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Abstract

Our objective is to clarify the effects of acupuncture on hippocampal connectivity in patients with Alzheimer disease (AD)
using functional magnetic resonance imaging (fMRI). Twenty-eight right-handed subjects (14 AD patients and 14 healthy
elders) participated in this study. Clinical and neuropsychological examinations were performed on all subjects. MRI was
performed using a SIEMENS verio 3-Tesla scanner. The fMRI study used a single block experimental design. We first acquired
baseline resting state data during the initial 3 minutes and then performed acupuncture stimulation on the Tai chong and
He gu acupoints for 3 minutes. Last, we acquired fMRI data for another 10 minutes after the needle was withdrawn. The
preprocessing and data analysis were performed using statistical parametric mapping (SPM5) software. Two-sample t-tests
were performed using data from the two groups in different states. We found that during the resting state, several frontal
and temporal regions showed decreased hippocampal connectivity in AD patients relative to control subjects. During the
resting state following acupuncture, AD patients showed increased connectivity in most of these hippocampus related
regions compared to the first resting state. In conclusion, we investigated the effect of acupuncture on AD patients by
combing fMRI and traditional acupuncture. Our fMRI study confirmed that acupuncture at Tai chong and He gu can
enhance the hippocampal connectivity in AD patients.
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Introduction

Alzheimer disease (AD) is the most common cause of dementia,

and there is currently no effective therapy for the disease.

Acupuncture has shown promise in treating AD patients by

mobilizing the neurophysiological system to modulate cognitive

function [1]. However, the neural mechanism underlying the

effects of acupuncture is still unknown.

Recently, a promising resting-state functional magnetic reso-

nance imaging (fMRI) method has provided insight into brain

activity or connectivity and can be used to assess the effects of

acupuncture. Accumulating neuroimaging evidence suggests that

acupuncture can modulate resting state brain activity or connec-

tivity [2–6]. However, the majority of these studies have focused

on healthy subjects. Only two papers have investigated acupunc-

ture’s effects on AD patients. One study found that acupuncture

activates several temporal lobe and parietal lobe regions in AD

patients [1]. Another study found that several brain regions,

temporal lobe regions in particular, are activated after acupunc-

ture in AD patients [7]. These fMRI studies suggest that

acupuncture may activate regions associated with cognition, which

contribute to the treatment’s specific therapeutic effect. However,

these AD-related acupuncture studies did not examine connectiv-

ity changes among brain regions; instead, they explored activation

of brain regions.

In order to better understand the pathophysiology of AD, it is

necessary to study acupuncture’s effect on the functional

connectivity of the hippocampus. Previous neuroimaging studies

have shown that the hippocampus is one of the earliest

pathological sites of AD and plays a crucial role in memory

processes [8–10]. By using MRI method, many studies have

demonstrated AD-related hippocampal abnormalities including

atrophy [11,12] hypometabolism [13], and decreased activity [14].

Furthermore, several fMRI studies reported markedly reduced

functional connectivity in hippocampus-related memory networks

in early-stage AD [15,16] as well as mild cognitive impairment

[17–19]. One recent resting-state fMRI study found stronger

recovery of hippocampal functional connectivity after donepezil

treatment in AD patients [20], which indicates there is some

plasticity in hippocampal connectivity. Therefore, we selected the

hippocampus as the region of interest to conduct functional

connectivity analysis and to explore the effects of acupuncture.

Considering the important role of the hippocampus and

acupuncture’s probable effects, we chose to observe how

hippocampal activity – which is abnormal in AD patients at rest

– might be affected by acupuncture. Few studies have reported
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changes in hippocampal connectivity in AD patients when

measuring resting-state fMRI and the effects of acupuncture.

Here, we hypothesized that abnormal resting-state hippocampal

connectivity with vital brain regions would be enhanced in AD

patients following acupuncture.

The fMRI experiment was performed after acupuncture at the

acupoints Tai chong and He gu. According to traditional Chinese

medicine, AD belongs to the category of dementia. When a lesion

is located in the brain, acupuncture point selection should be

based on inducing resuscitation and coordinating yin and yang.

Huangdi Neijing says ‘‘the viscera of the disease, all take its

original point’’. He gu is the original point of the large intestine

channel of hand yangming (LI4), and it is one of the most

commonly used acupoints in the clinical therapy, playing an

important role in dispelling wind and analgesia and restoring

consciousness. Taichong is the original point of the liver channel of

foot jueyin (Liv3), which functions to relieve the depressed liver

and subdue the endogenous wind and sedatives. He gu and Tai

chong are collectively named the Si Guan (four gates) point.

Combined use of these two acupoints can harmonize yin and

yang, regulate qi and blood, finally improve the cognitive ability of

AD patients. Therefore, we choose these two acupoints.

In the present study, we sought to investigate the effects of

acupuncture on hippocampal functional connectivity in AD

patients compared to healthy controls. We first explored

hippocampal functional connectivity during the resting state and

then identified regions in AD patients showing connectivity that

was significantly different compared to controls. Finally, we tested

whether interregional connectivity could be modulated by

acupuncture in AD patients.

Materials and Methods

Subjects
Twenty-eight right-handed subjects participated in this study,

including 14 patients with AD and 14 healthy controls. The AD

subjects were recruited from patients who had consulted in the

memory clinic at Xuanwu Hospital for memory complaints.

Healthy elderly controls were recruited from the local community.

This study was approved by the Medical Research Ethics

Committee of Xuanwu Hospital. All subjects gave their written

informed consent. The details of the consent form included the

study’s aim, inclusion and exclusion criteria, procedures, potential

harm and benefits, medical care, privacy rights, and withdrawal

process. They were informed of their right to discontinue

participation at any time. All potential participants who declined

to participate or otherwise did not participate were still eligible for

treatment (if applicable) and were not disadvantaged in any other

way for not participating in the study.

All AD patients underwent a complete physical and neurolog-

ical examination, standard laboratory tests and an extensive

battery of neuropsychological assessments. The diagnosis of AD

fulfilled the Diagnostic and Statistical Manual of Mental Disorders

4th Edition criteria for dementia [21] and the National Institute of

Neurological and Communicative Disorders and Stroke/Alzhei-

mer Disease and Related Disorders Association (NINCDS-

ADRDA) criteria for possible or probable AD [22]. The subjects

were classified according to Clinical Dementia Rating (CDR)

scores [23]; patients with CDRs of 1 and 2 were designated AD

patients.

Healthy controls met the following criteria: a) no neurological or

psychiatric disorders such as stroke, depression or epilepsy; b) no

neurological deficiencies such as visual or hearing loss; c) no

abnormal findings such as infarction or focal lesion in conventional

brain MR imaging; d) no cognitive complaints; e) mini-mental

state examination (MMSE) score of 28 or higher; and f) CDR

score of 0.

Participants with contraindications for MRI such as pacemak-

ers, cardiac defibrillators, implanted material with electric or

magnetic systems, vascular clips or mechanical heart valves,

cochlear implants or claustrophobia were excluded. In addition,

patients with a history of stroke, psychiatric disease, drug abuse,

severe hypertension, systematic diseases and intellectual disability

were excluded.

Data Acquisition
MRI data acquisition was performed using a SIEMENS verio 3-

Tesla scanner (Siemens, Erlangen, Germany). The subjects were

instructed to remain still, keep their eyes closed and think of

nothing in particular. fMRI was acquired axially using echo-

planar imaging (EPI) [repetition time (TR)/echo time (TE)/flip

angle (FA)/field of view (FOV) = 2000 ms/40 ms/90u/24 cm,

image matrix = 64664, slice number = 33, thickness = 3 mm,

gap = 1 mm and bandwidth = 2232 Hz/pixel]. In addition, 3D

T1-weighted magnetization-prepared rapid gradient echo

(MPRAGE) sagittal images were obtained (TR/TE/inversion

time (TI)/FA = 1900 ms/2.2 ms/900 ms/9u, image ma-

trix = 2566256, slice number = 176 and thickness = 1 mm).

Our study used a single block experimental design. We first

acquired baseline resting state data during the initial 3 minutes; we

then performed acupuncture stimulation for the following 3

minutes. A silver needle that was 0.30 mm in diameter and

25 mm long was inserted and twirled at four acupoints of the

human body, which were Tai chong on the dorsum of the left and

right feet and He gu on the dorsum of the left and right hands. We

Figure 1. Location of acupoints used in the experiment. The left
acupoint represent Taichong, which is located in the dorsal foot, the
first and second metatarsal cavity before integration. The right acupoint
represent Hegu, which is located in the dorsal hand, between the first
and second metacarpal and the midpoint of the second metacarpal
radial side.
doi:10.1371/journal.pone.0091160.g001
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acquired fMRI for another 10 minutes after the needle was

withdrawn. The location of Tai chong and He gu see the Figure 1.

Imaging Preprocess
Unless otherwise stated, all analyses were conducted using a

statistical parametric mapping software package (SPM5, http://

www.fil.ion.ucl.ac.uk/spm). The first 10 volumes of functional

images were discarded to allow the signal to reach equilibrium and

to let participants adapt to the scanning noise. The remaining 229

fMRI images were first corrected for within-scan acquisition time

differences between slices and then realigned to the first volume to

correct for inter-scan head motion. No participant had head

motion of more than 1.5 mm displacement in any of the x, y, or z

directions or 1.5u of any angular motion throughout the course of

scan. The individual structural image was co-registered 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 (CSF) using a unified segmentation algorithm

[24]. The motion corrected functional volumes were spatially

normalized to the Montreal Neurological Institute (MNI) space

and re-sampled to 3 mm isotropic voxels using the normalization

parameters estimated during unified segmentation. Subsequently,

the functional images were spatially smoothed with a Gaussian

kernel of 46464 mm3 full width at half maximum (FWHM) to

decrease spatial noise. Following this, temporal filtering (0.01 Hz,

f ,0.08 Hz) was applied to the time series of each voxel to reduce

the effect of low-frequency drifts and high-frequency noise [25,26]

using the Resting-State fMRI Data Analysis Toolkit (http://

resting-fmri.sourceforge.net). To further reduce the effects of

confounding factors, we also regressed out the following

confounding sources [27]: (1) six motion parameters, (2) linear

drift, (3) white matter signal and (4) CSF signal.

Region of Interest Definition
Bilateral hippocampus region of interests (ROIs) were generated

using the free software WFU_PickAtlas Tool Version 2.4 (http://

www.ansir.wfubmc.edu) [28], which has been used in previous

studies [18,29]. For each seed region, the blood oxygenation level

dependent (BOLD) time series of the voxels within the seed region

was averaged to generate the reference time series.

Functional Connectivity Analysis
For each subject and each seed region (bilateral hippocampus),

a correlation map was produced by computing the correlation

coefficients between the reference time series and the time series

from all the other brain voxels. Correlation coefficients were then

converted to z values using Fisher r-to-z transformation to improve

normality [30].

Statistical Analysis
The individual z value was entered into a random effect one

sample t-test in a voxel-wise manner to determine brain regions

showing significant connectivity with the left and right hippocam-

pus within each group under a combined threshold of P,0.01 and

cluster size = 405 mm3. This yielded a corrected threshold of P,

0.001, determined by Monte Carlo simulation using the AlphaSim

program with the following parameters: FWHM = 4 mm, within

the GM mask (http://afni.nimh.nih.gov/pub/dist/doc/manual/

AlphaSim.pdf). This procedure produced significant hippocampal

functional connectivity z-statistic maps for the two groups (AD

Table 1. Characteristics of the AD patients and Normal controls.

Characteristics AD NOR P value

N (M/F) 14(4/10) 14(6/8) –

Age, years 66.9268.91 66.0765.78 0.86*

Education, years 10.0763.38 11.0064.52 0.61*

MMSE 15.9264.32 28.0061.41 ,0.01*

AVLT(immediate) 11.3563.95 26.8665.24 ,0.01*

AVLT(delayed) 2.6461.59 11.0762.76 ,0.01*

AVLT(recognition) 3.3561.55 12.7162.09 ,0.01*

CDR 1–2 0 –

MMSE, Mini-Mental State Examination; Plus-minus values are means 6 S.D. AVLT, Auditory verbal learning test; immediate, immediate recall of learning verbal; delayed;
delayed recall of learning verbal; recognition, recognition of learning verbal; CDR, clinical dementia rate. *The P values were obtained by one-way analysis of variance
tests.
doi:10.1371/journal.pone.0091160.t001

Figure 2. Brain regions showing decreased connectivity to left
hippocampus in AD group comparing to control group. Left in
picture is left in the brain. The color scale represents t values. Warm
color represents decreased connectivity.
doi:10.1371/journal.pone.0091160.g002
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patients and controls). We then made masks showing the bilateral

hippocampus by combining the corresponding two z-statistic maps

(i.e., AD patients and controls) and then used this mask for

analyzing the corresponding group differences.

The z values were also entered into a random effect two-sample

t-test to identify regions showing significant differences between

AD patients and controls in connectivity with the bilateral

hippocampus. Voxels that passed a corrected threshold of P,

0.01 (group differences between AD patients and healthy controls:

single voxel threshold of P,0.01 and cluster size 270 mm3, using

the AlphaSim program with parameters FWHM = 4 mm with

mask) indicated a significant difference between the two groups.

Based on the group differences (between AD and healthy

controls) of the baseline resting state, we would define functional

ROIs according to activated clusters. Our aim was to determine if

the effect of acupuncture can ameliorate the functional pathways.

First, we extracted the z values for the pre-acupuncture and post-

acupuncture stage for both AD and controls. Then, an indepen-

dent-sample t-test was run for each of the ROIs (pre-acupuncture

versus post-acupuncture).

Results

Clinical Data and Neuropsychological Test
Demographic characteristics and neuropsychological scores are

shown in Table 1. There were no significant differences between

the two groups in gender, age, or years of education, but the

neuropsychological test scores, such as the MMSE and auditory

verbal learning test (AVLT) scores, were significantly different (P,

0.01) between the two groups.

Comparisons of the Hippocampal Connectivity between
AD Patients and Healthy Controls in the Resting State

We compared the AD vs. control group resting state data to find

the regions in AD patients that showed abnormal functional

connectivity (shown in Table 2, Figures 2 and 3). When comparing

left hippocampus connectivity between the AD and control

groups, the right medial prefrontal cortex (MPFC) showed

significantly decreased connectivity with the left hippocampus in

the AD group. There were no regions showing increased

connectivity with the left hippocampus in the AD group.

Figure 3. Brain regions showing decreased connectivity to right hippocampus in AD group comparing to control group. Left in
picture is left in the brain. The color scale represents t values. Warm color represents decreased connectivity.
doi:10.1371/journal.pone.0091160.g003

Table 2. Regions showing decreased and increased hippocampal connectivity in AD subjects during resting state.

Brain Regions BA Cluster Coordinates (MNI) T-score

size x y z

Left hippocampus

NC.AD

R MPFC 11 12 3 60 25 5.12

AD.NC

None

Right hippocampus

NC.AD

R ITG 21 12 60 0 221 3.51

20 51 26 221 3.06

R STG 38 13 54 12 221 3.22

AD.NC

None

P,0.01, uncorrected, extent threshold = 10. BA Broadman area. MNI, Montreal Neurological Institute; x, y, z, coordinates of primary peak locations in the MNI space. T
value represents differences of hippocampal connectivity in AD and normal controls. MPFC, medial prefrontal cortex; MTG, middle temporal gyrus; ITG, inferior temporal
gyrus; STG, superior temporal gyrus.
doi:10.1371/journal.pone.0091160.t002
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When comparing the right hippocampal connectivity between

the AD and control groups, there was significantly decreased

hippocampal connectivity with the right superior temporal gyrus

(STG) and the inferior temporal gyrus (ITG) in the AD group. No

regions showed increased connectivity with the right hippocampus

in the AD group.

Comparisons of the ROI Functional Connectivity between
Post-acupuncture and Pre-acupuncture in the AD
Patients

There was a significant decrease in the connectivity between the

left hippocampus and right MPFC in healthy controls following

acupuncture (t = 1.942, p = 0.033). The AD patients showed

decreased connectivity between the left hippocampus and right

MPFC, but the difference was not significant in the AD patients

(t = 0.774, p = 0.225). For detailed data on the regions, see

Figure 4.

Connectivities between the right hippocampus and right ITG

and STG were lower following acupuncture in the control group,

but the differences were not significant (right ITG: t = 0.403,

p = 0.345; right STG: t = 0.675, p = 0.254); the AD patients

showed higher connectivity after acupuncture (right ITG: t = 1.61,

p = 0.056; right STG: t = 1.458, p = 0.08) and these results did not

reach but approach significance. For the details of the regions, see

Figures 5 and 6.

Comparisons of the Whole Brain Hippocampal
Connectivity Post-acupuncture and Pre-acupuncture in
AD Patients

We also compared the whole brain connectivity post-and pre-

acupuncture in AD patients. In the AD group, we found that the

right middle frontal lobe (MFG) showed significantly higher

connectivity with the left hippocampus following acupuncture.

There were no other regions showing altered connectivity with the

left or right hippocampus in the AD group. For the details of the

regions, see Table 3 and Figures 7.

Comparisons of the Whole Brain Hippocampal
Connectivity Post-acupuncture and Pre-acupuncture in
Normal Control Subjects

For reference, we also made a comparison of the post- and pre-

acupuncture hippocampal connectivity in the normal control

subjects. We found that the bilateral thalamus showed significantly

higher connectivity with the left hippocampus, while the MPFC

showed significantly lower connectivity with the left hippocampus.

In addition, the left thalamus, MFG and insula showed

significantly higher connectivity with the right hippocampus

following acupuncture in the control group. For the details of

the regions, see Table 4 and Figures 8 and 9.

In order to see if there is any enhancement in the acupuncture

group comparing with the non acupuncture group among patients

with the same illness, we selected another non acupuncture AD

group as reference to compare the differences of hippocampal

connectivity. To keep the structure of the paper, we put the results

into the supplementary material. As the results, we found several

regions such as the bilateral medial temporal gyrus (MTG), left

ITG and fusiform gyrus (FG) showed increased hippocampal

connectivity when comparing acupuncture AD group to the non-

acupuncture AD group. The results are consistent with our other

results. The details see Table S1, S2 and Figure S1, S2 in File S1.

Figure 4. Comparison of connectivity of left hippocampus-
right MPFC between pre and post acupuncture among AD
patients and controls. There is a significant decreased connectivity
following acupuncture for healthy controls (t = 1.942, p = 0.033).
However, the AD patients showed negative connectivity after
acupuncture, the different is not significant for the AD patients
(t = 0.774, p = 0.225),
doi:10.1371/journal.pone.0091160.g004

Figure 5. Comparison of connectivity of right hippocampus
and right ITG between pre and post acupuncture among AD
patients and controls. The acupuncture induced increased functional
connectivity for the AD patients (t = 1.61, p = 0.056). There was no
significant difference for healthy controls (t = 0.403,p = 0.345).
doi:10.1371/journal.pone.0091160.g005

Figure 6. Comparison of connectivity of right hippocampus
and right STG between pre and post acupuncture among AD
patients and controls. The acupuncture induced increased functional
connectivity for the AD patients (t = 1.458, p = 0.08). There was no
significant difference for healthy controls (t = 0.675, p = 0.254).
doi:10.1371/journal.pone.0091160.g006
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Discussion

Recently, several researchers have begun to pay attention to the

sustained effect of acupuncture and its influence on the resting

brain. For the first time, we used fMRI hippocampal connectivity

analysis to explore the sustained effect of acupuncture on AD

patients. The following are the two main findings of the present

study: first, multiple regions show disrupted connectivity in the

hippocampus in AD patients. Most of these regions are involved in

the hippocampal–cortical memory system. Second, hippocampal

connectivity with the frontal and lateral temporal regions in AD

patients showed enhancement after acupuncture.

During the resting state, we found abnormal hippocampal

functional connectivity in the AD patients relative to controls. The

right MPFC showed decreased connectivity with the left hippo-

campus in the AD patients. The MPFC is considered an important

component of human default-mode networks (DMN) [25,31–32].

In previous resting fMRI studies, it has been suggested that a

disrupted connection between the MPFC and hippocampus may

represent decreased activity of the DMN and contribute to

memory impairment in AD patients [15–16,33]. In addition, the

right temporal regions (STG and ITG) showed decreased

connectivity with the right hippocampus in AD patients.

According to previous studies, the lateral temporal cortex,

including the STG and ITG, is consistently involved with the

DMN, though connectivity is less robust [31]. The STG and ITG

regions are important components of the DMN, and AD patients

present with amyloid deposits, hypometabolism and atrophy in

those regions of the brain [12]. Using resting-state fMRI analysis,

disrupted connections between the right hippocampus and

temporal regions have also been reported in early-stage AD

patients [15–16,18]. Together, our results are largely consistent

with those reported by previous studies.

When comparing connectivity of the ROIs post and pre-

acupuncture, we found enhanced connectivity between the right

temporal regions (STG and ITG) and the hippocampus following

Figure 7. Brain regions showing altered connectivity to left or
right hippocampus in AD group after acupuncture comparing
to before acupuncture. The right MFG showed increased connec-
tivity to left hippocampus in AD patients after acupuncture. Left in
picture is left in the brain. The color scale represents t values.
doi:10.1371/journal.pone.0091160.g007
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acupuncture. Currently, very little is known about how acupunc-

ture affects functional brain connectivity in patients with mild AD.

Previous studies suggest that acupuncture can modulate resting

state brain connectivity [2–6], and we speculate that enhanced

connectivity between the right temporal regions and hippocampus

may relate to the specific regulatory effect of acupuncture. Due to

the cognitive impairment associated with AD, acupuncture on

specific acupoints can modulate the cerebral blood flow and

strengthen the hippocampal connectivity in AD patients. In a

recent acupuncture study related to mild cognitive impairment

(MCI), increased hippocampal connectivity was detected after

acupuncture on acupoint KI3 [34], which was consistent with our

study. Our study provides new evidence that acupuncture has a

striking, sustained effect on AD patients.

Although no significant differences were found post-acupunc-

ture in the connectivity between the right MPFC and left

hippocampus using ROI analysis, whole brain analysis revealed

enhanced connectivity between the regions in AD patients.

Figure 8. Brain regions showing altered connectivity to left hippocampus in control group after acupuncture comparing to before
acupuncture. The thalamus showed increased connectivity while the MPFC showed decreased connectivity to left hippocampus in controls after
acupuncture. Left in picture is left in the brain. The color scale represents t values.
doi:10.1371/journal.pone.0091160.g008

Figure 9. Brain regions showing altered connectivity to right hippocampus in control group after acupuncture comparing to before
acupuncture. The left thalamus, MFG and insula showed increased connectivity to right hippocampus in controls after acupuncture. Left in picture
is left in the brain. The color scale represents t values.
doi:10.1371/journal.pone.0091160.g009
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Previous experiments using task or resting-state fMRI have

reported increased activity or connectivity in the frontal region

of AD patients compared to healthy controls [15,35–37]. A recent

resting fMRI study showed enhanced functional connectivity

within the frontal cortex of early-stage MCI patients [38]. These

previous studies suggest that AD patients can use additional neural

resources to preserve and compensate for losses in memory

function attributable to the degenerative effects of the disease. In

our study, due to the severe pathological changes in AD patients,

the AD group did not have any regions with increased connectivity

with the hippocampus during the initial resting state. However, we

noticed increased connectivity between the MFG and hippocam-

pus after acupuncture, which suggests that acupuncture may exert

modulatory effects on hippocampal connectivity. We speculate

that acupuncture activates the compensatory processes in AD

patients and strengthens cooperation between brain regions, which

is compatible with the theory of dynamic functional reorganization

[35,39].

As we all know, hippocampal atrophy correlates significantly

with cognitive decline in patients with AD as well as MCI. Thus,

assessing and monitoring hippocampal function are very useful for

evaluation of AD. Recently, resting state fMRI provided a new

promising method for exploring hippocampal function by

investigating coherence in the fMRI signal between hippocampus

and all other brain regions. In a previous longitudinal study of our

group, we explored the correlation between strength of hippo-

campal connectivity and neuropsychological data to study whether

changes in hippocampal connectivity could reflect the cognitive

decline in MCI, the early stage of AD. As the result, we found the

strength of the ITG-hippocampus connectivity showed significant

positive correlation with MMSE scores [18]. This implied that the

ITG- hippocampus decreased connectivity may contribute to the

cognitive decline in the MCI patients. In another longitudinal

MCI study from other group, they also found functional

connectivity of hippocampus is associated with MFG, lateral

temporal cortex, posterior cingulate cortex and other regions,

some of them showed positive correlation with episode memory

scores [19]. In addition, some researchers found disruption of

hippocampal functional connectivity in AD patients indicating of

the cognitive impairment [15,16].Collectively, based on the

previous study, we speculated that enhanced hippocampal

connectivity, which is induced by acupuncture in the current

study, can enhance the information flow and result in improve-

ment of cognitive function in AD patients.

In the current study, we noticed asymmetry between the left and

right brain regions during the resting state. The right MPFC, right

STG and ITG showed decreased connectivity with the hippo-

campus in the AD group; after acupuncture, we found enhanced

connectivity between the right MFG and left hippocampus in AD

patients, which is interesting. We reviewed the literature, and

several MRI studies report rightward asymmetry in the volume of

the hippocampus in the normal adults, [40,41] and this

anatomically rightward asymmetry was diminished in AD patients

[42,43]. Furthermore, in a recent study of AD patients, the authors

reported that hippocampal connectivity in normal controls

presents with rightward asymmetry, which is diminished in AD

patients [15]. In the current study, we found decreased connec-

tivity between the right MPFC, STG and ITG and the

hippocampus in AD patients during the resting state, which is

consistent with the previous studies. Based on the relationship

between the structure and function, we attribute the rightward

asymmetry of the hippocampal connectivity to the rightward

asymmetry of the hippocampal structure.

There are several limitations of this study. First, an obstacle to

imaging the effects of acupuncture is isolating the brain activity

related to sensory stimulation from the brain activity associated

with any potential therapeutic effects. Even after the needle is

withdrawn, the subjects might be influenced by sensory stimula-

tion. Second, the current study would benefit from including a

control state that could be compared with real-needle acupunc-

ture, such as sham acupuncture. Third, we didn’t show cognitive

performances correlations with the functional connectivity and the

changes induced by the acupuncture treatments. a longitudinal

design will be necessary to determine the impacts of acupuncture

on hippocampal connectivity and cognitive performances. In the

future, we will trace these subjects using different time points and

explore potential hippocampal connectivity changes and their

influence on cognitive function in AD patients after acupuncture.

In conclusion, our results revealed the acupuncture at Tai

chong and He gu can enhance the hippocampal connectivity in

the AD patients. It may provide deep understanding of the

therapeutic effect of acupuncture and open a new avenue for the

treatment of AD in the future.

Supporting Information

File S1 Supporting Information. Figure S1, Brain
regions showing increased connectivity to left hippo-
campus in acupuncture AD1 group comparing to non-
acupuncture AD2 group. These regions include left MTG and

FG. Figure S2, Brain regions showing increased connec-
tivity to right hippocampus in acupuncture AD1 group
comparing to non-acupuncture AD2 group. These regions

include left FG, ITG and the right MTG. Table S1,
Characteristics of the acupuncture AD1 patients and
non-acupuncture AD2 group. Table S2, Regions showing
increased hippocampal connectivity in AD1 group after
acupuncture comparing to another non-acupuncture
AD2 group.

(DOC)

Author Contributions

Conceived and designed the experiments: KL JL. Performed the

experiments: ZZ ZW JX. Analyzed the data: PL. Contributed reagents/

materials/analysis tools: HS YH. Wrote the paper: ZW PL.

References

1. Zhou Y, Jin J (2008) Effect of acupuncture given at the HT 7, ST 36, ST 40 and

KI 3 acupoints on various parts of the brains of Alzheimer’s disease patients.

Acupunct Electrother Res 33: 9–17.

2. Bai L, Qin W, Tian J, Dong M, Pan X, et al. (2009) Acupuncture modulates

spontaneous activities in the anticorrelated resting brain networks. Brain Res

1279: 37–49.

3. Dhond RP, Yeh C, Park K, Kettner N, Napadow V (2008) Acupuncture

modulates resting state connectivity in default and sensorimotor brain networks.

Pain 136: 407–418.

4. Fang J, Jin Z, Wang Y, Li K, Kong J, et al. (2009) The salient characteristics of

the central effects of acupuncture needling: limbic-paralimbic-neocortical

network modulation. Hum Brain Mapp 30: 1196–1206.

5. Qin W, Tian J, Bai L, Pan X, Yang L, et al. (2008) FMRI connectivity analysis

of acupuncture effects on an amygdala-associated brain network. Mol Pain 4: 55.

6. Feng Y, Bai L, Ren Y, Wang H, Liu Z, et al. (2011) Investigation of the large-

scale functional brain networks modulated by acupuncture. Magn Reson

Imaging 29: 958–965.

7. Wang Z, Nie B, Li D, Zhao Z, Han Y, et al. (2012) Effect of acupuncture in mild

cognitive impairment and Alzheimer disease: a functional MRI study. PLoS One

7: e42730.

Acupuncture Modulates Hippocampal Connectivity

PLOS ONE | www.plosone.org 9 March 2014 | Volume 9 | Issue 3 | e91160



8. Braak H, Braak E (1995) Staging of Alzheimer’s disease-related neurofibrillary

changes. Neurobiol Aging 16: 271–278; discussion 278–284.

9. Chetelat G, Baron JC (2003) Early diagnosis of Alzheimer’s disease: contribution

of structural neuroimaging. Neuroimage 18: 525–541.

10. Pennanen C, Kivipelto M, Tuomainen S, Hartikainen P, Hanninen T, et al.

(2004) Hippocampus and entorhinal cortex in mild cognitive impairment and

early AD. Neurobiol Aging 25: 303–310.

11. Desikan RS, Cabral HJ, Hess CP, Dillon WP, Glastonbury CM, et al. (2009)

Automated MRI measures identify individuals with mild cognitive impairment

and Alzheimer’s disease. Brain.

12. Buckner RL, Snyder AZ, Shannon BJ, LaRossa G, Sachs R, et al. (2005)

Molecular, structural, and functional characterization of Alzheimer’s disease:

evidence for a relationship between default activity, amyloid, and memory.

J Neurosci 25: 7709–7717.

13. Wang Z, Zhao C, Yu L, Zhou W, Li K (2009) Regional metabolic changes in the

hippocampus and posterior cingulate area detected with 3-Tesla magnetic

resonance spectroscopy in patients with mild cognitive impairment and

Alzheimer disease. Acta Radiol 50: 312–319.

14. Li SJ, Li Z, Wu G, Zhang MJ, Franczak M, et al. (2002) Alzheimer Disease:

evaluation of a functional MR imaging index as a marker. Radiology 225: 253–

259.

15. Wang L, Zang Y, He Y, Liang M, Zhang X, et al. (2006) Changes in

hippocampal connectivity in the early stages of Alzheimer’s disease: evidence

from resting state fMRI. Neuroimage 31: 496–504.

16. Allen G, Barnard H, McColl R, Hester AL, Fields JA, et al. (2007) Reduced

hippocampal functional connectivity in Alzheimer disease. Arch Neurol 64:

1482–1487.

17. Bai F, Zhang Z, Watson DR, Yu H, Shi Y, et al. (2009) Abnormal functional

connectivity of hippocampus during episodic memory retrieval processing

network in amnestic mild cognitive impairment. Biol Psychiatry 65: 951–958.

18. Wang Z, Liang P, Jia X, Qi Z, Yu L, et al. (2011) Baseline and longitudinal

patterns of hippocampal connectivity in mild cognitive impairment: evidence

from resting state fMRI. J Neurol Sci 309: 79–85.

19. Bai F, Xie C, Watson DR, Shi Y, Yuan Y, et al. (2011) Aberrant hippocampal

subregion networks associated with the classifications of aMCI subjects: a

longitudinal resting-state study. PLoS One 6: e29288.

20. Goveas JS, Xie C, Ward BD, Wu Z, Li W, et al. (2011) Recovery of

hippocampal network connectivity correlates with cognitive improvement in

mild Alzheimer’s disease patients treated with donepezil assessed by resting-state

fMRI. J Magn Reson Imaging 34: 764–773.

21. American Psychiatric Association (1994) DSM-IV:Diagnostic and statistical

manual of mental disorders, 4th ed. Washington, DC: Am. Psychiatric Assoc.

Press.

22. McKhann G, Drachman D, Folstein M, Katzman R, Price D, et al. (1984)

Clinical diagnosis of Alzheimer’s disease: report of the NINCDS-ADRDA Work

Group under the auspices of Department of Health and Human Services Task

Force on Alzheimer’s Disease. Neurology 34: 939–944.

23. Morris JC (1993) The Clinical Dementia Rating (CDR): current version and

scoring rules. Neurology 43: 2412–2414.

24. Ashburner J, Friston KJ (2005) Unified segmentation. Neuroimage 26: 839–851.

25. Greicius MD, Krasnow B, Reiss AL, Menon V (2003) Functional connectivity in

the resting brain: a network analysis of the default mode hypothesis. Proc Natl

Acad Sci U S A 100: 253–258.

26. Biswal B, Yetkin FZ, Haughton VM, Hyde JS (1995) Functional connectivity in

the motor cortex of resting human brain using echo-planar MRI. Magn Reson
Med 34: 537–541.

27. Fox MD, Snyder AZ, Vincent JL, Corbetta M, Van Essen DC, et al. (2005) The

human brain is intrinsically organized into dynamic, anticorrelated functional
networks. Proc Natl Acad Sci U S A 102: 9673–9678.

28. Maldjian JA, Laurienti PJ, Kraft RA, Burdette JH (2003) An automated method
for neuroanatomic and cytoarchitectonic atlas-based interrogation of fMRI data

sets. Neuroimage 19: 1233–1239.

29. Tregellas JR, Davalos DB, Rojas DC, Waldo MC, Gibson L, et al. (2007)
Increased hemodynamic response in the hippocampus, thalamus and prefrontal

cortex during abnormal sensory gating in schizophrenia. Schizophr Res 92: 262–
272.

30. Lowe MJ, Mock BJ, Sorenson JA (1998) Functional connectivity in single and
multislice echoplanar imaging using resting-state fluctuations. Neuroimage 7:

119–132.

31. Buckner RL, Andrews-Hanna JR, Schacter DL (2008) The brain’s default
network: anatomy, function, and relevance to disease. Ann N Y Acad Sci 1124:

1–38.
32. Raichle ME, MacLeod AM, Snyder AZ, Powers WJ, Gusnard DA, et al. (2001)

A default mode of brain function. Proc Natl Acad Sci U S A 98: 676–682.

33. Greicius MD, Srivastava G, Reiss AL, Menon V (2004) Default-mode network
activity distinguishes Alzheimer’s disease from healthy aging: evidence from

functional MRI. Proc Natl Acad Sci U S A 101: 4637–4642.
34. Feng Y, Bai L, Ren Y, Chen S, Wang H, et al. (2012) FMRI connectivity

analysis of acupuncture effects on the whole brain network in mild cognitive
impairment patients. Magn Reson Imaging 30: 672–682.

35. Grady CL, McIntosh AR, Beig S, Keightley ML, Burian H, et al. (2003)

Evidence from functional neuroimaging of a compensatory prefrontal network in
Alzheimer’s disease. J Neurosci 23: 986–993.

36. Backman L, Andersson JL, Nyberg L, Winblad B, Nordberg A, et al. (1999)
Brain regions associated with episodic retrieval in normal aging and Alzheimer’s

disease. Neurology 52: 1861–1870.

37. Petrella JR, Coleman RE, Doraiswamy PM (2003) Neuroimaging and early
diagnosis of Alzheimer disease: a look to the future. Radiology 226: 315–336.

38. Liang P, Wang Z, Yang Y, Jia X, Li K (2011) Functional disconnection and
compensation in mild cognitive impairment: evidence from DLPFC connectivity

using resting-state fMRI. PLoS One 6: e22153.
39. Liu Z, Zhang Y, Yan H, Bai L, Dai R, et al. (2012) Altered topological patterns

of brain networks in mild cognitive impairment and Alzheimer’s disease: a

resting-state fMRI study. Psychiatry Res 202: 118–125.
40. Szabo CA, Xiong J, Lancaster JL, Rainey L, Fox P (2001) Amygdalar and

hippocampal volumetry in control participants: differences regarding handed-
ness. AJNR Am J Neuroradiol 22: 1342–1345.

41. Pedraza O, Bowers D, Gilmore R (2004) Asymmetry of the hippocampus and

amygdala in MRI volumetric measurements of normal adults. J Int Neurop-
sychol Soc 10: 664–678.

42. Geroldi C, Laakso MP, DeCarli C, Beltramello A, Bianchetti A, et al. (2000)
Apolipoprotein E genotype and hippocampal asymmetry in Alzheimer’s disease:

a volumetric MRI study. J Neurol Neurosurg Psychiatry 68: 93–96.
43. Bigler ED, Tate DF, Miller MJ, Rice SA, Hessel CD, et al. (2002) Dementia,

asymmetry of temporal lobe structures, and apolipoprotein E genotype:

relationships to cerebral atrophy and neuropsychological impairment. J Int
Neuropsychol Soc 8: 925–933.

Acupuncture Modulates Hippocampal Connectivity

PLOS ONE | www.plosone.org 10 March 2014 | Volume 9 | Issue 3 | e91160


