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Abstract

Objectives: The acupuncture has been used in the therapy of Alzheimer disease (AD), however, its neural underpins are still unclear.
The aim of this study is to examine the acupuncture effect on the default mode network (DMN) in AD by using resting state functional
magnetic resonance imaging (RS-fMRI). Methods: Twenty-eight subjects (14 AD and 14 normal controls (NC)) participated in this
study. RS-fMRI data were acquired before and after acupuncture, while during the acupuncture, the procession of acupuncture
stimulation on the acupoints of Tai chong (Liv3) and Hegu (LI4) lasted for 3 minutes. Results: Region of interest analysis showed
that the impaired DMN connectivity in AD (identified by comparing the pre-acupuncture RS-fMRI of AD and NC), specifically the left
cingulate gyrus (CG) and right inferior parietal lobule (IPL), were significantly changed for the better. The whole-brain exploratory
analysis further demonstrated these results and found some new regions respond to the acupuncture effect on AD, with a cluster in the
left posterior cingulate cortex (PCC), the right middle temporal gyrus (MTG) together with right IPL showed increased within-DMN
connectivity; and the bilateral CG and left PCu showed decreased within-DMN connectivity. Moreover, the acupuncture effect on the
right MTG was significantly correlated with disease severity as measured by Mini-Mental State Examination (MMSE) and Montreal
Cognitive Assessment (MoCA) scores. Conclusion: It was found that the acupuncture stimulation could modulate the DMN activity in
AD. The current findings suggest that the acupuncture treatment on the relative earlier AD patients might have a better therapy effect.
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Introduction to the modern TCM theories, dementia is essentially a dysfunc-
tion of the brain along with other organs including heart, liver,
spleen, and kidneys (note: these are concepts and terms used in
TCM theory, and their interpretation is usually different from
modern physiology and medicine). The factors involved in its
pathogenesis are wind, fire, phlegm, stagnation, and weakness
(note: TCM concepts). At the beginning, deficiency of the main
organs leads to the phlegm stagnation and stagnant fire. It will

Alzheimer’s disease (AD) is the most common cause of
dementia, characterized by progressive cognitive decline
including impairment of memory and reasoning ability. The
plaque of B-amyloid and the neurofibrillary tangle composed
mainly of hyperphosphorylated t protein are 2 major patholo-
gical hallmarks of AD. So far, there are over 24 million people
have AD all over the world, and the population might be dou-
ble to an estimated 42 million by 2020." However, at present,
there is still no effective therapy to slow the progression of
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decrease the nutritional (“Qi” and blood) supply to the brain
and cause the cognitive impairment, thereby ending in develop-
ment of dementia.”” Factors that influence the acupuncture
efficacy in AD treatment include stage of the AD, selection
of the acupoints, and methods of needle insertion.

Some mechanisms of the acupuncture effect on AD have
been proposed, and most of them are based on the various
“hypotheses” of the pathogenesis of AD. These mechanisms
include amelioration of impaired cholinergic function by acu-
puncture, acupuncture relieving the amyloid neurotoxicity,
acupuncture reducing levels of hyperphosphorylated t protein,
and acupuncture protecting cerebral neurons from oxidative
stress (see a recent review by Zeng et al'®). However, all of
them mainly got their evidences from animal studies but with
a limited number of studies conducted on humans (see a sum-
marization by Xia et al®).

Some previous studies have used neuroimaging techniques
to assess the effect of acupuncture treatment on AD and tried
to find the potential mechanism of acupuncture therapy for
AD.'"""> They found that effective acupuncture could activate
some areas related to memory and learning. For example, Guo
et al'® reported that the stimulation of acupuncture points
Jingming (BL-1) using electric acupuncture (EA) activated
hippocampus and hypothalamus of senile dementia (mainly
covers AD). Zhou and Jin'® performed EA at Shenmen (HT-7),
Zusanli (ST-36), Fenglong (ST-40), and Taixi (KI-3). Their
results demonstrated many activations following EA, includ-
ing hippocampus, insula, cerebellum, and some areas in tem-
poral and parietal lobes. Wang and his colleague’s work'*
showed that stimulating Liv3 (Taichong) and LI4 (Hegu)
increases the brain activation in some regions within frontal
and temporal lobes. However, the underlying mechanism of
these activations’ enhancement and pathways involved in
these activated regions are still unclear.

Default mode network (DMN)'¢ is one of the earliest patho-
logical site of AD.'”'® The impairment of DMN is so far the most
stable and reliable findings in functional neuroimaging studies of
AD." Given its crucial role in memory and cognitive processes of
human brain, the abnormal activity of DMN can predict the prog-
ress of AD.2*! Moreover, the plasticity change in DMN activa-
tion has been widely confirmed by acupuncture.”* It is thus of
great interest to ask the question: Does acupuncture modulates the
DMN activity of patients with AD at rest?

In this study, we tried to compare the differences in DMN dur-
ing acupuncture stimulating the acupoints Liv3 and LI4 of AD
with normal controls (NCs). According to TCM, both Liv3 and
LI4 are known as source points. They are hubs for internal and
external energies gathering and transforming.** The combination
stimulus of Liv3 and LI4 is classically known as “The Four
Gates,” which is usually applied to promote the circulation of
“Qi” and blood throughout the entire body, with Liv3 handling
the lower half while L14 addressing the upper.® The effectiveness
of'acupuncture the Four Gates has been demonstrated in the treat-
ment of pain and AD."* Using the blood oxygen level-dependent
functional magnetic resonance imaging (fMRI), which relies on
changes in the level of deoxygen in the human brain induced by

alterations in blood flow, the DMN (including posterior cingulate
cortex [PCC], medial prefrontal cortex, inferior parietal lobule
[IPL], and inferior temporal cortex) has been reported in many
studies. The activation of DMN can be found during rest, and it
is highly related to self-awareness, memory retrieval®>, and
pain.?®?’ Specifically, PCC is one of the key hubs of the whole
brain and has been shown to communicate with various brain net-
works simultaneously and regulate the balance between internally
and externally directed cognition.”® Combining the previous
results from both TCM and neuroscience, it is of great interest for
us to investigate whether the combination acupuncture of Liv3
and LI4 has an evident effect on the DMN activity.

Given the important functions of Liv3 and LI4, and their
potential roles to the DMN, along with the plasticity of the
DMN, we hypothesized that the DMN of AD would be modu-
lated by acupuncture of Liv3 and LI4. An independent compo-
nent analysis (ICA) method was applied to study the
impairment within DMN of AD compared with NC before acu-
puncture. A region of interest (ROI) analysis was performed to
test the acupuncture effect on the identified abnormal brain
areas in AD. Then, the interaction effect of acupuncture by
group was examined to show whether there were some regions
specific for AD due to acupuncture of Liv3 and LI4. Addition-
ally, the individual differences in the acupuncture effect were
also been investigated to find which kind of patients have a
relative better effect by acupuncture than others.

Materials and Methods

Patients

Twenty-eight right-handed (14 AD and 14 healthy controls)
patients participated in this study after giving written informed
consent. This study was approved by the Medical Research
Ethics Committee of Xuanwu Hospital. Patients with AD were
recruited from patients who had consulted the memory clinic at
Xuanwu Hospital for memory complaints. The healthy elderly
controls were recruited from the local community.

All patients with AD underwent a complete physical and
neurological examination, standard laboratory tests, and an
extensive battery of neuropsychological assessments. The diag-
nosis of AD fulfilled the Diagnostic and Statistical Manual of
Mental Disorders (Fourth Edition) criteria for dementia® and
the National Institute of Neurological and Communicative Dis-
orders and Stroke/Alzheimer’s Disease and Related Disorders
Association (NINCDS-ADRDA) criteria for possible or prob-
able AD.* The patients were assessed with the clinical demen-
tia rating (CDR) score,”’ CDR of 1 and 2 was assigned to the
AD category.

Healthy controls met the following criteria: (1) no neuro-
logical or psychiatric disorders such as stroke, depression,
and epilepsy; (2) no neurological deficiencies such as visual
or hearing loss; (3) no abnormal findings such as infarction
or focal lesion in conventional brain MR imaging; (4) no
cognitive complaints; (5) Mini-Mental State Examination
(MMSE) score of 28 or higher; and (6) CDR score of 0.
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Figure 1. Protocols for acupuncture.

Participants with contraindications for MRI such as pace-
maker, cardiac defibrillator, implanted material with electric
or magnetic system, vascular clips or mechanical heart valve,
cochlear implant, or claustrophobia were excluded. In addition,
patients with a history of stroke, psychiatric diseases, drug
abuse, severe hypertension, systematic diseases, and intellec-
tual disability were excluded.

Data Acquisition

The MRI data acquisition was performed on a SIEMENS verio
3-T scanner (Siemens, Erlangen, Germany). Patients were
instructed to hold still, keep eyes closed, and think nothing in
particular. Functional MRI data were acquired axially using an
echo-planar imaging (repetition time [TR]/echo time [TE]/flip
angle [FA] = 2000 ms/40 ms/90° filed of view [FOV] = 24
cm, image matrix = 64 x 64, slice number = 33, thickness =
3 mm, gap = 1 mm, band width = 2232 Hz/pixel). Three-
dimensional T 1-weighted magnetization-prepared rapid gradient
echo sagittal images were also obtained (TR/TE/inversion time/
FA = 1900 ms/2.2 ms/900 ms/9°, image matrix = 256 x 256,
slice number = 176, thickness = 1 mm.

A single-block experimental design was adopted in the current
study as shown in Figure 1. The baseline resting-state data were
acquired in the initial 3 minutes and then followed by
the procession of acupuncture stimulation during the following
3 minutes. A silver needle of 0.30 mm in diameter and 25 mm long
was inserted and twirled at the 4 acupoints of the human body—
Liv3 onthe dorsum of the left and right foot and L14 on the dorsum
of'the left and right hand. After the needle was withdrawn, another
10 minutes of resting-state fMRI scans were acquired.

Imaging Preprocess

In this study, resting-state fMRI data of 3 minutes before acu-
puncture and 3 minutes directly following acupuncture were

included in the following data analysis. The preprocessing of
fMRI data was conducted using statistical parametric mapping
software package (SPMS5, Wellcome Dept. of Cognitive Neurol-
ogy, London, UK). The first 10 volumes of the functional
images were discarded to allow the signal to reach equili-
brium and participants’ adaptation to the scanning noise. The
remaining fMRI images were first corrected for within-scan
acquisition time differences between slices and then realigned
to the first volume to correct for interscan head motion. The
translation and rotation were checked, and the images with
head movement greater than 2 mm in any direction or head
rotation greater than 2° were excluded. The individual struc-
tural image was coregistered to the mean functional image
after motion correction using a linear transformation. The
transformed structural images were then segmented into gray
matter (GM), white matter (WM), and cerebrospinal fluid
using a unified segmentation algorithm.*> The motion cor-
rected functional volumes were spatially normalized to the
Montreal Neurological Institute space and resampled to 3
mm isotropic voxels using the normalization parameters esti-
mated during unified segmentation. Subsequently, the func-
tional images were spatially smoothed with a Gaussian
kernel of 4 x 4 x 4 mm® full width at half maximum (FWHM)
to decrease spatial noise.

Independent Component Analysis

The group ICA (GICA) of the fMRI toolbox (Stable and Consis-
tent Group ICA of the fMRI Toolbox, version 1.2) was used to
decompose the preprocessed data of all patients into independent
components (ICs; http://www.nitrc.org/projects/cogicat/). This
toolbox supports a GICA approach that first concatenates the
individual data across time and subsequently computes the
patient specific components and time courses. The toolbox per-
formed the analysis in the 3 stages: (1) data reduction using prin-
cipal component analysis (PCA), (2) application of the ICA
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Table |. Characteristics of the Patients With AD and Normal Controls.?

AD (N =9) Controls (N = 11) P value
Sex, female/male 6/3 8/3 769°
Age, year 65.11 + 9.84 66.45 + 5.55 736°
Education, year 9.78 + 3.26 11.18 + 4.39 A459¢
MMSE? 16.00 + 4.45 2791 + 1.44 <.0lI¢
MoCA 13.22 + 1.20 26.73 + 0.63 <0I°
CDR 1.17 + 0.47 0.00 + 0.00 <0l°
AVLT (immediate) 11.44 + 422 25.55 + 4.05 <.0lI°
AVLT (short time) 244 + 1.34 10.73 + 2.77 <0lI°
AVLT (long time) 3.00 + 141 12.82 + 1.59 <0lI°

Abbreviations: MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; CDR, clinical dementia rate; AD, Alzheimer’s disease; SD, standard
deviation; AVLT, auditory verbal learning test; immediate, immediate recall of learning verbal; delayed; delayed recall of learning verbal; recognition, recognition of

learning verbal.
2 Plus-minus values are means + SDs.

® The P value for gender distribution in the 4 groups was obtained by chi-square test.

¢ The P values were obtained by one-way analysis of variance tests.

algorithm, and (3) back reconstruction for each patient. To deter-
mine the number of ICs, dimension estimation on each group of
participants was first performed using minimum description
length as implemented in the GIFT.>* The data reduction step
was achieved based on the selected number of components.
Then, the infomax algorithm®® was used to separate the data.
Subsequently, the dual-regression approach was used to back
reconstruct the individual patient components.

Different from GIFT>> and Multivariate Exploratory Lin-
ear Optimized Decomposition into Independent Components
(MELODIC),*® the Subject Order Independent Group ICA
(SOI-GICA) algorithm launches multiple GICA, each time
with randomized initial value and different patient order, and
then the multiple results are integrated to form the final out-
put.>” The SOI-GICA algorithm is helpful to deal with the
problem of participant concatenation orders-induced GICA
instability, which might be present in GIFT and MELODIC
in all likelihood. In the present study, the GICA had been per-
formed 100 times, and the time courses of IC and its spatial
distribution of each condition (including AD_before; AD_af-
ter, NC_before, and NC_after) and each participant were
acquired for the following process. The subject-specific IC
distribution maps were converted into z score, which reflect
the degree to which the time series of a given voxel correlates
with the mean time series of the component to which it
belongs. The IC of DMN was selected via visual inspection.

Statistical Analysis

In the first stage, one-sample  test was used to achieve the DMN
z-statistic maps for each condition (NC_before, NC_after,
AD_before, and AD_after) under a combined threshold of P <
.01 and a cluster size of 648 mm”. This yield a corrected thresh-
old of P < .01, determined by Monte Carlo simulation using the
AlphaSim program with parameters: FWHM = 4 mm, within
the GM mask (http://afni.nimh.nih.gov/pub/dist/doc/manual/
AlphaSim.pdf). Then 2 masks were made by combining the cor-
responding 2 DMN maps of 4 conditions (ie, NC_before and

AD_before; NC_before, NC_after, AD_before, and AD_after),
which were, respectively, used for analyzing the following group
differences (NC-before vs AD_before) and the interaction effect
of acupuncture by group ([AD_before > AD_after] > [NC_be-
fore > NC_after], [AD_after > AD_before] > [NC_after >
NC_before]).

Next, between-group difference in NC and AD before acu-
puncture was examined by a 2-sample ¢ test with age, gender,
and structural atrophy as covariates. The structural atrophy
was calculated and used as in the previous studies.>®**° The
threshold was set to a combined threshold of P < .01 and a
cluster size of 459 mm?, which yield a corrected threshold
of P < .01, determined by the AlphaSim program with para-
meters: FWHM = 4 mm, with mask. Based on the group dif-
ferences before acunpuncture (NC_before vs AD_before),
ROIs can be defined according to the activated clusters. To
examine the ameliorate of the impaired DMN connectivity,
we would first extract the z values for the DMN of 4 condi-
tions. Then, a paired ¢ test was run for each ROI to compare
the acupuncture effect on NC and AD.

Third, a 2 x 2 analysis of covariance was run based on the
flexible factorial modeling procedure in SPM5 to examine the
interaction effect of acupuncture (pre vs post) by group (AD
vs NC). Voxels survived a corrected threshold of P <.01 (single
voxel threshold of P < .01 and a cluster size of 513 mm®, using
the AlphaSim program with parameters: FWHM = 4 mm, with
mask) and were considered to show significant difference. In
case of significant interactions, we additionally calculated the
respective simple main effects (ie, AD_before vs AD_after and
NC_before vs NC_after).

Correlation Between the Acupuncture Effect and
Individual Differences as Reflected by
Neuropsychological Measures

We are interested to explore the individual differences in

the acupuncture effect, which patients had the stronger
effect of acupuncture on which regions. Based on the
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Before
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Figure 2. Within-condition default mode network (DMN) connectivity patterns identified by independent component analysis (ICA), including
patterns for the 2 conditions before acupuncture (ie, NC_before and AD_before) and 2 conditions after acupuncture (ie, NC_after and

AD_after).

Figure 3. Between-group differences in NC and AD before acupuncture, based on a 2-sample t test with age, sex, and structural atrophy as cov-
ariates. The threshold was set to a corrected threshold of P < .01, determined by AlphaSim. Left in picture is left side of the brain. The color scale
represents t values. VWarm color represents decreased connectivity in AD as compared to NC. AD indicates Alzheimer’s disease; NC, normal control.

identified clusters in the whole-brain analysis of the acu-
puncture effect in AD (ie, the clusters in the interaction
effect), Pearson’s correlation was performed to examine the
correlation between the mean connectivity change in each
cluster by acupuncture and 2 clinical variables (MMSE and
Montreal Cognitive Assessment [MoCA]) in AD and NC
groups separately. The P values were corrected for multiple
comparisons using the Bonferroni method.

Results

Clinical Data and Neuropsychological Test

In all, 8 participants (3 NC and 5 AD) who exhibited large
amounts of head motions (>3 mm) during scanning after

acupuncture were excluded. The demographic and neuropsy-
chological details for the remaining 20 patients are shown in
Table 1. There were no significant differences between the 2
groups in gender, age, and years of education, but the neurop-
sychological test such as MMSE, CDR, and auditory verbal
learning test scores was significantly different (P < .01)
between the 2 groups.

Connectivity Differences in DMN Between AD and NC
Before Acupuncture
Figure 2 shows the DMN maps for 4 conditions (AD_be-

fore, AD_after, NC_before, and NC_after). Figure 3 shows
the group differences before acupuncture. As compared to
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Table 2. The DMN Group Differences Before Acupuncture (ie, NC_Before vs AD_Before).?

MNI coordinate

Brain regions X y z BA Cluster size t score

NC_before > AD_before

Posterior cingulate —6 -39 18 29 50 4.384
Posterior cingulate 6 —45 18 30 2.858
Cingulate gyrus 3 —42 27 31 2.654
Inferior parietal lobule 60 -39 39 40 52 3.586
Inferior parietal lobule 54 —42 27 40 3.251
Supramarginal gyrus 48 —42 33 40 3.243
Precuneus 24 —60 27 7 73 3.571
Cuneus 0 —78 33 7 3.455
AD_before > NC_before
Cingulate gyrus -9 —48 39 31 49 3.325
Cingulate gyrus —12 -30 39 31 3.289

Abbreviations: DMN, default mode network; BA, Broadman area; MNI, Montreal Neurological Institute; x, y, and z, coordinates of primary peak locations in the
MNI space; AD, Alzheimer’s disease; NC, normal control.
? The threshold was set to a corrected P < .0l using AlphaSim.
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Figure 4. Region of interest analysis of the regions identified in the between-group comparison of normal control (NC) and Alzheimer’s disease
(AD) before acupuncture, in order to look at theirs patterns to make sure whether they were affected by acupuncture.
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Figure 5. Regions identified by the interaction effect of acupuncture by group, which show the relative specific acupuncture effect on Alz-
heimer’s disease (AD). The threshold was set to a corrected threshold of P < .0l, determined by AlphaSim. Warm color represents decreased

connectivity by acupuncture.

Table 3. Regions Showing Decreased and Increased DMN Connectivity Specific for AD Identified by the Interaction Effect of Acupuncture by

Group.®
MNI coordinate
Brain regions X y z BA Cluster size t score
(AD_before > AD_after) > (NC_before > NC_after)
Cingulate gyrus 9 —42 39 31 144 4.406
Cingulate gyrus -9 -39 30 31 3.841
Cingulate gyrus 0 —48 42 31 3.767
Precuneus -33 —69 33 39 50 3.049
(AD_after > AD_before) > (NC_after > NC_before)
Inferior parietal lobule 51 —45 36 40 44 4.777
Inferior parietal lobule 54 —42 48 40 4.084
Middle temporal gyrus 45 —66 27 39 27 4.228
Middle temporal gyrus 51 —69 18 39 3.215
Posterior cingulate —15 —63 9 30 38 3.305
Posterior cingulate —6 —60 9 30 3116

Abbreviations: AD, Alzheimer’s disease; DMN, default mode network; BA, Broadman area; MNI, Montreal Neurological Institute; X, y, and z, coordinates of
primary peak locations in the MNI space; AD, Alzheimer’s disease; NC, normal control.

? The threshold report here is a corrected P < .01 using AlphaSim.

NC, a large cluster mainly located at PCC, extending into
precuneus (PCu), right IPL (especially the supramarginal
gyrus), and right PCu showed significantly decreased
activity in AD, while a cluster in the left cingulate gyrus
(CG) showed increased activity in AD. Based on these
results, 4 functional ROIs were defined, as shown in Table
2 and Figure 3.

Based on these 4 ROIs, we examined the relative patterns
of the acupuncture effect on NC and AD, as shown in Fig-
ure 4. For the identified PCC ROlIs, there was no significant
acupuncture on both patients with AD and NC participants.
For the right PCu, there was no significant acupuncture
effect on AD but had an effect on NC participants (t =
2.45, P = .04). For the right IPL, there was a significant
increased activity following acupuncture for AD (t =
4.513, P = .002) but there was a decreased trend for
NC (t = 2.44, P = .04). For the left CG, there was a
significant decreased activity for AD (t = 4.036, P =
.004) but not for NC (t = 0.008, P = .994).

The Whole-Brain Explorations of the Acupuncture Effect
on AD

Figure 5 shows the interaction effect of acupuncture by group,
and the details of the related activations are shown in Table 3. It
was found that, after controlling for the effect on NC,
patients with AD showed decreased connectivity in the
bilateral CG and left PCu, while showed increased connec-
tivity in the right IPL, right middle temporal gyrus (MTQ),
and a cluster in left PCC.

Correlation Between the Acupuncture Effect and
Neuropsychological Measures

Only 1 significant positive correlation was found in the right
MTG between the connectivity change and MMSE (R = .919,
P =.0005) and MoCA (R =.910, P = .0007) for patients with
AD (as shown in Figure 6), which were corrected for multiple
comparisons using Bonferroni (P < .05/4 = .0125). These
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Figure 6. The significant correlation in the right middle temporal gyrus (MTG) between the connectivity change and Mini-Mental State
Examination (MMSE; R = .919, P = .0005) and Montreal Cognitive Assessment (MoCA; R = .910, P = .0007) for patients with Alzheimer’s

disease (AD).

effects were specifically for AD, as the corresponding correla-
tions for NC (MMSE: R = —.221, P = .514; MoCA: R =
—.203, P = .549) were slightly negative and not significant.

Discussions

Our study concentrated on the sustained effect of acupuncture on
the DMN of patients with AD. There were 2 main findings. First,
the abnormal regions in AD, which were impaired as compared
to NC, were ameliorated by acupuncture of Liv3 and LI4. This
result was demonstrated by the ROI analysis and then confirmed
by an exploratory analysis. Second, the acupuncture effect at the
left MTG was positively correlated with individual differences
in patients with AD measured by MMSE and MoCA. To the best
of our knowledge, this is the first study to report the modulated
effect of the DMN by acupuncture in AD. These findings may
have new implications to the therapy for patients with AD.

The Significant Acupuncture Effect on the Abnormal
DMN Regions in AD

By analyzing the resting-state fMRI data collected before acu-
puncture, we found abnormal DMN connectivity in the
patients with AD relative to controls. Compared to NC,
patients with AD showed significant decreased activations
in PCC extending into PCu, right IPL, and IPL, while
increased activations in bilateral CG. These results were
totally consistent with previous reports using ICA'?' or
seed-based functional connectivity.”>” It was found that these
abnormal regions were changed to be better to the different
extent by acupuncture, with right IPL showed increased activ-
ity and left CG showed decreased activity in AD (Figure 4), as
compared to the condition before acupuncture.

Whole-Brain Localization of the Modulation Effect on
DMN by Acupuncture
The whole-brain analysis has confirmed the acupuncture

effect on the DMN in AD. The regions already having abnor-
mal connectivity, identified by comparing the conditions of

AD and NC before acupuncture (Figure 4), were almost
located within the regions with the acupuncture effect in
AD, identified by the interaction effect of acupuncture by
group (Table 3 and Figure 5). Additionally, some regions
located in the left PCu showed decreased connectivity by acu-
puncture, while the left MTG showed increased connectivity
after acupuncture therapy.

The activation of the right IPL, MTG, along with a cluster in
the left PCC was significantly increased in AD after acupunc-
ture. As the important parts of the multiple interacting subsys-
tems in DMN, these regions may play important but different
roles in resting-state brain activities, such as MTG for provid-
ing information, IPL for spatial attention, and PCC for informa-
tion integration.>>*! Therefore, our current findings may
suggest that acupuncture of Liv3 and LI4 may promote the
memory functions of AD.

Specificity and Individual Difference in the Acupuncture
Effect on AD

We found that all the brain activations modulated by acu-
puncture in AD were specifically for AD but not for NC,
such as right SPL and CG (Figure 4). It was suggested that
acupuncture per se had an effect on all kinds of patients.
However, the baseline for evaluating the extent of the acu-
puncture therapy was different for AD and NC. Since AD is
a pathological state, so the patients with AD possibly have a
lower baseline level than that of NC. This may explain the
(relative) specificity of the acupuncture effect on AD or
why AD may benefit more from acupuncture. This explana-
tion was consistent with previous reports that NC can also
benefit from acupuncture.?>*42

We also found that the acupuncture effect as measured by
the activation in a region of right MTG was significantly posi-
tively correlated with the disease severity of AD (Figure 6).
This implicates that there may be a better therapy effect for
AD with relatively mild symptoms. However, this should be
further demonstrated in the future, as there are many factors
that might affect the acupuncture effect.
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Potential Mechanism of Acupuncture Therapy for AD

By using fMRI, it was found that effective acupuncture could
activate several brain areas controlling the memory and learn-
ing functions.®''"'* This could be a potential mechanism of
acupuncture on AD, albeit this explanation is at the relative
higher concept hierarchies. The current study has added new
evidences to this explanation that acupuncture can activate cer-
ebral memory and learning areas. Although still on investigat-
ing, the DMN, which is found to be modulated by acupuncture
in the current study, is convergent on its key role to human cog-
nition at rest and during tasks, especially in memory.*>

A further question is how acupuncture can help to activate
the regions related to memory and learning. According to
TCM, acupuncture of Liv3 and LI4 can promote the “Qi” and
blood cycle in all the organs and thus can boost the nutrition
and blood supply of the brain.® These effects can be first
detected in the DMN regions, which are also the hubs of the
whole brain system. This explanation is worthy of respect,
however, it explains the facts at a very higher level and does
not explain the underlying mechanism at the molecular level.
We will hope for the explanation from the contemporary neu-
roscience. It is still a long way to go to fully uncover the intri-
cacies of acupuncture use in AD. Many studies should be done
in the future to test these hypotheses.

Limitations and Further Considerations

There are still some issues to be addressed. First, it may benefit
the current study to include a control state on the real-needle
acupuncture by using sham acupuncture. Second, a longitudi-
nal design will be necessary to elucidate the impaction of acu-
puncture on the DMN. In the future, we will trace these patients
at different time points and explore the DMN connectivity
changes and its influence on cognitive function in patients with
AD after acupuncture. Third, many more imaging studies with
larger population should be done to test the findings in the cur-
rent study. Additionally, it is still unknown whether the current
findings are only specifically for the Liv3 and LI4 acupuncture
or also apply to the other acupoints. The future studies should
cover all these considerations.

Conclusion

In conclusion, our study found that the DMN activity of
patients with AD could be modulated by the acupuncture sti-
mulation on the acupoints of Liv3 and LI4. It may provide deep
understanding of the therapeutic effect of acupuncture and
demonstrate a new avenue for the treatment of AD in the future.
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