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Abstract
Background:Transcranial direct current stimulation (tDCS) is a promising method for 
migraine treatment. In this study, we investigated the efficacy and safety of tDCS for 
migraine by conducting a systematic review and meta- analysis of randomized con-
trolled trials (RCTs).
Methods:We searched PubMed, EMBASE, Cochrane Library, and Web of Science up 
to December 02, 2021 for RCTs reporting tDCS for migraine treatment. Two authors 
independently evaluated the eligibility of the retrieved trials and extracted relevant 
data. Outcomes for the quantitative synthesis were reduction in migraine days per 
month and adverse events.
Results:Eleven RCTs that included 425 patients with migraine were evaluated in the 
meta- analysis. The efficacy and safety of anodal or cathodal stimulation targeting 
different brain areas, including primary motor cortex (M1), primary sensory cortex 
(S1), dorsolateral prefrontal cortex (DLPFC), and visual cortex (VC), were assessed 
in the RCTs enrolled. We found that tDCS with M1 and VC activation could reduce 
No. of migraine days per month in patients with migraine. Meanwhile, tDCS with VC 
inhibition could also reduce No. of migraine days per month in patients with migraine. 
However, there were no differences in the incidence of adverse events between the 
two groups.
Conclusion:tDCS activates M1 or activates/inhibits VC which could improve migraine 
symptoms. tDCS is an effective, preventive, and safe treatment for migraine.
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1  |  BACKGROUND

Migraine is the most prevalent neurological disorder worldwide, and 
more than 1 billion people have migraine according to the Global 
Burden of Disease study in 2016.1 The typical characteristic feature 
is recurrent headaches lasting for 4– 72 h, occurring at a unilateral 
location, pulsating quality, and moderate or severe intensity. It is 
associated with nausea, phonophobia, and photophobia according 
to the International Classification of Headache Disorders, 3rd edi-
tion (ICHD- 3).2 Although numerous pharmacological treatments are 
available, including triptans, and drug target calcitonin gene- related 
peptides (CGRP), their effectiveness, and safety are only partial.3 
Furthermore, some migraineurs are hesitant to choose pharmaco-
logical treatment.

Noninvasive brain stimulation (NIBS), which targets either trans-
cutaneous peripheral nerves or the brain, is a much better tolerated 
treatment for migraine, some of which are recommended in guide-
lines.4,5 Transcranial direct current stimulation (tDCS) is an effective 
method to inhibit or activate the underlying cerebral cortex, thereby 
regulating the abnormal cortico- thalamic information processing in 
migraine.6 However, the target brain area, sessions, and results of 
clinical trials are varied.7– 19 Hence, we conducted a systematic re-
view and meta- analysis to evaluate the efficacy and safety of tDCS 
for migraine.

2  | METHODS

2.1  |  Literaturesearch

Relevant literature was identified from four electronic databases: 
PubMed, EMBASE, Cochrane Library, and Web of Science. The 
search dates were inception to December 02, 2021. The terms 
used for searching tDCS literature were “transcranial direct current 
stimulation” and “tDCS”. The terms used for searching migraine 
literature were “migraine disorders,” “migraine without aura,” and 
“migraine with aura.” The search strategies are summarized in 
Table S1.

2.2  |  Inclusionandexclusioncriteria

The PICOS framework was used to organize the inclusion criteria. 
Population (P): studies that enrolled participants with migraine; in-
tervention (I): tDCS; comparison (C): sham stimulation; outcomes 
(O): number of migraine days per month or pain intensity; study de-
sign (S): randomized controlled trials.

Studies that met any of the following criteria were excluded: 
(1) participants included patients with other headache disorders 
or healthy volunteers; (2) studies were published as conference 
abstracts without sufficient data to calculate the effect size.

2.3  | Dataextractionandanalysis

Two authors screened the literature, read full- text articles, and de-
cided to enroll independently. If there was disagreement, then the 
decision was made by a third author. Data extraction and handling 
of missing values have been described in our previous publica-
tion.20 The quality and risk of bias of studies with randomized con-
trolled trial designs were assessed using the Cochrane Handbook's 
tool for assessing the risk of bias. The primary outcomes were the 
reduction in number of migraine days per month from baseline to 
post- treatment. Secondary outcomes were the reduction in pain in-
tensity and the incidence of adverse events.

2.4  |  Statisticalanalysis

For statistical analysis, Review Manager 5.3 (Cochrane 
Collaboration, http://tech.cochr ane.org/home) was used. The het-
erogeneity of the enrolled trials was evaluated using I2. If I2 was 
<50%, then the heterogeneity of the trials enrolled was deemed 

F IGURE 1 Risk of bias in the trials enrolled. The risk of bias of 
in the enrolled trials was judged by the authors. The circles in red, 
yellow, and green indicate high, unclear, and low risk, respectively

http://tech.cochrane.org/home
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acceptable and the differences between groups were analyzed 
using the fixed- effects model. Otherwise, a random- effects model 
was used to eliminate the effect of heterogeneity and draw con-
clusions. The inverse variance method was used to measure the 
difference between continuous variables in the enrolled trials and 
weighted mean difference (WMD). Odds ratios (OR) were calcu-
lated for dichotomous variables, and the Mantel– Haenszel test 
was used to assess the difference. The significant level was set at 
p < 0.05.

3  |  RESULTS

3.1  |  Literaturesscreeningandriskofbias
assessment

Forty- five records were identified according to our search strategy. 
Twelve studies with 11 independent trials were included in accord-
ance with our inclusion criteria. A flowchart of literature screening is 
shown in Figure S1. The quality of the trials enrolled was evaluated 

F IGURE 2 Reduction in the number of migraine days per month from baseline to post- treatment. The figure shows a reduction in the 
number of migraine days per month from baseline to different post- treatment periods: (A) no more than 1 month, (B) more than 1 month and 
no more than 3 months, and (C) more than 3 months

F IGURE 3 Reduction in pain intensity from baseline to post- treatment. The figure presents the reduction in pain intensity from baseline 
to different post- treatment periods: (A) no more than 1 month, (B) more than 1 month and no more than 3 months, and (C) more than 
3 months
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by risk of bias, and we found that a high risk existed in one term 
of two trials, low risk existed in all terms of three trials, and some 
terms of trials had unclear risk because of insufficient information 
(Figure 1).

3.2  |  Characteristicsofthetrialsenrolled

The 11 enrolled trials included participants with episodic migraine 
with or without aura, chronic migraine, and menstrual migraine, 
which were diagnosed according to ICHD- 2 or ICHD- 3. Anodal and 
cathodal stimulations were applied to 7 and 6 trials, respectively. 
The stimulation targeted different brain areas, including primary 
motor cortex (M1), primary sensory cortex (S1), dorsolateral prefron-
tal cortex (DLPFC), and visual cortex (VC). Seven different treatment 
methods, namely anodal DLPFC, anodal M1, cathodal M1, cathodal 
S1, anodal VC, cathodal VC, and sham, were applied to the 11 trials 
enrolled. A total of 425 patients with migraine were enrolled in the 
11 trials. The numbers of patients in the anodal DLPFC, anodal M1, 
cathodal M1, cathodal S1, anodal VC, cathodal VC and sham was 3, 
115, 59, 15, 11, 44, and 178, respectively. The intensity and total 
dosage of stimulation were varied, as summarized in Table 1. The 
assessment time points ranged from immediate post- treatment as-
sessment to 12 months post- treatment assessment.

3.3  |  Reductioninthenumberofmigrainedaysper
monthfrombaselinetopost-treatment

Five trials explored the effect of active stimulation to reduce the 
number of migraine days per month. We found that active stimula-
tion achieved a significant reduction in the post- treatment period 
of no more than 1 month (WMD = 2.96, 95% confidence interval 
[CI] = [0.23, 5.69], I2 = not applicable, p = 0.03), and more than 
1 month and no more than 3 months (WMD = 1.94, 95% CI = [1.57, 

2.30], I2 = 0%, p < 0.00001), as compared with sham stimulation. 
However, in a period of more than 3 months, there was no differ-
ence between the two groups (WMD = 1.14, 95% CI = [−1.07, 3.34], 
I2 = 61%, p = 0.31) (Figure 2).

Subgroup analysis revealed that anodal M1 achieved a significant 
reduction in the post- treatment period of no more than 1 month 
(Figure 2A). Meanwhile, anodal and cathodal VC achieved a signif-
icant reduction in the post- treatment period of more than 1 month 
and no more than 3 months (Figure 2B). Anodal VC was signifi-
cantly reduced in the post- treatment period of more than 3 months 
(Figure 2C). However, anodal M1 and cathodal M1 did not reduce 
the number of migraine days per month in the post- treatment period 
of more than 3 months (Figure 2C).

3.4  |  Reductioninpainintensityfrombaselineto
post-treatment

Seven trials with high heterogenicity explored the effect of ac-
tive stimulation to reduce the pain intensity. We found that active 
stimulation achieved a significant reduction in the post- treatment 
period of no more than 1 month (WMD = 2.45, 95% CI = [1.41, 
3.49], I2 = 95%, p < 0.00001), more than 1 month and no more 
than 3 months (WMD = 0.82, 95% CI = [0.22, 1.42], I2 = 70%, p 
=0.007), and more than 3 months (WMD = 3.04, 95% CI = [0.08, 
6.01], I2 = 95%, p = 0.04), as compared with sham stimulation 
(Figure 3).

Subgroup analysis found that anodal M1, cathodal M1, cathodal 
S1, and cathodal VC achieved a significant reduction in the post- 
treatment period of no more than 1 month (Figure 3A). Meanwhile, 
anodal M1 and cathodal VC achieved a significant reduction in the 
post- treatment period of more than 1 month and no more than 
3 months (Figure 3B). Anodal M1, cathodal M1, and cathodal S1 
achieved a significant reduction in the post- treatment period of 
more than 3 months (Figure 3C).

TABLE 2 Adverse events

Numberof
trials

Activestimulation Shamstimulation Effectestimate

n N n N OR95%CI I2 p

Burning sensation 4 15 75 3 67 3.16 [0.93, 10.78] 21% 0.07

Dizziness 2 4 29 3 21 0.53 [0.08, 3.40] 0% 0.5

Drowsiness 4 11 47 8 31 0.70 [0.24, 2.02] 54% 0.69

Fatigue 2 8 24 8 25 1.08 [0.33, 3.60] 46% 0.89

Headache 6 30 90 16 59 1.39 [0.58, 3.33] 0% 0.46

Itching 5 20 87 14 84 1.33 [0.56, 3.17] 8% 0.52

Nausea 2 5 47 1 53 4.85 [0.72, 32.59] 0% 0.1

Pain 3 14 29 10 22 1.06 [0.33, 3.37] 0% 0.93

Skin redness 2 8 18 4 10 1.14 [0.29, 4.41] 84% 0.98

Tingling 8 53 125 43 103 1.01 [0.54, 1.86] 0% 0.98

Abbreviations: OR, odds ratio; CI, confidence interval.



    | 997HONG et al.

3.5  |  Safetyofactivestimulation

In the enrolled trials, patients treated with active stimulation experi-
enced burning sensations, dizziness, drowsiness, fatigue, headache, 
itching, nausea, pain, skin redness, and tingling. However, there were 
no differences in the incidence of these adverse events between ac-
tive and sham stimulation according to the meta- analysis (Table 2).

4  | DISCUSSION

Our review demonstrates that active stimulation with tDCS can 
reduce the number of migraine days per month or pain intensity in 
patients with migraine. Moreover, tDCS with M1 and VC activation 
reduced the number of migraine days per month in patients with mi-
graine. tDCS with activation of DLPFC and M1 could improve migraine 
pain intensity. Meanwhile, tDCS with VC inhibition could reduce the 
number of migraine days per month in patients with migraine. tDCS 
with inhibition of M1, S1 and VC could reduce pain intensity in mi-
graine patients. However, tDCS with inhibition of M1 did not reduce 
the number of migraine days per month in the post- treatment period 
of more than 3 months. Active stimulation with tDCS did not increase 
the incidence of adverse events. Therefore, tDCS is an effective and 
safety option for preventive treatment of migraine.

Abnormal cortico- thalamic information processing, character-
ized by a normal- to- low amplitude response to low numbers of stim-
uli, followed by an amplitude increase during prolonged stimulation 
between attacks, is a characteristic of migraineurs’ brain.6 Moreover, 
changes in glutamatergic function and homeostatic plasticity appear 
to be associated with cortical excitability disorders.7 M1 and S1 have 
been considered the central locus for pain control in some condi-
tions; however, the mechanisms associated with M1 and S1 activa-
tion appear to involve other cortical areas, such as DLPFC, thalamus, 
cerebellum, and anterior cingulate cortex.7,15 Anodal and cathodal 
tDCS can modify the cortical spreading depression, which is im-
portant for migraine pathophysiology and abnormal ion homeosta-
sis.7,15 Previous studies found that the frequency of headache and 
pain intensity was reduced by excitatory NIBS in the M1 or DLPFC. 
However, inhibitory NIBS on the vertex or VC did not significantly 
change the pain intensity or frequency of headache attacks in mi-
graineurs.21,22 Our results showed that either activating or inhibiting 
M1 or VC could improve migraine prognosis. Meanwhile, activating 
the DLPFC or inhibiting S1 could improve migraine prognosis.

A previous study performed a meta- analysis of the therapeutic 
effects of different NIBS in stimulating a particular brain region in 
patients with migraine.21 Another study systemically reviewed the 
therapeutic effects of tDCS in different brain regions with seven 
clinical trials.22 This study focused on the tDCS targeting different 
brain areas, and 11 clinical trials were enrolled. We found that tDCS 
stimulated M1, S1, DLPFC, and VC to relieve pain intensity.

Neurovascular mechanisms of migraine include that activation 
of the trigeminovascular system, which can cause the release of 

vasoactive neuropeptides, subsequently leading to plasma pro-
tein extravasation, acute neurogenic inflammation, and transient 
vasodilation of the vessels.23– 25 Alteration of cerebrovascular 
function and the decrease in endothelial shear stress on mag-
netic resonance imaging (MRI) have proven this hypothesis.26,27 
Furthermore, the neurovascular mechanism is a potentially im-
portant therapeutic target for the treatment of migraine, which 
has been proven by the successful application of triptans and 
CGRP antagonists.25 Previous studies have found disparities in 
cerebrovascular diseases, which are mainly caused by sex differ-
ence.28,29 Transcranial alternating current stimulation can modu-
late pain empathy in a sex- dependent manner.30 In our study, we 
did not observe any effect of tDCS, stratified by sex. Therefore, it 
is important that future studies should consider the impact of sex 
differences in tDCS for migraine.

The limitations of this study are as follows: First, the sample size 
of the majority of the trials enrolled was small, and estimation of the 
effect size may have been underpowered. Second, although the en-
rolled patients were migraineurs, the subtypes of migraine were not 
distinguished, which might tamper with the validity of our findings. 
Third, fewer studies were included in each subgroup, which resulted 
in the reproducibility of each experiment not being verified. Finally, 
our results could not be applied to the abortive treatment of mi-
graine because of the absence of outcomes such as pain- free 2 h 
or pain- relief 2 h. Hence, further studies with a larger sample size, 
uniform migraine, multicenter, and different treatment goals must 
be conducted to evaluate the efficacy and safety of tDCS targeting 
different brain areas.

5  |  CONCLUSIONS

tDCS activates M1, or activates/inhibits VC. which could improve 
migraine symptoms. tDCS is an effective preventive and safe treat-
ment for migraine.
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