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Clinical course in migraine

Conceptualizing migraine transformation
@ m

ABSTRACT

Migraine is currently conceptualized as a chronic disease with episodic manifestations, with at-
tacks that increase in frequency in a subgroup (migraine transformation or progression). Transfor-
mation of migraine may be subdivided in three partially overlapping forms, although research in
this area is still in infancy, and evidence is sometimes weak. Typically, transformation refers to
increases in attack frequency over time leading to chronic migraine; this process is termed clinical
transformation. Additionally, in some patients with migraine, physiologic changes in the CNS
manifest themselves through alterations in nociceptive thresholds (allodynia) and alterations in
pain pathways (physiologic transformation). Finally, in some individuals, definitive brain lesions
including stroke and deep white matter lesions emerge (anatomic transformation). Herein we dis-
cuss the evidence that migraine may transform and then consider potential mechanisms as well
as risk factors. We close with a brief discussion of clinical strategies that arise based on this
perspective on migraine. Neurology® 2008;71:848-855

GLOSSARY

BBB = blood-brain barrier; BMI = body mass index; CA = cutaneous allodynia; CDEA = chronic disorder with episodic
attacks; CDH = chronic daily headache; CM = chronic migraine; CSD = cortical spreading depression; HFEM = high-
frequency episodic migraine; LFEM = low-frequency episodic migraine; MMP = matrix metalloproteinase; NSAID = nonste-
roidal anti-inflammatory drug; PAG = periaqueductal gray; PR = prevalence ratio; WMH = white matter hyperintensity.

The conceptual framework for understanding migraine has evolved over the past decade. Seen
as a purely episodic disorder for a large part of the 20th century,' more recent evidence supports
the concept that migraine is a chronic disorder with episodic attacks (CDEA).? Between head-
aches, patients with migraine have an enduring predisposition to attacks including abnormali-
ties in brain excitability and impaired health-related quality of life.> Emerging evidence also
suggests that migraine has a variable clinical course. Some patients with migraine remit becom-
ing free of migraine.* Others have a stable clinical course. Finally, a subset develops chronic
migraine (CM), a condition characterized by headaches on 15 or more days per month.> This
process is sometimes referred to as migraine transformation.®” Accordingly, migraine is best
conceptualized as a CDEA with attacks that increase in frequency in a subgroup.®®

From a conceptual perspective, transformation of migraine has been recently subdivided
into three non mutually exclusive forms.” Typically, transformation refers to increases in attack
frequency over time leading to CM; this process, termed clinical transformation, occurs in about
3% of episodic migraine sufferers in the general population over the course of a year.”!'* A less
discussed and characterized issue is physiologic transformation,’ physiologic changes in the
CNS manifested through alterations in nociceptive thresholds (allodynia) and in pain path-
ways.'? Finally, in some individuals, definitive brain lesions including stroke and deep white
matter lesions emerge'?; this process is of a potential anatomic transformation (as discussed
below, the causal nature of the lesions is sometimes unclear) (figure 1). Although the data for
anatomic changes are for patients with episodic migraine with aura only, herein we consider it a

From the Department of Neurology (M.E.B., R.B.L.), Epidemiology and Population Health (R.B.L.), Albert Einstein College of Medicine, Bronx;
Montefiore Headache Center (R.B.L.), Bronx, NY; and Merck Research Laboratories (M.E.B.), Whitehouse Station, NJ.

Disclosure: This study was conducted without financial support. Dr. Marcelo E. Bigal is an employee of Merck Research Laboratories. The authors
received research support and are/were on the speaker bureau of AstraZeneca, Merck, OrthoMcneil, GSK, Allergan, NMT, MAP, ENDO, among
other companies. None of these activities relate to this article, which is a Views & Reviews.

Copyright © 2008 by AAN Enterprises, Inc.

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



Figure 1 Pathway in the natural history of

migraine
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PAG = periaqueductal gray.

form of migraine as transformation because
the prevalence of brain lesions seems to in-
creases with attack frequency.

Use of the term progression to describe a
subgroup of people with migraine is contro-
versial. Most migraine sufferers do not worsen
over time.*>'* In addition, many individuals
who develop chronic migraine eventually re-
mit."! Nonetheless, migraine does worsen in a
sizable subgroup. Therefore, identifying risk
factors for migraine transformation and re-
mission has emerged as an urgent public
health priority, in order to avoid the future
consequences of migraine. These risk factors
provide insights into the mechanisms of dis-
ease as well as a foundation for interventions
intended to modify the course of illness.
Nonetheless, we emphasize that the extraordi-
nary pain and disability caused by migraine'
is sufficient to drive health care efforts that
focus on ameliorating the pain and disability
of migraine in the “current” rather than “fu-
ture” time.

Accordingly, in this article we discuss po-
tential factors associated with migraine trans-
formation in the context of a transition model
presented below. We emphasize that progres-
sion or transformation should be understood
as the potential for evolution to a different

Figure 2 Conceptual framework for transitions in migraine
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form. Migraine does not inexorably progress
like the neurodegenerative diseases.

THE CLINICAL TRANSFORMATION OF MI-
GRAINE CM, the clinical consequence of migraine
transformation, is a subtype of long-duration pri-
mary chronic daily headaches (CDHs). Although it
is not well established if migraine may not progress
abruptly, clinical evidence suggests that most fre-
quently attacks increase in frequency over a period of
time (figure 2)."> We conceptualize this process in
terms of a transition model. According to this model,
individuals who do not have migraine may develop
low-frequency episodic migraine (LFEM) with a
transition rate of A;, LFEM may remit at a transition
rate of A, or it may progress to an intermediate state
of high-frequency episodic migraine (HFEM), with a
transition rate A;. HFEM may remit with a transi-
tion rate of A, or may worsen until CM emerges
with a transition rate of A5. CM may persist or remit
with a transition rate of A. All transition rates can be
modeled as a function of demographic, environmen-
tal, and genetic risk factors. This model addresses the
observation that transitions from one form of mi-
graine to another are frequent and bidirectional. Ad-
ditionally, the model provides a framework for
understanding the influence of risk factors at various
stages of illness and lends itself to the development
and testing of stage specific intervention strategies. A
risk of this model is inducing oversimplification of
the issue, since many of the risk factors exposed
herein are under biologic and environmental influ-
ence (e.g., obesity) and are also inter-related (e.g.,
chronic pain and medication use, or caffeine use and

obesity).

Risk factors associated with migraine clinical progres-
sion. The factors that drive the onset of LFEM and
its remission have not been well studied. The onset of
LFEM is likely driven extensively by genetic predis-
position,'®!” although this transition is also influ-
enced by environmental risk factors.!® Similarly,
remission of migraine is poorly studied, but at least
older ages, male gender, and postmenopausal status
seem to partially account for A,.

The transition to HFEM (A3) may be determined
by a variety of factors.”!! Based on previous studies of
migraine transformation we propose dividing risk
factors into those which can be modified and those
which are nonmodifiable (table 1).” Modifiable risk
factors are important because they provide an oppor-
tunity to prevent disease progression. Nonmodifiable
risk factors include age, female gender, white race,
low educational level, socioeconomic status, and ge-
netic factors.
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Table 1

Not readily modifiable
Age

Low education/
socioeconomic status

Head injury

850

Risk factors for migraine progression

Putative, currently

Modifiable being investigated
Attack frequency Allodynia
Obesity Proinflammatory states

Medication overuse Prothrombotic states
Stressful life events
Caffeine overuse Specific genes
Snoring

Other pain syndromes

Addressing modifiable factors may, at least theo-
retically, decrease the rate of migraine progression
and increase the rate of remission. This article focuses
on modifiable risk factors for migraine progression,
which will be discussed in the following sections.

Attack frequency. In the Frequent Headache Epide-
miology Study, individuals with episodic headache
were followed over the course of 1 year.!! The base-
line characteristics of those who developed CM were
compared with the characteristics of those who did
not. One of the most important risk factors for pro-
gression was frequency of headache attacks at base-
line. The risk increased in a nonlinear manner with
baseline headache frequency; elevated risk for devel-
oping CM occurred in subjects who experienced
three or more headaches per month. The risk expo-
nentially increased with attack frequency. Addition-
ally, the risk of HFEM also increased with attack
frequency at baseline.

This observation agrees with the hypothesis that
repetitive episodes of pain may lead to central sensiti-
zation and generation of free radicals and anatomic
changes to the brain and brainstem'>'® (see physio-
logic progression, below). However, although fre-
quency of headaches predict future development of

CM, it is not clear if this is truly the cause, or a
consequence of biologic changes that predispose to
migraine transformation.

Obesity. The link between obesity and the fre-
quency of primary headaches has been demonstrated
in four population studies. In the first study, the rel-
ative odds of CDH were five times higher in individ-
uals with a body mass index (BMI) =30 than in the
normal weighted. Overweight individuals (BMI
ranging from 25 to 29) had a threefold increased risk
of developing CDH.!"

Two large epidemiologic studies further investi-
gated the relationship between BMI and migraine
progression.'*? In the first, BMI was associated with
the frequency of headache attacks in migraineurs. In
the normal weighted group, just 4.4% of migraine
sufferers had 10-14 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). Obesity was
comorbid to CDH and was a much stronger risk
factor for CM than for CTTH. For CM, the preva-
lence ranged from 0.9% of the normal weighted (ref-
erence group) to 2.5% of the severely obese (OR =
2.2 [1.5-3.2]).° More recently, obesity was shown
to be an exacerbating factor for migraine, and not for
headaches overall.?!

Table 2 summarizes some key points of these four
population studies assessing the relationship between
headache and migraine progression.

Acute medication overuse. The importance of acute
medication overuse as a risk factor for progression is
still a matter of debate.?>?* While most patients with
CM seen in specialty care overuse acute mediations,?
just one-third in the population do so.!! Therefore, it
is controversial whether medication overuse is a cause

or consequence of CDH. Transitory worsening of

Table 2
migraine progression

Reference no. Comments

13 Case-control followed by a longitudinal design.Only
longitudinal study currently published.Sample size =

1,932.

14 Cross-sectional, assessing the influence of obesity
on migraine frequency. Sample size = 30,215.

15 Cross-sectional, assessing the relationship between

obesity and CDH. Sample size = 30,215.

16 Cross-sectional, assessing the relationship between
obesity and several episodic headaches. Sample
size = 30,703.This study has a longitudinal phase,

ongoing.

CDH = chronic daily headache.
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Summary of the four population studies that investigated the relationship between obesity and

Main findings

In the longitudinal arm, the odds of CDH were 5
times higher in obese and 3 times higher in
overweight, relative to normal weight.

Relative to the normal weight group, the odds of
having very frequent headache attacks were 2.9 in
the obese and 5.7 in the severely obese.

Chronic daily headache and obesity are associated.
Obesity is a stronger risk factor for chronic
migraine than for chronic tension-type headache.

Obesity was strongly associated with the frequency
and severity of the attacks experienced by
migraineurs, intermediately associated with
probable migraine, and not associated with episodic
tension-type headache.
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the headache after discontinuation of the offending
symptomatic medication has been demonstrated in
one placebo-controlled study.”

Acute medication overuse does not seem to cause
de novo headache in patients without preexisting mi-
graine. When nonsteroidal anti-inflammatory drugs
(NSAIDs) were used daily for rheumatic pain, they
did not cause CDH in subjects without preexisting
primary headache disorders. In contrast, analgesics
were a strong risk factor for CDH in individuals with
preexisting migraine.?® In another study, patients
with a previous history of migraine who used daily
opiates for treatment of bowel problems developed
CDH, whereas the patients without preexisting mi-
graine did not.?”

As a part of the American Migraine Prevalence
and Prevention study, we selected a random sample
of 24,000 severe headache sufferers from the popula-
tion. Of those with migraine in 2005, 2.7% evolved
to CM in 2006. Relative to acetaminophen, mi-
graineurs who had been exposed to compounds con-
taining butalbital had a twofold increased risk of
developing CM (OR = 2.09, 95% CI 1.38-3.17).
Opioid users were also twice as likely to develop CM
(OR = 2.01, 95% CI = 1.43-2.83). Other classes of
medication were not associated with transformed mi-
graine (triptans: OR = 1.25, 95% CI = 0.89-1.75;
anti-inflammatory medications: OR = 0.85; 95%
CI = 0.63-1.17).%¢

Cafffeine overuse. The role of caffeine in the devel-
opment of CDH has been studied extensively due to
wide exposure to dietary and medication caffeine.?”
Caffeine is the only substance shown to cause with-
drawal headache with further improvement in the
context of a double-blind study.’® A case-control
study®' reported association between daily consump-
tion of more than 100 mg of caffeine and CDH. The
associations remained similar after adjustment for
current depression and sleep problems, which may be
present in individuals with high caffeine intake.

Snoring and sleep apnea. The relationship between
headache progression and snoring has been studied
in both case-control and population studies. In a
large cross-sectional study of 3,323 Danish men,
snoring was associated with any form of headache.?
The authors reported that this association was inde-
pendent of weight, age, gender, hypertension, and
other sleep disturbances, including secondary to caf-
feine consumption. In a separate population-based
case-control study, CDH were more likely to be ha-
bitual or daily snorers than controls.?!

The mechanisms of relationship between obstruc-
tive sleep apnea and migraine progression are not
fully understood, but may involve intracranial and
arterial pressure fluctuations during snore in an indi-

vidual susceptible to pain progression, hypoxia, hy-
percapnia, sleep fragmentation and disruptions and
increased muscle activation during awakenings.

Psychiatric comorbidity and stressful life events. Al-
though an association between migraine and several
psychiatric conditions has been well demonstrated,
few studies assessed the relationship with migraine
progression. In a cross-sectional study, relative to
chronic tension-type headache, patients with CM
were more likely to have depressive (70% vs 59%,
» = 0.062) and anxiety symptoms (43% vs 25%,
» = 0.005).> More recently, CM was found to be
more common in women with major depressive dis-
order (OR = 31.8).% Finally, recent history of stress-
ful life events, such as divorce or separation, moving,
work changes, or problems with children, is an inde-
pendent risk factor for CDH.!!

THE PHYSIOLOGIC TRANSFORMATION OF
MIGRAINE Herein, we use the term physiologic
transformation to refer to sensitization of the second
order sensory neurons whose cell bodies are in the
trigeminal nucleus caudalis, and to the cutaneous al-
lodynia (CA) which arises as a consequence.?3*

Clinic-based studies first suggested that about two
thirds of migraine sufferers develop CA over the
course of their attack.’” In the population, we found
that the prevalence of CA was significantly higher in
CM (68.3%) than in episodic migraine (63.2% p <
0.01), and higher in both of these groups compared
to other headaches.?” The prevalence of severe CA
followed the same pattern (figure 3). These findings
suggest that functional progression (CA) is associated
with clinical progression (CM), although the causal
nature of this association is unclear. Nonetheless,
these findings were recently supported by another
population study.®

The mechanisms which link CA allodynia and
migraine frequency (that is, physiologic and clinical
progression) are poorly understood. The trigeminal
nucleus caudalis is a structure that has reciprocal an-
atomic connections with the periaqueductal gray
(PAG) area.*%2 Repetitive activation of trigemino-
vascular neurons seems to lead to repetitive activa-
tion of modulatory pain pathways involving the
PAG. In turn, this may lead to impairment of neuro-
nal function through the liberation of free radicals, in
the PAG (involved with migraine modulation) or
eventually in areas involved with migraine genera-
tion.®

Modifiable risk factors for cutaneous allodynia. The
development of CA is influenced by a number of
potentially modifiable risk factors and some that are
nonmodifiable. Among the nonmodifiable risk fac-
tors for CA, we found male gender (prevalence ratio
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PR] = 1.7, 95% CI = 1.55-1.82), African Ameri-
can race (PR = 1.14, 05% CI = 1.04-1.25), and
decreased educational level (graduated vs less than
high school, PR = 0.68, 95% CI 0.55-0.83).% Po-
tentially modifiable risk factors for CA include high
attack frequency, high pain intensity, and high levels
of headache related disability. These associations
were demonstrated in cross-sectional studies so
causal sequence is uncertain.®*# Two other risk fac-
tors were independently associated with CA (and are
also associated with CM), obesity and depression.*

THE ANATOMIC PROGRESSION OF MIGRAINE
The study of brain lesions in migraine is in its infancy.
Most published studies are cross-sectional so inferences
about worsening over time are at best hypotheses. We
elected to discuss them here to foment further research
and conceptual thinking. However, caution is advised
regarding the overinterpretation of these data.

Limited cross-sectional data, as discussed below,
show that the number of deep white matter lesions
and the number of strokes is associated with migraine
aura (primary analyses) and with attack frequency (a
secondary finding of the study).® This pattern sug-
gests that brain lesions may arise as a consequence of
multiple attacks. Alternatively, the brain lesions and
frequent attacks may have a common underlying
cause. Longitudinal imaging studies are required to
resolve this issue particularly since some deep brain
lesions associated with migraine seem to remit.®

Deep brain lesions. White matter hyperintensities
(WMHs) have traditionally been considered to be more
common in migraineurs. In a meta-analysis of pub-
lished studies, WMHs were more common in mi-
graineurs than controls (OR = 3.9, 95% CI = 2.2—
6.7) and the risk was independent of age and vascular
risk factors.”” More recently, in the Dutch population,
male subjects with migraine with aura, and women with

Neurology 71 September 9, 2008

migraine with or without aura were at a higher risk of
deep white matter lesions, compared to controls.> The
white matter lesions increased with attack frequency,
possibly demonstrating progression of the disease. This
study showed a dose-response effect, in that the number
of lesions increased with migraine attacks frequency,
even after adjusting for confounders.

The association between migraine, especially with
aura, and stroke has been suggested for many years. In a
population study in the Netherlands, migraine with
aura was a risk factor for subclinical ischemic lesions in
the posterior fossa and in the brainstem.'® Migraineurs
with infratentorial ischemia were more likely to have
supratentorial white matter lesions as well and hemody-
namic changes may give rise to both deep white matter
lesions and posterior fossa strokes.®® Finally, two large
population studies in the United States confirmed this
association. In the Women’s Health Study, a cohort
study that followed nearly 28,000 women for an aver-
age of more than 10 years, migraine with aura increased
the risk of nonfatal ischemic stroke by twofold. The
association remained significant after adjusting for
many cardiovascular risk factors and did not occur in
the most common type of migraine, migraine without
aura.® In the Physicians Health Study, similar findings
were found for men.”

Risk factors for anatomic progression. Because brain
lesions have only been cleatly related to migraine with
aura, and because they increase in frequency with num-
ber of attacks, the mechanisms of aura may be linked to
the mechanisms of anatomic change.”!

Cortical spreading depression. Cortical spreading de-
pression (CSD) is believed to be the substrate of the
migraine aura; CSD is a self-propagating wave of neuro-
nal and glial depolarization that marches across the cor-
tical mantle.>?

CSD alters the permeability of the blood—brain bar-
rier (BBB) and activates matrix metalloproteinases
(MMPs).22 In particular, MMP-9 is activated within 15
to 30 minutes of CSD onset. Human studies show that,
relative to controls, levels of MMP-9 are elevated in in-
dividuals with migraine, and this has been suggested to
increase vascular permeability in the CNS as a conse-
quence of migraine attacks.”® Furthermore, the CSD
cascade includes the formation and release of oxygen
free radicals, nitric oxide, and proteases.>* While the
diminution in cerebral blood flow during CSD does
not generally fall below the ischemic threshold at the
macroscopic level, emerging evidence suggests that
small regions of focal ischemia occur and that on occa-
sion frank ischemia may occur.” These changes in per-
fusion may help explain why migraine with aura is a risk
factor for stroke and deep brain lesions.

Shared biologic risk factors. CSD may at least par-
tially explain the brain lesions associated with mi-
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Table 3

Intervention
Attack frequency Effective preventive treatment

Obesity Weight loss

Medication overuse Detoxification

Stressful life events Stress management

Caffeine overuse Reduction in caffeine consumption
Snoring (sleep apnea) Weight lossCPAP

Allodynia
treatment

Other pain syndromes Treatment of chronic pain

graine with aura, but other factors may play a role.
Two studies add to our knowledge in this regard.>>>*
In comparison with controls, MA was associated
with a significantly increased risk for hyperlipidemia,
hypertension, and elevated Framingham scores. Fur-
thermore, a polymorphism in the methyltetrahydro-
folate reductase gene (C6777) is associated with
moderately elevated levels of homocysteine which, in
turn, is associated with risk of stroke. The same poly-
morphism is overexpressed in migraine with but not
migraine without aura.

CLINICAL IMPLICATIONS Herein we have argued
that clinical progression (increasing attack frequency)
is associated with physiologic progression in the form
of allodynia and perhaps anatomic progression in the
form of brain lesions. The temporal and causal se-
quence linking increasing attack frequency, allo-
dynia, and brain lesions remains to be determined.

Because migraine progresses in some but not most
individuals,””>* research will increasingly focus on
the identification of factors associated with progres-
sion. In the future, the assessment of the patient with
migraine may include an evaluation of risk factors for
progression. Risk assessments may include screening
for demographic features, concomitant conditions
(obesity, depression), environmental risk factors
(stressful life events, head injury), and eventually bi-
omarkers and genes.®® If studies demonstrate bene-
fits, individuals at high risk for progression may be
treated more aggressively to prevent progression. In
this context, the goals of treatment will be to decrease
current burden and prevent future burden.

Based on our current knowledge, modifiable
risk factors for migraine progression should be as-
sessed in clinical practice. While we await clinical
trials regarding the benefits of intervention in the
prevention of CM, several interventions are justifi-
able based on their other established benefits

Clinical intervention on selected risk factors for migraine progression

Comments

Most migraine preventive medications are not
weight neutral.

Evidence suggests that detoxification only is
associated with chronic daily headache
remission over a 1-year period.

Effective early acute treatmentPreventive

(table 3). For example, decreasing headache fre-
quency with behavioral and pharmacologic inter-
ventions will decrease current disability even if it
does not modify clinical course. Monitoring the
BMI and encouraging maintenance of normal
body weight is good practice in patients with and
without migraine. Avoiding overuse of medica-
tions and caffeine is desirable apart from its poten-
tial benefit in preventing progression. Sleep
problems should be investigated and treated. Psy-
chiatric comorbidities should be identified and ad-
dressed.®® For these interventions, the possibility
of preventing progression may motivate clinicians
to offer good care and patients to engage in the
treatment plan.

It is not clear that modifying the candidate risk
factors for CA will prevent or ameliorate CA or pro-
duce clinical benefits. Among risk factors for CA
(functional progression), one potential strategy is to
treat the migraine attack early with effective medica-
tions; this may avoid central sensitization and pre-
vent damage to the PAG. In appropriate patients,
using preventive medications to decrease headache
frequency is therefore desirable and may prevent CA.

For anatomic progression, most patients with mi-
graine have migraine without aura and, therefore, are
not at increased risk of cardiovascular disease. Theo-
retical interventions include targeting CSD. Clinicians
should also have heightened vigilance for modifiable
cardiovascular risk factors (e.g., hypertension). Future
studies should investigate the possibility that screening
for homocysteine and administering folate for those in
need as well as antiplatelet therapy might reduce the
risk of cardiovascular disease in patients with mi-
graine with aura.

So far, none of the recommendations has been
demonstrated to improve outcomes in longitudinal

studies.

Neurology 71  September 9, 2008 853

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



854

Received January 24, 2008. Accepted in final form May 29, 2008.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Eadie MJ. The pathogenesis of migraine: 17th to early
20th century understandings. ] Clin Neurosci 2005;12:
383-388.

Haut SR, Bigal ME, Lipton RB. Chronic disorders with
episodic manifestations: focus on epilepsy and migraine.
Lancet Neurol 2006;5:148-157.

Ambrosini A, Rossi P, De Pasqua V, Pierelli F, Schoenen J.
Lack of habituation causes high intensity dependence of
auditory evoked cortical potentials in migraine. Brain
2003;126:2009-2015.

Lipton RB, Hamelsky SW, Kolodner KB, Steiner T7J,
Stewart WF. Migraine, quality of life, and depression: a
population-based case-control study. Neurology 2000;55:
629-635.

Bigal ME, Liberman JN, Lipton RB. Age-dependent prev-
alence and clinical features of migraine. Neurology 2006;
67:246-251.

Saper JR. The mixed headache syndrome: a new perspec-
tive. Headache 1982;22:284-287.

Mathew NT. Transformed or evolutional migraine. Head-
ache 1987;27:305-306.

Bigal ME, Lipton RB. When migraine progresses: trans-
formed or chronic migraine. Exp Rev Neurother 2006;6:
297-306.

Boardman HF, Thomas E, Millson DS, Croft PR. The
natural history of headache: predictors of onset and recov-
ery. Cephalalgia 2006;26:1080-1088.

Lipton RB, Bigal ME, Diamond M, et al. Migraine preva-
lence, disease burden, and the need for preventive therapy.
Neurology 2007;68:343-349.

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.
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.

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

Bille B. A 40-year follow-up of school children with mi-
graine. Cephalalgia 1997;17:488-491.

Silberstein SD, Lipton RB, Sliwinski M. Classification of
daily and near-daily headaches: field trial of revised IHS
criteria. Neurology 1996;47:871-875.

Ophoff RA, Terwindt GM, Vergouwe MN, et al. Familial
hemiplegic migraine and episodic ataxia type-2 are caused
by mutations in the Ca®" channel gene CACNL1A4. Cell
1996;87:543-552.

Ulrich V, Gervil M, Kyvik KO, Olesen J, Russell MB.
Evidence of a genetic factor in migraine with aura: a popu-
lation based Danish twin study. Ann Neurol 1999;45:
242-246.

Stewart WF, Staffa J, Lipton RB, Ottman R. Familial risk
of migraine: a population-based study. Ann Neurol 1997;
Feb 41:166-172.

Bigal ME, Liberman JN, Lipton RB. Obesity and mi-
graine: a population study. Neurology 2006;66:545-550.
Bigal ME, Lipton RB. Obesity is a risk factor for trans-
formed migraine but not for chronic tension-type head-
ache. Neurology 2006;67:252-257.

Neurology 71 September 9, 2008
Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Bigal ME, Tsang A, Loder E, Serrano D, Reed ML, Lipton
RB. Body mass index and episodic headaches: a population-
based study. Arch Intern Med 2007;167:1964-1970.
Tepper SJ. Debate: analgesic overuse is a cause, not conse-
quence, of chronic daily headache: analgesic overuse is a cause
of chronic daily headache. Headache 2002;42:543-547.
Dodick DW. Debate: analgesic overuse is a cause, not con-
sequence, of chronic daily headache: analgesic overuse is
not a cause of chronic daily headache. Headache 2002;42:
547-554.

Bigal ME, Rapoport AM, Sheftell FD, et al. Transformed
migraine and medication overuse in a tertiary headache
centre—clinical characteristics and treatment outcomes.
Cephalalgia 2004;24:483-490.

Zeeberg P, Olesen ], Jensen R. Probable medication-
overuse headache: the effect of a 2-month drug-free period.
Neurology 2006;66:1894-1898.

Bahra A, Walsh M, Menon S, Goadsby PJ. Does chronic
daily headache arise de novo in association with regular use
of analgesics? Headache 2003;43:179-190.

Wilkinson SM, Becker WJ, Heine JA. Opiate use to con-
trol bowel motility may induce chronic daily headache in
patients with migraine. Headache 2001;41:303-309.
Bigal ME, Serrano D, Scher A, et al. Acute migraine med-
ications and evolution from episodic to chronic migraine: a
longitudinal population-based study: Wolff Award 2008.
Headache 2008 (in press).

Shapiro RE. Caffeine and headaches. Neurol Sci 2007;28
Suppl 2:5179-183.

Silverman K, Evans SM, Strain EC, et al. Withdrawal syn-
drome after the double-blind cessation of caffeine con-
sumption. N Engl ] Med 1992;327:1109-1114.

Scher Al Stewart WF, Lipton RB. Caffeine as a risk factor
for chronic daily headache: a population-based study.
Neurology 2004;4:63:2022-2027.

Jennum P, Hein HO, Suadicani P, Gyntelberg F. Head-
ache and cognitive dysfunctions in snorers: a cross-
sectional study of 3323 men aged 54 to 74 years: the
Copenhagen Male Study. Arch Neurol 1994;51:937-942.
Juang KD, Wang SJ, Fuh JL, et al. Comorbidity of depres-
sive and anxiety disorders in chronic daily headache and its
subtypes. Headache 2000;40:818-823.

Tietjen GE, Peterlin BL, Brandes JL, et al. Depression and
anxiety: effect on the migraine-obesity relationship. Head-
ache 2007;47:866-875.

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

Ashkenazi A, Silberstein S, Jakubowski M, Burstein R. Im-
proved identification of allodynic migraine patients using a
questionnaire. Cephalalgia 2007;27:325-329.

Burstein R, Cutrer MF, Yarnitsky D. The development of
cutaneous allodynia during a migraine attack clinical evi-
dence for the sequential recruitment of spinal and su-
praspinal nociceptive neurons in migraine. Brain 2000;
123:1703-1709.

Wolff HG, Tunis MM, Goodell H. The studies on mi-
graine. Arch Intern Medicine 1953;92:478-484.

Bigal ME, Lipton RB, Ashina S, et al. Prevalence and char-
acteristics of allodynia in headache sufferers. Neurology
2008 (in press).

Cooke L, Eliasziw M, Becker WJ. Cutaneous allodynia in
transformed migraine patients. Headache 2007;47:531-539.



41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Knight YE, Goadsby PJ. The periaqueductal gray matter
modulates trigeminovascular input: a role in migraine?
Neuroscience 2001;106:793-800.

Hoskin KL, Bulmer DCE, Lasalandra M, Jonkman A,
Goadsby PJ. Fos expression in the midbrain periaqueductal
grey after trigeminovascular stimulation. J Anat 2001;197:
29-35.

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.

Lipton RB, Bigal ME, Ashina S, et al. Development of the
allodynia symptom checklist (ASC) in a population study
of persons with migraine. Ann Neurol 2007;63:148-158.
Kruit MC, Launer L], Ferrari MD, van Buchem MA. In-
farcts in the posterior circulation territory in migraine: the
population-based MRI CAMERA study. Brain 2005;128:
2068-2077.

Rozen TD. Vanishing cerebellar infarcts in a migraine pa-
tent. Cephalalgia 2007;27:557-560.

Swartz RH, Kern RZ. Migraine is associated with mag-
netic resonance imaging white matter abnormalities: a
meta-analysis. Arch Neurol 2004;61:1366-1368.

Scher Al, Terwindt GM, Picavet HS, Verschuren WM,
Ferrari MD, Launer LJ. Cardiovascular risk factors and
migraine: the GEM population-based study. Neurology
2005;64:614—-620.

Kurth T, Gaziano JM, Cook NR, Logroscino G, Diener
HC, Buring JE. Migraine and risk of cardiovascular discase
in women. JAMA 2006;296:283-291.

Kurth T, Gaziano JM, Cook NR, et al. Migraine and risk
of cardiovascular disease in men. Arch Intern Med 2007;

167:795-801.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Neurology 71  September 9, 2008

Moskowitz MA, Kurth T. Blood vessels, migraine, and
stroke. Stroke 2007;63:148—158.

Moskowitz MA, Macfarlane R. Neurovascular and molec-
ular mechanisms in migraine headaches. Cerebrovasc
Brain Metab Rev 1993;5:159-177.

Imamura K, Takeshima T, Fusayasu E, Nakashima K. In-
creased plasma matrix metalloproteinase-9 levels in mi-
graineurs. Headache 2008;48:1358-1359.
Gursoy-Ozdemir Y, Qiu J, Matsuoka N, et al. Cortical
spreading depression activates and upregulatess MMP-9.
J Clin Invest 2004;113:1447-1455.

Scher Al, Terwindt GM, Picavet HS, Verschuren WM,
Ferrari MD, Launer LJ. Cardiovascular risk factors and
migraine: the GEM population-based study. Neurology
2005;64:614-620.

Scher Al Terwindt GM, Verschuren WM, et al. Migraine
and MTHFR C677T genotype in a population-based sam-
ple. Ann Neurol 2006;59:372-375.

Hagen K, Stovner L], Zwart JA. Potentials and pitfalls in
analytical headache epidemiological studies—lessons to be
learned from the Head-HUNT study. Cephalalgia 2007;
27:403-413.

Lyngberg AC, Rasmussen BK, Jorgensen T, Jensen R. Has
the prevalence of migraine and tension-type headache
changed over a 12-year period? A Danish population sur-
vey. Eur ] Epidemiol 2005;20:243-249.

Lipton RB, Bigal ME. Ten lessons on the epidemiology of
migraine. Headache 2007;47 suppl 1:52-9.

Bigal ME, Lipton RB. Modifiable risk factors for migraine
progression (or for chronic daily headaches)—clinical les-

sons. Headache 2006;46 suppl 3:5144-146.

855

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



Clinical course in migraine : Conceptualizing migraine transformation

Marcelo E. Bigal and Richard B. Lipton

Neurology 2008;71;848

DOI 10.1212/01.wnl.0000325565.63526.d2

This information is current as of January 13, 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/71/11/848 .full.html

Supplementary material can be found at:
http://www neurology .org/content/suppl/2008/11/16/71.11.848.
DC1.html

This article cites 57 articles, 26 of which can be accessed free
at:
http://www neurology .org/content/71/11/848 full html#ref-list-1

This article has been cited by 11 HighWire-hosted articles:
http://www neurology .org/content/71/11/848 full.html#related-u
rls

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

Migraine

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

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.



http://www.neurology.org/content/71/11/848.full.html
http://www.neurology.org/content/suppl/2008/11/16/71.11.848.DC1.html
http://www.neurology.org/content/71/11/848.full.html#related-urls
http://www.neurology.org/cgi/collection/migraine
http://www.neurology.org/misc/about.xhtml#permissions
http://www.neurology.org/misc/addir.xhtml#reprintsus

