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Background: Tai Chi has been broadly applied as alternative treatment for

many neurological and psychological disorders. Whereas no study using Tai

Chi as prophylactic treatment for migraine. The purpose of this study was to

preliminarily examine the e�cacy and feasibility of a 12-week Tai Chi training

on migraine attack prevention in a sample of Chinese women.

Methods: A two-arm randomized controlled trial was designed. Women aged

18 to 65 years and diagnosed with episodic migraine were randomized to

either Tai Chi group (TC group) or the waiting list control group. A modified

33-short form Yang-style Tai Chi training with 1h per day, 5 days per week for

12 weeks was implemented in the TC group, with a 12-week follow up period.

The control group received a “delayed” Tai Chi training at the end of the trial.

The primary outcomewas the di�erences in attack frequency between 4weeks

before baseline and at the 9–12 weeks after randomization. The intensity and

duration of headache were also measured. The feasibility was evaluated by

the maintenance of Tai Chi practice and satisfactory level of the participants

toward training.

Results: Eighty-two women were randomized, finally 40 in TC group and

33 in control group were involved in the analysis. On average, women in

TC group had 3.0 times (95% CI: −4.0 to −2.0, P < 0.01) and 3.6 days

(95% CI: −4.7 to −2.5, P < 0.01) reduction of migraine attack per month.

Compared with the control group, the di�erences were statistically significant

(−3.7 attacks/month, 95% CI: −5.4 to −1.9; and −3.0 migraine days/month,

95% CI: −4.5 to −1.5; both P < 0.001). The intensity and duration of headache
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had 0.6 (95% CI: −1.2 to −0.0, P < 0.05) units and 1.2 (IQR: −5.0 to 1.1,

P < 0.05) hours reduction in TC group, respectively. Most of the participants

(69.2%−97.4%) were satisfied with the training. At the end of 24 weeks, on

average, the participants maintained 1.5 times of practice per week and 20min

for each practice.

Conclusion: The 12-week Tai Chi training significantly decreased the

frequency of migraine attack. It was acceptable and practicable among

female migraineurs.

Clinical trial registration: www.ClinicalTrials.gov, identifier: NCT03015753.
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Introduction

Migraine is among the most common primary headache
disorders worldwide. According to the Global Burden of Disease
Study updated in 2019, migraine caused 4.9% of total years lived
with disability (YLDs) in both genders, and took the first place
in young women (1, 2). The age-standardized disability-adjusted
life years (DALYs) of migraine increased from 22nd highest
ranking in 1990 to 14th in 2019 among the 369 diseases and
injuries (1, 3). Globally, the prevalence of migraine ranged from
9% to 35% across countries (4). Women was two to three times
higher than men (5), the age-standardized prevalence was 18.9%
for women and 9.8% for men (6). In Hong Kong, the prevalence
ranged from 8.4 to 12.5%, which was as high as hypertension
(7, 8). Migraine is usually nonfatal but disabling because
repeated migraine attacks are pain and personal suffering, which
substantially impair quality of life and increase financial cost (9).
The disabled productivity during migraine attack also reduced
working hours and working effectiveness (10). Furthermore,
evidence showed that frequent attack was highly associated
with an elevated risk of developing cardiovascular disease (11–
13) and progression of white matter lesions (14), with the
consequences of increased neurologic deficits, morbidity and
mortality. The prevention of migraine attack is thereby of
important public health concern.

The pathogenesis of migraine is believed to be highly
complex involving neuronal, inflammatory, and vascular
mechanisms. Neural events lead to dilation of blood
vessels, which in turn aggravates the pain and results in
further nerve activation. Cortical spreading depression
(CSD) and brainstem generator are the two concepts of
migraine genesis (15). Nonpharmacological treatment plays an
important role in the prophylaxis of migraine. Compare with
pharmacological approach, nonpharmacological prophylaxis is
relatively safer, better tolerated, and associated with improved
patient satisfaction (16). As one of the most promising

nonpharmacological interventions, exercise is recommended
for migraine prophylaxis in recent years (17–19). Potential
mechanism links to improvement in neuroinflammatory,
neurovascular, neurolimbic, and neuroendocrine processes,
and/or psychological and behavioral factors (18, 19). However,
exercise itself might also be a potential trigger (20). Improper
vigorous exercise could initiate attacks through the pathways
of hypocretin changes, lactate accumulation, and systolic
blood pressure and cardiac output increases (21). Thus,
the type, frequency, and intensity of exercise should be
carefully determined for migraine prophylaxis. Tai Chi,
a traditional Chinese martial art that has been widely
practiced in Chinese population and spread worldwide, is
a moderate mind–body exercise that integrates physical
and spiritual elements to slowly and gently move qi (vital
energy) throughout the body. By integrating the movements
with deep breathing and mental concentration, mind-body
communication is enhanced, allowing a practitioner to
achieve a state of harmony between mind and body. Its
significant physiological and psychosocial benefits on health
outcomes have been well documented in the literature
(22). However, its effectiveness among migraineurs remains
largely unknown.

There was no published study using Tai Chi as prophylactic
treatment for migraine. Nonetheless, Tai Chi has been
broadly applied in treatment of mental and psychological
disorders. It showed significant beneficial effects on reducing
the severity of headache, improving energy expenditure,
emotional well-being and mental health for general headache
(23). Recent systematic review indicated that Tai Chi can
relieve stress, improve sleep quality, alleviate fatigue level,
and accordingly promote health-related quality of life
and wellbeing (24, 25). As stress, sleep disturbances and
fatigue are typical migraine triggers (26), Tai Chi may
prevent migraine attacks through this indirect way. Thus, we
believe that Tai Chi holds therapeutic potential in migraine
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prophylaxis. We thereby designed a randomized controlled
trial, using Yang-style Tai Chi training as intervention, to
preliminarily examine its efficacy in migraine prophylaxis,
and test the feasibility of practicing Tai Chi in the study
population. We hypothesized that the 12-week Yang style
Tai Chi training could significantly decrease the frequency
of migraine attacks among Hong Kong Chinese women with
episodic migraine.

Methods

Study design and setting

This study was a two-arm individual-level randomized
controlled trial (RCT). Participants in the intervention group
received a 12-week modified short-form Yang-style Tai Chi
training with additional 12-week follow-up, and participants in
the waiting list control group just kept their usual exercise and
lifestyles for 24 weeks and then took the Tai Chi training. The
study was implemented in a University in Hong Kong.

Participants

Eligibility criteria for participants

Hong Kong Chinese women who had a clinical diagnosis
of episodic migraine (≤15 migraine days per month) was the
study population. The inclusion criteria were: (1) female, aged
18–65 years; (2) have a clinical diagnosis of episodic migraine
with or without aura according to the third edition of the
International Classification of Headache Disorders (ICHD-III
beta version) (27) at least 2 months prior to enrollment; (3)
more than two migraine attacks in 1 month; (4) at least
one of the following migraine characteristics is met: nausea,
vomiting, photophobia, or phonophobia; (5) able to undertake
designated level of Tai Chi exercise; (6) live in Hong Kong,
can read and speak Cantonese or Putonghua; (7) give written
informed consent. The exclusion criteria were those with: (1)
severe migraine attacks with disabilities that preclude moderate
intensity physical activity; (2) secondary headache and other
neurological disease; (3) more than 5 days of non-migrainous
headache per month; (4) experience with Tai Chi practice after
diagnosis of migraine; (5) regular performance of Tai Chi or
other mind-body exercises (yoga, biofeedback, meditation, etc.);
(6) undergoing other alternative therapeutic treatments during
recruitment period, or received other alternative therapeutic
treatments in the past 12 weeks; (7) pregnancy, lactation period,
or currently using contraceptives; (8) use of pharmacological
prophylactic treatment for migraine in the past 12 weeks;
(9) drug use, take antipsychotic or antidepressant drugs, or
take analgesics for other chronic pain more than 3 days a

month in the past 12 weeks; and (10) epilepsy, or have a
psychiatric disease.

Sample size calculation

Since there was no previous intervention study using Tai Chi
as migraine prophylaxis, by referring to other complementary
treatments, like aerobic exercise (19) and acupuncture (28),
we expected 1 attack reduction per month after the Tai Chi
intervention. Thus, a sample of 30 in each group was needed to
achieve 85% power to detect a difference of 1.0 time (SD: 1.6)
reduction in attack, with the significant level of 0.05 for two-
sides. By consideration of 10% drop out rate (29), additional five
subjects were recruited for each group.

Recruitment

Recruitment was done via mass media and internet,
including university’s internal email system, school’s alumni
system, WhatsApp, and fliers and posters disseminated in
the communities and clinics. Information with details of the
RCT and an enquiry phone number and email address was
displayed in the posters. During the initial contact, the trained
research assistants (RAs) briefed prospective participants about
the purpose and logistics of the study, evaluated their initial
eligibility by a screening form. Those met the basic criteria
were involved in 4 weeks observation subsequently, which
required the prospective participants to record the migraine
attacks through a migraine diary. The migraine diary is a
commonly used tool to record frequency, intensity, duration,
and relevant medication of migraine attacks for migraineurs.
RAs collected the diaries and consulted the collaborative
neurological physician at the University Health Service Center,
the latter made the final diagnosis according to the ICHD-III
beta version criteria (27). The subjects who met all inclusion
and exclusion criteria were invited as eligible participants. Before
the study, participants were informed of relevant precautions.
If unbearable headache occurred during the trial, they could
take acute medication for migraine to relieve the headache (e.g.,
triptans) as advised by their doctors. They were required to
record the name and dosage of medication on the migraine
diary. The acute medication was only for symptoms alleviation,
it would not influence the prophylaxis effect of Tai Chi on the
migraine attacks.

Randomization, blinding, and
concealment

A computer random number generator was used to generate
the random allocation sequence. Eligible participants were
randomly assigned in a 1:1 ratio to one of the two groups: (1)
a Tai Chi training group; or (2) a waiting list control group
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(“control”). Randomization was carried out using a permuted
block algorithm with blocks of size 4. To ensure allocation
concealment, the RAs assigned a code to each participant and
generated several random allocation sequences for each block
of size 4. The principal investigator then chose one from each
group of generated allocation sequences without knowing the
participant identity. Investigators were concealed about the
random allocation until the assignments had been made. The
RAs who performed the outcome measurements were blinded
to the treatment group assignment.

Interventions

Tai Chi training

The 12-week Tai Chi training was prescribed with three
1-h instructor-led sessions and two 1-h self-practice sessions
per week. Qualified Tai Chi instructors were recruited from
the Gentle and Tranquil Tai Chi Chuan Association, to teach
the participants a modified 33-short form Yang-style Tai Chi
Chuan, which is the most popular and widely practiced form
of Tai Chi in the world. This form is adapted from original
32-short form Yang-style Tai Chi Chuan by including the last
form “closing”. It is typically done with slow, steady movements,
which is a practical entry point for many beginners. The
recruited Tai Chi instructors attended a training session before
the commencement of the intervention, to ensure that they
agreed on the exact procedure of the Tai Chi intervention
protocol and would adhere to the protocol throughout the study.

Each 1-hour training session consisted of 10min brief warm-
up stretching movements followed by 45-min standard Tai Chi
routine activities, and 5min of cool-down stretching. Every
instructor-led training session had 15–18 participants, which
were performed at an open space with relatively less pedestrians
in the University. Also, handouts about the Tai Chi movements
and lesson schedule were distributed to the participants to
facilitate their learning and practice. Two parallel Tai Chi classes
were arranged for the participants. Class A was scheduled on
Monday, Wednesday, and Friday; class B was set on Tuesday,
Thursday, and Saturday. Both classes followed the same
intervention protocol (Supplementary material). Participants
could choose one of the two classes according to their available
date. To ensure the fidelity of the intervention, the Tai Chi
instructors were required to follow the intervention protocol
to deliver the Tai Chi training. The RAs monitored all the
instructor-led Tai Chi sessions on spots. With the permission of
the Tai Chi instructors, the RAs videoed their movements and
sent the videos to the participants right after each instructor-
led session, to facilitate participants recalling and practicing
the Tai Chi forms. Participants were asked to record the date,
time, duration, and Tai Chi forms of their self-practices as well
as daily physical activities in an exercise log. They were also
encouraged to video the self-practices and share the videos in
a WhatsApp group that involved all the participants from the

intervention group. RAs reviewed exercise logs and WhatsApp
group at least twice a week to check whether the participants
followed the intervention protocol. If not, RAs would contact
them and discussed with them the barriers and challenges
toward the Tai Chi training, and encouraged them to follow the
intervention protocol.

Waiting list control

Participants randomly assigned to the control group were
asked to maintain their usual exercise and lifestyles for 24 weeks.
At the trial end, they were offered Tai Chi training similar
as Tai Chi group. The arrangement of waitlist intervention
was intended to provide the participants opportunity for Tai
Chi training, and to reduce dropout rate. A delayed Tai Chi
training for them might encourage them to stay in the study.
Both Tai Chi group and control group participants received a
HK$100 supermarket coupon at baseline, those in control group
received another HK$100 supermarket coupon at 12 weeks, as
an additional incentive to encourage them to keep participation
until the end of the study.

Outcome measures

Primary outcome

The primary outcome was the changes in frequency of
migraine attack. It was calculated as: (1) the difference in
the number of attacks per month between 4 weeks before
randomization and weeks 9–12/21–24 after randomization; and
(2) the difference of migraine days per month between 4
weeks before randomization and weeks 9–12/21–24 after the
randomization. We considered the end of the 12th week as the
primary time point. The monthly frequency of migraine attack
was defined as the number of attacks per month. The monthly
migraine days were defined as the total days that the participant
suffered the migraine attacks per month. Participants firstly self-
recorded each migraine attacks by migraine diary 4 weeks before
the baseline, and then self-recorded from once the intervention
commenced until the end of the trial.

Secondary outcomes

Intensity and duration of headache

The migraine diary was used to record these variables.
Intensity of headache was measured by a Visual Analog Scale
(30) integrated into the migraine diary. Duration of headache
attack was defined as the time of onset of headache to the time
of headache disappeared, which was recorded to the nearest
0.1 hour. Participants were asked to record this information
soon after experiencing the headache attack. The changes of
intensity and duration from the baseline to 12 and 24 weeks were
then calculated.
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The proportion of responders

This was defined as the proportion of patients with at least
a 50% reduction of the number of attacks per month (28). The
50% reduction of attacks at 12 and 24 weeks in each group were
calculated respectively.

Feasibility of the Tai Chi training

Feasibility was defined as how successful the Tai Chi
intervention is implemented. It was evaluated by the duration of
recruitment, retention rate in Tai Chi training, and maintenance
of the Tai Chi self-practice. The RAs also monitored and
recorded the adverse effects from the participants. We defined
an instructor-led session attendance rate of < 10% as invalid
attendance. The participants were encouraged to follow the
Tai Chi protocol to practice for a certain amount of time
during each self-practice session, which was not < 20min (31).
The maitemnance of Tai Chi self-practice was determined in
two aspects: (1) what percentage of the participants in the
intervention group performed Tai Chi exercise for at least 4
weeks in the 12-week follow up period; and (2) how many
weeks in the 12-week follow up period the participants in the
intervention group practiced Tai Chi at least once per week (32).

Covariates

At baseline, a structured interview was conducted to
collect information on the socio-demographic characteristics,
medical history, physical activity, dietary intake, lifestyle
factors (drinking and smoking), reproductive information, and
family history of migraine. Anthropometric measurements,
including weight, height, waist and hip circumference, and
percent body fat, were taken, with participants wearing
light clothing and following standard protocols. Weight was
measured to the nearest 0.1 kg and height to the nearest
0.1 cm using a calibrated scale with a height bar. Waist and
hip circumference were measured using a tape measure to
the nearest 0.1 cm. Body fat percentage was measured by
bioelectrical impedance analysis (Tanita, BC 581, Japan). Body
mass index [BMI, weight (kg)/height (m2)] and waist-to-hip
ratio (waist circumference/hip circumference) were calculated.
Furthermore, the typical migraine triggers including fatigue,
stress level, and sleep quality were assessed by the numeric
rating scale-fatigue, the 14-item Perceived Stress Scale, and the
Pittsburgh Sleep Quality Index, respectively (33). All above
measurements at baseline were conducted again at the 12th and
the 24th week.

Statistical analysis

Missing values were handled by multiple imputations. Mean
and standard deviation (SD) or median and interquartile range
were used to describe continuous variables where appropriate.

Categorical variables were presented as numbers and percentage
(%). Independent t-test, Mann-Whitney U-test, Pearson chi-
square test or Fisher’s exact test, were conducted to compare
the differences between groups for normal distributed, skewed,
and categorical data, respectively. The 12-week and 24-week
changes for each outcome variable in each group were calculated
firstly. Then the paired t-test, Wilcoxon signed-rank test, and
McNemar test were used for within group comparison for
normal distributed, skewed, and categorical data, respectively.
To finally test intervention effects between groups, differences
in changes were compared across the two arms using repeated
analyses of covariance (ANCOVA), with adjustment of baseline
characteristics; the time × group interaction effects across
baseline, 12-week and 24-week were examined subsequently.
Both per-protocol analysis and Intention to Treat (ITT) analysis
were adopted according to the CONSORT guidelines (34).
Statistic software SPSS 23.0 (SPSS Institute) was used for
analysis. All statistical tests were two-sided and a p-value < 0.05
was considered statistically significant.

Results

From 2016 to 2017, 189 women who indicated initial
interests in participating were enrolled. After screening of
eligibility, 80 women were excluded according to the inclusion
and exclusion criteria. The remaining 109 subjects were made
appointment for baseline measurement. While 26 of them
canceled due to the time conflict, and one woman did not attend
because of health problem. A total of 82 participants completed
the baselines measurement. They were randomly allocated to
Tai Chi group (n = 42) and control group (n = 40). After
the allocation, two participants in the Tai Chi group and seven
participants in the control group withdrew immediately. The
former two participants withdrew due to time conflict. Those
seven participants in the control group withdrew because they
had high expectations to be selected to the Tai Chi group. As
result, a total of 40 participants started the Tai Chi training in the
intervention group, and 33 participants remained in the control
group, who were considered as valid participants.

After 12 weeks intervention, 39 participants in the Tai
Chi group and 30 participants in the control group completed
the 2nd round data collection. During the 12 weeks follow
up period, all participants in the Tai Chi group remained in
the study and completed the 3rd round data collection, while
seven participants in the control group dropped out due to
personal reasons. The five participants who attended < 10
Tai Chi sessions were not considered as valid attendance and
were excluded from the per protocol analysis. The whole study
flow was shown in Figure 1, indicating the exact number of
participants in each period, from the enrollment to the data
analysis. The retention rates at the 12th and 24th week were
both 98% (39/40) for the Tai Chi group, and 82% (27/33) and
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FIGURE 1

Flow diagram of the study procedure.

70% (23/33) for the control group, respectively. No significant
differences were observed in the baseline characteristics between
participants who completed the entire study and those who were
lost to follow-up (all P > 0.05).

Basic characteristics of the participants

The basic characteristics of the 73 participants were shown in
Table 1. The average age was 50.9 ± 10.2 years and 47.1 ± 11.8
years in the Tai Chi group and the control group, respectively.
More than half of the participants were employed (58.9%),
with a monthly family income between HK$ 20,000 and

HK$ 80,000 (64.4%). Most of the participants (95.9%) had
secondary or above education level, and the majority of the
participants were married (63.0%). The mean BMI and body
fat percentage was 22.7 ± 3.5 kg/m2 and 32.1 ± 5.4% for the
intervention group, and 23.6 ± 3.8 kg/m2 and 33.1 ± 4.3%
for the control group. Although participants in the control
group had higher values of BMI, weight, body fat percentage,
and waist circumference when compared with the Tai Chi
group, all these anthropometrical values showed no statistically
significant difference between two groups (all P > 0.05). Also,
no difference was observed in terms of fatigue, stress level,
and sleep quality (33). The only difference was observed in
the drinking, which participants in the control group had
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higher proportion of drinking than those in the Tai Chi
group (P < 0.05).

Migraine features at baseline

At baseline, the average frequency of migraine attack was
6.3 times/month both in the Tai Chi group and control
group. Participants experienced 7.4 ± 3.6 and 8.4 ± 6.5
migraine days per month in Tai Chi and control groups,
respectively. The intensity of headache was moderate (4.4 in
Tai Chi group and 4.5 in control group, 10 as the most
severe status). The median attack duration was 6.7 (Interquartile
range, IQR: 3.9–11.9) hours in Tai Chi group and 10.3
(IQR: 3.7–22.7) hours in control group. All these migraine
features were not significantly different between two groups
(all P > 0.05).

Reduction of frequency, intensity, and
duration of migraine attack after Tai Chi
training

Table 2 shows the changes in outcomes from the baseline to
the 12 and 24 weeks with the comparisons within and between
groups. Table 3 shows the between-group differences by the
time × group interaction effects with adjustment of baseline
characteristics. According to the ITT analysis, at 12 weeks, we
observed a significant decrease of 3.0 (95% CI: −4.0 to −2.0)
migraine attacks and 3.6 (95% CI: −4.7 to −2.5) migraine days
within 1 month in the Tai Chi group (all P < 0.01), whereas the
control group did not show any significant changes (P > 0.05).
Compared with baseline, the significant decrease in frequency of
migraine attack was also observed at 24 weeks, with reduction
of 2.6 attacks and 3.4 days of migraine (all P < 0.01) within
one month. A slight alleviation of headache intensity was found
in the Tai Chi group (−0.6, P < 0.05), and the duration of
headache was shortened of 1.2 h and 1.8 h at 12 and 24 weeks,
respectively. However, compared with the control group, the
intensity and duration had no statistically significant difference
(all P > 0.05). Regarding the proportion of responders, 52.5%
participants in the Tai Chi group had 50% reduction of attacks
at 12 weeks, this proportion slightly increased to 55% at 24
weeks. In control group, the proportion of 50% reduction of
attacks was only 12.1% at 12 weeks and 27.3% at 24 weeks
(all P < 0.05).

Compared with control, at 12 weeks, the between-group
differences of attacks/month and migraine days/month was−3.7
(95% CI: −5.4 to −1.9) attacks and −3.0 (95% CI: −4.5 to
−1.5) days, respectively (both P < 0.001). A slightly greater
reduction was observed at 24 weeks (Table 3). No significant
between-group difference was observed in terms of intensity and

TABLE 1 Basic characteristics of the participants a.

Intervention Control pb

(n = 40) (n = 33)

Age, year(s) 50.9 (10.2) 47.1 (11.8) 0.151

Height, cm 156.2 (6.6) 157.0 (5.4) 0.558

Weight, kg 55.5 (10.0) 58.2 (9.5) 0.247

BMI, kg/m2 22.7 (3.5) 23.6 (3.8) 0.276

Overweight/obesity #, † 19 (47.5) 16 (48.5) 0.933

Waist circumference, cm 77.5 (9.3) 81.1 (10.8) 0.134

Central obesity #, † 16 (40.0) 15 (45.5) 0.639

Hip circumference, cm 94.5 (6.5) 96.3 (8.3) 0.305

Waist-hip ratio 0.8 (0.1) 0.8 (0.1) 0.169

Body fat, % 32.1 (5.4) 33.1 (4.3) 0.383

Hypertension # 2 (5.0) 6 (18.2) 0.13

High Cholesterol # 8 (20.0) 3 (9.1) 0.325

Physical activity category (by IPAQ)‡ 0.313

Low 6 (15.0) 2 (6.1)

Moderate 29 (72.5) 26 (78.8)

High 3 (7.5) 5 (15.2)

Drinking # 21 (52.5) 25 (75.8) 0.041

Nutritional supplement intake # 10 (25.0) 12 (36.4) 0.292

Medication taken for migraine # 8 (20.0) 8 (24.2) 0.663

Pain relief medication taken # 25 (62.5) 25 (75.8) 0.225

Menopause # 23 (57.5) 13 (39.4) 0.164

Family history of migraine # 11 (27.5) 14 (42.4) 0.181

Marital status 0.249

Single 14 (35.0) 6 (18.2)

Married/cohabitating 22 (55.0) 24 (72.7)

Divorced/separated/widowed 4 (10.0) 3 (9.1)

Education 0.716

Primary or below 2 (5.0) 1 (3.0)

Secondary or matriculation 21 (52.5) 15 (45.5)

Tertiary or above 17 (42.5) 17 (51.5)

Occupation 0.221

Employed 21 (52.5) 22 (66.7)

Not employed / Retired 19 (47.5) 11 (33.3)

Monthly family income‡ 0.538

<$20,000 13 (32.5) 6 (18.2)

$20,000-$39,999 15 (37.5) 15 (45.5)

$40,000-$79,999 9 (22.5) 8 (24.2)

≥$80,000 2 (5.0) 3 (9.1)

aValues reported as mean (SD), n (%) or median (interquartile range) for each group
where appropriate. bp-values generated from Pearson chi-square test, Fisher’s exact test,
independent t-test or Mann-Whitney U-test where appropriate. #Variables were showed
the number and percentage that counted “Yes” for each group. †Overweight/obesity
was defined as BMI≥23.0 kg/m2 , central obesity was defined as waist circumference≥
80.0 cm. ‡There were missing data in variables “Physical activity category” (n = 2) and
“Monthly family income” (n= 2).

duration of headache (all P > 0.05) (Table 3). Similar findings
were observed by the per protocol analysis (Tables 2, 3).
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TABLE 2 Changes of migraine features from baseline to 12-week and 24-week.

ITT Per protocolc

Migraine featuresa Intervention Control pb Intervention Control pb

(n = 40) (n = 33)

Frequency, times of attack/month

Baseline 6.3 (3.3) 6.3 (5.9) 0.998

12-week 3.3 (2.7) 7.0 (7.1) 0.008 3.2 (2.9) 5.8 (5.2) 0.016

24-week 3.7 (4.0) 5.7 (6.3) 0.107 3.6 (4.2) 4.7 (3.6) 0.311

Mean change from baseline to 12-week −3.0 (−4.0 to−2.0)** 0.7 (−0.9 to 2.2) <0.001 −3.1 (−4.2 to−2.0)** 0.7 (−1.0 to 2.4) <0.001

Mean change from baseline to 24-week −2.6 (−3.8 to−1.4)** −0.6 (−1.8 to 0.5) 0.017 −2.6 (−3.9 to−1.3)** −0.6 (−2.1 to 1.0) 0.040

50% reduction of attacks at 12-week 21 (52.5) 4 (12.1) <0.001 19 (57.6) 4 (13.3) 0.001

50% reduction of attacks at 24-week 22 (55.0) 9 (27.3) 0.017 19 (57.6) 7 (30.4) 0.045

Number of days with migraine

Baseline 7.4 (3.6) 8.4 (6.5) 0.398

12-week 3.8 (3.3) 7.9 (7.0) 0.004 3.6 (3.5) 6.8 (5.2) 0.005

24-week 4.0 (4.2) 6.5 (6.2) 0.04 3.9 (4.5) 5.5 (3.5) 0.162

Mean change from baseline to 12-week −3.6 (−4.7 to−2.5)** −0.5 (−1.6 to 0.5) 0.001 −3.8 (−4.9 to−2.6)** −0.6 (−17 to 0.6) <0.001

Mean change from baseline to 24-week −3.4 (−4.6 to−2.2)** −1.9 (−3.3 to−0.5)* 0.136 −3.4 (−4.6 to−2.2)** −2.2 (−4.0 to−0.4)* 0.195

Headache intensity, VAS score (0-10)

Baseline 4.5 (1.6) 4.4 (1.8) 0.812

12-week 3.9 (1.7) 4.5 (2.2) 0.209 3.8 (1.8) 4.5 (2.3) 0.192

24-week 3.9 (2.1) 4.4 (2.2) 0.369 3.7 (2.0) 4.1 (1.9) 0.566

Mean change from baseline to 12-week −0.6 (−1.2 to−0.0)* 0.1 (−0.6 to 0.7) 0.072 −0.6 (−1.3 to 0.1) 0.1 (−0.6 to 0.8) 0.154

Mean change from baseline to 24-week −0.6 (−1.2 to−0.0)* −0.1 (−0.8 to 0.6) 0.138 −0.7 (−1.3 to−0.1)* −0.4 (−1.0 to 0.2) 0.496

Headache attack duration, hr (s)

Baseline 6.7 (3.9 to 11.9) 10.3 (3.7 to 22.7) 0.335

12-week 5.0 (2.0 to 7.8) 8.0 (3.5 to 14.3) 0.079 4.8 (1.7 to 7.6) 8.8 (3.6 to 15.1) 0.040

24-week 4.9 (2.0 to 9.4) 8.0 (3.6 to 18.9) 0.125 4.6 (2.2 to 9.5) 8.0 (3.8 to 17.4) 0.214

Change from baseline to 12-week −1.2 (−5.0 to 1.1)* 0.0 (−3.8 to 2.3) 0.668 −1.4 (−6.0 to 1.0)* 0.3 (−4.1 to 2.9) 0.743

Change from baseline to 24-week −1.8 (−4.5 to 1.4)* 0.0 (−4.0 to 2.8) 0.889 −1.7 (−5.4 to 1.2) −0.5 (−4.4 to 2.5) 0.648

aValues were presented as mean (SD), median (Interquartile range) and n (%) for 12-week and 24-week measurement; mean (95% CI), median (Interquartile range) and % for change from baseline respectively. bp-values generated from Pearson
chi-square test, Fisher’s exact test, independent t-test and Mann-Whitney U-test where appropriate; univariate ANCOVA was used to compare the mean change difference between groups; variables with significant different between groups at baseline
were adjusted as covariates. cPer protocol at 12-week: intervention (n = 33), control (n = 27); at 24-week: intervention (n = 33), control (n = 23). *p < 0.05 generated from within group comparison by paired t-test, Wilcoxon signed-rank test and
McNemar test where appropriate. **p < 0.01 generated from within group comparison by paired t-test and McNemar test where appropriate.
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TABLE 3 Between-group di�erences of migraine features at 12-week and 24-week.

Between group difference Between group difference

at 12-week at 24-week

Migraine featurea Intervention vs. Control pb Intervention vs. Control pb pc

Frequency

ITT −3.7 (−5.4 to−1.9) <0.001 −2.0 (−3.7 to−0.3) 0.017 0.001

Per protocold −3.8 (−5.8 to−1.9) <0.001 −2.0 (−4.0 to−0.1) 0.040 0.002

Number of days with migraine

ITT −3.0 (−4.5to−1.5) 0.001 −1.5 (−3.4 to 0.3) 0.136 0.003

Per protocol −3.2 (−4.7 to−1.6) <0.001 −1.2 (−3.2 to 0.8) 0.195 0.001

Intensity

ITT −0.7 (−1.5 to 0.2) 0.072 −0.5 (−1.5 to 0.4) 0.139 0.169

Per protocol −0.7 (−1.6 to 0.3) 0.154 −0.3 (−1.2 to 0.6) 0.496 0.637

Duration

ITT −0.3 (−5.7 to 5.1) 0.668 −1.5 (−7.2 to 4.2) 0.894 0.747

Per protocol −1.1 (−7.0 to 4.7) 0.743 −0.9 (−8.1 to 6.3) 0.648 0.759

aValues were presented as mean (95% CI) for mean change between groups. b p-values were calculated for the time × group interaction effects from baseline to 12-week or from baseline
to 24-week between groups by repeated ANCOVA; variables with significantly different between groups at baseline were adjusted as covariates. cp-values were calculated for the time ×
group interaction effects across baseline, 12-week and 24-week between groups by repeated ANCOVA; variables with significantly different between groups at baseline were adjusted as
covariates. dPer protocol at 12-week: intervention (n= 33), control (n= 27); at 24-week: intervention (n= 33), control (n= 23).

TABLE 4 Satisfactory level of Tai Chi training (n = 39).

Unsatisfied (%) Neutral (%) Satisfied (%) Very satisfied (%) Mean (SD)

Frequency 5.1 25.6 51.3 17.9 3.8 (0.8)

Length 0.0 20.5 64.1 15.4 4.0 (0.6)

Time 2.6 20.5 66.7 10.3 3.9 (0.6)

Venue 5.1 17.9 59.0 17.9 3.9 (0.8)

Content 0.0 12.8 66.7 20.5 4.1 (0.6)

Complexity 0.0 23.1 66.7 10.3 3.9 (0.6)

Teaching skill 0.0 2.6 41.0 56.4 4.5 (0.6)

Teaching preparation 0.0 2.6 43.6 53.8 4.5 (0.6)

Overall satisfaction 0.0 5.1 38.5 56.4 4.5 (0.6)

Satisfactory level, maintenance, and
adverse e�ects of the Tai Chi training

Table 4 shows the participants’ satisfactory level in terms
of Tai Chi training frequency, length, time, venue, content,
complexity, as well as Tai Chi instructors’ teaching skill, teaching
preparation, and the overall satisfaction level. The great majority
of them were satisfied with the training programme. The
percentage of those who selected “Satisfied” and “Very satisfied”
ranged from 69.2% (for training frequency) to 97.4% (for
teaching skill and teaching preparation; Figure 2). The most
unsatisfied aspects were the frequency of the training and the
venue of practice. Some participants indicated that 5 times
training per week was too many, and an indoor practice room

was better for practice because it was more private, quieter and
cooler.

Regarding maintenance of the Tai Chi practice, Figure 3
shows the times of Tai Chi practice per week and the length
of practice for 24 weeks. At the end of the 24 weeks, on

average, the participants kept 1.5 times of practice per week and
20min for each practice. As times went by, the frequency and

duration of practice slightly decreased. But all participants in

the intervention group kept the Tai Chi practice in the 12-week
follow up period, and they practiced at least one time per week
during that period. For the adverse effects, some participants
reported joint pain (33.8%), muscle pain (33.3%), slight sprain
(10.3%), and dizziness (5.1%). But all of them indicated tolerable
for these symptoms, no serious case was founded.
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FIGURE 2

Satisfactory level of the Tai Chi training.

FIGURE 3

Maintenance of Tai Chi practice from week 1 to week 24.
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Discussion

To our knowledge, this is the first experimental study using
Tai Chi as prophylactic treatment for migraine attack in women.
The findings from this study demonstrated that the 12-week Tai
Chi training had significant effects on reducing the frequency of
migraine attack and the number of migraine days. It could also
slightly alleviate headache intensity and shorten the duration
of headache after intervention. Most of the participants in the
study were satisfied with the Tai Chi training course. Compared
with the full form of Tai Chi practice, this short form Yang-
style Tai Chi reduced the complexity and time required; hence
participants could learn to practice within a relatively short
period of time and kept a relatively good maintenance during
the whole trial (35). Also, all the adverse effect reported were
mild without affecting Tai Chi training, which suggested that
Tai Chi was an acceptable and safe mind-body exercise for
migraine patients.

Our study findings are in line with the effectiveness
of nonpharmacological treatments like exercise (36, 37),
acupuncture (28, 38), and other behavioral interventions
(39) on the prophylaxis of episodic migraine. As a typical
traditional Chinese medicine treatment, acupuncture showed a
standardized mean difference (SMD) of 0.56 (95% CI: −0.65
to −0.48) reduction of headache frequency compared with no
acupuncture (40). For those behavioral headache interventions
with an aerobic exercise component, the headache frequency
was reduced by 0.76 SMD (95% CI: 0.32–1.2) among six
studies (41). A study conducted in 91 Swedes with episodic
migraine showed that participants who conducted 40-minute
aerobic exercise with three times per week for 3 months
could averagely reduce 0.93 (95% CI: 0.31–1.54) attacks per
month, it was comparable to the topiramate and relaxation
training in the same treatment duration (37). Multiple levels
of evidence support a role of aerobic exercise in migraine
prevention and treatment: exertion reduces pain intensity,
frequency, duration of attacks, and medication use; moreover,
lower cardiovascular fitness levels increase the lifetime risk
of developing migraine (42). Tai Chi training in our study
showed stronger effect than those previous studies. On average,
3.6 migraine days per month reduction after the 12-week
training was observed. We certainly would not ignore the
placebo effect due to the waiting list control design, but
we still believe that such large effect size indicates that Tai
Chi has the potential to be “at least non-inferior” comparing
conventional treatments for migraine prophylaxis. We consider
it as reasonable inference because Tai Chi has shown its
significant health benefits on many mental and neurological
disorders (22, 24, 43). Of course, this clinical efficacy should
be further carefully examined by comparing with regular
pharmacological prophylaxis with enough observation periods
in future studies.

We did not find significant differences regarding intensity
and duration of headache between groups in the study. While
in the Tai Chi group, the significant headache alleviation was
observed within group when compared the data before and
after the intervention. A recent review suggested that, mind–
body interventions, including Tai Chi, had a positive effect on
migraine and tension headaches (44). A cross-sectional study
in German showed that frequent headache, severe impact of
headache on daily life, and depressive symptoms were associated
with more frequent analgesic use in both men and women, for
women, physical inactivity was associated with higher frequency
of analgesic use adjusted for sociodemographic and headache-
related variables (45). Another systematic review and meta-
analysis of 1,012 participants from 15 studies that assessed 6–20
weeks Tai Chi training for chronic pain, including headache,
demonstrated that Tai Chi was associated with a significant
reduction in headache (SMD: −1.85, −2.73 to −0.97). Tai
Chi has a therapeutic value in the treatment of tension-type
headache because of the mind-body interaction and relaxation
effects (23, 46). It is our opinion that if the between-group
differences are too small to discover in a sample of this size
in our study, except the relative insufficient study power for
testing headache alleviation, other factors than effect might be
just as important to consider, such as participants’ beliefs about
Tai Chi, individual’s bodily function, and the duration of the
intervention, etc.

What biological and psychological mechanisms underlie the
efficacy of Tai Chi as a prophylaxis treatment for migraine?
Currently it is far from definitive. Some experts have deduced
the mechanisms of aerobic exercise for the reducing of
migraine burden and summarized the models of change
processes (19). In general, the biological (neuroinflammatory,
neurovascular, neurolimbic, neuroendocrine) and psychological
(social-cognitive, social support, locus of control, mood state,
tress, depression, anxiety) pathways operating independently,
synergistically, or perhaps antagonistically, in the link between
aerobic exercise and migraine improvement (17, 19, 36, 37,
47). Tai Chi is also an aerobic exercise, we believe that the
mechanism of Tai Chi on the migraine prophylaxis would
at least partially similar as other aerobic exercises. Studies
showed that Tai Chi could improve white matter network (48),
enhance cerebrovascular blood flow and reactivity (49), boost
immunity (50), and avoid migraine trigger factors (25) such
as stress, fatigue, and sleep quality. Moreover, Tai Chi involves
movement of the whole body in fluidity and harmony, which
requires concentration and mindfulness meditation. This may
modulate multiple aspects of health, including mood, pain, and
functions of the immune and peripheral autonomic nervous
systems (51–53). Furthermore, low VO2 max is significantly
associated with migraine (54), and the benefits of Tai Chi
in improving VO2 max have been identified in literature
(55), as well as in our previous study (56, 57). More studies
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with mechanism exploration in Tai Chi-migraine relationship
are suggested.

There were some limitations in our study. Firstly, to consider
the difficulty of administration and operation, double-blind
study design was not used. Given that Tai Chi is behavior-based
treatments, participants in the intervention groups might have
higher expectations of the treatment results. Also, a waiting
list control group was adopted. Thereby the placebo effects
could not be ignored. Although the effect might be a little
bit overestimated, we suggest that the evidence got from our
study is valuable and could be considered as fundamental
for future relevant studies, and an active control group is
recommended. Secondly, measurements used in this study for
migraine features (frequency, intensity, and duration) were
subjective, which may have recall bias. But the migraine diary
was a widely used tool with acceptable reliability and validity.
It is unlikely to cause a significant impact on the results
of outcomes. Thirdly, migraine types were not measured in
our study, e.g., migraine with aura and migraine without
aura. Since this is a pilot trial, we suggest that the relevant
small sample size in each group might lead to the subgroup
effect undetectable for migraine with aura cases. Fourthly, the
12 weeks of intervention might not be sufficient to observe
long-term effectiveness of Tai Chi training on certain health
outcomes, thus, extended intervention duration is suggested
for future studies. Fifthly, the real dropout rate was a little bit
higher than the designed dropout rate, the study power could
be lowered a little bit. Whereas, we believed that the evidence
obtained by both ITT and per protocol analyses in this pilot
trial still has significant reference for future studies. Finally,
compared with other studies adopting nonpharmacological
prophylaxis, the participants in our study were relatively older
(58, 59); and the sample size was relatively small. Although
the study has acceptable power, we cannot exclude the notion
that the differences of effectiveness on headache alleviation
between groups exist. More studies with a larger sample size
and a longer intervention period are needed to further evaluate
the clinical efficacy of the Tai Chi training on the reduction
of migraine burden. Despite these limitations, we believe that
Tai Chi would be an easily adopted mind-body exercise with
significant psychosocial and biophysiological benefits on the
prevention of migraine attack.

Conclusion

In conclusion, our study indicated that Tai Chi was an
effective mind-body exercise in preventing migraine attack.
Tai Chi can be well self-administered after a training period;
it has the potential to empower migraineurs for their self-
management of migraine. Evidence from our study provides a
perspective that Tai Chi could be incorporated in integrative

medicine that prompts physicians, healthcare providers, and
healthcare policy makers to consider its efficacy in the whole
management process. Future studies can be implemented to
further examine any Tai Chi-migraine relief dose response exists,
and whether Tai Chi can be synergistic with other behavioral
or pharmacologic treatments. Furthermore, more advanced
Tai Chi modality with mechanism-based exploration including
neurovascular and neuroimaging examination, inflammatory
factors and others would be adopted inmigraine prevention with
promising results.
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