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Background: Migraine is an intractable headache disorder, manifesting as periodic
attacks. It is highly burdensome for patients and society. Acupuncture treatment can
be beneficial as a supplementary and preventive therapy for migraine.

Objectives: This systematic review and meta-analysis aimed to investigate the efficacy
and safety of acupuncture for migraine, and to examine transcranial doppler changes
after acupuncture.

Methods: Reports, conference, and academic papers published before March 15, 2019
in databases including PubMed, Cochrane library, Embase, China National Knowledge
Infrastructure, WANFANG Database, Chinese journal of Science and Technology,
and China Biomedical were searched. Randomized controlled trials (RCTs) involving
acupuncture, sham acupuncture, and medication in migraine were included. The
Cochrane Collaboration software, RevMan 5.3, was used for data processing and
migration risk analysis.

Results: Twenty-eight RCTs were included. 15 RCTs included medication only, 10
RCTs included sham acupuncture only, and 3 RCTs included both. The study included
2874 patients, split into 3 groups: acupuncture treatment group (n = 1396), medication
control group (n = 865), and sham acupuncture control group (1 = 613). The results
showed that treatment was more effective in the acupuncture group than in the sham
acupuncture group (MD = 1.88, 95% CI [1.61, 2.20], P < 0.00001) and medication group
(MD =1.16,95% CI[1.12, 1.21], P < 0.00001). Improvement in visual analog scale (VAS)
score was greater in the acupuncture group than in the sham acupuncture group (MD
= —1.00, 95% CI [-1.27,-0.46], P < 0.00001; MD = —0.59, 95% ClI [-0.81,—0.38], P
< 0.00001), and their adverse reaction rate was lower than that of the medication group
(RR =0.16, 95% CI [0.05, 0.52], P = 0.002). The improvement of intracranial blood flow
velocity by acupuncture is better than that by medication, but the heterogeneity makes
the result unreliable.

Conclusions: Acupuncture reduced the frequency of migraine attacks, lowered
VAS scores, and increased therapeutic efficiency compared with sham acupuncture.
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Compared with medication, acupuncture showed higher effectiveness with less adverse
reactions and improved intracranial blood circulation. However, owing to inter-study
heterogeneity, a prospective, multicenter RCT with a large sample is required to verify

these results.

Keywords: acupuncture, migraine, efficacy and safety, transcranial doppler, systematic review, meta-analysis

INTRODUCTION

Migraine is characterized by recurrent, pulsating headaches
and elevated intracranial blood flow caused by vasomotor and
cerebrocortical dysfunction, vasospasm, and excessive stress. It
can be triggered by stimuli such as light, sound, or physical
activity (1). Symptoms such as nausea and vomiting can occur
with the aggravation of the condition. In severe cases, patients
may also develop neuropsychiatric symptoms (2). Migraine
pathophysiology mainly involves functional changes occurring
within the trigeminal neurovascular system, which includes
the trigeminal ganglion, the meningeal vascular system, and
specific nuclei of the brain stem, thalamus, and somatosensory
cortex. The currently available pharmacological treatments
for acute migraine are mainly aimed at controlling blood
vessel dilation, trigeminal nerve activation, and serotonin (5-
hydroxytryptamine) signaling (3-5). However, these drugs seem
to be unable to fully counteract the complex pathological
mechanisms underlying the condition, making recurrence
possible. Further, these treatments are associated to adverse
effects that may negatively affect patient prognosis. In addition
to these challenges, migraine treatment is associated with high
medical costs and resource use (6). In the Global Burden of
Disease Study 2016, migraine was ranked as the sixth most
disabling disease (7), indicating its huge adverse impact on
individuals and society.

Presently, the acute stage of migraine is principally treated
with  non-steroidal anti-inflammatory drugs (NSAIDs),
barbiturates, and opioids. Although the above drugs have
achieved positive results in the treatment and prevention of
migraine, some side effects are inevitable for patients with
long-term use. The medication overuse headache (MOH) will
be generated after long term use of NSAIDs. Additionally, the
ergotamine may cause nausea, vomiting, vertigo, restlessness,
gastric, and chest symptoms, whereas an overdose or chronic
overuse may precipitate MOH, ergotism as well as heart and
brain infarction (8, 9). In view of the fact that migraine may
be chronic, thus requiring long-term control, it is relevant for
current research to explore treatment scheme focusing on high
efficacy and minimal side effects. In Asian countries such as
China, traditional Chinese therapies, especially acupuncture,
herbal medicine, and massage, have been shown to confer
unique advantages in the treatment of migraine (10-12).
In Western countries, acupuncture has also gradually been
accepted as a viable alternative or supplementary therapy for
migraine and other pain conditions (13, 14). Prior research
has shown that acupuncture can improve migraine and
associated cutaneous allodynia by inhibiting the expression
of calcitonin gene-related peptide in the trigeminal ganglion,

and by alleviating neuroinflammation through the reduction
of inflammatory factor levels such as those of interleukin-1
and tumor necrosis factor-a (15). Compared with medication,
acupuncture therapy is relatively low-cost and has fewer side
effects, making it an attractive option for the auxiliary regulation
and prevention of various chronic diseases (16).

While acupuncture demonstrably attenuates and prevents
migraine, and improves intracranial blood circulation, its
curative effect in migraine remains controversial, due to the
periodicity of the condition (17). In order to better understand
the clinical effect of acupuncture on migraine and its influence
on intracranial hemodynamics, we have performed a meta-
analysis of randomized controlled trials (RCTs) of acupuncture
treatment for migraine in the last ten years. Meta-analysis of 28
articles showed that acupuncture treatment has higher treatment
efficiency than sham acupuncture treatment, and acupuncture
can reduce the frequency of migraine attacks and ameliorate the
visual analog scale (VAS) score more significantly. Compared
with the medication (medication group), acupuncture treatment
is more effective and the incidence of adverse reactions is lower.
In addition, the transcranial doppler (TCD) analysis results
suggested that the acupuncture group has a better hemodynamic
improvement effect than the medication group, but the results
need to be further verified due to the existence of heterogeneity.

METHODS
Search Strategy

Literature databases such as PubMed, Cochrane Library, Embase,
Web of Science, China National Knowledge Infrastructure
(CNKI), WANFANG, Chinese Journal Of Science And
Technology (VIP), and China Biomedical (CBM) were
queried for RCTs of acupuncture treatments of migraine,
and supplementary literature was manually retrieved. Search
terms were limited to migraine and acupuncture. We included
Chinese reports published between January 1, 2009-March 15,
2019. Due to the relative dearth of research on acupuncture
treatment performed outside of China, we extended the
acceptable time of publication of articles written in languages
other than Chinese to January 1, 2000.

Criteria for Selecting Articles

We employed the following inclusion criteria when selecting
reports: (1) patients were diagnosed with “migraine” according
to clear diagnostic (inclusion) criteria, regardless of age,
gender, duration, and source of cases and did not have any
other diseases; (2) the experimental group was treated with
acupuncture (electro-acupuncture, ear acupuncture, puncture
and bloodletting, or abdominal needle), while the control
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group was treated with sham acupuncture or drug therapy;
(3) study was either an RCT or clinical controlled trial; and
(4) patients’ condition was evaluated by standardized efficacy
evaluation criteria (attack frequency, duration, VAS score, TCD,
efficacy rate, etc.). While reports written in any language were
accepted, we employed the following exclusion criteria: (1)
animal experiments, (2) repeated experiments, (3) no clear
diagnostic criteria for migraine, (4) irregular evaluations of the
patient’s condition, and (4) the application of other treatments
in addition to acupuncture (such as acupuncture combined
with traditional Chinese medicine or moxibustion) in the
treatment group.

Data Extraction

The following data was obtained from the selected reports and
inputted into an Excel template: frequency of migraine (FM),
duration of migraine (DM), TCD, VAS, response rate (ER), and
adverse reactions (AE). Both the selection of the reports and
the extraction of the data were conducted independently by two
different evaluators according to the inclusion and exclusion
criteria; differences between the two evaluators were resolved
through discussion, and the consistency of data was confirmed
by a third party.

Risk of Bias Assessment

Two researchers conducted quality evaluation of the included
literature by using a risk-bias assessment tool provided by
Cochrane Revman 5.3, and made judgments of high risk,
low risk and unclear for each item. Bias types included
(1) random sequence generation, (2) allocation hiding, (3)
blinded researchers and subjects, (4) blinded comparison of the
study results, (5) integrity of final data, (6) selective reporting
of research results, (7) other sources. For example, in the
generation of random sequences, high risk refers to the random
sequence methods used by researchers to describe errors, such
as classification by date of birth and outpatient number. Low
risk refers to classification according to random number tables,
computer random generators, coin flips, and so forth.

Quality Assessment

Meta-analysis was performed using Cochrane systematic Review
software Manage 5.3. Mean difference (MD) and 95% confidence
intervals (CIs) were used to represent the classification variables.
The risk ratio (OR) and its 95% CI were used to represent the
counting data: OR= 1 indicated no difference between the two
groups; OR > 1, high efficiency in the experimental group; and
OR < 1, high efficiency in the control group. The inter-study
heterogeneity was tested with a chi-square test. P > 0.1 and
2 < 50% indicated that the inter-study heterogeneity was not
statistically significant, in which case the fixed-effect model was
adopted; otherwise, the random effect model was adopted. All
effect quantities were expressed as 95% Cls, and a funnel plot was
used to analyze whether publication bias existed in the literature.

Ethical Statement

All studies were approved by our institution’s ethics committee;
no additional ethical statements are required.

RESULTS

Search Results

A total of 2,272 reports were found: all were published
in journals; 813 were written in English; and 1,459 articles
were written in Chinese, including 1,453 journal articles and
56 academic theses. Of the initially obtained literature, 544
articles were excluded because they were repeated; 884 articles
were excluded because they were non-RCTs; 697 articles
were excluded because the title and abstract indicate that
the treatment group of the article used both acupuncture
and medication; since the efficacy criteria and evaluation
time of acupuncture treatment did not meet our entry
requirements, 119 articles were excluded after further reading.
Twenty-eight articles were included in the subsequent analyses
(Figure 1).

Basic Characteristics of Eligible Studies
The 28 RCTs included 2,874 patients: 1,396 received
acupuncture treatment, 865 were included as medication
controls, and 613 underwent sham acupuncture. Concerning
the types of acupuncture administered, 24 applied
pure acupuncture; three, electric-acupuncture; and one,
acupuncture combined with needling collaterals. Regarding
the types of control groups included in the analyzed
studies, 13 used sham acupuncture, and 18 administered
medication (Figure 1). Five of 28 studies were multi-center
controlled trials (18-22), and the rest were single-center
controlled trials.

For the diagnosis of migraine, three non-Chinese studies
adopted internationally recognized diagnostic criteria (23-25),
and the remaining 25 Chinese studies used international or
Chinese diagnostic criteria. Chinese diagnostic criteria for
migraine without aura are as fellow: A. at least 5 attacks
in accordance with B-D characteristics; B. headache attacks
(untreated or ineffective) lasting for 4 to 72h; C. at least 2
headache characteristics as follows 1. Unilateral 2. Throbbing 3.
Moderate or severe pain 4. Daily activities (such as walking or
climbing stairs) will aggravate headache or avoid such activities
when headache occurs; D. at least accompanied by headache
With the following 1. Nausea and / or vomiting 2. Photophobia
and voice fear; E. cannot be attributed to other diseases. As
for the efficacy criteria for migraine, FM was evaluated in 14
studies (18, 20, 21, 24, 26-35). Nine studies evaluated DM
(18, 22, 27-31, 35, 36). Five studies (29, 36-39) used TCD
to evaluate changes in intracranial blood flow, among which
two were measured after completion of treatment and the
other three were measured 1 month after treatment, the TCD
examination was performed outside migraine attacks. The degree
of pain exhibited by the patients was measured with the VAS
in 16 studies (19, 20, 25, 26, 29, 31, 33-35, 38-44). A total
of 17 studies (18, 20, 21, 23, 27-31, 34-39, 43, 45) evaluated
the treatment efficiency by referring to the following criteria:
clinically curative, the pain disappeared after the treatment
and no recurrence was observed after follow-up; effective,
the degree of pain is reduced and the frequency/duration
of attacks lessened; ineffective: no significant reduction or
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FIGURE 1 | The different phases of the search of the 8 databases and the selection of the studies included in the present analyses.

aggravation of symptoms was observed after treatment. The
total effective rate was defined as the sum of the curative and
effective rates. A total of four studies (34, 36, 38, 41) reported
adverse reactions in the treatment process. Table 1 shows the
main characteristics of the included studies: country of study,

sample size of the treatment and control groups, withdrawal
amount, treatment method selected for the treatment group,
treatment method used for the control group, time course
of efficacy evaluation, efficacy evaluation index, and follow-
up period.
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TABLE 1 | Characteristics of the included studies in the meta-analysis.

Study Country Patients (AC Drop Acupuncture Medicine group Sham Timing Duration of Headache Follow-up
vs. MD vs. out (AC group acupuncture of TCD acupuncture measure
SAC) vs. MD group group
vs. SAC)
Wu et al. (35) China 40 vs. 40vs. 0 0 Acupuncture Flunarizine / / 1 month FM, DM, VAS, 1 month
ER
Xiao et al. (45) China 30 vs. 30 vs. 30 0 Electro- Diclofenac sodium Non-acupoint / 1 month VAS, ER 1 month
acupuncture
Tastan et al. (25) Turkey 30vs. 30vs. 0 6vs. 0 Acupuncture Acetaminophen / / 1 month VAS 3 months
vs. 0
Wang et al. (27) China 20vs. O vs. 20 1vs. 0 Acupuncture / Non-acupoint / 1 month FM, DM, VAS 2 months
vs. 1
Shu et al. (45) China 60 vs. 60 vs. O 2vs. 3 Acupuncture Flunarizine / / 1 month VAS, ER 2 months
vs. 0 hydrochloride
Zhang (29) China 60 vs. 60 vs. O 0 Acupuncture Nimodipine + / Before 1 month TCD, VAS, ER 1 month
Oryzanol and after
treatment
Chen et al. (22) China 38vs. 0vs. 38 Acupuncture / Non-acupoint / 1 month DM, ER, AE 2 months
Ling et al. (46) China 83 vs. 0 vs. 80 Acupuncture / Non-acupoint / 1 month FM, VAS 2 months
Wei et al. (27) China 30vs. 30vs. 0 Acupuncture Fenbid / / 1 month FM, DM 1 month
&
blood-letting
Sun et al. (43) China 30vs.30vs. 0 0 Acupuncture Ergotamine / / 1 month VAS, ER 1 month
Caiet al. (42) China 20 vs. O vs. 20 1vs. 0 Acupuncture / Non-acupoint / 1 month FM, DM, VAS, 1 month
vs. 1 ER
Su et al. (31) China 35vs. 32vs. 0 0 Acupuncture Flunarizine / / 1 month FM, DM, VAS, 1 month
hydrochloride ER
Liu et al. (30) China 58 vs. 58 vs. 0 0 Electro- Nimodipine + / / 1 month FM, DM, ER NA
acupuncture aspirin
Zhang et al. (38) China 33vs. 34vs. 0 2vs. 1 Acupuncture Flunarizine / Within 2 1 month TCD,VAS, 1 month
vs. 0 days ER,AE
before
treatment
and 2
days
after
treatment
Qu and Shen (41) China 31vs.31vs. 0 0 Acupuncture Flunarizine / / 1 month FM, VAS, AE 1 month
hydrochloride
Chen S (34) China 38 vs. 36 vs. 37 1vs. 2 Acupuncture Flunarizine Non-acupoint / 1 month FM, VAS, ER, 2 months
vs. 2 hydrochloride AE
Chen et al. (28) China 70vs.0vs. 70 0 Acupuncture / Non-acupoint / 1 month FM, VAS 2 months
(Continued)
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TABLE 1 | Continued

Study Country Patients (AC Drop Acupuncture Medicine group Sham Timing Duration of Headache Follow-up
vs. MD vs. out (AC group acupuncture of TCD acupuncture measure
SAC) vs. MD group group
vs. SAC)
Zhang et al. (14) China 37 vs. 38 vs. 38 Ovs. 3 Acupuncture Flunarizine Non-acupoint 4 weeks 1 month FM, DM, 2 months
vs. 2 hydrochloride before TCD, VAS, ER
treatment,
4 weeks
after
treatment
and 8
weeks
after
treatment
Yang et al. (21) China 76 vs.0vs. 75 Acupuncture / Non-acupoint / 1 month FM, ER NA
Cao et al. (20) China 23 vs. 0vs. 19 Electro- / Non-acupoint / 1 month FM, VAS, ER 6 months
acupuncture
Chen et al. (28) China 30vs. 0vs. 29 0 Acupuncture / Non-acupoint / 1 month FM, DM, ER 1 month
Foroughipour et al. Iran 50 vs. 0 vs. 50 NA Acupuncture / Non-acupoint / 1 month FM 4 months
(14
Zheng et al. (36) China 60 vs. 60 vs. O 1vs. 2 Acupuncture Flunarizine / Before 1 month TCD, ER, AE 1 month
vs. 0 hydrochloride and after
treatment
Liu et al. (37) China 42 vs. 42 vs. 0 0 Acupuncture Nimodipine + / Before 1 month FM, DM, 1 month
Ergotamine and after TCD, ER
treatment
Ying L et al. (26) China 108 vs. 0 vs. 107 0 Acupuncture / Non-acupoint / 1 month FM, VAS 2 months
Wang et al. (40) China 70vs. 70 vs. O 9vs. 11 Acupuncture Flunarizine / / 1 month FM, VAS 1 month
vs. 0 hydrochloride
Zhong et al. (18) China 114 vs. 104 vs. O 0 Acupuncture Flunarizine / / 1 month FM, DM, ER 1 month
hydrochloride
Allais et al. (23) Italy 80 vs. 80vs. 0 3vs. 7 Acupuncture Flunarizine / / 2 months FM, ER 6 months
vs. 0 hydrochloride

AC vs. MD vs. SAC: acupuncture group vs. medication group vs. sham acupuncture group, NA, not reported; FM, frequency of migraine; DM, duration of migraine; TCD, transcranial doppler; VAS, visual analog scale; ER, effective rate;

AE, adverse events.
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Quality Assessment

The results of methodological evaluation are shown in Figure 2.
Of the 28 studies, 24 mentioned their methods of random
allocation: 10 used a random number table (27, 28, 31, 35, 38, 39,
42-45), 10 used a computer-based method (18, 21, 23, 24, 29, 32,
34, 36, 40, 41), and four used a central random system (19, 20, 26,
33). Thirteen studies were blinded: 11 used a single-blind method
(18,20, 24-26,32-34, 38, 40, 45); and two, a double-blind method
(19, 33). Fifteen articles mentioned their methods of random
hiding: 12 used sealed envelopes (18, 24, 26, 27, 29, 32, 34, 38, 40—
42, 45); one, a computer-based method (21); and two, a central
random system (19, 20). Eleven articles reported the number of
people who discontinued the trial (23-25, 29, 32, 34, 36, 38, 40,
42, 44).

Results of Individual Studies

FM

A total of 14 studies (18, 20, 21, 24, 26-35) evaluated FM,
comprising a total of 1,528 patients (Figure 3). The acupuncture
group was used as the treatment group, and the sham
acupuncture group was used as the control group for the chi-
square test: ¥? = 10.11, I> = 31%, P = 0.18 (P > 0.05). The
forest map generated after statistical combination formed the
shape of a diamond situated to the left of the invalid line (MD =
—1.00, 95% CI [-1.27,—0.46]), indicating that the improvement
of FM in the acupuncture-treatment group was better than that
in the sham-acupuncture-treatment group. When comparing the
FM of the acupuncture group and the medication group after
treatment, the difference between above two groups and their
heterogeneity were statistically significant (MD = —0.871, 95%
CI [-1.27,—0.46], P < 0.001; I> = 89%, P < 0.0001; respectively).

DM

Of the studies evaluating the effect of acupuncture on DM
(Figure 3), three meta-analyses using sham acupuncture as the
control group showed statistical heterogeneity among the results
(P = 0.002, > = 84%) (22, 28, 29); therefore a random-effect
model was adopted. Results show that, relative to the sham-
acupuncture group, acupuncture significantly improved DM; the
difference between the two groups was statistically significant
(MD = —1.03, 95% CI [-1.54,—0.53], P = 0.0009). Although
seven studies that administered medication to the control group
found that acupuncture did not improve DM more than drug
administration (MD = —0.58, 95% CI [-1.22, 0.06], P = 0.08 (P
> 0.05)) (18, 27, 29-31, 35, 36), their results featured significant
heterogeneity (I = 97%, P < 0.0001); thus, the relative efficacies
of the two methods remains unclear.

TCD

Given that migraine is characterized by elevated intracranial
blood flow velocity and pulsatile headaches, TCD detection
of intracranial hemodynamic changes can be used to evaluate
the improvement of migraine symptoms (47). We, therefore,
employed a meta-analysis to analyze the influence of treatment
(acupuncture or medication) on intracranial blood flow changes
as measured by TCD (Figure4). Since sham acupuncture
treatment was only administered to controls in one of the
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FIGURE 2 | Bias risk summary map.

studies in which TCD was used, a meta-analysis could
not be conducted with such studies. Alternatively, we used
the 5 studies whose control groups had been treated with
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1.FM ( AC vs SAC)

AC SAC Mean Difference Mean Difference
__Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed, 95% CI
Cao LC 2014 213 0.87 23 3.63 1.26 19 7.2% -1.50[-2.17,-0.83]
Chen HM 2014 24 11 30 3.31 134 29 8.2% -0.91[-1.54,-0.28]
Ling Z 2017 24 17 83 4 29 80 6.0% -1.60[-2.33, -0.87] -
Mohsen Foroughipour 2014 34 1.2 50 44 11 50 15.9% -1.00 [-1.45,-0.55] =
Wang JZ 2017 1.93 0.73 19 3 112 19 9.0% -1.07 [-1.67, -0.47] -
Yang MX 2014 217 14 76 361 2.23 75 9.2% -1.44[-2.03, -0.85] -
Ying L 2012 3 186 108 3.7 158 107 15.2% -0.70[-1.16,-0.24] -
Zhang ZM 2014 2.16 0.71 37 295 0.74 36 29.2% -0.79[-1.12,-0.46] -
Total (95% ClI) 426 415 100.0% -1.00 [-1.18, -0.82] *
Heterogeneity: Chiz = 10.11, df = 7 (P = 0.18); 12 = 31% 4 2 o 2 j‘
Test for overall effect: Z = 10.94 (P < 0.00001) Favours [experimental] Favours [control]
2.FM (AC vs MD )
AC MD Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen SK 2015 3.21 1.38 38 481 215 36 10.2%  -1.60[-2.43,-0.77]
Liu B 2016 1.01 0.85 58 279 154 58 14.4%  -1.78[-2.23,-1.33] -
Su HY 2016 149 0.71 35 25 114 32 143%  -1.01[-1.47,-0.55] -
Wei SZ 2016 1.2 0.96 30 1.8 1.34 30 12.8%  -0.60[-1.19,-0.01] ]
Wu JM 2018 1.45 0.64 40 2.35 0.93 40 155%  -0.90 [-1.25, -0.55] -
Zhang ZM 2014 2.16 0.71 37 193 08 35 15.5% 0.23[-0.12, 0.58] ™
Zhong GW 2009 11 036 114 1.8 032 104 17.4%  -0.70[-0.79, -0.61] -
Total (95% Cl) 352 335 100.0%  -0.87 [-1.27, -0.46] . 4
Heterogeneity: Tau? = 0.25; Chi? = 56.54, df = 6 (P < 0.00001); I? = 89% 4 2 3 2 4:1

Test for overall effect: Z = 4.16 (P < 0.0001)

3.DM ( AC vs SAC)

Favours [experimental] Favours [control]

AC SAC Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Chen HM 2014 2.07 0.83 30 248 1.02 29 29.6% -0.41 [-0.89, 0.07] — &
Cheng KH 2017 1.13 '0.21 38 256 0.94 38 35.0% -1.43[-1.74,-1.12] =
Zhang ZM 2014 2.75 0.71 37 891 056 36 354%  -1.16[-1.45,-0.87] =
Total (95% CI) 105 103 100.0%  -1.03 [-1.54, -0.53] -
Heterogeneity: Tau? = 0.16; Chi2 = 12.52, df = 2 (P = 0.002); |2 = 84% 2 1 o 1 2

Test for overall effect: Z = 4.02 (P < 0.0001)

4.DM ( AC vs MD )

Favours [experimental] Favours [control]

AC MD Mean Difference Mean Difference
Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Liu B 2016 1.25 0.85 58 3.24 1.23 58 14.3%  -1.99[-2.37,-1.61] e
Su HY 2016 16 0.74 35 225 1.1 32 14.0% -0.65[-1.11, -0.19] .
Wei SZ 2016 1.23 0.94 30 216 1.39 30 13.3%  -0.93[-1.53,-0.33] - =
Wu JM 2018 221 1.14 40 1.01 0.74 40 14.2% 1.20[0.78, 1.62] -
Zhang ZM 2014 2.75 0.71 37 252 02 35 14.8% 0.23[-0.01, 0.47] I
Zheng SH 2013 21 04 42 35 141 42 14.4%  -1.40[-1.75, -1.05] T
Zhong GW 2009 1.85 0.61 114 241 042 104 15.0% -0.56 [-0.70, -0.42] =
Total (95% CI) 356 341 100.0% -0.58 [-1.22, 0.06] N
Heterogeneity: Tau? = 0.71; Chiz = 184.21, df = 6 (P < 0.00001); I2 = 97% 2 1 T 1 2

Test for overall effect: Z=1.77 (P = 0.08)

Favours [experimental] Favours [control]

FIGURE 3 | Forest plots of frequency and duration of migraine after acupuncture treatment.

medication (mainly ergotamine and flunarizine hydrochloride)
(29, 36-39). All five studies examined blood flow velocity in
the bilateral anterior cerebral artery (ACA), middle cerebral
artery (MCA), and posterior cerebral artery (PCA) from 0
to 1 month after treatment. The studies collectively included
457 patients. Since the heterogeneity of the three groups
of data, as determined by the chi-square test, was found

to be significant (ACA, 2 = 84%, P < 0.0001; MCA, I?
92%, P < 0.00001; PCA, I*> = 65%, P 0.02), the
data were analyzed using a random-effects model. Our meta-
analysis showed that acupuncture-mediated improvements in
intracranial blood flow velocity were superior to those mediated
by medication (ACA, MD = —6.53, 95% CI [-10.59,—2.47],
P = 0.002; MCA, MD —9.70, 95% CI [-16.70,—2.71],
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1.ACA (ACvs MD)
AC MD Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% ClI
Liu JY 2013 56.74 8.16 42 61.21 8.84 42 20.2% -4.47 [-8.11, -0.83] =
Zhang KL 2017 499 95 60 56 9.2 60 20.7% -6.10 [-9.45, -2.75] -
Zhang YJ 2016 41.79 8.21 30 46.3 9.077 33 19.1% -4.51[-8.78, -0.24] "
Zhang ZM 2014 48.12 9.51 37 51.47 10.59 36 18.4% -3.35[-7.97, 1.27] I
Zheng SH 2013 39.03 8.42 59 5241 7.31 58 21.6% -13.38[-16.24,-10.52] "
ota o U7 -0. =10.99, -<.
Total (95% CI 228 229 100.0% 6.53 [-10.59, -2.47] .
iors 5 s . Chiz = = .12 = 8409 t t t t
?etf;ogeneltyl.l T?fu : ;7_7:;31§h||D : (Z)Lt)gg df =4 (P < 0.0001); I = 84% 20 10 0 10 20
est for overall effect: Z = 3.15 (P = 0.002) Favours [experimental] Favours [control]
2.MCA (AC vs MD)
AC MD Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Liu JY 2013 62.28 8.24 42 70.34 9.12 42 20.6%  -8.06[-11.78, -4.34] o
Zhang KL 2017 62.1 10.1 60 787 103 60 20.6% -16.60 [-20.25, -12.95] ™
Zhang YJ 2016 57.79 9.12 30 69.17 10.86 33 19.7% -11.38[-16.32, -6.44] "
Zhang ZM 2014 64.53 10.23 37 60.9 10.49 36 19.9% 3.63[-1.12, 8.38] ™™
Zheng SH 2013 46.09 14.57 59 62.21 16.11 58 19.2% -16.12[-21.69, -10.55] "
Total (95% CI) 228 229 100.0% -9.70 [-16.70, -2.71] N
Heterogeneity: Tau? = 58.21; Chi? = 50.11, df = 4 (P < 0.00001); I2 = 92% _2’0 _ 1 = 5 1‘0 2’0
Testfor overall effect: Z=2.72 (P = 0.007) Favours [experimental] Favours [control]
3.PCA (ACvs MD)
AC MD Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Random, 95% CI 1V, Random, 95% CI
Liu JY 2013 443 7.16 42 50.36 8.48 42 22.2% -6.06 [-9.42, -2.70] -
Zhang KL 2017 425 9.6 60 443 104 60 21.4% -1.80 [-5.38, 1.78] LT i
Zhang YJ 2016 31.46 8.45 30 37.13 9.34 33 18.5% -5.67[-10.06, -1.28] -
Zhang ZM 2014 4213 7.56 37 39.22 11.86 36 17.9% 2.91[-1.67, 7.49] - =
Zheng SH 2013 41.04 11.68 59 44.85 10.03 58 20.1% -3.81[-7.75, 0.13] "
Total (95% Cl) 228 229 100.0%  -3.02 [-6.01, -0.04] -
ity: 2 = . 2= = = c 12 = 0, t t t t
?et(terfogeneltyl.[ T?fu : ;.Eﬂ{ ggl - _1(1)(5)153 df =4 (P =0.02); I>=65% 20 10 0 10 20
est for overall effect: Z = 1.99 (P = 0.05) Favours [experimental] Favours [control]
FIGURE 4 | Forest plots of TCD changes after acupuncture treatment.

P = 0.007; PCA, MD =
=0.05).

—3.02, 95% CI [-6.01,—0.04], P

VAS Score

We conducted a meta-analysis of VAS scores in 16 studies
that collectively account for a total of 1,566 people (Figure 5)
(19, 20, 25, 26, 29, 31, 33-35, 38-44). The results showed that,
compared with the sham acupuncture group, VAS scores in the
acupuncture group decreased significantly (MD = —0.59, 95% CI
[-0.81,—0.38], P < 0.00001); more importantly, no heterogeneity
among the studies (I2 = 0%, P = 0.94). We also conducted a
meta-analysis of studies using medication as a treatment method.
Due to the large heterogeneity (I> = 91%, P < 0.00001), a
random-effect model was selected. The results indicated that
there was no significant difference in the improvement of VAS
score between the medication groups and acupuncture groups
(MD = —0.46, 95% CI [-0.96,—0.04], P = 0.07).

ER

A total of 17 studies of ER (Figure5) were evaluated:
five used sham acupuncture as the control (20, 21, 28, 29,
45), and 15 administered medication to the control group

(18, 23,27,29-31, 34-39, 43-45). Since the data heterogeneity of
the two groups was small (sham acupuncture, I> = 0%, P = 0.53;
medication, I> = 21%, P = 0.22), the fixed-effect model was used
for comparisons. Our results showed that, relative to the sham
acupuncture and medication, acupuncture achieved a higher
rate of effective treatment (sham acupuncture vs. acupuncture,
MD = 1.88, 95% CI [1.61, 2.20], P < 0.00001; medication vs.
acupuncture, MD = 1.16, 95% CI [1.12,—1.21], P < 0.00001).

AE

A meta-analysis of the adverse reaction rates in four medication
studies was conducted (Figure 6) (34, 36, 38, 41); one study
was excluded as it used sham acupuncture as the control
group (22). The meta-analysis of the four studies showed
that 18 of 158 patients in the medication groups developed
adverse reactions (11.39%), while only two of the 159 patients
that received acupuncture developed adverse reactions (0.01%);
these results indicate that the acupuncture therapy features
relatively higher security than medication (RR: 0.16, 95% CI
[0.05,—0.52], P = 0.002); the results showed no heterogeneity
(I = 0%, P = 0.88).
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1.VAS (AC vs SAC )

AC SAC Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Cai TJ 2016 4.63 1.22 19 561 1.31 19 7.0% -0.98[-1.78,-0.18]
Cao LC 2014 391 1.38 23 437 0.96 19  9.0% -0.46[-1.17,0.25] I
Chen J 2014 3.66 1.96 70 4.25 1.66 70 12.6% -0.59[-1.19,0.01] ]
Chen SK 2015 5.03 0.79 38 5.65 0.89 37 31.3% -0.62[-1.00,-0.24] -
Ling Z 2017 36 19 83 42 17 80 14.9% -0.60[-1.15,-0.05] ==
Ying L 2012 41 159 108 46 158 107 253% -0.50[-0.92,-0.08] e
Total (95% CI) 341 332 100.0% -0.59 [-0.81, -0.38] ’
Heterogeneity: Chi? = 1.23, df =5 (P = 0.94); 1> = 0% ‘2 _’1 0 1’ é

Test for overall effect: Z = 5.46 (P < 0.00001)

2.VAS (AC vs MD)

AC MD
Study or Subgrou, Mean SD Total Mean SD Total Weight
Chen SK 2015 5.03 0.79 38 544 094 36  9.7%
Kenan Tastan 2018 4.9 14 30 64 1.1 30 88%
Qu XX 2015 516 1.57 31 532 164 31 8.2%
Shu W 2017 341 1.26 58 3.38 1.02 57  9.6%
Su HY 2016 154 0.74 35 286 0.92 32 9.7%
Sun YZ 2016 565 1.15 30 4.04 1.04 30 9.2%
Wang LP 2010 4.3 27 61 5.2 2 59 8.0%
Wu JM 2018 188 114 40 265 1.15 40  9.4%
Zhang KL 2017 2.01 1.05 60 34 1.15 60 9.7%
Zhang YJ 2016 3.71 1.633 30 347 1.85 33 7.9%
Zhang ZM 2014 2.84 0.91 37 321 04 35 9.9%
Total (95% CI) 450 443 100.0%

Heterogeneity: Tau? = 0.63; Chi? = 112.86, df = 10 (P < 0.00001); I = 91%
Test for overall effect: Z = 1.80 (P = 0.07)

3.ER (ACvs SAC)

AC SAC Risk Ratio Risk Ratio
Study or Subagroup _ Events Total Events Total Weight M-H, Fixed. 95% CI M-H. Fixed, 95% ClI
Cao LC 2014 23 23 9 19 11.3% 2.06 [1.30, 3.28] -
Chen HM 2014 24 30 11 29 12.2% 2.11[1.28, 3.47] - =
Xiao L 2018 28 30 19 30 20.7% 1.47 [1.10, 1.97] —
Yang MX 2014 69 76 35 75 38.3% 1.95[1.51, 2.50] —&—
Zhang ZM 2014 32 37 16 36 17.6% 1.95[1.32, 2.86] —
Total (95% CI) 196 189 100.0% 1.88 [1.61, 2.20] L 4
Total events 176 90
Heterogeneity: Chi? = 3.20, df = 4 (P = 0.53); I2 = 0% ofz 0?5 : 2 5

Test for overall effect: Z = 7.93 (P < 0.00001)

4.ER (AC vs MD)

Mean Difference
1V, Random, 959
-0.41[-0.81, -0.01]
-1.50 [-2.14, -0.86]
-0.16 [-0.96, 0.64]
0.03 [-0.39, 0.45]
-1.32[-1.72,-0.92]
1.61[1.06, 2.16]
-0.90 [-1.75, -0.05]
-0.77 [-1.27,-0.27]
-1.39[-1.78, -1.00]
0.24 [-0.62, 1.10]
-0.37 [-0.69, -0.05]

-0.46 [-0.96, 0.04]

Cl

Favours [experimental] Favours [control]

Mean Difference
IV. Random, 95% CI

S

-2 0 2
Favours [experimental] Favours [control]

4

o~

Favours [experimental] Favours [control]

Risk Ratio
M-H. Fixed. 95% CI

AC MD Risk Ratio

Study or Subagroup __Events Total Events Total Weight M-H, Fixed. 95% CI
Chen SK 2015 37 38 34 36 6.0% 1.03 [0.94, 1.13]
Gianni Allais 2002 74 T 60 73 10.6% 1.17 [1.04, 1.31]
Liu B 2016 53 58 44 58 7.6% 1.20[1.02, 1.42]
Liu JY 2013 40 42 31 42  53% 1.29 [1.086, 1.56]
Shu W 2017 57 58 51 57 8.8% 1.10[1.00, 1.21]
Su HY 2016 32 35 25 32  45% 1.17 [0.95, 1.44]
Sun YZ 2016 27 30 21 30 3.6% 1.29[0.99, 1.67]
Wei SZ 2016 29 30 24 30 4.1% 1.21[1.00, 1.46]
Wu JM 2018 35 40 28 40 4.8% 1.25[0.99, 1.58]
Xiao L 2018 28 30 21 30 3.6% 1.33[1.04, 1.72]
Zhang KL 2017 56 60 47 60 8.1% 1.19[1.083, 1.38]
Zhang YJ 2016 28 31 29 33  4.8% 1.03[0.87, 1.22]
Zhang ZM 2014 32 37 29 35 51% 1.04 [0.86, 1.27]
Zheng SH 2013 54 59 41 58 7.1% 1.29[1.08, 1.55]
Zhong GW 2009 106 114 89 104 16.0% 1.09 [0.99, 1.19]
Total (95% CI) 739 718 100.0% 1.16 [1.12, 1.21]
Total events 688 574

Heterogeneity: Chiz = 17.77, df = 14 (P = 0.22); 1= 21%
Test for overall effect: Z = 7.20 (P < 0.00001)

. +|H\H “1‘“1

FIGURE 5 | Forest plots of the visual analog scale score and effective rate after treatment.
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AE (ACvs MD)

Heterogeneity: Chi? = 0.66, df = 3 (P = 0.88); 1= 0%
Test for overall effect: Z = 3.03 (P = 0.002)

FIGURE 6 | Forest plots of the adverse effects after treatment.

AC MD Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H. Fixed, 95% CI M-H. Fixed, 95% CI
Chen SK 2015 1 38 6 36 324% 0.16 [0.02, 1.25] - &
Qu XX 2015 1 31 3 31 15.8% 0.33[0.04, 3.03] - " |
Zhang YJ 2016 0 31 6 33 332% 0.08 [0.00, 1.39] =
Zheng SH 2013 0 59 3 58 18.6% 0.14 [0.01, 2.66] -
Total (95% Cl) 159 158 100.0% 0.16 [0.05, 0.52] i
Total events 2 18

10 1000

Favours [control]

0.001 0.1 1
Favours [experimental]

Publishing Bias

We conducted a funnel plot analysis of the literature that
administered sham acupuncture and medication to the control
groups. The plot was asymmetrical, indicating the existence of
publication bias (Supplementary Figure 1).

DISCUSSION

The results of this meta-analysis suggest that acupuncture
treatment is associated with a higher therapeutic efficiency than
sham acupuncture. This was demonstrated through the lower
frequency of migraine attacks, lower VAS score, and fewer side
effects observed in the acupuncture group (compared to the
sham acupuncture group). However, although these findings
indicate that acupuncture therapy was effective in reducing
the duration of headaches, the inter-study heterogeneity was
too great to draw a definitive conclusion. When compared
with the medication group, the acupuncture group showed
higher treatment efficiency and fewer adverse reactions. Further,
the acupuncture group also showed greater improvements in
headache frequency and VAS scores compared to the medication
group. However, the reported reductions in headache duration
were similar for the acupuncture and medication groups.

The etiology of migraine is complicated, and there is evidence
that its occurrence is related to abnormal cerebral blood
shunt, cerebrovascular reactivity and cerebrovascular relaxation
stimulation. Beside, the blood flow velocity of the middle cerebral
artery is also suggested to be correlated with the development and
prognosis of migraine. Therefore, the detection and analysis of
intracranial hemodynamics in patients with migraine is the main
concern of many researchers (46, 48-51). Given the importance
of hemodynamic changes in migraine and the usefulness of their
detection for the diagnosis and evaluation of this condition,
changes in blood flow velocity detected by TCD were analyzed.
Taking the medication group as the control in the five studies
included in the TCD meta-analysis, the results showed that
acupuncture treatment was associated with better effects with
regard to intracranial hemodynamics; ACA, MCA, and PCA
blood flow velocity decreased faster after acupuncture than after
drug therapy. Although the specific mechanism of the effect
of acupuncture on intracranial hemodynamics is not clear, the

existing clinical research shows that acupuncture can stimulate
brain related functional areas, so as to improve the blood flow
after brain injury. In addition, some basic researches show that
acupuncture can mediate intracranial oxidative stress, relieve
blood vessels and accelerate angiogenesis through a variety of
complex molecular pathways (52). The TCD results of this study
seem to further support the improvement of intracranial blood
flow by acupuncture.

Acupuncture is a broad term that, includes the application of
acupuncture needles at several points across the scalp, ear, and
abdominal area, as well as Electroacupuncture (53). Moreover,
acupuncture has the characteristics of local effect and targeted
individual application. Therefore, while the same types of needle
were used across studies, different acupoints may have been
selected according to the specific therapeutic needs of individual
patients. These details were not specifically classified for the
included studies. NSAIDs, such as acetaminophen, naproxen
or ibuprofen, are recommended for the treatment of mild to
moderate migraine. Migraine-specific drugs such as ergot and
triptan are recommended for the treatment of moderate to severe
headache, allowing for rapid symptomatic improvement (54, 55).
Since the condition of most migraine patients is constantly
changing, it is difficult to ensure that the medication type
and dosage prescribed to each patient included in the present
study were consistent throughout the treatment phase. Due to
the different treatment habits, some doctors prefer to use a
combination of multiple drugs to treat migraine, so as to achieve
a faster and more thorough treatment effect, which makes it
more difficult to include the research of the same medication
treatment methods and acupuncture methods. In addition,
during acupuncture treatment, doctors must continuously carry
out treatments and give corresponding guidance according to the
patients’ condition. Therefore, it is extremely difficult to explore
the efficacy of acupuncture as a double-blind study, which serves
as the main, though inevitable, limitation of this study.

While our results suggest that acupuncture might be more
effective than medication in the treatment of migraine, it
is important to take into account that there was substantial
heterogeneity between the studies analyzed. One of the reasons
for this heterogeneity was sample size; although several studies
used high quality research methods, most had small sample sizes
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(~40-60 patients). The fact that there was a lack of multi-center
research available to be included in this systematic review adds
to this constraint. Therefore, deviation was inevitable in the
present analysis. To obtain a comprehensive understanding of
the clinical efficacy of acupuncture in the treatment of migraine,
future research would benefit from the development of more
prospective, multi-center, large-sample RCTs following rigorous
study designs. Furthermore, for the effective use of acupuncture
as a prophylactic treatment for migraine, it is necessary for
the processes of acupoint selection and choice of treatment
methods to be standardized based on the Traditional Chinese
Medicine theory of syndrome differentiation for treatment. This
will improve comparability between studies investigating this
type of treatment and allow for quality standards to be more
effectively controlled. In addition, efforts are required for the
development of a clinical acupuncture treatment program with
proven efficacy and high feasibility.

CONCLUSIONS

Overall, the results of our meta-analysis showed that, compared
with the sham acupuncture group, the acupuncture group
had greater improvements in the frequency of migraine
attacks, VAS score, and treatment efficiency. Further, compared
with the medication group, the acupuncture group showed
higher treatment efficiency and fewer adverse reactions. This
study illustrates the efficacy of acupuncture treatment in
migraine and the associated hemodynamic changes, providing
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