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Abstract

Background: Migraine in children and adolescents is very common and can be associated with equivalents,
psychiatric disorders, or abnormal electroencephalogram findings. Neurogenic inflammation is involved in migraine
pathogenesis where pro-inflammatory cytokines play a significant role. Recent studies have demonstrated that
serum bilirubin can be considered as an antioxidant and cytoprotective agent and that its concentration may be
influenced in migraine by neurogenic inflammation. Various studies have observed reduced serum bilirubin in
migrainous adults, and few studies investigated the association between serum bilirubin and migraine in children
and adolescents.

Objectives: To study the association between serum bilirubin and migraine in children and adolescents.

Patients and method: Serum samples were collected from 40 migrainous children and adolescents and from 40
controls. Total, direct, and indirect bilirubin concentrations were measured. Headache features, migraine equivalents,
psychiatric comorbidity, and electroencephalogram findings were documented in migraineurs.

Results: Serum total, direct, and indirect bilirubin concentrations were significantly lower in migraineurs than
controls. This was statistically significant associated with abnormal electroencephalogram findings during headache-
free periods and not statistically significant associated with any headache feature, abnormal electroencephalogram
findings during headache attacks, or psychiatric comorbidity.

Conclusion: Serum bilirubin concentration is lower in migrainous children and adolescents compared to control,
with no association with specific migraine type or features, and thus may be considered a useful marker for
neurogenic inflammation in migraine.
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Introduction
Migraine is one of the most common causes of primary
headaches in childhood [1]. Its prevalence increases through-
out childhood, affecting 1–3% of 3- to 7-year-olds, 4–11% of
7- to 11-year-olds, and 8–28% of teenagers (13–18 years old)
[2]. It may be associated with migraine equivalents which are
common clinical conditions, often occurring without a head-
ache component, as repeated episodes with complete remis-
sion between episodes [3]. Migraine may be also associated
with comorbid psychiatric or behavioral disorders [4, 5].

Electroencephalography (EEG) studies in children and ado-
lescents with migraine have shown some abnormalities.
Some authors in the last years reported these EEG abnormal-
ities with frequency varying from 11% in some studies to
74% in others [6].
Important studies have been made for understanding

the pathophysiology of migraine [7] and have shown that
inflammation plays a significant role in the pathogenesis
of migraine where largely pro-inflammatory cytokines
are released and involved in the sensitization of nerve
endings during migraine headache attack [8].
Bilirubin has been seen as a toxic waste product since it

is a product of heme metabolism. However, recent studies
have demonstrated that it possesses cytoprotective and
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strong antioxidant properties. Lower serum bilirubin con-
centration in migraine may be a primary finding and risk
factor or may be a secondary phenomenon caused by the
existence of neurogenic inflammation and high oxidative
stress during migraine [9].
All previous studies done on bilirubin were made on

adult or old age patients. Therefore, in our current
study, we analyzed serum bilirubin as an inflammatory
marker in migrainous children and adolescents, and in-
vestigated the possible relationship between serum bili-
rubin and different headache features, the presence or
absence of migraine equivalents, the presence or absence
of psychiatric comorbidity, and electroencephalogram
(EEG) findings in this age group.
The abstract of this manuscript was presented in the

World Congress of Neurology (WCN) 19 [10].

Patients and methods
A total of 40 children and adolescents diagnosed with
migraine were recruited to this study. All patients had
been diagnosed with migraine according to the Inter-
national Headache Society criteria, third edition, beta
version (ICHD, 3rd edition, beta version) [11]. They
were collected from the pediatric clinic and our neuro-
psychiatric clinic of Menoufia University Hospital in the
period from March 2016 to August 2017. Both sexes
were included in the study with age ranging from 6 to
18 years old. We excluded patients who had known
chronic liver diseases, kidney diseases, infectious dis-
eases, malignant tumor, metabolic syndrome, cardiac or
cerebrovascular diseases, hypertension, diabetes, fever or
abnormal erythrocyte sedimentation rate (ESR), and a
current or past personal history of epilepsy.
Over the same period, 40 sex- and age-matched chil-

dren and adolescents selected from patients’ relatives,
from other patients visiting the Menoufia University
Hospital with different diagnosis, and from general
population were recruited in the study as controls with
no present or past history of migraine. So, we had two
groups: the migraine group and the control group.
All participants were subjected to general examination

including measurement of pulse, blood pressure, and
temperature; chest, cardiovascular, and gastrointestinal
examination; and complete neurological examination
using neurology sheet by the same neurology staff.
Fasting blood samples were collected from all partici-

pants. Serum total bilirubin (Tbil), direct bilirubin (Dbil),
indirect bilirubin (Ibil), alanine aminotransferase (ALT),
and aspartate aminotransferase (AST) were determined
by enzymatic method. Erythrocyte sedimentation rate
(ESR) was determined using the Westergren method. In-
dividuals with abnormal ALT, AST, or ESR concentra-
tions were also excluded from this study.

The patients in the migraine group were further sub-
jected to the following:

(1) An interview about the history of headache using
headache sheet (including character, duration,
intensity, frequency, site, radiation, aura, association
of headache, postdrome, precipitating factors,
relieving factors, the previous treatment and
efficacy, and family history of headache).

(2) Migraine equivalents’ investigation performed by an
interview during the initial assessment of the
migraine group and the diagnosis was based on the
presence of the typical clinical features of the
migraine equivalents included in the International
Classification of Headache Disorders diagnostic
criteria, 3rd edition beta version. Possible organic
causes of the symptoms: for example, other
neurological diseases for benign paroxysmal vertigo
or gastroenterological abnormalities for abdominal
migraine and cyclical vomiting were investigated
and their occurrence leads to patient exclusion.
Both patients who had complained of migraine
equivalents only in the past and those who
continued to suffer from one or more migraine
equivalents were included.

(3) The following classifications: (a) classifying the type
of migraine into chronic and episodic migraine, and
into migraine with aura (including its type) and
without aura; (b) classifying the frequency of
headache episodes as high (from weekly to daily
episodes) and low (from less than once a month to
three episodes per month)—the cut point was
chosen to distinguish patients who need
prophylactic treatment from those who do not [12,
13]; and (c) classifying pain rating on a graduate
scale at three levels of severity—mild pain, allowing
the patient to continue his/her daily activities;
moderate pain, leading to interruption of patient
activities; and severe pain, forcing the child to go to
bed [12].

(4) Psychiatric assessment for the major Axis I
psychiatric disorders (all mental disorders except
personality disorders and mental retardation) using
Mini International Neuropsychiatric Interview for
Children (MINI-KID) [14]. Both patients and
controls were drug naive. Psychological evaluation
was performed in a single session by the same
examiner. In order to exclude a possible direct
effect of pain on psychological assessment, we
ensured that no one of the participants had a
headache attack within 24 h before the
psychological study.

(5) Electroencephalogram (EEG), performed twice: one
of EEG recordings was done during a headache
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attack (most of the patients were in an attack at the
time of initial assessment), and the other one
during headache-free period (interictal). EEG evalu-
ations were done at the Electroencephalogram La-
boratory of the Department of Neuropsychiatry,
Menoufia University Hospital, using a Nihon Koden
EEG 9200 K, VER 05-70, made in Japan. Electrodes
were positioned according to the international 10–
20 system. The total recording time for each elec-
troencephalogram was 20 min. During electro-
encephalogram recordings, hyperventilation was
performed for 3 min; intermittent photic stimula-
tions were administered at 2, 5, 6, 8, 10, 13, 16, 18,
and 21 Hz frequencies (10 s flash, alternating with
10 s of rest); and patients were asked to open and
close their eyes. To avoid drowsiness, patients were
periodically alerted and told to open their eyes.
Slow waves, sharp waves, and spikes were consid-
ered electroencephalogram abnormalities.

Statistical analysis
The data were shown as means ± SD. We recruited indi-
viduals matching with age and gender of patients with
migraine to avoid the effects from gender and age on the
serum bilirubin concentration. Chi-square test is a test
of significance used for comparison between two groups
having qualitative variables. F test (ANOVA—analysis of
variance) is a test of significance used for comparison
between more than two groups having variables. t test is
a test of significance used for comparison between two
groups having quantitative variables with different vari-
ance (parametric test). The data were collected, tabu-
lated, and statistically analyzed using SPSS (Statistical
Package for Social Science) program, version 21 (IBM
Corp; Released 2012; IBM SPSS Statistics for Windows,
Version 21.0. Armonk, NY: IBM Corp). p < 0.05 was

determined as statistically significant, whereas p value >
0.001 was considered to be highly statistically significant;
on the other hand, p value < 0.05 was considered statis-
tically not significant.

Results
The clinical and laboratory parameters of all patients
and controls are presented in Table 1. The migraine
group included 40 patients: 16 patients (40%) were males
and 24 patients (60%) were females. Their age ranged
from 7 to 17 years with mean age 12.50 ± 2.621 years.
The control group included 40 patients. They were 14
(35%) males and 26 (65%) females. Their age ranged
from 7 to 17 years with mean age 12.08 ± 2.693 years.
BMI for patients was 18.23 ± 2.02 and control 17.87 ±
2.16 with no significant difference between both groups.
In the migraine group, the average serum concentra-

tion of Tbil, Dbil, and Ibil was 0.522 mg/dl, 0.177 mg/dl,
and 0.345 mg/dl, respectively. This average was highly
significantly lower in patients with migraine than con-
trols, as shown in Table 1 and Fig. 1 with no significant
difference regarding AST and ALT levels between both
groups.
On correlating this lower level of serum bilirubin con-

centration (Tbil, Dbil, and Ibil) within the migraine
group, all the 40 patients had episodic migraine. There
was no statistically significant association between serum
bilirubin concentration (Tbil, Dbil, and Ibil) and any
headache feature (the presence or absence of aura and
its type, the presence or absence of migraine equivalents,
the frequency of attacks or pain severity rating), as
shown in Table 2. There was a statistically significant
difference between migrainous patients with psychiatric
comorbidity and those with no psychiatric comorbidity
as regards Ibil concentration only, while there was no
statistically significant difference between them as

Table 1 Demographics and laboratory data of the migraine and control groups

Variables Migraine group, N = 40 Control group, N = 40 Test of significance p value

Gender

Male 16 (40.0%) 14 (35.0%) *0.213 0.644

Female 24 (60.0%0) 26 (65.0%)

Age in years 12.50 ± 2.621 12.08 ± 2.693 **0.715 0.477

Total bilirubin (0.2–1.2mg/dl), mean ± SD 0.522 ± .1395 0.835 ± .1475 **9.767 0.000

Direct bilirubin (0.1–0.4mg/dl), mean ± SD 0.177 ± .0494 0.244 ± .0494 **6.064 0.000

Indirect bilirubin (0.1–0.8 mg/dl), Mean ± SD 0.345 ± .0910 0.596 ± .1128 **10.928 0.000

ALT 13.955 ± 2.4633 16.740 ± 2.1140 **5.426 .000

AST 16.500 ± 2.1031 18.063 ± 2.3457 **3.137 .002

BMI 18.23 ± 2.02 17.87 ± 2.16 **0.773 0.442

*Chi-square
**t test
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regards Tbil and Dbil concentrations, as shown in Table
3. On applying multiple linear regression analysis be-
tween age, gender, liver functions, and total bilirubin in
cases of migraine, for increased total bilirubin (Tab), it
was found that sex and AST were significant predictors
for total bilirubin and male gender is a protective factor
than female (odds = 0.423) while increased AST is more
risky to increase total bilirubin by 1.12-folds. Other vari-
ables (age and ALT) were non-significant predictors

(Table 4). As for BMI, there was an inverse correlation
with serum bilirubin; the more the BMI, the less the
serum bilirubin (Table 4). During headache attacks,
there was no statistically significant difference between
migrainous patients with normal EEG findings and those
with abnormal EEG findings as regards serum bilirubin
concentration (Tbil, Dbil, and Ibil). On the other hand,
during headache-free periods, migrainous patients with
abnormal EEG findings had statistically significant lower

Fig. 1 Lower serum total, direct, and indirect bilirubin concentrations in the migraine group compared with the control group

Table 2 The relationship between level of serum bilirubin and migraine headache features

Total bilirubin, mean ± SD Direct bilirubin, mean ± SD Indirect bilirubin, mean ± SD

Aura

Without 0.51 ± 0.14 0.17 ± 0.04 0.34 ± 0.09

Visual aura 0.55 ± 0.14 0.18 ± 0.05 0.36 ± 0.09

Auditory aura 0.49 ± 0.16 0.18 ± 0.07 0.31 ± 0.09

p value, *ANOVA test 0.764 0.732 0.738

Migraine equivalents

Absent 0.52 ± 0.13 0.17 ± 0.04 0.34 ± 0.09

Present 0.49 ± 0.14 0.16 ± 0.05 0.32 ± 0.09

p value, **t test 0.552 0.666 0.498

Frequency of episodes

High 0.54 ± 0.13 0.18 ± 0.04 0.36 ± 0.09

Low 0.49 ± 0.14 0.17 ± 0.05 0.32 ± 0.09

p value, **t test 0.278 0.459 0.207

Pain rating

Mild 0.49 ± 0.12 0.17 ± 0.04 0.32 ± 0.07

Moderate 0.50 ± 0.09 0.16 ± 0.03 0.34 ± 0.06

Severe 0.53 ± 0.16 0.18 ± 0.05 0.35 ± 0.10

p value, *ANOVA test 0.691 0.749 0.616

* Anova test ** t test
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levels of serum bilirubin concentration (Tbil, Dbil, and
Ibil) than those with normal EEG findings, as shown in
Table 5.

Discussion
Migraine headache is very common in childhood [1]. It
may be associated with migraine equivalents which are
common clinical conditions, often occurring without a
headache component, as repeated episodes with
complete remission between episodes [3]. They include
abdominal migraine, cyclical vomiting, benign paroxys-
mal vertigo, and benign paroxysmal torticollis [15].
There is also growing evidence showing increased co-
morbidity between migraine and several psychiatric con-
ditions [4, 5] and abnormal electroencephalography
(EEG) findings [6].
Inflammation has an important role in the process of

migraine, and recently, studies showed that bilirubin has
cytoprotective and antioxidant properties and that exist-
ence of neurogenic inflammation and high oxidative
stress during migraine is associated with lower serum
bilirubin concentration [9].
The purpose of our study was to assess the clinical as-

sociation between serum bilirubin and migraine syn-
drome in children and adolescents.
This study was carried out on 40 children and adoles-

cents suffering from migraine, diagnosed according to
the ICHD, 3rd edition, beta version. They were com-
pared to 40 controls of children and adolescents not suf-
fering from migraine.
In our study, the main finding was that serum level of

bilirubin was significantly lower in children and adoles-
cent patients with migraine compared with healthy con-
trols. Before 2015, there was no published study that had
investigated the association between serum bilirubin and

migraine. Our results agree with the results done by
Peng and colleagues [16] and Cao and colleagues [17]
who reported in their studies that Tbil, Dbil, and Ibil
concentrations were significantly lower in patients with
migraine than healthy controls. Possible explanation of
lower serum bilirubin in migraine may be as follows: In-
flammation plays a central role in the pathogenesis and
etiology of migraine with emerging evidence that several
cytokines such as interleukin-6 (IL-6), tumor necrosis
factor (TNF), and interleukin-10 (IL-10) are implicated
in the pathogenesis of migraine causing sensitization of
nerve endings during headache attacks [18, 19]. Interest-
ingly, a negative correlation between direct bilirubin and
C-reactive protein (CRP), as a marker that is increased
in inflammation, was well established in adult and old
migraine patients. These findings, combined with our re-
sults, point in an indirect way to the possibility that
serum bilirubin may provide a protection against inflam-
mation irrespective to the studied age group [20]. But,
whether lower bilirubin level in migraine results from an
overconsumption of bilirubin by neurogenic inflamma-
tion or a primary deficit and not a physiological
phenomenon associated with consumption by inflamma-
tion has not yet been established. Thus, future studies
and investigations are still required about the exact
mechanism.
Till now, there are no studies that disagree with our

results as regards lower serum bilirubin in migraine.
On correlating serum bilirubin levels within the mi-

graine group with different headache features and mi-
graine associations, there was no statistically significant
association between serum bilirubin concentration (Tbil,
Dbil, and Ibil) and any headache feature or the presence
or absence of migraine equivalents or abnormal EEG
findings during headache attacks. On the other hand,
during headache-free periods, migrainous patients with
abnormal EEG findings had statistically significant lower
levels of serum bilirubin concentration (Tbil, Dbil, and
Ibil) than those with normal EEG findings. This may be
explained by the fact that in the absence of headache
(headache-free periods), migrainous patients with abnor-
mal EEG findings have more lower bilirubin level than
those with normal EEG; thus, more lower level of biliru-
bin reflects much more consumption by inflammation
or being much more susceptible to neurogenic inflam-
mation or the presence of subclinical electrical activity

Table 3 The relationship between serum bilirubin concentration and psychiatric comorbidity

MINI-KID Total bilirubin, mean ± SD Direct bilirubin, mean ± SD Indirect bilirubin, mean ± SD

Free 0.715 ± 0.21 0.21 ± 0.05 0.50 ± 0.16

Comorbid psychiatric disorders 0.63 ± 0.21 0.21 ± 0.06 0.43 ± 0.15

t test 1.67 0.33 2.05

p value 0.09 0.73 0.04

Table 4 Multiple linear regression analysis between age,
gender, liver functions, and total bilirubin in cases of migraine

Independent
variables

Total bilirubin (dependent variable)

Odds Significance 95% CI (lower–upper)

Age 0.244 0.113 − 0.003–0.029

Sex (male) 0.423 0.008 0.033–0.205

ALT − 0.023 0.363 − 0.042–0.016

AST 1.12 > 0.001 0.041–0.108

BMI − 0.066 0.558 − 0.03–0.016
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and that can be detected by EEG even in the absence of
headache attack. But, this lower level does not affect the
clinical expression of migraine or its associations. No
previous studies had investigated this issue, so this ob-
servation requires much more investigations and larger
studies to be ascertained.
For psychiatric comorbidity, there was statistically sig-

nificant difference between migrainous patients with
psychiatric comorbidity and those with no psychiatric
comorbidity as regards serum indirect bilirubin concen-
tration only, while there was no statistically significant
difference between them as regards serum total or direct
bilirubin concentration. In fact, no previous studies had
investigated the association between serum bilirubin
level and primary psychiatric disorders in general or psy-
chiatric disorders comorbid with migraine. So, larger
studies with larger sample size are needed to investigate
this relationship before trying to find an explanation.
In our study, we had several limitations. A relatively

small sample size was a major limitation. We did not
compare levels of serum bilirubin between migraine pa-
tients on anti-inflammatory treatment and those with no
anti-inflammatory treatment. Larger cross-sectional and
prospective studies are needed to detect the possible
mechanism of lower bilirubin levels in patients with mi-
graine and to establish whether this may be used as a
useful biomarker for neurogenic inflammation in pa-
tients with migraine guiding diagnosis and therapy.
Studies are also required to correlate biomarkers of in-
flammation in migraine and the clinical expression of
migraine features, its associations, psychiatric comorbid-
ity, and EEG findings.

Conclusion
Lower serum bilirubin concentration may be used as a
useful biomarker of neurogenic inflammation in mi-
graine patients irrespective of age, migraine features, or
association.
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