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ABSTRACT

Acupuncture is a form of traditional Chinese
medicine that is performed by placing needles
or pressure in specific locations on a patient’s

skin to achieve a therapeutic effect. Although
used to treat a variety of disorders, one of the
most common applications of acupuncture is to
treat chronic pain, especially headache and
migraine pain. Migraines are difficult to treat,
and pharmacotherapies are often the first line of
treatment, although these options have many
unwanted side effects, such as exacerbation of
headache pain in those with chronic migraine.
Many complimentary and integrative therapies
are available to treat migraine (including
nutraceuticals, yoga, tai chi, and biofeedback),
among which acupuncture as a treatment is
gaining increasing attention. In this review, we
provide an overview of the current under-
standing of both acupuncture and migraine and
of current research investigating the effective-
ness of acupuncture in treating migraine and
chronic migraine.
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Key Summary Points

Acupuncture is gaining increasing
attention as a viable addition to the
physician’s armamentarium for the
management of migraine patients.

Evidence is available showing
acupuncture’s measurable effects on both
the duration and frequency of migraine
attacks.

In many studies, acupuncture has been
shown to be a safe, efficacious and readily
available alternative therapy which may
be beneficial to certain migraine patients.

Further investigation is required to ensure
that the incorporation of acupuncture
into migraine treatment management will
have a positive outcome on patients.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12981695.

INTRODUCTION

Acupuncture is a form of traditional Chinese
medicine which utilizes needles placed in
specific acupoints on the skin to generate heal-
ing and restore balance within the human body.
Although used to treat a variety of disorders,
one of the most common uses is the treatment
of chronic pain, especially headache and
migraine pain [1]. Migraine is a complex neu-
rologic disorder characterized by significant
disability in day-to-day life due to pain and
symptoms associated with attacks. Migraines
are difficult to treat, and current treatment
options have many unwanted side effects and
can even exacerbate headache pain in those
with chronic migraines [2]. In addition, many

patients who experience migraines encounter
difficulties in getting correctly diagnosed and
subsequently in accessing the care that they
need [3]. This has led many clinicians and
researchers to turn to other forms of treatment,
such as acupuncture, as an alternative source of
pain management and healing for those who
suffer from migraine refractory to standard
pharmacological treatment. In this review, we
analyze the current understanding of both
acupuncture and migraine and assess current
research on the effectiveness of acupuncture in
treating migraine and chronic migraine.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

ACUPUNCTURE

Acupuncture is a healing modality in TCM with
strong ties to Confucianism and Taoism that
can be definitively traced back to 100 BC [4].
Techniques continued to evolve throughout the
centuries as support varied under different
governments, but ultimately it experienced a
resurgence under Communist rule in China in
1949, resulting in the creation of TCM as a
compilation of various forms of acupuncture
[4]. The spread of acupuncture to Western
nations occurred in varying timelines, with
exposure starting to increase in the USA during
the Nixon administration [5]. Acceptance in the
US medical community increased in 1998 when
the National Institutes of Health published a
consensus on the efficacy of acupuncture as an
analgesic for postoperative dental pain and
treatment for postoperative and chemotherapy-
induced nausea and vomiting [6]. Since then,
acupuncture has continued to grow in popu-
larity across the country as many academic
hospitals now incorporate acupuncture into a
comprehensive treatment plan, and insurance
companies are more likely to cover the cost of
treatment [7]. An estimated 1.5% of the US
population has received acupuncture treatment
at least once, often in addition to the estab-
lished standard of care regimens [7].
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Acupuncture is performed by placing needles
or pressure in specific locations on a patient’s
skin to achieve a therapeutic effect. There is an
emphasis on the human experience of pain and
sensation, which is rooted in an understanding
of the concepts of qi and yin and yang. Qi refers
to the belief in a ‘‘vital energy’’ that exists in
each person and represents a state of inner-
connectedness which is obtained through the
relationship with the natural world via ele-
ments of wood, fire, earth, water, and metal
[5, 7]. Yin and yang refer to the concept of
balance in forces in the physical world, with yin
representing receptivity, tranquility, rain, cold,
and femininity, and yang representing strength,
excess, daylight, heat, and masculinity [5, 8].
Acupuncture aims to realign the flow of qi
through the body and balance a person’s inter-
nal yin and yang to re-establish harmony [8].
This synchronization is achieved by utilizing a
complex map of the human body with up to
365 specific points on the skin which corre-
spond to underlying meridians (or channels)
that exist as a matrix within the human body
[8]. Depending on the diagnosis and type of
treatment indicated, acupuncturists will choose
which points will be included in the treatment
and how many sessions are required. When
studied under the lens of Western physiology,
studies suggest that analgesia comes from the
stimulation of muscles targeting high-threshold
and small-diameter nerves, ultimately reaching
key brain structures which result in endogenous
opioid release [8]. Other studies propose a
mechanism of micro-injury from the needles,
which promotes the body’s healing and blood
flow response [9]. Functional magnetic reso-
nance imaging (fMRI) studies provide data
supporting a direct link between acupuncture
points and specific brain activity. In one study,
targeting of an acupoint traditionally associated
with vision resulted in the activation of the
same region of the occipital lobe known to be
activated by shining a light into the eye [10].
Acupuncture is largely well-tolerated and safe
for patients if the provider is properly trained
[8]. Numerous research studies have analyzed
the effects of acupuncture on migraine and
various disease states, including urinary tract
infections, depression, poststroke spastic

hemiplegia, musculoskeletal pain, and periph-
eral neuropathy [1, 11–15].

MIGRAINE

Epidemiology

Migraine and its sub-categories are diagnoses
associated with significant disability, including
frequent occurrences of missed school or work,
inability to perform household chores, and
missed time with family and friends [2]. The
prevalence of migraine worldwide is 14.7%, and
the prevalence of chronic migraine (CM)
worldwide ranges from 0 to 5.1%, with esti-
mates usually in the range of 1.4–2.2% [16]. In
the USA, the prevalence of migraine overall is
15.3% (9.7% of males and 20.7% of females),
with CM prevalence ranging from 1.3 to 4.1%
and representing about 8% of cases in those
with migraine [2, 16–18]. Around 36% of
migraines have an associated aura [19].
According to the World Health Organization,
migraine is the eighth most disabling disease
worldwide, the most burdensome neurologic
disease, and responsible for 5.6% of years lost to
disability [20, 21]. General trends show that
migraine prevalence is affected by age, sex, and
socioeconomic status (SES), with higher rates in
females throughout their lives, and a peak in
prevalence in both men and women in their 40s
[17]. The overall highest prevalence is in
females aged 18–49 years, and there is a higher
prevalence of migraine and CM in those with a
lower SES [17]. Episodic migraine often precedes
CM with an annual conversion rate of about 3%
[2]. Specific risk factors for migraine include
overuse of acute migraine medications, obesity,
depression, female sex, and high levels of stress
[2]. In contrast, some important protective fac-
tors include properly dosed preventive medica-
tion, higher education level, being married or
having strong social ties, exercise, and robust
personal stress management [2].
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Pathophysiology

Migraine is a disorder of the body’s pain mod-
ulatory system in which underlying neural
networks are disrupted, particularly in the
trigeminovascular system [22]. Four main pha-
ses have been described to characterize the
progression of a migraine: premonitory phase,
aura phase, headache phase, and postdrome
phase [23]. Migraines do not always follow this
linear pattern, and not all migraines have these
distinct phases. In the premonitory phase,
positron emission tomography and fMRI studies
show evidence of hypothalamic, thalamic, and
cortical activation during this phase which
correlates with symptoms such as yawning,
polyuria, irritability, photophobia, mood chan-
ges, difficulty concentrating, and neck pain
[23, 24]. Important hypothalamic neurotrans-
mitters, including dopamine, have been iden-
tified to play a role in the modulation of
migraine and thus serve as a potential thera-
peutic target [23]. The aura phase involves dis-
ruptive changes in the sensorium in which
visual auras, such as scotomas, are the most
common type, but these can also present as
olfactory, sensory, or language changes [24].
The pathophysiology of migraine in the aura
phase is described by the concept of cortical
spreading depolarization, in which vasoactive
substances, such as nitric oxide, are released,
resulting in increased cerebral blood flow [23].
The headache phase is driven by pain percep-
tion communicated from peripheral afferents to
central control centers for pain, including cor-
tical, vascular, and autonomic locations which
make up the trigeminocervical complex [23].
The postdrome phase is the resolution of the
migraine driven by vasoconstriction and
reduced cerebral blood flow that often presents
with symptoms such as fatigue, difficulty con-
centrating, nausea, and irritability [23]. Addi-
tionally, it is known that calcitonin gene-
related peptide (CGRP) is released into the cir-
culation during migraines and cluster head-
aches, and that its levels drop after
administration of a triptan [24]. There is
increasing evidence demonstrating the presence
of persistently elevated levels of CGRP in
patients with CM [24].

Diagnosis

Migraine without aura is defined by at least five
attacks that last between 4 and 72 h, have at
least two defining characteristics (unilateral,
pulsating, moderate, or severe pain, aggravated
by or leading to purposely avoiding physical
activity), have at least one associated symptom
(nausea, vomiting, photophobia, or phono-
phobia), and cannot be explained by another
medical cause [25]. Migraine with aura describes
a migraine in which the person experiences
some type of sensation associated with the
onset of a migraine. Diagnostic criteria dictate
that the aura symptoms can be sensory, visual,
motor, speech/language, retinal, or brainstem
related, and that the migraine must have three
of the following characteristics: one aura
symptom that gradually spreads over C 5 min;
each individual aura lasts 5–60 min; at least one
aura symptom is unilateral; and the aura is
accompanied by or followed by headache
within 60 min [26]. Episodic migraine is diag-
nosed in those who have headaches that occur
on 0–14 days per month and meet the criteria
for a migraine headache [27]. CM is defined as C
15 days of headache per month for more than 3
months, in the absence of other causes, with the
headache meeting requirements of migraine
with or without aura for at least 8 days per
month, and in a patient with a lifetime history
of at least five migraines [27, 28]. Examples of
other medical causes of migraines include giant
cell arteritis, trigeminal post-herpetic neuropa-
thy, sleep apnea, and polypharmacy, all of
which are common in the elderly population
and need to be ruled out before a diagnosis of
migraine or CM can be made [29].

TRADITIONAL TREATMENTS
FOR MIGRAINE

The current treatment of acute migraine is pri-
marily drug therapy [24]. Medications are more
likely to be effective if given early in the devel-
opment of symptoms and administered with
the proper dosage and route of administration
[25]. Studies have suggested that under-treating
acute attacks can lead to the development of
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chronicity through a sensitization process [2].
Several pharmacological and non-pharmaco-
logical methods have traditionally been used as
both prophylactic and acute treatments of
migraines. For the treatment of mild to mod-
erate pain, over-the-counter nonsteroidal anti-
inflammatory drugs (NSAIDs) can be effective,
but for the treatment of moderate to severe
pain, triptans are the first-line medication [25].
The serotonin 5-HT1B and 5-HT1D receptor
agonists, collectively known as triptans, are
central to migraine treatment and play a key
role in the modulation of migraine pain due to
their action on the 5-HT1B and 5-HT1D recep-
tors, which are located on peripheral trigeminal
nerve endings [25]. Triptans (5-HT1B/1D) have
long been used as an abortive method to treat
acute pain [30]. Ergot alkaloids, whose mecha-
nism of action involves a complex interaction
between a number of receptors, including 5-HT,
dopamine, and noradrenaline receptors, have
also been used as an abortive strategy for
migraine attacks [31]. Other medications tradi-
tionally used in the treatment of acute
migraines include NSAIDs, dopamine antago-
nists, such as metoclopramide, which is also
used in the treatment of nausea and vomiting,
corticosteroids, opioids, and acetaminophen
alone or in combination with other medica-
tions, such as acetaminophen with caffeine,
opioids, or barbiturate compounds [32]. Non-
pharmacological methods include a single-pulse
transcranial magnetic stimulation device that
has been described as another possible abortive
method for migraine attacks [33].

Preventive medication is usually saved for
patients who have frequent attacks or a diag-
nosis of CM, as long-term use of analgesics can
lead to the development of medication-overuse
headache [2]. Some common medications used
for long-term prevention are beta-blockers,
antidepressants, calcium-channel blockers,
anticonvulsants, and angiotensin-converting
enzyme inhibitors [25, 34]. Onabotulinumo-
toxinA, otherwise known as BOTOX, has also
been an effective strategy that physicians have
utilized for prophylactically treating CM head-
aches [35]. For non-pharmacological methods,
trigeminal neurostimulation with a supraorbital
transcutaneous stimulator has been one

approach used to prevent migraine attacks [36].
Other non-pharmacological methods that have
shown efficacy in preventing migraine attacks
include riboflavin and coenzyme Q10, both of
which are enzymes that play a crucial role in
generating energy within the mitochondria,
possibly suggesting that mitochondrial dys-
function might play some role in the patho-
physiology of migraine headaches [37].

EVIDENCE FOR ACUPUNCTURE

Acupuncture is a relatively recent treatment
option for migraines. The Cochrane Systematic
Review (2016), a commonly cited source, has
reported acupuncture to be a useful alternative
treatment that reduces the duration and fre-
quency of migraine—both chronic and episodic
[38]. Multiple studies have shown some levels of
superiority of acupuncture over sham
acupuncture [39, 40], and there is moderate
evidence for acupuncture being at least non-
inferior to conventional drug therapy (e.g.,
topiramate, for episodic migraine prevention),
with one study proposing the superiority of
acupuncture over propranolol based on an
indirect comparison analysis [38, 41]. Cur-
rently, acupuncture is considered to be a safe,
helpful, and available alternative option for
patients who have not responded to or com-
plied with conventional pharmacotherapy; it is
also worth mentioning that there are far more
acupuncture studies in the adult population
than in the pediatric population [42].
Acupuncture therapy is only effective after a
certain number of sessions (minimum 6–8), but
the most effective timing (e.g., frequency of
visits, when to initiate acupuncture) has not yet
been determined [43].

In this section we present and discuss various
studies conducted on acupuncture. Table 1
presents a summary of these studies. This review
includes several of the most recent randomized
control trials (RCTs) and meta-analyses to help
formulate conclusions on the safety and efficacy
of using acupuncture to treat migraine
headaches.
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Table 1 Evidence for the use of acupuncture to to migraine

First
author of
study
(year)

Groups studied and intervention Results and findings Conclusions

Coeytaux

et al.

(2016)

[38]

For patients with migraine

headaches, 22 studies were

analyzed

For patients with tension-type

headaches, 12 studies were

analyzed

For patients with chronic

headaches, 29 studies were

analyzed

With regard to migraine

headaches, the authors

summarized the 2016 Cochrane

Systematic Review (n = 22

studies, 4985 patients), which

highlights acupuncture’s

statistically significant

symptomatic improvement at

2 months (compared with both

drug treatment and usual care),

and at the 3–4 and 5–6 month

time-points (compared with

usual care only)

Based on comparative studies from

systematic reviews, there is

evidence of the effectiveness of

acupuncture as an adjunctive

treatment for primary headache

disorders. More studies are

needed on the adverse effects

and potential placebo effects

Li et al.

(2020)

[59]

15 Systematic reviews studying

effectiveness of acupuncture for

patients with migraine

headaches

Based on the A MeaSurement

Tool to Assess Systematic

Reviews 2 (AMSTAR2) tool, 1

study was of low quality, while

14 studies were of critically low

quality. Based on the Risk Of

Bias in Systematic Reviews

(ROBIS) tool, 9 studies had

overall low risk of bias.

Compared to sham medicine

and Western medicine,

acupuncture was observed to be

more effective because it reduced

usage of painkillers and reduced

headache frequency/

degree/duration

Based on various systematic

reviews comparing acupuncture

to sham acupuncture and

Western medicine, acupuncture

has been supported as an

effective method of treating

migraine headaches. However,

the authors advocate for more

improvement of study

methodology

Xu et al.

(2020)

[49]

Multicentered (7 hospitals)

randomized clinical trial with

150 acupuncture-naive patients

presenting with episodic

migraines without aura.

Intervention: 20 acupuncture

sessions vs. non-penetrative

sham acupuncture

When compared to sham

acupuncture, the 20-session

acupuncture treatment yielded

statistically significant

differences in reducing migraine

frequency (week 17–20) and

duration (week 13–20)

This multicentered, randomized

controlled clinical trial provides

support for acupuncture

treatment as an effective

alternative treatment for

patients with episodic migraines

without aura. A limitation of

the study is the lack of

information on baseline drug

prophylaxis on each patient
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Table 1 continued

First
author of
study
(year)

Groups studied and intervention Results and findings Conclusions

Zhang et al.

(2020)

[58]

7 RCTs on patients with

migraines (± aura) comparing

acupuncture to standard

migraine prophylaxis

Several studies (4/7) showed

statistically significant

superiority of acupuncture over

drug therapy

The authors comment how the

heterogeneity and

variability (e.g., acupuncture

protocol, lack of management

standardization) across the

studies made it difficult to

definitely endorse acupuncture;

however, there is growing

evidence showing the

effectiveness and safety of

acupuncture for migraine

prophylaxis

Li et al.

(2019)

[56]

13 RCTs (n = 1559 patients)

comparing electroacupuncture

(EA) to various control methods

(e.g., Western medicine, Sham-

EA, blank control)

EA was observed to have a

statistically significant

improvement when compared

with acupoint gut embedding,

sham-EA, and acupuncture with

sham-EA based on the VAS

score (p\ 0.05)

EA is an effective treatment for

reducing migraine duration

when compared with other

forms of therapy; however, the

lack of differences in adverse

effects warrants further study

Zhang et al.

(2019)

[39]

15 Systematic reviews Studies showed acupuncture to be

more effective than drug

therapy, sham acupuncture, and

traditional Chinese m

Acupuncture has been reported to

be useful in reducing migraine

frequency, duration, and VAS

score, which positions it to be a

helpful treatment for prevention

and management; however, the

subjectivity of outcomes

measures and low sample sizes

highlight the need for more

high-quality studies

Chen et al.

(2020)

[41]

19 RCTs (n = 3656) Indirect comparison analyses show

that acupuncture has advantages

over propranolol in reducing

migraine frequency, number of

episodes, and adverse effects

Acupuncture may be considered to

be a first-line agent for migraine

prophylaxis someday given the

preliminary data here showing

its effectiveness and safety when

compared to propranolol
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Table 1 continued

First
author of
study
(year)

Groups studied and intervention Results and findings Conclusions

Allais et al.

(2019)

[45]

Single-cohort study of EAP one

session every 3 weeks for

patients with chronic migraines

(n = 20 women)

The mean reduction in the

frequency of migraine

episodes/month was

6.31 ± 4.64 days after 1 month;

no significant reductions were

observed in the second month.

There were minimal adverse

effects

The data provide support for using

EAP as prophylaxis for chronic

migraine patients. The authors

note the small sample size and

discuss how more frequent

sessions may increase the

treatment’s efficacy

Liao et al.

(2020)

[46]

Retrospective study on patients

with migraines (n = 21,209)

with 1:1 propensity score

matching to control for various

demographic information (e.g.,

sex, age, income). The

comparison was between 1948

acupuncture users and 1948

non-acupuncture users

There was a statistically significant

reduction in cumulative

incidence of anxiety, depression,

and medical expenditure in the

acupuncture users cohort versus

the non-acupuncture users

cohort

The data provide support for using

acupuncture in migraine

patients with common

comorbidities of depression and

anxiety

Gu et al.

(2018)

[44]

Participants (n = 45) spread across

3 groups:

(1) Migraine without aura

(2) Cervicogenic headache

(3) Healthy controls

The two patient groups received

verum accupuncture, while the

healthy controls received a sham

treatment

There was a significant increase in

N-acetylaspartate/creatine in the

bilateral thalamus after

acupuncture treatment in

patients with migraines without

aura, which was associated with

a decrease in headache intensity

score

Acupuncture significantly increases

certain brain metabolites

involved in the transmission of

pain during migraines, which

could explain how acupuncture

is able to effectively relieve

migraine-associated pain

Farahmand

et al.

(2018)

[48]

Patients with diagnosis of acute

migraine attacks (n = 60)

Some patients received

acupuncture, while some patients

received a placebo

The acupuncture group had

significantly lower pain scores at

intervals up to 1 h post-

treatment; however, there was

no significant difference

between the two groups at 2, 3,

or 4 post-treatment

There is no significant difference

in pain scores between the

acupuncture group and the

placebo group following

intervention

382 Neurol Ther (2020) 9:375–394



Table 1 continued

First
author of
study
(year)

Groups studied and intervention Results and findings Conclusions

Musil et al.

(2018)

[50]

Patients with a diagnosis of

migraines

Patients either received

acupuncture (n = 42) or a

standard pharmacological

treatment (n = 44)

Number of migraine days was

reduced more in the

acupuncture than the

medication group (5.5 vs. 2.0

days) after 12 weeks of

intervention. Number of

migraine days per 4 weeks was

reduced more at the end of a

6-month follow-up in the

acupuncture group (difference:

- 4; 95% CI - 6 to - 2).

Number of responders to the

intervention was higher in the

acupuncture group (50 vs. 27%;

p\ 0.05) at the end of the

treatment period, and at the

6-month follow-up (81 vs. 36%;

p\ 0.001)

Acupuncture therapy can reduce

symptoms and medication use in

both the short- and long term,

and serves as an effective

alternative to pharmacological

treatments for migraines

Naderinabi

et al.

(2016)

[51]

Patients with the diagnosis of

chronic migraine (n = 150)

Patients received botulinum toxin-

A, acupuncture, or sodium

valproate 500 mg/day (control

group)

Patients who received acupuncture

had the greatest reduction in

pain severity at the end of the

3-month study (p = 0.0001). In

all groups, the number of days

per month with migraine,

absence from work, and the

need for medication decreased

during the evaluation period

(p\ 0.05), while acupuncture

had the least amount of side-

effects (p = 0.021)

The study concluded that while

botulinum toxin-A injection,

acupuncture, and

pharmacological methods are all

effective in treating chronic

migraines, acupuncture is more

effective and associated with

fewer side effects than the other

methods
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Table 1 continued

First
author of
study
(year)

Groups studied and intervention Results and findings Conclusions

Zhao et al.

(2017)

[52]

Patients with the diagnosis of

migraine without aura

(n = 249)

Patients received acupuncture,

sham acupuncture, or were

placed on a waiting-list. Patients

were followed for 24 weeks in

total

At 16 weeks, the frequency of

migraine attacks decreased the

most with acupuncture (mean

[SD] 3.2 [2.1]) compared with

sham acupuncture (2.1 [2.5]) or

with no treatment (1.4 [2.5]).

The acupuncture group also had

the significantly lowest

frequency of migraine attacks,

migraine days, and VAS scores at

each follow-up time-point

between weeks 4 and 24

True acupuncture might be more

efficacious in the long-term

treatment of migraines without

aura compared with sham

acupuncture or being on a

waiting list

Jiang et al.

(2018)

[54]

62 RCTs involving 4947 total

patients diagnosed with

migraines (± aura)

Patients either received no

treatment, sham acupuncture,

medication, or treatment

acupuncture

The acupuncture group had lower

VAS scores than the medication

group at 1 month post-

treatment (mean difference 1.22,

95% CI - 1.57 to - 0.87) and

at 1–3 months post-treatment

(- 1.81, 95% CI - 3.42 to

- 0.20). The acupuncture

group also had lower scores at

1 month post-treatment than

sham acupuncture (- 1.56, 95%

CI - 2.21 to - 0.92). Quality

of life scores were higher with

acupuncture than with sham

acupuncture

Acupuncture is more effective at

treating and preventing

migraines than no treatment,

sham treatment, and

medication. Additionally,

acupuncture is associated with a

greater improvement of quality

of life post-treatment than sham

acupuncture
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Table 1 continued

First
author of
study
(year)

Groups studied and intervention Results and findings Conclusions

Xu et al.

(2018)

[55]

14 RCTs involving 1155

participants diagnosed with

migraines without aura

Participants received acupuncture,

sham acupuncture, or medication

Acupuncture reduced migraine

frequency (mean difference

- 1.50, 95% CI - 2.32 to

- 0.68; p\ 0.001) and VAS

score (0.97, 95% CI[0.63–1.31;

p\ 0.00001) more than

medication, and had a higher

effective rate with less adverse

events. Acupuncture also

reduced migraine frequency

(- 1.05, 95% CI - 1.75 to

- 0.34]; p = 0.004) and VAS

score (- 1.19; 95% CI - 1.75

to - 0.63; p\ 0.0001) more

than sham acupuncture

While most of the results in his

analysis favored acupuncture,

the study concluded that because

the quality of evidence

supporting the findings from

this study were low to very low,

further studies are warranted to

qualify the findings; however,

the authors did conclude that

acupuncture might be safer than

medication in treating migraines

without aura

Linde et al.

(2016)

[57]

22 Trials were included that

involved a total of 4985l

participants

Patients either received no

treatment, sham acupuncture,

medication, or true acupuncture

Acupuncture reduced migraine

frequency by at least half in 41%

of participants compared to 17%

with no treatment. Acupuncture

at least halved migraine

frequency in 50% of participants

compared to 41% with sham

acupuncture. Acupuncture at

least halved migraine frequency

in 57% of participants compared

to 46% who received medication

Adding acupuncture as an

adjuvant therapy to traditional

treatments for migraines can

reduce frequency of migraines
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Table 1 continued

First
author of
study
(year)

Groups studied and intervention Results and findings Conclusions

Wang et al.

(2014)

[47]

Patients that suffer from frequent

migraine (n = 50)

Patients were either assigned to a

real acupuncture group or a sham

acupuncture group

Real acupuncture compared to

sham acupuncture was

associated with significantly

fewer migraine days (mean ±

SD: 5.2 ± 5.0 vs. 10.1 ± 7.1;

p = 0.008), less severe migraine

(2.18 ± 1.05 vs. 2.93 ± 0.61;

p = 0.004), more responders (19

vs. 7; p = 0.002), and increased

pain thresholds after 20 weeks of

treatment. These differences

between the groups were

maintained at the 3-month

follow-up, but, not at the

12-month follow-up

Acupuncture is an effective and

safe option in the short-term

treatment of migraines;

however, larger RCTs will have

to be conducted to further

evaluate the efficacy and safety

of using acupuncture in the

long-term to treat migraine

headaches

Kuangshi

et al.

(2015)

[60]

A total of 12 patients with

MWoA were recruited to

undergo resting-state fMRI

scanning, with rescanning after

4 weeks of standard acupuncture

treatment. Another 12 matched

healthy control subjects

underwent once scanning for

comparison

Significantly decreased FC in the

rFPN and the decreased FC

could be reversed by

acupuncture treatment. The

changes of FC in MWoA

patients was negatively

correlated with the decrease of

VAS scores after treatment. This

study indicated that

acupuncture treatment for

MWoA patients was associated

with normalizing effects on the

intrinsic decreased FC of the

rFPN

This study provided new insights

into the treatment-related neural

responses in MWoA patients

and suggested potential

functional pathways for the

evaluation of treatment in

MWoA patients. Future studies

are still in need to confirm the

current results and to elucidate

the complex neural mechanisms

of acupuncture treatment

386 Neurol Ther (2020) 9:375–394



Three studies have expanded the role that
acupuncture could have in treating and
managing patients with migraines.

The first is a 2018 study that used proton
magnetic resonance spectroscopy imaging to
investigate the neurochemical response to
acupuncture treatment. In migraines, certain
brain metabolites, such as N-acetylaspartate
(NAA), a marker of neural functionality, cre-
atine (Cr), a marker of energy metabolism, and
chlorine-containing compounds, a marker of
membrane turnover, play an important role in
the transmission of migraine pain. Most signif-
icantly, a decrease in NAA has been observed
during a migraine attack. In this study, the
authors found that after acupuncture therapy,
there was a significantly increase in the mean (±
standard deviation [SD]) level of NAA/Cr from
pre-treatment in both the left (1.90 ± 0.22 vs.
2.1 ± 0.35; p = 0.006) and the right
(1.83 ± 0.18 vs. 1.96 ± 0.14; p = 0.006)

thalamus. This increase in NAA/Cr was found to
be correlated with a decrease in headache
intensity score following acupuncture treat-
ment. The findings of this study reflects the
impact of acupuncture on brain metabolic
activity, which might play a role in reducing
migraine pain [44].

The second is a 2019 study that used ear
acupuncture (EAP) in 20 female patients to
study the efficacy of this treatment for CM
prophylaxis. The average (± SD) reduction in
migraine days/month after 1 month of treat-
ment was 6.31 ± 4.64 days. Side effects noted in
the study included pruritus, soreness, and
transient pain with needle insertion. The study
expands the scope of EAP as a treatment, which
has been studied in the past for acute migraines,
and supports the need for more studies with
larger sample sizes and control groups [45].

The third is a 2020 retrospective study of
21,209 patients with migraine newly diagnosed

Table 1 continued

First
author of
study
(year)

Groups studied and intervention Results and findings Conclusions

Yang et al.

(2015)

(53)

10 RCTs with a total of 997

participants with the diagnosis

of migraine

Participants were placed in the

verum manual acupuncture

group or the sham acupuncture

group

Verum acupuncture was more

effective than sham acupuncture

on the basis of having a greater

reduction in the ‘‘not effective’’

rate (relative risk 0.24, 95% CI

0.15–0.38; p\ 0.0001), and

reduced recurrence rate (0.47 ,

95% CI 0.28–0.81; p = 0.006).

No significant differences were

found between the groups in

terms of headache intensity,

frequency or duration,

accompanying symptoms, or use

of medication

While these findings suggest that

verum acupuncture is superior

to sham acupuncture in treating

migraines, further large-scale

RCTs are warranted to verify

these findings

CI Confidence interval, EA electroacupuncture, EAP ear acupuncture, FC functional connectivity, fMRI functional
magnetic resonance imaging, MWoA migraine without aura, RCT randomized clinical trial, rFPN right frontoparietal
network, SD standard deviation, VAS visual analog scale
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in 2000–2012. The authors of this study repor-
ted that the acupuncture cohort (n = 1948
patients, after 1:1 propensity score matching to
control for demographic variables) had lower
medical expenditure within 1 year of treatment
intervention (p\0.001), lower depression risk
(adjusted hazard ratio [aHR] 0.61, 95% confi-
dence interval [CI] 0.39–0.95), and lower anxi-
ety risk (aHR 0.51, 95% CI 0.43–0.59) when
compared to the non-acupuncture cohort
(n = 1948 patients). A Kaplan–Meier analysis
with 13-year follow-up data also revealed a sta-
tistically significant (log-rank test, p\ 0.001)
decrease in cumulative incidence of depression
and anxiety in the acupuncture cohort. The
authors concluded that acupuncture may
financially and therapeutically support
migraine patients with common comorbidities
such as anxiety and depression [46].

Other RCTs have sought to qualify
acupuncture as a treatment option for
migraines. A 2015 RCT compared real
acupuncture to sham acupuncture, with the
aim to determine the efficacy of real acupunc-
ture in preventing frequent migraines. The
authors reported that compared to the sham
acupuncture group, the real acupuncture group
reported fewer migraine days (mean ± SD:
5.2 ± 5.0 vs. 10.1 ± 7.1; p = 0.008) and less
severe migraine (2.18 ± 1.05 vs. 2.93 ± 0.61;
p = 0.004), and had more responders to treat-
ment (19 vs. 7; p = 0.002) at the end of the
20-week treatment period. These significant
differences between the groups were also
maintained at a 3-month follow-up. However,
the group differences were not maintained at a
12-month follow-up. The authors therefore
concluded that acupuncture is an effective and
safe treatment option for the short-term relief of
migraines; however, larger RCTs will have to be
conducted to further evaluate the efficacy and
safety of acupuncture in the long term [47].

A 2018 single-blinded RCT investigated the
effect of acupuncture on controlling acute
migraine attacks by recording patient’s pain
intensity before and after acupuncture treat-
ment for 4 h post-treatment. The main end-
point in this trial was the patient’s pain
intensity before and after acupuncture treat-
ment. The authors reported that even though

there was a significant difference between the
treatment group and the control group in pain
intensity scores at each interval for up to 1 h
after acupuncture (all p\0.05), there was no
significant difference between the two there-
after. Based on these findings, the authors
concluded that there was no significant differ-
ence between acupuncture or a placebo in
controlling migraines; however, acupuncture
can be used in combination with other medical
treatments to effectively manage migraines [48].

A double-blinded, multicenter RCT with 150
patients investigated the efficacy of acupunc-
ture as prophylaxis for episodic migraine with-
out aura in comparison to sham acupuncture.
The acupuncture treatment (20 sessions)
reduced the average number of migraine days at
weeks 13–16 (by 3.5 vs. 2.4 days for the sham
acupuncture group; 95% CI - 2.4 to - 0.3;
p = 0.005) and at weeks 17–20 (by 3.9 vs.
2.2 days for the sham acupuncture group; 95%
CI - 1.5 to - 0.5; p\0.001). No severe adverse
effects or statistically significant differences in
needle perception were reported. The study
concluded that manual acupuncture is a viable
option for patients who do not respond or
comply with drug therapy [49].

Another open-label RCT investigated the
short- and long-term effectiveness of acupunc-
ture versus standard pharmacological treatment
in patients with a diagnosis of migraines. The
main endpoint of the study was the difference
in number of migraine days from baseline to
post-treatment of both groups. The authors
reported that in the short term, i.e., after
12-weeks of intervention, the number of
migraine days was reduced more in the treat-
ment group than in the control group (5.5 vs.
2.0 days). Additionally, in the short term, the
responder rate to treatment (defined as C 50%
reduction in average monthly migraine day
frequency) was greater in the acupuncture
group than in the pharmacological group (50
vs. 27%; p\0.05). Likewise, in the long term,
i.e., 6 months post-treatment, the reduction in
migraine days and the responder rate were more
favorable in the treatment group than in the
pharmacological, control group. Therefore, the
authors concluded that acupuncture can be
effective in both the short- and long term in
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treating migraines, and can serve as an adjuvant
modality to traditional treatments [50].

A 2017 RCT compared the efficacy of botu-
linum toxin-A, another treatment modality
approved for the treatment of migraines, with
acupuncture and sodium valproate (as a con-
trol) in treating chronic migraines. The authors
found that the visual analog scale (VAS) score
was significantly reduced from baseline to
3-months post-treatment in all of the groups
studied (p = 0.0001). Of the three groups, the
acupuncture group reported the greatest reduc-
tion in pain severity at the end of the 3-month
study (p = 0.0001). Additionally, the trial
showed that the number of days per month
with migraine, absence from work, and the
need for medication significantly decreased
from pre-treatment to post-treatment at all of
the time intervals in all of the three groups.
Furthermore, the acupuncture group experi-
enced fewer side effects than the group that
received botulinum toxin-A (p = 0.021). The
authors therefore concluded that while botuli-
num toxin-A, acupuncture, and pharmacologi-
cal methods demonstrate some efficacy in
treating chronic migraines, acupuncture
demonstrates more effectiveness and is associ-
ated with fewer adverse events [51].

Zhao et al. evaluated the long-term efficacy
of acupuncture in treating migraines without
aura over the course of a 24-week period. In this
study, participants were divided into three
groups: a true acupuncture group, sham
acupuncture group, and a control group. The
aim of this study was to quantify change in the
frequency of migraine attacks from pre-treat-
ment to week 16, as well as change in other
variables, such as migraine days and VAS scores,
all of which were compared at 4-week intervals
over the treatment period. The authors found
that the acupuncture group had the greatest
reduction in frequency of migraine attacks at
the end of the 16 weeks (mean ± SD: 3.2 ± 2.1)
compared to the sham acupuncture group (2.1
± 2.5) or the waiting-list, control group (1.4 ±

2.5). Both the difference between the acupunc-
ture and sham groups, and the difference
between the acupuncture and control groups
were found to be statistically significant. Addi-
tionally, the acupuncture group was found to be

associated with a significantly lower frequency
of migraine attacks, migraine days, and VAS
scores compared to both the sham acupuncture
and control groups at each time-point between
4 and 24 weeks. The authors, hence, concluded
that true acupuncture might be efficacious in
the long-term treatment of migraines without
aura [52].

Several meta-analysis have also attempted to
better characterize the effectiveness of using
acupuncture in the treatment of migraines. A
2015 meta-analysis looked at ten RCTs with a
total of 997 participants to investigate the
effectiveness of verum manual acupuncture
compared to sham acupuncture. The authors
assessed the ‘‘not effective’’ rate to determine
the efficacy of the treatments in both of the
groups. The manual acupuncture group was
found to have a greater reduction in the ‘‘not
effective’’ rate compared to the sham acupunc-
ture group (relative risk [RR] 0.24, 95% CI
0.15–0.38; p\0.0001). Additionally, verum
acupuncture was also associated with a lower
migraine recurrence rate than sham acupunc-
ture (0.47, 95% CI 0.28–0.81; p = 0.006). No
significant differences were found between the
groups in headache intensity, frequency or
duration, accompanying symptoms, or medi-
cation usage. The authors concluded that while
these findings suggest that verum acupuncture
is superior to sham acupuncture in treating
migraines, further large-scale RCTs are war-
ranted to verify these findings [53].

One meta-analysis evaluated the efficacy and
safety of acupuncture as a migraine treatment,
and the effect of acupuncture on the quality of
life of patients with migraines. The study
included 62 trials, involving a total of 4947
participants. The analysis found that VAS scores
were lower in the acupuncture group compared
to the medication group at 1 month post-treat-
ment (mean difference [MD] - 1.22, 95% CI
- 1.57 to - 0.87). Similar findings were also
reported at 1–3 months post-treatment (MD
- 1.81, 95% CI - 3.42 to - 0.20). The com-
parison of acupuncture and sham acupuncture
revealed that acupuncture was associated with
lower VAS scores at 1 month post-treatment
(MD - 1.56, 95% CI - 2.21 to - 0.92). The
study also investigated the effect that
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acupuncture has on the quality of life of those
suffering from migraines. Looking at the
Migraine-Specific Quality of Life Questionnaire
(MSQ) scores, the authors found that the MSQ
scores of the acupuncture group were higher
than those of the sham acupuncture group at
1 month and at 1–3 months post-treatment.
Furthermore, the analysis showed that
acupuncture had a lower risk than medication
of causing adverse events (risk difference
- 0.16, 95% CI - 0.25 to - 0.06). The authors
concluded that acupuncture is more effective
than no treatment, sham treatment, or medi-
cation in treating and preventing migraines and
that it is also associated with a greater
enhancement in quality of life compared to
medication [54].

In another meta-analysis, 14 RCTs were
reviewed that included a total of 1155 partici-
pants to investigate the effectiveness and safety
of using acupuncture to treat migraines without
aura compared to medication or sham
acupuncture. The analysis looked at the fre-
quency of migraine, number of migraine days,
VAS score, effective rate, and adverse events.
From the data acquired, the analysis found that
acupuncture was more effective than medica-
tion at reducing the frequency of migraines
(MD - 1.50, 95% CI - 2.32 to - 0.68;
p\0.001) and VAS score (MD 0.97, 95% CI
0.63–1.31; p\0.00001) and had a significantly
higher effective rate and fewer adverse events
compared to medication (RR 0.29, 95% CI
0.17–0.51; p\0.0001). When acupuncture was
compared to sham acupuncture, acupuncture
was found to be more effective in reducing the
frequency of migraines (MD - 1.05, 95% CI
- 1.75 to - 0.34; p = 0.004) and VAS score (MD
- 1.19, 95% CI - 1.75 to - 0.63, p\ 0.0001).
While most of the results included in this
analysis favored acupuncture, the authors con-
cluded that because the quality of evidence
supporting the findings from the RCTs included
in the meta-analysis were low to very low, fur-
ther studies are warranted to qualify the find-
ings; however, the authors did conclude that
acupuncture might be safer than medication in
treating migraines without aura [55].

A meta-analysis that analyzed 13 RCTs
involving 1559 patients reported that

electroacupuncture was superior (p\0.05) to a
control treatment for migraines when com-
pared with the following parameters: headache
frequency (vs. Western medicine, sham-elec-
troacupuncture, blank control), self-rating
depression score (vs. Western medicine, blank
control), self-rating anxiety scale (vs. blank
control), clinical efficiency (vs. Western medi-
cine, sham-electroacupuncture), and VAS score.
The authors concluded that electroacupuncture
is an effective treatment for migraines and
possibly for depression and anxiety [56].

Another meta-analysis looked at 22 trials
that included 4985 participants to compare
acupuncture with no acupuncture, sham
acupuncture, or medication. The main end-
point of this meta-analysis was headache fre-
quency in adults with episodic migraines. The
analysis revealed that 41% of patients who
received acupuncture had a reduction in
migraine frequency by at least half compared
with 17% in those who received no treatment.
Additionally, the comparison of true acupunc-
ture to sham acupuncture showed that 50% of
patients who received true acupuncture had a
reduction in migraine frequency by at least half
compared to 41% who received sham
acupuncture. Furthermore, comparison of the
true acupuncture and medication groups
showed that 57% of patients who received true
acupuncture had a reduction in migraine fre-
quency by at least half compared with 46% who
received medication. The authors concluded
that using acupuncture as an adjuvant to other
treatment modalities can reduce the frequency
of migraine headaches [57].

While the majority of papers reviewed here
advocate the incorporation of acupuncture into
migraine management, there are acknowledge-
ments that heterogeneity in statistical analyses,
study population (e.g., sample size), and treat-
ment methodology (e.g., length of acupuncture
treatment, acupuncture point variations) make
definitive conclusions difficult [58]. There is still
a need for more high-quality evidence compar-
ing acupuncture to other treatment modalities:
control, sham acupuncture, acupoint gut
embedding, drug therapy (including prophy-
laxis), and electroacupuncture [56, 59].
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Finally, a 2015 study investigating the effects
of acupuncture treatment on the right fron-
toparietal network in patients with migraine
without aura showed significantly decreased
functional connectivity in the right frontopari-
etal network and that decreased functional
connectivity could be reversed by acupuncture
treatment. These data suggest that patients who
have migraine without aura can have neural
responses to acupuncture treatment [60].

CONCLUSION

Acupuncture is a form of traditional Chinese
medicine that is performed by placing needles
or pressure in specific locations on a patient’s
skin to achieve a therapeutic effect. Although
used for a variety of disorders, one of the most
common applications of acupuncture is to treat
chronic pain, especially headache and migraine
pain. Acknowledging the fact that migraine is
one of the most disabling neurologic diseases
worldwide, clinicians and researchers have
made significant efforts into elucidating the
pathophysiology of this complex disorder and
searching for potent treatment approaches with
minimal side effects. Migraines are difficult to
treat, and current treatment options have many
unwanted side effects, such as exacerbating
headache pain in those with CM. Therefore,
while the primary treatment for migraines is
drug therapy, acupuncture is gaining increasing
attention as a viable addition to the treatment
management of migraine patients due to its
measurable effects on both the duration and
frequency of migraine attacks. Many studies
suggest that acupuncture is a safe, helpful and
available alternative therapy that may be bene-
ficial to certain migraine patients. Nevertheless,
further large-scale RCTs are warranted to further
consolidate these findings and provide further
support for the clinical value of acupuncture.
Despite previous studies that have analyzed the
effects of acupuncture on migraine, there is still
a need for further investigation to ensure that
the incorporation of acupuncture into migraine
treatment management will have a positive
outcome on patients. With regard to future
studies, a new developed Acupuncture

Expectancy Scale may assist future research
endeavors [61]. Future research studies could
also benefit from regular follow-up treatments
and interviews. Long-term follow-up of patients
who have been treated with acupuncture for
migraine could elucidate the long-term effects
of this treatment.
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