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Background: Acupuncture has been proven to be effective as an alternative therapy in treating
migraine, but the pathophysiological mechanisms of the treatment remain unclear. This study
investigated possible neurochemical responses to acupuncture treatment.

Patients and methods: Proton magnetic resonance spectroscopy imaging was used to inves-
tigate biochemical levels pre- and post-acupuncture treatment. Participants (N=45) included
subjects diagnosed with: 1) migraine without aura; 2) cervicogenic headache; and 3) healthy
controls. Participants in the two patient groups received verum acupuncture using acupoints
that target migraine without aura but not cervicogenic headache, while the healthy controls
received a sham treatment. All participants had magnetic resonance spectroscopy scans before
and after the acupuncture therapy. Levels of brain metabolites were examined in relation to
clinical headache assessment scores.

Results: A significant increase in N-acetylaspartate/creatine was observed in bilateral thalamus
in migraine without aura after the acupuncture treatment, which was significantly correlated
with the headache intensity score.

Conclusion: The data demonstrate brain biochemical changes underlying the effect of acu-
puncture treatment of migraine.

Keywords: acupuncture, metabolites, migraine, magnetic resonance spectroscopy imaging,
brain, pain transmission pathways

Introduction
Migraine is a common headache disorder. The World Health Organization ranks
migraine very high among disability-causing disease worldwide.! Therapeutic
treatment of migraine largely relies on medications,>* but can also involve non-
pharmacological therapies, for enhancing medication effect especially in patients
who are less responsive.* The effect of acupuncture in the treatment of migraine has
been well recognized in Traditional Chinese Medicine (TCM), and, in recent years,
also in modern Western medicine: Meta-analysis using the Cochrane database sug-
gests that acupuncture on migraine prophylaxis is both safe and effective, without
major side adverse effects.>® Accordingly, it is recommended that acupuncture
can be used as an alternative therapy in migraine patients willing to undergo this
treatment.>¢

The physiological mechanism of acupuncture treatment of migraine is unclear.
Research has suggested changes in the nervous system performance in response to
acupuncture treatment, including changes in the concentrations of K*, Na*, and Ca*
in the neurons.”® Several hypotheses have been proposed that emphasize the impact
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of acupuncture on relieving pain, including eliciting an
analgesic effect on the hypothalamic-pituitary-adrenal axis
and the endogenous opioid system.’

It is well known that the thalami play an important role
in sensory pain transmission pathways.!” Anatomical inves-
tigations have repeatedly shown that information of pain
stimulus is typically transmitted from the sensory organs via
thalamic sites to a cerebral cortical area such as the primary
somatosensory cortex and the anterior cingulate cortex
(which is associated with emotion control).!"'? Neurons in
these brain regions exhibit monotonic increases to increas-
ing pain stimulus intensities.'? However, it is unclear if and
how the application of acupuncture intervention in treating
migraine affects this pain pathway.

Proton magnetic resonance spectroscopy imaging
(MRSI) can be used to address this gap. MRSI is an advanced
noninvasive imaging method that allows for quantification
of in vivo tissue metabolism in localized brain regions by
exploiting the magnetic properties of the hydrogen nuclei."
The technique has been used to investigate brain metabo-
lism in a wide range of disorders. In migraine, altered brain
metabolite levels, notably a decrease in N-acetylaspartate
(NAA, a putative marker of neural functionality) have been
observed.'*!* Only a limited number of studies have inves-
tigated the effect of acupuncture using MR spectroscopy,
while most of which have focused on metabolism-related
disorders such as obesity and fibromyalgia.'*!” To date, no
study has investigated the changes of brain metabolites in
response to acupuncture therapy on migraine using MRSI
technology.

In the present study, we investigated whether neuro-
chemical changes are associated with the acupuncture
treatment in regulating the function of pain transmission
pathways. We hypothesized that the thalami (TH), primary
somatosensory cortex (S1), and anterior cingulate cortex
(ACC), which are important in the transmission of pain,
may be variably affected by the acupuncture treatment, and
that such effect could be revealed from the changes in key
brain metabolites such as NAA, creatine (Cr, indicator of
the energy metabolism), and choline-containing compounds
(Cho, marker of the membrane turnover). Our primary
objective was to detect changes in NAA, Cr, and Cho in
brain regions of the TH, S1, and ACC in association with
the acupuncture treatment of migraine. To understand the
clinical mindfulness of the neurochemical changes, we also
examined the relationship of the level of the metabolites
with clinical outcomes.

Patients and methods

Participants
Three groups of participants including: 1) patients with
migraine without aura (MwoA; n=15); 2) patients with cervi-
cogenic headache (CH; n=15); and 3) healthy control subjects
(HC; n=15), were recruited at Beijing Hospital (for MwoA
and CH) and Beijing University of Traditional Chinese
Medicine (for HC). Participants were adults with a female
to male ratio of 2:1 (according to the higher prevalence of
migraine syndromes in women in the general population),'
aged between 18 and 60 years, right-handed, neither had
taken any prophylactic headache medicine nor had preventive
acupuncture treatment during the past three months prior to
study enrollment. Each subject underwent a clinical assess-
ment that consisted of a medical history evaluation, a physical
examination, hepatic and renal function tests, and routine
analysis of blood, urine, and stool. The patient participants
must have had a minimum of 6 months of headache history
and a minimum of one headache attack per month over the
past 3 months. Volunteers were excluded if they were alco-
holic or drug abusers, pregnant or lactating, had a history of or
suffered from any psychiatric, neurological, cardiovascular,
respiratory, or renal illnesses, or had been diagnosed with
other comorbidities. Volunteers also underwent a standard
MRI safety screening and an acupuncture safety check-
ing; those with any MRI safety or any acupuncture safety
contraindications (e.g. a bleeding tendency) and those who
preferred to take any medications for treating headache dur-
ing the period of the study were also excluded. All subjects
had a routine clinical anatomical MRI within a week of the
enrolment and those with any incidental findings (e.g. brain
tumor, cerebrovascular disease, etc) were also excluded.
Migraine diagnoses were made based on the International
Classification of Headache Disorders, 2nd edition (ICHD-II)
criteria.! MwoA is highly prevalent globally and is defined as
a syndrome characterized by recurrent attacks of throbbing
unilateral headache, autonomic nervous system dysfunction,
without neurological transient symptoms (migraineous aura).
Here, all MwoA patients met the criteria as having the “Gang
Yang Shang Kang”, i.e. meaning liver meridian hyperactivity
based on TCM." CH is also often seen, although not as com-
monly as MwoA? and is defined as a syndrome character-
ized by chronic hemicranial pain that is referred to the head
from either bony structure or soft tissues of the neck. CH
was chosen as the reference condition because it can pres-
ent characteristics similar to those of MwoA.?° Importantly,
although MwoA and CH can sometimes present with similar
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symptoms, each of the syndromes has a different mechanism
and thus different primary acupoints for effective acupuncture
treatment.?!?2

Experiment

Data collection took 9 weeks to complete (Table 1). Baseline
data (e.g. clinical headache assessments) were collected at
the end of week 4, post the initial enrollment. Acupuncture
intervention was carried out during week 5, during which
all participants received either a verum (MwoA & CH) or
a sham acupuncture intervention (HC) on a daily basis (see
below for details). Post-treatment data collection occurred
at the end of week 9. Each subject had two MRSI sessions
(in addition to the initial anatomical MRI scan); one at the
end of week 4 (i.e. immediately after the baseline data col-
lection) and the other at the end of week 5 (i.e. after ending
the whole acupuncture session).

Acupuncture intervention

The acupuncture treatment consisted of five sessions; i.e.
one session per day from Monday through Friday during
the treatment week.

The same acupoints were used for the MwoA and the
CH subjects. The choice of these acupoints targeted effective
treatment for MwoA based on TCM practice guide' (i.e. the
acupoints are along the targeted meridians for treating “Gang
Yang Shang Kang” MwoA, which are different from the

Table | Experimental design

primary therapeutic acupoints for CH*'??). These acupoints
included “Baihui” (DU20) on the top of the head, bilateral
“Fengchi” (GB20) on the neck, and bilateral “Xingjian”
(LR2) on the dorsum of each foot. These are standard
acupoints that are always used in the clinical acupuncture
therapy of MwoA.?* In the HC group, the sham acupuncture
was administered at non-acupoints (located 10 mm straight
medial from the targeted acupoints), to rule out the possibility
of pain conduction due to any acupuncture procedure-induced
stimulation, if the procedure was applied at an acupoint.*

All verum and sham acupuncture treatments were per-
formed by a practitioner with 7 years of clinical experience.
Acupuncture was performed following standardized clinical
acupuncture intervention procedures (i.e. the disposable
stainless steel acupuncture needles (0.25x40 mm; Ande Co.,
Guizhou, China) were inserted into the point with an angled
insertion of 1.5-2.5 cm; twirling, lifting, and thrusting to
obtain the “De Qi” sensation, connecting the needle at points
with an electric acupuncture apparatus (G6805-I type, Qin-
gDao XinSheng Industrial Co., Ltd, QingDao, China) with
dilatational wave lasting for 30 minutes. Stimulus intensity
depended on the patient’s tolerance level).

Clinical measures

Clinical pain measures included headache intensity, headache
frequency, and duration of each headache attack over the past
4 weeks at baseline and at follow-up, and were used to assess

Experiment design Group

Migraine without aura

Cervicogenic headache Healthy control

Sample size 10/5
(female/male)

Clinical assessment Headache intensity

10/5 10/5

On visual analog scores (0: no pain to 10: worst pain)

The number of headaches separated by 48+ hours of pain-free intervals within the past 4 weeks
The time in hours from the beginning till the end of a headache episode

(week |-4) Headache frequency

Duration of headache
MRS test Sequence 2D-multiple voxel PRESS
at the end of week 4 Location

Intervention therapy
(week 5)

MRS test
at the end of week 5

Clinical assessment
(week 6-9)

Metabolite ratio
Frequency

Method

Acupoints
Sequence

Location

Metabolite ratio
Headache intensity
Headache frequency

Duration of headache

Left thalamus, right thalamus, anterior cingulate cortex and posterior part of paracentral gyrus
NAA/Cr, Cho/Cr, Cho/NAA

| time/day for 5 days
Acupuncture
Verum* or sham**

2D-multiple voxel PRESS

Left thalamus, right thalamus, anterior cingulate cortex and posterior part of paracentral gyrus
NAA/Cr, Cho/Cr, Cho/NAA

On visual analog scores (0: no pain to 10: worst pain)

The number of headaches separated by 48+ hours of pain-free intervals within the past 4 weeks
The time in hours from the beginning till the end of a headache episode

Note: *Baihui (DU20), bilateral Fengchi (GB20) and Xingjian (LR2) for patients of both groups. **10 mm straight medial from the Baihui (DU20), bilateral Fengchi (GB20)
and Xingjian (LR2) for healthy controls.
Abbreviations: MRS, magnetic resonance spectroscopy; PRESS, single-voxel point-resolved spectroscopy; NAA, N-acetylaspartate; Cr, creatine; Cho, choline-containing

compounds.
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the efficacy of acupuncture treatment. Headache intensity
was evaluated with a 0—10 visual analog scale (VAS), with 0
indicating no pain, 10 indicating the worst pain imaginable,
and so with the intermediate values incrementally.”® The
frequency of headache attacks was defined as the number of
headache attacks separated by pain-free intervals of at least
48 hours within the past 4 weeks. The duration of headache
attacks was defined as the time in hours, from the begin-
ning until the end of a headache episode. In the case where
a patient fell asleep with the pain episode, the end of the
headache episode was considered as 24 hours.

MR spectroscopy data acquisition

MR spectroscopy data acquisition used a Whole-body MRI
3 Tesla MR scanner (Achieva; Philips Healthcare, Best, the
Netherlands) and a standard 8-channel head coil. For quality
control, a spectroscopy phantom (i.e. the Philips Sphere A)
was scanned every day before each MRS session to ensure
magnetic field intensity stability. The phantom was a round-
shape with a 10 cm diameter sealed ball. A single-voxel
point-resolved spectroscopy (PRESS) pulse sequence was
used time repetition [TR]/time echo [TE]=2000 ms/144 ms,
number of signal averages [NSA]=128, voxel size=20x20x20
mm, placed in the center of phantom) and dispersion of ratio
was computed. Central magnetic field homogeneity and
stability over time were demonstrated.

During a scan, participants were positioned supine and
were instructed to lie comfortably and to remain stable.
Foam pads and forehead-restraining straps were utilized to
hold the head’s position within the head coil. Following the
acquisition of low-resolution localizer MR images, 3-plane 2D
T2-weighted turbo spin echo images were acquired to facilitate
identification of the anatomical landmarks for accurate posi-
tioning of the volume of interest (VOI). Smart Scan procedure
(manufacturer supplied) was used to ensure accurate position-
ing of each patient for consistent anatomical landmarks across
different scan sessions. Spectral data were acquired from three
targeted VOIs (Figure 1), positioned within the bilateral TH,
ACC, and the primary S1’ posterior part of the paracentral
gyrus (PPG; shown as the area within the green-line rectangle
in Figure 1). BO shimming (shown as the grid in red in Figure
1) was performed using the manufacturer-supplied phase
map method with additional interactive manual shimming
for full-width at half-maximum (FWHM) of <12 Hz with the
unsuppressed water signal line width.

Data acquisition used 2D multiple voxel PRESS
sequence (TR/TE=2000/144 ms, NSA=1, flip angle=90°,

FOV=16x16 mm, matrix=16x16, voxel size=1x1x1.5 mm)
lasting for 8°26” for each VOI. The spectra of the adjunct
4 voxels (i.e. 4x4x1.5 mm?) were averaged to produce the
data for further analysis, resulting in four sets of spectrum
data from four brain regions (Figure 1, yellow squares)
located respectively in the left and right thalamus (TH-
left, TH-right), the ACC, and the posterior portion of the
PPG in S1.

Spectral data analyses were performed separately for each
VOI, using curve-fitting automation software (manufacturer
supplied), which consisted of zero filling, Fourier trans-
formation, baseline, and eddy current corrections. Levels
of the metabolites of interest were normalized referencing
the water-yielding quantification. The peak areas under the
curve fitting of the NAA (2.02 ppm), Cr (3.02 ppm), and
Cho (3.20 ppm) were calculated for further analysis. Other
peaks of the metabolites were not used in the analysis, as
they do not demonstrate a sufficiently high signal-to-noise
ratio using the MR spectroscopy sequence to support reliable
quantification. Results are presented as ratios of NAA and
Cho to Cr (i.e. NAA/Cr and Cho/Cr), using Cr as the internal
reference as with common practice.?® Given the dispute of
using Cr as reference, we also calculated Cho/NAA to further
verify the result.”’

Statistics

Group mean differences in the clinical measurements were
examined using analysis of variance (ANOVA). Differ-
ences in the levels of metabolites and pain scores pre- and
post- the intervention were examined using paired #-tests,
separately for each subject group. Relationships between
age, the pain scores, and the metabolites were tested using
the Pearson correlation coefficients with 95% confidence
intervals (Cls) and fitted using a linear regression model. In
the regression analysis, outlier observations in the dataset
with a leverage value greater than 2p/n, where p represents
the number of independent and n is the total number of
observations, were discarded from the model fitting.?® (One
outlier value pair of a 47-year-old female MwoA patient
was identified for the regression linking VAS and NAA/
Cr in TH-right, and none in TH-left or for any other condi-
tions.) A multivariable linear model was used to examine
the effect of acupuncture treatment using the correlation
coefficient B with 95% CI, adjusting for age, sex, headache
history, and brain region for each subject group. To test the
clinical importance of the analysis outcome, effect sizes
(ESs) were calculated for the tests using Cohen’s power
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Figure | Locations of the targeted VOI superimposed on T2-weighted imaging (left panels) and the corresponding sample MRS spectra (right panels).

Note: From top to bottom: left thalamus (TH-left); right thalamus (TH-right); anterior cingulate gyrus (ACC); posterior part of paracentral gyrus (PPG). Red grids show BO
shimming; green-lined rectangles show the VOlIs; yellow squares show the voxels from which the spectra were retrieved and averaged for analysis.

Abbreviations: VOlIs, voxels of interest; MRS, magnetic resonance spectroscopy; NAA: N-acetylaspartate; Cr: creatine; Cho: choline-containing compounds.

analysis.?>*° All the analyses were carried out using SPSS  Ethics

v21.0 (IBM Corp, Armonk, NY, USA) and codes developed  This study protocol was approved by the Ethics Committee
using Matlab v2017 (MathWorks Inc, Natick, MA, USA).

The statistical significance level was set at p<0.050.

of the Beijing Hospital. A written informed consent was
obtained from each participant. Additional ethical approval
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for secondary data analysis was obtained from Fraser Health
Research Ethics Board.

Results

Out of the 45 participants, one male HC subject dropped
out, resulting in 14 HC, 15 MwoA, and 15 CH for statis-
tical analysis. Characteristics of the participants showed
significant differences in the mean age, headache history,
headache intensity (as measured using the VAS), and dura-
tion of headache attacks among the subject groups (p<0.050).
The two patient groups had similar headache frequencies
(»>0.050; Table 2).

Acupuncture treatment resulted in a significant reduc-
tion in the mean VAS score in MwoA patients (7.0£1.5 vs.
6.311.3, T=-6.20, ES=0.50, p<0.001; Table 2), demonstrat-
ing an improvement in clinical headache outcome. A small
reduction in the mean duration of headache attacks was
also observed in MwoA (12.1£10.5 vs. 10.9£10.1, T=-2.60,
ES=0.12, p=0.023; Table 2). These were in contrast to a lack
of pre- vs. post-acupuncture difference in the CH patients
(p>0.050).

Acupuncture treatment was associated with a significantly
increased mean level of NAA/Cr in the TH (i.e. TH-left and
TH-right) in MwoA patients; a medium ES was found in TH-

Table 2 Characteristics of the sample

Group Migraine Cervicogenic Healthy

without aura headache control

N (female/male) 10/5 10/5 10/4

Age (years) 34.8+10.6 43.3%12.1 22.4%].1
[18-55] [20-60] [20-24]
Headache history (years) 16.319.8 4.3143.0 0
[2—-40] [2-10]
Baseline clinical outcomes
Headache intensity (VAS®) 7.0+1.5* 47+1.0 0
[4-8] [3-¢6]
Headache frequency’ 4.0+3.4 3.943.5 NA
(times/month) [1-12] [1-15]
Duration of headache* 12.1£10.5% 3.543.0 NA
(hours/per time) [1-24] [1-12]
Follow-up clinical outcomes
Headache intensity (VAS?)  6.3%1.3* 4.540.8 0
[4-8] [3-6]
Headache frequency$ 3.612.7 39134 NA
(times/month) [1-10] [1-15]
Duration of headache* 10.9£10.1% 3.3+2.8 NA
(hours/per time) [1-24] [1-12]

Notes: Data are presented as meanztstandard deviation; value ranges are given in the
square brackets. AVAS: visual analog scores (O=no pain to |0=worst pain ever) $Defined
as the number of headaches separated by pain-free intervals of at least 48 hours within
the past 4 weeks. *Defined as the time in hours from the beginning until the end of the
headache episode. *Significant difference between baseline and follow-up.
Abbreviations: VAS, visual analog score; NA, not applicable.

left (1.904+0.22 vs. 2.11£0.35, T=3.43, ES=0.68, p=0.006)
and a large ES in TH-right (1.8310.18 vs. 1.96+0.14, T=3.38,
ES=0.81, p=0.006). No difference was seen in the CH or HC
between pre- and post-acupuncture (Table 3; Figure 2A).

In the ACC region, varied responses were observed in
NAA/Cr for different groups: no change in MwoA, a decrease
in CH (and an increase in Cho/NAA) and an increase in HC
(Table 3; Figure 2A). In the PPG region, a change in NAA/Cr
was not observed for any group (p>0.05; Table 3; Figure 2A).
No change in Cho/Cr was observed, regardless of group or
location (p>0.05; Table 3; Figure 2B).

A significant correlation between NAA/Cr and VAS was
observed for all participants (n=44; dashed lines in Figure 3)
in TH-left and TH-right both at baseline (i.e. pretreatment)
and post-treatment follow-up (TH-left baseline r=—0.60,
p<0.001, Figure 3, left upper panel; TH-left follow-up
r=0.45, p=0.002, Figure 3, left lower panel; TH-right base-
line r=—0.66, p<0.001, Figure 3, right upper panel; TH-right
follow-up r=—0.37, p=0.013, Figure 3, right lower panel).

A closer relationship with medium to large EFs between
NAA/Cr and VAS was found for individuals with MwoA
(solid lines in Figure 3) in the thalami region at both time
points (TH-left baseline r=0.70, p=0.004, n=15, Figure 3,
left upper panel; TH-left follow-up r=—0.71, p=0.003, n=15,
Figure 3, left lower panel; TH-right baseline =—0.64, p=0.014,
n=14, Figure 3, right upper panel; TH-right follow-up r=—0.66,
p=0.010, n=14, Figure 3, right lower panel). No such correla-
tion was found for CH or HC (r’s<0.15, p’s>0.584).

Multivariable analyses examining the effect of treatment
showed consistent age and brain region differences in NAA/
Cr in each subject group (B correlation coefficient =0.02,
95% CI=-0.04 to —0.01, p=0.002 in MwoA; B=—0.01, CI=—
0.02 to —0.00, p=0.001 in CH; B=-0.16, CI=—0.24 to —0.09,
p <0.001 in HC; Table 4). However, a significant treatment
effect was only found in MwoA (B=0.16, CI=0.06 to 0.26.
p=0.002; Table 4) and not in other groups, confirming a brain
metabolic response to acupuncture treatment of migraine.

Discussion

In this study, we investigated brain metabolite changes in
response to acupuncture treatment in a migraine patient
sample. We also examined the relationships between the
metabolite changes and clinical outcomes. The results showed
a significant increase of the NAA/Cr post-acupuncture treat-
ment with a large effect size, in brain regions important for
transmitting sensation of pain, e.g. the thalami. In addition,
the level of NAA/Cr was correlated with the reduction of
headache intensity. This study represents the first MRSI work
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Table 3 Levels of metabolites comparing different subject groups at pre- and post-intervention conditions

Brain Metabolite Time Migraine without aura Cervicogenic headache Healthy control
region ratio (n=15) (n=15) (n=14)
Left thalamus NAA/Cr I 1.9140.22 1.94+0.27 2.36%0.36
2 2.11+0.35 1.86+0.20 2.35+0.41
Statistics T(P) 3.43 (0.006)* —1.49 (0.160) —0.11 (0.913)
Cho/Cr | 1.00+0.08 1.08+0.09 0.95+0.16
2 1.0520.13 1.010.06 1.04+0.13
Statistics T(P) 1.63 (0.132) —2.11 (0.068) 1.69 (0.116)
Cho/NAA | 0.52+0.08 0.58+0.09 0.41+0.08
2 0.51£0.10 0.57+0.08 0.45+0.08
Statistics T(P) —1.00 (0.340) -0.73 (0.488) 1.96 (0.072)
Right thalamus NAA/Cr I 1.8310.18 1.82+0.18 2.1940.20
2 1.9610.14 1.78+0.15 2.1240.31
Statistics T(P) 3.38 (0.006)* —1.18 (0.256) -0.88 (0.395)
Cho/Cr I 1.00+0.07 1.08+0.06 0.98+0.14
2 1.0420.10 1.04+0.07 1.010.09
Statistics T(P) 1.59 (0.140) —1.83 (0.104) 0.70 (0.497)
Cho/NAA | 0.55+0.06 0.60+0.07 0.45+0.06
2 0.53+0.06 0.59+0.06 0.48+0.05
Statistics T(P) —-1.06 (0.311) -1.23 (0.292) 1.84 (0.089)
Anterior cingulate cortex NAA/Cr | 1.5120.15 1.5120.11 1.5540.15
2 1.5110.13 1.4110.13 1.66+0.09
Statistics T(P) -0.12 (0.904) -3.92 (0.002)* 2.83 (0.014)*
Cho/Cr I 1.00+0.14 1.04+0.06 0.97+0.08
2 1.05+0.13 1.06+0.08 0.95+0.08
Statistics T(P) 1.48 (0.168) 0.79 (0.454) -0.59 (0.565)
Cho/NAA I 0.6710.12 0.69+0.05 0.62+0.09
2 0.70+0.13 0.76+0.07 0.57+0.05
Statistics T(P) 1.32 (0.215) 2.86 (0.021)* —-2.15 (0.051)
Posterior part of NAA/Cr | 1.6240.11 1.6240.13 1.7340.08
paracentral gyrus 2 1.6710.14 1.5420.19 1.7120.15
Statistics T(P) 1.64 (0.130) —-2.11 (0.067) -0.53 (0.607)
Cho/Cr | 0.76+0.06 0.81£0.03 0.76+0.06
2 0.79+0.07 0.78+0.06 0.78+0.08
Statistics T(P) 1.14 (0.280) —-1.51 (0.171) 0.57 (0.577)
Cho/NAA I 0.50+0.08 0.50+0.03 0.44+0.03
2 0.47+0.04 0.51+0.08 0.45+0.04
Statistics T(P) -0.92 (0.380) 0.43 (0.676) 1.43 (0.176)

Note: |=pre-intervention scan; 2=post-intervention scan; *p<0.05.

Abbreviations: NAA, N-acetylaspartate; Cr, creatine; Cho, choline-containing compounds; T, t-test; P, p-value.

to investigate the effect of acupuncture treatment on brain Multiple medications have been proven to be particularly

metabolites in migraine, evidencing a positive response of  efficacious and they play the most important role in the man-

brain metabolites to acupuncture therapy. The data contrib-  agement of migraine.>* Meanwhile, given the complexity of

uted to the literature with new information in understanding  the migraine disorder and that not all patients demonstrate

the mechanism of acupuncture in treating migraine.

highly satisfactory responsiveness,®! a number of non-
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Figure 2 Comparison of the level of metabolite ratios between subject groups at pre-and post-intervention conditions for (A) NAA/Cr and (B) Cho/Cr.
Notes: A= Significant difference at p<0.050 between pre- and post-intervention conditions. For each test, n=15 for each of the MwoA and CH patient groups, and n=14

for the HC group.

Abbreviations: NAA, N-acetylaspartate; Cr, creatine; Cho, choline-containing compounds; MwoA, migraine without aura; CH, cervicogenic headache; HC, healthy control.

pharmaceutical approaches with proven clinical benefits
have been approved as alternative therapies.* Previous studies
have demonstrated the treatment effect of acupuncture on
migraine.’>3* For example, Wang et al conducted a clinical
trial and showed that verum acupuncture relieved the pain and
reduced the usage of acute medication.*? Li et al proposed that
valid acupuncture was associated with long-term reduction
of migraine recurrence compared with sham acupuncture.®
It has been suggested that the effect of acupuncture treatment
involves the nociceptive modulation that is associated with
several pathological processes including spread activation
and deactivation of cortical trigeminovascular pain path-
ways.>*3¢ Previous work has also suggested the role of NAA
deficits in migraine.’” As shown in our previous work, there
is a decrease in the level of NAA in the thalamus in MwoA
patients.” Even so, until now, whether a brain metabolite
change may have a role in acupuncture treatment has not been
understood. Here, our data showed that indeed, an increase
of NAA/Cr (while Cr remained relatively stable) in bilateral
TH was the result of acupuncture therapy, associated with a
relief of clinical pain. Generally recognized as a marker of

normal neuronal activity, synthesized/located in neuronal
mitochondria, NAA decrease indicates mitochondrial dys-
function.?® Thus, an increase of NAA may reflect a recovery
of neuronal activity of the thalamus through mediating
nociceptive modulation.*

Our data must be interpreted with caution. First, our
study involved a relatively small group of patient partici-
pants, a single study site and one experienced practitioner
for acupuncture treatment. Although all the data points were
included in the analyses (except for one outlier in regressing
NAA/Cr and VAS in TH-right for MwoA) the small sample
size can limit the generalizability. Further studies with larger
samples size will be needed to better generalize the research
finding.

Second, due to difficulties with recruitment, most of our
MwoA and CH patients were mid-aged adults, while those
of the HC group were younger adults. Previous research has
suggested an inverse relationship between NAA and age.*
Our data showed a comparatively higher level of NAA/Cr in
the HC subjects than in the patients, likely related to the mean
age difference. Due to this reason, we restricted the analyses
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Figure 3 The relationship between NAA/Cr and VAS in thalamus at baseline and follow-up conditions.

Notes: Symbols represent the observational data and lines represent the linear fitting f(x) = a + bx, where x is the VAS scores and y is the level of metabolites. Solid lines
represent the regressions for MowA patients (al, bl), and dashed lines for the entire sample (a2, b2). Left top panel: al=2.65, bl=-0.11 (n=15, r=-0.70, p=0.004); a2=2.33,
b2=-0.07 (n=44, r=—0.60, p<0.001). Left bottom panel: al=3.24, bI=-0.18 (n=15, r=-0.71, p=0.003); a2=2.32, b2=0.06 (n=44, r=—0.45, p=0.002). Right top panel: al=2.55,
b1=-0.10 (n=14, r=-0.64, p=0.014); a2=2.16, b2=-0.05 (n=44, r=—0.66, p<0.001). Right bottom panel: al=2.44, b1=-0.07 (n=14, r=-0.66, p=0.010); a2=2.07, b2=—0.0 (n=44,

r=-0.37, p=0.013).

Abbreviations: NAA, N-acetylaspartate; Cr, creatine; MwoA, migraine without aura; CH, cervicogenic headache; HC, healthy control; VAS, visual analog scale.

to comparing the measurements pre- and post-treatment in
the same individuals rather than across groups. We have also
identified a negative association between age and NAA/Cr at
both baseline and follow-up in both patient groups. However,
the pre- vs. post-treatment change score was not associated
with age (r=—0.02, p=0.869), while the association between

age and the clinical pain scores was significant at neither
baseline nor follow-up. Moreover, multivariable analyses
examining the effect of treatment adjusting age in each
group showed a clear age impact on acupuncture efficacy
in all the three subject groups. However, only in the MwoA
group there was also a significant treatment effect (Table 4),

Table 4 Effect of acupuncture treatment on the level of NAA/Cr adjusting for age, sex, brain region, and headache history for each

subject group

Group Co-variables B Std. error 95% CI Beta T p-value

Migraine without Treatment (post vs. pre) 0.16 0.05 0.06-0.26 0.33 3.28 0.002

aura Age (year) -0.02 0.01 —0.04—-0.01 —-0.93 -3.24 0.002
Sex (female vs. male) —-0.05 0.06 —0.16-0.06 -0.10 —0.96 0.343
Location (left vs. right) 0.11 0.05 0.01-0.21 0.21 2.13 0.038
Headache history (year) 0.01 0.01 —0.00-0.02 0.42 1.48 0.144

Cervicogenic Treatment (post vs. pre) -0.05 0.05 -0.15-0.04 —-0.13 -1.15 0.255

headache Age (year) -0.01 0.00 —-0.02--0.00 —0.47 -3.62 0.001
Sex (female vs. male) —-0.13 0.05 -0.23—-0.02 -0.28 -2.32 0.024
Location (left vs. right) 0.10 0.05 0.00-0.19 0.23 2.08 0.042
Headache history (year) -0.01 0.0l —-0.03-0.02 -0.06 —-0.51 0.615

Healthy control Treatment (post vs. pre) —0.04 0.07 —0.19-0.10 —0.06 -0.59 0.559
Age (year) -0.16 0.04 —-0.24--0.09 -0.52 —4.37 0.000
Sex (female vs. male) —-0.06 0.09 -0.24-0.11 -0.08 -0.72 0.478
Location (left vs. right) 0.20 0.07 0.06-0.35 0.30 2.77 0.008
Headache history (year) NA

Note: B represents the correlation coefficient.

Abbreviation: NA, not applicable.
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suggesting that the differences in brain metabolic activity in
MwoA reflected a valid treatment effect.

In addition, quantification of metabolites was focused on
the dominant peak representing each chemical of interest. It
is known that with certain metabolites, quantification may
also involve smaller peaks. For example, the most prominent
peak of NAA is at 2.01 ppm, whereas a few smaller NAA
peaks can overlap with glutamate and certain macromol-
ecules. On the other hand, our analysis is to compare the
same individuals over time. Given the overlap and relative
low signal-to-noise ratio with some smaller peaks, focusing
on the dominant peak can ensure effective analysis without
introducing less reliable peaks. Previous studies have sug-
gested a correlation between different peaks for calculating
metabolite concentrations.?’

Furthermore, our study was only focused on identify-
ing a possible change of brain metabolites in response to
acupuncture (and its possible associations with clinical
pain scores) in MwoA but not CH. Even though includ-
ing the two reference groups has led to the differentiation
of a responsive neurometabolite change in MwoA from
CH (using non-targeting acupoints) or HC (using a sham
acupuncture), the HC group with sham acupuncture may
have only controlled for pain conduction due to acupunc-
ture-induced stimulation regardless of sham acupoints.?
Alternatively, a true acupuncture with HC subjects could
serve as a useful sham condition, even though it could be
less favorable ethically to administer acupuncture treat-
ment for people who do not have a symptom.*' In addi-
tion, previous studies have reported effective acupuncture
treatment on CH.?"*? In our study, the treatment effect
on CH was not as effective as that on MwoA, as we used
acupuncture points for targeting MwoA that are different
from the primary acupoints for targeting CH.?"** Further
studies using valid primary acupoints for treating CH can
help us to better understand the neurometabolic responses
of CH to acupuncture.

In spite of these limitations, the study demonstrates
several strengths. The spectroscopy data were studied in
multiple brain regions, each with known importance for pain
transmission of specific functions.? The neural pathways for
afferent nociception involves trigeminal nerve fibers (first-
order neurons), spinal trigeminal nucleus (second-order
neurons), and the thalamus (third-order neurons), so that
alterations of the thalamic modulation of nociceptive input
may contribute to pain perception during a headache attack,
whereas a thalamic NAA increase can be an indication of
recovery of the modulation.? The ACC, on the other hand, is

involved in the emotional response to pain (affective aspects
of pain perception), as well as in a behavior and reinforce-
ment response to pain.*? This provides an explanation why
in CH, the acupuncture procedure did not benefit thalamic
modulation but was associated with a decrease of NAA/Cr
in the ACC. This emphasizes the importance of applying the
treatment on the valid acupoints for targeted syndromes or
conditions based on TCM.! By the same token, a change
of the metabolites was not found in the PPG in any group.
This is not surprising because even though PPG is involved
in encoding of the location, intensity and duration, it is not
involved in the modulation of headache, as neurons in this
region receive nociceptive signals from body and limbs, not
head and face.®

The strength of the study also arises from the collection
of both the metabolic and clinical data before and after the
acupuncture treatment. These data support a possible cor-
relation between brain metabolites of interest and clinical
measurement scores and can help justify the clinical mindful-
ness of the imaging finding. The association of thalamic NAA
increase with clinical pain relief in patients who received
valid acupuncture demonstrated the treatment effect. The
data also suggested that a sufficient level of the metabolites
is necessary to ease headache symptoms.

With MR spectral data collection, subjects have previ-
ous experience with anatomical MRI scans so that a pos-
sible impact of first attempt effect can be minimized. With
clinical data collection, the subject enrolment protocol has
controlled for sex, medicine history, and other disease his-
tory which may influence brain metabolite changes. For
the possible confounders that could not be controlled, their
potential impacts were analyzed and adjusted using multi-
variate models.

In addition to examining the statistical significance of the
results, we also evaluated the clinical importance of the find-
ings. In respect to brain metabolites, the effect sizes between
pre-and post-treatment for MwoA ranged from medium to
large, while the ESs were relatively small for the clinical pain
scores, likely indicating a greater sensitivity of the detection
of brain metabolite changes.

Conclusion

Migraine is a common headache disorder causing significant
healthcare and socioeconomic concerns. Acupuncture has
been proven to be effective as an alternative therapy to aid
in medication treatment in helping patients with the disorder,
but its widespread application has not been fully realized
due to lack of understanding of the underlying mechanism
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on the nervous system. The present study provided the first
evidence demonstrating changes of brain metabolites in
response to acupuncture therapy in migraine in relation to
clinical outcomes. The study has shown an example of using
MR spectroscopy technology in understanding the clinical
importance of acupuncture in treating migraine.

Clinical implications

e The study showed evidence validating acupuncture
therapy in treating migraine.

e Itprovided novel information on brain metabolic response
to acupuncture therapy.

e It suggested the possible involvement of a recovery of
neuronal mitochondrial function of the pain pathway in
migraine treatment.
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