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ABSTRACT

Background: Migraine is a common neurological disorder characterized by
recurrent headaches of varying intensity and duration. Micronutrient
deficiencies, particularly in vitamin D, calcium, and magnesium, have been
implicated in migraine pathogenesis.

Objective: This study aimed to assess serum levels of vitamin D, calcium, and
magnesium in migraine patients compared to healthy controls.

Methods: A case-control study was conducted at Pak Emirates Military Hospital,
Rawalpindi, involving 180 participants, divided equally into migraine cases and
healthy controls. Serum vitamin D levels were measured using
electrochemiluminescence, while calcium and magnesium levels were
determined using photometry. Data were analyzed using SPSS version 25.0, with
p-values <0.05 considered significant.

Results: Migraine patients had significantly lower serum levels of vitamin D (18.2
5.6 ng/mLvs. 28.4 +6.2 ng/mL, p<0.001), calcium (8.7 £ 0.6 mg/dL vs. 9.2+ 0.5
mg/dL, p=0.013), and magnesium (1.8 £ 0.2 mg/dL vs. 1.9 £ 0.3 mg/dL, p=0.025).
Multivariate analysis showed significant associations between higher levels of
these nutrients and reduced migraine risk.

Conclusion: Lower serum levels of vitamin D, calcium, and magnesium are
associated with an increased risk and severity of migraines, suggesting potential

targets for preventive and therapeutic strategies.

INTRODUCTION

Migraine is a prevalent and debilitating neurological disorder
marked by recurrent headaches, often accompanied by
symptoms such as nausea, vomiting, and heightened
sensitivity to light and sound. Despite extensive research,
the precise etiology of migraines remains elusive, but it is
widely accepted that migraines are a multifactorial disorder
influenced by genetic, environmental, and physiological
factors (1). In recent years, growing attention has been
directed toward the role of micronutrients, particularly
vitamin D, calcium, and magnesium, in the pathophysiology
of migraines. These nutrients are integral to various
neurological and systemic processes, and their deficiencies
have been increasingly implicated in the onset and
exacerbation of migraine symptoms (2).

Vitamin D, a fat-soluble vitamin essential for calcium
homeostasis and bone health, is also implicated in various
neurological functions, including the modulation of
inflammatory cytokines, regulation of neurotrophic factors,
and influence on the serotoninergic system, all of which are
crucial in migraine pathogenesis (3). Emerging evidence
suggests a potential link between low vitamin D levels and
increased frequency and severity of migraines, with several
studies reporting a higher prevalence of vitamin D deficiency
among migraine sufferers compared to the general
population (4, 5). However, the findings remain inconsistent,

warranting further investigation to clarify the relationship
between vitamin D status and migraine risk (6, 7).

Calcium, a critical mineral involved in numerous
physiological processes such as neurotransmitter release
and muscle contraction, plays a fundamental role in the
nervous system. Dysregulation of calcium homeostasis has
been hypothesized to contribute to migraine
pathophysiology, particularly through its effects on neuronal
excitability and synaptic transmission (8). Notably, calcium
channel mutations have been identified in specific migraine
subtypes, such as familial hemiplegic migraine,
underscoring the potential link between calcium
metabolism and migraine susceptibility (9).

Magnesium, another essential mineral, is involved in over
300 enzymatic reactions and is crucial for maintaining
proper nerve and muscle function. It acts as a natural
calcium antagonist, modulating calcium influx into cells
and playing a role in neurotransmitter release (10). Several
studies have demonstrated that magnesium deficiency can
lead to increased neuronal excitability and susceptibility to
cortical spreading depression, a phenomenon closely
associated with migraine aura. Clinical trials have explored
the therapeutic potential of magnesium supplementationin
migraine prevention, with promising results suggesting that
correcting magnesium deficiency may reduce the frequency
and severity of migraines (11-13).

Manuscript Submitted under JHRR ID 1077: June 04/2024 | Accepted: July 22/2024



Habib F. Muhammad. et al., 2024; JHRR, V4, 13

Given the potential involvement of these micronutrients in
migraine pathophysiology, this study aimed to investigate
the serum levels of vitamin D, calcium, and magnesium in
patients with migraines compared to healthy controls. By
elucidating the associations between these micronutrient
levels and migraine occurrence, this study seeks to
contribute to the understanding of migraine mechanisms
and explore the potential for targeted nutritional
interventions in migraine management.

MATERIAL AND METHODS

This study was a case-control investigation conducted to
evaluate the serum levels of vitamin D, calcium, and
magnesium in patients diagnosed with migraines compared
to healthy controls. The research was carried out at the Pak
Emirates Military Hospital (PEMH) in Rawalpindi, Pakistan,
over a period from January 2024 to May 2024. The study
included a total of 180 participants, comprising 90 patients
with clinically diagnosed migraines and 90 healthy controls.
The migraine diagnosis was confirmed according to the
International Classification of Headache Disorders (ICHD-
3) criteria, ensuring that only eligible patients aged between
18 and 60 years were included. The control group was
matched for age and sex with the cases and consisted of
individuals without any history of migraine or other chronic
headaches.

Participants were excluded if they had any chronic illnesses
or were on medications that could influence serum levels of
vitamin D, calcium, or magnesium. Additionally, pregnant or
lactating women, individuals with chronic kidney disease,
liver disease, endocrine disorders, or those on
supplementation of vitamin D, calcium, or magnesium were
also excluded from the study. Recruitment of participants
was conducted in the outpatient department of PEMH, and
informed consent was obtained from all participants before
enrollment in the study. Demographic information,
including age, sex, and body mass index (BMI), as well as
medical history and migraine characteristics for the cases,

were recorded through structured interviews and medical
record reviews.

Blood samples were collected from all participants after an
overnight fast to ensure accuracy in the measurement of
serum vitamin D, calcium, and magnesium levels. The
serum vitamin D levels were measured using
electrochemiluminescence, while calcium and magnesium
levels were assessed using photometry. All laboratory
procedures were carried out in accordance with
standardized protocols to maintain consistency and
reliability of the results.

Data analysis was performed using SPSS version 25.0.
Descriptive statistics were utilized to summarize the
demographic and clinical characteristics of the
participants. The mean serum levels of vitamin D, calcium,
and magnesium were compared between cases and
controls using independent t-tests, while chi-square tests
were employed to assess categorical variables. A p-value of
less than 0.05 was considered statistically significant.
Additionally, multivariate logistic regression analysis was
conducted to evaluate the association between serum
nutrient levels and the likelihood of experiencing migraines,
adjusting for potential confounding factors such as age, sex,
and BMI.

The study adhered to the ethical standards outlined in the
Declaration of Helsinki, and ethical approval was obtained
from the Institutional Review Board of Pak Emirates Military
Hospital. The confidentiality of all participants was strictly
maintained throughout the study, and data was anonymized
to protect participant identity. The findings from this study
were intended to contribute to a better understanding of the
role of micronutrients in migraine pathophysiology, with the
potential to inform future therapeutic strategies aimed at
addressing nutrient deficiencies in migraine patients.

RESULTS

The results of this study are presented in a refined format,
with tables and descriptions of findings provided below
each table for clarity.

Table I: Demographic and Clinical Characteristics of Study Participants

Characteristic Cases (n=90) Controls (n=90) p-value
Age (years) 385+ 10.2 39.1£98 0.68
Gender

Male 47 42 0.76
Female 43 48

BMI (kg/m?) 253 +45 249 + 42 0.58
Duration of Migraine (years) 72 %5.1 - -

The demographic and clinical characteristics of the
participants are summarized in Table 1. The mean age of the
cases was 38.5 years, while the controls had a mean age of
39.1 years, with no significant difference between the two
groups (p=0.68). The gender distribution was balanced, with

a nearly equal proportion of males and females in both
groups (p=0.76). Additionally, the BMI values were similar
between cases and controls, with no statistically significant
difference (p=0.58).

Table 2: Serum Levels of Vitamin D, Calcium, and Magnesium

Parameter Cases Controls p-value
Vitamin D (ng/mL) 182 5.6 284 1 6.2 0.001*
Calcium (mg/dL) 87106 92+05 0.013*
Magnesium (mg/dL) 1.8 +0.2 1.9+0.3 0.025*
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As shown in Table 2, the serum levels of vitamin D, calcium,
and magnesium were significantly lower in patients with
migraines compared to the controls. The mean vitamin D
level in cases was 18.2 ng/mL, significantly lower than the
28.4 ng/mL observed in controls (p=0.001). Similarly, mean

calcium levels were significantly lower in the migraine group
(8.7 mg/dL) compared to controls (9.2 mg/dL; p=0.013).
Magnesium levels were also lower in cases (1.8 mg/dL) than
in controls (1.9 mg/dL; p=0.025).

Table 3: Correlation between Vitamin D, Calcium, Magnesium Levels, and Migraine Severity

Parameter Correlation Coefficient (r) p-value
Vitamin D (ng/mL) -0.45 0.004*
Calcium (mg/dL) -0.28 0.001*
Magnesium (mg/dL) -0.22 0.030*

Table 3 presents the correlation between serum nutrient
levels and migraine severity. There was a significant inverse
correlation between vitamin D levels and migraine severity
(r=-0.45, p=0.004), indicating that lower levels of vitamin D
were associated with greater severity of migraines. Similarly,

calcium (r = -0.28, p=0.001) and magnesium (r = -0.22,
p=0.030) levels also showed significant negative
correlations with migraine severity, suggesting that lower
levels of these minerals were linked to more severe migraine
symptoms.

Table 4: Multivariate Logistic Regression Analysis for Migraine Risk Factors

95% Confidence Interval (Cl) p-value

Variable Odds Ratio (OR)
Vitamin D (ng/mL) 0.82
Calcium (mg/dL) 0.58
Magnesium (mg/dL) 0.73
Age (years) 1.02
Gender (Male) 1.12
BMI (kg/m?) 1.05

0.76 - 0.88 0.001*
0.39 - 0.85 0.005*
0.53-0.98 0.038*
0.98 - 1.05 0.221
0.64 - 1.95 0.680
0.98 - 1.12 0.156

The results of the multivariate logistic regression analysis
are displayed in Table 4. The analysis demonstrated that
increased levels of vitamin D, calcium, and magnesium
were associated with a reduced likelihood of experiencing
migraines. Specifically, each 1 ng/mL increase in vitamin D
levels was associated with an 18% reduction in migraine risk
(OR = 0.82, p=0.001). Similarly, each 1 mg/dL increase in

calcium levels was linked to a 42% reduction in migraine risk
(OR = 0.58, p=0.005), while a 1 mg/dL increase in
magnesium levels was associated with a 27% reduction in
migraine risk (OR = 0.73, p=0.038). No significant
associations were found between migraine risk and age,
gender, or BMI.

Table 5: Summary of Laboratory Results for Different Migraine Types

Migraine Type Vitamin D (ng/mL)  Calcium (mg/dL) Magnesium (mg/dL) p-value (t-test)
Episodic (n=50) 20.1 £54 88+0.5 1.9+0.3 0.002*
Chronic (n=40) 163 +58 86 +0.5 1.8+0.2 0.030%*

Table 5 compares the serum nutrient levels between

patients with episodic and chronic migraines. Chronic DISCUSSION

migraine sufferers exhibited significantly lower levels of
vitamin D (16.3 ng/mL) compared to those with episodic
migraines (20.1 ng/mL; p=0.002). Additionally, calcium
levels were lower in the chronic migraine group (8.6 mg/dL)
compared to the episodic group (8.8 mg/dL; p=0.030).
Magnesium levels followed a similar trend, with lower levels
observed in chronic migraine patients (1.8 mg/dL) compared
to those with episodic migraines (1.9 mg/dL).

The findings of this study highlight significant differences in
serum levels of vitamin D, calcium, and magnhesium
between migraine sufferers and healthy controls, with lower
levels of these nutrients being associated with both the
occurrence and severity of migraines. These results suggest
that nutritional deficiencies may play a critical role in the
pathogenesis of migraines, and addressing these
deficiencies could potentially reduce the frequency and
severity of migraine attacks.

The findings of this study revealed significant associations
between lower serum levels of vitamin D, calcium, and
magnesium with the prevalence and severity of migraines.
These results align with a growing body of evidence
suggesting that nutritional deficiencies may contribute to
the pathogenesis of migraines. The significantly lower levels
of these micronutrients in migraine patients compared to
healthy controls underscore the potential role of vitamin D,
calcium, and magnhesium in modulating migraine
susceptibility and intensity.

The inverse correlation between vitamin D levels and
migraine severity observed in this study is consistent with
previous research. Several studies have suggested that
vitamin D deficiency might be linked to an increased risk of
migraines, potentially through mechanisms involving the
regulation of inflammatory cytokines, neurotrophic factors,
and serotoninergic pathways (4, 13). The multivariate
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analysis further supported these findings, showing that
each 1 ng/mL increase in vitamin D levels was associated
with an 18% reduction in the likelihood of experiencing
migraines. These findings contribute to the understanding
that vitamin D might have a protective effect against
migraines, although the exact mechanisms remain to be
fully elucidated.

Similarly, the study found that lower serum levels of calcium
and magnesium were significantly associated with an
increased risk of migraines. The role of calcium in neuronal
excitability and neurotransmitter release has been well-
documented, and disruptions in calcium homeostasis have
been implicated in migraine pathogenesis, particularly in
conditions such as familial hemiplegic migraine (8). The
observed 42% reduction in migraine risk associated with
each mg/dL increase in calcium levels highlights the
importance of maintaining adequate calcium levels for
neurological health. Furthermore, magnesium’s role as a
natural calcium antagonist and its involvement in over 300
enzymatic reactions make it a critical element in migraine
prevention. Previous studies have demonstrated that
magnesium supplementation can reduce the frequency and
severity of migraines, particularly in individuals with low
baseline magnesium levels (13, 18). The 27% reduction in
migraine risk per mg/dL increase in magnesium levels
observed in this study further corroborates these findings.
Despite the strengths of this study, including its well-
matched case-control design and rigorous laboratory
assessments, certain limitations must be acknowledged.
The cross-sectional nature of the study limits the ability to
establish causality between nutrient levels and migraine
risk. Longitudinal studies are needed to determine whether
correcting deficiencies in vitamin D, calcium, and
magnesium can reduce the incidence of migraines.
Additionally, the study did not account for dietary intake of
these nutrients, which could have influenced the serum
levels observed. Future research should include detailed
dietary assessments to better understand the relationship
between nutrient intake and migraine risk. Another
limitation is the relatively small sample size, which, while
sufficient to detect significant associations, may limit the
generalizability of the findings to broader populations.
Larger studies are needed to confirm these results and to
explore potential differences in nutrient-migraine
relationships across diverse demographic groups.

The study’s findings have important clinical implications.
The strong associations between lower levels of vitamin D,
calcium, and magnhesium and increased migraine risk
suggest that nutritional assessment and supplementation
could be beneficial components of migraine management.
Clinicians should consider screening for and addressing
deficiencies in these nutrients, particularly in patients with
chronic migraines. However, randomized controlled trials
are necessary to determine the effectiveness of
supplementation as a preventive strategy.

CONCLUSION
In conclusion, this study provided compelling evidence that
deficiencies in vitamin D, calcium, and magnesium are

associated with a higher prevalence and severity of
migraines. These findings highlight the potential role of
nutritional factors in migraine pathogenesis and suggest
that addressing micronutrient deficiencies could be a
promising avenue for preventing and managing migraines.
Further research is warranted to explore the causal
mechanisms and to assess the therapeutic potential of
nutrient supplementation in migraine prevention.
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