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Manual acupuncture versus sham acupuncture and
usual care for prophylaxis of episodic migraine without
aura: multicentre, randomised clinical trial
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Abstract
Abstract

Objective — To assess the efficacy of manual acupuncture as
prophylactic treatment for acupuncture naive patients with episodic
migraine without aura.

Design — Multicentre, randomised, controlled clinical trial with blinded
participants, outcome assessment, and statistician.

Setting — Seven hospitals in China, 5 June 2016 to 15 November 2018.

Participants — 150 acupuncture naive patients with episodic migraine
without aura.

Interventions — 20 sessions of manual acupuncture at true acupuncture
points plus usual care, 20 sessions of non-penetrating sham acupuncture
at heterosegmental non-acupuncture points plus usual care, or usual
care alone over 8 weeks.

Main outcome measures — Change in migraine days and migraine
attacks per four weeks during weeks 1-20 after randomisation compared
with baseline (four weeks before randomisation).

Results — Among 150 randomised patients (mean age 36.5 (SD 11.4)
years; 123 (82%) women), 147 were included in the full analysis set.
Compared with sham acupuncture, manual acupuncture resulted in a
significantly greater reduction in migraine days at weeks 13 to 20 and
a significantly greater reduction in migraine attacks at weeks 17 to 20.

Correspondence to: W Wang wwang@vip.126.com

The reduction in mean number of migraine days was 3.5 (SD 2.5) for
manual versus 2.4 (3.4) for sham (adjusted difference —1.4, 95%
confidence interval —-2.4 to —0.3; P=0.005) at weeks 13 to 16 and 3.9
(3.0) for manual versus 2.2 (3.2) for sham (adjusted difference -2.1,
-2.9t0 -1.2; P<0.001) at weeks 17 to 20. At weeks 17 to 20, the
reduction in mean number of attacks was 2.3 (1.7) for manual versus
1.6 (2.5) for sham (adjusted difference -1.0, -1.5 to —-0.5; P<0.001). No
severe adverse events were reported. No significant difference was seen
in the proportion of patients perceiving needle penetration between
manual acupuncture and sham acupuncture (79% v 75%; P=0.891).

Conclusions — Twenty sessions of manual acupuncture was superior
to sham acupuncture and usual care for the prophylaxis of episodic
migraine without aura. These results support the use of manual
acupuncture in patients who are reluctant to use prophylactic drugs or
when prophylactic drugs are ineffective, and it should be considered in
future guidelines.

Trial registration — Clinicaltrials.gov NCT02765581.
Introduction

The latest Global Burden of Disease Study showed that 1.25
billion people had migraine in 2017.' Migraine was responsible
for 45.1 million years of life lived with disability.” In the 15-49
year age group, migraine was the top cause of life lived with
disability.” Although some authors have suggested that
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prophylactic drugs should be recommended for migraineurs
who have at least four headache days per month, only 13% of
patients reported current use of preventive drugs.”
Ineffectiveness of and/or contraindications to migraine
medication affect 10-15% of people with migraine.’ Hence, a
need exists to investigate non-drug interventions.

Acupuncture has emerged as a prophylactic treatment for
migraine because of its potential efficacy.®® Clinically, two
acupuncture interventions are widely used: manual acupuncture
and electrical acupuncture. Manual acupuncture is commonly
used by traditional acupuncturists and is highly effective for
pain relief.” Besides insertion of penetrating needles into specific
acupuncture points, manual manipulation (that is, intermittent
rotation as well as lift and thrust) of the needle may enhance its
clinical benefit.'’ "' However, clinical evidence for the benefit

of manual acupuncture for migraine prophylaxis remains scarce.
Several randomised clinical trials found no differences between
manual and sham acupuncture.'*'® These negative results might
be ascribed to inappropriate placebo control settings.

Blinding is challenging in trials of non-drug treatments. An
appropriate placebo acupuncture design should be both
physiologically inert and indistinguishable from true
acupuncture. So far, only one randomised clinical trial of
acupuncture in migraine has reported successful blinding."
Furthermore, some authors have suggested that sham
acupuncture interventions were not totally inert, often being
associated with moderately large non-specific effects.'”" This
could make detection of additional specific effects of manual
acupuncture difficult. In particular, sham acupuncture involving
penetrating needles should be avoided in clinical trials.”
However, penetrating sham acupuncture has been commonly
used in previous randomised clinical trials in migraine.'>"®

Therefore, we designed a randomised clinical trial among
patients with migraine who were naive to acupuncture, using
non-penetrating sham control and assessment of blinding to
determine the efficacy of manual acupuncture and quantify the
true placebo response in the prophylaxis of episodic migraine
without aura.

Methods
Study design

This randomised, single blind, three arm clinical trial was
conducted in seven centres in China between 5 June 2016 and
15 November 2018. The protocol and the statistical analysis
plan are available in appendix 1. The total trial period was 24
weeks, including four weeks of baseline assessment, eight weeks
of treatment after randomisation, and 12 weeks of follow-up.
We obtained written informed consent from each patient before
randomisation.

Participants

A neurologist made the diagnosis of episodic migraine without
aura on the basis of the International Classification of Headache
Disorders, 3rd edition f version (ICHD-3f3).”' Other inclusion
criteria were age between 15 and 65 years, history of migraine
without aura for more than 12 months, initial onset of migraine
before the age of 50 years, between two and eight migraine
attacks during the baseline phase, naivety to acupuncture, and
ability to give informed consent. Exclusion criteria included all
other types of primary and secondary headaches, history of a
clinically significant disorder (for example, severe mental
illness), pregnancy or breast feeding, and non-adherence to the
baseline diary. In addition, all patients were instructed not to

take any other analgesics and to avoid starting other
interventions.

Randomisation and masking

After the baseline assessment, an independent investigator
randomised eligible patients in a 2:2:1 ratio to receive manual
acupuncture, sham acupuncture, or usual care. We used the
2:2:1 ratio to facilitate recruitment and increase patients’
adherence. Treatments were allocated in a centralised manner
via an interactive web response system with stratification by
centre and a block size of five. To maintain blinding in patients,
outcome assessors, and statisticians, the allocation sequence
was concealed until the end of the study.

Study interventions

Fourteen licensed acupuncturists delivered treatments. They
each had more than five years of clinical experience and attended
centralised training before recruitment. All patients received 20
sessions of 30 minute acupuncture treatments or usual care over
eight weeks. They were treated every other day to fulfil a 10
session treatment course and received another 10 session course
after a nine day break. In both the manual and sham acupuncture
group, acupuncture treatment began after randomisation. In the
usual care group, patients received acupuncture for free after
waiting 24 weeks. Details of acupuncture (location of
acupuncture points/non-acupuncture points, depth of insertion)
are shown in tables 1 and 2 of appendix 1.

Acupuncturists applied manual acupuncture at 10 obligatory
acupoints, included bilateral L14, LR3, EX-HNS, GB20, and
GBS8. Additional acupoints were selected on the basis of
meridian diagnosis and the patient’s symptoms: bilateral ST8
for Yangming meridian headache, BL.10 for Taiyang meridian
headache, and DU20 for Jueying meridian headache. Streitberger
acupuncture needles (0.30 mm in diameter and 30 mm in length)
were used. After sterilisation, the sharp needles were inserted
into the deep tissue layers of acupoints. Acupuncturists then
tried to elicit acupuncture de-qi sensation by the manual
manipulation of needles. Over a 30 minute period, manual
manipulation for each acupoint lasted 10 seconds and was
repeated four times with intervals of 10 minutes.

Non-penetrating sham acupuncture was performed at four
bilateral non-acupuncture points, which were all located on the
back and in different segments from the headache area. After
sterilisation, Streitberger placebo needles with blunt tip were
used.” When they were fixed on the skin through plastic rings,
patients felt a pricking sensation, simulating a puncture of the
skin. However, instead of penetrating the skin, the needles
retracted up into the shaft when they were pressed against the
skin. We formulated and followed standardised step-by-step
instructions and operations to use the same rituals in the manual
acupuncture and sham acupuncture groups as far as possible
(appendix 2).

In accordance with the migraine guidelines developed by the
Canadian Headache Society Prophylactic Guidelines
Development Group in 2012,” we provided usual care to all
three groups in terms of lifestyle changes and migraine
self-management. We taught patients about lifestyle factors that
may contribute to an increased frequency of migraine,
identifying migraine triggers or precipitants through the keeping
of a detailed headache diary, pacing, pain communication, sleep
hygiene, and regular exercise. In case of severe pain (visual
analogue score >8), diclofenac sodium enteric coated tablets
(25 mg/tablet; maximal tolerated dose 200 mg/day) were allowed
as a rescue medication.
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Outcome measures

Independent research assistants supervised patients to complete
their headache diaries in paper and pencil format from baseline
to week 20 and evaluated their outcomes. The primary outcomes
were change in the mean number of migraine days and migraine
attacks per four week cycle during weeks one to 20 after
randomisation compared with baseline (the four weeks before
randomisation). Secondary outcomes included the proportion
of patients achieving at least a 50% reduction in the mean
number of migraine days or migraine attacks during weeks 17
to 20 and changes in the severity of migraine as measured by a
visual analogue scale, the Migraine-Specific Quality-of-Life
Questionnaire (MSQ),* the Pittsburgh Sleep Quality Index
(PSQI),” the Migraine Disability Assessment Score (MIDAS),”
the Beck Anxiety Inventory (BAI) scale,” the Beck Depression
Inventory II (BDHI) scale,” and the mean dose of used rescue
medication from baseline to week 20. We also measured
patients’ expectations of of positive outcomes from acupuncture
by using the Acupuncture Expectancy Scale.” At the end of the
study, we determined the maintenance of blinding of patients
by asking them whether they thought the needles had penetrated
the skin. Patients recorded adverse events after each treatment,
including bleeding, subcutaneous haemorrhage, serious pain,
palpitation, fainting, and local infection.

Statistical analyses

On the basis of a pilot study, we anticipated a mean difference
of 1.8 (SD 2.8) days and 1.2 (1.8) attacks for manual versus
sham acupuncture and a difference of 2.2 (2.8) days and 1.5
(1.8) attacks for manual acupuncture versus usual care. To drive
all the primary hypothesis tests, we used PROC POWER in
SAS to calculate that a sample of 135 evaluable patients (54 in
manual acupuncture, 54 in sham acupuncture, and 27 in usual
care) would be needed to provide 90% power at a two sided
significance level of 5%. Therefore, we planned to recruit 150
patients into this study, with an anticipated 10% dropout rate.

We did efficacy analyses in the full analysis set, which included
all randomised patients who received at least one session of
treatment and had at least one efficacy measure. We imputed
missing data by using the last observation carried forward
method.™ We did sensitivity analyses in the per protocol set,
which included all randomised patients who had no major
protocol deviation. We did safety analyses in the safety set,
which included all randomised patients who received at least
one session of acupuncture.

We assessed the poolability of treatment effects across centres
by including an interaction term of treatment group by centre

in the model for the primary analysis. If P values associated
with the interaction term of both primary endpoints were greater
than 0.15,' the treatment effect was homogenous across centres.

We presented continuous variables as the mean with standard
deviation or median and interquartile range. For tests across
groups, we used analysis of variance or the Kruskal-Wallis test
when relevant. We described categorical variables as numbers
and percentages and used the y” test or Fisher’s exact test. For
comparisons of the primary endpoints across the groups, we
used analysis of covariance with the baseline migraine days or
migraine attacks adjusted. Superiority of manual acupuncture
over sham acupuncture or usual care could be claimed only
when both co-primary endpoints were statistically significant.
We used a fixed sequence procedure for multiple comparisons
among groups, which would not inflate the type I error, and
comparisons were made with an o value of 0.05. We also
evaluated multivariate adjusted treatment effects across the

groups on the basis of a linear mixed effects model. For the
secondary endpoints, we made pairwise multiple comparisons
on the basis of Bonferroni adjusted P values and confidence
intervals, if a significant difference was noted across the groups.

An independent statistician used SAS statistical software for

all statistical analyses. For both continuous and categorical
variables, 95% confidence intervals were calculated as
appropriate. All the statistical comparisons were two sided with
P<0.05 considered as significant.

Patient and public involvement

No patients were involved in the design or conduct of the study,
in setting the research question, or in determining the outcome
measures of this study, nor did they have any input on data
analysis, interpretation, or writing up of results. Results of the
trial will be shared with all participants by web or email.

Results

Study participants

Between 5 June 2016 and 15 November 2018, we screened 210
patients, of whom 150 were randomised (fig 1). The main reason
for exclusion was not meeting the inclusion criterion of between
two and eight migraine attacks during the baseline phase (table
A in appendix 3). The baseline characteristics of all randomised
patients were well balanced among the three groups (table 1).
Similar baseline characteristics were observed in the full analysis
set population (table B in appendix 3).

After randomisation, six (4%) patients were lost to follow-up
(three in the manual acupuncture group, one in the sham
acupuncture group, and two in the usual care group; P=0.3025,
y? test). Of these patients, three were lost without one primary
outcome measure and another three did not complete all the
visits. Therefore, 147 patients were included in the full analysis
set and 144 in the per protocol set.

Primary outcomes

Table 2 and figure 2 show the primary analyses. The reduction
of migraine days and migraine attacks per four weeks from
baseline was significantly greater in the manual acupuncture
group than in the usual care group during weeks 1 to 20.
Compared with sham acupuncture, manual acupuncture resulted
in a significantly greater reduction in migraine days during
weeks 13 to 20, with a group difference of —1.4 (95% confidence
interval —2.4 to —0.3; P=0.005) days at weeks 13 to 16 and —2.1
(-2.9 to —1.2; P<0.001) days at weeks 17 to 20, and a
significantly greater reduction in migraine attacks at weeks 17
to 20, with a group difference of —1.0 (1.5 to —0.5; P<0.001)
attacks. Sham acupuncture also resulted in a significantly greater
reduction in migraine attacks during weeks 5 to 20 compared
with usual care. We observed similar results in the per protocol
analysis population (table C in appendix 3). In addition, we
developed mixed effects models including participants, centres,
acupuncturists, baseline, study visits, treatment groups, and the
interaction term of treatment groups by study visits, the results
of which were consistent with those of the primary analyses
(table D in appendix 3). The poolability of both primary efficacy
endpoints across centres was verified (P values for the
interaction effects were >0.15).

Secondary outcomes

Table 3 summarises the secondary analyses. Overall, the
responder rates in the manual acupuncture group were
significantly higher than in the two control groups during weeks
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17 to 20. All subscales of the Migraine-Specific Quality-of-Life
Questionnaire were improved significantly more in the manual
acupuncture group than in the two control groups at weeks 20.
The visual analogue scale showed a greater reduction in score
for the manual acupuncture group than for the two control
groups at weeks 20.

The total scores on the Pittsburgh Sleep Quality Index and
Migraine Disability Assessment Score were significantly lower
in the manual acupuncture group than in the usual care group
at week 20. However, we found no significant difference in
these scores between manual acupuncture and sham acupuncture.
We also found no significant difference in the mean dose of
rescue medication or in Beck Anxiety Inventory and Beck
Depression Inventory II scores among the three groups at week
20.

At the end of the study, we assessed the credibility of blinding
of treatment. We found no significant difference between the
manual acupuncture and sham acupuncture groups for patients’
ability to correctly guess their allocation status (P=0.891) (table
E in appendix 3).

Adverse events

In the manual acupuncture group, five (8%) patients reported

at least one acupuncture related adverse event compared with
no patients in the sham acupuncture group. One patient withdrew
from the study because of an adverse event. No patients in either
the manual or sham acupuncture group had severe adverse events
(table F in appendix 3).

Discussion

In this study in acupuncture naive patients with episodic
migraine without aura, 20 sessions of manual acupuncture
produced a relatively long lasting reduction in migraine days
and migraine attacks compared with sham acupuncture and
usual care. We found that, compared with the usual care group,
both the reductions in migraine days and migraine attacks per
four week period from baseline in the manual acupuncture group
were significantly larger from the first four week period after
the start of treatment, and the significant reductions lasted until
the last four week period of follow-up (weeks 17-20), with an
apparent increasing trend. Compared with the usual care group,
only in migraine attacks per four week period from baseline did
the sham acupuncture group show significant reductions from
the second four week period after treatment to the last four week
period of follow-up. In the last four week period, that reduction
fell a little. In comparisons between the manual acupuncture
group and the sham acupuncture group, reductions in migraine
days were significantly larger in the manual group at weeks
13-16 and 17-20, and reductions in migraine attacks were
significantly larger in the manual group at weeks 17-20. Overall,
the therapeutic effects in the manual acupuncture group occurred
earlier, were larger, and might last longer.

Comparison with other studies

The latest Cochrane meta-analysis,” published in 2016, found
that up to both eight weeks/two months and three to four months
after randomisation, acupuncture was associated with a small
but statistically significant reduction in migraine attacks
compared with sham. The effect size was —0.35 (95% confidence
interval —0.57 to —0.13) at up to eight weeks/two months after
randomisation and —0.32 (-0.53 to —0.10) at up to three to four
months after randomisation. Since then, results have been
published for only one randomised clinical trial.* It found that

electrical acupuncture resulted in a long term reduction in
migraine attacks. At week 16 after randomisation, a greater
reduction was observed in the true electrical acupuncture group
than in the sham acupuncture group (difference of 1.1 (0.4 to
1.9) attacks; P=0.002) and in the true electrical acupuncture
group than the no acupuncture group (difference of 1.8 (1.1 to
2.5) attacks; P<0.001). The effect size for manual acupuncture
over sham acupuncture observed in our study was similar to the
effect size seen with electrical acupuncture,” but larger than the
effect size seen in the latest Cochrane meta-analysis.”> We also
updated the meta-analysis to include our results (appendix 4).
Additionally, the effect size for manual acupuncture was larger
than the effect size seen with prophylactic drugs, such as
monthly subcutaneous injections of fremanezumab (225 mg or
675 mg) or galcanezumab (120 mg or 300 mg).****

However, our findings are not completely consistent with those
of several randomised clinical trials,*"'® which found no
significant differences between true acupuncture and sham
acupuncture in reducing migraine headaches. The inconsistency
might be driven predominantly by differences in treatments
received by the control group.

Comparison between manual and electrical
acupuncture

In acupuncture practice, manual acupuncture and electrical
acupuncture are the two most common interventions for the
treatment of pain conditions. Manual acupuncture emphasises
the occurrence of “de-qi” feelings, which can be induced by
proper and effective manual manipulation of the needle. The
intensity of de-qi feelings plays a key role in the analgesic
effects of manual acupuncture.” The importance of manipulation
of the needle is no less than that of the selection of the
appropriate acupoint.* The effects of electrical acupuncture
depend on current parameters (frequency, intensity, and duration
of pulses). Different manual manipulations or different electrical
parameters may produce different therapeutic effects. The
peripheral and central mechanisms for pain relief produced by
manual acupuncture and electrical acupuncture are homologous,
but some differences exist. The effects of manual acupuncture
may be mediated by all types of afferents, whereas the effects
of electrical acupuncture might be preferentially mediated by
AP and parts of A type afferents.’” In addition, subtle differences
exist between the areas of the brain activated by manual and
electrical acupuncture.”’

So far, only a few small trials for several conditions have directly
compared the effects of manual and electrical acupuncture.®*
The findings of these studies were inconsistent and inconclusive.
The choice of different manual manipulations or different
electrical parameters may need to be based on a specific disease
or condition and should be guided by more high quality
randomised controlled trials.

Strengths and limitations of study

An advantage of this trial is the design of a reasonable sham
comparator. Previous acupuncture research has often used
penetrating sham acupuncture, involving needling
non-acupuncture points, needling irrelevant acupuncture points,
or superficial needling.”* However, whether the needle is
inserted into an acupuncture point or a non-acupuncture point,
it could produce a physiological effect.* This is in part due to
the activation of the pain inhibiting system in the spinal cord
and diffuse noxious inhibitory controls.**” In addition, sham
acupuncture applied at points beside the real acupoints might
be an active control, because the area of the acupoint could be
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enlarged by increased expression of nociceptive substances
during various pain conditions.” In this study, we applied
non-penetrating sham acupuncture at heterosegmental
non-acupuncture points, thereby avoiding segmental analgesia
and minimising any physiological effect in the sham acupuncture
group.

Another strength of this trial is the successful blinding. Previous
trials lacked assessment of blinding or had ineffective
blinding,"*'*'® so comparisons between true acupuncture and
sham acupuncture might be biased by unsuccessful blinding.
Ideal blinding should be psychologically credible yet
physiologically inert. To ensure successful blinding, we recruited
acupuncture naive patients, used non-penetrating needles as the
control, and designed the same procedures to perform the same
rituals as far as possible in the manual and sham acupuncture
groups. These factors made the sham acupuncture as close to a
real placebo as possible. At the end of the study, we asked
patients to guess whether they thought the needles penetrated
the skin. Satisfyingly, we found no significant difference
between the two treatment groups in patients’ ability to correctly
guess their allocation status. Successful blinding showed the
reliability of the difference between manual acupuncture and
sham acupuncture, as well as between sham acupuncture and
usual care. Furthermore, successful blinding increased the
adherence of patients, especially those allocated to the sham
acupuncture group. Only one patient in the sham acupuncture
group was lost to follow-up.

The study does, however, have limitations. Firstly, the lack of
baseline prophylaxis is not typical, but the latest meta-analysis
indicated that acupuncture reduced the frequency of migraine
significantly more than did drug prophylaxis and was less likely
to lead to dropout due to adverse effects and to reporting of
adverse effects.” In addition, we should respect the opinions of
patients who are reluctant to use drug treatment; the decision
to treat with drugs and the choice of a prophylactic drug should
be made together with the patient.*” Secondly, the timeframe of
this study may be not have been long enough to see a long
lasting effect, although we observed that the treatment effects
of manual acupuncture could persist for 12 weeks after
treatment. In the future, trials with longer follow-up periods are
needed to assess how long the effects of manual and sham
acupuncture last.

Clinical relevance

A considerable number of patients do not respond well to drug
treatment, cannot tolerate the adverse effects of drugs, or have
contraindications, which can lead to low adherence,
chronification of headache, and acute drug overuse.® Our results
show that acupuncture can be recommended as an effective
alternative treatment. Although sham acupuncture produced a
minor benefit in reducing migraine attacks, the differences
between manual acupuncture and sham acupuncture support
the specific effects of manual acupuncture. On the basis of our
results, clinical acupuncturists should pay careful attention to
the specific components of acupuncture, including acupuncture
points, needle manipulation, and acupuncture sensations, and
the non-specific effects of acupuncture (acupuncture ritual or
expectation for efficacy’ ) should also not be neglected in
clinical practice. In randomised controlled trials of acupuncture,
the sham acupuncture group should not use penetrating needles.

Conclusion and policy implications

Among acupuncture naive patients with episodic migraine
without aura, treatment with manual acupuncture, compared

with sham acupuncture or usual care, resulted in a significantly
greater reduction in the frequency of migraine days and migraine
attacks. Acupuncture can be recommended as a prophylactic
treatment when updating the guidelines and insurance coverage
for migraine and its related substance misuse. When discussing
prophylactic treatment strategies with patients, clinicians should
provide them with information about acupuncture as an option.

What is already known on this topic

Clinical evidence for the benefit of manual acupuncture in
migraine prophylaxis remains scarce

Several recent clinical trials found that manual acupuncture
was superior to no acupuncture

Comparisons between manual acupuncture and sham
acupuncture found only minor or even no differences

What this study adds

Manual acupuncture was more effective than sham
acupuncture and usual care in reducing migraine headaches
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the study have been omitted; and that any discrepancies from the study as planned

(and, if relevant, registered) have been explained.

Dissemination to participants and related patient and public communities:

Participants will be informed of the results of the study by telephone. Dissemination

to the public will be achieved through media outreach.
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Tables

| Baseline characteristics of randomised population. Values are mean (SD) unless stated otherwise

Characteristics Manual acupuncture (n=60) Sham acupuncture (n=60) Usual care (n=30)
Age, years 36.6 (12.0) 36.0 (10.9) 37.3 (11.7)
No (%) women 47 (78) 50 (83) 26 (87)
Median (IQR) body mass index 20.4 (19.5-23.1) 22.0 (20.3-23.4) 20.8 (19.5-22.4)
Median (IQR) disease duration, years, 10.0 (5.0-19.5) 10.0 (6.0-14.0) 16.5 (7.8-23.0)
Accompanying symptoms:

No (%) nausea or vomiting 53 (88) 51 (85) 25 (83)

No (%) photophobia or phonophobia 52 (87) 52 (87) 23 (77)
Patient personality:

Neuroticism 31.8(7.1) 31.9 (6.6) 31.3(7.1)

Extraversion 37.4 (7.0) 38.0 (6.6) 37.0 (6.4)

Openness 37.6 (4.9) 37.4 (4.8) 35.9 (2.8)

Agreeableness 43.2 (4.6) 43.1 (4.9) 43.6 (5.2)

Conscientiousness 41.2 (5.6) 41.8 (6.2) 41.5 (5.5)
No (%) chronic migraine 1(2) 2(3) 0(0)
Acupuncture Expectancy Scale score 10.9 (3.7) 11.1 (3.5) NA
Days with migraine 5.8 (2.6) 6.3 (3.8) 5.8 (3.0)
No of migraine attacks 3.8 (1.4) 4.1 (2.6) 3.9(1.7)
Mean VAS score 5.1 (1.3) 5.3(1.3) 5.2(1.8)
Migraine-Specific Quality-of-Life Questionnaire:

Role restrictive subscale 55.2 (17.6) 54.4 (15.5) 56.0 (15.0)

Role preventive subscale 60.6 (23.3) 59.9 (19.5) 64.0 (19.0)

Emotional subscale 61.6 (23.3) 65.3 (20.3) 62.9 (21.6)
Pittsburgh Sleep Quality Index 5.7 (2.7) 5.6 (2.7) 5.3 (3.5)
Median (IQR) Migraine Disability Assessment Score 27.5(12.0-49.8) 33.5 (15.3-57.3) 27.5(13.8-44.8)
Median (IQR) doses of rescue medication 0.0 (0.0-1.8) 0.0 (0.0-3.5) 0.0 (0.0-2.0)
Median (IQR) Beck Depression Inventory Il 6.5 (3.0-13.0) 7.0 (2.3-14.0) 7.0 (1.0-13.0)
Median (IQR) Beck Anxiety Inventory 10.0 (4.0-15.0) 7.5 (4.0-14.0) 7.0 (3.8-9.5)

IQR=interquartile range; NA=not applicable; VAS=visual analogue scale.
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| Primary outcome measurements of full analysis set population. Values are mean (SD) unless stated otherwise

Pairwise comparisons—mean (95% Cl)

Manual Sham
acupuncture acupuncture Usual care Manual v usual Sham v usual
Time point (n=58) (n=60) (n=29) P value* Manual vsham P value* care P value* care P value*

Change from baseline in mean number of days with migraine

Weeks 1-4 -2.2(2.0) -1.6 (3.0) -0.7 (2.9) 0.003 -0.9(-1.8t0 0.052 -1.5(-25t0 0.004 -0.6 (-1.7to 0.589
0.0) -0.4) 0.5)

Weeks 5-8 -3.1(2.6) -2.7 (3.6) -1.3(2.5) 0.002 -0.7 (-1.6to 0.198 -1.7 (-2.8 1o 0.001 -1.0(-2.1to 0.119
0.2) -0.5) 0.2)

Weeks 9-12 -3.5(2.6) -2.9 (3.8) -1.3(2.7)  <0.001 -1.0(-2.0to 0.077 -2.1(-34to <0.001 -1.1(-2.4to 0.100
0.1) -0.8) 0.1)

Weeks 13-16 3.5 (2.5) -2.4 (3.4) -1.0(2.4) <0.001 -1.4 (-2.4to 0.005 -2.4 (-3.7t0 <0.001 -1.1(-2.3t0 0.136
-0.3) -1.2) 0.2)

Weeks 17-20  -3.9 (3.0) -2.2(3.2) -1.4(2.7)  <0.001 -2.1(-29to <0.001 -2.4 (-3.510 <0.001 -0.4 (-1.4t0 0.495
1.2) -1.4) 0.7)

Change from baseline in mean number of migraine attacks

Weeks 1-4 -1.1(1.3) -1.0 (2.5) -0.2 (1.5) 0.032 -0.3(-0.9t0 0.643 -0.8(-1.6t0 0.026 -0.5(-1.3t0 0.305
0.3) -0.1) 0.2)

Weeks 5-8 -1.8(1.4) -1.7 (2.5) -0.7 (1.3) 0.002 -0.3(-0.9to 0.526 -1.0 (-1.7to <0.001 -0.7 (-1.4 to 0.032
0.2) -0.4) 0.0)

Weeks 9-12 -1.9(1.3) -1.8(2.7) -0.4(1.3)  <0.001 -0.4 (-1.0to 0.410 -1.5(-2.3t0 <0.001 -1.1(-19t0 0.001
0.2) -0.8) -0.4)

Weeks 13-16 2.1 (1.5) -1.8(2.7) -0.7(1.3)  <0.001 -0.6 (-1.2t0 0.092 -13(-2.1t0 <0.001 -0.8(-1.5t0 0.043
0.1) -0.6) 0.0)

Weeks 17-20 -2.3(1.7) -1.6 (2.5) -0.4(1.3)  <0.001 -1.0(-1.5t <0.001 -1.8(-2.4to <0.001 -0.8(-1.4to 0.008
-0.5) -1.2) -0.2)

* P values, differences, and confidence intervals were based on analysis of covariance adjusted for days with migraine (or number of migraine attacks) at baseline.
According to fixed sequence procedure planned for primary analyses, pairwise comparisons at weeks 17-20 were made at nominal a level without further adjustment.
For visits other than weeks 17-20, multiple pairwise comparisons were adjusted by Bonferroni approach.
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| Secondary outcome measurements of full analysis set population

Pairwise comparison

Manual Sham Usual
acupuncture acupuncture care Manual v Manual v Sham v
Time point (n=58) (n=60) (n=29)  Pvalue* sham P value* usual care P value* usual care P value*

Proportion of participants with 250% reduction in number of migraine days (%)

Weeks 82.5 45.8 17.9 <0.001 36.7(17.0to <0.001 64.6 (435 <0.001 27946t 0012
17-20 56.4) 10 85.7) 51.2)

Proportion of participants with 250% reduction in number of migraine attacks (%)

Weeks 17-20 78.9 441 14.3 <0.001 34.9(14.7t0 <0.001 64.7 (44.2 <0.001 29.8(7.6t0  0.004
55.0) to 85.1) 51.9)

Mean (SD) change from baseline in visual analogue scale

Weeks 20 -2.2 (2.5) -0.9(1.9) -0.0(1.4) <0.001 -1.3(-2.2to 0.005 -2.1 (-3.3t0 -1.0) <0.001 -0.9(-2.0to 0.224
-0.3) 0.3)

Mean (SD) change from baseline in MSQ, role restrictive subscale

Weeks 20 24.4 (21.4) 12.8(16.0) 5.8(14.2) <0.001 11.6(3.5t0 0.002 18.6 (8.5 10 28.7) <0.001 7.0(-3.1to0 0.285
19.8) 17.0)

Mean (SD) change from baseline in MSQ, role preventive subscale

Weeks 20 225 (25.1) 10.1 (14.1) 45(155) <0.001 125(3.7t0  0.002 18.1 (7.2t0 29.0) <0.001 56(-5.2t0 0.630
21.2) 16.4)

Mean (SD) change from baseline in MSQ, emotional subscale

Weeks 20 19.5 (26.8) 8.4 (19.0) 8.8(20.9) 0.020 11.2(09t0 0.027 10.7 (-2.0 to 23.4) 0.129 -0.4(-13.1 >0.999
21.4) to 12.2)

Mean (SD) change from baseline in global score of PSQI

Weeks 20 -1.8(2.3) -0.7 (2.5) -0.1(2.6) 0.007 -1.1(-2.2to 0.058 -1.7 (-3.0t0 -0.3) 0.011 -0.6(-2.0to 0.894
0.0) 0.8)

Median (IQR) change from baseline in score of MIDAS

Weeks 20 -15.0 (-36.0--5.0) -6.0 -0.5 0.007 -8.0(-17.0 0.139 -14.0(-28.0t0-3.0) 0.006 -6.0(-22.0 0.523

(-30.0-2.0) (-16.0-6.5) to 2.0) to 4.0)

Median (IQR) change from baseline in doses of rescue medication

Weeks 0.0 (-1.0-0.0) 0.0 (-1.0-0.0) 0.0 0.745 NA NA NA NA NA NA

17-20 (-1.5-0.0)

Median (IQR) change from baseline in BDI- Il

Weeks 20 -2.0 (-6.0-0.0) -1.0(-5.0-1.0) 0.0 0.081 NA NA NA NA NA NA

(-2.5-1.0)
Median (IQR) change from baseline in BAI
Weeks 20 -4.0 (-8.0-0.0) -1.0(-5.0-1.0) 0.0 0.005 -2.0(-5.0t0 0.051 -4.0 (-7.0to -1.0) 0.007 -1.0(-4.0to 0.980
(-3.5-1.5) 0.0) 1.0)

BAI=Beck Anxiety Inventory; BDI-ll=Beck Depression Inventory IlI; IQR=interquartile range; MIDAS=Migraine Disability Assessment Scores; MSQ=Migraine-Specific

Quality-of-Life Questionnaire; NA=not applicable; PSQl=Pittsburgh Sleep Quality Index.

* Pairwise comparison include differences in means, medians, and proportions and corresponding confidence intervals. For continuous variables, analysis of variance
or Kruskal-Wallis test was used for comparisons among treatment groups. If Kruskal-Wallis test was significant, pairwise comparisons were made using Wilcoxon rank
sum test. Difference in median is estimated on basis of Hodges-Lehmann estimator of location shift. Asymptotic (Moses) confidence intervals are provided. For
categorical variables, linear probability model was used for comparisons among treatment groups. For all pairwise comparisons, P values and confidence intervals
were adjusted by Bonferroni approach.
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Fig 1 Flowchart showing trial group assignments, loss to follow-up, treatment completion, and protocol deviations
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Fig 2 Primary outcomes throughout trial. Top: number of migraine days per 4 weeks through study period. Bottom: frequency
of migraine attacks per 4 weeks through study period
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