity for the OX,R.%® The
broad projections of the orexinergic system have led
to its implication in a variety of functions including
feeding, sleep wake cycle, cardiovascular function,
hormone secretion,®” and more recently the modula-
tion of nociceptive processing.” Interestingly the
orexinergic system has been linked to the sleep dis-
order narcolepsy with the discovery of a mutation at
the OX,R, being responsible for canine narcolep-

arteries

The effects of ADM happen trough
CGRP1 receptors

sy, and 90% of narcoleptic patients demonstrating
a decreased level of orexin A in their CSF.”! A link
between orexin and migraine can be indirectly pos-
tulated by the increased prevalence of migraine in
narcoleptic patients.”” Narcoleptic patients also
demonstrate an increased BMI1,7 as do first-degree
relatives, suggesting a possible genetic link.”

The orexinergic influence on feeding is depen-
dent on circadian processes, with the effect of
orexin A administration on feeding varying depend-
ing on time of day.” Furthermore, the orexins may
be important in the modulation of obesity. In a
clinic-based study, plasma orexin A concentrations
were significantly lower in obese women when com-
pared to control subjects. Plasma orexin B concen-
trations did not change as a function of BMI.7¢

Recent studies have also linked the orexins with
the modulation of nociceptive processing.””””8
Orexin A receptors have been localized to the spinal

Table 3
Biomarker Obesity Migraine
Orexins Levels of orexin A

are reduced in obese

individuals

vasodilatation

Adiponectin Decreases with Not tested

increased BMI
Leptin Increases with BMI Not tested
Resistin Increases with BMI Not tested

Injection of orexin A decreased
the A- and C-fiber responses to
painful stimulation. Orexin A
inhibits neurogenic induced

Substances important in the modulation of food intake and weight control: Relevance in migraine

Potential linkage

Low levels of orexin, as found in obese
individuals, may be related to a
proinflammatory state in the trigeminal
system

Orexin plays a key role in regulating
the sleep cycle. Sleep disorders are
known risk factor for migraine progression

Low levels are associated with platelet
aggregation, as well as proinflammatory
cytokine release

Adiponectin inhibits IL-6 and TNF-induced
IL-8 formation, as well as induction of the
anti-inflammatory cytokines, IL-10 and IL-1RA

Adiponectin levels are inversely correlated
with CRP, TNF-q, and IL-6 levels

Leptin induces cytokine release
in several models

As leptin, resistin induces cytokine
release in several animal models

BMI = body mass index; IL = interleukin; TNF = tumor necrosis factor.
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cord and dorsal root ganglion, and orexin-A was
shown to be analgesic when given IV and intrathe-
cally.” In animals, the efficacy of orexin-A was sim-
ilar to that of morphine. However, involvement of
the opiate system was discounted as the effects were
blocked by the OX,R antagonist SB-334867 but not
naloxone.®

The orexins have only very recently been linked
with a possible role in migraine. In an animal model
of trigeminovascular pain, activation of the OX,R
and OX,R in the posterior hypothalamus has been
shown to differentially modulate nociceptive dural
input to the TNC.” Activation of the OX,R elicits
an antinociceptive effect whereas OX,R activation
elicits a pro-nociceptive effect. This is of impor-
tance, since regulation of autonomic and neuroen-
docrine functions as well as nociceptive processing
are closely coupled in the hypothalamus,* probably
mediated by orexinergic mechanisms.®' Thus, the
orexinergic could be a possible link between the
pain of primary neurovascular headaches and
the possible hypothalamic dysfunction seen in
migraine.® In a further study, the effects of orexin A
and B on neurogenic dural vasodilation were inves-
tigated. Inhibition of neurogenic dural vasodilation
has proved successful in predicting antimigraine ef-
ficacy with numerous compounds including the
triptans.®® Orexin A, but not orexin B, was able to
inhibit neurogenic dural vasodilation, resulting in
inhibition of prejunctional release of CGRP from
trigeminal neurons. The response was reversed by
pretreatment  with the OX,R
SB-334867.84

Adipocytokines. Adipocytes also act as endocrine

antagonist

cells, secreting substances called adipocytokines.
Some of the adipocytokines have hormonal proper-
ties, including adiponectin, resistin, and leptin.
They seem to be exclusively produced in the fat cells
and placenta.

The better studied of the adipocytokines is adi-
ponectin, a substance that has endocrine effects in
the liver, muscle, and vasculature. Adiponectin
modulates a number of metabolic processes impor-
tant in the control of glycemia, as well as fatty acid
catabolism. Levels of the hormone are inversely cor-
related with BML?* which plays a key role in meta-
bolic disorders such as type 2 diabetes, obesity, and
atherosclerosis. Plasma concentrations are higher in
females than in males.®® Weight reduction signifi-
cantly increases circulating levels. At normal levels,
the anti-inflammatory activities of adiponectin in-
clude inhibition of IL-6 and TNF-induced IL-8
formation, as well as induction of the anti-
inflammatory cytokines, IL-10 and IL-1. Adiponec-

tin levels are inversely correlated with C-reactive

protein, TNF-a, and IL-6 levels.®>%¢ At lower levels,
adiponectin induces a proinflammatory state.’%

Beyond their effects on central metabolic func-
tions, leptin, resistin, and adiponectin have pro-
found effects on a number of other physiologic
processes, including inflammation.?” It has been
demonstrated that leptin and adiponectin activate
proinflammatory cytokine release and phospholipid
metabolism in the adipose tissue, and that antiin-
flammatory agents counteract the induced inflam-
mation.*® Adiponectin is upregulated in vivo and in
vitro in response to inflammatory stimuli. The un-
derlying mechanisms seem to involve a NO-
dependent pathway.® Finally, it is worth noting
that low levels of adiponectin have been recently
reported to be associated with platelet
aggregation.®%

IMPORTANCE OF COMORBID ASSOCIATIONS
The relationship between chronic migraine and
obesity may be at least partially explained by both
diseases sharing comorbidities that are also known
risk factors for migraine transformation.

Depression and stressful life events have been
identified as risk factors for CDH and exemplify
this issue.> A recent population study showed that,
in the United States, obesity was associated with sig-
nificant increases in lifetime diagnosis of major de-
pression, bipolar disorder, and panic disorder or
agoraphobia.” Sleep apnea is also a risk factor for
migraine progression,’ and with increased daytime
sleepiness in migraineurs.”!

Medication overuse is a third condition that may
be used as an example. It is a known risk factor for
CDH.*” There is increasing evidence that dysfunc-
tioning of the reward and drive circuitry (the fronto-
striatal-amygdala-midbrain circuit) may play a
pivotal role in obesity.”> The same circuit may also
be involved in substance abuse.”*

It is clear that some of these common comorbidi-
ties may contribute to the process of migraine trans-
formation. In two of the studies that found obesity
and CDH comorbid,*® analyses were partially ad-
justed for depression (depression scales were not
used, but questions on depression were) and were
fully adjusted for acute and preventive medication
use and for demographics. In the third® analyses
were adjusted for stressful life events, sleep apnea,
and snoring. In the three studies, obesity emerged as
an independent risk factor for transformation.
However, it has been suggested that depression may
at least partially explain the influence of BMI on
CDH prevalence,” and none of the mentioned stud-
ies used a validated depression scale.

The importance of comorbid associations is ex-
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Figure 3 Algorithm summarizing the relationship between obesity and migraine
progression
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emplified by what is seen in the underweight group.
In three population studies (Bigal et al., data in
preparation),*’ underweight individuals had a
higher prevalence of CDH and higher frequency of
headache attacks overall. However, after adjusting
for covariates (questions on depression and anxiety,
for example), the relationship remained true for
obesity but not for underweight, suggesting that in
the underweight, psychiatric comorbidities mediate

at least in part the relationship.

ROLE OF THE AUTONOMIC NERVOUS SYSTEM
Obesity may be explained as a disturbance of energy
balance, with energy intake exceeding energy ex-
penditure. As the autonomic nervous system has a
role in the regulation of both these variables, it has
become a major focus of investigation in the fields
of obesity pathogenesis.”® A prospective study in
8,000 obese and nonobese patients revealed a high
relative risk to develop type 2 diabetes if autonomic
dysfunction is present.”” It may be suggested that an
unbalanced autonomic output develops in obese in-
dividuals with increased parasympathetic domi-
nance in the visceral compartment and increased
sympathetic tone in the thoracic compartment and
muscles. Finally, it is also speculated that the in-
crease in the sympathetic tone, happening under
fasting conditions in obesity, may be associated
with high cardiovascular morbidity and mortality.
At least partially, this dysmodulation is driven by
leptin, a proinflammatory molecule.

Autonomic dysfunction has been suggested in
migraine.” Obesity leads to activation of the sym-
pathetic nervous system, as well as changes in cen-
tral serotonergic responsiveness (a reduction in
central “serotonin tone”), and this might increase
the chance of migraine transformation. It may be

Neurology 68 May 22, 2007

hypothesized that, due to sympathetic hypofunc-
tion, obese migraineurs are less able to cope with
the increased sympathetic tone associated with obe-
sity, and thus would be at a greater risk for frequent

headaches.

CONCLUSION In this article, we discussed several
hypothetical mechanisms that may account for the
association between obesity and frequent migraines,
including chronic migraine in epidemiologic studies.
Figure 3 summarizes many of these relationships.
We propose that unidirectional causality as well as
shared biologic mechanisms are important. Obesity
increases the levels of several markers that are im-
portant in migraine pathophysiology, including in-
terleukins and CGRP. These mediators may
increase the frequency, severity, and duration of mi-
graines per se. Increase in the frequency of migraine
is associated with central sensitization, which
would contribute to self-perpetuating the process.
Obesity is also a state of sympathetic activation,
which may contribute to increase in headache fre-
quency. The levels of adiponectin are decreased in
obesity, and, as exposed, at normal levels, adiponec-
tin has anti-inflammatory properties.” Finally,
shared biologic predisposition may play a relevant
role. Orexins are important, modulating both pain
and metabolic pathways. Dysfunction in the orexins
pathways seems to be a risk factor for both
conditions.

A recent large population in which we inter-
viewed 160,000 individuals supported that obesity
was an exacerbating factor for migraine and proba-
ble migraine but not for episodic tension-type head-
ache. Therefore it was a risk factor for CM but not
for CTTH (Bigal et al., data in preparation). This
specificity of association creates opportunity to gen-
erate mechanistic hypothesis. Future research
should explore the several hypothetical mechanisms
of relationship between obesity and CM, as well as
the interaction between obesity and other risk fac-
tors for migraine progression. For example, based
on the obesity data alone, CM should be more fre-
quent in the United States than in Europe, since obe-
sity is more prevalent in the former, which is not the
case.” It is possible that other known risk factors to
migraine transformation (depression, stressful life
events, income, head trauma, sleep apnea, fre-
quency of headache attacks, medication overuse)
counterbalance the stronger influence of obesity
that would be expected in the United States.

ACKNOWLEDGMENT
Dr. Bigal thanks Dr. B. Lee Peterlin, for sharing her thoughts on
adiponectin, and Dr. David Biondi, on the role of the auto-

nomic nervous system on migraine progression.

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



Received October 6, 2006. Accepted in final form January 10,

2007.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Goadsby PJ, Lipton RB, Ferrari MD. Migraine— current
understanding and treatment. N Engl ] Med 2002;346:
257-270.

Menken M, Munsat TL, Toole JF. The global burden of
disease study: implications for neurology. Arch Neurol
2000;57:418-420.

Scher Al Stewart WF, Ricci JA, Lipton RB. Factors asso-
ciated with the onset and remission of chronic daily head-
ache in a population-based study. Pain 2003;106:81-89.
Bigal ME, Lipton RB. Obesity is a risk factor for trans-
formed migraine but not for chronic tension-type head-
ache. Neurology 2006567:252-257.

Bigal ME, Liberman JN, Lipton RB. Obesity and mi-
graine: a population study. Neurology 2006;66:545—550.
Olesen J, Bousser MG, Diener HC, et al. New appendix
criteria open for a broader concept of chronic migraine.
Cephalalgia 2006;26:742-746.

Headache Classification Committee of the International
Headache Society. Classification and diagnostic criteria
for headache disorders, cranial neuralgias, and facial
pain. Second Edition. Cephalalgia 2004;(suppl 1):1-160.
Lipton RB, Stewart WF, Diamond S, Diamond ML, Reed
M. Prevalence and burden of migraine in the United
States: data from the American Migraine Study II. Head-
ache 2001;41:646-657.

Morillo LE, Alarcon F, Aranaga N, et al. Prevalence of
migraine in Latin America. Headache 2005;45:106—-117.
Lanteri-Minet M, Valade D, Geraud G, Chautard MH,
Lucas C. Migraine and probable migraine—results of
FRAMIG 3, a French nationwide survey carried out ac-
cording to the 2004 THS classification. Cephalalgia 2005;
25:1146-1158.

Lipton RB, Bigal ME. Migraine: epidemiology, impact,
and risk factors for progression. Headache 2005;45 Suppl
1:83-S13.

Steiner TJ, Scher Al, Stewart WF, Kolodner K, Liberman
J, Lipton RB. The prevalence and disability burden of
adult migraine in England and their relationships to age,
gender and ethnicity. Cephalalgia 2003;23:519-527.
Pryse-Phillips W, Findlay H, Tugwell P, Edmeads J, Mur-
ray TJ, Nelson RF. A Canadian population survey on the
clinical, epidemiologic and societal impact of migraine
and tension-type headache. Can J Neurol Sci 1992;9:333—
339.

Scher Al Stewart WF, Liberman J, Lipton RB. Prevalence
of frequent headache in a population sample. Headache
1998;38:497-506.

Welch KM. Contemporary concepts of migraine patho-
genesis. Neurology 2003;61(8 Suppl 4):52-8.

Afra J, Mascia A, Gerard P, Maertens de Noordhout A,
Schoenen . Interictal cortical excitability in migraine: a
study using transcranial magnetic stimulation of motor
and visual cortices. Ann Neurol 1998;44:209-215.
Moskowitz MA, Macfarlane R. Neurovascular and mo-
lecular mechanisms in migraine headaches. Cerebrovasc
Brain Metab Rev 1993;5:159-177.

Ophoff RA, Terwindt GM, Vergouwe MN, Frants RR,
Ferrari MD. Wolff Award 1997. Involvement of a Ca2+

channel gene in familial hemiplegic migraine and mi-

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Neurology 68 May 22,2007

graine with and without aura. Dutch Migraine Genetics
Research Group. Headache 1997;37:479—485.

Moskowitz MA. Neurogenic inflammation in the patho-
physiology and treatment of migraine. Neurology 1993;
43(6 Suppl 3):516-20.

Bahra A, Matharu MS, Buchel C, Frackowiak RS,
Goadsby PJ. Brainstem activation specific to migraine
headache. Lancet 2001;31:1016-1017.

Welch KMA, Nagesh V, Aurora SK, Gelman N. Periaque-
ductal gray matter dysfunction in migraine: cause or the
burden of illness? Headache 2001;41:629-637.

Mantyh PW. The ascending input to the midbrain periaq-
ueductal gray of the primate. ] Comp Neurol 1982;211:
50-64.

Selby G, Lance JW. Observations on 500 cases of mi-
graine and allied vascular headache. ] Neurol Neurosurg
Psychiatry 1960;23:23-32.

Burstein R, Yarnitsky D, Goor-Aryeh I, Ransil BJ, Bajwa
ZH. An association between migraine and cutaneous allo-
dynia. Ann Neurol 2000;47:614—624.

Welch KMA. Concepts of migraine headache pathogene-
sis: insights into mechanisms of chronicity and new drug
targets. Neurol Sci 2004;24 (suppl 2):149-153.

National Center for Chronic Disease Prevention and
Health Promotion. Overweight and obesity: obesity
trends. Available at: http://www.cdc.gov/ncedphp/dnpa/
obesity/trend/maps/index.htm. Accessed June 18, 2006.
World Health Organization. Obesity and overweight.
Global strategy on diet, physical activity and health.
Available at: http://www.who.int/dietphysicalactivity/
publications/facts/obesity/en. Accessed August 19, 2006.
Wang Y, Mi ], Shan XY, Wang QJ, Ge KY. Is China
facing an obesity epidemic and the consequences? The
trends in obesity and chronic disease in China. Int ] Obes
2006 May 2 [Epub ahead of print].

Finkelstein EA, Fiebelkorn IC, Wang G. National medical
spending attributable to overweight and obesity: how
much, and who’s paying? Health Aff 2003 Suppl Web Ex-
clusives;W3:219-226.

Yunus MB, Arslan S, Aldag JC. Relationship between
body mass index and fibromyalgia features. Scand
J Rheumatol 2002;31:27-31.

Webb R, Brammah T, Lunt M, Urwin M, Allison T, Sym-
mons D. Prevalence and predictors of intense, chronic,
and disabling neck and back pain in the UK general popu-
lation. Spine 2003;28:1195-1202.

Galuska DA, Serdula M, Pamuk E, Siegel PZ, Byers T.
Trends in overweight among US adults from 1987 to 1993:
a multistate telephone survey. Am ] Public Health 1996;
86:1729-1735.

Castillo J, Munoz P, Guitera V, Pascual J. Epidemiology
of chronic daily headache in the general population.
Headache 1999;39:190-196.

Lipton RB, Stewart WF, Simon D. Medical consultation
for migraine: results from the American Migraine Study.
Headache 1998;38:87-96.

Lipton RB, Bigal ME, Freitag F, Diamond S, Reed M,
Stewart F. Migraine prevalence, disease burden and need
for preventive therapy. Neurology 2007;68:343-349.
Ottman R, Lipton RB. Is the comorbidity of epilepsy and
migraine due to a shared genetic susceptibility? Neurol-
ogy 1996;47:918-924.

1859

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



1860

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

Merikangas KR, Merikangas JR, Angst J. Headache syn-
dromes and psychiatric disorders: association and familial
transmission. J Psychiatr Res 1993;27:197-210.
Moskowitz MA, Cutrer FM. Sumatriptan: a receptor-
targeted treatment for migraine. Annu Rev Med 1993;44:
145-154.

Dimitriadou V, Buzzi MG, Theoharides TC, Moskowitz
MA. Ultrastructural evidence for neurogenically medi-
ated changes in blood vessels of the rat dura mater and
tongue following antidromic trigeminal stimulation. Neu-
roscience 1992;48:187-203.

Goadsby PJ, Edvinsson L. The trigeminovascular system
and migraine: studies characterizing cerebrovascular and
neuropeptide changes seen in humans and cats. Ann Neu-
rol 1993;33:48-56.

Grant AD, Pinter E, Salmon AM, Brain SD. An examina-
tion of neurogenic mechanisms involved in mustard oil-
induced inflammation in the mouse. Eur ] Pharmacol
2005;507:273-280.

Goadsby PJ, Macdonald GJ. Extracranial vasodilatation
mediated by VIP (Vasoactive Intestinal Polypeptide).
Brain Res 1985;329:285-288.

Munno 1, A, Cassiano MA,

Causarano V, Centonze V. Immunological aspects in mi-

Marinaro M, Bassi

graine: increase of IL-10 plasma levels during attack.
Headache 2001;41:764-777.

Sarchielli P, Alberti A, Baldi A, et al. Proinflammatory
cytokines, adhesion molecules, and lymphocyte integrin
expression in the internal jugular blood of migraine pa-
tients without aura assessed ictally. Headache 2006;46:
200-207.

Kruit MC, van Buchem MA, Hofman PA, et al. Migraine
as a risk factor for subclinical brain lesions. JAMA 2004;
291:427-434.

Gursoy-Ozdemir Y, Qiu J, Matsuoka N, et al. Cortical
spreading depression activates and upregulates MMP-9.
J Clin Invest 2004;113:1447-1455.

Russell MB, Olesen JA. Nosographic analysis of the mi-
graine aura in a general population. Brain 1996;119:355—
361.

D’Amico D, Moschiano F, Leone M, et al. Genetic abnor-
malities of the protein C system: shared risk factors in
young adults with migraine with aura and with ischemic
stroke? Cephalalgia 1998;18:618—621.

Welch KM, Brandes AW, Salerno L, Brandes JL.
C-reactive protein may be increased in migraine patients
who present with complex clinical features. Headache
2006;46:197-199.

Flier JS. The adipocyte: storage depot or node on the en-
ergy information superhighway? Cell 1995;80:15-18.
Mohamed-Ali V, Pinkney JH, Coppack SW. Adipose tis-
sue as an endocrine and paracrine organ. Int ] Obes Relat
Metab Disord 1998;22:1145-1158.

Herishanu Y, Rogowski O, Polliack A, Marilus R. Leuko-
cytosis in obese individuals: possible link in patients with
unexplained persistent neutrophilia. Eur J Haematol
2006;76:516-520.

Curat CA, Wegner V, Sengenes C, et al. Macrophages in
human visceral adipose tissue: increased accumulation in
obesity and a source of resistin and visfatin. Diabetologia
2006;49:744-747.

Storer R], Akerman S, Goadsby PJ. Calcitonin gene-
related peptide (CGRP) modulates nociceptive trigemino-

Neurology 68 May 22, 2007

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.

55.

S6.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

vascular transmission in the cat. Br ] Pharmacol 2004;142:
1171-1181.

Powell KJ, Ma W, Sutak M, et al. Blockade and reversal
of spinal morphine tolerance by peptide and non-peptide
calcitonin gene-related peptide receptor antagonists.
Br ] Pharmacol 2000;131:875-884.

Olesen J, Diener H, Husstedt IW, et al. Calcitonin gene-
related peptide (CGRP) receptor antagonist BIBN4096BS
is effective in the treatment of migraine attacks. N Engl
J Med 2004;350:1104-1110.

Petersen KA, Lassen LH, Birk S, Lesko L, Olesen ]J.
BIBN4096BS antagonizes human alpha-calcitonin gene
related peptide-induced headache and extracerebral ar-
tery dilatation. Clin Pharmacol Ther 2005;77:202-213.
Zelissen PM, Koppeschaar HP, Lips CJ, Hackeng WH.
Calcitonin gene-related peptide in human obesity. Pep-
tides 1991;12:861-863.

Gram DX, Hansen AJ, Wilken M, et al. Plasma calcitonin
gene-related peptide is increased prior to obesity, and sen-
sory nerve desensitization by capsaicin improves oral glu-
cose tolerance in obese Zucker rats. Eur J Endocrinol
2005;153:963-969.

van Rossum D, Hanisch UK, Quirion R. Neuroanatomi-
cal localization, pharmacological characterization and
functions of CGRP, related peptides and their receptors.
Neurosci Biobehav Rev 1997;21:649-678.

Reda TK, Geliebter A, Pi-Sunyer FX. Amylin, food in-
take, and obesity. Obes Res 2002;10:1087—1091.
Gebre-Medhin S, Mulder H, Zhang Y, Sundler F,
Betsholtz C. Reduced nociceptive behavior in islet amy-
loid polypeptide (amylin) knockout mice. Brain Res Mol
Brain Res 1998;63:180-183.

Yanagawa B, Nagaya N. Adrenomedullin: molecular
mechanisms and its role in cardiac disease. Amino Acids
2006 Apr 4 [Epub ahead of print].

Chu DQ, Legon S, Smith DM, Costa SK, Cuttitta F, Brain
SD. The calcitonin gene-related peptide (CGRP) antago-
nist CGRP(8-37) blocks vasodilatation in inflamed rat
skin: involvement of adrenomedullin in addition to
CGRP. Neurosci Lett 2001;310:169-172.

Sakurai T, Amemiya A, Ishii M, et al. Orexins and orexin
receptors: a family of hypothalamic neuropeptides and G
protein-coupled receptors that regulate feeding behavior.
Cell 1998;92:573-585.

Ferguson AV, Samson WK. The orexin/hypocretin sys-
tem: a critical regulator of neuroendocrine and autonomic
function. Front Neuroendocrinol 2003;24:141-150.

Siegel JM. Hypocretin (orexin): role in normal behavior
and neuropathology. Annu Rev Psychol 2004;55:25-48.
Foord SM, Bonner TI, Neubig RR, et al. International
Union of Pharmacology. G protein-coupled receptor list.
Pharmacol Rev 2005;57:279-288.

Kajiyama S, Kawamoto M, Shiraishi S. Spinal orexin-1
receptors mediate  anti-hyperalgesic  effects  of
intrathecally-administered orexins in diabetic neuro-
pathic pain model rats. Brain Res 2005;1044:76-86.

Lin L, Faraco J, Li R, et al. The sleep disorder canine
narcolepsy is caused by a mutation in the hypocretin
(orexin) receptor 2 gene. Cell 1999;98:365-376.

Mignot E, Lammers GJ, Ripley B, et al. The role of cere-
brospinal fluid hypocretin measurement in the diagnosis
of narcolepsy and other hypersomnias. Arch Neurol 2002;
59:1553-1562.



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Dahmen N, Kasten M, Wieczorek S, Gencik M, Epplen
JT, Ullrich B. Increased frequency of migraine in narco-
leptic patients: a confirmatory study. Cephalalgia 2003;
23:14-19.

Schuld A, Hebebrand J, Geller F, Pollmacher T. Increased
body-mass index in patients with narcolepsy. Lancet
2000;355:1274-1275.

Dahmen N, Bierbrauer J, Kasten M. Increased prevalence
of obesity in narcoleptic patients and relatives. Eur Arch
Psychiatry Clin Neurosci 2001;251:85-89.

Haynes AC, Jackson B, Overend P, et al. Effects of single
and chronic intra-cerebroventricular administration of
the orexins on feeding in the rat. Peptides 1999;20:1099—
1105.

Baranowska B, Wolinska-Witort E, Martynska M, et al.
Plasma orexin A, orexin B, leptin, neuropeptide Y (NPY)
and insulin in obese women. Neuroendocrinol Lett 2005;
26:714.

Trivedi P, Yu H, MacNeil DJ, Van der Ploeg LH, Guan
XM. Distribution of orexin receptor mRNA in the rat
brain. FEBS Lett 1998;438:71-75.

van den Pol AN. Hypothalamic hypocretin (orexin): ro-
bust innervation of the spinal cord. ] Neurosci 1999;19:
3171-3182.

Bartsch T, Levy MJ, Knight YE, Goadsby PJ. Differential
modulation of nociceptive dural input to [hypocretin]
orexin A and B receptor activation in the posterior hypo-
thalamic area. Pain 2004;109:367-378.

Buijs RM, Van Eden CG. The integration of stress by the
hypothalamus, amygdala and prefrontal cortex: balance
between the autonomic nervous system and the neuroen-
docrine system. Prog Brain Res 2000;126:117-132.

Smart D. Orexins: a new family of neuropeptides. Br J
Anaesth 1999;83:695-697.

Overeem S, van Vliet JA, Lammers GJ, et al. The hypo-
thalamus in episodic brain disorders. Lancet Neurol 2002;
1:437-444.

Akerman S, Williamson D], Kaube H, Goadsby PJ. The
effect of anti-migraine compounds on nitric oxide-
induced dilation of dural meningeal vessels. Eur ] Phar-
macol 2002;42:223-228.

Holland PR, Akerman S, Goadsby PJ. Orexin 1 receptor
activation attenuates neurogenic dural vasodilation in an
animal model of trigeminovascular nociception. J Phar-
macol Exp Ther 2005;315:1380-1385.

Matsuzawa Y. The metabolic syndrome and adipocyto-
kines. FEBS Lett 2006;580:2917-2921.

86.

87.

88.

89.

90.

91.

92.

93.

94.

9s.

96.

97.

98.

99.

Neurology 68 May 22,2007

Ronti T, Lupattelli G, Mannarino E. The endocrine func-
tion of adipose tissue: an update. Clin Endocrinol 2006;
64:355-365.

Bastard JP, Maachi M, Lagathu C, et al. Recent advances
in the relationship between obesity, inflammation, and in-
sulin resistance. Eur Cytokine Netw 2006;17:4-12.
Lappas M, Permezel M, Rice GE. Leptin and adiponectin
stimulate the release of proinflammatory cytokines and
prostaglandins from human placenta and maternal adi-
pose tissue via nuclear factor-kappaB, peroxisomal
proliferator-activated receptor-gamma and extracellu-
larly regulated kinase 1/2. Endocrinology 2005;146:3334—
3342.

Delaigle AM, Jonas JC, Bauche IB, Cornu O, Brichard
SM. Induction of adiponectin in skeletal muscle by in-
flammatory cytokines: in vivo and in vitro studies. Endo-
crinology 2004;145:5589-5597.

Simon GE, Von Korff M, Saunders K, et al. Association
between obesity and psychiatric disorders in the US adult
population. Arch Gen Psychiatry 2006;63:824-830.

Peres MF, Stiles MA, Siow HC, Silberstein SD. Excessive
daytime sleepiness in migraine patients. ] Neurol Neuro-
surg Psychiatry 2005;76:1467—1468.

Saper JR. The mixed headache syndrome: a new perspec-
tive. Headache 1982;22:284-286.

Beaver JD, Lawrence AD, van Ditzhuijzen J, et al. Indi-
vidual differences in reward drive predict neural re-
sponses to images of food. Neurosci 2006;26:5150-5156.
Volkow ND, Wise RA. How can drug addiction help us
understand obesity? Nat Neurosci 2005;8:555-560.

Buse D, Bigal ME, Reed M, Diamond S, Diamond M,
Lipton RB. Prevalence of depression varies with disabil-
ity, headache type and body mass index. Cephalalgia
2006;26:1366.

Carnethon MR, Golden SH, Folsom AR, Haskell W, Liao
D. Prospective investigation of autonomic nervous system
function and the development of type 2 diabetes: the Ath-
erosclerosis Risk In Communities study, 1987-1998. Cir-
culation 2003;107:2190-2195.

Liatis S, Tentolouris N, Katsilambros N. Cardiac auto-
nomic nervous system activity in obesity. Pediatr Endocri-
nol Rev 2004;1 (suppl 3):476-483.

Peroutka SJ. Migraine: a chronic sympathetic nervous
system disorder. Headache 2004;44:53—64.

Petelin BL, Bigal ME, Rapoport AM, Tepper SJ. Migraine
and adiponectin: is there a connection? Cephalalgia 2007
(in press).

1861

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



Obesity, migraine, and chronic migraine : Possible mechanisms of interaction
Marcelo E. Bigal, Richard B. Lipton, Philip R. Holland, et al.

Neurology 2007;68;1851

DOI 10.1212/01.wnl.0000262045.11646.b1

This information is current as of August 4,2012

Updated Information &
Services

Supplementary Material

References

Citations

Subspecialty Collections

Permissions & Licensing

Reprints

including high resolution figures, can be found at:
http://www neurology .org/content/68/21/1851 full .html

Supplementary material can be found at:
http://www neurology .org/content/suppl/2009/08/27/68.21.1851
DC1.html

This article cites 92 articles, 19 of which can be accessed free
at:

http://www neurology.org/content/68/21/1851 full.html#ref-list-
1

This article has been cited by 15 HighWire-hosted articles:
http://www neurology .org/content/68/21/1851 .full html#related-
urls

This article, along with others on similar topics, appears in the
following collection(s):

All Headache

http://www neurology .org/cgi/collection/all_headache
Migraine

http://www neurology.org/cgi/collection/migraine
Nutritional

http://www .neurology .org/cgi/collection/nutritional

Information about reproducing this article in parts (figures,
tables) or in its entirety can be found online at:
http://www neurology .org/misc/about.xhtml#permissions

Information about ordering reprints can be found online:
http://www neurology .org/misc/addir.xhtml#reprintsus

AMERICAN ACADEMY OF

NEUROLOGY-.




