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Abstract

Background: Evidence suggests that subjective cognitive decline (SCD) involves abnormal structures and functional alterations in
multiple brain networks, rather than a single brain region. Acupuncture has shown a positive therapeutic effect in treating SCD, al-
though whether and how it can improve cognitive decline by altering large-scale brain network organization is unclear. Methods: We
utilized resting-state functional magnetic resonance imaging (fMRI) data from 66 individuals with SCD (derived from a previous ran-
domized controlled trial) and explored brain-wide network-level functional connectivity and topological property changes after 12 weeks
of acupuncture intervention to examine its therapeutic mechanisms. The Auditory Verbal Learning Test-Huashan version (AVLT-H) test
was used to measure objective memory performance. Neuroimaging outcomes included brain network functional connectivity and topo-
logical properties obtained from resting-state fMRI. A repeated-measures general linear model and mixed-effect analysis were used to
examine group × time interaction effects on cognitive function and neuroimaging outcomes. Correlation analyses were used to exam-
ine the relationship between functional connections (FCs) and memory performance. Results: Compared with sham acupuncture, 12
weeks of acupuncture treatment significantly improved the objective memory performance of individuals with SCD. Five FCs within
the sensorimotor network (SMN) and between the SMN and the cingulo-opercular network (CON) showed significant alterations after
acupuncture. Two intrinsic SMN connections were enhanced by acupuncture, whereas inter-network FCs changed oppositely, negatively
correlating with memory improvement. The topological properties of two regions within the SMN were also significantly modulated
after acupuncture. Conclusions: The results suggest that 12 weeks of acupuncture may improve objective memory performance in SCD,
potentially by reducing FCs between the SMN and CON. Enhancing functional segregation of these networks may be a potential target
for acupuncture treatment. Clinical Trial Registration: No: NCT03444896. https://www.clinicaltrials.gov/study/NCT03444896.
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1. Introduction

Subjective cognitive decline (SCD), also known
as subjective cognitive/memory impairment/complaints,
refers to a self-experienced decline in cognition among in-
dividuals with normal performance on standardized neu-
ropsychological tests [1]. It is important to note that in-
terventions during the SCD period may reduce the risk of
development into objective cognitive decline or demen-
tia [2]. Acupuncture, a promising non-pharmacological
therapy, has the potential to treat multiple types or stages
of cognitive decline [3,4], with a better treatment prog-
nosis especially in earlier SCD stages. For instance, 8
weeks of acupuncture or electroacupuncture treatment has
shown promising effects on amnesic mild cognitive impair-

ment (MCI) [5] and vascular cognitive impairment with no
dementia [4]. Moreover, our previous research revealed
that a 12-week course of acupuncture treatment improved
the global cognitive function of individuals with SCD [6].
However, the neural basis for acupuncture intervention in
SCD has yet to be fully investigated.

The neurobiological basis of multiple cognitive abil-
ities is governed by two fundamental principles of human
brain function: integration (i.e., the formation of large-scale
brain networks through long-range functional connectivity)
and segregation (i.e., the specialization of distinct regions
through local differentiation) [7,8]. Successful reconfig-
uration underlying better memory relies on the functional
segregation, integration, and balance of large-scale resting
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brain networks [7]. Cognitive complaints may involve sim-
ilar vulnerabilities in segregation and integration in large-
scale brain networks [9]. A longitudinal study suggested
that individuals with SCD with a greater decline in sub-
jective cognitive function had lower functional connectiv-
ity within networks, although functional connections (FCs)
between networks increased [10]. Patients with MCI have
also been reported to exhibit abnormal FCs inmultiple brain
networks, including the sensorimotor network (SMN) and
executive control networks [11]. Specifically, interruption
of FCs within the SMN ofMCI patients has been associated
with decreased cognitive function [12] and deterioration of
working memory and attention [11].

Brain connectivity and network topological analy-
ses provide a powerful approach to quantify information
communication and network efficiency, offering in-depth
insights into the system-level mechanisms of brain net-
work integration and segregation [13,14]. Acupuncture
has multi-target therapeutic effects [15] and network-based
analysis has been widely adopted to uncover the complex
mechanisms of acupuncture [14]. The regulatory effects
of acupuncture on large-scale brain networks have been
demonstrated in objective cognitive disorders [16]. A sys-
tematic review has summarized that the FCs of the de-
fault mode network (DMN), central executive network, and
salience network can be regulated by acupuncture in pa-
tients with MCI [16]. However, whether and how acupunc-
ture alleviates SCD symptoms by modulating the integra-
tion and segregation of large-scale brain networks remains
an unexamined, crucial question.

Memory impairment is one of the major symptoms
of SCD [17]. In the present study, we sought to exam-
ine changes in the large-scale brain network associated
with memory improvements attributed to acupuncture, us-
ing resting-state functional magnetic resonance imaging
(fMRI) data from a previous randomized controlled trial
(RCT) of acupuncture treatment in individuals with SCD
[6]. Unlike previous seed-based functional connectivity
analysis [6], in the present study we extracted time se-
ries from all brain regions using the Dosenbach atlas, con-
structed a functional connectivity matrix of the brain net-
work, and examined alterations in FCs at the large-scale
brain network level. Graph theory was subsequently ap-
plied to compare the topological properties of regions show-
ing significant differences. Finally, correlations between
these network changes andmemory performancewere eval-
uated to elucidate the central mechanisms of acupuncture in
SCD. We hypothesized that acupuncture may alter memory
in SCD by modulating large-scale resting-state brain net-
work FCs and topological properties.

2. Materials and Methods
2.1 Study Design and Participants

This study utilized data from a 12-week random-
ized, sham acupuncture-controlled trial based on multi-

model magnetic resonance imaging (MRI) data (Clinicalt-
Trials.gov ID: NCT03444896), which was approved by the
Ethics Committee of the Beijing Hospital of Traditional
Chinese Medicine affiliated with Capital Medical Univer-
sity.

Participant recruitment was conducted in Beijing
Shunyi community service centers from April 25, 2018, to
October 20, 2018. Participants were screened through the
Subjective Cognitive Decline Questionnaire 9 (SCD-Q9,
score >5) [18,19]. Specifically, the main inclusion criteria
were (a) aged 55–75 years, (b) normal neuropsychological
performance adjusting for age and education in tests, in-
cluding the Mini-Mental State Examination (MMSE), Au-
ditory Verbal Learning Test (AVLT), Trail Making Test
(TMT), and Animal Vocabulary Test (AFT) and (c) normal
or near normal function in daily life activities. The main
exclusion criteria were the presence of severe systemic dis-
eases, neurological diseases, MRI contraindications, and
abnormal brain structures or white matter hyperintensities
[20]. If any patient experienced claustrophobia or discom-
fort, or actively indicated that they could not complete the
subsequent scans, the scanning process was immediately
terminated. A total of 72 eligible participants with SCD
(mean age 64.82 years, SD = 5.15) were randomly assigned
to the acupuncture group (AG) and the sham acupuncture
group (SG) in a 1:1 ratio. Randomization was determined
using SAS Version 9.2 (SAS Inc., Cary, NC, USA) soft-
ware in blocks of six participants by a statistical analyst.
Except for the acupuncturists who could not be blinded due
to the nature of the intervention, both the patients and the
evaluators were blinded to the group allocation. To ensure
the validity of the blinding process, participants were sepa-
rated by cubicles to avoid communication. Sixty-six partic-
ipants (35 in the AG and 31 in the SG) completed neuropsy-
chological testing and MRI scanning at baseline and after a
12-week intervention. One participant in the AG and five
participants in the SG were excluded due to abnormal brain
structure, excessive head motion during scanning, or not
completing the intervention or the second MRI scan. No-
tably, there were no significant differences between the two
groups in demographics, medical history, mental health, or
cognitive function performance [6].

2.2 Intervention

Participants received 24 sessions of 20 minutes of
acupuncture or sham acupuncture treatment over 12 weeks
(twice a week). Disposable needles (Hwato, Suzhou,
Jiangsu, China), blunt-tip sham needles, and the SDZ Ver-
sion V electro-acupuncture apparatus (SuzhouMedical Ap-
pliance, Suzhou, Jiangsu, China) were used. In the AG, par-
ticipants received acupuncture at 14 acupoints, including
Baihui (DU20), Shenting (DU24), Fengfu (DU16), Fengchi
(GB20), Danzhong (RN17), Zhongwan (RN12), Qihai
(RN6), Neiguan (PC6), Tongli (HT5), Xuehai (SP10), Zu-
sanli (ST36), Zhaohai (KI6), Xinshu (BL15), and Yixi
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(BL45), and were required to achieve de-qi (feeling of sore-
ness, numbness, heaviness). The electro-acupuncture ap-
paratus was attached to the DU20 and DU24, which were
stimulated for 20 minutes with a dilatational wave of 2–100
Hz and a current intensity of 0.1 to 1 mA. In the SG, partici-
pants received sham acupuncture at sham acupoints, which
were away from any acupoints or meridians, with blunt-tip
sham needles inserted into the adhesive pads rather than
the skin [6]. Procedures and other treatment settings for
the SG were similar to those for the AG, but the electro-
acupuncture apparatus did not have any electricity output.

2.3 Neuropsychological Assessments
In this study, we focused mainly on the memory do-

main, which is most commonly affected in individuals with
SCD [17,21]. Multiple lines of evidence indicate that, ex-
cept for subjective memory decline, individuals with SCD
have lower objective memory [22,23]. The AVLT-Huashan
version (AVLT-H), which has good validity and reliability,
was used to assess the learning and episodic memory of in-
dividuals with SCD [24]. AVLT-H is a delayed recall of
a 12-word test that includes three immediate recalls, one
short-term delayed recall (AVLT-H-S, with 3–5-min delay),
one long-term delayed recall (AVLT-H-L, with a 20-min de-
lay), and one recognition [24]. Both AVLT-H-S and AVLT-
H-L are sensitive and effective in assessing memory func-
tion in older adults [25]. In the present study, the AVLT-H
total score (sum of all correct responses in the five recall
tests) was used to evaluate the objective memory perfor-
mance in individuals with SCD; a higher score meant better
objective memory performance [22].

2.4 fMRI Assessment
Two MRI scans were performed within 1 week be-

fore and after treatments with a 3.0 Tesla scanner (Skyra,
Siemens, Erlangen, Germany) in the Beijing Hospital of
Traditional Chinese Medicine affiliated with Capital Medi-
cal University. Resting-state fMRI was performed using an
echo planar imaging (EPI) sequence: Repetition time (TR)
= 2000 ms; echo time (TE) = 30 ms; bandwidth = 2368
Hz/Px; echo spacing = 0.5 ms; field of view (FOV) = 224
× 224 mm; slice thickness = 3.5 mm; slice spacing = 4.375
mm; slice number = 32; number of volumes = 240; matrix
= 64 × 64; and voxel size = 3.5 × 3.5 × 3.5 mm3.

2.5 Magnetic Resonance Imaging Data Processing
2.5.1 Image Preprocessing and Quality Control

Resting-state fMRI data were preprocessed using the
a toolbox for data processing and analysis of brain imag-
ing; (DPARSF, http://www.rfmri.org). The preprocessing
steps included removing the first 10 images, slice-timing,
head motion correction, and spatial normalization to the
Montreal Neurological Institute (MNI) space using the EPI
template. The functional images were then resampled into
a voxel size of 3 × 3 × 3 mm3. Friston 24 head motion

parameters and, white matter, and cerebrospinal fluid sig-
nals were removed from the data via linear regression to
reduce the nuisance signals. A bandpass filter was then per-
formed within a frequency range of 0.01–0.08 Hz. The pre-
processed data were then smoothed with a Gaussian kernel
of 6-mm full width at half maxima (FWHM). Participants
with more than 3 mm of displacement or 3° of angular head
motion in x, y, or z relative to the reference volume were
excluded.

2.5.2 Brain Network Construction and Graph Theory
Analysis

To map the large-scale brain network mechanisms
of acupuncture, we constructed a whole-brain functional
connectivity matrix and analyzed the network property
changes. The time courses of the 142 regions of inter-
est (ROIs, radius of 5 mm, including 19 voxels in each
ROI) corresponding to Dosenbach’s template (excluding
the 18 ROIs of the cerebellum) [26] were extracted us-
ing MATLAB Version 2017 (The MathWorks Inc., Natick,
MA, USA) software and the DPABI Version 6.1 (Instituted
of psychology, CAS., Beijing, China) toolbox [27]. The
brain network functional connectivity matrix was generated
by calculating Pearson correlations between the time se-
ries of all ROI pairs (142 × 142 correlation matrix). The
final functional connectivity matrix was transformed by
Fisher’s r-to-z transformation. According to Dosenbach’s
divisions [26], the ROIs were grouped into five identified
brain functional networks, including the SMN, the cingulo-
opercular network (CON), the DMN, the frontoparietal net-
work (FPN), and the occipital network. The key topolog-
ical properties of the brain regions that showed significant
group × time interaction effects in the brain network func-
tional connectivity analysis were further calculated using
Graph Theoretical Analysis in DPABINet Version 1.1 (In-
stitute of Psychology, CAS., Beijing, China) [27], including
nodal efficiency and betweenness. Nodal efficiency repre-
sents the capacity of a node for information transformation
with other nodes within the network [28]. Betweenness de-
scribes the importance of a node by counting the fractions
of all the shortest paths in the network that pass through it
[28]. The higher the betweenness, the greater the impor-
tance of the node. The area under the curve (AUC) across
the sparsity range of 10–34% with a 1% step for each net-
work measure was calculated because of its superior sensi-
tivity [29].

2.6 Statistical Analysis

The group × time interaction effects of acupuncture
on memory performance were analyzed by a repeated-
measures general linear model (GLM), controlling for age,
sex, and education. The effects of the intervention within
each group were examined using the paired t-test (for nor-
mally distributed data) or Mann-Whitney U test (for non-
normally distributed data). All tests were two-tailed and
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statistical significance was set at p < 0.05. Network FCs
and topological properties were analyzed via mixed-effects
models with the random 5000-time permutation test us-
ing DPABINet Version 1.1 [27]. A statistically significant
group× time interaction effect for neuroimaging outcomes
was considered to indicate a noticeable neurological dif-
ference between groups (p < 0.05 for topological prop-
erties, p < 0.001 for functional connectivity). The alter-
ations and effect size of neurological outcomes with sig-
nificant interaction effects were confirmed by the repeated-
measures GLM, adjusting for age, sex, education, and head
motion. All neuroimaging results were viewed using Brain-
Net Viewer Version 1.7 (State Key Laboratory of Cog-
nitive Neuroscience and Learning., Beijing Normal Uni-
versity, Beijing, China) [30]. The relationships between
brain network FCs with significant interaction effects and
memory performances were also investigated (significance
level p < 0.05). Spearman correlation analyses were used
for non-normally distributed variables. For normally dis-
tributed variables, Pearson correlation analyses were con-
ducted. Post-hoc power analysis was conducted to verify
the statistical power (see Supplementary Fig. 1). Ex-
cept for the functional connectivity and topological prop-
erties comparison, the above statistical analyses were im-
plemented using SPSS Version 20.0 (IBM Corp., Armonk,
NY, USA).

3. Results
3.1 Acupuncture Treatment Improved the Memory of
Individuals with Subjective Cognitive Decline (SCD)

There was a significant group × time interaction in-
dicated by the AVLT-H total score (p = 0.03, η2 = 0.075,
degrees of freedom = 61, Fig. 1), suggesting that the ob-
jective memory of the SCD individuals improved in the
acupuncture arm compared with the sham acupuncture arm.
As for within-group comparison, the AVLT-H total scores
were significantly increased in both the acupuncture group
(before 26.686 ± 6.623, after 33.943 ± 7.956, paired t-test
t = 6.353, Cohen’s d = 1.074, degrees of freedom = 34, p
= 0.000) and the sham acupuncture group (before 25.419±
9.010, after 28.903± 8.627, paired t-test t = 2.553, Cohen’s
d = 0.459, degrees of freedom = 30, p = 0.016).

3.2 Brain Network Functional Connectivity and Topology
Alterations

For brain network functional connectivity analysis,
five functional connections (nine related ROIs) exhibited
a significant group × time interaction among the SMN and
the CON (p < 0.001; Fig. 2A; see results adjusted by age,
sex, education and head motion in Supplementary Ta-
ble 1). Two FCs within the SMN were greatly increased
by acupuncture intervention, whereas the other three inter-
network (SMN-CON) FCs significantly decreased (p <

0.001; Fig. 2B; see results adjusted by age, sex, educa-
tion and head motion in Supplementary Table 1). A pre-

treatment independent sample t-test for each FC was con-
ducted to compare the baseline difference. Among the 5
FCs, two FCs showed no significant difference in the base-
line values (FC between the middle insula and the left post
cingulate cortex (PCC), p = 0.054, t = 1.976; FC between
the left parietal lobe and right parietal lobe, p = 0.158, t =
1.428), while the remaining three FCs showed baseline dif-
ferences (FC between the left ventral frontal cortex (vFC)
and left thalamus, p = 0.030, t = 2.219; FC between the
right precentral gyrus and left PCC, p = 0.006, t = 2.826;
FC between the left precentral gyrus and right parietal lobe,
p = 0.002, t = 3.116). To further verify the reliability of
the results and eliminate the influence of the baseline val-
ues, the analysis of covariance (ANCOVA) was conducted
on the each FC that showed differences at baseline, with
baseline values as covariates and group as a fixed factor.
The results indicated that significant inter-group differences
in post-treatment functional connectivity values remained
(Supplementary Table 2).

For graph theory analysis, we mainly focused on the
nine ROIs that showed significant interaction effects ac-
cording to brain network functional connectivity analysis.
The pre- and post-intervention AUC values for the key
topological properties of each ROI are shown in Supple-
mentaryTable 3. After intervention, greater enhancements
were observed in the AG than in the SG in the nodal effi-
ciency of the left parietal lobe (p< 0.05; Table 1; see results
adjusted by age, sex, education and head motion in Supple-
mentary Table 4). In contrast, significant decreases in the
betweenness were observed in the right parietal lobe in the
AG (p< 0.05; Table 1; see results adjusted by age, sex, edu-
cation and head motion in Supplementary Table 4). Head
motion parameters are shown in Supplementary Table 5.

3.3 Cognitive Improvements Were Related to Brain
Network Functional Changes After the Intervention

Correlation analysis of clinical variables and FCs with
a significant interaction effect indicated that changes in
functional connectivity between the middle insular and left
PCC in the AG were negatively related to the AVLT al-
terations (Spearman’s rho = –0.359; p = 0.034; Fig. 3A).
In contrast, no significant correlation was found in the SG
(Pearson’s r = –0.037; p = 0.844; Fig. 3B). No significant
correlation was found between the changes in topological
properties and the improvement in participants’ AVLT per-
formance.

4. Discussion
Our secondary analysis investigated the FCs and topo-

logical reorganization of large-scale brain networks after 12
weeks of acupuncture treatment in individuals with SCD.
First, the benefit of acupuncture treatment on AVLT-H to-
tal scores was identified. For brain network properties,
compared with the SG, acupuncture treatment significantly
modulated five FCs within and between the SMN and
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Fig. 1. Acupuncture effect on memory. (A) Significant acupuncture effects were indicated by the AVLT-H score. (B) The mean and SE
of AVLT-H score changes at the end of the intervention for each group. * Indicates a significant group× time interaction, p< 0.05. Red
represents the acupuncture group, and blue represents the sham acupuncture group. The AVLT-H score range is 0–60. Abbreviations:
AVLT-H, Auditory Verbal Learning Test-Huashan version; SG, sham acupuncture group; AG, acupuncture group; SE, standard error of
the mean.

Fig. 2. Acupuncture effect on brain network functional connectivity. (A) Significant group × time interaction effects were found
for FCs between the left vFC and left thalamus, right precentral gyrus and left post cingulate cortex, left middle insular and left post
cingulate cortex, left precentral gyrus and right parietal lobe, and left posterior insular and left parietal lobe. (B) The mean and SE of
FCs before and after intervention for each group are shown. Abbreviations: FC, functional connection; vFC, ventral frontal cortex; PCC,
post cingulate cortex; L, left; R, right; CON, cingulo-opercular network; SMN, sensorimotor network. ** indicates a significant group
× time interaction effect 5000 permutations, p < 0.001. Filled red columns represent before acupuncture treatment, blank red columns
indicate after acupuncture treatment, filled blue columns represent before sham acupuncture treatment, and blank blue columns indicate
after sham acupuncture treatment.
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Table 1. Topological properties of the nine ROIs that showed a significant interaction effect.

Brain regions of interest
MNI coordinates

(x, y, z)
Nodal efficiency AUC Betweenness AUC

Interaction T value p value (Group × Time) Interaction T value p value (Group × Time)

vFC.L –55, 7, 23 0.859 0.394 –1.016 0.309
Precentral.gyrus.R 58, –3, 17 1.130 0.263 0.287 0.783
Middle.insula.L –42, –3, 11 0.978 0.309 –0.085 0.933
Precentral.gyrus.L –44, –6, 49 1.770 0.078 –1.954 0.055
Thalamus.L –12, –12, 6 1.441 0.161 –1.950 0.054
Parietal.L –38, –15, 59 2.652 0.009* –1.257 0.206
Parietal.R 41, –23, 55 1.797 0.073 –0.254 0.807
Parietal.R 18, –27, 62 1.282 0.190 –3.281 0.001*
PCC.L –4, –31, –4 1.282 0.210 –0.206 0.842
Abbreviations: ROIs, regions of interest; MNI, Montreal Neurological Institute; AUC, area under the curve.
*indicates significant group × time interaction effect, 5000 permutation p < 0.05.

Fig. 3. Correlation between brain network functional connectivity changes and memory alterations. (A) Change in functional
connectivity between the middle insular and post cingulate cortex was negatively related to the improvement of AVLT after acupuncture
treatment. (B) There was no correlation between the changes in functional connectivity in the middle insular and post cingulate cortex
and the improvements in AVLT after sham acupuncture treatment. * p < 0.05.

the CON in individuals with SCD. Additionally, enhanced
nodal efficiency of the left parietal lobe and decreased be-
tweenness degree of the right parietal lobe, which belongs
to the SMN, were observed according to graph-theoretical
analysis. Furthermore, the correlation between functional
connectivity changes in the left middle insular and left PCC
and improvements in AVLT-H was significant. These find-
ings shed light on how acupuncture improves the memory
of individuals with SCD by modulating large-scale resting-
state brain network properties.

We found that the AVLT-H total scores in individuals
with SCD showed a significant group × time interaction
effect, indicating more improvement in objective memory
in the AG than in the SG. This finding aligns with previ-
ous studies that have demonstrated cognitive function (in-
cluding memory) improvements after non-pharmacological
therapies [31,32]. In particular, a double-blinded RCT has
found that the AVLT-H scores of MCI patients were no-
ticeably improved after 24 weeks of transcutaneous auricu-
lar vagus nerve stimulation [31]. Considering previous re-
sults [6], which showed a significant within-group effect

but no significant group × time interaction effect in SCD-
Q9 scores between groups, we speculated that acupuncture
may significantly enhance memory function, and the im-
provement of objective memory performance may precede
self-reported memory amelioration.

Shreds of evidence have indicated that a mutual in-
fluence exists between the subjective cognition complaint
and the objective cognitive function. SCD may reflect
concurrent objective impairment, which in turn influences
subjective complaints [23,33]. A recent longitudinal sys-
tematic review found that SCD patients exhibited poorer
overall cognitive and objective memory performance com-
pared with non-individuals with SCD [34]. Better objec-
tive memory performance in individuals with SCD is as-
sociated with fewer subjective complaints [23]. Objective
memory impairment in individuals with SCD suggests pos-
sible Alzheimer’s disease (AD) [23]. Our study indicated
that acupuncture could improve objective memory, poten-
tially offering a new intervention strategy against dementia
progression in SCD patients.
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Regarding brain network properties, two positive FCs
within the SMN were increased by acupuncture, with a sig-
nificant group× time interaction effect, but these FCs were
decreased by sham acupuncture. The SMN is not only
responsible for motor control and somatosensation but is
also involved in neurocognitive processing [35]. Numer-
ous analyses have identified an association between abnor-
mal FCs of the SMN and cognitive function in participants
with SCD [36,37]. For instance, evidence indicates that the
mean values of FCs within the SMN are positively related
to cognitive assessments for SCD [36]. The disruption of
FCs in the SMN can be potential biomarkers of cognitive
decline in older adults [36]. In another study, the FCs of
SMN-related regions in individuals with SCD were shown
to be increased, but those of healthy people and AD patients
were not [37], suggesting that the increase of intrinsic SMN
connections in SCD is an early compensatory adaptation,
whereas the decrease of intrinsic SMN connections in AD
patients may be a sign of decompensation. In the present
study, we postulated that the mechanism of acupuncture’s
therapeutic effect may enhance vulnerable FCs in the SMN
and promote compensatory adaptation of SMN-related re-
gions in SCD. Furthermore, significant enhancement in the
nodal efficiency of the left parietal SMN region and de-
creased betweenness of the right parietal SMN region were
observed after acupuncture, which suggests that acupunc-
ture can improve the information transfer capability of the
left parietal region and reduce the importance of the right
parietal region in the brain network, consistent with the
functional lateralization of the SMN [38].

The CON, one of the executive control networks [39],
is closely related to cognitive complaints, especially in the
executive, attention, and episodic memory domains [40].
Greater intrinsic FCs in the CON have been associated with
better episodic memory [41]. Decreased inter-network FCs,
combined with increased within-network FCs, suggest the
successful functional segregation of the SMN and the CON
after acupuncture treatment. The decline in brain network
FCs associated with cognitive impairment has previously
been shown to predominantly occur between the DMN and
the executive control networks (including the CON) [42].
The correlation between the DMN and executive control
networks significantly increases with task intensity, espe-
cially during working-memory tasks [43]. However, there
has been relatively little research examining the relationship
between FCs between the SMN and CON and cognitive de-
cline. Our findings fill this gap and show that acupuncture
may modulate functional connections between the CON
and SMN networks in individuals with SCD, thereby im-
proving cognitive function.

Decreased SMN-CON connectivity is significantly as-
sociated with improvements in objective memory. Specifi-
cally, a decrease in the middle insular cortex-PCC connec-
tivity negatively correlates with an improvement in AVLT-
H scores. The insula is one of the most susceptible regions

to SCD and a critical integration hub in human brain net-
works [37,44]. Alterations in FCs between insular subre-
gions and regions of the executive control network are es-
sential to the neural mechanisms underlying cognitive de-
cline in SCD [37]. Notably, the left posterior insula shows
significant negative connectivity with the PCC in healthy
older adults [37]. Our results suggest that acupuncture may
improve objective memory in SCD by enhancing negative
connectivity of the middle and posterior insula, which are
both considered to be components of the SMN [26,45].

The enhancement of negative connectivity signifies
functional segregation and mutual inhibition between brain
regions, as activation in one region diminishes activity
in another [46]. Research has shown that both the in-
sula and the PCC support memory encoding and retrieval
[47]. A common pattern of deactivation has been observed
in the PCC during attentionally demanding tasks [48],
whereas the insula is significantly activated in human-face-
or tactile-recognition-memory tests [49]. Hence, negative
insula-PCC functional connectivity enhanced by acupunc-
ture may indicate successful segregation or inhibition be-
tween the insula and the PCC, thus prompting memory con-
solidation and attention in individuals with SCD. Our find-
ings suggest different regulatory directions of acupuncture
and sham-acupuncture in the middle insula-PCC functional
connectivity. Although significant group differences re-
mained after controlling for baseline values (F = 8.227, p =
0.006, Partial η2 = 0.115) usingANCOVA, the phenomenon
of opposite directions might be caused by the differences in
FCs among individuals and should be confirmed by further
studies.

Our study has some limitations. First, the p values
reported were obtained using 5000 random sampling tests
(without correction); validation is required in future studies
that include more samples, which will provide greater sta-
tistical power. Second, our study also found that changes in
FCs between brain regions associated with emotions, such
as the insular cortex and the PCC, showed an interaction ef-
fect after the intervention. Since previous research has sug-
gested that older adults with emotional burdens are more
likely to perceive cognitive decline [17], future research
could delve deeper into the relationship between emotions
and cognition in SCD. Third, we focused primarily on the
large-scale brain networks related to memory function in
this study. The cerebellum potentially contributes to lan-
guage, attention, and episodic memory encoding; the exact
mechanisms by which the cerebellum contributes to these
cognitive processes need further elucidation.

5. Conclusions
The present study investigated the brain network ba-

sis of acupuncture in improving memory. Acupuncture in-
tervention (12 weeks) enhanced objective memory perfor-
mance in individuals with SCD by reducing FCs between
the SMN and CON and modulating SMN network topol-
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ogy, enhancing the functional segregation of these networks
as potential targets for acupuncture treatment.
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