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Abstract

The purpose of this study was to investigate the effect of supplementary vitamin D therapy in addition to amitriptyline on the

frequency of migraine attacks in pediatric migraine patients. Fifty-three children 8-16 years of age and diagnosed with migraine

following the International Headache Society 2005 definition, which includes childhood criteria, were enrolled. Patients were

classified into four groups on the basis of their 25-hydroxyvitamin D [25(OH)D] levels. Group 1 had normal 25(OH)D levels and

received amitriptyline therapy alone; group 2 had normal 25(OH)D levels and received vitamin D supplementation (400 IU/day)

plus amitriptyline; group 3 had mildly deficient 25(OH)D levels and received amitriptyline plus vitamin D (800 IU/day); and

group 4 had severely deficient 25(OH)D levels and was given amitriptyline plus vitamin D (5000 IU/day). All groups were

monitored for 6 months, and the number of migraine attacks before and during treatment was determined. Calcium,

phosphorus alkaline phosphatase, parathormone, and 25(OH)D levels were also determined before and during treatment.

Results were compared between the groups. Data obtained from the groups were analyzed using one-way analysis of

variance. The number of pretreatment attacks in groups 1 to 4 was 7±0.12, 6.8±0.2, 7.3±0.4, and 7.2±0.3 for 6 months,

respectively (all P.0.05). The number of attacks during treatment was 3±0.25, 1.76±0.37 (P,0.05), 2.14±0.29 (P,0.05),

and 1.15±0.15 (P,0.05), respectively. No statistically significant differences in calcium, phosphorus, alkaline phosphatase, or

parathormone levels were observed (P.0.05). Vitamin D given in addition to anti-migraine treatment reduced the number of

migraine attacks.
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Introduction

Headache is one of the most common problems

worldwide, and migraines represent a significant propor-

tion of primary headaches. In childhood, migraine causes

frequent, chronic, progressive, and recurring headache

(1). There has been a significant increase in the pre-

valence of migraine in children over the last 20 years.

Although its pathophysiology is still not yet fully under-

stood, migraine is thought to be a neurovascular reaction

to sudden changes in the external and internal environ-

ments (2). Cerebral blood flow in migraine attacks is

regulated by serotonergic and aminergic signals, and

cortical neuron stimulability can be affected. Neurogenic

inflammation and vasodilation that occur following the

effects of neurotransmitters on the trigeminovascular

system play a role in pain development. The ability to

identify factors that predispose to inflammation in

migraine is important for both prophylaxis and strategies

for treating acute attacks. The search for markers of

biological disease and prognosis that can be used in

migraine is ongoing (3,4).

While a large number of drugs can be used for

prophylaxis and acute treatment in adults, the number of

agents specifically indicated for pediatric patients is

inadequate, and the use of alternative therapies is

widespread (5).

Vitamin D is a steroid produced by the effect of

ultraviolet light on 7-dehydrocholesterol in the skin. Up to

95% of vitamin D requirements is synthesized in the skin

by exposure to sunlight. The effect of vitamin D takes

place, as with other steroid hormones, either directly (over

hours or days) by regulating gene transcription via nuclear

vitamin D receptors (VDRs; genomic effect), or by altering
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calcium and chloride membrane transport via VDRs on

the cell membrane (occurring in a shorter period), or by

activating intracellular signal pathway activities (cAMP,

PKA, PLC, PI-3 kinase, and MAP kinase; non-genomic

effect). VDRs are also found in T lymphocytes in many

organs and tissues, such as the brain, prostate, pancreas,

gonads, breast tissue, colon, and muscles (6-10).

The effectiveness of vitamin D is not limited to the

maintenance of bone health by regulating calcium home-

ostasis; it is also known to possess apoptotic, anti-

inflammatory and immunomodulatory properties (7,8).

Studies have shown the presence of enzymes

involved in the metabolism of vitamin D and VDRs in all

regions of the brain. The 1,25-dihydroxyvitamin D3

receptor and the enzyme 1a-hydroxylase, which catalyzes

the conversion of vitamin D into its active form, are

present in both neurons and glial cells. While VDRs are

present in the nucleus, 1a-hydroxylase is distributed in

cytoplasm. This distribution suggests that vitamin D is a

neurosteroid with autocrine/paracrine properties (11).

Vitamin D has been shown in vitro to have a neuropro-

tective effect on brain cells. Dysregulation of the synthesis

of several proteins involved in cellular processes in the

brain develops in rats with vitamin D deficiency in the

perinatal period. These dysregulated proteins have been

reported to be possibly involved in the etiopathology of

autism, depression, schizophrenia, and diseases affecting

the central nervous system (CNS), such as multiple sclero-

sis (MS) (11-15).

The fact that vitamin D plays a role in the secretion of

mediators in the CNS that are involved in the pathophy-

siology of migraine and the neuroprotective and antiox-

idant effects of vitamin D in the CNS suggest that vitamin

D and migraine may be related (16). The few published

studies in adults report that vitamin D supplementation

reduces the frequency of migraine attacks (17,18). This

study examined the effect of vitamin D in addition to

amitriptyline therapy on the number of childhood migraine

attacks.

Material and Methods

This prospective trial was conducted at the Depart-

ment of Pediatric Neurology, Ataturk University, Erzurum,

Turkey, between June 2011 and June 2012. The latitude

of the city is 416179 E and this location is at a relatively

high altitude in Turkey. Written informed consent was

obtained from the parents of all children included during

the first screening visit. The study was approved by the

Ethics Committee of Ataturk University.

Only children with a history of migraine, and no other

known neurological or psychiatric condition, and who had

experienced at least five migraine attacks in the previous

3 months were included in the study. The migraine group

consisted of 61 ambulatory children aged 8-16 years

visiting the hospital’s Department of Pediatric Neurology.

There were no significant differences in terms of age or

gender. Diagnosis of migraine (without aura) was based

on the 2005 definition by the International Headache

Society, which includes childhood criteria (19).

Of the 61 patients included at the start of the study,

five were excluded for irregular checkup attendance and

three for noncompliance with medication. All patients

were given full physical and neurological examinations

and were assessed by the same pediatric neurology

specialist. The patients were given a structured interview

concerning the characteristics of their headaches, asso-

ciated symptoms, and medications used. Patients were

also given baseline laboratory screening tests. A migraine

checklist, including demographic and clinical details such

as frequency, duration, and intensity of headache, was

filed for each subject. The migraine disability assessment

(MIDAS) questionnaire was used in all groups before and

during treatment to assess the severity of symptoms (20).

None of the patients had taken prophylactic medication or

any other regular medication for at least 6 months prior to

recruitment, or had any psychiatric disorder or neurologi-

cal disorder including a form of headache other than mig-

raine without aura.

Exclusion criteria consisted of chronic neurological

and psychiatric problems (epilepsy, altered behavior and

school performance, mental retardation, focal neurologi-

cal deficits), neuroendocrine tumor, traumatic brain

injuries, stroke, multisystemic trauma, chronic systemic

disease, hypertension, anemia, other types of chronic

headaches, and changes in behavior and school perfor-

mance.

The study was carried out in three stages. In the first

stage, patients diagnosed with migraine were enrolled. In

the second stage, the included patients were divided into

four groups based on their 25-hydroxyvitamin D [25(OH)

D] levels as described below, and their treatment

protocols were established. In the final stage, patients

were invited to monthly checkups for 6 months, when

general examinations were performed and data concern-

ing drug use and number of attacks were recorded.

Patients not using the amitriptyline medication and/or

vitamin D supplementation given throughout the study or

failing to attend the regular checkups were excluded. All

patients were started on amitriptyline therapy (1 mg/kg);

the efficacy of it for treating childhood migraine has

already been demonstrated, in accordance with the

literature (21).

Serum 25(OH)D levels above 20 ng/mL were

regarded as normal, 15-20 ng/mL were regarded as

vitamin D insufficiency, and levels below 15 ng/mL were

regarded as vitamin D deficiency (8,22,23). Patients were

given oral vitamin D, in a manner compatible with the

literature based on their vitamin D levels, in addition to

anti-migraine treatment (8,22,23).

Group 1 patients (11.8±0.58 years old; 10M/3F) had

normal 25(OH)D levels and received only amitriptyline
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therapy. Group 2 patients (12±0.69 years old; 8M/F5)

had normal 25(OH)D levels and received vitamin D

400 IU/day plus amitriptyline. Group 3 patients

(12.7±0.62 years old; 9M/5F) had mild 25(OH)D defi-

ciency and received vitamin D 800 IU/day plus amitripty-

line. Group 4 patients (12.3±0.52 years old; 6M/7F) had

severe 25(OH)D deficiency and received vitamin D

5000 IU/day plus amitriptyline. Patients were monitored

for 6 months after commencement of treatment.

The total number of attacks throughout the course of

the study, 25(OH)D, parathormone (PTH), calcium (Ca),

phosphorus (P), and alkaline phosphatase (ALP) levels

at the beginning and end of the study were determined

separately for each group and were compared only with

group 1, the amitriptyline group.

Biochemical analysis
In accordance with laboratory reference values,

normal serum values were defined as 15-65 pg/mL for

PTH, 8.8-10.8 mg/dL for Ca, 2.8-6.0 mg/dL for P, and 75-

400 U/L for ALP. Blood samples were collected from

patients between 8:00 and 10:00 am after 12-h fasting to

avoid diurnal variations. All blood samples were stored at

–806C until analysis. All tests were performed according

to the manufacturers’ instructions. 25(OH)D levels

(ng/mL) were determined by electrochemiluminescence

(E-170 system, Roche, Japan), and PTH (pg/mL) was

measured by a chemiluminescent enzyme immunoassay

using an Immulite autoanalyzer (DPC Co., USA). Serum

Ca, P, and ALP levels were determined using a Roche

Cobas 8000 modular analyzer system and Roche Diag-

nostics kits.

Statistical analyses
The Pearson chi-square test and one-way analysis of

variance were used to establish the significance of study

parameters between groups of samples. The post hoc
least significant difference test was used to evaluate

pairwise differences using the Statistical Package for

Social Sciences 18.0 (SSPS, USA) software. Significance

was set at P#0.05. Results are reported as means±SE.

Results

25(OH)D levels at the beginning of the study in groups

1 to 4 were 32.4±2, 28.1±1.8, 17.2±0.3, and

10.9±0.6 ng/mL, respectively (all P,0.05). At the end

of the study, only groups 3 and 4 were significantly

different (25.6±1.1 and 22.3±1.9 ng/mL, respectively)

compared to the beginning of the study (P,0.05; Table 1).

There were no significant differences in the levels of PTH,

Ca, P, or ALP comparing the beginning to the end of the

study in any group (P.0.05; Table 1).

Pairwise comparisons of the number of migraine

attacks before and after therapy in the groups receiving

vitamin D supplementation with the group not receiving

vitamin D support (group 1) are shown in Table 2.

Discussion

Vitamin D deficiency is a widespread public health

problem. It has been shown to be associated with

musculoskeletal disorders, various malignant diseases,

autoimmune diseases, cardiovascular diseases, and skin

disorders (6-8).

Table 1. Laboratory parameters of all groups at the beginning and end of the 6-month study.

Group 1 Group 2 Group 3 Group 4

Beginning of study

25(OH)D (ng/mL) 32.4 ± 2 28.1 ± 1.8 17.2 ± 0.3 10.9 ± 0.6

PTH (pg/mL) 36.4 ± 4.1 44.5 ± 6.3 39.6 ± 3.9 49.2 ± 5.7

Ca (mg/dL) 9.1 ± 0.6 9.0 ± 0.4 9.3 ± 0.7 9.1 ± 0.4

P (mg/dL) 3.4 ± 0.4 3.8 ± 0.1 3.9 ± 0.3 4.0 ± 0.2

ALP (U/L) 324 ± 13.6 295 ± 9.7 319 ± 10.3 344 ± 12.3

End of study

25(OH)D (ng/mL) 33.7 ± 1.8 34.1 ± 1.6 25.6 ± 1.1* 22.3 ± 1.9*

PTH (pg/mL) 35.2 ± 3.5 39.5 ± 4.1 43.7 ± 5.1 45.2 ± 5.8

Ca (mg/dL) 9.0 ± 0.4 9.3 ± 0.2 9.1 ± 0.4 9.1 ± 0.8

P (mg/dL) 3.3 ± 0.6 3.5 ± 0.2 3.7 ± 0.5 3.9 ± 0.2

ALP (U/L) 314 ± 16.7 299 ± 6.8 321 ± 12.1 332 ± 11.3

Data are reported as means ± SE. Group 1: normal 25(OH)D levels and amitriptyline therapy alone; group 2: normal 25(OH)D levels

and vitamin D supplementation plus amitriptyline; group 3: mildly deficient 25(OH)D levels and vitamin D supplementation plus

amitriptyline; group 4: severely deficient 25(OH)D levels and vitamin D supplementation plus amitriptyline. 25(OH)D: 25-hydroxyvitamin

D; PTH: parathormone; Ca: calcium; P: phosphorus; ALP: alkaline phosphatase. * P,0.05, compared to group 1 at the end of the study

(one-way ANOVA). There were no statistically significant differences in the levels of PTH, Ca, P, or ALP comparing the beginning to the

end of the study in any group (P.0.05, one-way ANOVA).
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In the present study, there was a significant decrease

in migraine attacks in the groups starting treatment with a

diagnosis of migraine and receiving vitamin D compared

with the group receiving migraine treatment alone.

Vitamin D is known to have a neuroprotective effect on

the CNS. It manifests this effect through its antioxidative

mechanism, neuronal calcium modulation, and detoxifica-

tion mechanisms (11,24). There have been several

studies of the association between vitamin D and MS in

particular. A correlation was established with vitamin D

since MS demonstrates geographical and seasonal

variation, and this was confirmed when a decrease in

the incidence of MS was seen following vitamin D

supplementation (15,25). Vitamin D has been shown to

be associated with chronic pain. Levels of the neuroexci-

tator mediator, substance P, calcitonin gene-related

peptide (GCRP), and nitric oxide (NO) increase in chronic

pain and migraine attacks (26,27). A decrease in these

mediators involved in oxidative stress has been shown to

take place with vitamin D therapy. Lomerizine, one of a

new group of drugs claimed to be effective for use in

migraine prophylaxis, acts by reducing oxidative stress

(27-29).

Vitamin D deficiency is known to be associated with

interleukin (IL)-1, IL-6, tumor necrosis factor, and NO

production. It also plays a role in mast cell development.

These facts support the idea of using the anti-inflamma-

tory effect of vitamin D in inflammatory diseases such as

migraine, where mast cells contribute to the pathophysiol-

ogy. Some studies have reported an increase in migraine

attacks in children in fall and winter, or a seasonal

variation in vitamin D parallel to an increase in migraine

attacks, and decreased levels in winter, in particular.

Prevalence of both migraines and vitamin D deficiency

increases at high altitudes far from the equator (30-34).

The prevalence of childhood migraine in Turkey is

10% in regions with a low altitude, but more than 20% in

high-altitude regions (35,36). Our patients lived in the

highest altitudes of Turkey. There is a known powerful

correlation between vitamin D deficiency and altitude.

Prakash et al. (32) demonstrated a correlation between

altitude and headache. Yang et al. (33) also suggested a

potential correlation between headache and vitamin D

deficiency. Motaghi et al. (37) showed that VDR gene

polymorphisms are associated with migraine patients.

Kjaergaard et al. (38) found an association between

headache and vitamin D, but did not determine a

correlation between migraine and vitamin D.

We think that by exerting a similar effect, vitamin D

can become a treatment option for migraine. Since not all

patients benefited, even though a considerable decrease

in attack frequency was determined with treatment, the

effect of vitamin D may be dose-dependent. The admin-

istration of vitamin D in higher doses, as in MS and

postherpetic neuralgia, may increase the effectiveness of

treatment (39,40).

The small number of patients in the treatment and

control groups, the short observation period, the fact that

25(OH)D levels were not compared between patients

diagnosed with migraine and a healthy control group,

25(OH)D levels not being investigated over all four

seasons, and the fact that patients’ dietary habits were

not examined represent study limitations.

In conclusion, there was a correlation between vitamin

D and migraine. Thus, vitamin D therapy represents

grounds for hope in the treatment of migraine. In order for

the use of vitamin D in migraine to be conclusively

established, the optimal dose of vitamin D must be

determined. For this relationship to be corroborated,

further multicenter studies with large numbers of patients

and controlling altitude and seasonal differences should

be performed.
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