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Abstract

Objectives
Given that deficiency in B vitamins can lead to the accumulation of 
homocysteine (Hcy), and hyperhomocysteinemia may have a role in 
migraine pathogenesis, the present prospective randomized double-
blinded placebo-controlled trial aimed to evaluate the effect of 
vitamin B-complex supplementation on the alleviation of migraine 
in children through a possible reduction in Hcy levels. 

Materials & Methods
Ninety children under 15 years of age suffering from typical migraine 
were included in the present trial. They were randomly assigned 
into two groups (forty-five patients in each group) to receive either 
vitamin B-complex or a matching placebo for six months. Serum 
Homocysteine levels and headache characteristics were evaluated 
and compared before and after administering vitamin B-complex or 
placebo. 

Results
Unlike the placebo group, the monthly headache frequency, 
severity of headache, headache disability, and serum Hcy levels 
were significantly decreased after the vitamin administration. The 
headache duration was not significantly different before and after 
the treatment. In the vitamin group, there were significant positive 
correlations between the frequency and severity, frequency and 
disability, and severity and disability of headaches. Hcy also had 
significant positive correlations with the frequency and disability 
of headaches. In the placebo group, the only found significant 
correlation was between headache frequency and disability.
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Introduction
Pediatric migraine is a debilitating headache 
in children that, like other pain disorders, can 
be associated with sleep, mood, and cognitive 
problems. This disorder can interrupt daily 
activities needed at both home and school. 
Therefore, it requires the appropriate diagnosis 
and treatment (1). According to the International 
Headache Society (IHS), migraine can be defined 
as moderate to severe recurrent headaches lasting 
up to 72 hours. They are one-sided and throbbing, 
intensified by daily routine activities, and are often 
accompanied by anorexia, nausea, and vomiting 
(2). Approximately 10-20% of individuals may 
suffer from migraine in their lifetime (3). It is two 
to three times more prevalent in women than men 
(4). There are two types of migraine, with and 
without aura. In migraine with aura, there is a vision 
problem known as “aura,” which affects about one 
in four migraine sufferers (5). Migraines in children 
are often bilateral, without aura, and the duration 
of headaches is shorter than in adults (6). About 
5% of children under 12 years of age suffer from 
migraine. However, its prevalence usually rises 
(5-10%) after puberty(7). Persistent headaches in 
patients have adverse economic effects due to the 
medication cost and repeated treatments and can 
cause emotional and social problems (8).
Various compounds with different efficacy, such 
as beta-blockers (propranolol), antidepressants, 

calcium blockers, antiepileptic drugs, serotonin 
antagonists, and monoamine oxidase inhibitors, 
have been therapeutically used to alleviate 
migraine headaches (9). In recent years, vitamin 
supplements have also shown positive effects in 
reducing the severity of migraines. B vitamins 
are involved in many metabolic pathways. One of 
these pathways is the methionine-homocysteine 
metabolism cycle (10). Homocysteine (Hcy) is 
an intermediate amino acid formed during the 
metabolism of methionine and its conversion to 
cysteine (11). Hyperhomocysteinemia (HHcy) is 
not only associated with cardiovascular disease 
but may also have a role in migraine pathogenesis 
(12).
Given that a deficiency of B vitamins can lead to the 
accumulation of Hcy, and HHcy may be associated 
with migraine; the present study aimed to evaluate 
the effect of vitamin B-complex supplementation 
on the alleviation of migraine in children through a 
possible reduction in Hcy levels.

Materials & Methods
Patients
In the present prospective randomized, double-
blinded, placebo-controlled trial, ninety children 
under 15 years of age suffering from typical 
migraine, with at least one attack per week, were 
randomly recruited from the patients referred to 
(removed for blind peer review) after obtaining 
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informed consent from their parents (the inclusion 
criteria). Patients with congenital anomalies, 
cardiovascular problems, malignancies, epilepsy, 
metabolic diseases, taking any vitamins or food 
supplements one month before the study, and 
participating in a previous investigational drug 
study within the three months preceding screening 
were excluded.
Data collection
At first, the characteristics of the disease and 
its severity were evaluated and recorded in a 
questionnaire. Headache severity and headache 
disability index were assessed by the visual analog 
scale for pain (VAS-pain) (13) and the pediatric 
migraine disability assessment score (pedMIDAS) 
(14), respectively.
Sample size calculation
The sample size was calculated using the PASS® 
version 11 program, setting the type-1 error (α) 
at 0.05 and the power (1-β) at 0.8. According to 
the literature (15), a sample size of 90 (45 cases 
in each group) was determined after considering 
a 10% dropout rate. The analyses were conducted 
based on the intention-to-treat (ITT) principle.
 Randomization, Sampling, and Design
One hundred thirty-eight patients with migraine 
were screened for eligibility. Twenty-one patients 
did not meet the inclusion criteria, 11 declined to 
participate, 16 were excluded, and ninety patients 
were enrolled (Figure 1). The administrations were 
according to a predetermined schedule generated 
from random numbers in a 1:1 manner based on 
a computer-generated randomization sequence 
maintained within the investigational drug 
pharmacy, with allocation concealment by opaque 
sequentially numbered sealed envelopes. The 
ninety patients were randomly assigned into two 
groups (forty-five patients in each group) to receive 

either vitamin B-complex or a matching placebo. 
The patients, data collectors, and analyzers were 
blinded about the grouping. Venous blood samples 
were taken from the patients and centrifuged at 
3000 g for ten minutes. The sera were separated 
and stored in a freezer at -70 °C until the analysis 
was performed. The vitamin group received oral 
vitamin B-complex capsules (Eurovital, Germany) 
in a dose of one capsule once daily. Each capsule 
contains 9.3 mg of vitamin B1, 9.2 mg of vitamin 
B2, 31 mg of vitamin B3, 9.2 mg of Pantothenic 
acid (vitamin B5), 10 mg of vitamin B6, 411 μg of 
Biotin (vitamin B7), 416 μg of Folic acid (vitamin 
B 9), and 9 μg of vitamin B12. In the control 
group, a placebo was similarly administered to the 
patients.
Follow-up and endpoints
The administration period was six months in both 
groups. All patients were followed up by phone call 
weekly during the study period to evaluate their 
compliance to both placebo and vitamin B-complex 
and monitor signs of any potential adverse effect. 
At the end of the treatment, compliance was 
assessed based on the capsule count of dispensed 
and returned medication, and non-compliance 
was considered if <80% of the study medication 
had been taken. After the intervention period, the 
headache characteristics were re-evaluated. The 
blood sampling and serum separation were also 
performed and stored at -70 °C.
 Homocysteine measurement 
After the collection, all serum samples were taken 
out of the freezer and thawed at room temperature. 
According to the manufacturer’s instructions, the 
amount of Hcy was measured by an enzyme-linked 
immunosorbent assay (ELISA) kit (Axis-Shield 
Diagnostics Ltd, UK).
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 Statistical analyses
The data were analyzed by SPSS software (version 
16.0; SPSS, Inc., Chicago, IL). Initially, the 
variables were statistically checked for normality 
by one-sample Kolmogorov–Smirnov test. All 
variables except headache severity, duration, and 
the parameters changes had normal distributions 
and therefore were shown as mean ± standard 
deviation and compared by independent samples 
t-test between two study groups. Non-parametric 
variables, including sex, type of migraine, and 
positive family history, were compared by Chi-
Square Test. The headache severity, duration, 
and parameters changes were shown as median 
with interquartile range and compared by Mann–
Whitney U-test between the study groups. Paired 
t-test and Wilcoxon test were applied to compare 
normally and non-normally distributed data before 
and after the treatments. The correlation was 
analyzed by the Spearman correlation coefficient 
method. A p-value of less than 0.05 (p<0.05) was 
considered statistically significant.

Results
In the present study, the migraine characteristics 
and serum Hcy levels were evaluated in ninety 
children with typical migraine and compared 
before and after the six months of taking vitamins 
or a placebo. No adverse effect was reported 
during the study period. At the end of the study, 
no patient dropped out, and all were included in 
the final analysis. The studied children comprised 
forty-nine (54.4%) boys and forty-one (45.6%) 
girls with a mean age of 10.91 ± 2.65. The changes 
in the measured parameters before and after the 
administration were also evaluated and compared 
between the groups. Table 1 shows no significant 
difference between the vitamin and placebo groups 

in terms of mean age, sex distribution, age of 
onset, migraine type, and family history before 
the administration (p>0.05). The data relating 
to the headache frequency, severity, duration, 
headache disability, and Hcy levels were also not 
significantly different between the groups (p>0.05). 
The comparison of headache characteristics and 
Hcy levels before and after vitamin and placebo 
administrations are depicted in Table 2. The 
monthly headache frequency (14.69 ± 5.06), the 
severity of headache [5 (5-6)], headache disability 
(32.69 ± 9.23), and serum Hcy level (13.49 ± 5.19, 
µmol/L) were significantly (p<0.05) decreased 
after the vitamin administration [12.42 ± 3.67, 4 
(4-5), 28.31 ± 7.95, and 11.56 ± 3.07, respectively]. 
The duration of the headache was not significantly 
different before [3 (2 - 3.5), hour] and after [3 (2-3), 
hour] the treatment (p = 0.168). However, monthly 
headache frequency, the severity of headache, 
headache duration, headache disability, and Hcy 
levels were not significantly different before and 
after the placebo administration [15.29 ± 4.23 vs. 
14.56 ± 3.35, p=0.070; 6 (5-7) vs. 5 (5-6), p=0.055; 
3 (2-4) vs. 3 (2-4), p=0.155; 34.36 ± 9.63 vs. 33.60 
± 8.47, p=0.078; 13.33 ± 4.21 vs. 13.25 ± 3.99, 
µmol/L, p=0.814; respectively].
The changes (Δ = after − before) in Hcy levels and 
headache characteristics were also evaluated and 
compared between the study groups. As shown 
in Table 3, the changes in monthly headache 
frequency, severity of headache, and headache 
disability before and after the treatment in the 
vitamin group were significantly more than those 
in the placebo group [-3 (-4.5– 0.5) vs. -1 (-3 – 2), 
p=0.014; -1 (-2 – 0) vs. 0 (-1 – 1), p=0.001; -4 (-8.5 
– 2) vs. -1 (-2 – 2), p=0.002; respectively]. The 
headache duration change was not significantly 
different between the study groups [0 (-1 – 0.5) vs. 
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0 (-1 – 0), hours; p=0.973]. The change of serum 
Hcy levels before and after the treatment in the 
vitamin group [-2.45 (-5.34 – 1.72), (µmol/L)] was 
also significantly (p=0.040) higher than that in the 
placebo group [0.1 (-1.86 – 1)].
The study groups also evaluated the correlations 
among the Hcy and headache characteristics 
changes. In the vitamin group, among the headache 
characteristics changes, there were significant 
positive correlations between the frequency 
and severity (r=0.629, p<0.001), frequency and 
disability (0.832, p<0.001), and severity and 
disability (r=0.711, p<0.001) of headache. Hcy 
also had significant positive correlations with 

Table 1. Demographic characteristics of children with migraine before intervention in the study groups

Parameter Vitamin Group
(n=45)

Placebo Group
(n=45)

p-value

Age (year) 11.09 ± 2.79 10.73 ± 2.53 0.528a

Sex (F/M) 21/24 20/25 0.832b

Age of Onset (Year) 8.71 ± 1.53 8.58 ± 1.73 0.699a

Type of Migraine (With/Without Aura) 16/29 14/31 0.655b

Positive Family History [n (%)] 29 (64.44) 31 (68.89) 0.655b

Monthly Headache Frequency 14.69 ± 5.06 15.29 ± 4.23 0.543a

Severity of Headache (VAS-pain) 5 (5-6) 6 (5-7) 0.279c

Headache Duration (Hour) 3 (2-3.5) 3 (2-4) 0.125c

Headache Disability  (pedMIDAS) 32.69 ± 9.23 34.36 ± 9.63 0.404a

Homocysteine (µmol/L) 13.49 ± 5.19 13.33 ± 4.21 0.874a

F, female; M, male; pedMIDAS, pediatric migraine disability assessment score; VAS-pain, visual analog 
scale for pain.
a Statistical comparison was done by independent samples t-test.
b Statistical comparison was done by Chi Square test.
c Statistical comparison was done by Mann–Whitney U-test.
Table 2. The homocysteine levels and headache characteristics before and after treatment in the vitamin and 
placebo groups.
PedMIDAS, pediatric migraine disability assessment score; VAS-pain, visual analog scale for pain.
a Statistical comparison was done by paired t-test. 

the frequency (r=0.329, p=0.027) and disability 
(r=0.342, p=0.021) of headaches. However, in 
the placebo group, the only found significant 
correlation was between headache frequency and 
disability (r=0.690, p<0.001). No other significant 
correlation was found among the evaluated 
parameters.
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b Statistical comparison was done by Wilcoxon test. 
*Statistically significant (p<0.05).

Table 2. The homocysteine levels and headache characteristics before and after treatment in the

Parameter Before After p-value

Vitamin group

Monthly Headache Frequency 14.69 ± 5.06 12.42 ± 3.67 <0.001a, * 

Severity of Headache (VAS-pain) 5 (5-6) 4 (4-5) <0.001b, *

Headache Duration (Hour) 3 (2-3.5) 3 (2-3) 0.168b

Headache Disability (pedMIDAS) 32.69 ± 9.23 28.31 ± 7.95 <0.001a, *

Homocysteine (µmol/L) 13.49 ± 5.19 11.56 ± 3.07 0.004a, *

Placebo Group

Monthly Headache Frequency 15.29 ± 4.23 14.56 ± 3.35 0.070a

Severity of Headache (VAS) 6 (5-7) 5 (5-6) 0.055b

Headache Duration (Hour) 3 (2-4) 3 (2-4) 0.155b

Headache Disability (pedMIDAS) 34.36 ± 9.63 33.60 ± 8.47 0.078a

Homocysteine (µmol/L) 13.33 ± 4.21 13.25 ± 3.99 0.814a

PedMIDAS, pediatric migraine disability assessment score; VAS-pain, visual analog scale for pain.
a Statistical comparison was done by paired t-test. 
b Statistical comparison was done by Wilcoxon test. 
*Statistically significant (p<0.05).

Table 3. The homocysteine levels and headache characteristics changes (after − before) in the study groups

Parameter Vitamin Group Placebo Group p-value

Monthly Headache Frequency -3 (-4.5 – 0.5) -1 (-3 – 2) 0.014*

Headache Severity (VAS) -1 (-2 – 0) 0 (-1 – 1) 0.001*

Headache Duration (Hour) 0 (-1 – 0.5) 0 (-1 – 0) 0.973

Headache Disability (pedMIDAS) -4 (-8.5 – 2) -1 (-2 – 2) 0.002*

Homocysteine (µmol/L) -2.45 (-5.34 – 1.72) 0.1 (-1.86 – 1) 0.040*

PedMIDAS, pediatric migraine disability assessment score; VAS-pain, visual analog scale for pain.
Statistical comparisons were done by Mann–Whitney U-test.
*Statistically significant (p<0.05).
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Figure 1. Study flowchart

Figure 2. The roles of B-vitamins in homocysteine metabolism. Homocysteine (Hcy) is produced from the demethylation of methionine. It can be 
transsulfurated to cysteine which requires vitamin B6 as a cofactor that eventually can produce glutathione. In an alternative pathway, Hcy can be re-
methylated to methionine, which needs vitamins B9 (folic acid) as a co-substrate and B12 as a cofactor. Deficiencies in B vitamins can lead to impaired 
conversion of Hcy to cysteine (and glutathione) or methionine, and it eventually accumulates in the blood. Impairment in glutathione production can 
lead to elevated oxidative stress, resulting in the Hcy oxidation and production of its acidic derivatives such as Hcy sulfinic acid and homocysteic acid.
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Discussion
Migraine is due to a complex cycle of 
neurotransmitter release, neuronal activation, 
cortical spreading depression, and release of 
inflammatory markers leading to vasodilation of 
cerebral and meningeal vessels and eventually pain 
sensation (headache). Various factors may play a 
role in triggering migraine. Several studies, such 

as Liampas et al. (16) and Moschiano et al. (17), 
have shown that there may be a direct relationship 
between serum Hcy levels and migraine. This 
intermediate amino acid is produced from the 
demethylation of methionine (11). It can be 
transsulfurated to cysteine, which requires vitamin 
B6 as a cofactor. In an alternative pathway, Hcy 
can be re-methylated to methionine, which needs 

Figure 3. The association of hyperhomocysteinemia with migraine (the possible mechanisms). Hyperhomocysteinemia (HHcy) may cause initial 
intracranial arterial vasoconstriction. It leads to reduced blood flow to the visual cortex followed by extracranial dilatation and pain (vascular theory). 
The substance P may be released by trigeminal vascular neurons in response to HHcy, which then results in vasodilation, oedema of the meninges, and 
pain (neurogenic theory). Glutathione production can be reduced by HHcy resulting in oxidative stress. Elevated oxidative stress can subsequently lead 
to Hcy oxidation and production of the acidic Hcy derivatives. They could sensitise the dura mater and/or cerebral arteries promoting the activation of 
the trigeminovascular system, which can eventually predispose to migraine. These acidic derivatives can also behave as agonists and antagonists of the 
N-methyl-D-aspartate (NMDA) and gamma-aminobutyric acid (GABA)-A receptors, respectively, causing neuronal damage derived from excessive 

Ca2+ influx triggering migraine onset
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vitamins B9 (folic acid) as a co-substrate, and 
B12 as a cofactor (Figure 2). Not only enzymatic 
deficiencies such as methylenetetrahydrofolate 
reductase (MTHFR) or cystathionine-b-synthase, 
but deficiencies in B vitamins can also lead 
to impaired conversion of Hcy to cysteine or 
methionine, and it eventually accumulates in the 
blood (HHcy). According to previous studies, 
patients with migraines may also suffer from 
vitamin B deficiencies (18-20). İpçioğlu et al. 
(19) found a functional vitamin B12 deficiency 
represented by elevated methylmalonic acid levels 
in urine samples of patients with migraines without 
aura. Aydin et al. (18) found that the serum B12 
and B9 (folic acid) levels of pediatric patients with 
migraine were significantly lower than those of the 
healthy controls. Nelson et al. (20) also revealed 
higher serum Hcy and lower levels of vitamin B12 
and folic acid in children with recurrent headaches 
than those without headaches.
Considering the role of B vitamins in Hcy 
metabolism and the possible association of this 
intermediate amino acid in migraine pathogenesis, 
the study evaluated the effect of vitamin 
B-complex administration on migraine severity 
in children. The results showed that serum Hcy 
levels significantly decreased after a six-month 
administration of vitamin B-complex. However, 
no significant reduction was observed in the 
placebo group. Unlike the placebo group, the 
values of headache indices, except for headache 
duration, were significantly diminished after the 
vitamin administration. Furthermore, there were 
significant positive correlations between the 
reduction of Hcy and the reductions in headache 
frequency and disability indices. Askari et al. 
(21) showed that supplementation of folic acid 
with pyridoxine could reduce the characteristics 

of migraine attacks, including headache severity, 
attack frequency, and headache diary result (HDR) 
in ninety-five migraine patients compared to the 
placebo group. In a study, Lea et al. (22) showed that 
the serum levels of Hcy were reduced in migraine 
patients after a six-month supplementation of 
folic acid (B9), B6, and B12. The reduction was 
significantly greater than in the placebo group. 
The headache frequency, pain severity, and 
migraine disability were also considerably reduced 
by vitamin supplementation. No reduction was 
found in the placebo group. A study by Menon et 
al. (23) also reported that vitamin (B6, B9, and 
B12) supplementation significantly reduced Hcy 
levels and the severity and disability of migraine in 
Australian female patients compared to individuals 
receiving a placebo.
Although any significant relationship between Hcy 
levels and characteristics of migraine attacks was 
not found in a study by Sadeghi et al. (22), after 
adjustment of confounding variables, they found a 
significant positive relationship between Hcy levels 
and HDR among men. Some possible differences in 
the results of these studies may be due to variations 
in the form and dose of the prescribed vitamins. 
Unlike the other mentioned studies, B vitamins 
were administered separately; in the present study, 
B1, B2, B3, B5, B6, B7, B9, and B12 vitamins were 
administered as a B-complex capsule. Differences 
in mean age, sex ratio, and race of the study groups 
might also affect the results. These results suggest 
a possible role of B vitamins supplementation in 
alleviating migraine by lowering serum Hcy.
Although the mechanisms of how HHcy can induce 
migraine have not yet been completely elucidated, 
some possible mechanisms have been introduced. 
According to vascular theory, HHcy may cause 
initial intracranial arterial vasoconstriction. It then 
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leads to reduced blood flow to the visual cortex, 
followed by extracranial dilatation and pain. Based 
on the neurogenic theory, trigeminal vascular 
neurons may release the substance P in response 
to triggers such as HHcy, resulting in vasodilation, 
edema of the meninges, and pain (23). According to 
other proposed mechanisms, glutathione production 
can be reduced by HHcy, resulting in oxidative 
stress. Elevated oxidative stress can subsequently 
lead to Hcy oxidation and the production of Hcy 
thiolactone, S-sulfocysteine, Hcy sulfinic acid, and 
homocysteic acid. It has been shown that the acidic 
Hcy derivatives could sensitize the dura mater and/
or cerebral arteries promoting the activation of the 
trigeminovascular system, which can eventually 
predispose to migraine (23). They can also act as 
a gamma-aminobutyric acid (GABA)-A receptor 
antagonist (24). Additionally, it has been shown 
that Hcy and its acidic derivatives may not only 
act as agonists at the glutamate binding site of the 
N-methyl-D-aspartate (NMDA) receptor but also 
as a partial antagonist of the glycine coagonist site 
causing neuronal damage derived from excessive 
Ca2+ influx and oxidative stress; which can be 
considered as a “trigger” for migraine onset (Figure 
3) (23-26).
Although migraine is two to three times more 
prevalent in women than men,(4) it is approximately 
the same between the sexes in children before 
puberty (27). In the present study, according to 
the mean age of 10.91 ± 2.65, the subjects were 
primarily preadolescent children, which consisted 
of forty-nine (54.4%) boys and forty-one (45.6%) 
girls. The higher prevalence of migraine in women 
compared to men after puberty is most likely 
due to the increase in female hormones and the 
association of these hormones with increasing 
susceptibility to migraine (27). Besides, it is 

specified that females compared to males have 
higher gray matter in the primary somatosensory 
cortex, supplementary motor area, precuneus, 
basal ganglia, and amygdala. They have greater 
precuneus resting-state functional connectivity 
to the thalamus, amygdala, and basal ganglia 
and greater amygdala resting-state functional 
connectivity to the thalamus, anterior midcingulate 
cortex, and supplementary motor area. These 
differences in adults probably make the female 
brain more prone to migraine and pain than men 
(28). However, more studies are needed to evaluate 
the exact roles of sex hormones on migraine.
In the present study, the prescribed supplement 
also contained vitamins B1, B2, B3, B5, and 
B7, which may affect migraine severity by 
mechanisms other than Hcy reduction. However, 
these possible mechanisms were not evaluated, 
which can be considered a limitation of the present 
study. Therefore, it is suggested that other possible 
mechanisms and related factors other than Hcy be 
studied in the future.

In conclusion
migraine is one of the most common headaches 
in children. Like other pain disorders, it can lead 
to interruptions in daily activities and reduce the 
quality of life. Reducing the number of headache 
attacks can increase learning ability in children. 
Therefore, pediatric migraine must be diagnosed 
and treated appropriately. Although various drugs 
with different efficacy have been introduced 
and used to alleviate migraine headaches, 
taking vitamin supplements through different 
mechanisms can also help reduce the severity of 
migraine. The present study showed that the six-
month administration of vitamin B-complex might 
effectively relieve migraine severity in children 
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by lowering serum Hcy. However, further studies 
with larger sample sizes are needed to confirm the  
obtained results.
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