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Abstract

Background—Migraine is comorbid with obesity. Recent research suggests an association
between migraine and adipocytokines, proteins that are predominantly secreted from adipose
tissue and which participate in energy homeostasis and inflammatory processes.

Objectives—In this review, we first briefly discuss the association between migraine and obesity
and the importance of adipose tissue as a neuroendocrine organ. We then present a systematic
review of the extant literature evaluating circulating levels of adiponectin and leptin in those with
migraine.
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Methods—A search of the PubMed database was conducted using the keywords “migraine,”
“adiponectin,” and “leptin.” In addition reference lists of relevant articles were reviewed for
possible inclusion. English language studies published between 2005 and 2015 evaluating
circulating blood concentration of adiponectin or leptin in those with migraine were included.

Conclusions—While the existing data are suggestive that adipokines may be associated with
migraine, substantial study design differences and conflicting results limit definitive conclusions.
Future research utilizing carefully considered designs and methodology is warranted. In particular
careful and systematic characterization of pain states at the time of samples, as well as systematic
consideration of demographic (eg, age, sex) and other vital covariates (eg, obesity status, lipids)
are needed to determine if adipokines play a role in migraine pathophysiology and if any
adipokine represents a viable, novel migraine biomarker, or drug target.
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INTRODUCTION

Migraine is comorbid with obesity.> While this observed association is not new, it is only
recently that studies have focused on how obesity-related bioactive substances might be
involved in migraine pathophysiology. Multiple bioactive substances (eg, serotonin,
dopamine, calcitonin-gene related protein, histamine) that are targeted by migraine therapies
have long been recognized to also play important roles in energy homeostasis.23 More
recently, translational human research suggests an association between migraine and the
adipokines, a class of cell-signaling proteins that participate in both energy homeostasis and
inflammation and which are predominantly secreted from adipose tissue.23

In this review, we first briefly discuss the association between migraine and obesity and the
importance of adipose tissue as a neuroendocrine organ. We then focus on the association
between migraine and 2 bioactive products of adipose tissue — the adipokines adiponectin
(ADP) and leptin. We present a brief summary of the role and function of each adipokine,
followed by a systematic review of the human research studies that have evaluated
circulating levels of ADP or leptin in migraineurs.

Obesity and Migraine

Complete reviews on the epidemiology and potential mechanisms for the migraine and
obesity association have been recently published and is beyond the scope of the current
manuscript.124 In brief, the prevalence of migraine is increased in individuals who are
obese as compared to normal weight and increases with increasing obesity status (ie, from
normal weight to overweight to obese).>~" Additionally, the association between migraine
and obesity may be more evident in women as compared to men and in those under the age
of 50-55 years as compared to older individuals (Fig. 1).14-7 Further, although there is still
uncertainty about whether the increased risk of migraine associated with obesity is stronger
for chronic as compared to episodic migraine (EM),! the prevalence of chronic migraine8-
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and the transformation from episodic to chronic daily headachel? is increased in those who
are obese.

One reason why obesity may increase susceptibility to migraine is that obesity is often
(although not always) associated with changes in the function of adipose tissue and
increased inflammation.2-11 Notably, with advancing age the physiological function of
adipose tissue is modified and the disease risk of obesity is attenuated.12-19

Adipose Tissue and Adipokines

Since the mid to late 1990s, it has been recognized that adipose tissue is a highly functioning
neuroendocrine organ that is centrally regulated by the hypothalamus and its connections.
Adipose tissue itself is composed of adipocytes, embedded in a loose connective tissue
meshwork that contains adipocyte precursors and other immune cells, and has a substantial
vascular and nervous supply.1! With adipose tissue expansion during weight gain,
macrophage recruitment increases and changes in receptor expression and in the secretion of
cytokines and adipokines occur.1! In the following sections, we give a brief description of
the function and roles of the adipokines, ADP, and leptin, followed by a systematic review of
the human research studies evaluating circulating levels of these adipokines in those with
migraine.

Adiponectin—ADP is an adipokine predominantly produced by adipocytes (subcutaneous
> visceral adipose tissue) with important roles in energy homeostasis, glucose and lipid
homeostasis, and inflammation.29-25 ADP exists in high concentrations in the circulation as
total ADP or as one of the low to high molecular weight (HMW) multimers (HMW-ADP,
middle molecular weight [MMW]-ADP, low molecular weight [LMW]-ADP).20 ADP is also
present in cerebrospinal fluid, although at lower concentrations than in blood and with the
notable absence of the HMW multimer.23

ADP and its multimers exhibit sex differences (HMW: women > men; LMW: women <
men), age differences (with increases with age in both sexes but more so in men) and are
capable of modulating opposing inflammatory processes (Fig. 2A).26:27 For example,
HMW-ADRP is capable of activating proinflammatory pathways and is associated with
increases in interleukin (IL)-6 levels whereas LMW-ADP activates anti-inflammatory
pathways and is associated with reductions in 1L-6 levels.26 Additionally, ADP levels
correlate with obesity status (lean > obese) as well as with insulin sensitivity and serum
lipids.28

In the brain, ADP receptors have been shown to be expressed in the cortex, hypothalamus,
brainstem, and circumventricular organs (eg, subfornical organ) as well as the endothelium
of the cerebral microvasculature.2929:30 ADP signaling through its receptors is mediated by
multiple pathways including some implicated in migraine such as nuclear factor kappa beta
(NFKB), AMP-activated protein kinase (AMPK), mitogen-activated protein kinase (MAPK),
and endothelial nitric oxide synthase (e-NOS) as well others (eg, peroxisome proliferator-
activated receptors).20:30
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Leptin—Like ADP, leptin is predominantly produced by adipocytes and has roles in energy
homeostasis, glucose and lipid homeostasis, and inflammation. Leptin levels are greater in
reproductive age women than men (Fig. 2B). However, although leptin levels increase with
age in men, age-related changes are controversial in women, with some studies reporting no
change and others showing decreased levels with age.2’ As with ADP, peripheral levels of
leptin have been shown to be associated with obesity status, lipid levels, and insulin
sensitivity.31:32 Leptin is also capable of crossing the blood-brain barrier and is present in
the CSF.33

Leptin receptors are widespread throughout the body including the cortex, hypothalamus,
brainstem, and endothelium of the cerebral microvasculature. There are at least 6 leptin
receptor isoforms. The long isoform is abundantly expressed in the hypothalamus and to less
extent in other non-CNS organs (eg, liver, kidney), whereas the short isoforms of the leptin
receptor can be found in almost all tissues tested to date. Like ADP, leptin signal
transduction through its receptors is mediated through multiple pathways including those
implicated in migraine such as NFkB, AMPK, MAPK, and e-NOS as well as others (eg,
Janus kinase/signal transducers and activators of transcription).27:31-33

METHODS

Publication Search

Given the substantial heterogeneity across the cohorts and study designs of these studies,
meaningful interpretation of a formal meta-analysis was not deemed possible; and a
systematic review undertaken. A systematic search of PubMed database was conducted on
May 7, 2015 using the key words “migraine AND adiponectin” and “migraine AND leptin”
by the first author and repeated and verified by senior author. In addition, reference lists of
relevant articles and manuscripts known to any of the authors who evaluated adipokines in
those with migraine but which were not otherwise identified in the search, were reviewed for
possible inclusion. All English language manuscripts, published between 2005 and 2015,
evaluating circulating blood concentrations of ADP or leptin in women and men with
migraine as compared to controls, or before and after treatment, were included. In the case
of multiple manuscripts based on the same (or overlapping) study populations, only the
manuscript based on the largest cohort was included. In cases where a manuscript utilizing
an overlapping cohort reported additional non-overlapping data (eg, new study with addition
of men to previously utilized cohort of women) both studies were included and this was
noted accordingly. Studies published only in abstract form were excluded but are presented
briefly in Supporting Information Table 1 for those with interest. All included full-text
manuscripts were reviewed by each of the authors and the following information extracted to
standardized tables: first author, publication year, study design, sample size, population
included, presence or absence of headache in controls, mean age and sex of study
participants, how obesity status was assessed, study exclusions, baseline laboratories
performed, as well as crude and, if available, adjusted adipokine levels.
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RESULTS

Identification of Adiponectin and Migraine Studies

Nineteen manuscripts were identified through the search terms “migraine AND adiponectin”
(Fig. 3). Additional searches including each of the ADP multimers (HMW, MMW, LMW-
ADP) did not reveal any further studies. Review of references from these 19 manuscripts and
related-review manuscripts?34 and those known by the authors identified 3 additional
manuscripts3>-37 Of these 22 manuscripts, 10 were reviews or editorials, 2 did not evaluate
ADP, and 1 evaluated ADP levels only in migraineurs with and without adverse childhood
events38 and were thus excluded. Two studies published only as an abstract (identified from
review of references from a previous review on the topic3® or known to the authors) were
excluded from the current systematic review but are included in Supporting Information
Table 1 for those with interest.38:40

Of the remaining 9 manuscripts, 6 included interictal evaluations of adipokines35-37.41-43
and 3 were manuscripts evaluating blood levels of total-ADP (T-ADP) or ADP multimers
before and after abortive or preventive therapy in those with migraine.39:44.45 Full review of
the 6 interictal manuscripts identified 3 interictal manuscripts that utilized substantially
overlapping cohorts.35-37 The manuscript reporting adipokines levels in the smallest sample
of this cohort was thus excluded.3> While some overlap also occurred between the remaining
two,36:37 we chose to include both as the smaller of these 2 manuscripts3® included data not
available in the largest of these manuscripts by the addition of men to the original cohort of
women,3% leaving a total of 5 interictal manuscripts. Finally, full review of the 3 manuscripts
evaluating ADP before and after treatment identified 2 manuscripts that utilized overlapping
cohorts,3945 of which the manuscript utilizing the smaller cohort was excluded,*® leaving a
total of 2 before and after treatment manuscripts.

Adiponectin and Migraine Manuscript Reviews and Discussion

Interictal ADP and Migraine—Five peer-reviewed manuscripts included evaluations of
interictal peripheral blood levels of ADP or ADP multimers in those with migraine as
compared to controls.36:37:41-43 Cryde total ADP levels were significantly increased in
migraineurs as compared to controls in 3 of these 5 manuscripts, spanning 3 distinct and
separate cohorts*1-43; and were not significantly different in the 2 manuscripts utilizing
overlapping cohorts for differing primary aims but which included crude ADP in each (Table
1).36:37 |n the following paragraphs, we first briefly review each of these manuscripts then
summarize the data as a whole and discuss where future research is needed.

In 2008, Peterlin et al conducted a small clinical study that evaluated T-ADP and ADP
multimers in non-diabetic, normotensive reproductive-aged (<50) women with EM (n = 13),
chronic daily headache with either chronic or transformed migraine (n = 12), and non-
headache controls (n = 12).41 Those with lipid and thyroid disorders were excluded and
migraineurs were matched to non-headache controls by age and BMI (Table 2). Those with
EM were pain free and those with chronic or transformed migraine (CM/TM) were at
baseline level of pain at the time of blood draws. Crude levels of T-ADP in those with
CM/TM, EM, and control subjects, respectively, were 10.1 (24), 8.6 (£3.5), 7.5 (x2.4) and
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after adjusting for WHR, these levels varied significantly across the three headache groups
(P=.024). Notably, the increase in T-ADP was largely due to increases in the HMW and
MMW multimers of ADP (Fig. 4).

This study was followed by 2 manuscripts by Bernecker et al evaluating non-adipokine
blood markers in non-obese individuals but which included crude ADP evaluations.36:37 In
both manuscripts, those with EM had a median monthly headache frequency of
approximately 1 to 2 headache days per month (Table 2). The first of these studies included
overweight or normal weighted women and men (controls: 28 men, 46 women; migraine: 8
men, 42 women); the second included an expanded cohort of women (48 controls; 48
migraine participants) building on the cohort of women included in the previous manuscript.
Crude ADP levels were not different in women and men with EM vs controls®6 (Table 1)
and remained insignificant in the subsequent manuscript using the same cohort but
excluding the men and including an additional 8 women (Table 1).37 As sex was not
controlled for, confounding ADP levels in the first of these manuscripts, this second
manuscript helped to establish that the exclusion of men did not change the lack of
significance in this cohort. However, ADP levels were not adjusted for age and BMI in either
of these manuscripts as these studies were not designed to evaluate adipokines. Additionally,
models adjusting ADP levels for insulin or glucose and lipids were also not reported; and
insulin and lipids were significantly different in those with EM as compared to controls in
those with migraine vs controls in both manuscripts (Table 1a).36:37 Notably the lead author
of these manuscripts (C.B.), noted that when only the unique individuals from each these
studies were combined and stratified by sex, crude T-ADP levels were not different in
women/men with migraine compared to women/men without migraine (Supporting
Information Table 2) and results remained similar after adjusting for age and BMI (data
unpublished, personal communication).

The Bernecker et al manuscripts were followed by a study conducted by Duarte et al to
evaluate interictal ADP in migraineurs.#2 In this study, 133 predominantly reproductive aged
women and men were evaluated. T-ADP was increased in those with migraine (EM and CM
combined; n = 68) as compared to non-headache controls (n = 65); and there was no
significant difference between those with EM and those with CM (Tables 1 and 2).42
Additionally, the significance of the findings did not change when men were excluded.
Neither serum lipids nor glucose levels were controlled for in this study.

More recently, Dearborn et al reported a general population case-cohort study from the
Atherosclerosis Risk in Communities study evaluating T-ADP and HMW-ADP in older (=45
years) non-diabetic migraineurs (EM and CM combined; probable/definitive migraine: n =
131, definite migraine: n = 72) as compared to non-migraine controls (ie, including those
who had non-migraine headaches, n = 850).43 In this study, crude T-ADP was increased in
migraineurs (EM and CM) as compared to controls (Table 1). However, after adjustments,
notably including for BMI and plasma glucose levels, the relative odds of migraine increased
with increasing T-ADP and HMW-ADP in men but not in women (Table 2).

Interictal ADP and Migraine Summary and Interpretation—Two manuscripts,
which utilized partly overlapping cohorts and evaluated arguably less severe EM
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(participants were required to have no depression and had a median headache frequency of 1
headache day per month) were negative. The other 3 published studies reported increased
crude ADP levels in those with migraine as compared to controls. Taken together this
suggests crude ADP levels may be increased in those with migraine. However, several
notable methodology differences present challenges in drawing firm conclusions from this
body of literature on interictal ADP levels in migraineurs (Tables 1 and 2). Two of these
studies only evaluated T-ADP in women and thus are not generalizable to men.3741 One
study used non-migraine (ie, not headache-free) controls.3 The 2 manuscripts based on
similar cohorts may not be generalizable to obese individuals as obese individuals were
excluded and overweight individuals were included with normal weighted individuals
without adjustments for BM1.36:38 Additionally given the age-related changes in migraine
prevalence and in ADP levels, the general population study evaluating T-ADP and HMW-
ADP in age 45+ migraineurs is not necessarily generalizable to younger migraineurs.43
Further, impaired insulin sensitivity has been described in those with migraine6 and only 2
of the studies evaluated and controlled for glucose and/or insulin levels.#2:43 This may be
particularly relevant given ADP’s role in insulin sensitivity and glucose regulation (and
which cannot be fully attributed to ADP’s role in obesity).47-49

In sum, the Jnterictal studies evaluating ADP levels in migraineurs suggest it is possible that
ADP levels may be increased in those with migraine but substantial methodological
differences and limitations across studies limit firm conclusions. Carefully designed studies
which are appropriately controlled for demographic (eg, age, sex) factors and that consider
related metabolic factor that may act as mediators or confounders (eg, obesity status, serum
glucose, lipid levels) remain warranted.

Ictal ADP and Migraine—Chai et al evaluated ictal T-ADP and ADP multimers in
participants with EM (Table 3).30 Although relatively small (n = 34), this study was the
largest of all similar longitudinal ictal studies evaluating blood markers in episodic
migraineurs to date. Peripheral serum levels of T-ADP and ADP multimers were evaluated
in a total of 34 episodic migraineurs (women and men of all obesity status levels) before and
after treatment with oral sumatriptan/naproxen vs placebo. There were no significant
differences in demographics including sex and BMI, headache characteristics, or baseline
laboratories including glucose, insulin, and cholesterol in those treated with active drug vs
placebo.30 Notably, treatment responders had a higher BMI and lower glucose level
compared to non-responders. In all participants (n = 34) pretreatment pain severity increased
with every 1 pg/mL and quartile increase in the HMW: T-ADP ratio after adjustments for
potential confounders including age, sex, race, BMI, glucose, and treatment arm (Table 3).
In addition, T-ADP was decreased in responders as early as 30 minutes after treatment and
remained decreased at 120 minutes after treatment as compared to onset of pain. Notably in
responders HMW-ADP was decreased and LMW-ADP increased (both in an anti-
inflammatory direction) at 120 minutes after treatment as compared to onset. In non-
responders only LMW-ADP was decreased (in a pro-inflammatory direction) at 120
minutes.30
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Ictal ADP and Migraine Summary and Interpretation—Although limited by sample
size, the one ictal ADP study in migraineurs suggests that ADP and its multimers may be
modulated due to the presence and resolution of active pain in those with migraine. Further
studies validating these initial findings are warranted.

ADP Levels Before and After Migraine Prevention—To date, only one study has
attempted to evaluate ADP levels before and after migraine prevention treatment (Table 3).44
This study was a small case-series of migraineurs (n = 6) designed to evaluate BMI and
metabolic parameters after 20-44 weeks of topiramate treatment. In this study, T-ADP
increased by 70 + 17.3% after treatment in those with migraine, £=.02. While these
findings are interesting, it is not possible to determine if the ADP changes were related to
changes in obesity, migraine status, or both. However, these results would support the
speculation that chronic increases in total ADP (or LMW ADP) levels may be protective.*4

ADP Levels Before and After Migraine Prevention Summary and Interpretation

One small case-series suggests ADP levels may be modulated by preventative treatment with
topiramate in those with migraine. Future research on the effect of migraine prevention on
ADP and ADP multimers, controlling for body composition and the impact of weight loss,
are needed.

Identification of Leptin and Migraine Studies

Nineteen manuscripts were identified through the search terms “migraine AND leptin” (Fig.
5). Review of references in these manuscripts and related-reviews identified 2 additional
studies.36:37 Of these 21 manuscripts, 6 were reviews, 3 were non-adipokine studies, and 1
utilized an animal model of aura®® and were thus excluded, leaving 12 studies which
evaluated blood levels of leptin in those with migraine.30:35-37.4344,51-55 Of thege 11
manuscripts, 6 included crude interictal leptin evaluations in those with migraine as
compared to controls and 5 evaluated leptin levels before and after abortive or preventive
therapy in those with migraine.

Of the 6 case-control studies that included evaluations of crude interictal leptin
concentrations in those with migraine vs controls, 35374352 fy| review of these manuscripts
identified 3 manuscripts which utilized overlapping cohorts.35-37 Of these 3 manuscripts
using overlapping cohorts, the smallest cohort was excluded3>; 2 were included because one
of the remaining 2 overlapping manuscripts included new data from men,38 leaving a total of
5 interictal manuscripts. Full review of the 5 manuscripts which evaluated leptin levels
before and after abortive or preventive therapy in those with migraine, determined that none
utilized overlapping cohorts and all were included.30:44.51,53,54

Leptin and Migraine Manuscript Reviews and Discussion

Interictal Leptin and Migraine Manuscripts—Five manuscripts reporting on interictal
circulating blood levels of leptin in those with migraine as compared to controls were
identified.36:37:43.52.55 Cryde leptin levels were significantly decreased in one®2 and not
significantly different in 4 of these manuscripts (Table 1),36:37.43.55
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In the first of these studies, Guldiken et al compared serum levels of leptin in a group of 61
migraineurs (14 men, 47 women) to 64 non-migraine controls (22 men, 42 women).>2
Headache frequency was not reported and it is unclear if chronic migraineurs were included
with episodic migraineurs. Crude levels of leptin were lower in individuals with migraine as
compared to controls (Table 1); however, these differences were not significant after
adjusting for body composition. Models were not further adjusted by age or sex or by
glucose levels — which were significantly different across groups (Table 4).

In contrast to Guldiken et al’s study, 2 subsequent manuscripts by Bernecker et al, which
utilized an overlapping cohort, one with women and men and one with women alone, found
no significant difference in crude leptin levels between those with migraine and controls
(Tables 1 and 4).36:37 Models adjusted for BMI, age, or glucose were not reported. Notably
the lead author of these manuscripts (C.B.), noted that when only the unique individuals
from these studies were combined and stratified by sex, crude leptin levels were significantly
increased in women but not men (Supporting Information Table 2). However, after
adjustments for age and BMI, leptin levels were significantly increased in both men and
women with migraine as compared to controls (data unpublished, personal communication).

Dearborn et al evaluated leptin levels in older (age 45+) migraineurs as compared to non-
migraine controls in a general population cohort of 850 controls and 131 participants with
probable/definite migraine (of whom 72 had definite migraine).43 Crude leptin levels were
not significantly different in individuals with definite migraine (20.6 + 3.1 ng/mL, P=.37)
or all migraine (18.4 = 2.1 ng/mL; P=.76) as compared to nonmigraine controls (17.7 £ 0.9
ng/mL) (Table 1a). In addition, after adjustments for age, race, body mass index, and
glucose, the odds of migraine were not increased with increasing leptin levels (Table 4).

Most recently, Ligong et al evaluated leptin levels in women and men with migraine
(women: n = 35, men: n = 17) vs age, sex, BMI matched controls (n = 52).5% Sampling was
done between 6 and 8 a.m. in the morning, although it is not stated if participants were
fasting. Insulin and glucose levels were not reported and diabetes was not an exclusion
criteria. Crude leptin levels were not significantly different in those with migraine (5 + 1.8
/L, P=.37) as compared to controls (4.9 + 1.6 zg/L), P> .05).53 The authors reported that
multiple logistic regression analyses were performed to evaluate the effects of leptin on
those with migraine and that leptin levels caused no significant difference in the headache
frequency, duration, or severity between groups. However, it is not clear if models evaluated
the association between leptin and disease state (ie, those with migraine [positive disease
state] vs those without migraine [negative disease state]). Additionally no model controlled
for a medical history of diabetes or serum glucose or insulin levels.

Interictal Leptin and Migraine Summary and Interpretation—Crude leptin levels
have been reported to be the same in subjects with migraine compared to controls in four out
of the five studies considered. Notable and substantial study methodology differences and/or
limitations present challenges in interpretation of this body of literature on interictal leptin
levels in migraineurs (Tables 1a and 1c).36:3743.52 Three of these studies did or may have
included chronic migraineurs with episodic migraineurs.#3:52:55 The inclusion of episodic
and chronic migraineurs together and the inability to determine if a substantial proportion of
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the migraineurs had chronic migraine, limits the interpretability of these findings if the
relationships are related to disease state or active pain. One of these studies evaluated leptin
levels only in older (45+ years) migraineurs, most of whom were older than 50, and thus was
not generalizable to younger migraineurs.*3 Of the manuscripts looking at reproductive age
individuals, none provided models fully controlled for age, sex, and insulin and/or
glucose.36:37:52.55 Although the weight of the current data suggests interictal leptin levels are
not different in those with migraine as compared to controls, future studies are warranted
with careful consideration of the migraine state at the time samples are drawn as well as of
important covariates such as age, sex, glucose, and body mass index.

Ictal Leptin and Migraine Manuscripts—One study evaluated ictal leptin levels in
those with EM and was summarized in the ictal ADP section.20 This study reported that
leptin levels were not modulated by treatment response. It also showed that a linear
relationship between ictal migraine pain severity and leptin levels was not present in
episodic migraineurs. However, in analyses including pain severity across all time points
(pre and post treatment), pain severity decreased with increasing quartiles of leptin levels
after adjustments, suggesting that leptin may have an inverse relationship with acute
migraine pain severity.30

Ictal Leptin and Migraine Summary and Interpretation—Although limited by
sample size, the one ictal leptin study in migraineurs suggest that leptin may be inversely
associated with pain severity and that leptin levels are not modulated by treatment response.
Although firm conclusions cannot be drawn, when the interictal data are considered in
conjunction with the ictal data from Chai et al.3 it is possible that leptin levels are decreased
with active pain (ictally) and are increased interictally (when pain-free) as initially reported
by Bernecker et al.3° Further research is needed.

Leptin Levels Before and After Migraine Prevention—To date, three studies have
evaluated leptin levels before and after migraine prevention treatment in adults (Table
3).4451.54 and one in children.53 The first of these studies was conducted by Berilgen et al in
2005.51 In this study, migraineurs with 3 or more severe headaches with disability in a
month were included. Leptin levels were evaluated before and after treatment with
amitriptyline 25 mg/day and flunarizine 10 mg/day in 39 women and men migraine patients.
In both groups, a significant increase in BMI and serum leptin was found at 12 weeks after
treatment (Table 3). Additionally a positive correlation was detected between BMI, serum
leptin, C-peptide, and insulin values. Results were not adjusted or stratified by sex.5!

Leptin levels were also evaluated before and after 20 weeks of treatment with topiramate in
adult migraineurs by Schutt et al in the case-series (n = 6) described in the ADP section.** In
these 6 patients (5 women, 1 man), along with a significant decrease in their body mass
indices and homeostatic model assessment (HOMA) insulin resistance index, leptin levels
decreased 39.2 £ 6.5%, P=.013 (Table 3). Changes in headache frequency and severity
were not reported.44

More recently Verrotti et al evaluated the effect of topiramate treatment and withdrawal on
weight and metabolic markers in predominantly normalweighted episodic and chronic
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migraineurs without aura. Samples were drawn prior to treatment, 3 months and 6 months
after starting topiramate and then repeated 6 months after cessation of topiramate.>* Weight
loss was defined as a loss of =5% of pretreatment body weight. Baseline (eg, pretreatment)
levels of leptin did not differ between those with (n = 87) and without (n = 154) weight loss.
Although glucose levels were not reported, the homeostatic model assessment of insulin
resistance (HOMA-IR) at baseline was increased in those without weight loss (3.2 + 0.5) as
compared to those with weight loss (2.4 + 0.7, £=.002). In those without weight loss, there
was no significant change in any parameter (including leptin) during the study period (Table
4). In the 36% (n = 87) of patients who experienced weight loss on topiramate at 3 and 6
months, headache frequency and leptin levels were significantly decreased (pretreatment: 4.1
+ 1.2 ng/mL vs 6 months post-treatment; 3.0 £ 1.5, < .01). By six months after withdrawal
of treatment, leptin and BMI had returned to pretreatment levels although migraine attack
frequency remained significantly reduced (Table 3).54

The only study to evaluate adipokines in children (boys and girls) before and after migraine
prevention treatment was conducted by Hirfanoglu et al.53 Baseline (pretreatment) and 4-
month post-treatment interictal leptin levels were measured in 77 children about to start
preventive migraine therapy (cyproheptadine, n = 17; amitriptyline, n = 21; propranolol, n =
20; flunarizine, n = 19) In these children, all groups showed a significant reduction in
monthly headache frequency and headache severity. However, leptin levels increased only in
those treated with cyproheptadine and flunarazine and not in those treated with amitriptyline
or propranolol. Body composition and glucose levels were not evaluated.>3

Leptin Levels Before and After Prevention Summary—Although methodological
differences and study limitations exist for each of these studies, taken together the existing
data support that leptin levels are modulated by changes in obesity status (increasing with
weight gain and decreasing with weight loss). No conclusion can be drawn regarding leptin
levels and migraine disease state independent of weight loss. Further research is warranted.

CONCLUSION

Recent advancements in our understanding of the association between migraine and obesity
have led to the hypothesis that adipokines may contribute to the neurogenic inflammation of
migraine.2® While the weight of the existing data is suggestive that the adipokines ADP and
leptin may be associated with migraine in some manner, substantial study design differences
in consideration of demographic (eg, age, sex) and other confounders or mediators (eg,
obesity status, lipids, insulin sensitivity) limit definitive conclusions. It is also possible that
other yet to be identified or fully established mediators and confounders (eg, socioeconomic
status, psychiatric disorders) play a role. Future research utilizing carefully considered
designs and methodology is warranted. In particular careful and systematic characterization
of pain and fasting states at the time of samples (particularly with leptin), as well as
systematic consideration of vital confounders and mediators are needed to determine if
adipokines play a role in migraine pathophysiology and if any adipokine represents a viable,
novel migraine biomarker or drug target.
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The prevalence of migraine/severe headache in obese and non-obese women and men by

age. In the National Health and Examination Survey, the prevalence of migraine and severe
headaches was increased in obese compared to non-obese adults under 55 years of age and
not in those older than 55. ***P< .001; **P< .01; *P<.05. Adapted with permission from

Headache>
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Fig. 2.
Sexual dimorphism of adiponectin (A) and leptin (B). (A) Serum levels of the adiponectin

multimers from women and age- and body mass index-matched men were evaluated using
an enzyme immunoassay. Adapted from Ref. 24. (B) Serum leptin levels from women and
men were evaluated by enzyme immunoassay. Figure data from Ref. 25. *P < .05; **P < .01.
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PRISMA flow diagram of manuscripts evaluating blood levels of adiponectin in those with
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Segrum total adiponectin (T-ADP) and ADP multimers in non-diabetic, normotensive
reproductive-aged (<50) women with episodic migraine (EM, n = 13), chronic daily
headache (CDH) with either chronic or transformed migraine (n = 12), and non-headache
controls (n = 12). After adjusting for WHR, levels varied significantly across the three
headache groups (P = .024). Adapted from Ref. 39.
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Crude Interictal Adipokine Levels in Studies Comparing Those with Migraine vs Controls

Table 1

Author and Year (Journal) Controls Migraine Direction of Change  P-value
Crude Total-ADP Levels (ug/mL 7L)
Peterlin (2008) (N) 75%24 10.1+4 (CM)? 1 024
8.6 3.5 (EM)?
Bernecker (2011) (EJN Vol 18 page 571)§ ~ 16.£ 610 166+74 - >.05
Bernecker (2011) (EIN Vol 18 page 1233)5 183112 161+7.6 — >.05
Duarte (2014) (JNS) 36.6+9.7  43.6+11.8 ng/mL 1 <.0001
Dearborn (2014) (N) 7.0+0.2 8.3+0.6 (DM) .05
8.1+ 0.5 (PM+DM) 1 031
Crude Leptin Levels (ng/mL)
Guldiken (2008) (HA) 49 + 25 40+21 1 <.05
Bernecker (2011) (EJN Vol. 18 p. 571) 10=£12 14+£11 — >.05
Bernecker (2011) (EJN Vol. 18 p. 1233)% 1313 18+15 - >.05
Dearborn (2014) (N) 18+1 21+3 — 371
Ligong (2015) (MSM) 5+18 5+16 — >.05

Leptin levels have been rounded to nearest 1 ng/mL. Adiponectin levels have been rounded to nearest 0.1 zg/mL.

TUnits are in a/mL except where noted otherwise.
7Levels are WHR adj.

$These findings are from studies which utilize overlapping cohorts.

Page 20

C = Cephalalgia; CM = chronic migraine; DM = definite migraine; EM = episodic migraine; EJN = European Journal of Neurology; JNS = Journal

of Neurological Sciences; MSM = Medical Science Monitor; N = Neurology; PM = Probable Migraine; Total-ADP = Total Adiponectin.
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