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Background: Using network analysis, we sought to determine the acupoints most commonly used to treat
functional gastrointestinal disorders (FGIDs), particularly functional dyspepsia (FD) and irritable bowel
syndrome (IBS).

Methods: To explore the acupoint patterns used for FGID, data on acupoint combinations for FD and
IBS were gathered from systematic reviews. Network analysis was used to determine the degree, close-
ness centrality, betweenness centrality, and eigenvector centrality of each acupoint. The most common
acupoint combinations for FD and IBS were examined based on the eigenvector centrality.

Results: Network analysis revealed that CV12, ST25, ST36, CV10, and LR3, which had the highest eigenvec-
tor centrality values, were the main acupoints for treating FGID. CV12 was the main acupoint for treating
FD, while ST25 was the hub acupoint for treating IBS in the abdomen. ST36, LR3, and PC6 were the key
peripheral acupoints for FD and IBS.

Conclusions: Using network analysis, we provided data that will aid the selection of both general and
specific acupoints for FD and IBS, along with spatial information (i.e., the positions of acupoints on a
body map). These findings could be applied in future acupuncture research on therapy for gastrointestinal
system dysfunction. They may also help bridge the gap between the traditional meridian theory, which
assumes that there is a link between diseases/symptoms and the specific body region being treated, and
real-world clinical evidence.
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1. Introduction effects.> Furthermore, because many pharmaceutical agents target

only one symptom, they are unlikely to be effective in patients

Functional gastrointestinal disorders (FGIDs), which include
functional dyspepsia (FD) and irritable bowel syndrome (IBS), are
chronic diseases with a wide range of symptoms and no clear or-
ganic pathology'; this makes it challenging to pinpoint disease
etiology. Over 40% of the world’s population has at least one
FGID, which is associated with increased healthcare utilization and
lower quality of life.2 Western medicine recommends various med-
ications for stomach symptoms and diseases. However, pharma-
ceutical treatments, such as prokinetic medicines, proton pump
inhibitors, anticholinergics, tricyclics, anti-diarrheals, 5-HT3 an-
tagonists, and antidepressants, are often ineffective or have side
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who have symptoms in both the upper and lower digestive tracts,
and the simultaneous use of different drugs to treat both upper
and lower digestive tract symptoms increases the risk of side ef-
fects.

Acupuncture has been used for thousands of years in the East
and is effective for treating FGIDs.* As a result of dissatisfaction
with the side effects of conventional FGID medications, various
studies have examined acupuncture as a therapeutic strategy for
FGID, especially FD and IBS.> Clinicians should be aware of the
potential of acupuncture and be open to its use in the treat-
ment of gastrointestinal disorders.> For treating FD, acupuncture
was comparable to medications, and more or as significantly as
sham acupuncture.® Although sham-controlled randomized con-
trolled trials (RCTs) found no benefits of acupuncture for reducing
IBS symptom severity or improving quality of life when compared
to a credible sham acupuncture control, patients reported greater
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benefits from acupuncture than from two types of antispasmodic
drugs.” However, no research has investigated the selection of acu-
points for treating FGID.

By representing a holistic system as a graph, network analysis
provides mathematical descriptions of complex networks.® Many
studies have used network analysis to discover the principles un-
derlying the selection of acupoints for various ailments. For in-
stance, Lee et al.? reported that three acupoint combinations were
used for treating low back pain, identified based on mutual infor-
mation values. Furthermore, using network analysis, key acupoints
for pain control were discovered based on a high degree of central-
ity.!2 A network analysis of acupoint prescriptions for virtual diag-
nosis of 10 different diseases revealed that some acupoints were
common to all diseases, while others were disease-specific.!! To
better understand acupuncture treatment of FD and IBS, network
analysis should evaluate both common and disease-specific acu-
points.

This study used network analysis to understand how acupoints
have been combined to treat FGIDs, specifically FD and IBS. To ex-
amine patterns in the combinations of acupoints, we acquired acu-
point data from published systematic reviews, calculated the cen-
trality values of key acupoints, and visualized the network based
on the weight of centrality of each acupoint. We also indepen-
dently assessed the primary acupoints for FD and IBS to explore
similarities and differences in acupoint selection between the two
diseases.

2. Methods

2.1. Data Sources for Acupoints for Functional Dyspepsia and Irritable
Bowel Syndrome

Data on acupoint combinations for FD and IBS were extracted
from systematic reviews.”'2 After eliminating studies that did not
use acupuncture or did not report acupoints, 19 and 15 studies on
FD and IBS were included, respectively. There were 47 acupoints
for FGIDs: 28 for FD and 39 for IBS. The acupoints combinations
for FD and IBS were shown in the Supplement 1.

2.2. Network Analysis and Network Visualization

The network analysis of acupoint combinations for FD and IBS
was performed using Gephi open source software for graph and
network analysis (ver. 0.9.2; http://gephi.org). The degree, close-
ness, betweenness, and eigenvector centrality values for each acu-
point were calculated. Each acupoint network node has one or
more edges, and the total edge indicates the degree centrality of
the node.”> The eigenvector centrality of a node is given by the
weighted sum of the centralities of all nodes connected to it by
an edge, which reflects how important a node is in a network.'
Closeness centrality is a measure of how accessible a node is to all
other nodes in a network; the shortest pathways between any two
nodes are summed to obtain this value.’® The degree to which a
node plays a central role in connections with other nodes is deter-
mined by its betweenness centrality. Any two nodes can be con-
nected by at least one shortest path, and betweenness centrality
is determined according to the number of shortest pathways pass-
ing through an individual node.”> We determined the most impor-
tant acupoints based on their eigenvector centrality scores, where
eigenvector centrality is a measure of a node’s impact in a network
in graph theory; a high eigenvector centrality score indicates that
a node is connected to other nodes with high scores.

To depict the network of acupoints used for treating FD and IBS,
we used the Yifan Hu layout based on eigenvector centrality scores.
The Yifan Hu layout algorithm is a force-directed method that
brings more-connected nodes into the center of the network.!®
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3. Results

3.1. Common Acupoint Combinations for Functional Dyspepsia and
Irritable Bowel Syndrome

The most common acupoints used in clinical trials of FD and
IBS were visualized using network analysis (Fig. 1). Of the 47 acu-
points, the 10 acupoints with the highest eigenvector centrality
values were chosen (Table 1).

CV12 (eigenvector centrality = 1.00) and ST25 (0.91) were the
hub acupoints in the abdominal region in the treatment network
for FGID. CV10 (0.66) also had a significant role in treating FGID.
The primary acupoints on the back for treating FGID were BL20
(0.48) and GV7 (0.44), and BL21 (0.44) while ST36 (0.74), LR3
(0.63), and SP6 (0.42) were the key lower extremity acupoints for
treating FGID. PC6 (0.47) was the main acupoint in the upper ex-
tremities for treating FGID.

3.2. Distinct Acupoint Combinations for Functional Dyspepsia and
Irritable Bowel Syndrome

Network analysis revealed unique acupoint combinations for FD
and IBS. The main acupoints for FD and IBS are shown on the hu-
man body template (Figs. 2A and 2B). The eigenvector centrality
values of the 47 acupoints are displayed in a heat map (Fig. 2C).

CV12 (FD, 1.00; IBS, 0.59) in the upper abdomen was the hub in
the network for treating FD, while ST25 (FD, 0.33; IBS, 1.00) in the
lower abdomen was the hub in the network for treating IBS. In the
upper back, BL20 (FD, 0.50; IBS, 0.27) and BL21 (FD, 0.41; IBS, 0.18)
were mainly used to treat FD, while in the lower back BL23 (FD, 0;
IBS, 0.35) and BL25 (FD, 0; IBS, 0.26) were used to treat IBS. In the
peripheral area, ST36 (FD, 0.61; IBS, 0.70), LR3 (FD, 0.47; IBS, 0.57),
and PC6 (FD, 0.41; IBS, 0.31) were equally significant in the FD and
IBS therapy acupoint networks.

4. Discussion

This study used network analysis to analyze the similarity and
specificity of acupoint selection patterns between FD and IBS. The
most common acupoint combinations for treating FD and IBS were
determined based on eigenvector centrality, and included CV12,
ST25, ST36, CV10, and LR3. We also found that CV12 was the pri-
mary acupoint for treating FD, while ST25 was the primary acu-
point in the abdomen for treating IBS. ST36, LR3, and PC6 were
key peripheral acupoints for FD and IBS.

The hub acupoints for the therapy of FGID in this study were
the abdominal CV12 and ST25 acupoints. According to the tra-
ditional East Asian medicine, the function of the GI tract has
been controlled using the front-mu acupoints belonging to the
stomach and large intestine. The CV12 and ST25 acupoints in
the abdomen, which are anatomically adjacent to the GI tract,
were the hub acupoints for FGID and also had the most edges
(Fig. 1). The hub acupoint for FD was CV12, which is in the
upper abdomen (4 B-cun superior to the center of the umbili-
cus, on the anterior median line), and the hub acupoint for
IBS was ST25, which is in the lower abdomen (2 B-cun lat-
eral to the center of the umbilicus). According to traditional East
Asian medicine, the front-mu acupoints for the stomach and large
intestine are CV12 and ST25, respectively. The front-mu points are
located on the abdomen and chest, close to internal organs; thus,
they are stimulated to regulate the function of internal organs. Ac-
cording to our findings, the front-mu acupoints of the stomach and
large intestine play a crucial role in restoring organ function in the
treatment of FD and IBS.

We also discovered that the BL20 and BL21 acupoints,
which are located lateral to the lower thoracic spinal processes
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Figure 1. Network analysis of acupoint combinations for treating functional gastrointestinal disorders. The major acupoints for treating functional gastrointestinal disorders
were CV12, ST25, ST36, CV10, and LR3, which had the highest eigenvector centrality values. Gephi was used to for the network analysis with the Yifan Hu layout. The
eigenvector centrality value was used to determine the color of each node. The weight is represented by the width of the edges, and acupoints with higher eigenvector
centrality values are darker. Getphi open source software was usded for network analysis (ver. 0.9.2: http://gephi.org).

Table 1

Common acupoint combinations for functional gastrointestinal disorders.
Label Eigenvector Degree Closeness Betweenness

Centrality Centrality Centrality

cvi2 1.00 25 0.66 256.91
ST25 0.91 27 0.70 415.02
ST36 0.74 19 0.63 266.15
cvio 0.66 16 0.60 186.63
LR3 0.63 14 0.58 138.58
BL20 0.48 8 0.51 15.65
PC6 0.47 6 0.53 1.30
GV7 0.44 10 0.46 16.25
BL21 0.44 6 0.51 2.95
SP6 0.42 5 0.52 0

bilaterally (T11 and T12, respectively), were important for treating
FD, while the BL23 and BL25 acupoints, which are located lateral
to the lumbar spinal processes bilaterally (L2 and L4, respectively),
were relatively important for treating IBS. We could distinguish
acupoints located on the superior and inferior surface of the back
(so-called back-shu points; Fig. 2). BL20 and BL21 (upper back) are
the back-shu points for the spleen and stomach, respectively, while
BL23 and BL25 (lower back) are the back-shu points for the kidney
and large intestine, respectively. These back-shu points are used
to regulate the functions of internal organs along with front-mu
points.'”-8 The rationale behind back-shu point acupuncture is that
these sites activate corresponding segmental autonomic nerves,
which control visceral functions of the body."” These findings

imply that the back-shu points for the stomach and large intestine
are similarly important in treating stomach and intestinal dysfunc-
tion.

In real-world acupuncture treatment, acupoint selection is not
restricted to acupoints located close to the site of a disease; acu-
points located far from the site are often used. The ST36, LR3,
PC6, and SP6 acupoints on the upper and lower limbs ranked
highly in the FGID treatment network analysis (Table 1). Unlike
acupoints on the abdomen and back, there was little difference in
the networks of acupoints on the upper and lower extremities be-
tween FD and IBS (e.g. ST36, LR3, and PC6; Fig. 2C). This demon-
strates that there are treatment strategies common to both FD and
IBS. Stimulation of the ST36, LR3, and SP6 acupoints has general
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Figure 2. Distinct acupoint combinations for functional dyspepsia (FD) and irritable bowel syndrome (IBS). (a) The main acupoints for FD plotted on the human body
template (n = 11; 39.29% of all acupoints with K-core > 2). (b) The main acupoints for IBS plotted on the human body template (n = 14; 35.9% of all acupoints with
K-core > 3). The dotted line is the standard line (umbilicus line). BioRender.com was used to develop the human body template. (c) The eigenvector centrality value for each
acupoint for FD (left) and IBS (right). Orange Software was used to create the heatmap (version 3.28.0; http://orangedatamining.com).

neurological effects, including descending analgesia and central
regulatory effects.!” Acupuncture had a reasonably consistent ef-
fect on gastrointestinal motility, with ST36 and PC6 being the main
acupoints.?® Patients with FD may benefit from the antiemetic ef-
fect of acupuncture at PC6, while patients with visceral hypersen-
sitivity may benefit from the antinociceptive effects of acupuncture
at PC6 and ST36.2! An epidemiological study suggested that there
is over 60% overlap between FD and IBS.?? In addition, they appear
to have similar underlying pathophysiological mechanisms, includ-
ing visceral hypersensitivity, possible immunological dysfunction,
dysbiosis, and increased mucosal permeability.2>2* As a result,
similar peripheral acupoint combinations can be used to treat both
FD and IBS.

Several limitations of this study should be considered. First,
due to the small number of studies included, we did not assess
the effectiveness of acupuncture treatment. Acupuncture at some
stomach meridian acupoints, including ST36 and ST40, had a much
higher overall response rate in FD patients than other acupoints on
the trunk, and in other meridians, as well as conventional treat-
ment.?> Given the effectiveness of acupuncture treatment, it is im-
portant to identify the major acupoints for treating FGID. Second,
due to the limited number of studies describing distinct acupoint
prescriptions for different patterns of symptoms/signs, we were
unable to analyze acupoint combinations for treating FD and IBS
based on pattern identification. Acupuncture prescriptions are usu-
ally based on pattern identification for individual patients, and dif-
ferent acupoint combinations are chosen for FD patients.26 Further
research should identify critical acupoints based on pattern identi-
fication for personalized therapy.

In conclusion, using the network analysis method, we obtained
information on the similarity and specificity of acupoint selection
patterns for FD and IBS. Our findings shed light on the relationship
between traditional theories and real-world treatment. The results
could help researchers understand the mechanisms underlying

gastrointestinal dysfunction in FGID patients treated with acupunc-
ture.
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