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ABSTRACT

Objective: Headaches are among the most frequent disorders in children and adults. Recent evidence suggests that various neurological disorders, including
headaches, epilepsy, and neurodegenerative disorders, are associated with deficiencies in vitamins D and B12. In this context, this study aims to compare
serum vitamin D and B12 levels in pediatric patients with migraine or tension-type headaches with those of healthy children and to explore the relationship
between the frequency of headache attacks and the deficiencies in the aforementioned vitamins.

Methods: The population of this retrospective study consisted of pediatric patients who presented with a headache lasting at least six months to the
pediatric neurology outpatient clinics. The patients included in the study sample were categorized into two groups: Patients with migraines (n=54) and
tension-type headaches (n=72). Additionally, 64 children without headaches were included in the control group. Detailed data on the features of headaches
were obtained from the patients or their parents. Patients were categorized into three groups according to the frequency of the headaches as patients who
had headache attacks a) once a week, b) twice or three times a week and c) 2 four times a week. The patients were grouped into four grade levels based on
their PedMIDAS scores. All participants included in the study were subjected to thyroid function tests, and vitamin D and vitamin B12 levels.

Results: There was no significant difference between the groups in serum vitamin B12 levels (p>0.05). However, the median vitamin D level was significantly
higher in patients with migraine-type headaches (p<0.001). The rate of patients with vitamin D deficiency was significantly lower in the tension-type
headache group than in the migraine group (p=0.005). There was no significant correlation between the Pediatric Migraine Disability Assessment (PedMIDAS)
grades and vitamin B12 levels (p>0.05). However, the serum vitamin D levels of patients with a PedMIDAS grade between 1 and 3 were significantly higher
in patients with migraine than in those with tension-type headaches (p<0.05). The serum vitamin D levels of migraine patients with a PedMIDAS grade of 4
were significantly lower than those of migraine patients with a PedMIDAS grade of 3 (p=0.018). The migraine patients with one and 2-3 attacks per week had
significantly higher vitamin D levels than those patients with tension-type headaches (p=0.031 and p<0.001, respectively). Additionally, the vitamin D levels
in migraine patients with >4 attacks per week were significantly lower than those of migraine patients with 2-3 attacks per week (p=0.010).

Conclusion: The patients with migraine and higher frequency of attacks had lower vitamin D levels.
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INTRODUCTION

Headaches are the most common neurological symptom among
children and adolescents who seek medical consultations.?
Headaches are also the leading cause of school absenteeism.
Headache prevalence increases throughout childhood and
peaks at approximately 11-13 years, regardless of gender. A
student-based epidemiological study in Tlrkiye reported that the
prevalence of recurrent headache attacks in adolescents aged
12 to 17 was 52.2%". Most cases present with a benign course
secondary to primary headache disorders such as tension-type
headaches and migraine, whereas in some cases, headaches
might also be associated with severe intracranial pathologies.>>¢
It has been reported in the literature that tension-type headaches
and migraine are the two most common headache diagnoses, in
decreasing order, among Turkish adolescents.® However, the exact
pathophysiology and predisposing factors remain controversial,
particularly for primary headache disorders.?”

The proper diagnosis of a primary headache disorder and
its management significantly impact school life, daily life
productivity, and overall quality of life in the pediatric population.
Prophylactic therapy and lifestyle changes may help reduce the
frequency and severity of headache attacks in children with
chronic headaches. In addition to using medications such as
antiepileptics or antidepressants, treatment modalities based
on dietary ingredients, including vitamins, minerals, herbs, or
other botanicals, are used for treating primary headaches.? Given
its potential role in the pathogenesis of various neurological
diseases, the possible role of vitamin D in headache prophylaxis
has been mentioned in the literature.®? Vitamin B12 is another
essential vitamin that plays a key role in the central nervous
system. However, the number of studies on the potential role of
vitamin B12 levels among different pediatric headache groups is
limited.*>** Although vitamin D and B12 deficiency/insufficiency
have been reported frequently in patients with migraine in recent
studies, there is no consensus on prescribing these vitamins in
routine clinical practice.

In this context, this study was conducted to compare the serum
vitamin D and B12 levels in pediatric patients with migraine and
tension-type headaches with those of healthy children and to
determine the relationship between the frequency of headache
attacks and serum vitamin D and B12 levels.

MATERIALS AND METHODS

Research Design

The protocol of this retrospective study was approved by the
Erciyes University Clinical Research Ethics Committee (decision
no: 2016/479, date no: 12.08.2016). The study was conducted
in accordance with the principles set forth in the Declaration of
Helsinki. Patients’ legally authorized representatives provided
informed consent for patient information to be published.
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Population and Sample

The population of this retrospective cohort study consisted of
pediatric patients (aged between 6 to 18 years) who presented
with a headache lasting at least six months to the Pediatric
Neurology Outpatient Clinics. Patients’ data were obtained from
their medical records available in the hospital medical record/
database. The diagnoses of primary headaches, i.e., migraine
and tension-type headache, were made based on the 3™ edition
of the criteria of the International Classification of Headache
Disorders®. Accordingly, patients diagnosed with a primary
headache were included, whereas patients on vitamin D and
B12 medication, patients with headaches secondary to diseases
such as brain tumors, paranasal sinus diseases, infections, other
systemic diseases, and vision problems, as well as patients with
any neurological disorders other than headaches were excluded
from the study to avoid any confounding effects.

The control group consisted of children randomly selected using
a random sequence number generator from the children with
age and gender characteristics that match those of the patient
group who were admitted to the general pediatric outpatient
clinic in the same period for routine examination and did not have
a history of headaches and have not been receiving any vitamin
supplementation.

The same pediatric neurologist performed all the patients’ physical
and neurological examinations. Detailed data on the features of
headaches, such as the frequency of headaches, were obtained
from the patients or their parents. Patients were categorized into
three groups according to the frequency of the headaches as
patients who had headache attacks a) once a week, b) twice or
three times a week, and c) 2 four times a week.

All patients underwent an ophthalmological examination. In cases
where deemed necessary, patients also undergo brain magnetic
resonance imaging and/or electroencephalogram examinations.

Questionnaire

The headache-related functional impairment of the children in
school and at home was evaluated using the 6-item Pediatric
Migraine Disability Assessment (PedMIDAS) tool for three
months.'® The total PedMIDAS scores were calculated using the
method described by Hershey et al.'” The total number of days
the children were affected by the headache attacks during the last
three months was determined.'®*® The patients were grouped into
four grade levels based on their PedMIDAS scores: Grade 1: No or
slight impairment (scores 0-10), grade 2: Mild impairment (scores
11-30), grade 3: Moderate impairment (scores 31-50), and grade
4: Severe impairment (scores >50).

Laboratory Tests

Blood samples were obtained from all subjects after overnight
fasting. Patients’ serum vitamin D and B12 levels were routinely
measured in the pediatric outpatient clinic per the institutional
policy. The collected blood samples were centrifuged at 4000 rpm
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at room temperature. The serum vitamin D levels were evaluated
by the two step competitive binding immunoenzymatic assay
method. Vitamin D levels >30 ng/mL were considered normal,
whereas vitamin D levels <30 ng/mL were considered deficient.®

The electrochemiluminescence immunoassay procedure was used
to measure the serum vitamin B12 levels. Vitamin B12 levels <200
pg/mL were considered deficient, whereas vitamin B12 levels
<160 pg/mL were considered severely deficient.?

Statistical Analysis

The descriptive statistics obtained from the collected research
data were expressed as mean * standard deviation values in the
case of normally distributed continuous variables, as median
and minimum - maximum values in the case of non-normally
distributed continuous variables, and as numbers and percentage
values in the case of categorical variables. The Shapiro-Wilk,
Kolmogorov-Smirnov, and Anderson-Darling tests were used to
analyze the normal distribution characteristics of the numerical
variables.

The independent samples t-test and the Mann-Whitney U test
were used to compare two independent groups in the case of
normally and non-normally distributed numerical variables,
respectively. Pearson’s chi-squared and Fisher’s exact tests were
used to compare the differences between categorical variables in
2x2 tables, whereas the Fisher-Freeman-Halton test was used to
compare the differences between categorical variables in the RxC
tables.

The one-way analysis of variance (ANOVA) test and the Kruskal-
Wallis test were used to compare more than two independent
groups in the case of normally and non-normally distributed
numerical variables, respectively. In analyses featuring parametric
tests, the differences between the groups were evaluated with the
Games-Howell test, provided that the data were heterogeneous
according to their distribution. However, in analyses featuring
non-parametric tests, the Dwass-Steel-Critchlow-Fligner test was
used to evaluate the differences between the groups.

The Jamovi project 2.2.5.0 (Jamovi, version 2.2.5.0, 2022, retrieved
from https://www.jamovi.org) and JASP 0.16.1 (Jeffreys’ Amazing
Statistics Program, version 0.16.1, 2022, retrieved from https://
jasp-stats.org) software packages were used in the statistical
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analyses. Probability (p) statistics <0.05 were deemed to indicate
statistical significance

RESULTS

The distribution of patients’ demographic and clinical
characteristics by the group is shown in Table 1. There were 72
patients (47 girls/25 boys) with tension-type headaches, 54
patients with migraine (37 girls/17 boys), and 64 healthy children
(20 girls/34 boys). There was no statistically significant difference
between the groups in age and gender (p>0.05).

The distribution of the frequency of attacks and PedMIDAS grades
by the study groups is given in Table 2. Accordingly, there was
no significant difference between the patients with tension-type
headaches and migraine in the frequency of attacks and PedMIDAS
grades (p=0.388 and p=0.551, respectively).

There was no significant difference between the groups in terms
of serum B12 levels (p>0.05) (Table 3). The incidence of vitamin
B12 deficiency was 19.4% among patients with tension-type
headaches, 13.0% among patients with migraine, and 14.1%
among healthy children. There were more patients with vitamin
B12 deficiency in the tension-type headache group than in the
migraine group and the healthy control group; however, the
difference between the groups was insignificant (p=0.551).
However, the groups significantly differed in serum vitamin D
levels and the rate of patients with vitamin D deficiency (p<0.001
and p=0.005, respectively) (Table 3). Accordingly, the median
vitamin D levels were significantly higher among patients with
migraine (p<0.001). In parallel, the rate of patients with vitamin
D deficiency was significantly higher among patients with tension-
type headaches (p=0.005). Paired comparison of the patients
with tension type-headache and migraine revealed similar results
(Table 4).

There was no significant difference in the serum vitamin B12 levels
between patients with different PedMIDAS grades for each group
(p>0.05) (Table 5).

The serum vitamin D levels of patients with PedMIDAS grades 1
to 3 were significantly higher in patients with migraine than in
those with tension-type headaches (p<0.05) (Table 5). The serum
vitamin D levels of migraine patients with a PedMIDAS grade of

Table 1. Demographic and clinical characteristics of the study groups

Patients with tension-type headache | Patients with migraine | Control

(n=72) (n=54) (n=64) p-value
Age (year)® 13.5 (6.0-18.0) 13.5 (8.0-18.0) 13.8 (7.8-17.6) 0.969**
Sex*
Male 36 (50.0) 22 (40.7) 34 (53.1) 0.384*
Female 36 (50.0) 32(59.3) 30 (46.9)
*n (%), *median (minimum-maximum)
*Pearson chi-square test, **Kruskal-Wallis H test
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Table 2. Clinical characteristics of the patients with tension-
type headache and migraine

Patients with Patients
tension-type with
headache migraine p-value
(n=72) (n=54)
Frequency of attacks*
1 per week 24 (33.3) 24 (44.4) 0.388*
2-3 per week 27 (37.5) 19 (35.2)
>4 per week 21 (29.2) 11 (20.4)
PedMIDAS grades*
Grade 1 24 (33.3) 24 (44.4) 0.551*
Grade 2 14 (19.4) 11 (20.4)
Grade 3 13 (18.1) 8(14.8)
Grade 4 21(29.2) 11 (20.4)

*Pearson chi-square test.
**Kruskal-Wallis H test.

*n (%), *Median (minimum-maximum)

PedMIDAS: Pediatric Migraine Disability Assessment
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4 were significantly lower than those of migraine patients with a
PedMIDAS grade of 3 (p=0.018).

There was no significant difference between migraine patients
with other PedMIDAS grades in terms of vitamin D levels (p=0.663).

There was no significant correlation between vitamin B12 levels
and the frequency of attacks between the study groups (p>0.05)
(Table 6). However, the migraine patients with one and 2-3 attacks
per week had significantly higher vitamin D levels than those
patients with tension-type headaches (p=0.031 and p<0.001,
respectively). Additionally, the vitamin D levels in migraine
patients with 24 attacks per week were significantly lower than
those of migraine patients with 2-3 attacks per week (p=0.010).

DISCUSSION

Vitamin B12 and D play critical regulatory functions in brain
development, cell differentiation, and apoptosis. In this context,
this study explored the relationship, if any, between B12 and
D vitamin levels and the frequency of migraine and tension-
type headaches in the pediatric population. Although clinical
neurological manifestations of low levels of vitamins in children

Table 3. Comparison of the laboratory parameters among study groups

Patients with tension-type headache Patients with migraine Control

(n=72) (n=54) (n=64) p-value
Vitamin B12 (pg/mL)* 271.0 (92.0-679.0) 324.9 (94.0-682.5) 299.5 (63.0-714.0) 0.202*
>200 pg/mL* 58 (80.6) 47 (87.0) 55 (85.9) 0.551**
<200 pg/mL* 14 (19.4) 7 (13.0) 9(14.1)
Vitamin D (pg/mL)* 13.0(3.5-50.0) 20.8 (5.0-53.0) 15.9 (7.7-41.1) <0.001%%**
>30 pg/mL* 2(2.8)¢ 11 (20.8)° 7 (10.9)** 0.005**
<30 pg/mL* 70 (97.2)° 42 (79.2)° 57 (89.1)*F
n (%), *Median (minimum-maximum)
2bDifferent letters in the same row shows a significant difference.
*Mann-Whitney U test, **Pearson chi-square test, Fisher’s exact test, or Fisher Freeman Halton test, ***Kruskal Wallis-H test.
Pairwise comparisons with Dwass-Steel-Critchlow-Fligner test.
Table 4. Comparison of the laboratory parameters between patients with tension-type headache and with migraine

Patients with tension-type headache Patients with migraine
(n=72) (n=54) p-value

Vitamin B12 (pg/mL)* 271.0 (92.0-679.0) 324.9 (94.0-682.5) 0.085*
>200 pg/mL* 58 (80.6) 47 (87.0) 0.469**
<200 pg/mL* 14 (19.4) 7 (13.0)
Vitamin D (pg/mL)* 13.0(3.5-50.0) 20.8 (5.0-53.0) <0.001*
>30 pg/mL* 2(2.8) 11 (20.8) 0.003**
<30 pg/mL* 70(97.2) 42 (79.2)
*n (%), *Median (minimum-maximum)
*Mann-Whitney U test, **Pearson chi-square or Fisher’s exact test
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with primary headaches have been described in several case
studies, the underlying mechanism of the frequency of headache
attacks is not yet fully understood.?® The results of this study,
contrary to Ayanoglu et alb, did not reveal any significant
difference between the study groups in serum vitamin B12 levels.
However, there was a significant difference between the groups
in serum vitamin D levels. Accordingly, there was a significant
correlation between low levels vitamin D in pediatric patients with
migraine and a higher frequency of attacks. Additionally, there
were significant relationships between the vitamin D levels, the
PedMIDAS grades, and headache frequency.

Migraine is considered a complex neurological disorder involving
interacting environmental and hereditary factors. Migraine
prophylaxis supplements are used to prevent and/or alleviate
headache attacks by improving mitochondrial function and
energy production in neurological systems. This mechanism
might be responsible for the pathogenesis of migraine?®. The
literature on vitamin D levels and headaches in children is sparse
and contradictory. In one of these studies exploring the potential
risk factors for primary headaches in children, Al Momani et al.?
found that abnormal vitamin D levels were significantly associated
with primary headaches. Similarly, the tension-type headache
and migraine groups included in this study significantly differed
in vitamin D levels. Yang et al.? reported a potential correlation
between vitamin D deficiency and headaches. However, Kjaergaard

Table 5. Comparison of vitamin B12 and D levels based on the
PedMIDAS grades
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et al.?? reported a possible link between vitamin D levels and
tension-type headaches but could not propose a correlation
between vitamin D levels and migraine. There are several
definitions of vitamin D deficiency. Vitamin D deficiency is most
commonly characterized by plasma vitamin D levels of <10 ng/mL.
However, the threshold level for vitamin D insufficiency is still a
matter of debate?. The discrepancies in the literature on vitamin
D levels and headaches in children may, in part, be attributed to
the use of said different criteria for defining vitamin D deficiency.
Furthermore, the migraine patients with higher PedMIDAS grades
(grade 4) and frequent headache attacks (>4 per week) in this study
had significantly lower vitamin D levels. In line with the findings of
this study, Kilig and Kilig* reported a negative correlation between
the frequency of migraine attacks and serum vitamin D levels
and determined that patients with pain are commonly advised
to take vitamin D supplements, considering that vitamin D may
reduce the frequency of migraine attacks. Similarly, Gungor et al.’
reported that as the vitamin D levels decreased, the severity of
the headache significantly increased, resulting in higher MIDAS
grades.

Vitamin D reportedly exhibits an anti-inflammatory effect through
the prevention of neuroinflammation that produces migraine
and tension-type headaches.**? Vitamin D balances T helper and
regulatory T-cells to inhibit prostaglandin E, synthesis by reducing
nitric oxide production.? Additionally, vitamin D is responsible for
the upregulation of growth factor beta-1 and interleukin-4 and
suppresses tumor necrosis factor-a?’. The anti-inflammatory effect
of vitamin D has also been explained by the inverse relationship
between the C-reactive protein and vitamin D levels.?® Hence,

Patients with . .

tension-type Pa'tlerjts with

headache ;‘:Lgsrz;ne p-value

(n=72)
Vitamin B12 (pg/mL)"
PedMIDAS grades
Grade 1 304.0+123.9 314.7+97.6 0.741%*
Grade 2 300.1+128.1 376.4+166.6 0.225%*
Grade 3 286.4+141.5 325.4+106.9 0.483*
Grade 4 304.1+122.7 289.6+130.1 0.763*
p** 0.979 0.395
Vitamin D (pg/mL)*
PedMIDAS grades
Grade 1 16.5 (4.0-28.0) | 20.8 (5.0-53.0) 0.031%**
Grade 2 11.0 (6.0-25.0) | 25.3 (10.0-43.0) | 0.007***
Grade 3 12.0 (7.0-34.0) | 27.3 (18.0-53.0) | 0.003***
Grade 4 13.0 (3.5-50.0) | 11.0 (7.0-49.5) | 0.606***
pHE** 0.663 0.018

"Mean * standard deviation, $Median (minimum-maximum)

*Independent Samples t-test, **One-way ANOVA test, ***Mann-Whitney U test,
****Kruskal-Wallis H test.
Pairwise comparisons with Dwass-Steel-Critchlow-Fligner test.
PedMIDAS: Pediatric Migraine Disability Assessment

Table 6. Comparison of vitamin B12 and D levels based on the
frequency of headache attacks
Patients with . .
tension-type Pa'tlerjts with
headache ;:Lgsrz;ne p-value
(n=72)
Vitamin B12 (pg/mL)*
Frequency of attack
1 per week 314.5 (95-624) | 339 (94-475) 0.529*
2-3 per week 265 (92-590) 320 (165-682.5) | 0.069*
>4 per week 258 (171-679) | 320(100-519) 0.736*
p** 0.744 0.852
Vitamin D (pg/mL)*
Frequency of attack
1 per week 16.5 (4-28) 20.8 (5-53) 0.031*
2-3 per week 12 (6-34) 26.6 (10-53) <0.001*
24 per week 13 (3.5-50) 11 (7-49.5) 0.606*
p** 0.497 0.010
‘Mean # standard deviation. *Median (minimum-maximum)
*Mann-Whitney U test, **Kruskal-Wallis H test.
Pairwise comparisons with Dwass-Steel-Critchlow-Fligner test
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the increase in the frequency of headache attacks in pediatric
migraineurs included in this study is explained by the low serum
vitamin D levels.

Patients with pain are advised to take vitamin D supplements
since vitamin D may reduce the number of headache attacks in
some patients, particularly patients with migraine. This positive
effect of vitamin D is even more pronounced if the patients are
vitamin D deficient. As a matter of fact, in a study conducted with
53 pediatric migraine patients, Cayir et al.? reported that vitamin
D therapy and anti-migraine prophylactic treatment reduced the
number of migraine attacks. In comparison, this study examined
the effect of vitamin D levels on the number of childhood primary
headache attacks. Studies on the effects of vitamin D deficiency
and/or insufficiency among pediatric patients with tension-type
headaches are limited. In a case series by Prakash and Shah®°
conducted with eight adult patients with chronic tension-type
headaches and vitamin D deficiency, vitamin D and calcium
supplementation was found to be beneficial in all patients, and
thus, they speculated on the possible mechanisms for headaches
in relation to vitamin D deficiency. Nevertheless, the effect of
vitamin D and B12 supplements on the course of tension-type
headaches in the pediatric population is needs to be determined.
To the best of this study’s authors’ knowledge, this is the first
study that assessed the relationship between vitamin D levels
and the number of attacks comparatively between migraine and
tension-type headaches in the pediatric population.

The lack of detailed clinical data, i.e., the severity of the headache
and medication used, might be considered a limitation of this
study.

CONCLUSION

The study findings revealed a significant relationship between
migraine attacks and vitamin D levels in pediatric patients.
Therefore, vitamin D supplementation may help prevent headache
attacks in this patient population, particularly in migraine patients
with a higher frequency of headaches. Additionally, no significant
correlation was found between vitamin B12 levels and the total
number of days the tension-type headache patients were affected
by the headache attacks. The findings of this study support and
contribute to the explanation of different mechanisms between
migraine and tension-type headaches, the most common
headache types seen in children. Randomized clinical trials with
larger samples will be required to corroborate the findings of this
study.
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