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Introduction
Migraine is a common debilitating disorder associated with 
multiple symptoms and not only with the pain. The migraines are 
on a chapter of “The International Headache Society classification, 
2013 version” [1] and were considered two different categories: 
migraine with aura (MA) and migraine without aura (MO). The 
MA has been related to Methylenetetrahydrofolate Reductase 
(MTHFR) gene mutation and high levels of Homocysteine (Hcy) 

[2-8]. Hcy is a product of methionine metabolism and is a sulfur-
containing amino acid [2-4]. MTHFR is an enzyme responsible for 
the conversion of Hcy to methionine and it catalyzes the reduction 
of 5,10-methylenetetrahydrofolate (CH2-THF) to 
5-methylenetetrahydrofolate [4]. If Hcy is not properly 
metabolized, its high levels could be associated with vascular 
damage and endothelial remodelling, this condition could be 
responsible of a reduction in blood oxygenation in brain 
circulation close to onset and maintenance of migraine attacks 
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Abstract
The headaches are a heterogeneous clinical manifestations characterized not only 
by pain but also by a severe multifactorial disabilities. Numerous studies showed 
the association between the enzyme MTHFR mutations, the T allele and genotype 
TT and migraine, particularly migraine with aura.

Aim of the study: On the basis of the literature data we propose to evaluate the 
prevalence of the MTHFR mutation in the population of patients admitted to a 
headache center of the childhood. 

Materials and methods: we examined 226 children, aged 5-17 years, admitted to " 
Headache Center" of Children Neuropsychiatry of Hospital San Salvatore L'Aquila, 
from 2013 to the year 2015. The diagnosis of headache is made according to ICHD 
III criteria. The identification of the MTHFR C677T polymorphism of the enzyme 
was carried out by the Real-time PCR qualitative. The statistical analysis by SAS 
System. 

Results: Diagnosis of migraine without aura in 96 patients, migraine with aura in 
39, in 18 chronic migraine, frequent episodic tension-type headache in 40, chronic 
tension type headache in 20 and in 13 other headaches. 61 patients are without 
mutation, 85 with heterozygous mutation, and 28 homozygous. Therefore, the 
mutation is present in 147 patients with a percentage of 65%. The heterozygous 
mutation is present in 50.56% of females and 47.06% males; the homozygous 
in 10.19% and 12.94% in females than males. In migraineurs the mutation is 
present in 66.67% compared with patients with tension-type headache (33.33%), 
homozygous is the 70.37% versus 29.63% (p<0.001). Homocysteine levels are 
elevated only on the 8.69% of mutated patients, of which 5/12 patients have a 
mutation in homozygosity. 

Conclusion: we confirme the statistical association between MTHFR mutation 
both in the heterozygous and homozygous forms and migraines. The migraines 
with aura, unlike the literature, does not seem to have an important role. 
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[5,6]. The polymorphism most frequently identified is C677T and 
it is related not only to migraine, but also to other neurological/
psychiatric and organic symptoms as neural tube defects, 
cerebrovascular and cardiovascular disease, hypertension, 
glaucoma. Among neurological and psychiatric disorders that are 
associated with migraine, depression, anxiety disorders, epilepsy 
and sleep disorders are reported. More recently, an association 
with cardiovascular disease has been highlighted, particularly 
with ischemic stroke [4-7]. C677T polymorphism is characterized 
by a substitution of an alanine with avaline at position 222; this 
substitution leads to a reduction on enzyme activity [6]. Subjects 
with the C677T variant present reduced capacity to remethylate 
homocysteine to methionine, these conditions increase 
homocysteine plasma levels [6,8]. In most of the genetic 
determination of C677T polymorphism studies carried out on 
whole blood samples using EDTA tubes and transferred in an 
upright position to local lab, where were stored at -20°C to freezer 
by the Real-Time Polymerase Chain Reaction (RT- PCR), and are 
considered the homozygous and heterozygous T alleles of variant 
[9]. The Total Homocysteine (tHcY) was determined using a 
Chemi-Luminescent Immunoenzymatic Assay (CMIA) 
Homocysteine Architect [10]. The data of Italy population show 
mutation in homozigous in 8, 8-10% of people [11,12]. According 
to Lea [2] and other several Authors, [6,11] C677T MTHFR variant 
predisposes to a susceptibility to migraine with aura and not to 
that without aura, in particular, it is well- known for European 
Caucasian population. A meta-analisys of 15 case control studies 
showed a close correlation between TT variant and Caucasians 
suffering from MA, in non-Caucasian population this genotype is 
associated with total migraine [11]. In a study of Bottini et al. was 
analyzed the prevalence of homozygous variant of an Italian 
study population, it was identified a trend towards an increased 
incidence of migraine in subjects who carried the mutation [8]; 
another study examined a group of Croatian pediatric patients 
suffering from migraine, the 677TT genotype was associated with 
an higher risk of migraine [11]. No association was found in 
Spanish and Portuguese adult migraineurs [13,14]. Lorenz et al 
analyzed MTHFR 677TT polymorphism in a group of Estonian 
pediatric migraineurs and did not detect a close link with migraine 
prevalence [14]. So MTHFR C677T variant differently occur in 
different countries [15]. In the pathogenesis of aura migraine is 
hereby accepted the concept of “cortical spreading depression 
(CSD)”, in the aura phase there is a cerebral oligoemia that starts 
to spread anteriorly and a condition of hyperemia follows to this 
[16,17]. It is known that about 37% of migraineurs presents white 
matter abnormalities, predominantly in the posterior circulation 
and in cerebellar territory; some case studies show a prevalence 
of these lesions (61%) in people with aura migraine and female 
[18]. Among the causes of such anomalies, in addition to the 
patent foramen ovale, high blood pressure and other risk factors 
for stroke, such as cigarette smoking, use of oral contraceptives, 
obesity, hypercholesterolemia, there is the MTHFR C677T 
mutation. An elevated plasma vWF activity is associated with 
MTHFR TT genotypes, so it represents a connection between 
migraine and ischemic predisposition [13,18]. A case study 
conducted in pediatric patients suffering from stroke, confirms 
the presence of hyperhomocysteinemia among the causal factors 
of stroke [19-21]. According to recent publications, migraine 

headache, especially those with aura, however, it could be 
conceived as the pathological mediator between the mutation 
and the phenotypic outcome of stroke [11,13]. In a study of Lea 
et al. on 52 patients suffering from aura migraine with increased 
levels of homocysteine, it was administered to patients vitamin 
supplementation, as homocysteine levels decreased frequency 
and severity of migraine attacks declined [22] In the trial of Di 
Rosa et al. on 16 children with MA and high levels of homocysteine 
the folic acid supplementation, induced the reduction of migraine 
attacks in 6 children and in 10 patients did not occur migraine 
attacks [23]. High levels of homocysteine are associated with 
vascular and endothelial damage and with cerebrovascular and 
cardiovascular disease; in particular, it has been assumed that 
hyperhomocysteinemia is involved in reducing brain blood flow 
and producing the depolarization wave defined as CSD. These 
facts associated with reduced oxygen transfer could act as trigger 
of migraine attack. The endothelial damage induced by high 
levels of homocysteine could decrease nitric oxide release and 
leads to the initiation and maintenance of migraine attacks [24]. 
In our previous study [25] the percentage of mutated migraine 
patients, both heterozygous and homozygous, is higher than that 
of patients with tension headache. The rate of mutated 
homozygous migraineurs is significantly higher than that of 
tension headaches, but HcY levels are not increased [25]. The 
common C677T polymorphism is associated with other 
pathologies. Numerous studies have shown the association 
between mutated MTHFR and migraine, especially with aura [24] 
and, in particular, the allele T and the TT genotype. Therefore, the 
role of folic acid metabolism in the pathogenesis of the headache 
seems relevant. Various studies, both in the population and in 
headache centers, have shown that migraine patients suffer from 
various comorbidities, particularly neurological, psychiatric and 
cardiovascular. The study of comorbidities of migraine is 
extremely important from the pathogenetic point of view as well 
as diagnostic and therapeutic. It is also important to remember 
the correlation between mutation of MTHFR and neural tube 
defects, with increased spontaneous abortion and congenital 
malformations. It is now clear that this mutation involves the 
presence of low levels of folic acid and high levels of homocysteine. 
Hyperhomocysteinemia is a cause of endothelial dysfunction, 
trigeminal dysfunction and alteration of blood coagulability. The 
trigeminal cell injury causes inflammation with dilation of the 
brain vessels that are the basis of the migraine pain. High levels of 
homocysteine therefore increase predisposition to migraine. The 
endothelial oxidative damage, through the formation of 
superanions, leads to an increase in the likelihood of migraine 
and other vascular disorders, such as stroke. All this has been 
confirmed by the fact that the folic acid supplement lowers 
homocysteine levels and reduces the frequency and severity of 
migraine [23,24]. Although the genetic condition and the resulting 
plasma abnormalities alone are insufficient to exacerbate the 
complex pathogenesis of organic lesions and migraine pathology, 
the allele may offer new possibilities for research and deeper 
investigation. Currently, migraine treatment is based on the 
administration of medications designed to manage and contain 
paroxysmal symptoms. In fact, although most times the therapy 
allows mitigating the size and frequency of abscess episodes, 
many patients are not completely immune to rather debilitating 
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complications. The hypothesis of introducing treatment strategies 
capable of interrupting chronic disease and of avoiding, at least in 
part, the irreversible outcome of encephalopathy, could lead to 
the substitution or integration of today's predominantly 
symptomatic therapies [23-26]. The optimization of neurological 
practice, rather than responding to a purely scientific need for 
progress, would imply a dramatic improvement in the quality of 
life of patients, consistent with the most noble and authentic 
purposes for which medicine has been established.

Objective of Study
Aim of the study was the evaluation of one MTHFR gene mutation 
in a group of patients suffering from primary headache.

Materials and Methods
The study population was enrolled in the Department of 
Neuropsychiatric offering to Regional Headache Center of Region 
Abruzzo, University of L’Aquila. The patients were recruited 
according to temporal criteria by observations sequentially 
during the years 2015 and 2016. The children are born in Italy 
from parents Italians. The diagnosis of headache was made 
according to ICHD-III criteria [1].

The sample of study consists of 226 patients, 116 females and 
110 males, aged between 11 to 13 years. Whole blood samples 
were collected using EDTA tubes and transferred in an upright 
position to local lab, where were stored at -20°C to freezer. 
During patient diagnostic evaluation we detected C677T variant 
of Metylenetetrahydrofolate Reductase based on the Real-
Time Polymerase Chain Reaction (RT- PCR), we considered 
the homozygous and heterozygous T alleles of variant. The 
polymorphism C677T was identified using SAMPLE PREP 
thrombo kit (Diatech Pharmacogenetics), using a TAQman probe 
and a melting analysis to determinate genotypes [9]. The Total 
Homocysteine (tHcY) was determinated using a Chemiluminescent 
Immunoenzymatic Assay (CMIA) Homocysteine Architect [10]. 

Statistical Analysis
The statistical analysis was conducted by SAS system. The MTHFR 
polymorphism and tHcy levels were analized by χ2 test. The 
results were considered statistically significant when p  

Results
In the Figure 1 we show the diagnoses of primary headache and 
relative percentages of total sample. 96 patients suffering from 
Migraine without aura (MwA), 39 from Migraine with aura (MA), 
40 from Tension type headache (TTH), 18 from Chronic TTH, 13 
from chronic Migraine, 12 from other migraine. The C677T variant 
of MTHFR was detected in 147 patients (65%) Figure 2. The 
heterozygosis was present in the 50, 56% of females and 47, 06% 
of males, whereas the homozygosis 19, 10% of females and 12, 
94% of males respectively. On the basis of headache diagnosis, in 
all migraineurs, the mutation was 67% compared to tension type 
patients in which was 33% (χ2 18,9, p<0,0001) Figure 3.

Homozygosis was identified in a rate of 70% for migraineurs 
and 30% of patients with tension type headache Figure 4. Also 

this comparison resulted statistically significant (p=0, 0030). In 
a percentage of 8.67% were observed increased levels of tHcY. 
In Table 1 we reported the results of statistical analysis of tHcY 
levels.

Figure 1 Number and percentage of patients on the basis of 
headache diagnosis.

Figure 2 Results of MTHFR C677 variant detection in the entire 
sample.

 

Figure 3 Percentages of variants identified in the study population.

Figure 4 Homozigous mutation of MTHFR: migraine vs. Tension 
type headache.



ARCHIVOS DE MEDICINA
ISSN 1698-9465

2017
Vol. 2 No. 3:12

Journal of Headache & Pain Management
ISSN  2472-1913

4 This article is available in: http://headache.imedpub.com/

Discussion
Our results confirmed available data of literature. In fact, in 
present study, population migraineurs had higher prevalence 
of MTHFR mutation, especially in homozygous. According to 
Lea [2] and other several Authors [6,11] C677T MTHFR variant 
predisposes to a susceptibility to migraine with aura and not to 
that without aura, in particular, it is well- known for European 
Caucasian population. A meta-analisys of 15 case control studies 
showed a close correlation between TT variant and Caucasians 
suffering from MA, in non-Caucasian population this genotype is 
associated with total migraine [11]. 

In a study of Bottini et al. was analyzed the prevalence of 
homozygous variant of an Italian study population, it was identified 
a trend towards an increased incidence of migraine in subjects 
who carried the mutation [8]; another study examined a group 
of Croatian pediatric patients suffering from migraine, the 677TT 
genotype was associated with an higher risk of migraine [11]. No 
association was found in Spanish and Portuguese migraineurs 
with TT genotype [10,12,13] Lorenz et al. analyzed MTHFR 677TT 
polymorphism in a group of Estonian pediatric migraineurs and 
did not detect a close link with migraine prevalence [14] MTHFR 
C677T variant differently occur in different countries, so it could 
be considered an ethnic-specific polymorphism [14]. In the 
pathogenesis of aura migraine is hereby accepted the concept 
of “cortical spreading depression (CSD)”, in the aura phase there 
is a cerebral oligoemia that starts to spread anteriorly and a 
condition of hyperemia follows to this [15,16]. It is known that 
about 37% of migraineurs presents white matter abnormalities, 
predominantly in the posterior circulation and in cerebellar 
territory; some case studies show a prevalence of these lesions 
(61%) in people with aura migraine and female [17]. Among the 
causes of such anomalies, in addition to the patent foramen 
ovale, high blood pressure and other risk factors for stroke, 
such as cigarette smoking, use of oral contraceptives, obesity, 
hypercholesterolemia, there is the MTHFR C677T mutation. 
An elevated plasma vWF activity is associated with MTHFR TT 
genotypes, so it represents a connection between migraine and 
ischemic predisposition [12,17]. 

In our study Hcy levels were normal in a greatest percentage 
of patients; these results are in contrast with available data in 
literature. A case study conducted in pediatric patients suffering 
from stroke, confirms the presence of hyperhomocysteinemia 
among the causal factors of stroke [18-20]. According to recent 
publications, migraine headache, especially those with aura, 
however, it could be conceived as the pathological mediator 
between the mutation and the phenotypic outcome of 
stroke [11,12]. In a study of Lea et al. on 52 patients suffering 
from aura migraine with increased levels of homocysteine, 
it was administered to patients vitamin supplementation, 
as homocysteine levels decreased frequency and severity of 
migraine attacks declined [21]. In the trial of Di Rosa et al. on 

16 children with MA and high levels of homocysteine the folic 
acid supplementation, induced the reduction of migraine 
attacks in 6 children and in 10 patients did not occur migraine 
attacks [22]. High levels of homocysteine are associated with 
vascular and endothelial damage and with cerebrovascular and 
cardiovascular disease; in particular, it has been assumed that 
hyperhomocysteinemia is involved in reducing brain blood flow 
and producing the depolarization wave defined as CSD. These 
facts associated with reduced oxygen transfer could act as trigger 
of migraine attack. The endothelial damage induced by high 
levels of homocysteine could decrease nitric oxide release and 
leads to the initiation and maintenance of migraine attacks [23]. 

Conclusion
In our study the frequency of migraine is higher than that of 
tension headache (71.83% versus 28.17%), in particular, the 
percentage of mutated migraine patients, both heterozygous 
and homozygous, is higher than that of patients with tension 
headache (66.67% versus 33.33%). The rate of mutated 
homozygous migraineurs is significantly higher than that of 
tension headaches (70.37% vs. 29.63%). In our patients HcY   
levels are not increased. The common C677T polymorphism 
is associated with other pathologies. Numerous studies have 
shown the association between mutated MTHFR and migraine, 
especially with aura [22-24] and, in particular, the allele T and the 
TT genotype. Therefore, the role of folic acid metabolism in the 
pathogenesis of the headache seems relevant. Various studies, 
both in the population and in headache centers, have shown that 
migraine patients suffer from various comorbidities, particularly 
neurological, psychiatric and cardiovascular. The study of 
comorbidities of migraine is extremely important from the 
pathogenetic point of view as well as diagnostic and therapeutic. 
It is also important to remember the correlation between 
mutation of MTHFR and neural tube defects, with increased 
spontaneous abortion and congenital malformations. It is now 
clear that this mutation involves the presence of low levels of 
folic acid and high levels of homocysteine. Hyperomocysteinemia 
is a cause of endothelial dysfunction, trigeminal dysfunction 
and alteration of blood coagulability. The trigeminal cell injury 
causes inflammation with dilation of the brain vessels that are 
the basis of the migraine pain. High levels of homocysteine   
therefore increase predisposition to migraine. The endothelial 
oxidative damage, through the formation of super anions, leads 
to an increase in the likelihood of migraine and other vascular 
disorders, such as stroke. Folate deficiency is associated with the 
destruction of nucleic acids, slow repair of DNA, and increased 
chromosomal rupture. All this has been confirmed by the fact 
that the folic acid supplement lowers homocysteine   levels and 
reduces the frequency and severity of migraine [22-23]. Although 
the genetic condition and the resulting plasma abnormalities 
alone are insufficient to exacerbate the complex pathogenesis 
of organic lesions and migraine pathology, the allele may offer 
new possibilities for research and deeper investigation. Currently, 
migraine treatment is based on the administration of medications 
designed to manage and contain paroxysmal symptoms. In fact, 
although most times the therapy allows mitigating the size and 
frequency of abscess episodes, many patients are not completely 

Number Mean Standard 
Deviation

Median 
Values Minimum Maximum

226 10 3.7 9.5 3.8 37.1

Table 1 Homocystein serum values (Mean +/- SD µmo/l). 
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immune to rather debilitating complications. The hypothesis of 
introducing treatment strategies capable of interrupting chronic 
disease and of avoiding, at least in part, the irreversible outcome 
of encephalopathy, could lead to the substitution or integration 
of today's predominantly symptomatic therapies [22-26]. The 

optimization of neurological practice, rather than responding 
to a purely scientific need for progress, would imply a dramatic 
improvement in the quality of life of patients, consistent with the 
most noble and authentic purposes for which medicine has been 
established.
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