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Relation between serum magnesium level and migraine
attacks

Mahbnaz Talebi, MD, Dariush Savadi-Oskouei, MD, Mehdi Farhoudi, MD, Solmaz Mobhammadzade, MD,
Seyyedjamal Ghaemmaghamihezaveh, MSc, Akbar Hasani, PhD, Amir Hamdi, MD.

ABSTRACT

PR PERUPRUR R PRI PC IR SR (VS |

el 525 aale B U Ayl s ol iyl
uj\ (2007 JJL.; of_aJ‘ J’)’u— ujw\j u.)\IvV R cda.JaJ\
iaa sl Llas L@_f 140 iyl cdod 52007 e
Ol 155550 o dd) elows ¥l o 1405 (i)l s pomn)
Ll Sl oY of ¢ S Sl sl e (T cgluall e
NEI PR FUNEEN T TOL SRR S PN PR POV FIN ' - SPPAY
Joss eyl (AT B il Sl jamdy L

g Lod ) ls

¢U§>22)MLLL@14OM|)MNMWM @L..J\
a.aL.oncLaLc3382+103l H)w»zwﬁ&gj(wnll%
Jewa)..,« CL.JJ (ST 1145 853 26) sl e 140 )|
e gome (b Ly 40 o8 ud . Lle 34.19+9.95 o lesl
oMu.A up_v}ﬁ 100 k}.‘bu (,J L«.& cuLu),H N u;bu ‘\.w‘ A
Lgudfw\ubwdla\wbﬂ\?bu)u\) uLij\
Ol s cpo oSG BT COS (26.1424.3 ) Lul )l ds pas
.(»=0.000) (31.09+4.32) dalidl ds pame s £ il
2 Ot p sl QLW@W\} B a5 oI
O Wi e ol du\-&éfad\ 2 Al olae Jb pulall
fw\wu}gwwy\pU\dwb%wWJu

il S5 hdy gl e 3

A.Gj,wuj(M’ ubw ;J..: M\).U\ uJ,.@Ja! e
S uu\zb c;Wﬂ\@M@MJWWbQMLA\ w2 Al
\J.@Jj f}\(vﬁww'\.&ubwdbbb)\
L@..v\..; QJ—G A.jﬂ\.é\j c(.l.” uﬁjﬁe_gd\ [BES ULM A.;)\).A ».)L%
wmuY\Jb@oWj ‘w\upfd@u)ﬂgﬁww

Objectives: The determination of serum magnesium
levels in migraine.

Methods: In a case control study performed between
January 2007 and December 2007 at Tabriz University
of Medical Sciences, Tabriz, Iran, 140 migraine patients
were enrolled and their level of serum magnesium was
determined and the results were compared with 140

320

healthy people who did not have any headache, kidney,
or gastrointestinal disorders, and no consumption of
magnesium complements.

Results: Migraine patients (22 male, 118 female) with
a mean age of 33.82+10.31 and 140 healthy people (26
male, 114 female) with a mean age of (34.19+9.95)
were enrolled. Forty patients had aura and 100 patients
did not have aura. The average serum magnesium level
in the patient group (26.14+4.3) was significantly lower
than the control (31.09+4.32) group (p=0.000). There
was no significant difference between the mean level of
serum magnesium in patients with migraine with aura
and without aura, however, there was a significant linear
relationship between the amount of serum magnesium
and the frequency of headache.

Conclusion: Serum magnesium in migraine patients
was significantly lower than the normal population and
related to the frequency of migraine attacks, supporting
the use of magnesium in prevention and treatment of
migraine.
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igraine is a neurological syndrome that can
be accompanied by functional disorders. The

revalence o is disease in women is 3- 0, an
p 1 f this d 3-18% d
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in men is 4-6%. Migraine attacks are of 2 types:
migraine with aura and migraine without aura. The
main pathogenesis of migraine is still not clear. Fifteen
years of research results indicates that increasing
irritability of the brain can cause a migraine. A wide
spectrum of factors has been suggested for increased
irritability including low magnesium levels of the brain,
mitochondrial abnormalities, and dysfunction related to
increasing nitric oxide or calcium channels."? Reducing
the magnesium levels can lead to opening of calcium
channels, increased intracellular calcium, release of
glutamate, and increased extracellular potassium, which
finally causes brain depression in migraine.> Magnesium
deficiency can be associated with stimulation of
excitatory neurotransmitters such as acetylcholine and
serotonin.* This disorder can be primary or secondary to
low intracellular free magnesium that is due to systemic
free magnesium deficiency. This factor has lead to
increased nervous irritability and supports that spreading
depression of the brain cortex may explain neurologic
manifestations of aura.*® Lack of ionized magnesium
can cause mitochondrial oxidative phosphorylation
disorder and neuronal polarization instability, which
is characteristic of migraine disease. Neurons may be
more sensitive to the lack of ionized magnesium even
if the mitochondrial metabolic defect is primary. In
patients with migraine, low ionized magnesium has
been reported in serum, saliva, erythrocytes, and
blood mono nuclear cells (which have the highest
tissue deposits of magnesium). It is also reported that
in the occipital lobes of migraine patients cytosolic
free magnesium jons and the free energy released by
the reaction of adenosine triphosphate hydrolysis were
significantly decreased.® There are numerous articles on
the therapeutic role of magnesium in migraine, but there
are few studies on serum magnesium levels in migraine
patients.”!! Therefore, the purpose of this study was to
determine serum magnesium levels in migraine patients
in comparison with a healthy control group.

Methods. This case/control study performed
between January 2007 to December 2007 was approved
by the Local Ethics Committee of the Tabriz University
of Medical Sciences. The patients were referred from
the Sheykhorraeis Outpatient University Clinic, Tabriz,
Iran. One hundred and forty migraine patients were
randomly selected among those whose migraine was
confirmed according to the International Headache
Society criteria.'* The study objectives were described to
the patients and they entered the study consciously and
voluntarily. Patients who simultaneously suffered from
other types of headache were excluded from the study.
The serum magnesium levels of patients were measured
using the spectrophotometer atomic absorption
technique, and were compared with 140 matched

controls that had no headache and were referred for Lab
studies for check up or other disease. In both patients
and control groups, cases of renal or gastrointestinal
disease and those taking magnesium supplements were
excluded because of serum magnesium levelsdisturbance.
We used the n = Z2 PQ/d2 formula to determine the
study population. The study population was estimated
at N=138 according to 10% incidence of migraine and
d=0.05 with accuracy of 95%. Blood samples were taken
in the migraine free phase. The serum obtained from
each sample was diluted to 10 times of rate. Atomic
absorption was performed by a spectrophotometer, and
the serum magnesium level was measured by the flame
chemtech method in ppm, and analyzed in both patients
and controls. In the patient group, serum magnesium
levels were evaluated according to the number of
attacks, duration of headache, migraine type, and the
time of headache onset.

The analysis was performed using the Statistical
Package for Social Sciences version 12 (SPSS Inc.,
Chicago, IL, USA). We used T-test to compare between
2 groups, ANOVA and Chi-square for multiple
comparisons, and Mann Whitney U-test to review the
relationship between qualitative and ordinal variables.
A p-value less than 0.05 was considered significant.

Results. One hundred and forty migraine patients
including 22 men (15.7%, average age=35.09+8.73)
and 118 women (84.3%, average age=33.58+10.59),
and 140 individuals as the control group including 26
men (18.5%, average age=35.69+8.20) and 114 women
(81.5%, average age=33.58+10.31) entered the study.
The average duration of headache onset was 9.14+6.42
years in men, and 6.77+6.09 years in women (p=0.100).
Duration of headache onset in migraine patients
without aura was 6.11+7.11 years, and in migraine
patients with aura was 6.44+7.21 years (p=0.934). The
average duration of headache was 15.53+9.74 hours
in men, and 13.43+9.79 hours in women (p=0.204).
The average frequency of headache was 9.25+10.31 in
men and 7.5t5.54 headaches per month in women
(p=0.128). The average frequency of migraine headaches
without aura was 6.03+6.15 per month, and migraine
with aura was 5.5+5.54 headache per month (p=0.908).
In 64 patients (9 males and 55 females), there was no
specific time for the onset of headaches. The patients’
complaints regarding the time of their headaches
included: 5 female patients at night, 28 patients (3 men
and 25 women) in the afternoon, 33 patients (6 males
and 27 females) in the morning, 6 patients (2 males and
4 females) at noon, and 4 patients (2 male and 2 female)
in both the morning and the afternoon.

The average magnesium levels were 26.14+4.3 (CI:
25.42-26.86) ppm in migraine patients, and 31.09+4.32
(CI: 30.38-31.82) ppm in the control group (»=0.000).
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The changes in the level of serum magnesium in
patients and controls are shown in Figure 1. There was
no difference in mean magnesium levels between male
patients (27.18+4.27) and female patients (25.94+4.29)
(»=0.216). In the control group, the average magnesium
level was 30.52+6.06 in men, and 31.23+3.83 in
women (p=0.572). There was no significant difference
in average magnesium levels between patients with aura
(26.22+4.42), and patients without aura (26.1+4.27)
(p=0.881). There was nosstatistically significant difference
between magnesium levels and time of headache onset
(p=0.442) and also place of headaches (p=0.150). There
was no significant linear relationship between the mean
serum magnesium level and age (»=0.656) and also start
of headache history (p=0.287). There was a significant
linear relationship between mean magnesium level and
frequency of headaches (r=0.21, p=0.016) (Figure 2).

Discussion. Generally, several factors have
been known as the creators of migraine headaches,
including emotional factors, environmental factors, and
biochemical markers. In recent decades, the decreased
serum magnesium levels in patients with migraine and
using magnesium in the prevention and treatment of
patients has been noticed.”!! Several studies have shown
the relationship between magnesium metabolism
and migraine,'*"> or premenstrual syndrome'®" and
the role of magnesium in migraine prophylaxis.'®
% Magnesium administration has reduced clinical
symptoms of migraine in many clinical studies.””*’ The
study by Masoud’ showed low serum magnesium levels
during attacks. However, our study showed an increase
of attacks in low serum magnesium level patients, and
there was a significant reduction in serum magnesium
levels in migraine patients in comparison with healthy
subjects (p=0.000). The relationship between frequency
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Figure 1 - Serum magnesium level in migraine patients and controls.
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of headaches and reduction of serum magnesium level
was so evident that when the number of headache attacks
was more than 3 times per month the level of serum
magnesium showed further reduction in comparison
with the number of attacks less than 3 times a month.
However, there was no significant relation between the
serum magnesium levels and patients’ gender, duration
of headache, and time of headache onset.

In 2005, Cete et al” treated acute migraine attacks
with magnesium sulphate and placebo in a double blind
study, and the patients treated with magnesium sulphate
showed more improvement compared with the control
group. There are some studies on the positive role of
magnesium in the treatment of children and pregnant
women.?"”* Trauninger et al** showed low magnesium
levels in 20 migraine patients. Bigal et al*” treated 180
migraine patients by using magnesium sulphate and
concluded that the treatment in patients without aura
was not helpful but in patients with aura, it decreased
symptoms such as vomiting and photophobia. Rios et
al** and Durlach et al’! also reported the positive role of
magnesium in the treatment of migraine. In an article
on lifestyle changes and nutrition, Taylor* pointed out
the positive role of magnesium in preventing migraine
attacks. In study by Koseoglu et al,” oral magnesium
citrate supplementation significantly reduced the
frequency of migraine attacks in comparison with
placebo. Mauskop et al,”” and Boska et al* both
reported low levels of magnesium in migraine patients.
Prevention of migraine with magnesium is listed in the
US headache consortium.*

In a study in National Institute of Neurology, Italy,
Bussone' reported low magnesium levels in migraine
patients. Mukherjee et al'® measured serum magnesium
in 116 migraine patients, and the results showed low
serum magnesium in a considerable number of these
patients. In the present study, the number of migraine
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Figure 2 - Relationship between serum magnesium level and frequency
of headache.
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patients was more than previous studies and we studied
patients in 2 groups of migraine, with and without aura.
We also considered parameters such as frequency and
duration of headache attacks and gender of patients.
In the present study, the magnesium serum level was
measured only in the headache free period and limited
to middle aged patients with female dominance. We
would recommend further study of the relation of
magnesium in childhood and elderly migraine patients.
It would also be interesting to research magnesium
fluctuation during the menstrual periods of patients
with migraine.

In conclusion, according to the results of the present
study and other mentioned studies, the mean serum
magnesium levels in migraine patients are significantly
less than in normal people, and this demonstrates the
role of magnesium deficiency in occurring migraine
attacks. In our study, the highest relationship was
between low magnesium level and frequency of
headaches. Therefore, magnesium is recommended as
a prophylactic treatment for patients with migraine.
Also, we recommend measuring the magnesium levels
in other primary headaches and during active migraine
attacks.

References

1. Maizels M, Blumenfeld A, Burchette RA. A combination of
riboflavin, magnesium, and feverfew for migraine prophylaxis:
a randomized trial. Headache 2004; 44: 885-890.

2. Gendolla A, Evers S. [Difficult decisions: headache treatment
in pregnancy and childhood]. Schmerz 2004; 18: 378-384.
German.

3. Bussone G. Pathophysiology of migraine. Neurol Sci 2004; 25
Suppl 3: 239-241.

4. Gupta VK. Pharmacotherapeutics of migraine and the
blood-brain barrier: serendipity, empiricism, hope, and hype.
MedGenMed 2006; 8: 89.

5. Swaminathan R. Magnesium metabolism and its disorders.
Clin Biochem Rev 2003; 24: 47-66.

6. Dalkara T, Nozari A, Moskowitz MA. Migraine aura
pathophysiology: the role of blood vesselsand microembolisation.
Lancet Neurol 2010; 9: 309-317.

7. Zagami AS. Cortical spreading depression and the migraine
aura. Intern Med J 2010; 40: 798-799.

8. Lodi R, Totti S, Cortelli B, Pierangeli G, Cevoli S, Clementi V,
et al. Deficient energy metabolism is associated with low free
magnesium in the brains of patients with migraine and cluster
headache. Brain Res Bull 2001; 54: 437-441.

9. Masoud A. A study on relation between attacks of migraine
headache and serum magnesium level. franian J Publ Health
2003; 32: 27-30.

10. Mukherjee S, Bhattacharya G, Mukherjee A, Chatterjee G,
Mukherjee A, Alam M, et al. Serum magnesium levels in
migraine-clinical and electrophysiological correlations. Journal
of the Neurological Sciences 2005; 238 Suppl 1: S487-S488.

11. Mauskop A, Altura BT, Altura BM. Serum ionized magnesium
levels and serum ionized calcium/ionized magnesium ratios in
women with menstrual migraine. Headache 2002; 42: 242-
248.

12. Headache Classification Subcommittee of the International
Headache Society. The International Classification of Headache
Disorder: 2nd ed. Cephalgia 2004: 24 Suppl 1: 9-160.

13. Johnson S. The multifaceted and widespread pathology of
magnesium. Med Hypotheses 2001; 56: 163-170.

14. Boska MD, Welch KM, Barker PB, Nelson JA, Schultz L.
Contrasts in cortical magnesium, phospholipid and energy
metabolism between migraine syndromes. Neurology 2002; 58:
1227-1233.

15. Allais G, Benedetto C. Update on menstrual migraine: from
clinical aspects to therapeutical strategies. Neurol Sci 2004; 25
Suppl 3: §229-§231.

16. Li W, Zheng T, Altura BM, Altura BT. Sex steroid hormones
exert biphasic effects on cytosolic magnesium ions in cerebral
vascular smooth muscle cells: possible relationships to migraine
frequency in premenstrual syndromes and stroke incidence.
Brain Res Bull 2001; 54: 83-89.

17. Mauskop A, Altura BT, Altura BM. Serum ionized magnesium
levels and serum ionized calcium/ionized magnesium ratios in
women with menstrual migraine. Headache 2002; 42: 242-
248.

18. Mahdavi R, Tarigat EA, Ebrahimi M, Talebi M, Ghaemmagami
J. Effects of oral magnesium for migraine prophylaxis.
Pharmaceutical Sciences 2009; 15: 103-108.

19. Shukla R, Sinh M. Migraine: prophylactic treatment. J Assoc
Physicians India 2010; 58 Suppl: 26-29.

20. Bianchi A, Salomone S, Caraci E Pizza V, Bernardini R,
D’Amato CC. Role of magnesium, coenzyme Q10, riboflavin
and vitamin B12 in migraine prophylaxis. Vitam Horm 2004;
69: 297-312.

21. Wang E Van Den Eeden SK, Ackerson LM, Salk SE, Reince
RH, Elin R]. Oral Magnesium oxide prophylaxis of frequent
migrainous headache in children: a randomized, double-blind,
placebo-controlled trial. Headache 2003; 43: 601-610.

22. Rios J, Passe MM. Evidenced-based use of botanicals, minerals,
and vitamins in the prophylactic treatment of migraines. J Am
Acad Nurse Pract 2004; 16: 251-256.

23. Garza I, Swanson JW. Prophylaxis of migraine. Neuropsychiatr
Dis Treat 2006; 2: 281-291.

24. Taylor FR. Lifestyle changes, dietary restrictions and
nutraceuticals in migraine prevention. Techniques in Regional
Anesthesia and Pain Management 2009; 13: 28-37.

25. Koseoglu E, Talaslioglu A, Gonul AS, Kula M. The effects of
magnesium prophylaxis in migraine with aura. Magnes Res
2008; 21: 101-108.

26. Modi S, Lowder DM. Medications for migraine prophylaxis.
Am Fam Physician 2006; 73: 72-78.

27. CeteY, Dora B, Ertan C, Ozdemir C, Oktay C. A randomized
prospective placebo-controlled study of intravenous magnesium
sulphate vs. metoclopramide in the management of acute
migraine attacks in the Emergency Department. Cephalalgia
2005; 25: 199-204.

28. Gupta VK. Magnesium therapy for migraine: do we need more
trials or more reflection? Headache 2004; 44: 44-46.

29. Bigal ME, Bordini CA, Tepper SJ, Speciali JG. Intravenous
magnesium sulphate in the acute treatment of migraine without
aura and migraine with aura. A randomized, double-blind,
placebo-controlled study. Cephalalgia 2002; 22: 345-353.

30. Trauninger A, Pfund Z, Koszegi T, Czopf J. Oral magnesium
load test in patients with migraine. Headache 2002; 42: 114-
119.

31. Durlach], Pages N, Bac P, BaraM, Guiet-bara A. Biorthythmsand
possible central regulation of magnesium status, phototherapy,
darkness therapy and chronopathological forms of magnesium
depletion. Magnes Res 2002; 15: 49-66. Review

32. D’Amico D, Tepper SJ. Prophylaxis of migraine: general
principles and patient acceptance. Neuropsychiatr Dis Treat
2008; 4: 1155-1167.

Neurosciences 2011; Vol. 16 (4) 323



