
Background: Migraine attack has been associated with magnesium deficiency. Previous 
studies investigating the effect of intravenous and oral magnesium on acute migraine attacks 
and the prevention of migraine have produced equivocal findings. 

Objective: To evaluate the effects of intravenous magnesium on acute migraine attacks and 
oral magnesium supplements on migraine prophylaxis. 

Study Design: A meta-analysis of randomized controlled trials (RCTs).

Setting: Electronic databases, namely EMBASE, PubMed, the Wanfang Data Chinese 
Database, and the China Knowledge Resource Integrated Database were searched from 
inception to February 24, 2015. 

Methods: This review was conducted according to the guidelines of the PRISMA. Only RCTs 
evaluating the effects of intravenous or oral magnesium on migraine compared with a control 
group were included. 

Results: A total of 21 studies were included. Of which, 11 studies investigated the effects 
of intravenous magnesium on acute migraine (948 participants) and 10 examined the effects 
of oral magnesium on migraine prophylaxis (789 participants). Intravenous magnesium 
significantly relieved acute migraine within 15 – 45 minutes, 120 minutes, and 24 hours after 
the initial infusion (Odd ratios [ORs] = 0.23, 0.20, and 0.25, respectively). Oral magnesium 
significantly alleviated the frequency and intensity of migraine (ORs = 0.20 and 0.27). 

Limitations: Some of the included studies did not adopt adequate randomization methods. 

Conclusions: Intravenous magnesium reduces acute migraine attacks within 15 – 45 minutes, 
120 minuts, and 24 hours after the initial infusion and oral magnesium alleviates the frequency 
and intensity of migraine. Intravenous and oral magnesium should be adapted as parts of 
multimodal approach to reduce migraine.
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M igraine is a common public health concern 
in contemporary society, with a prevalence 
rate of 11.7% (1). Migraine is one of the 

leading causes of disability (2) and has been associated 
with increased health care expense (3,4) as well as 
impaired health-related quality of life (5). Therefore, 

finding effective approaches for migraine relief is a 
high priority in clinical settings.

Magnesium deficiency has been strongly associat-
ed with migraine attacks (6,7). Several potential mech-
anisms have been proposed, such as triggered cortical 
spreading depression (8), decreased release of sub-
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(2) studies with intravenous magnesium or oral mag-
nesium supplements used as interventions, (3) studies 
with a control group either inactive or active, (4) studies 
that have reported the outcomes of migraine, (5) pro-
spective RCTs, and (6) studies that have been published 
or accepted for publication in English or Chinese by a 
peer-reviewed journal. Studies involving participants 
with a diagnosis with menstrual migraine or other 
types of headache were excluded.

Two raters (HYC and PYC) independently screened 
the titles and abstracts of potentially eligible articles by 
using the search strategies described previously. Two 
authors (HYC and PYC) developed 2 data extraction 
sheets for studies investigating intravenous magnesium 
and oral magnesium in migraine, and extracted the 
data on various factors (Table 1 and 2).

Methodological Quality Assessment 
To confirm the internal validity of each included 

study, 2 authors (HYC and PYC) individually evaluated 
potential sources of bias in the studies investigating the 
effects of intravenous magnesium and oral magnesium 
on reducing migraine by using the criteria recommend-
ed in the Cochrane Handbook for Systematic Review of 
Intervention 5.1.0 (20). 

Statistical Analyses
Odds ratios (ORs) with 95% confidence intervals 

(CIs) were calculated based on the numbers of event 
and non-event to express the comparison of migraine 
reduction. For continuous outcomes (i.e., the scores of 
visual analogues scales and numeric rating scales), we 
calculated the standardized mean differences and their 
variances and then converted these values to their cor-
responding ORs and variances (21). An OR value of less 
than one denote a negative association between the 
uses of magnesium and migraine reductions. The prob-
ability value of between-study heterogeneity was ex-
amined by calculating the Cochran’s Q value (22), with 
Q statistics < 0.05 representing substantial heterogene-
ity. The I2 value estimates the degree of inconsistency 
in the study results (22). Roughly, an I2 value of 50% 
or more reflects substantial heterogeneity, whereas I2 
values less than 50% represent no heterogeneity. To 
explore the possible reasons for observed heteroge-
neity, moderator analyses and meta-regression were 
performed (23). To ensure that sufficient data could 
be obtained for moderator analyses, the analyses were 
limited to instances in which groups were represented 
by at least 2 studies. If the presence of outlying stud-

stance P (9), stimulated cerebral artery spasm (10), and 
an imbalance between mitochondrial energy produc-
tion and demand (11). Therefore, the clinical effects of 
magnesium have drawn considerable attention. Previ-
ous studies have produced conflicting findings regard-
ing the association of intravenous magnesium and oral 
magnesium supplements with migraine. Some studies 
have supported the beneficial effects of the magne-
sium therapy on acute migraine attacks and migraine 
prophylaxis (12-14), whereas others have denied any 
positive relationship between the magnesium therapy 
and migraine (15-17). A recent meta-analysis of 5 ran-
domized controlled trials (RCTs) (18) demonstrated that 
intravenous magnesium produced no substantial effect 
on acute migraine attacks (30 minutes after treatment). 
However, this review included only a few studies pub-
lished in English, which could limit its external validity. 
Moreover, thus far, no meta-analysis has been conduct-
ed to evaluate the overall effects of oral magnesium 
supplements on the prophylaxis of migraine.

We conducted a meta-analysis to confirm the over-
all effects of intravenous magnesium on acute migraine 
attacks and oral magnesium supplements on the pro-
phylaxis of migraine by using data of available RCTs 
published in both English and Chinese.

Methods

Trial Identification and Data Extraction
This meta-analysis was conducted according to the 

preferred reporting items for systematic reviews and 
meta-analyses statement (19). To identify the articles 
investigating the effects of intravenous magnesium 
on acute migraine attacks, we systematically searched 
the electronic databases, namely EMBASE, PubMed, 
the Wanfang Data Chinese Database, and the China 
Knowledge Resource Integrated Database from incep-
tion to February 24, 2015. The following combination 
of search string was used: “migraine” AND “intrave-
nous magnesium” AND “randomized controlled trials.” 
Eligible RCTs reporting the effects of oral magnesium 
on migraine prophylaxis were identified by searching 
EMBASE, PubMed, the Wanfang Data Chinese Data-
base, and the China Knowledge Resource Integrated 
Database from inception to February 24, 2015. The 
keywords included “migraine” AND “oral magnesium” 
AND “randomized controlled trials.” 

Studies were included in the meta-analysis accord-
ing to the following inclusion criteria: (1) studies hav-
ing participants ≥ 17 years diagnosed with migraine, 
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ies with results that conflict with the rest of the stud-
ies was observed, a sensitivity analysis was performed 
(20). In addition, sensitivity analyses were carried out 
to further examine whether the use of diagnostic cri-
teria for migraine before enrollment influenced the 
effects of magnesium on reducing migraine. In case 
multiple treatments or controls were used in one study, 
we divided the shared intervention or control groups 
into 2 groups and then compared to their counterpart. 
For dichotomous outcomes, the number of events and 
the total number of patients were divided. For continu-
ous outcomes, only the total number of patients were 
divided, and the means and standard deviations were 
left unchanged (20). Because of a higher degree of 
random variation, studies with smaller samples yielded 
a wider distribution than studies with larger samples 
did, thus causing asymmetry in a funnel plot (24,25). 
Because this meta-analysis included a limited number 
of studies, publication bias was examined using the Eg-
ger’s intercept test (24). All analyses were performed 
by an inverse variance random-effect model (26) using 
Comprehensive Meta-Analysis software, version 2.0 
(Biostat, Englewood, New Jersey).

Results

Search Results 
With regard to the effects of intravenous magne-

sium on acute migraine attacks, the literature search ini-
tially identified 51 articles. Among these, 10 duplicate 
articles were excluded using Thomson Reuters Endnote 
software X7. Thirty-one studies were excluded after ini-
tial review, because the participants and interventions 
in those studies were irrelevant to the topic of the pres-
ent study (e.g., people with menstrual migraine, unre-
lated to the treatment of intravenous magnesium), and 
those articles were either not based on RCTs or not pub-
lished in English or Chinese (e.g., Portuguese). Fourteen 
articles were maintained for further screening. Three 
studies were excluded because one study (27) provid-
ed insufficient data for computing an effect size even 
after contacting the authors, and 2 studies (16,28) en-
rolled participants with migraine and other types of 
headache. Finally, 11 studies (12,13,15,29-36) were in-
cluded for the meta-analysis. Two studies (29,35) em-
ployed a 3-arm study design resulting in 13 trials for 
final analyses (Fig. 1). 

Regarding to the effects of intravenous magne-
sium on acute migraine attacks, the literature search 
initially identified 51 articles. Among these, 9 duplicate 

articles were excluded using Thomson Reuters Endnote 
software X7. Thirty-six studies were excluded after ini-
tial review, because the participants and interventions 
in those studies were irrelevant to the topic of the pres-
ent study (e.g., unrelated to the treatment of oral mag-
nesium, and inclusion of children and adolescents), and 
those articles were not based on RCTs. Fourteen articles 
were maintained for further screening. Six studies were 
excluded because one study (37) used oral magnesium 
in both experimental and control groups, and 5 studies 
(38-42) did not evaluate the outcomes immediately fol-
lowing the treatments. Ten studies (14,17,43-50) evalu-
ated the effects of oral magnesium supplements on pro-
phylaxis of migraine. One study (51)  employed a 4-arm 
study design resulting in 11 trials for analyses (Fig. 2).  

Study Characteristics
Table 1 presents summaries of the study charac-

teristics of the effects of intravenous magnesium sup-
plements on migraine. Among the included 13 trials, 
(12,13,15,29-36) study sample sizes ranged from 15 to 
60 with a total of 948 randomized patients. Seven tri-
als were conducted in China. To diagnose migraine, 8 
trials employed the International Classification of Head-
ache Disorders, 1st edition (ICHD-I) and 5 trials used 
ICHD, 2nd edition (ICHD-II). Six trials used intravenous 
magnesium combined with other therapies as the treat-
ment arm. Two types of control conditions were used 
for comparison: inactive groups (0.9% saline) and active 
groups (e.g., metoclopramide, prochlorperazine, aspirin, 
tiapride, and ergotamine). Eight trials reported adverse 
effects such as flushing and burning sensation in the 
face, neck, and the intravenous site. Eight trials used the 
response rate for measuring the change of pain.

Table 2 shows summaries of the study characteris-
tics of the effects of oral magnesium supplements on 
migraine. Eleven trials (14,17,43-50) involving 789 par-
ticipants were included. Six trials were conducted in 
China. Five trials used oral magnesium combined with 
other therapies (e.g., ergotamine) as the treatment arm. 
Two types of control conditions were used for compari-
son: inactive groups (placebo) and active groups (e.g., 
venlafaxine HCl, flunarizine hydrochloride, riboflavin, 
pizotifen, and ergotamine). Seven trials employed the 
ICHD-I, 2 used the ICHD-II, and one used the Ad Hoc 
Committee on classification of headache classification 
to confirm the diagnosis of migraine. One trial did not 
report whether participants met the diagnostic criteria 
for migraine (50). Of the 11 included trials, magnesium 
2-propylvalerate was used in 3 trials, 2 used magnesium 
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Figure 1. Preferred reporting items for systematic reviews and meta-analyses 2009 flow 
diagram (intravenous magnesium). 

Search of electronic databases  
11 EMBASE 
4   PubMed 
16 Wanfang Data Chinese database 
19 China Knowledge Resource 

Integrated Database 

45 of records after duplicates removed

45 of Records screened 31 of records excluded

14 full-text articles 
assessed for eligibility 

3 full-text articles excluded 
1 provided insufficient data 

for analysis 
2 enrolled participants with 

migraine and other types 
of headache  

11 studies included in qualitative synthesis  
13 effect sizes for metaanalysis 

15-45 min 
(K=6)

24 hour 
(K=4)

120 min 
(K=5)

4 of additional records identified 
through other sources 

Fig. 1. Preferred reporting items for systematic reviews and meta-analyses 2009 flow diagram (intravenous magnesium).

oxide, and 2 used magnesium sulphate. Other formula-
tions including magnesium citrate, the combination of 
magnesium oxide and citrate, potassium magnesium, 
and trimagnesium dicitrate were respectively used in 4 
trials. The mean treatment duration was 9 weeks, rang-
ing from 4 weeks to 12 weeks. Five trials reported ad-
verse effects including gastrointestinal symptoms, dizzi-
ness, and drowsiness. 

Assessment of Study Bias
The methodological quality of the included studies 

is reported in Table 3. Regarding studies on intravenous 
magnesium, all trials achieved the selective reporting. 
Approximately 40% of the studies (k = 5) generated a 
random sequence with correct approaches and blinded 
participants and personnel. Two studies blinded out-
come assessors. Only one study concealed allocation or 
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addressed incomplete outcome data. Regarding stud-
ies on oral magnesium supplements, all trials achieved 
the selective reporting. Nearly 20% of the studies (k = 
2) generated a random sequence through appropriate 
approaches, blinded participants and personnel, and 
addressed incomplete outcome data. Only one study 
blinded outcome assessors. None of studies concealed 
allocation.

Overall Effects of Intravenous Magnesium on 
Acute Migraine Attacks 

Among the 13 included trials, 6, 5, and 4 of them 
investigated the effects of intravenous magnesium on 
acute migraine attacks within 15 – 45 minutes, 120 
minutes, and 24 hours following the initial infusion, 
respectively. 

Regarding the effects observed within 15 – 45 min-

Figure 2. Preferred reporting items for systematic reviews and meta-analyses 2009 flow 
diagram (oral magnesium). 

Search of electronic databases  
17 EMBASE 
5   PubMed 
16 Wanfang Data Chinese database 
19 China Knowledge Resource 

Integrated Database 

50 of records after duplicates removed

50 of Records screened 34 of records excluded

16 full-text articles 
assessed for eligibility 

6 full-text articles excluded 
5 did not evaluate the 

outcomes immediately 
after the completion of 
treatments 

1 used oral magnesium in 
both experimental and 
control group 

3 of additional records identified 
through other sources 

10 studies included in qualitative synthesis 
11 effect sizes for metaanalysis

Migraine intensity 
review (K=9)

Migraine frequency 
review (K=8)

Fig. 2. Preferred reporting items for systematic reviews and meta-analyses 2009 flow diagram (oral magnesium).
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utes, the effect sizes are illustrated in Fig. 3A. The data 
favored intravenous magnesium for acute migraine at-
tacks with a pooled OR of 0.23 (95% CI = 0.09 to 0.58, 
P = 0.002). Calculation of the I2 value (73.2%) and Co-
chran’s Q value (18.7) resulted in the identification of 
heterogeneity (P = 0.002). 

With regard to the effects observed within 120 
minutes, the pooled OR of 0.20 (95% CI = 0.10 to 0.40, 
P < 0.001) was found (Fig. 3B). The I2 and Cochran’s Q 
values indicated homogeneity across all the included 
studies (Q = 7.12; P = 0.13, I2 = 43.8%).

Fig. 3C shows the results of the treatment effects 
observed within 24 hours following the initial infu-
sion (30,35). The pooled OR of 0.25 (95% CI = 0.10 to 
0.60, P = 0.002) was observed. We found evidence of 

between-study heterogeneity (Q = 8.37, P = 0.04, I2 = 
64.2%).

Overall Effects of Oral Magnesium 
Supplements on Migraine Frequency and 
Intensity 

Eight trials (14,17,44-48) that investigated the ef-
fects of oral magnesium supplements on the frequency 
of migraine were included in the analysis (Fig. 4A). Oral 
magnesium caused a significant reduction in the fre-
quency of migraine (pooled OR = 0.20, 95% CI = 0.05 
to 0.89, P = 0.04). There was evidence for heterogeneity 
across all the included studies (Q = 98.22, P < 0.001, I2 

= 92.87).
Nine trials (14,17,43-45,48) investigated the effect 

Table 3. Risk of  methodological bias score of  the studies.

First Authors
Random 
sequence 

generation

Allocation 
concealment

Blinding of  
participants and 

personnel

Blinding 
of  outcome 
assessment

Incomplete 
outcome data 

addressed

Selective 
reporting

Intravenous magnesium 

Bigal, 2002 + ? + ? ? +

Cete, 2005 a + ? + ? ? +

Cete, 2005 b + ? + ? ? +

Corbo, 2001 + + + + ? +

Demirkaya, 2001 ? ? ? ? ? +

Li, 2013 - ? ? ? ? +

Liu, 2013 ? ? ? ? ? +

Shahrami, 2015 + ? + + + +

Tang, 2011 ? ? ? ? ? +

Wang, 2010 a ? ? ? ? ? +

Wang, 2010 b ? ? ? ? ? +

Wang, 2013 ? ? ? ? ? +

Xu, 2010 ? ? ? ? ? +

Oral magnesium

Bian, 2013 ? ? ? ? ? +

Hu, 2011 ? ? ? ? ? +

Koseoglu, 2008 + ? ? ? ? +

Lan, 1999 ? ? ? ? ? +

Tang, 1998 ? ? ? ? ? +

Tarighat Esfanjani, 2012 a ? ? ? ? + +

Tarighat Esfanjani, 2012 b ? ? ? ? + +

Maizels, 2004 ? ? + + - +

Peikert, 1996 ? ? ? ? ? +

Wang, 2001 ? ? ? ? ? +

Yang, 2005 + ? + ? - +

+ = low risk; - = high risk; ? = unclear risk of bias.
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Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Bigal, 2002 0.357 0.105 1.210 -1.653 0.098
Cete, 2005 a 0.313 0.110 0.889 -2.181 0.029
Cete, 2005 b 0.339 0.121 0.947 -2.064 0.039
Corbo, 2001 0.957 0.327 2.799 -0.080 0.936
Demirkaya, 2001 0.011 0.001 0.136 -3.513 0.000
Shahram, 2015 0.077 0.030 0.199 -5.292 0.000

0.227 0.089 0.577 -3.118 0.002

0.01 0.1 1 10 100
Favours IV magnesium Favours Control

   

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Liu, 2013 0.354 0.085 1.476 -1.426 0.154
Shahrami, 2015 0.219 0.090 0.531 -3.361 0.001
Tang, 2011 0.357 0.064 2.007 -1.169 0.242
Wang, 2013 0.315 0.093 1.070 -1.852 0.064
Xu, 2010 0.060 0.022 0.163 -5.555 0.000

0.197 0.097 0.401 -4.473 0.000

0.01 0.1 1 10 100

Favours IV magnesium Favours Control

    

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Bigal, 2002 0.500 0.229 1.091 -1.742 0.082
Li, 2013 0.357 0.105 1.210 -1.653 0.098
Wang, 2010 a 0.269 0.091 0.799 -2.363 0.018
Wang, 2010 b 0.060 0.018 0.204 -4.505 0.000

0.247 0.102 0.598 -3.096 0.002

0.01 0.1 1 10 100

Favours IV magnesium Favours Control

 

Figure 3. Forest plots for studies measuring the effect of intravenous magnesium on acute migraine attacks in 
the time frames of 15–45 min (A), 120 min (B), and (C) 24 h (D) following the initial infusion. 

(B)

(A) 

(C)

Fig. 3. Forest plots for studies measuring the effect of  intravenous magnesium on acute migraine attacks in the time frames of  
15–45 min (A), 120 min (B), and (C) 24 h (D) following the initial infusion.
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Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Bian, 2013 0.706 0.333 1.495 -0.910 0.363
Koseoglu,2008 0.511 0.138 1.887 -1.007 0.314
Maizels, 2004 0.817 0.296 2.259 -0.389 0.697
Peikert, 1996 0.404 0.181 0.903 -2.210 0.027
Tarighat Esfanjani, 2012 0.000 0.000 0.000 -10.403 0.000
Tarighat Esfanljani,  2012 a 0.314 0.127 0.777 -2.504 0.012
Wang, 2001 0.275 0.068 1.112 -1.811 0.070
Yang, 2005 4.083 0.440 37.867 1.238 0.216

0.204 0.047 0.892 -2.112 0.035

0.01 0.1 1 10 100

Favours oral magnesium Favours Control

 

 

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Bian, 2013 0.354 0.165 0.760 -2.663 0.008
Hu, 2011 0.272 0.098 0.758 -2.490 0.013
Koseoglu, 1996 0.250 0.066 0.947 -2.039 0.041
Lan, 1999 0.526 0.055 5.035 -0.557 0.577
Maizels, 2004 0.397 0.141 1.114 -1.754 0.079
Peikert, 1996 0.414 0.185 0.924 -2.154 0.031
Tang, 1998 1.219 0.358 4.146 0.317 0.751
Tarighat Esfanjani, 2012 0.009 0.003 0.029 -7.883 0.000
Tarighat Esfanjani, 2012 a 0.393 0.160 0.965 -2.037 0.042

0.271 0.121 0.607 -3.174 0.002

0.01 0.1 1 10 100
Favours Oral magnesium Favours Control

  

Figure 4. Forest plot for studies measuring the frequency of migraine (A), and the 
intensity of migraine (B). 

(A)

(B)

Fig. 4. Forest plot for studies measuring the frequency of  migraine (A), and the intensity of  migraine (B).

of oral magnesium supplements on the intensity of mi-
graine (Fig. 4B). The pooled OR was 0.27 (95% CI = 0.12 
to 0.61), with the I2 and Cochran’s Q value indicating 
heterogeneity across all the included studies (Q = 41.17, 
P  < 0.001, I2 = 80.57).

Moderator Analyses and Meta-regression
As seen in Table 4, in determining the moderator 

effects of intravenous magnesium within 15 – 45 min-
utes after the initial infusion, the percent of women 
was associated with a significantly increased migraine 
attack, with an OR of 0.05 (95% CI = 0.02 to 0.08, P = 
0.003) per one point. Although intravenous magnesium 
combined with other treatments yielded fewer reduc-

tions in acute migraine attack than magnesium alone 
(OR = 0.61 and 0.33), the difference was not statistically 
significant (P = 0.52). In addition, the effects of intrave-
nous magnesium combined with other therapies on re-
ducing migraine was found to be nonsignificant (95% 
CI = 0.36 to 1.02).

Regarding the moderating effects of the intrave-
nous magnesium within 24 hours after the initial infu-
sion, Increased age was associated with a significant 
reduction of migraine (OR = -0.14, 95% CI = -0.28 to 
-0.004, P = 0.04). The percentage of women correlated 
to a significantly increased migraine attack (OR = 0.18, 
95% CI = 0.02 to 0.34, P = 0.03). 

In regard with the moderating effects of oral mag-
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Table 4. Moderator analyses and meta-regressions. 

Parameter k Point estimate 95% CI P

Intravenous magnesium 15-45 min 6

Age 6 0.04 -0.18 to 0.26 .73

Percentage of women 6 0.05 0.02 to 0.08 .003

Magnesium combined with other therapies 

Yes 4 0.61 0.36 to 1.02 .52

No 4 0.33 0.05 to 2.00

 Types of control group

Active 2 0.15 0.04 to 0.60 .51

Inactive 4 0.28 0.08 to 0.97

Blinding of outcome assessor

High or unclear risk of bias 4 0.23 0.09 to 0.60 .95

Low risk of bias 2 0.27 0.02 to 3.17

Intravenous magnesium 24h 4

Age 4 -0.14 -0.28 to -0.004 .04

Percentage of women 3 0.18 0.02 to 0.34 .03

 Types of control group

Active 2 0.31 0.14 to 0.69 .65

Inactive 2 0.18 0.02 to 1.46

Oral Magnesium for migraine frequency 8

Age 7 0.08 -0.14 to 0.30 .48

Percentage of women 8 -0.11 -0.48 to 0.09 .26

Treatment dosage 7 -0.0006 -0.0002 to 0.0001 .51

Magnesium combined with other therapies

Yes 4 0.48 0.002 to 3.62 .34

No 4 0.08 0.31 to 0.86

 Types of control group

Active 5 0.58 0.31 to 1.10 .17

Inactive 3 0.02 0.00 to 2.33

Region of study

China 3 0.72 0.24 to 2.18 .10

Other countries a 5 0.08 0.009 to 0.83

Oral Magnesium for migraine intensity 9

Age 7 0.02 -0.07 to 0.12 .61

Percentage of women 8 -0.04 -0.14 to 0.05 .32

Total dosage 9 -0.0003 -0.0008 to 0.0002 .28

Magnesium combined with other therapies

Yes 4 0.35 0.10 to 1.21 .57

No 5 0.22 0.07 to 0.70

Types of control group

Active 6 0.41 0.27 to 0.63 .25

Inactive 3 0.10 0.01 to 1.07

Region of study

China 4 0.44 0.23 to 0.83 .22

Other countries b 5 0.18 0.05 to 0.66
Abbreviation: CI = confidence interval. a = Turkey, America, Germany, and Iran. b = Turkey, America, Germany, and Iran.
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nesium, although studies conducted in China yielded 
fewer reductions in pain frequency and intensity (OR 
= 0.72 and 0.44) than did studies conducted in other 
countries (OR = 0.08 and 0.18), the differences were not 
statistically significant (P = 0.10 and 0.22). Oral magne-
sium alone had greater reductions in the frequency and 
intensity of migraine (OR = 0.08 and 0.22) than magne-
sium combined with other treatments (OR = 0.48 and 
0.35); however, the differences were not statistically 
significant (P = 0.34 and 0.57). Most importantly, the ef-
fects of oral magnesium combined with other therapies 
on reducing the frequency and intensity of migraine 
were not statistically significant (95% CI = 0.002 to 3.62 
and 0.10 to 1.21). As seen in Table 4, no moderating ef-
fect was found for the effects of oral migraine on the 
frequency and intensity of migraine. 

Sensitivity Analyses
Sensitivity analyses showed that the adjusted OR of 

0.40 (95% CI = 0.28 to 0.57) was observed in the studies 
examining the effects of oral magnesium on migraine 
frequency after removing the study with the smallest 
value of OR. Substantial homogeneity was observed 
across the included studies (Q = 4.37, P = 0.74, I2 = 0%). 
With regard to the studies investigating oral magne-
sium on migraine intensity, the adjusted OR was 0.53 
(95% CI = 0.34 to 0.81) indicating homogeneity across 
the included studies (Q =7.05, P = 0.32, I2 = 14.9%) after 
omitting the study with the smallest value of OR.

After excluding the trial without reporting the 
diagnostic criteria for migraine, sensitivity analysis re-
vealed that the adjusted OR was 0.23 (95% CI = 0.10 to 
0.52) indicating that the effect of oral magnesium on 
the intensity of migraine was not influenced by the use 
of diagnostic criteria for migraine before enrollment.

Publication Bias
For studies that examined the effects of intrave-

nous magnesium on acute migraine attacks within 15 
– 45 minutes, 120 minutes, and 24 hours after the initial 
infusion, no significant publication bias has been ob-
served (P = 0.42, 0.36, and 0.29, respectively). Regarding 
the effects of oral magnesium supplements on the fre-
quency and intensity of migraine, no publication bias 
has been detected (P = 0.33 and 0.78, respectively).

Discussion

This meta-analysis suggests that intravenous mag-
nesium and oral magnesium supplements produced 
substantial effects on migraine. Although this meta-

analysis could not directly determine how intravenous 
and oral magnesium improved migraine through the 
aforementioned mechanisms (6,8-11), the findings of 
the meta-analysis indirectly support the positive role of 
magnesium in the acute treatment and prevention of 
migraine.

Our findings revealed that intravenous magnesium 
yielded beneficial effects on alleviating acute migraine 
immediately (15 – 45 minutes) after the initial infusion. 
In addition, the intermediate (120 minutes) and long-
term (24 hours) effects of intravenous magnesium on 
acute migraine attacks could be observed. Compared 
with the previous meta-analysis (18), the present meta-
analysis examined clinically more relevant effects of 
magnesium, applied more specific inclusion criteria, 
and more rigorously assessed the quality of the includ-
ed studies with 2 independent raters. Thus, the over-
all results of this meta-analysis should be considered 
credible.

Because some of the included studies combined in-
travenous or oral magnesium therapy with other thera-
pies as the interventions, it was difficult to determine 
whether the beneficial effects on migraine were de-
rived from the magnesium or other therapies. Compel-
lingly, our findings of the moderator analyses showed 
that both types of studies (those that used intravenous 
or oral magnesium alone, and those that used the mag-
nesium combined with other therapies [e.g., metoclo-
pramide, ozagrel, and Chinese herbs]) yielded similar 
treatment effects on alleviating migraine (see Table 4). 
We also found that the effects of intravenous or oral 
magnesium combined with other therapies on reduc-
ing migraine were not statistically significant. In clinical 
settings, migraineurs often receive various treatment 
approaches simultaneously to mitigate their migraine 
(52,53). Our findings support the beneficial effects of 
intravenous and oral magnesium on acute migraine 
attacks and the prophylaxis of migraine, respectively, 
regardless of whether magnesium is combined with 
other therapies. However, because of the inclusion of 
small-scale studies, our findings should be interpreted 
with caution.

In the meta-regression, the percentage of women 
was independently associated with treatment effects of 
intravenous magnesium on alleviating migraine within 
15 – 45 minutes, and age and the percentage of women 
were associated with treatment effects of intravenous 
magnesium on alleviating migraine within 24 hours. De-
spite women being more likely to experience migraine 
than men, and despite the occurrences of migraine ris-
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