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Brief Report

A meta-analysis of biomarkers related
to oxidative stress and nitric oxide
pathway in migraine

Monica Neri1,*, Alessandra Frustaci1,*, Mirta Milic1,2,
Vanessa Valdiglesias1, Massimo Fini3, Stefano Bonassi1 and
Piero Barbanti4

Abstract

Background: Oxidative and nitrosative stress are considered key events in the still unclear pathophysiology of migraine.

Methods: Studies comparing the level of biomarkers related to nitric oxide (NO) pathway/oxidative stress in the blood/

urine of migraineurs vs. unaffected controls were extracted from the PubMed database. Summary estimates of mean

ratios (MR) were carried out whenever a minimum of three papers were available. Nineteen studies were included in the

meta-analyses, accounting for more than 1000 patients and controls, and compared with existing literature.

Results: Most studies measuring superoxide dismutase (SOD) showed lower activity in cases, although the meta-analysis

in erythrocytes gave null results. On the contrary, plasma levels of thiobarbituric acid reactive substances (TBARS), an

aspecific biomarker of oxidative damage, showed a meta-MR of 2.20 (95% CI: 1.65–2.93). As for NOs, no significant

results were found in plasma, serum and urine. However, higher levels were shown during attacks, in patients with aura,

and an effect of diet was found. The analysis of glutathione precursor homocysteine and asymmetric dimethylarginine

(ADMA), an NO synthase inhibitor, gave inconclusive results.

Conclusions: The role of the oxidative pathway in migraine is still uncertain. Interesting evidence emerged for TBARS and

SOD, and concerning the possible role of diet in the control of NOx levels.

Keywords

Biological markers, blood, case-control studies, meta-analysis, migraine, nitric oxide, oxidative stress, superoxide

dismutase
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Introduction

The pathophysiology of migraine is unclear, but is
likely to be multifactorial. Nitric oxide (NO), a gaseous
signaling mediator inducing vasodilation in cerebral
and extracerebral arteries and affecting nociceptive pro-
cessing, is a causative molecule in migraine (1). NO
donors, such as glyceryl trinitrate, reliably trigger genu-
ine migraine attacks in migraineurs, whereas the
NO-cyclic guanosine monophosphate (cGMP) cascade
is a target for emerging migraine treatments (1). NO
reacts with superoxide-producing peroxynitrite, a
highly reactive free radical that exerts noxious effects
on tissues. Thus, at least from a theoretical point of
view, migraine could per se be associated with high
levels of oxidative stress. A number of recent studies
reported an association between high levels of oxidative
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stress and migraine, particularly in children, adoles-
cents and women (2–5). Much other indirect evidence
point to the occurrence of oxidative stress in migraine,
in particular in migraine with aura (MA). In the
mouse, cortical spreading depression, the neurophysio-
logical event underlying migraine aura, activates genes
involved in oxidative stress response (6). Neuroimaging
in patients with MA frequently reveals the presence of
white matter abnormalities, possibly originating from a
brain oxidative mechanism, which correlates with aura
duration and progress over time (7).

Targeting free nitrogen and oxygen radicals is
considered a very promising strategy for future pain
management, and compounds used as analgesic, anti-
inflammatory and antimigraine agents can regulate
nitroxidative stress (8).

Correct diagnosis is essential to devise an appropri-
ate treatment strategy. Currently, diagnosis of
headache is made according to the International
Classification of Headache Disorders, third edition
beta (ICHD-3) criteria (9), based on clinical history
and after exclusion of other headache disorders. The
availability of validated biomarkers of diagnosis, but
also of prognosis and response to therapy, might pro-
vide valuable tools for the management and control of
migraine.

We summarized published evidence on the use of
different biomarkers related to the NO pathway and
oxidative stress in association with migraine, perform-
ing meta-analyses.

Material and methods

Bibliographic search

Studies were identified through an extensive literature
search using the PubMed database (http://www.ncbi.
nih.gov/PubMed) without any language restriction,
updated through February 1, 2014 (MN, investigator).

The final search strategies, adapted from Frustaci
et al. (10), were based on medical subject headings
(MeSH) terms and/or text words in the title or abstract.
In summary, 179 citations were obtained and manually
reviewed. A few additional publications were identified
by reviewing the bibliographies of retrieved articles.
All selected articles were in English.

Study selection, data extraction, study
characteristics

Hospital or population-based studies were selected,
comparing the level of biomarkers related to the NO
pathway or oxidative stress, in the blood or urine of
clinically diagnosed migraineurs vs. unaffected controls
(not related to cases). Paper selection and data

extraction were coordinated by MN (investigator) and
independently checked by AF and MM (investigators).
When the article did not report the mean and standard
deviation of the biomarker’s level, they were calculated
from published data or directly requested from the
corresponding author (11–14). The biomarkers
reported in at least three studies carried out on the
same biological sample were the object of separate
meta-analyses.

Statistical analyses

For each study, the mean level of selected biomarkers
in migraineurs was compared with the control group to
provide a point estimate, the mean ratio (MR), which is
independent of the absolute value of the biomarker
level (15). MR with confidence intervals (CIs) was
calculated for each study, and a summary estimate,
meta-MR, was computed weighting MRs according
to the variance and the number of participants in the
study (16).

Heterogeneity was assessed through chi square ana-
lysis and the I2 statistic, and a conservative random-
effects approach was adopted (16).

To rule out the presence of publication bias, the
association between study size and magnitude of
effect were analyzed by means of Begg’s adjusted rank
correlation test and Egger’s regression asymmetry test,
together with a funnel plot (17). To evaluate if a single
study would be able to affect meta estimates (only for
meta analyses of four studies or more), sensitivity ana-
lyses were carried out by removing studies one by one
from the analysis. Stata statistical software version 12.0
(18) was used to perform statistical analysis.

Results and discussion

Study characteristics

Nineteen articles fulfilling the selection criteria were
carefully evaluated. The meta-analyses all together
accounted for more than 1100 cases and their controls,
although the size of each single study was generally
small.

All the studies had a cross-sectional design, with
cases diagnosed according to the IHCD (19,20).

Most authors provided the results of migraine with-
out aura (MO) or MA separately, but some studies
considered patients with migraine tout-court. Patients
were recruited more often during attack-free periods,
but in one case there were enough studies to conduct
a meta-analysis of results obtained ictally (nitrogen
oxides (NOx) in plasma/serum). Generally, patients
with metabolic, cardiovascular or other major comor-
bidities were expressly excluded.

2 Cephalalgia 0(0)
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Cases were recruited in clinical settings, while the
origin of controls was often poorly described. Cases
and controls were generally well matched by age
(young adults to middle-aged, two studies on children
(5,21)) but not always by gender (typically, there were
more females among cases than controls). Ethnicity
was seldom specified.

Many studies reported information on treatment
regimen of patients or included only individuals not
taking medications. In some cases information on
smoking habits, diet or nutritional supplements was
provided.

Generally speaking, the majority of studies reported
inconclusive or conflicting results. When a consistent
trend emerged for a biomarker, in most cases the dif-
ference between cases and controls was very low,
making the biomarker barely useful in clinic, although
interesting from a merely scientific point of view.
Neither the migraine subtype (MO or MA), nor the
moment when specimens were collected (interictally or
during attacks), sensibly modified the association
between migraine and the biomarkers.

Biomarkers related to oxidative stress

Superoxide dismutases (SODs) are the most important
metalloenzymes that protect the cells against oxidative
stress, arising from reactive-oxygen species that are
produced during vasoconstriction, vasospasm, and
ischemia/reperfusion. When SOD and other oxidore-
ductases are insufficient, membrane degradation gener-
ates highly reactive and unstable lipid peroxides, whose
decomposition results in the formation of thiobarbitu-
ric acid reactive substances (TBARS), including malon-
dialdehyde (MDA).

Table 1 shows the meta-analysis of three studies
on SOD activity in erythrocytes of migraineurs
recruited interictally, with no difference between cases
and controls. However, considering all the six
published studies measuring this biomarker in different
specimens (erythrocytes, serum, platelets, polymorpho-
nuclear neutrophils (4,5,21–24)), SOD activity was
found to be lower in cases than in controls almost
always, sometimes reaching statistical significance
(4,22,24).

Table 1. Mean ratios of biomarkers related to oxidative stress and defense in blood of migraineurs (interictally) and controls.

Reference Biomarker Specimen M patients, numbera
Controls,

number Mean ratio (95% CI)

Erol 2010 (5) SOD RBC 33 MO, 14 MA (�72 h) 35 M 1.28 (0.92–1.79)

Bockowski 2008 (21) SOD RBC 34 M (�24 h) 38 M 0.82 (0.62–1.10)

Tuncel 2008 (24) SOD RBC Total 56 M

(37 MOþ19 MA),

34/56 M int (ns)

25 M 0.98 (0.76–1.27)

Meta-mean ratio (5,21,24) SOD RBC 115 M 98 M 1.00 (0.79-1.26)

p*¼ 0.15; I2¼ 48%;

p**¼ 0.62

Tuncel 2008 (24) MDA Plasma Total 56 M

(37 MOþ 19 MA),

34/56 M int (ns)

25 M 1.70 (1.34–2.15)

Ciancarelli 2002 (25) TBARS Plasma 30 MO (ns) 30 MO 2.49 (1.93–3.20)

Tozzi-Ciancarelli 1997 (26) TBARS Plasma 23 MA (ns) 23 MA 2.65 (1.84–3.82)

Meta-mean ratio (24,25,26) MDA/TBARS Plasma 109 M 78 M 2.20 (1.65–2.93)

p*¼ 0.04; I2¼ 68%;

p**¼ 0.56

Gavgani 2012 (27) Homocys Plasma/serum 65 M unspecified 65 M 1.33 (1.16–1.52)

Bottini 2006 (28) Homocys Plasma 45 M (�10 d) 45 M 1.08 (0.99–1.18)

Bokhari 2010 (3) Homocys Plasma 27 M (ns) 32 M 1.04 (0.93–1.17)

Moschiano 2008 (29) Homocys Plasma 136 MA (ns) 117 MA 1.25 (1.06–1.47)

Tietjen 2009 (14) Homocys Serum 61 MA f, 64 MO (�7 d) 50 f MO and MA 0.98 (0.90–1.07)

Meta-mean ratio

(3,14,27,28,29)

Homocys Plasma/serum 398 M 309 M 1.12 (1.003–1.24)

p*¼ 0.001; I2¼ 79.3%;

p**¼ 0.07

Significant values are bold. aTime elapsed since last attack. CI: confidence interval; f: female; d: days; h: hours; int: interictally; M: migraine not otherwise

specified or MOþMA; Homocys: homocysteine; MA: migraine with aura; MDA: malondialdehyde; MO: migraine without aura; ns: not specified;

RBC: red blood cells; SOD: superoxide dismutase; TBARS: thiobarbituric-reactive substances; p*: p-value of Q test for heterogeneity (test value not

shown); p**: p-value of Egger’s test (test value not shown).
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TBARS are a non-specific witness of oxidative stress
and their validity as an efficient oxidative damage bio-
marker is the object of discussion in the scientific com-
munity. However, they are rather homogeneous, when
measured by spectrophotometry, irrespective of the
name assigned by the authors to the assay (TBARS
or MDA); instead, chromatographic techniques are
specific for MDA (30,31). In the retrieved papers,
TBARS were significantly higher in cases than in con-
trols when measured with spectrophotometry in plasma
(24–26,32), and similar results were found in platelets
(33,34) and urine (35,36). In the summary estimate of
the three studies with available data (24–26), cases
doubled control values (Table 1). However, the oppos-
ite was found in serum, with chromatography and other
methods. This apparent contradiction should be
addressed in future studies. Glutathione pathway has
a major role in antioxidant defenses. Homocysteine is
one of the sources of cytosolic cysteine, the rate limiting
amino acid for the synthesis of the active antioxidant
form of glutathione (GSH; 37). Five studies evaluated
serum/plasma homocysteine levels interictally, compris-
ing about 400 cases and 300 controls altogether
(Table 1). Two showed 25% to 30% higher values in
patients (statistically significant in (27,29)), while
three gave inconclusive results (3,14,28)). After meta-
analysis, they gave a borderline statistically significant
increased meta-MR, which became statistically signifi-
cant after excluding Tietjen et al. (14) in the sensitivity
analysis (1.16, 95% CI: 1.04–1.29). This is consistent
with the values shown in the National Health and
Nutrition Examination Survey (NHANES), conducted
on ‘‘severe headaches including migraine’’ in almost
12,000 children and adolescents. On the other hand,
another study showed opposite results in females
(data not available, p¼ 0.001 (38)).

NOx

The unstable gaseous molecule NO causes vasodilation
and is rapidly degraded to nitrates and nitrites. Its half-
life is very short (a few seconds) so the body needs to
constantly produce NO by oxidizing the amino acid
L-arginine with the enzyme NO synthase. If there is
not enough L-arginine or if there are L-arginine-like
NO synthase inhibitors, such as asymmetric dimethyl
arginine (ADMA), less NO is produced and this leads
to hypertension.

NOx levels were the object of six studies in plasma
and three in serum, conducted with rather homoge-
neous methods (Table 2). In the majority of reports,
small increases were found in migraine patients with
respect to controls, with overlapping values in MA
and MO (when evaluated separately). The three statis-
tically significant studies conducted interictally gave

contrasting results (4,39,40). As a consequence, the
two meta-analyses (in patients with migraine tout-
court and in the MO subgroup) gave no statistically
significant difference between cases and controls.
Three ictal studies pointed to an increased MR, but
did not reach statistical significance (40–42).

Specifically, 343 migraineurs recruited interictally vs.
320 healthy individuals gave a non-significant meta-
MR, that grew to 1.12 (1.04–1.19) after excluding
Ciancarelli et al. (4) in the sensitivity analysis. In the
subgroup of MO, the meta-MR was 1.06 (0.94–1.20),
while cases recruited during an attack showed a meta-
MR of 1.78 (95% CI 0.89–3.56), both without any rele-
vant change after the sensitivity analysis. Similar results
were obtained in platelets: in two articles NOx levels
were slightly higher in migraineurs than controls
(38,44), one additional study on patients with MA
reported more than double levels interictally and
more than four-fold during attacks (both statistically
significant (45)).

Three studies on urinary NOx demonstrated more
than double concentrations in patients with respect to
controls (13,30,46), but one conducted only in females
gave opposite results (14). Consequently, the summary
estimate showed no difference (Table 2).

At first glance, NOx results failed to show major
differences between cases and controls. However, all
reports on patients recruited during attacks showed
higher MRs, independently of the specimen, and the
same was true for all the studies conducted in MA,
but one (14). In addition, given the potential role of
diet in regulating nitrates/nitrites balance, we checked
dietary information in all articles (reported in Table 2).
All the studies in blood resulting in inconclusive/absent
difference between cases and controls, plus the only
study with a significant decrease in migraine patients,
were conducted in patients on a low-nitrite/-nitrate diet.
On the other hand, almost all studies conducted with-
out dietary limitations showed significantly higher
blood NOx levels in cases than controls. These results
should be validated and reproduced in further well-
designed studies.

Finally, ADMA concentration in plasma or serum
showed limited difference between cases and controls in
three studies (40,43,46), and in their meta-analysis
(Table 2).

Limitations

Study heterogeneity was often significant; however, it
did not affect three meta-analyses, i.e. SOD, ADMA,
and NOx in plasma/serum of MO patients. No evidence
of publication bias was found in any meta-analysis,
although this measure has low reliability as fewer
than 10 studies were evaluated (47). Another limitation
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is the insufficient patients’ clinical characterization: the
term ‘‘interictal’’ is ambiguous per se, and future stu-
dies should address more in-depth clinical features of
migraine, e.g. attack frequency and disease duration, in
addition to MO and MA status. Sensitivity analyses
revealed that, in a couple of examples, individual stu-
dies could critically affect meta estimates. In both cases
it was a bias toward the null, which only further empha-
sizes the importance of standardization and good qual-
ity of study design.

Conclusions

This meta-analysis represents the first systematic
attempt to summarize the existing evidence on the
relationship between migraine and biomarkers of
oxidative stress or NO pathway. Results from these
meta-analyses should be considered as preliminary,
since the picture is still hazy; however some lines of
evidence and interesting cues are emerging, such as in
the case of TBARS, SOD, or the possible role of envir-
onmental factors (diet) in the control of NOx levels.

Table 2. Mean ratios of biomarkers related to nitrogen oxide pathway in blood or urine of migraineurs and controls.

Reference Biomarker Specimen M patients, numbera
Controls,

number Mean ratioM (95% CI)

Uzar 2011 (40) NOx Plasma 35 M int (ns)

24 M ict (2–5 h)

31 M int 1.15 (1.04–1.28)

M ict 1.14 (1.03–1.26)

Guldiken 2009 (43) NOx Plasma 49 M int (ns) 22 MOþMA int 1.05 (0.75–1.47)

Silva 2007 (13) NOx Plasma 25 MOb int,

25 MAb int (�24 h)

25§ M int 1.06 (0.92–1.23)

Ciancarelli 2002 (25) NOx Plasma 30 MOb int (int ns) 30§ MO int 1.00 (0.87–1.14)

D’Amico 2002 (11) NOx Plasma 60 MOb int,

40 MAb int (�72 h)

112§ MO int 1.24 (0.99–1.56)

MA int 1.18 (0.99-1.41)

Sarchielli 2000 (41) NOx Plasma 5 MOb (int: within 2 h

after the attack end;

ict: 1 h after

the attack onset)

4 MO int 1.15(0.89–1.48)

MO ict 1.31 (0.82–2.08)

Gruber 2010 (39) NOx Serum 34 MO int, 20 MA int

(mean 19� 26 d)

76 MOþMA int 1.32 (1.04–1.67)

Ciancarelli 2007 (4) NOx Serum 20 Mb f int (>72 h) 20 f M f int 0.68 (0.62–0.75)

Fidan 2006 (42) NOx Serum 25 M (int: after 1 w;

ict: ns)

25 M int na nss

M ict 4.31 (2.44–7.63)

Meta-mean ratio

(4,11,13,25,39,40,41,43)

NOx Plasma/serum 343 M int 320 M int 1.05 (0.87–1.27)

p*< 0.001; I2¼ 91.2%; p**¼ 0.19

Meta-mean ratio (11,25,41,43) NOx Plasma/serum 134 MO int 168 MO int 1.06 (0.94–1.20)

p*¼ 0.224; I2¼ 27.1%; p**¼ 0.73

Meta-mean ratio (40,41,42) NOx Plasma/serum 54 M ict 60 M ict 1.78 (0.89–3.56)

p*< 0.001; I2¼ 90%; p**¼ 0.41

Tietjen 2009 (14) NOx Urine 64 MO f int,

61 MA f int (�7 d)

50 f MOþMA f int 0.14 (0.10–0.22)

Ciancarelli 2004 (36) NOx Urine 25 MOb int (>72 h) 25 MO int 2.40 (2.04–2.83)

Ciancarelli 2003 (35) NOx Urine 30 Mb int (>72 h) 20§ M int 2.75 (2.16–3.51)

Meta-mean ratio (14,35,36) NOx Urine 225 M int 95 M int 1.00 (0.26-3.83)

p*< 0.001; I2¼ 98.8%; p**¼ 0.35

Guldiken 2009 (43) ADMA Plasma 49 M int (ns) 22 MOþMA int 1.13 (0.79–1.60)

Uzar 2011 (40) ADMA Plasma 35 M int (ns) 31 M int 1.08 (1.03–1.13)

Gruber 2010 (39) ADMA Serum 34 MO, 20 MA int

(mean 19� 26 d)

76 MOþMA int 1.01 (0.97–1.05)

Meta-mean ratio (39,40,43) ADMA Plasma/serum 138 M int 129 M int 1.04 (0.99–1.10)

p*¼ 1.14; I2¼ 49.4%; p**¼ 0.79

Significant values are bold. aTime elapsed since last attack (int) or time elapsed from the attack onset (ict). bPatients on low nitrite/nitrate diet;

ADMA: asymmetric dimethylarginine; CI: confidence interval; f: female; d: days; h: hours; w: week; ict: ictally; int: interictally; M: migraine not otherwise

specified or MOþMA; MA: migraine with aura; MO: migraine without aura; na: complete data not available in the original article; ns: not specified; nss: not

statistically significant; NOx: nitrogen oxides; p*: p-value of Q test for heterogeneity (test value not shown); p**: p-value of Egger’s test (test value not shown).
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Existing data referring to different biomarkers
within the same pathways should be carefully
reviewed, in order to gain a more detailed view
and to track direction for future research.

An improvement in standardization of study
design and laboratory methods is strongly required
in order to put together consistent and meaningful
data.

Clinical implications

. Oxidative and nitrosative stress are considered key events in the still unclear pathophysiology of migraine.

. Nineteen studies comparing the level of biomarkers related to nitric oxide pathway/oxidative stress in the
blood/urine of migraineurs vs. unaffected controls were extracted from the PubMed database, accounting
for more than 1100 patients and their controls.

. After meta-analysis, plasma levels of the aspecific biomarker thiobarbituric acid reactive substances
(TBARS) were more than double in cases than in controls.

. Most studies measuring superoxide dismutase (SOD) showed lower activities in cases.

. As for nitrate/nitrite, higher levels were found in patients with migraine with aura between attacks than in
controls, but not in individuals on a low-nitrite/-nitrate diet.
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21. Boćkowski L, Sobaniec W, Kulak W, et al. Serum and
intraerythrocyte antioxidant enzymes and lipid peroxides

6 Cephalalgia 0(0)

https://www.researchgate.net/publication/6114037_Relationship_Between_Biofeedback_and_Oxidative_Stress_in_Patients_With_Chronic_Migraine?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/6114037_Relationship_Between_Biofeedback_and_Oxidative_Stress_in_Patients_With_Chronic_Migraine?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/6114037_Relationship_Between_Biofeedback_and_Oxidative_Stress_in_Patients_With_Chronic_Migraine?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/6114037_Relationship_Between_Biofeedback_and_Oxidative_Stress_in_Patients_With_Chronic_Migraine?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/6114037_Relationship_Between_Biofeedback_and_Oxidative_Stress_in_Patients_With_Chronic_Migraine?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/43354273_Nitric_Oxide-Related_Drug_Targets_in_Headache?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/43354273_Nitric_Oxide-Related_Drug_Targets_in_Headache?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/43354273_Nitric_Oxide-Related_Drug_Targets_in_Headache?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/45493556_Increased_Vulnerability_to_Oxidative_Stress_in_Pediatric_Migraine_Patients?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/45493556_Increased_Vulnerability_to_Oxidative_Stress_in_Pediatric_Migraine_Patients?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/45493556_Increased_Vulnerability_to_Oxidative_Stress_in_Pediatric_Migraine_Patients?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/45493556_Increased_Vulnerability_to_Oxidative_Stress_in_Pediatric_Migraine_Patients?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/230644037_Nitrogen_Oxygen_or_Sulfur_Containing_Heterocyclic_Compounds_as_Analgesic_Drugs_Used_as_Modulators_of_the_Nitroxidative_Stress?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/230644037_Nitrogen_Oxygen_or_Sulfur_Containing_Heterocyclic_Compounds_as_Analgesic_Drugs_Used_as_Modulators_of_the_Nitroxidative_Stress?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/230644037_Nitrogen_Oxygen_or_Sulfur_Containing_Heterocyclic_Compounds_as_Analgesic_Drugs_Used_as_Modulators_of_the_Nitroxidative_Stress?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/230644037_Nitrogen_Oxygen_or_Sulfur_Containing_Heterocyclic_Compounds_as_Analgesic_Drugs_Used_as_Modulators_of_the_Nitroxidative_Stress?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/50907023_Ratio_of_means_for_analyzing_continuous_outcomes_in_meta-analysis_performed_as_well_as_mean_difference_methods?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/50907023_Ratio_of_means_for_analyzing_continuous_outcomes_in_meta-analysis_performed_as_well_as_mean_difference_methods?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/50907023_Ratio_of_means_for_analyzing_continuous_outcomes_in_meta-analysis_performed_as_well_as_mean_difference_methods?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/50907023_Ratio_of_means_for_analyzing_continuous_outcomes_in_meta-analysis_performed_as_well_as_mean_difference_methods?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/20304161_Platelet_function_in_classic_migraine_during_attack-free_periods?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/20304161_Platelet_function_in_classic_migraine_during_attack-free_periods?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/20304161_Platelet_function_in_classic_migraine_during_attack-free_periods?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/7777675_Headache_Classification_Subcommittee_of_the_IHS_The_International_Classification_of_Headache_Disorders_2nd_edition?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/7777675_Headache_Classification_Subcommittee_of_the_IHS_The_International_Classification_of_Headache_Disorders_2nd_edition?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/291331282_The_International_Classification_of_Headache_Disorders_3rd_edition_beta_version?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/291331282_The_International_Classification_of_Headache_Disorders_3rd_edition_beta_version?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/291331282_The_International_Classification_of_Headache_Disorders_3rd_edition_beta_version?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/291331282_The_International_Classification_of_Headache_Disorders_3rd_edition_beta_version?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/291331282_The_International_Classification_of_Headache_Disorders_3rd_edition_beta_version?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/291331282_The_International_Classification_of_Headache_Disorders_3rd_edition_beta_version?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/291331282_The_International_Classification_of_Headache_Disorders_3rd_edition_beta_version?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/291023657_Classification_and_diagnostic_criteria_for_headache_disorders_cranial_neuralgias_and_facial_pain_Headache_Classification_Committee_of_the_International_Headache_Society_International_Classification_of?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/291023657_Classification_and_diagnostic_criteria_for_headache_disorders_cranial_neuralgias_and_facial_pain_Headache_Classification_Committee_of_the_International_Headache_Society_International_Classification_of?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/291023657_Classification_and_diagnostic_criteria_for_headache_disorders_cranial_neuralgias_and_facial_pain_Headache_Classification_Committee_of_the_International_Headache_Society_International_Classification_of?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/291023657_Classification_and_diagnostic_criteria_for_headache_disorders_cranial_neuralgias_and_facial_pain_Headache_Classification_Committee_of_the_International_Headache_Society_International_Classification_of?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/229707591_Statistical_Methods_for_Examining_Heterogeneity_and_Combining_Results_from_Several_Studies_in_Meta-Analysis?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/229707591_Statistical_Methods_for_Examining_Heterogeneity_and_Combining_Results_from_Several_Studies_in_Meta-Analysis?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/229707591_Statistical_Methods_for_Examining_Heterogeneity_and_Combining_Results_from_Several_Studies_in_Meta-Analysis?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/229707591_Statistical_Methods_for_Examining_Heterogeneity_and_Combining_Results_from_Several_Studies_in_Meta-Analysis?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/229707591_Statistical_Methods_for_Examining_Heterogeneity_and_Combining_Results_from_Several_Studies_in_Meta-Analysis?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/229707591_Statistical_Methods_for_Examining_Heterogeneity_and_Combining_Results_from_Several_Studies_in_Meta-Analysis?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/229530728_Cortical_spreading_depression_and_gene_regulation_Relevance_to_migraine?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/229530728_Cortical_spreading_depression_and_gene_regulation_Relevance_to_migraine?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==
https://www.researchgate.net/publication/229530728_Cortical_spreading_depression_and_gene_regulation_Relevance_to_migraine?el=1_x_8&enrichId=rgreq-85b8e46e2c0fa9fde82d17aecd8f7ae6-XXX&enrichSource=Y292ZXJQYWdlOzI3MDY1NDA5MTtBUzoyMDI5NDM4MDM0NjU3MjhAMTQyNTM5Njk4MTA5NA==


XML Template (2015) [6.1.2015–10:13am] [1–7]
//blrnas3.glyph.com/cenpro/ApplicationFiles/Journals/SAGE/3B2/CEPJ/Vol00000/140202/APPFile/SG-CEPJ140202.3d (CEP) [PREPRINTER stage]

in children with migraine. Pharmacol Rep 2008; 60:
542–548.

22. Shimomura T, Kowa H, Nakano T, et al. Platelet super-

oxide dismutase in migraine and tension-type headache.
Cephalalgia 1994; 14: 215–218.

23. Shukla R, Barthwal MK, Srivastava N, et al. Neutrophil-
free radical generation and enzymatic antioxidants in

migraine patients. Cephalalgia 2004; 24: 37–43.
24. Tuncel D, Tolun FI, Gokce M, et al. Oxidative stress in

migraine with and without aura. Biol Trace Elem Res

2008; 126: 92–97.
25. Ciancarelli I, Di Massimo C, Tozzi-Ciancarelli MG, et al.

Helicobacter pylori infection and migraine. Cephalalgia

2002; 22: 222–225.
26. Tozzi-Ciancarelli MG, De Matteis G, Di Massimo C,

et al. Oxidative stress and platelet responsiveness in

migraine. Cephalalgia 1997; 17: 580–584.
27. Gavgani SC and Hoseinian MM. Comparative study on

homocysteine levels in migraine patients and normal peo-
ples. Ann Biol Res 2012; 3: 1804–1807.

28. Bottini F, Celle ME, Calevo MG, et al. Metabolic and
genetic risk factors for migraine in children. Cephalalgia
2006; 26: 731–737.

29. Moschiano F, D’Amico D, Usai S, et al. Homocysteine
plasma levels in patients with migraine with aura. Neurol
Sci 2008; 29(Suppl 1): S173–S175.

30. Devasagayam TP, Boloor KK and Ramasarma T.
Methods for estimating lipid peroxidation: An analysis
of merits and demerits. Indian J Biochem Biophys 2003;
40: 300–308.

31. Moselhy HF, Reid RG, Yousef S, et al. A specific, accur-
ate, and sensitive measure of total plasma malondialde-
hyde by HPLC. J Lipid Res 2013; 54: 852–858.

32. Gupta R, Kumar V, Luthra K, et al. Polymorphism in
apolipoprotein E among migraineurs and tension-type
headache subjects. J Headache Pain 2009; 10: 115–120.
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