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Editorial

A Step Toward Discovering the New World of
Esophageal Microbiota
Chan Hyuk Park
Department of Internal Medicine, Hanyang University Guri Hospital, Hanyang University College of Medicine, Guri, Gyeonggi-do, Korea

Article:	Esophageal microbiota and nutritional intakes in patients with achalasia before and after peroral endoscopic
myotomy
Jung DH, Youn YH, Kim DH, et al
(J Neurogastroenterol Motil 2022;28:237-246)

Due to the development of next-generation sequencing techniques, microbiota in healthy or diseased gastrointestinal mucosa
have been thoroughly investigated.1,2 The impact of the new sequencing technique is synonymous with developing a new navigation tool in the age of exploration. We have known about normally
existing bacterial taxa in the esophagus consisting of Streptococcus,
Haemophilus, Neisseria, Prevotella, and Veillonella .2 The composition of esophageal microbiota differs depending on disease
states, such as gastroesophageal reflux disease (GERD), Barrett’s
esophagus, esophageal adenocarcinoma, esophageal squamous cell
carcinoma, and eosinophilic esophagitis. For example, in patients
with GERD or Barrett’s esophagus, the abundance of Streptococcus decreases whereas that of Haemophilus, Neisseria, Prevotella ,
and Veillonella increases.3,4 In esophageal adenocarcinoma, the
abundance of Streptococcus decreases while that of Lactobacillus,
Enterobacteriaceae , and Akkermansia increases.5,6 Although the
reason for the change has not been clearly elucidated, there are 2
potential sources of the esophageal microbiota: one is the swallowed
oropharyngeal microbiota, and the other is intragastric microbiota
refluxed from the stomach. A previous study found that Streptococci, bacteria abundantly found in the esophagus of healthy and

individuals with GERD or esophageal adenocarcinomas, are commonly observed in the oropharynx.7 Streptococcus in the esophagus
may be originated from the oropharynx and outside the body. Other
bacteria such as Veillonella, which typically increases in esophageal
mucosa exposed to refluxed gastric acid, may have been refluxed
from intragastric microbiota. However, there is still a possibility that
microbiota in diseased esophageal mucosa originates from the oral
cavity. For instance, Prevotella , Fusobacteria phylum, Neisseria ,
and Corynebacterium , may be increased in patients with esophageal
squamous cell carcinoma or eosinophilic esophagitis, despite the
lack of reflux.2
Esophageal microbiota is a new world that is yet to be discovered. The reason for the changes in esophageal microbiota is still
not fully understood. As such, the study on esophageal microbiota
in patients with esophageal achalasia, published in this issue of the
Journal of Neurogastroenterology and Motility , is very interesting.8
In this study, Jung et al8 analyzed microbiota in the esophageal mucosa and retention fluid from 29 patients with esophageal achalasia.
Pathophysiologically, esophageal achalasia is the opposite of GERD.
Esophageal microbiota in patients with esophageal achalasia may
be affected by saliva and diet rather than refluxed gastric contents.
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Therefore, we can assess the impact of the external environment on
esophageal microbiota by analyzing the esophageal microbiota in
patients with achalasia. Although Jung et al8 did not include healthy
individuals, the relative abundance of Streptococcus in participants
was low (< 40%), similar to patients with GERD. Interestingly, the
composition of esophageal microbiota in the mucosa and retention
fluid differed. For example, Lactobacillus and Enterobacteriaceae,
generally associated with esophageal adenocarcinoma, were found
more abundantly in esophageal mucosa than retention fluid. These
bacterial taxa may be targets for future research on esophageal carcinogenesis. Similarly, Veillonella , which is known to be associated
with GERD, was more abundant in the retention fluid than in the
esophageal mucosa. Given that gastric acid reflux is minimal in patients with esophageal achalasia, the increased abundance of Veillonella may be due to poor clearance of esophageal fluid. In GERD,
Veillonella may be present due to swallowing the content and poor
esophageal clearance rather than refluxed gastric acid. More importantly, Jung et al8 demonstrated that esophageal microbiota did
not differ between pre- and post-peroral endoscopic myotomies. If
reflux was the main reason for esophageal dysbiosis, the microbiota
composition should differ between the pre- and post-myotomy in
patients with esophageal achalasia since the procedure increases acid
reflux.9
As the authors already stated, the study by Jung et al8 is limited
due to insufficient sample size and lack of healthy controls. Nevertheless, this study is the first to describe the esophageal microbiota
compositions in patients with esophageal achalasia. It provides a
better understanding of the esophageal microbiota and provides
hope to achieve a greater understanding of the esophageal microbiota in the near future.
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Manometry Is Never Like the Last Conventional
Anorectal Manometry?
Tae Hee Lee
Institute for Digestive Research, Soonchunhyang University Seoul Hospital, Seoul, Korea

Article:	Three-dimensional high-resolution anorectal manometry in children with non-retentive fecal incontinence
Banasiuk M, Dziekiewicz M, Dobrowolska M, Skowrońska B, Dembiński Ł, Banaszkiewicz A
(J Neurogastroenterol Motil 2022;28:303-311)

Fecal incontinence (FI) is the involuntary passage of fecal material in the underwear and occurs in a child with developmental
age of more than 4 years old.1 The 4 main FI groups among pediatric patients include functional constipation (retentive FI), nonretentive fecal incontinence (NRFI), anorectal malformations, and
spinal abnormalities.1 The Rome IV diagnostic criteria for NRFI
must include all of the following in a child with a developmental age
older than 4 years and at least a 1-month history: (1) defecation into
places inappropriate to the sociocultural context, (2) no evidence of
FI, and (3) after appropriate medical evaluation, the FI cannot be
explained by another medical condition.2 The pathophysiology of
NRFI remains unclear.3 NRFI is associated with emotional disturbance, unconscious anger, and sexual abuse.4 Literature reported
that conventional anorectal manometry (AM) is not useful to distinguish between children with retentive FI and NRFI.5,6 Children
with NRFI generally have comparable findings of conventional
AM compared to asymptomatic controls, but some of them may
have abnormal anal resting pressures and abnormal defecation
dynamics.5-7 This suggests that conventional AM does not provide
any benefit to guide the evaluation and management of patients with

NRFI. There is no indication to routinely perform AM in children
with NRFI.8 A previous randomized study reported biofeedback
therapy for children had an additional effect on the success rate and
increased the rate of normal defecation dynamics at the end of the
intervention period.9 Although factors predicting the response to
biofeedback therapy were not shown in the study, it is plausible to
think that abnormal AM metrics may be related to the success rate.
The clinical relevance of biofeedback in the treatment of NRFI is
however questioned as there are few relevant studies.8 In addition,
children with NRFI had normal AM metrics.
In this issue of Journal of Neurogastroenterology and Motility ,
Banasiuk et al10 firstly reported that 3-dimensional high-resolution
anorectal manometry (3DHRAM) provides novel insights regarding the pathophysiology of NRFI, although this should be
confirmed by larger studies. First, the resting and squeezing anal
pressures in patients with NRFI are lower than that in the asymptomatic controls. Given the studies for adults with FI, this finding
seems to be plausible. Second, all thresholds of sensation are higher
in patients with NRFI. Possibly, increased thresholds are the consequence of adaptive process to avoid fecal leakage in patients with

Received: February 27, 2022 Revised: None Accepted: March 7, 2022
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work
is properly cited.
*Correspondence: Tae Hee Lee, MD, PhD
Institute for Digestive Research, Digestive Disease Center, Soonchunhyang University College of Medicine, 59, Daesagwan-ro,
Hannam-dong, Yongsan-Gu, Seoul 44031, Korea
Tel: +82-2-710-3084, Fax: +82-2-709-9696, E-mail: iman0825@schmc.ac.kr
ⓒ 2022 The Korean Society of Neurogastroenterology and Motility

J Neurogastroenterol Motil, Vol. 28 No. 2 April, 2022
www.jnmjournal.org

169

Tae Hee Lee

Resting frame
Proximal half of the anal canal
Anterior

Left

Posterior Right

0%

8%

20%

12%

Distal half of the anal canal
Anterior

Left

Posterior Right

20%

8%

0%

4%

Squeezing frame

Acknowledgements: This work was supported by the Soonchunhyang University Research Fund.
Financial support: None.
Conflicts of interest: None.

Proximal half of the anal canal
Anterior

Left

Posterior Right

3%

3%

12.1%

0%

Distal half of the anal canal
Anterior

Left

Posterior Right

15.2%

3%

6.1%

3%

Figure. Proportion of incontinent children who had resting and squeez-

ing pressure within the normal range and decreased pressure of the anal
segment.

defective anal sphincters. Last, multiple discrete pressure defects
of the anal canal are found in patients with a normal resting pressure (Figure). These focal anal defects diagnosed by 3DHRAM
may serve as a potential mechanism of incontinence that would not
have been not revealed by conventional AM. Detailed information
following 3DHRAM for these children may provide information
regarding predicting favorable response to biofeedback therapy.
Recently, the introduction of 3DHRAM has allowed for the assessment of anorectal function in minute detail.11 The method provides detailed analysis of the functional anatomy of the anal sphincter
and discrete pressure defects that may influence continence function. However, the benefit of 3DHRAM over conventional AM in
clinical practice is questioned in contrast to the field of the esophagus. No data shows additional benefits over the conventional AM in
the FI management, and the role of 3DHRAM in discriminating
healthy individuals from patients with dyssynergic defecation is unclear.12,13 This may be partly due to the use of the same conventional
AM parameters in 3DHRAM examination. These conventional
metrics may not adequately reveal the 3-dimensional data shown
during 3DHRAM. A recent study showed that the high-resolution
AM squeeze integral (55% sensitivity) is more accurate than conventional AM squeeze increment (32% sensitivity) in identifying
anal hypocontractility in incontinent women.14 About half of women
with incontinence who were classified as having normal anal function based on conventional AM measures, were reclassified as hav-
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ing abnormal function based on high-resolution AM measures.14
We need to develop promising 3DHRAM-specific metrics allowing for better research and understanding of the anorectal function.
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How Does Drinking Warm Water Affect Esophageal
Preparation Before Peroral Endoscopic Myotomy in
Patients With Achalasia?
Cheol Min Shin
Department of Internal Medicine, Seoul National University Bundang Hospital, Seongnam, Gyeonggi-do, Korea

Article:	Effect of drinking warm water on esophageal preparation before peroral endoscopic myotomy in patients with achalasia
Yoon HJ, Youn YH, Yoo SH, Jeon S, Park H
(J Neurogastroenterol Motil 2022;28:231-236)

Peroral endoscopic myotomy (POEM) has been established
as an effective treatment for achalasia.1 Achalasia is a disease of impaired lower esophageal sphincter (LES) relaxation, and, in result,
food retention in the esophageal lumen seems to be inevitable.2
In this context, after routine fasting for upper gastrointestinal endoscopy, the esophagus may not be well prepared before POEM.
POEM procedures are performed usually under general anesthesia, and there is a high risk of aspiration, especially during intubation.3 In addition, debris-filled esophagus can interfere with the
POEM procedure and increase the risk of some procedure-related
complications such as mediastinitis. In case of late-stage achalasia,
namely, “sigmoid esophagus,” or when the contrast dye remains in
the esophagus more than 1-2 hours after the barium ingestion in
esophagography, fasting more than 2-3 days prior to POEM, or
pre-operative endoscopy with a large channel should be considered
before the POEM procedure or laparoscopic Heller myotomy to
ensure the clearance of the esophageal contents.4
On the other hand, the effect of drinking warm water on esophageal pressure and motility has been well documented. That is,

warm water ingestion relieves esophageal symptoms in patient with
achalasia. One study reported that warm water drinking increased
the transit of esophageal propagated waves, shortened the duration
of the distal esophageal contraction, and decreased the amplitude of
LES pressure after contraction.5 Another study reported the changes in esophageal motility in warm temperature among treatmentnaive achalasia patients. In the study, warm water may reduce the
resting LES pressure, improve deglutitive LES relaxation, shorten
the duration of esophageal body contraction, and relieve the achalasia symptoms.6 A recent study reported that drinking carbonated
beverages can reduce the duration of pre-operative endoscopy and
improve the esophagus cleansing degrees comfortably and safely.7
From this background, Yoon et al8 evaluated the clinical usefulness of drinking warm water for the proper esophageal preparation
before POEM. The warm water preparation was applied to 29
patients with achalasia before the POEM procedure. They were
instructed to drink 1 L of warm water (60°C) the night before
POEM. The authors evaluated the esophageal cleanness and determined the preparation quality. All subjects were prospectively
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recruited and compared to historical control group (1:2 propensity
score-matching). In the warm water preparation group, only 1 of
29 patients (3.4%) had some solid retention, but it did not interfere
with the POEM procedure. Interestingly, the grade of cleanness (P = 0.016) and quality of preparation (P < 0.001) were
significantly better in the warm water preparation group than in the
matched control group. There was no adverse event related to warm
water preparation protocol. The authors concluded that drinking
warm water can reduce esophageal food retention and significantly
improves the quality of esophageal preparation thus it is useful,
safe, and cost-effective in the preparation of achalasia patients for
POEM.
However, this study has several limitations. First, it was a single
institution study. Therefore, the generalizability of the results of the
study may be limited. Second, the warm water drinking group was
enrolled prospectively but the control group was collected retrospectively from the historical cohort. To minimize selection bias, propensity score matching was performed using covariates including age,
sex, achalasia type, and pervious achalasia treatment history. However, there was no matching on the severity of esophageal dilatation
or the presence of sigmoid esophagus. Without the information, the
2 groups may not be properly matched. Third, there is no information on the length of time instructed to fast before the POEM procedure. Actually, it is recommended to fast for more than 2 days in
patients who are predicted to have severe esophageal food retention.
For some patients, endoscopy with large channel may be performed
before POEM to evacuate or remove retained food in the esophageal lumen. However, there is no information on this.
Nevertheless, the study of Yoon et al8 is the first study that
evaluated the usefulness of warm water drinking before POEM,
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and it has clinical implications. To confirm the results of this study, a
multi-center, prospective study with a larger sample size is needed.
Also, studies on the protocols for warm water drinking instructions
or co-administration of LES relaxants such as nifedipine or nitroglycerin before POEM are warranted in the future.
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Pathophysiological Commonality Between Irritable
Bowel Syndrome and Metabolic Syndrome:
Role of Corticotropin-releasing Factor–Toll-like
Receptor 4–Proinflammatory Cytokine Signaling
Tsukasa Nozu1,2* and Toshikatsu Okumura3,4
1
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Irritable bowel syndrome (IBS) displays chronic abdominal pain with altered defecation. Most of the patients develop visceral
hypersensitivity possibly resulting from impaired gut barrier and altered gut microbiota. We previously demonstrated that colonic
hyperpermeability with visceral hypersensitivity in animal IBS models, which is mediated via corticotropin-releasing factor (CRF)–Tolllike receptor 4 (TLR4)–proinflammatory cytokine signaling. CRF impairs gut barrier via TLR4. Leaky gut induces bacterial translocation
resulting in dysbiosis, and increases lipopolysaccharide (LPS). Activation of TLR4 by LPS increases the production of proinflammatory
cytokines, which activate visceral sensory neurons to induce visceral hypersensitivity. LPS also activates CRF receptors to further increase
gut permeability. Metabolic syndrome (MS) is a cluster of cardiovascular risk factors, including insulin resistance, obesity, dyslipidemia,
and hypertension, and recently several researchers suggested the possibility that impaired gut barrier and dysbiosis with low-grade
systemic inflammation are involved in MS. Moreover, TLR4–proinflammatory cytokine contributes to the development of insulin
resistance and obesity. Thus, the existence of pathophysiological commonality between IBS and MS is expected. This review discusses
the potential mechanisms of IBS and MS with reference to gut barrier and microbiota, and explores the possibility of existence of a
pathophysiological link between these diseases with a focus on CRF, TLR4, and proinflammatory cytokine signaling. We also review
epidemiological data supporting this possibility, and discuss the potential of therapeutic application of the drugs used for MS to IBS
treatment. This notion may pave the way for exploring novel therapeutic approaches for these disorders.
(J Neurogastroenterol Motil 2022;28:173-184)
Key Words
Gut barrier; Irritable bowel syndrome; Metabolic syndrome; Microbiota; Toll-like receptor 4
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Introduction
Irritable bowel syndrome (IBS) displays chronic abdominal
pain with altered defecation, which is not explained by structural or
biochemical abnormalities, possibly resulting from impaired gastrointestinal (GI) function, such as disturbance of GI motility and visceral hypersensitivity.1 The prevalence of IBS in general population
is between 10% to 20%, and it impairs patients’ quality of life and
has a huge economic impact including direct costs of health care
use and indirect costs of absenteeism from work.1 IBS is a stressrelated functional GI disorder, and stress significantly impacts on
the development of IBS symptoms by altering colonic sensorimotor
function.2,3 Corticotropin-releasing factor (CRF), which is a main
molecule mediating stress-induced enhanced colonic motility and
visceral hypersensitivity, is thought to be a vital contributor to the
pathophysiology of IBS.2-4
Metabolic syndrome (MS) is a cluster of cardiovascular risk
factors, including insulin resistance, obesity, dyslipidemia and hypertension, and it remains a major cause of mortality and morbidity.5 Recently, it has been shown that gut significantly contributes to
the pathophysiology of MS, ie, altered gut microbiota and leaky gut
with low-grade systemic inflammation,6 and chronic inflammationinduced insulin resistance is thought to be a crucial mechanism of
MS.7 Additionally, lipopolysaccharide (LPS)-induced metabolic
endotoxemia, and activation of Toll-like receptor 4 (TLR4) followed by increased production of proinflammatory cytokines are
known to contribute to the development of insulin resistance and
obesity.6,8
At the same time, it has been generally accepted the importance
of altered microbiota and impaired gut integrity in the IBS pathophysiology.9,10 Moreover, we have shown that leaky gut manifested
by colonic hyperpermeability observed in animal IBS models is
mediated via TLR4 and proinflammatory cytokine signaling.11
Interestingly, CRF modulates TLR4–proinflammatory cytokine
signaling to induce colonic hyperpermeability and visceral hypersensitivity.11
Thus, these lines of evidence may raise the notion that IBS and
MS may have common mechanisms, which are mediated via CRF,
TLR4, and proinflammatory cytokine signaling. In this paper, we
review the mechanisms of IBS and MS with reference to gut barrier
and microbiota, and discuss the commonality of pathophysiological mechanisms of these diseases with a focus on CRF, TLR4, and
proinflammatory cytokine. Finally, the potential of therapeutic application of the drugs used for MS to IBS treatment is also discussed.
174

Brain-gut Interaction in Irritable Bowel
Syndrome
Although the definite mechanisms of IBS have not been determined so far, altered GI function along with the disturbance
of bidirectional communication between brain and gut, ie, braingut axis, is thought to be an important contributor to the symptom
generation of IBS.3,12,13 Signal from the brain to gut modulates GI
function, and IBS patients have higher reactivity to stress.14 Stress
induces GI functional changes via CRF signaling, possibly leading to the development and exacerbation of IBS symptoms.2 CRF
is one of the important signaling molecules between brain and gut,
and IBS patients have an exaggerated response to CRF on adrenocorticotropic hormone release and intestinal motility changes.15
Conversely, signal from the gut to brain modulates behavior and
brain function.16 Actually, psychiatric comorbidities such as depression and anxiety are frequently observed in IBS patients.17
Abnormal GI motility and visceral hypersensitivity are known
to be major GI functional changes in IBS, as described before.1
Several studies indicated that abnormal motility patterns are detected in IBS, but they are not constant, and no specific abnormality
has been shown. Furthermore, only few studies have shown a link
between abnormal motility and abdominal pain.18,19
On the other hand, most of the IBS patients display visceral hypersensitivity,20,21 and visceral pain threshold is correlated with IBS
symptom severity.22 Additionally, we previously showed that stressinduced visceral hypersensitivity is a reliable marker for IBS.23
Thus, visceral hypersensitivity has been now generally accepted to
be one of the most important pathophysiological features of IBS.19,24

Impaired Gut Barrier and Activated Immune
System in Irritable Bowel Syndrome
In addition to these GI sensorimotor abnormalities, the importance of an impaired gut barrier associated with abnormal immune response in the pathophysiology of IBS has been recently
recognized.2 Abnormal gut integrity manifested by increased gut
permeability has been found in IBS.10,25 Gut hyperpermeability
induces bacterial translocation, followed by activation of immune
system leading to inflammation. In this process, LPS is released
and triggers to produce proinflammatory cytokines via TLR4.26
Actually, the increased levels of plasma proinflammatory cytokines
and serum LPS are observed in IBS.26-28 Moreover, LPS-induced
stimulation of proinflammatory cytokine release from peripheral
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blood mononuclear cells is enhanced in IBS, and higher symptoms
severity such as urgency, diarrhea, etc, is associated with higher
cytokine response induced by LPS.29 We previously demonstrated
that LPS, interleukin (IL)-1β, and IL-6 induce visceral hypersensitivity,30 suggesting that these inflammatory processes cause visceral
pain in IBS.
At the same time, increased infiltration of mast cells in the gut
mucosa is observed in IBS, and mast cell mediators, such as histamine and tryptase, which can increase gut permeability, are also
increased in the colon of IBS.10 Additionally, mast cells have TLR4,
and its activation increases the production of proinflammatory cytokines.31 Moreover, immunocytes such as macrophage and T cells
are also reported to be increased in IBS.32
Although visceral hypersensitivity is thought to result from
multifactorial processes,24 impaired gut barrier may be one of the
causes. Knockdown of occludin, which is one of the tight junction proteins (TJPs) maintaining gut epithelial barrier, induces
intestinal hyperpermeability with visceral hypersensitivity in mice.33
Moreover, we have recently confirmed that visceral hypersensitivity
occurs associated with colonic hyperpermeability without exception in several IBS models,11,34-39 which may further support the
notion above. Therefore, impaired gut barrier with enhanced LPS
(TLR4)–proinflammatory cytokine signaling causing visceral hypersensitivity is thought to be a vital mechanism of IBS.

Corticotropin-releasing Factor and Irritable
Bowel Syndrome
CRF is a principal initiator of stress response, which is released
from the hypothalamus. CRF stimulates the pituitary-adrenal axis,
and modulates behavior and autonomic nervous system activity to
regulate GI function.2 Additionally, the expression of CRF receptors and ligands are detected in peripheral organs including GI
tract, and peripheral CRF signaling is also activated under stress
conditions.3
Both brain and peripheral CRF modify GI motility, and
stress-induced altered GI motility is well known to be mediated via
CRF.2,3 Fukudo et al,15 showed that peripheral administration of
CRF also impairs intestinal motility in humans, and this response is
exaggerated in IBS patients.
Furthermore, CRF induces visceral hypersensitivity in animals
and human,2,3,40 and stress, such as restraint or water avoidance
stress (WAS) causes visceral hypersensitivity, which is inhibited by
CRF antagonists.3 CRF also increases gut permeability,2 and neonatal maternal deprivation, restraint stress, or WAS-induced colonic

hyperpermeability is mediated via CRF.11,41-44
CRF and its related peptides, urocortins (Ucns) exert their
action through the activation of 2 receptors, CRF receptor type 1
(CRF1) and type 2 (CRF2).45,46 Each CRF receptor has a distinct
role. Stress-induced enhanced colonic motility and visceral hypersensitivity are CRF1-dependent, and CRF2 inhibits these CRF1triggered responses, and the activity balance of each subtype signaling determines the colonic functions in response to stress, which is
designated as balance theory of CRF signaling.3,47
Interestingly, we have recently demonstrated that both increased colonic permeability and visceral hypersensitivity induced
by CRF are mediated via TLR4 and IL-1.11 Moreover, LPS or
repeated WAS induces colonic hyperpermeability and visceral hypersensitivity via CRF, TLR4, IL-1, and IL-6.11,30,48 Furthermore,
activation of TLR4–proinflammatory cytokine signaling by CRF
is CRF1-dependent, and stimulation of CRF2 blocks it, which follows the balance theory of CRF signaling.11,30 Therefore, CRF–
TLR4–proinflammatory cytokine signaling is considered to be a
key pathway to impair gut barrier to induce visceral hypersensitivity,
and the CRF signaling balance may be abnormally shifted to CRF1
in IBS.3
Incidentally, mast cells have CRF receptors, and CRF triggers
to release chemical mediators, such as serotonin, cytokines, etc,49
which may also contribute to impaired gut barrier and visceral hypersensitivity.10,50

Altered Gut Microbiota in Irritable Bowel
Syndrome
Ample evidence suggests that altered microbiota plays a pivotal role in the IBS pathophysiology. Several studies have shown
the alteration in gut microbiota in IBS.51 Moreover, the severity of
symptoms of IBS is negatively associated with microbial richness in
the gut.52 In animal studies, chronic stress models such as maternal
separation and repeated WAS, which are also known to be IBS
models displaying visceral hypersensitivity, can alter gut microbiota
composition.53,54 Additionally, this microbial imbalance, ie, dysbiosis
is mediated via increasing circulating LPS and proinflammatory
cytokines levels,55,56 disrupting the intestinal barrier,57 and increasing the activity of the hypothalamus–pituitary–adrenal (HPA) axis
triggered by CRF.58 These lines of evidence suggest that impaired
gut barrier via activated CRF–TLR4–proinflammatory cytokine
system may alter microbiota, and consequently causes visceral hypersensitivity.
On the other hand, microbiota and their metabolites are one of
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and helps in maintenance of gut barrier function.60 We previously
demonstrated that intracolonic instillation of butyrate can inhibit
repeated WAS-induced visceral hypersensitivity and colonic hyperpermeability in rats.38 Moreover, butyrate also blocks these GI

the main contributors to the integrity of gut epithelial barrier, and
dysbiosis can disrupt the epithelial barrier to increase gut permeability.59 Butyrate, which is one of the short-chain fatty acids (SCFAs) derived from gut bacteria, increases the expression of TJPs
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Figure 1. Schematic illustration of the candidate mechanisms of irritable bowel syndrome (IBS) with a focus on corticotropin-releasing factor

(CRF), Toll-like receptor 4 (TLR4), and proinflammatory cytokine signaling. Hypothalamus−pituitary−adrenal (HPA) axis is activated by
stress, which is triggered by CRF. Cortisol is produced from the adrenals to alter microbiota, and impairs gut barrier via modifying tight junction
protein (TJP). Bacterial metabolites including short-chain fatty acids (SCFAs) also modify gut barrier integrity, and modulate brain and behavior
via the vagus and/or directly acting brain through circulation, thereby possibly causing psychiatric comorbidities, which frequently occurs in IBS.
CRF is also released from peripheral tissue including gastrointestinal (GI) tract triggered by stress, and acts peripheral CRF receptors. Peripheral
CRF secretion is controlled by the brain possibly via the autonomic nerve. Activation of peripheral CRF receptors modifies TJP via TLR4 to
increase colonic permeability. Then, bacterial translocation occurs leading to dysbiosis, and increases lipopolysaccharide (LPS). In turn, LPS activates TLR4 in immune cells to trigger the production of proinflammatory cytokines, which induce visceral hypersensitivity through the activation
of visceral afferents, and impair gut barrier via modifying TJP. At the same time, mast cells having CRF receptors and TLR4, release chemical
mediators including proinflammatory cytokines triggered by CRF and LPS, which can also induce these GI changes. LPS and proinflammatory
cytokines can enter the circulation to act brain to alter emotion and cognition, which possibly contribute to psychiatric comorbidities in IBS. Moreover, proinflammatory cytokine also stimulates the secretion of CRF from hypothalamus leading to the activation of HPA axis. Additionally, LPS
activates peripheral CRF receptors to further increase colonic permeability. Thus, CRF and TLR4−proinflammatory cytokine signaling create a
vicious cycle resulting in leaky gut and dysbiosis to cause the symptoms of IBS. ACTH, adrenocorticotropic hormone.
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changes induced by CRF or LPS.38 At the same time, Zhang et
al,61 reported that repeated WAS decreases occludin expression with
reduced butyrate-producing microbiota, and this change of TJP
is reversed by the supplementation of butyrate-producing bacteria.
Additionally, the microbiota from IBS patients induces visceral hypersensitivity in germ-free rats, while the microbiota from healthy
individuals does not.62
Thus, microbiota can alter gut barrier via their metabolites,
which seems to be one of the mechanisms that dysbiosis impairs gut
barrier. In other words, altered microbiota and impaired gut barrier
are thought to be a cause and consequent, which are mediated via
CRF–TLR4–proinflammatory cytokine signaling.

The Candidate Mechanisms of Irritable Bowel Syndrome With a Focus on Corticotropinreleasing Factor, Toll-like Receptor 4, and
Proinflammatory Cytokine Signaling
As described before, repeated WAS induces visceral hypersensitivity and colonic hyperpermeability in rats.11,30 Moreover, we
also demonstrated that peripheral injection of LPS or CRF mimics
these GI changes, which simulates IBS pathophysiology. These GI
changes in the IBS models above are mediated by CRF, TLR4,
IL-1, and IL-6.11,30 According to these results, together with the
evidence demonstrated so far, we speculate the candidate mechanisms of IBS as follows (Fig. 1).
Stress activates central CRF signaling to stimulate HPA axis.
Cortisol is released from adrenals to alter microbiota.58 Additionally, cortisol also impairs gut barrier via modifying TJP.63 SCFAs
produced by bacterial fermentation of dietary fiber also change gut
barrier integrity.38 Bacterial metabolites including SCFAs modulate
brain and behavior via the vagus, and directly act on brain through
circulation, which possibly causes comorbid psychiatric illness in
IBS.64
Peripheral CRF signaling is also activated by stress. The expression of CRF receptors and ligands are detected in various cells
such as neuronal cells (enteric nervous system), enterochromaffin
cells, and immune cells (mast cells, macrophages, dendritic cells,
lymphocytes) in the colon.3,65,66 Although the mechanism of brain
control of peripheral CRF secretion remains to be determined, the
autonomic neural pathway is plausible.67 Activation of peripheral
CRF receptors alters TJP via TLR4, causing colonic hyperpermeability.11,68 Impaired gut barrier induces bacterial translocation resulting in activation of local the immune system to induce dysbiosis
and increase LPS. In turn, LPS activates TLR4 in immune cells

including mast cells to trigger the production of proinflammatory
cytokines, which induce visceral hypersensitivity,30 possibly through
the activation of visceral afferent neurons.69 The proinflammatory
cytokines also increase gut permeability via modifying TJP.70 At the
same time, CRF facilitates to release chemical mediators including
proinflammatory cytokines from the mast cells,49 which can induce
visceral hypersensitivity and impair gut barrier.10,50
LPS and proinflammatory cytokines can enter the circulation
to act on the brain, which possibly may alter emotion and cognition.71,72 Moreover, proinflammatory cytokines act centrally in the
brain to stimulate the secretion of CRF leading to activation of the
HPA axis.73 Additionally, LPS not only stimulates TLR4 but also
activates peripheral CRF receptors to cause colonic hyperpermeability.30
Thus, CRF and TLR4−proinflammatory cytokine signaling
create a vicious cycle to activate each other, resulting in impaired gut
barrier and dysbiosis to cause the symptoms of IBS.

Is There a Link Between Irritable Bowel
Syndrome and Metabolic Syndrome?
Recently, an importance of pathophysiological role of altered
microbiota and impaired gut barrier has been recognized in MS
similar to IBS.

Impaired Gut Barrier and Dysbiosis: Role of Toll-like
Receptor 4–Proinflammatory Cytokines in Metabolic
Syndrome
It is well known that high-fat diet (HFD) induces MS. Although the mechanisms have not been precisely determined, HFD
causes dysbiosis, leading to the impairment of the gut barrier.74,75
Butyrate derived from gut bacteria is involved in the maintenance
of gut barrier, as described before,60 and HFD-induced dysbiosis
reduces the production of butyrate in the gut.76 Additionally, oral
supplementation of butyrate improves MS and dysbiosis induced
by HFD in mice.77 In this context, HFD-induced reduction of butyrate may be one of the causes of leaky gut, which may be involved
in MS.
Impaired gut barrier by HFD induces bacterial translocation,
which can alter microbiota and activate the immune system to produce LPS. LPS, in turn reaches the systemic circulation, which is
called metabolic endotoxemia,8 to cause low-grade inflammation
and activate proinflammatory cytokine signaling via systemic TLR4
(Fig. 2).74,78 It was demonstrated that dysbiosis, increased intestinal
inflammation, and decreased expression of TJP by HFD were
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Figure 2. Schematic illustration of mechanisms of metabolic syndrome with special reference to Toll-like receptor 4 (TLR4) and proinflammatory
cytokine signaling. High-fat diet impairs gut barrier to induce bacterial translocation resulting in dysbiosis. At the same time, dysbiosis reduces gut
barrier integrity via the metabolites produced by gut bacteria. Additionally, this change activates the immune system to induce lipopolysaccharide
(LPS). LPS activates systemic TLR4 to produce proinflammatory cytokines, resulting in low-grade inflammation, which causes insulin resistance.
LPS triggers facilitatation to recruit macrophages into adipose tissue, and activates macrophages and adipocytes via TLR4 to induce local inflammation in adipose tissues. Under this condition, macrophages increase lipolysis through the release of proinflammatory cytokines to produce free
fatty acids (FFAs). FFAs are delivered and accumulated in distant organs such as the liver and skeletal muscle, which can induce inflammation via
TLR4, leading to insulin resistance. Among these FFAs, saturated FAs act as a ligand for TLR4 in both macrophages and adipocytes to increase
the secretion of proinflammatory cytokines, which also contribute to insulin resistance. Additionally, insulin resistance at adipose tissue increases lipolysis, leading to increased release of FFAs. At the same time, oxidized low-density lipoprotein (LDL) is produced by oxidative stress induced by
metabolic endotoxemia, and also activates TLR4 to produce proinflammatory cytokines, which is associated with insulin resistance. Thus, insulin
resistance and inflammation cause a vicious cycle to induce each other via TLR4.

not observed in TLR4-deficient mice.79 These results suggest that
dysbiosis and leaky gut induced by HFD may result from activated
TLR4–proinflammatory cytokine signaling.
Obesity and insulin resistance are accompanied by low-grade
inflammation,7,80 and TLR4 signaling is one of the main triggers of
the obesity-induced inflammatory response.78 The elevated circulating levels of LPS and proinflammatory cytokines are observed
in obese individuals.81,82 The expression of TLR4 is increased in
muscle, visceral fat, and liver in obese and MS subjects.83 As macrophages having TLR4 infiltrate into these organs in obese subjects, increased expression of TLR4 is thought to be mainly due to
macrophages.84,85
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Infiltration of macrophages into adipose tissue is triggered
by LPS,86 and macrophages interact with adipocytes to produce
proinflammatory cytokines,87,88 thereby contributing to insulin resistance.8 Additionally, TLR4 is highly expressed in adipocytes, and
adipocytes per se produce proinflammatory cytokines triggered by
LPS.89

Fatty Acids and Oxidized Low-density Lipoprotein
Activate Toll-like Receptor 4 Signaling in Metabolic
Syndrome
Macrophages in adipose tissue can increase lipolysis through
the release of proinflammatory cytokines, resulting in increased pro-
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duction of free fatty acids (FAAs).90 Then, the delivery of FFAs to
the liver and skeletal muscle is increased, thereby causing the excessive accumulation of FFAs in these tissues. This change can induce
inflammation via TLR4 signaling, leading to insulin resistance.91-94
At the same time, insulin resistance in adipose tissue increases lipolysis to facilitate the release of FFAs. Thus, insulin resistance and
inflammation cause a vicious cycle to induce each other via TLR4
(Fig. 2).
Non-alcoholic fatty liver disease is defined as the ectopic accumulation of fat in the liver, not due to alcohol consumption, and is
regarded as a hepatic manifestation of MS. Not only Kupffer cells,
resident liver macrophages, but also stellate cells and hepatocytes
express TLR4, and several studies demonstrated that TLR4 signaling plays a crucial role in this disease progression.95 At the same
time, skeletal muscle cells have also TLR4 to produce proinflammatory cytokines in response to LPS.92,93
Among fatty acids (FAs) released from adipocytes triggered
by macrophages, saturated FAs can act as a ligand for TLR4.96
Saturated FAs can activate TLR4 in both macrophages and adipocytes in adipose tissue to increase the secretion of proinflammatory
cytokines, which possibly cause inflammation and are responsible
for insulin resistance.78,97,98 Moreover, it was reported that dietary
saturated FAs are associated with MS, and TLR4 signaling is necessary for saturated FAs to induce insulin resistance and obesity in
animal models.99 Additionally, pharmacological inhibition of TLR4
inhibits fat-induced insulin resistance in rats.100
The association of MS and oxidative stress, a condition resulting from an imbalance between oxidant and antioxidant biological
agents, has been known,101 and metabolic endotoxemia can elicit oxidative stress.102 Incidentally, the elevation of small and low-density
lipoprotein (LDL) is common in MS, and these particles are easily
oxidized by oxidative stress in MS, thereby producing oxidized
LDL, which is atherogenic lipids.96 Oxidized LDL can activate
TLR4 signaling such as saturated FAs, leading to the expression
of proinflammatory cytokines,96 and high oxidized LDL levels are
known to be associated with insulin resistance.103
These lines of evidence suggest that impaired gut barrier and
dysbiosis with activation of TLR4–proinflammatory cytokine
signaling by microbial LPS and non-microbial substances such as
saturated FAs and oxidized LDL can cause insulin resistance to
contribute to the pathophysiology of MS.

Fatty Acids and Irritable Bowel Syndrome
Polyunsaturated FAs also alter the activity of TLR4 signaling,
and are involved in the risk of MS. Polyunsaturated FAs consist of

2 families (ω-3 and ω-6), and a high ratio of dietary ω-3/ω-6 polyunsaturated FAs improves insulin resistance with decreased levels
of circulating proinflammatory cytokines, and reduces TLR4 in
skeletal muscle in both protein and gene levels in rats.104
Interestingly, there are several studies suggesting that FAs also
play a role in the pathophysiology of IBS. Neonatal maternal separation induces visceral hypersensitivity and impairs gut barrier,105,106
and also increases plasma ω-6/ω-3 polyunsaturated FAs ratio.107
Moreover, Chua et al,108 recently reported that higher proportions
of plasma saturated FAs and lower proportion of total ω-3 polyunsaturated FAs are associated with IBS.

Corticotropin-releasing Factor and Metabolic
Syndrome
CRF and its related peptides are shown to be one of the key
regulators of energy balance, and seem to contribute to the pathophysiology of MS. Genetic deletion of CRF2 increases energy expenditure with increased insulin sensitivity in HFD-induced obese
mice.109 Ucn 3 is a selective ligand for CRF2,110 and Ucn 3-null
mice display improved insulin resistance increased by HFD diets.111
Moreover, overexpression of Ucn 3 in the hypothalamus reduces
insulin sensitivity.112 Additionally, stress-induced hypercortisolism,
which is triggered by CRF, possibly mediates visceral obesity with
insulin resistance and plays a pathophysiological role in MS.113,114
The evidence showing the role of CRF in the pathophysiology of MS has been scarce so far. However, as LPS activates CRF
signaling, and CRF stimulates TLR4, as described before,11,30
metabolic endotoxemia, ie, high levels of LPS in blood observed
in MS may activate CRF signaling, which may be involved in the
pathophysiology of MS. Further studies are needed to explore this
issue.

Evidence for Pathophysiological Commonality
Between Irritable Bowel Syndrome and Metabolic
Syndrome
In addition to the evidence above, there are several results
which may also support the existence of pathophysiological commonality between IBS and MS. HFD-induced obesity increases
expression of TLR4 in both brain and peripheral tissue with the
increased level of proinflammatory cytokines, thereby causing visceral hypersensitivity in mice,115 suggesting the possibility that MS
patients display visceral hypersensitivity like IBS via TLR4–proinflammatory cytokine signaling.
There have been several epidemiological studies investigating
whether there is an association between obesity and IBS. Although
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the results are not fully consistent, the majority of these studies
reported that prevalence of IBS was higher in obese subjects.116
Moreover, some studies also showed that weight loss intervention
relieved the abdominal symptom severity in obese subjects with
IBS.117 Lee, et al,118 demonstrated that increased visceral fat, but
not subcutaneous fat was associated with an increased risk of IBS.
As abdominal obesity, ie, increased visceral fat is one of the most
prevalent manifestations of MS,119 this result may further support
the notion that IBS and MS have a common mechanism. Conversely, there is also evidence that the frequency of MS is increased
in IBS.120,121
On the basis of the evidence above, obesity or MS and IBS
may be linked. However, it should be noted that these results do
not always mean that activated TRL4–proinflammatory cytokine
signaling is a common pathophysiological mechanism of MS and
IBS. Several researchers showed that obese subjects had altered GI
motility,122,123 which can cause the symptoms of IBS. Additionally,
there is another possibility that a significant portion of IBS patients
complains of food intolerance,124 which may affect the dietary pattern, thereby increasing frequency of MS.125 Further studies are
needed to explore the mechanisms of link between IBS and MS.

The Drugs Used to Treat Metabolic Syndrome May Also Be Effective for Irritable
Bowel Syndrome
Based on this notion, we conjectured that the drugs used for
MS and its components may also display favorable effects for IBS.
Some of these drugs have pleiotropic effects contributing to reduce
the risk of cardiovascular events, which are independent of primary
action. It is well demonstrated that proinflammatory cytokines are
associated with the risk of coronary heart disease independent of
conventional risk factors.126 Thus, we attempted to determine the
effects of several drugs used for MS having anti-cytokine properties, in visceral sensation and gut barrier in IBS models.
We found that liraglutide (a glucagon-like peptide-1 analog),
pioglitazone, metformin, lovastatin (a β-Hydroxy β-methylglutarylCoA reductase inhibitor), and losartan (an angiotensin II type 1
receptor antagonist), which are prescribed for MS and its components, and all have anti-cytokine properties, blocked visceral hypersensitivity, and colonic hyperpermeability in IBS models, such as
CRF, LPS, and repeated WAS.34-36,39,127 These results may further
support the existence of link between IBS and MS via a common
pathophysiological mechanism, ie, CRF–TLR4–proinflammatory
cytokine signaling. Moreover, the results also suggest that these
180

drugs for MS may improve the symptoms of IBS.
As the precise mechanisms of IBS have not been determined,
only symptomatic treatments are the main in clinical practice.
According to the evidence described above, inhibition of CRF–
TLR4–proinflammatory cytokine signaling is considered to be a
novel approach for the treatment for IBS. However, biopharmaceutical agents to inhibit proinflammatory cytokine cannot be used
because of their cost and side effects. Since these tested drugs above
are widely prescribed, their application to IBS treatment seems not
to be difficult. Large scale clinical trials to explore the effectiveness
of these drugs in IBS treatment are needed in the future. Additionally, our results also suggest the possibility that these drugs may reduce the risk of cardiovascular events by improving the gut barrier
via inhibiting proinflammatory cytokine signaling other than the
primary mechanism.

Conclusions
IBS and MS may have common pathophysiology, ie, leaky gut
and altered microbiota with activation of CRF–TLR4–proinflammatory cytokine signaling. This notion may pave the way for the
development of novel treatment of IBS and MS, and help in a better understanding of the underlying mechanisms of these diseases.

Financial support: None.
Conflicts of interest: None.
Author contributions: Tsukasa Nozu reviewed the literature
and drafted the original manuscript and figures; and Toshikatsu
Okumura edited the manuscript and provided important intellectual directives.

References
1. Drossman DA, Camilleri M, Mayer EA, Whitehead WE. AGA
technical review on irritable bowel syndrome. Gastroenterology
2002;123:2108-2131.
2. Taché Y, Kiank C, Stengel A. A role for corticotropin-releasing factor in functional gastrointestinal disorders. Curr Gastroenterol Rep
2009;11:270-277.
3. Nozu T, Okumura T. Corticotropin-releasing factor receptor type 1
and type 2 interaction in irritable bowel syndrome. J Gastroenterol
2015;50:819-830.
4. Taché Y, Million M. Role of corticotropin-releasing factor signaling in
stress-related alterations of colonic motility and hyperalgesia. J Neurogastroenterol Motil 2015;21:8-24.
5. Lozano R, Naghavi M, Foreman K, et al. Global and regional mortal-

Journal of Neurogastroenterology and Motility

IBS and Metabolic Syndrome

ity from 235 causes of death for 20 age groups in 1990 and 2010: a
systematic analysis for the Global Burden of Disease Study 2010. Lancet
2012;380:2095-2128.
6. Festi D, Schiumerini R, Eusebi LH, Marasco G, Taddia M, Colecchia A. Gut microbiota and metabolic syndrome. World J Gastroenterol
2014;20:16079-16094.
7. Wellen KE, Hotamisligil GS. Inflammation, stress, and diabetes. J Clin
Invest 2005;115:1111-1119.
8. Cani PD, Amar J, Iglesias MA, et al. Metabolic endotoxemia initiates
obesity and insulin resistance. Diabetes 2007;56:1761-1772.
9. Mayer EA, Savidge T, Shulman RJ. Brain-gut microbiome interactions
and functional bowel disorders. Gastroenterology 2014;146:1500-1512.
10. Camilleri M, Lasch K, Zhou W. Irritable bowel syndrome: methods,
mechanisms, and pathophysiology. The confluence of increased permeability, inflammation, and pain in irritable bowel syndrome. Am J Physiol
Gastrointest Liver Physiol 2012;303:G775-G785.
11. Nozu T, Miyagishi S, Nozu R, Takakusaki K, Okumura T. Altered
colonic sensory and barrier functions by CRF: roles of TLR4 and IL-1.
J Endocrinol 2018;239:241-252.
12. Cryan JF, O’Mahony SM. The microbiome-gut-brain axis: from bowel
to behavior. Neurogastroenterol Motil 2011;23:187-192.
13. Fukudo S, Nomura T, Muranaka M, Taguchi F. Brain-gut response to
stress and cholinergic stimulation in irritable bowel syndrome. A preliminary study. J Clin Gastroenterol 1993;17:133-141.
14. Mayer EA, Naliboff BD, Chang L, Coutinho SV. V. Stress and irritable bowel syndrome. Am J Physiol Gastrointest Liver Physiol
2001;280:G519-G524.
15. Fukudo S, Nomura T, Hongo M. Impact of corticotropin-releasing
hormone on gastrointestinal motility and adrenocorticotropic hormone
in normal controls and patients with irritable bowel syndrome. Gut
1998;42:845-849.
16. Lee C, Doo E, Choi JM, et al. The increased level of depression and
anxiety in irritable bowel syndrome patients compared with healthy controls: systematic review and meta-analysis. J Neurogastroenterol Motil
2017;23:349-362.
17. Fond G, Loundou A, Hamdani N, et al. Anxiety and depression comorbidities in irritable bowel syndrome (IBS): a systematic review and
meta-analysis. Eur Arch Psychiatry Clin Neurosci 2014;264:651-660.
18. Kellow JE, Delvaux M, Azpiroz F, Camilleri M, Quigley EM,
Thompson DG. Principles of applied neurogastroenterology: physiology/motility-sensation. Gut 1999;45(suppl 2):II17-II24.
19. Delvaux M. Role of visceral sensitivity in the pathophysiology of irritable
bowel syndrome. Gut 2002;51(suppl 1):i67-i71.
20. Mertz H, Naliboff B, Munakata J, Niazi N, Mayer EA. Altered rectal
perception is a biological marker of patients with irritable bowel syndrome. Gastroenterology 1995;109:40-52.
21. Bouin M, Plourde V, Boivin M, et al. Rectal distention testing in patients with irritable bowel syndrome: sensitivity, specificity, and predictive
values of pain sensory thresholds. Gastroenterology 2002;122:17711777.
22. Kanazawa M, Hongo M, Fukudo S. Visceral hypersensitivity in irritable
bowel syndrome. J Gastroenterol Hepatol 2011;26(suppl 3):119-121.

23. Nozu T, Kudaira M, Kitamori S, Uehara A. Repetitive rectal painful
distention induces rectal hypersensitivity in patients with irritable bowel
syndrome. J Gastroenterol 2006;41:217-222.
24. Farzaei MH, Bahramsoltani R, Abdollahi M, Rahimi R. The role of
visceral hypersensitivity in irritable bowel syndrome: pharmacological
targets and novel treatments. J Neurogastroenterol Motil 2016;22:558574.
25. Camilleri M, Gorman H. Intestinal permeability and irritable bowel
syndrome. Neurogastroenterol Motil 2007;19:545-552.
26. Dlugosz A, Nowak P, D’Amato M, et al. Increased serum levels of
lipopolysaccharide and antiflagellin antibodies in patients with diarrheapredominant irritable bowel syndrome. Neurogastroenterol Motil
2015;27:1747-1754.
27. Ortiz-Lucas M, Saz-Peiró P, Sebastián-Domingo JJ. Irritable bowel
syndrome immune hypothesis. Part two: the role of cytokines. Rev Esp
Enferm Dig 2010;102:711-717.
28. Sinagra E, Pompei G, Tomasello G, et al. Inflammation in irritable
bowel syndrome: myth or new treatment target? World J Gastroenterol
2016;22:2242-2255.
29. Liebregts T, Adam B, Bredack C, et al. Immune activation in patients
with irritable bowel syndrome. Gastroenterology 2007;132:913-920.
30. Nozu T, Miyagishi S, Nozu R, Takakusaki K, Okumura T. Lipopolysaccharide induces visceral hypersensitivity: role of interleukin-1,
interleukin-6, and peripheral corticotropin-releasing factor in rats. J Gastroenterol 2017;52:72-80.
31. Avila M, Gonzalez-Espinosa C. Signaling through toll-like receptor
4 and mast cell-dependent innate immunity responses. IUBMB Life
2011;63:873-880.
32. Boyer J, Saint-Paul MC, Dadone B, et al. Inflammatory cell distribution
in colon mucosa as a new tool for diagnosis of irritable bowel syndrome:
a promising pilot study. Neurogastroenterol Motil 2018;30.
33. Creekmore AL, Hong S, Zhu S, Xue J, Wiley JW. Chronic stressassociated visceral hyperalgesia correlates with severity of intestinal barrier dysfunction. Pain 2018;159:1777-1789.
34. Nozu T, Miyagishi S, Kumei S, Nozu R, Takakusaki K, Okumura T.
Lovastatin inhibits visceral allodynia and increased colonic permeability
induced by lipopolysaccharide or repeated water avoidance stress in rats.
Eur J Pharmacol 2017;818:228-234.
35. Nozu T, Miyagishi S, Nozu R, Takakusaki K, Okumura T. Pioglitazone
improves visceral sensation and colonic permeability in a rat model of irritable bowel syndrome. J Pharmacol Sci 2018;139:46-49.
36. Nozu T, Miyagishi S, Kumei S, Nozu R, Takakusaki K, Okumura T.
Metformin inhibits visceral allodynia and increased gut permeability
induced by stress in rats. J Gastroenterol Hepatol 2019;34:186-193.
37. Nozu T, Miyagishi S, Nozu R, Takakusaki K, Okumura T. Dehydroepiandrosterone sulfate improves visceral sensation and gut barrier in a
rat model of irritable bowel syndrome. Eur J Pharmacol 2019;852:198206.
38. Nozu T, Miyagishi S, Nozu R, Takakusaki K, Okumura T. Butyrate
inhibits visceral allodynia and colonic hyperpermeability in rat models of
irritable bowel syndrome. Sci Rep 2019;9:19603.
39. Nozu T, Miyagishi S, Nozu R, Takakusaki K, Okumura T. Losartan

Vol. 28, No. 2 April, 2022 (173-184)

181

Tsukasa Nozu and Toshikatsu Okumura

improves visceral sensation and gut barrier in a rat model of irritable
bowel syndrome. Neurogastroenterol Motil 2020;32:e13819.
40. Nozu T, Kudaira M. Corticotropin-releasing factor induces rectal hypersensitivity after repetitive painful rectal distention in healthy humans.
J Gastroenterol 2006;41:740-744.
41. Barreau F, Cartier C, Leveque M, et al. Pathways involved in gut
mucosal barrier dysfunction induced in adult rats by maternal deprivation: corticotrophin-releasing factor and nerve growth factor interplay. J
Physiol 2007;580(pt 1):347-356.
42. Santos J, Saunders PR, Hanssen NP, et al. Corticotropin-releasing hormone mimics stress-induced colonic epithelial pathophysiology in the rat.
Am J Physiol 1999;277:G391-G399.
43. Saunders PR, Santos J, Hanssen NP, Yates D, Groot JA, Perdue MH.
Physical and psychological stress in rats enhances colonic epithelial permeability via peripheral CRH. Dig Dis Sci 2002;47:208-215.
44. Söderholm JD, Yates DA, Gareau MG, Yang PC, MacQueen G, Perdue MH. Neonatal maternal separation predisposes adult rats to colonic
barrier dysfunction in response to mild stress. Am J Physiol Gastrointest
Liver Physiol 2002;283:G1257-G1263.
45. Hillhouse EW, Grammatopoulos DK. The molecular mechanisms underlying the regulation of the biological activity of corticotropin-releasing
hormone receptors: implications for physiology and pathophysiology.
Endocr Rev 2006;27:260-286.
46. Perrin MH, Vale WW. Corticotropin releasing factor receptors and their
ligand family. Ann N Y Acad Sci 1999;885:312-328.
47. Nozu T, Takakusaki K, Okumura T. A balance theory of peripheral
corticotropin-releasing factor receptor type 1 and type 2 signaling to
induce colonic contractions and visceral hyperalgesia in rats. Endocrinology 2014;155:4655-4664.
48. Nozu T, Miyagishi S, Nozu R, Takakusaki K, Okumura T. Repeated
water avoidance stress induces visceral hypersensitivity: role of IL1, IL-6 and peripheral corticotropin-releasing factor. J Gastroenterol
Hepatol 2017;32:1958-1965.
49. Overman EL, Rivier JE, Moeser AJ. CRF induces intestinal epithelial
barrier injury via the release of mast cell proteases and TNF-alpha.
PLoS One 2012;7:e39935.
50. Barbara G, Wang B, Stanghellini V, et al. Mast cell-dependent excitation of visceral-nociceptive sensory neurons in irritable bowel syndrome.
Gastroenterology 2007;132:26-37.
51. Bhattarai Y, Muniz Pedrogo DA, Kashyap PC. Irritable bowel syndrome: a gut microbiota-related disorder? Am J Physiol Gastrointest
Liver Physiol 2017;312:G52-G62.
52. Tap J, Derrien M, Törnblom H, et al. Identification of an intestinal
microbiota signature associated with severity of irritable bowel syndrome.
Gastroenterology 2017;152:111-123, e8.
53. O’Mahony SM, Marchesi JR, Scully P, et al. Early life stress alters behavior, immunity, and microbiota in rats: implications for irritable bowel
syndrome and psychiatric illnesses. Biol Psychiatry 2009;65:263-267.
54. Xu D, Gao J, Gillilland M 3rd, et al. Rifaximin alters intestinal bacteria
and prevents stress-induced gut inflammation and visceral hyperalgesia
in rats. Gastroenterology 2014;146:484-496, e4.
55. Salguero MV, Al-Obaide MAI, Singh R, Siepmann T, Vasylyeva TL.

182

Dysbiosis of gram-negative gut microbiota and the associated serum
lipopolysaccharide exacerbates inflammation in type 2 diabetic patients
with chronic kidney disease. Exp Ther Med 2019;18:3461-3469.
56. Bailey MT, Dowd SE, Galley JD, Hufnagle AR, Allen RG, Lyte M.
Exposure to a social stressor alters the structure of the intestinal microbiota: implications for stressor-induced immunomodulation. Brain Behav
Immun 2011;25:397-407.
57. Santos J, Yang PC, Söderholm JD, Benjamin M, Perdue MH. Role of
mast cells in chronic stress induced colonic epithelial barrier dysfunction
in the rat. Gut 2001;48:630-636.
58. Ait-Belgnaoui A, Durand H, Cartier C, et al. Prevention of gut leakiness
by a probiotic treatment leads to attenuated HPA response to an acute
psychological stress in rats. Psychoneuroendocrinology 2012;37:18851895.
59. Kelly JR, Kennedy PJ, Cryan JF, Dinan TG, Clarke G, Hyland NP.
Breaking down the barriers: the gut microbiome, intestinal permeability
and stress-related psychiatric disorders. Front Cell Neurosci 2015;9:392.
60. Plöger S, Stumpff F, Penner GB, et al. Microbial butyrate and its role
for barrier function in the gastrointestinal tract. Ann N Y Acad Sci
2012;1258:52-59.
61. Zhang J, Song L, Wang Y, et al. Beneficial effect of butyrate-producing
Lachnospiraceae on stress-induced visceral hypersensitivity in rats. J
Gastroenterol Hepatol 2019;34:1368-1376.
62. Crouzet L, Gaultier E, Del’Homme C, et al. The hypersensitivity to
colonic distension of IBS patients can be transferred to rats through their
fecal microbiota. Neurogastroenterol Motil 2013;25:e272-e282.
63. Zong Y, Zhu S, Zhang S, Zheng G, Wiley JW, Hong S. Chronic stress
and intestinal permeability: lubiprostone regulates glucocorticoid receptor-mediated changes in colon epithelial tight junction proteins, barrier
function, and visceral pain in the rodent and human. Neurogastroenterol
Motil 2019:e13477.
64. Cryan JF, Dinan TG. Mind-altering microorganisms: the impact of the
gut microbiota on brain and behaviour. Nat Rev Neurosci 2012;13:701712.
65. Audhya T, Jain R, Hollander CS. Receptor-mediated immunomodulation by corticotropin-releasing factor. Cell Immunol 1991;134:77-84.
66. Hojo M, Ohkusa T, Tomeoku H, et al. Corticotropin-releasing factor
secretion from dendritic cells stimulated by commensal bacteria. World J
Gastroenterol 2011;17:4017-4022.
67. Zheng PY, Feng BS, Oluwole C, et al. Psychological stress induces
eosinophils to produce corticotrophin releasing hormone in the intestine.
Gut 2009;58:1473-1479.
68. Yu Y, Liu ZQ, Liu XY, et al. Stress-derived corticotropin releasing factor breaches epithelial endotoxin tolerance. PLoS One 2013;8:e65760.
69. Obreja O, Rathee PK, Lips KS, Distler C, Kress M. IL-1 beta potentiates heat-activated currents in rat sensory neurons: involvement of IL1RI, tyrosine kinase, and protein kinase C. FASEB J 2002;16:14971503.
70. Suzuki T, Yoshinaga N, Tanabe S. Interleukin-6 (IL-6) regulates claudin-2 expression and tight junction permeability in intestinal epithelium.
J Biol Chem 2011;286:31263-31271.
71. Liu L, Zhu G. Gut-brain axis and mood disorder. Front Psychiatry

Journal of Neurogastroenterology and Motility

IBS and Metabolic Syndrome

2018;9:223.
72. Calarge CA, Devaraj S, Shulman RJ. Gut permeability and depressive symptom severity in unmedicated adolescents. J Affect Disord
2019;246:586-594.
73. Uehara A, Gottschall PE, Dahl RR, Arimura A. Interleukin-1 stimulates ACTH release by an indirect action which requires endogenous
corticotropin releasing factor. Endocrinology 1987;121:1580-1582.
74. Dabke K, Hendrick G, Devkota S. The gut microbiome and metabolic
syndrome. J Clin Invest 2019;129:4050-4057.
75. Araújo JR, Tomas J, Brenner C, Sansonetti PJ. Impact of high-fat diet
on the intestinal microbiota and small intestinal physiology before and
after the onset of obesity. Biochimie 2017;141:97-106.
76. Jakobsdottir G, Xu J, Molin G, Ahrné S, Nyman M. High-fat diet
reduces the formation of butyrate, but increases succinate, inflammation,
liver fat and cholesterol in rats, while dietary fibre counteracts these effects. PLoS One 2013;8:e80476.
77. Gao F, Lv YW, Long J, et al. Butyrate improves the metabolic disorder
and gut microbiome dysbiosis in mice induced by a high-fat diet. Front
Pharmacol 2019;10:1040.
78. Rogero MM, Calder PC. Obesity, inflammation, toll-like receptor 4
and fatty acids. Nutrients 2018;10:432.
79. Kim KA, Gu W, Lee IA, Joh EH, Kim DH. High fat diet-induced gut
microbiota exacerbates inflammation and obesity in mice via the TLR4
signaling pathway. PLoS One 2012;7:e47713.
80. Rehman K, Akash MS. Mechanisms of inflammatory responses and
development of insulin resistance: how are they interlinked? J Biomed
Sci 2016;23:87.
81. Gregor MF, Hotamisligil GS. Inflammatory mechanisms in obesity.
Annu Rev Immunol 2011;29:415-445.
82. Kallio KA, Hätönen KA, Lehto M, Salomaa V, Männistö S, Pussinen
PJ. Endotoxemia, nutrition, and cardiometabolic disorders. Acta Diabetol 2015;52:395-404.
83. Jialal I, Kaur H, Devaraj S. Toll-like receptor status in obesity and metabolic syndrome: a translational perspective. J Clin Endocrinol Metab
2014;99:39-48.
84. Miura K, Ishioka M, Iijima K. The roles of the gut microbiota and
toll-like receptors in obesity and nonalcoholic fatty liver disease. J Obes
Metab Syndr 2017;26:86-96.
85. Ahmad R, Al-Mass A, Atizado V, et al. Elevated expression of the toll
like receptors 2 and 4 in obese individuals: its significance for obesityinduced inflammation. J Inflamm (Lond) 2012;9:48.
86. Nakarai H, Yamashita A, Nagayasu S, et al. Adipocyte-macrophage interaction may mediate LPS-induced low-grade inflammation: potential
link with metabolic complications. Innate Immun 2012;18:164-170.
87. Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose expression of
tumor necrosis factor-alpha: direct role in obesity-linked insulin resistance. Science 1993;259:87-91.
88. Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Ferrante AW Jr. Obesity is associated with macrophage accumulation in
adipose tissue. J Clin Invest 2003;112:1796-1808.
89. Lin Y, Lee H, Berg AH, Lisanti MP, Shapiro L, Scherer PE. The
lipopolysaccharide-activated toll-like receptor (TLR)-4 induces syn-

thesis of the closely related receptor TLR-2 in adipocytes. J Biol Chem
2000;275:24255-24263.
90. Daemen S, Schilling JD. The interplay between tissue niche and macrophage cellular metabolism in obesity. Front Immunol 2019;10:3133.
91. Farrell GC, van Rooyen D, Gan L, Chitturi S. NASH is an inflammatory disorder: pathogenic, prognostic and therapeutic implications. Gut
Liver 2012;6:149-171.
92. Frost RA, Nystrom GJ, Lang CH. Lipopolysaccharide stimulates
nitric oxide synthase-2 expression in murine skeletal muscle and C2C12
myoblasts via toll-like receptor-4 and c-Jun NH(2)-terminal kinase
pathways. Am J Physiol Cell Physiol 2004;287:C1605-C1615.
93. Frost RA, Nystrom GJ, Lang CH. Lipopolysaccharide and proinflammatory cytokines stimulate interleukin-6 expression in C2C12 myoblasts: role of the Jun NH2-terminal kinase. Am J Physiol Regul Integr
Comp Physiol 2003;285:R1153-R1164.
94. Williams KH, Shackel NA, Gorrell MD, McLennan SV, Twigg SM.
Diabetes and nonalcoholic fatty liver disease: a pathogenic duo. Endocr
Rev 2013;34:84-129.
95. Kolodziejczyk AA, Zheng D, Shibolet O, Elinav E. The role of the microbiome in NAFLD and NASH. EMBO Mol Med 2019;11:e9302.
96. Rocha DM, Caldas AP, Oliveira LL, Bressan J, Hermsdorff HH.
Saturated fatty acids trigger TLR4-mediated inflammatory response.
Atherosclerosis 2016;244:211-215.
97. Suganami T, Tanimoto-Koyama K, Nishida J, et al. Role of the toll-like
receptor 4/NF-kappaB pathway in saturated fatty acid-induced inflammatory changes in the interaction between adipocytes and macrophages.
Arterioscler Thromb Vasc Biol 2007;27:84-91.
98. Shi H, Kokoeva MV, Inouye K, Tzameli I, Yin H, Flier JS. TLR4
links innate immunity and fatty acid-induced insulin resistance. J Clin
Invest 2006;116:3015-3025.
99. Fessler MB, Rudel LL, Brown JM. Toll-like receptor signaling links
dietary fatty acids to the metabolic syndrome. Curr Opin Lipidol
2009;20:379-385.
100. Zhang N, Liang H, Farese RV, Li J, Musi N, Hussey SE. Pharmacological TLR4 inhibition protects against acute and chronic fat-induced
insulin resistance in rats. PLoS One 2015;10:e0132575.
101. Hopps E, Noto D, Caimi G, Averna MR. A novel component of the
metabolic syndrome: the oxidative stress. Nutr Metab Cardiovasc Dis
2010;20:72-77.
102. Neves AL, Coelho J, Couto L, Leite-Moreira A, Roncon-Albuquerque
R Jr. Metabolic endotoxemia: a molecular link between obesity and cardiovascular risk. J Mol Endocrinol 2013;51:R51-R64.
103. Linna MS, Ahotupa M, Kukkonen-Harjula K, Fogelholm M, Vasankari TJ. Co-existence of insulin resistance and high concentrations of
circulating oxidized LDL lipids. Ann Med 2015;47:394-398.
104. Liu HQ, Qiu Y, Mu Y, et al. A high ratio of dietary n-3/n-6 polyunsaturated fatty acids improves obesity-linked inflammation and insulin
resistance through suppressing activation of TLR4 in SD rats. Nutr Res
2013;33:849-858.
105. Barreau F, Ferrier L, Fioramonti J, Bueno L. Neonatal maternal deprivation triggers long term alterations in colonic epithelial barrier and
mucosal immunity in rats. Gut 2004;53:501-506.

Vol. 28, No. 2 April, 2022 (173-184)

183

Tsukasa Nozu and Toshikatsu Okumura

106. Yi L, Zhang H, Sun H, et al. Maternal separation induced visceral hypersensitivity from childhood to adulthood. J Neurogastroenterol Motil
2017;23:306-315.
107. Clarke G, O’Mahony SM, Hennessy AA, et al. Chain reactions: earlylife stress alters the metabolic profile of plasma polyunsaturated fatty
acids in adulthood. Behav Brain Res 2009;205:319-321.
108. Chua CS, Huang SY, Cheng CW, et al. Fatty acid components in Asian
female patients with irritable bowel syndrome. Medicine (Baltimore)
2017;96:e9094.
109. Bale TL, Anderson KR, Roberts AJ, Lee KF, Nagy TR, Vale WW.
Corticotropin-releasing factor receptor-2-deficient mice display abnormal homeostatic responses to challenges of increased dietary fat and cold.
Endocrinology 2003;144:2580-2587.
110. Taché Y, Bonaz B. Corticotropin-releasing factor receptors and stressrelated alterations of gut motor function. J Clin Invest 2007;117:33-40.
111. Li C, Chen P, Vaughan J, Lee KF, Vale W. Urocortin 3 regulates
glucose-stimulated insulin secretion and energy homeostasis. Proc Natl
Acad Sci USA 2007;104:4206-4211.
112. Kuperman Y, Issler O, Regev L, et al. Perifornical urocortin-3 mediates
the link between stress-induced anxiety and energy homeostasis. Proc
Natl Acad Sci USA 2010;107:8393-8398.
113. Chrousos GP. The role of stress and the hypothalamic-pituitary-adrenal
axis in the pathogenesis of the metabolic syndrome: neuro-endocrine
and target tissue-related causes. Int J Obes Relat Metab Disord
2000;24(suppl 2):S50-S55.
114. Rosmond R. Role of stress in the pathogenesis of the metabolic syndrome. Psychoneuroendocrinology 2005;30:1-10.
115. Tramullas M, Finger BC, Dinan TG, Cryan JF. Obesity takes its toll on
visceral pain: high-fat diet induces toll-like receptor 4-dependent visceral
hypersensitivity. PLoS One 2016;11:e0155367.
116. Pickett-Blakely O. Obesity and irritable bowel syndrome: a comprehensive review. Gastroenterol Hepatol (NY) 2014;10:411-416.

184

117. Aasbrenn M, Lydersen S, Farup PG. A conservative weight loss
intervention relieves bowel symptoms in morbidly obese subjects
with irritable bowel syndrome: a prospective cohort study. J Obes
2018;2018:3732753.
118. Lee CG, Lee JK, Kang YS, et al. Visceral abdominal obesity is associated with an increased risk of irritable bowel syndrome. Am J Gastroenterol 2015;110:310-319.
119. Després JP, Lemieux I. Abdominal obesity and metabolic syndrome.
Nature 2006;444:881-887.
120. Guo Y, Niu K, Momma H, et al. Irritable bowel syndrome is positively
related to metabolic syndrome: a population-based cross-sectional study.
PLoS One 2014;9:e112289.
121. Cholongitas E, Pipili C, Dasenaki M. Gastro-oesophageal reflux disease
and irritable bowel syndrome significantly associated with metabolic syndrome. Scand J Gastroenterol 2008;43:1405-1406.
122. Basilisco G, Camboni G, Bozzani A, Vita P, Doldi S, Bianchi PA. Orocecal transit delay in obese patients. Dig Dis Sci 1989;34:509-512.
123. Sadik R, Björnsson E, Simrén M. The relationship between symptoms, body mass index, gastrointestinal transit and stool frequency in
patients with irritable bowel syndrome. Eur J Gastroenterol Hepatol
2010;22:102-108.
124. Eswaran S, Tack J, Chey WD. Food: the forgotten factor in the irritable
bowel syndrome. Gastroenterol Clin North Am 2011;40:141-162.
125. Chirila I, Petrariu FD, Ciortescu I, Mihai C, Drug VL. Diet and irritable bowel syndrome. J Gastrointestin Liver Dis 2012;21:357-362.
126. Kaptoge S, Seshasai SR, Gao P, et al. Inflammatory cytokines and risk
of coronary heart disease: new prospective study and updated metaanalysis. Eur Heart J 2014;35:578-589.
127. Nozu T, Miyagishi S, Kumei S, Nozu R, Takakusaki K, Okumura T.
Glucagon-like peptide-1 analog, liraglutide improves visceral sensation
and gut permeability in rats. J Gastroenterol Hepatol 2018;33:232-239.

Journal of Neurogastroenterology and Motility

JNM

J Neurogastroenterol Motil, Vol. 28 No. 2 April, 2022
pISSN: 2093-0879 eISSN: 2093-0887
https://doi.org/10.5056/jnm21079

Journal of Neurogastroenterology and Motility

Systematic Review

Functional Neuroimaging in Irritable Bowel
Syndrome: A Systematic Review Highlights
Common Brain Alterations With Functional
Movement Disorders
Veronica Nisticò,1,2,3* Roberta E Rossi,4,5 Andrea M D’Arrigo,6 Alberto Priori,1,2,7 Orsola Gambini,1,2,8 and Benedetta Demartini1,2,8
1

Dipartimento di Scienze della Salute, Università degli Studi di Milano, Milan, Italy; 2“Aldo Ravelli” Research Center for Neurotechnology and
Experimental Brain Therapeutics, Università degli Studi di Milano, Milan, Italy; 3Department of Psychology, University of Milan-Bicocca, Milan,
Italy; 4Gastro-intestinal Surgery and Liver Transplantation Unit, Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy; 5Department
of Pathophysiology and Organ Transplant, Università degli Studi di Milano, Milan, Italy; 6Department of Neurology, ASST Fatebenefratelli
Sacco, Ospedale Fatebenefratelli, Milan, Italy; 7III Clinica Neurologica, ASST Santi Paolo e Carlo, Presidio San Paolo, Milan, Italy; and 8Unità di
Psichiatria 52, ASST Santi Paolo e Carlo, Presidio San Paolo, Milan, Italy

Irritable bowel syndrome (IBS) is a chronic functional gastrointestinal disorder characterized by recurring abdominal pain and altered
bowel habits without detectable organic causes. This study aims to provide a comprehensive overview of the literature on functional
neuroimaging in IBS and to highlight brain alterations similarities with other functional disorders - functional movement disorders
in particular. We conducted the bibliographic search via PubMed in August 2020 and included 50 studies following Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines for systematic reviews. Overall, our findings showed
an aberrant activation and functional connectivity of the insular, cingulate, sensorimotor and frontal cortices, the amygdala and
the hippocampus, suggesting an altered activity of the homeostatic and salience network and of the autonomous nervous system.
Moreover, glutamatergic dysfunction in the anterior insula and hypothalamic pituitary axis dysregulation were often reported. These
alterations seem to be very similar to those observed in patients with functional movement disorders. Hence, we speculate that
different functional disturbances might share a common pathophysiology and we discussed our findings in the light of a Bayesian
model framework.
(J Neurogastroenterol Motil 2022;28:185-203)
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Introduction
Irritable bowel syndrome (IBS) is a chronic functional gastro-

intestinal disorder (FGID) characterized by recurring abdominal
pain associated with altered bowel habits without detectable organic
causes.1,2 The definition of IBS is based on the Rome IV criteria:
recurrent abdominal pain at least 3 days per month in the last 3
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months, associated with a change in stool frequency or form and
improvement with defecation.2 IBS is a multi-factorial disorder
with a complex bio-psychosocial pathophysiology,3 including
altered gastrointestinal motility, visceral hyperalgesia,4 increased
intestinal permeability, immune activation,5 altered microbiota,6 and
disrupted communication between the gastrointestinal tract and
the central nervous system.7 The relevance of bidirectional communication pathways between the brain and the gastrointestinal
system, namely the brain-gut-axis, is increasingly acknowledged as
underlying pathophysiological mechanism of different somatic and
neuropsychiatric disturbances.8 Multiple brain networks (salience,
sensorimotor, and executive-control networks) have been reported
to mediate the effects of affect, mood, and environmental factors
on gut function and pain perception, resulting in visceral hypersensitivity and altered bowel habits9,10 and IBS can be considered
an exemplary disorder of brain-gut communication. Therefore, in
the recent years, several neuroimaging studies have been conducted
to investigate brain alterations associated with IBS. Recent studies implementing quantitative magnetic resonance spectroscopy
(qMRS) highlighted an aberrant glutamatergic neurotransmission

in limbic structures of IBS patients.11-13 Bednarska et al11 observed
that increased concentration of glutamate was also reported in the
posterior insula (pINS) of patients with fibromyalgia.14 Moreover,
according to a recent case-control study from our group,15 a glutamate increase has been detected in the limbic system of patients
suffering from functional movement disorders (FMD, also called
conversion disorders) when compared to healthy controls (HC).
Based on these observations, herein we conducted a systematic
review of the literature focused on functional neuroimaging in the
IBS setting. Consequently, we discuss whether these shared brain
alterations may represent a common pathophysiology for different
functional disturbances.

Methods
We followed Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines for systematic reviews.16
The bibliographic search was conducted on PubMed in August
2020. Moreover, we looked through reference lists of screened articles.

Identification

PRISMA 2009 flow diagram

Records identified through
database searching
(n = 911)

Additional records identified
through other sources
(n = 2)

Screening

Records screened
(n = 210)

Records excluded, with
reasons: n = 160
[n = 9: language;
n = 67: review, commentaries
or meta-analyses;
n = 13: no humans;
n = 22: no IBS;
n = 11: no functional
neuroimaging;
n = 21: no HC;
n = 13: case series;
n = 4: pediatric IBS]

Eligibility

Records after duplicates removed
(n = 210)

Full-text articles assessed
for eligibility
(n = 50)

Full-text articles excluded,
with reasons
(n = 0)

Included

Figure 1. Preferred Reporting Items for
Studies included in
qualitative synthesis
(n = 50)
For more information, visit www.prisma-statement.org.
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Systematic Reviews and Meta-analyses
(PRISMA) flow diagram illustrating
the bibliographic search and the selection process. Adapted from Moher et
al.16 IBS, irritable bowel syndrome; HC,
healthy control.

Functional Neuroimaging in IBS

Inclusion criteria were: (1) English-written articles, (2) articles
including only human subjects above 18 years old, (3) studies on
IBS, and (4) functional neuroimaging studies.
Exclusion criteria were: (1) studies about any other functional
somatic disorder, (2) review articles, (3) structural neuroimaging
studies, (4) case series (less than 10 patients with IBS), (5) studies
without a HC group, and (6) studies including pediatric patients
with IBS.
The search was conducted using the following keywords:
(irritable bowel syndrome), (spastic colon), (spastic bowel), (mucous colitis), and (nervous colon); and combined on a string with
the keywords: (functional neuroimaging) and (functional brain
imaging). Supplementary Table shows results for each string on
PubMed. We retrieved 911 articles. After removing duplicates, 210
articles remained, which were independently screened by 2 authors
(V.N. and R.E.R.) by reading abstracts and full text. Disagreement
was resolved by discussion between the 2 independent authors; if no
agreement was reached, a third independent party (B.D.) was involved as an arbiter. Fifty studies were selected (Fig. 1). Results are
presented divided up by methodology in Table 1 and synthetically
described in Table 2.

Results
Functional Magnetic Resonance Imaging at Restingstate
Compared to HC, patients with IBS showed hypoactivity at
resting-state in: (1) the left superior frontal gyrus (SFG), the right
hippocampus, the bilateral post-central gyrus (primary somatosensory cortex [S1]), and the right superior temporal pole17; (2) the
right middle frontal gyrus (MFG)17,18 and the right orbital part of
the SFG18; (3) several default mode network (DMN) regions: the
medial prefrontal cortex (mPFC), the posterior cingulate cortex
(PCC), and the bilateral inferior parietal cortices.18 Hyperactivity
was found in the left median cingulate cortex (MCC),17 the calcarine,17 the bilateral pINS,18 and cuneus.18 Duration of the IBS
disease positively correlated with the right MFG activity and negatively correlated with the left MCC activity17; dorsal and ventral
anterior cingulate cortex (ACC) hypoactivity disappeared after controlling for anxiety and depression, leading the authors to hypothesize that high anxious-depressive symptomatology may explain
the intrinsic decreased brain activity in regions involved in affective
processing (the ACC).18 Focusing on gender- and disease-related
differences, Hong and colleagues19 found that: (1) female IBS pa-

tients, compared to HC, showed hyperactivity in the amygdala and
hippocampus, and hypoactivity in sensorimotor regions; (2) both
female HC and female IBS patients showed higher activity in the
amygdala and hippocampus than male HC and male IBS patients,
respectively; female IBS patients, compared with males, showed
insular hyperactivity; and (3) in female patients, altered activity correlated with abdominal discomfort ratings.19
In summary, these studies show a global frontal, sensorimotor
and DMN hypoactivity, and a cingulate, insular and amygdala hyperactivity in patients with IBS at resting state, compared to HC.
Resting-state functional connectivity
In IBS patients, increased connectivity was found between: (1)
the left MCC and left SFG;17 (2) the right MFG, left SFG, and
left PCC17; and (3) the mPFC and cuneus (negative FC18). Decreased connectivity was found between: (1) the right superior parietal gyrus and left rectus17, (2) mPFC and the right orbital part of
the SFG (positive connectivity18), (3) ventral ACC and PCC (positive connectivity18), and (4) mPFC and left pINS (negative connectivity18). Qi and colleagues18 found that FC was not influenced
by anxiety and depression, although other studies did not confirm
this finding.20,21 Moreover, Qi and colleagues21 showed that IBS patients, compared to HC, had higher interhemispheric FC between
thalamus (bilateral), PCC, cuneus, lingual gyri, and cerebellar
lobes, together with lower interhemispheric FC between bilateral
ventral ACC and inferior parietal lobules. Controlling for anxiety
and depression, connectivity differences in the ventral ACC were
abolished. Weng and colleagues22 calculated the long-range and
short-range FC density (LR- and SR-FCD: the amount of distant
and local functional connections of cortical areas). Compared to
HC, IBS patients showed several FCD alteration in areas deputed
to sensorimotor, homeostatic, emotional and cognitive regulation:
(1) decreased LR- and SR-FCD in bilateral anterior MCC and inferior parietal lobules; (2) decreased LR-FCD in the right anterior
insula (aINS), positively correlated with severity of IBS symptoms;
(3) decreased SR-FCD in bilateral PFC, subgenual ACC and caudate, positively correlated with disease duration; (4) increased LRand SR-FCD in S1; (5) increased LR-FCD in right supplementary motor area (SMA); and (6) increased SR-FCD in occipital
lobe. Moreover, they found altered FC in IBS patients’ pain matrix,
in particular: increased FC between the anterior MCC, right aINS,
and superior prefrontal cortices; decreased FC between anterior
MCC, right aINS, and PCC/precuneus. Postcentral cortices with
stronger FCD showed: (1) increased FC with bilateral pre-central
cortices, PCC/precuneus and mPFC; and (2) decreased FC
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30 IBS vs 31 HC

31 IBS vs 32 HC

65 IBS vs 67 HC

31 IBS vs 32 HC

16 IBS vs 16 HC

41 IBS vs 20 HC

Qi,27 2016

Qi,21 2016

Qi,24 2016

Gupta,23 2017

Icenhour,29 2017

31 IBS vs 32 HC

Ke,30 2015

Qi,18 2016

48 IBS vs 48 HC

Hong,26 2014

21 IBS vs 21 HC

58 IBS vs 110 HC

Gupta,20 2014

Ma,17 2015

60 IBS vs 108 HC

Participants

Hong, 2013

19

First author, year

Resting-state

Resting-state

Resting-state
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fMRI

fMRI

fMRI

fMRI,
IVMHC

fMRI

fMRI,
ALFF

Resting-state

Resting-state

Resting-state

Resting-state

Resting-state

Resting-state

fMRI, ReHo Resting-state
analysis
fMRI,
Resting-state
ALFF

fMRI

fMRI

fMRI,
ALFF

Technique

Table 1. Results of the Systematic Review Divided up by Methodology

Task
Female HC and IBS showed hyperactivation in amygdala and hippocampus
compared with male HC and IBS. Female IBS showed hyperactivation in INS
and hypoactivation in S1 compared to male IBS.
History of EAL was associated with altered FC in the salience/executive control
network in IBS patients; male IBS patients demonstrated additional
EAL-related alterations in the cerebellar network.
Male IBS showed increased FC than female IBS of the dorsal aINS bilaterally
with mPFC and dorsal pINS; (2) female IBS showed greater negative FC than
male IBS of L dorsal aINS with L precuneus; clinical characteristics correlated
to the FC between INS and dorsal mPFC in male IBS, with the precuneus in
female IBS.
IBS patients showed increased FC in S1 and thalamus and decreased FC in the
ACC and PFC.
IBS patients showed hypoactivity in the L SFG, R hippocampus, R MFG,
bilateral M1, and R superior temporal pole; hyperactivation in the L MCC
and L calcarine; increased FC in cingulate and frontal cortex.
IBS showed hypoactivity in DMN regions (mPFC, PCC, bilateral inferior
parietal cortices), MFG, R orbital part of the SFG, dorsal ACC, ventral ACC;
hyperactivity in bilateral pINS and cuneus; decreased positive FC between
mPFC and R orbital SFG, between ventral ACC and PCC; decreased
negative FC between mPFC and L pINS; increased negative FC between
mPFC and cuneus.
IBS showed higher positive FC between the amygdala and INS, midbrain,
parahippocampal gyrus, S1/M1, and SMA.
IBS showed higher interhemispheric FC between bilateral thalami,
cuneus, PCC, lingual gyri and inferior occipital/cerebellum lobes; lower
interhemispheric FC between bilateral ventral ACC and inferior parietal lobules.
IBS showed decreased DMN inter-regional FC between precuneus and ACC,
medial orbital SFG, and MTG, together with decreased DMN global
efficiency (E glob).
Regions of the salience network, (MCC, MTG, STG) were positively correlated
with proinflammatory genes (IL-6 and APOL2 ) in IBS, but negatively correlated
with anti-inflammatory genes (KRT8 and APOA4 ) in HCs.
H-IBS, compared to N-IBS, showed increased positive FC of pregenual
ACC and thalamus and of pINS within the sensorimotor network; N-IBS
showed decreased positive FC of amygdala and decreased negative FC in
dorsal aINS within the DMN. FC between DMN and sensorimotor
network correlated with rectal perception thresholds, while FC in pINS
correlated with symptom severity.

Main results
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Elsenbruch,41 2010

Elsenbruch,34 2010

15 IBS vs 12 HC,
female only

10 IBS vs 10 HC, female,
with 5 and 5 respectively
having history of abuse
15 IBS vs 12 HC,
female only

Ringel,48 2008

fMRI

fMRI

fMRI

fMRI

14 IBS vs 12 HC,
female only

Berman,33 2008

fMRI

fMRI

26 IBS vs 11 HC

Yuan,32 2003

fMRI

12 IBS vs 12 HC

18 IBS vs 16 HC

Mertz,31 2000

fMRI

Song,36 2006

32 IBS vs 15 HC

Witt,25 2019

fMRI

fMRI

32 IBS vs 32 HC

Weng,22 2017

fMRI

Technique

Wilder-Smith,35 2004 10 IBS vs 10 HC

19 IBS vs 26 HC

Participants

Longarzo, 2017

28

First author, year

Table 1. Continued 1

Rectal distention exam

Rectal distention exam

Rectal distention exam

Rectal distention exam

Rectal distention exam

Rectal distention exam

Rectal distention exam

Rectal distention exam

Resting-state

Resting-state

Resting-state

Task
In IBS patients, correlation emerged: between hypochondriasis and FC between
PCC and L supramarginal gyrus/STG; interoception and FC between L
ventral aINS and supramarginal gyrus bilaterally.
IBS showed decreased long- and short-range FCD in bilateral anterior MCC
and inferior parietal lobules; decreased long-range FCD in R aINS; decreased
short-range FCD in bilateral PFC, subgenual ACC and caudates; increased
long- and short-range FCD in S1/M1; increased long-range FCD in R
SMA; increased short-range FCD in occipital lobe.
IBS patients only showed an increased FC of the R amygdala, correlated with
decreased gut permeability.
In HC and IBS, rectal stimulation led to a greater activity of ACC, PFC, INS,
and thalamus. In IBS pain produced an hyperactivation of the ACC.
In IBS and HC, rectal distention stimulation increased the activity of ACC,
PFC, INS and thalamus. During painful stimulation, IBS hyperactivated
INS, PFC, and thalamus.
IBS-D, during heterotopic stimulation showed significant deactivation in the
right aINS; IBS-C showed increased activations of the amygdala and
hippocampus; HC only showed deactivation of the PAG.
During rectal stimulation, compared to heterotopic stimulation, HC but not
IBS showed greater activation in bilateral aINS, S2 and putamen; IBS showed
greater activation during rectal plus heterotopic stimulation, compared to
rectal stimulation alone, in bilateral S1, R STG, R inferior lobule and bilateral
STG.
During cued anticipation of distention, HC showed hypoactivity in INS,
supragenual ACC, amygdala, and DBS, while IBS patients showed less
anticipatory inactivation. Group differences were significant in R pINS and
bilateral DBS. During distention, both groups showed activity increases in
INS dorsal ACC, and DBS and decreases in the infragenual ACC. The
increases were more extensive in patients, in dorsal ACC and DBS.
In HC and IBS, distention-elicited pain correlated with activation of PCC and
MCC, but subjects with IBS and history of sexual abuse showed higher
activity in L MCC and PCC, and lower activity in L supragenual ACC.
IBS showed hyperactivation in aINS and PFC. Anxiety correlated with
pain-induced activation of the anterior MCC and pregenual ACC. Depression
correlated with activation of PFC and cerebellar areas.
During rectal stimulation, IBS showed more pronounced stress-induced
modulation of neural activation in the INS, MCC, VLPFC. During
relaxation, IBS patients demonstrated reduced modulation of
distension-induced activation in the INS.
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26 IBS vs 29 HC,
female only
12 HC vs 14 IBS

30 IBS vs 30 HC

Kilpatrick,53 2011

Aizawa,51 2012
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44 IBS vs 20 HC,
female only

15 IBS vs 15 HC

15 IBS vs 14 HC

Lowén,46 2013

Rosenberger,38 2013

Hubbard,52 2015

Labus,42 2013

fMRI

fMRI

fMRI

fMRI
10 IBS patients with
facilitation and 10 with
inhibition of the RIII reflex
vs 11 HC, female only
47 IBS vs 67 HC
fMRI

Bouhassira,37 2013

Lee,59 2012

fMRI
Total: 44 IBS vs 20 HC;
imaging: 18 normosensitive
and 15 hypersensitive
patients with IBS and
18 controls
17 IBS vs 17 HC
fMRI

fMRI

fMRI

fMRI

fMRI

Technique

Larsson,49 2012

Labus,1 2011

14 IBS vs 17 HC,
female only

Participants

Hubbard, 2011

56

First author, year

Table 1. Continued 2

Main results

Attention network test

Rectal distention exam

Rectal distention exam and
hypnotherapy

Emotion recognition paradigm

Rectal distention exam

Rectal distention exam

Male IBS and HC showed greater overall brain responses to emotional stimuli
than females in PFC, INS, and amygdala.
Hypnotherapy or educational intervention were both effective in reducing pain
during rectal distention in both IBS and HC group; after the treatment,
the brain response to distension was similar in IBS and in HCs.
Within IBS, depression scores correlated with non-painful distension-induced
activation in the R cerebellum (Crus I, II, and lobule VIIIb) and with painful
distension-induced activation in vermal lobule V; anxiety scores correlated with
non-painful induced activation in Crus II.
IBS showed shorter reaction times during the alerting and orienting conditions,
correlated with hyperactivation of anterior MCC (correlated with duration and
severity of GI-symptoms) and INS, and hypoactivation in the R inferior frontal
junction and SMA. during the executive control task, IBS showed activation in
the dorsal mPFC and deactivation of thalamus.

IBS and HC showed comparable visceral PLA analgesia, but IBS showed
hyperactivity in INS, MCC and VLPFC. VLPFC was also more active during anticipation in IBS.
Non-painful and painful rectal distension induced similar changes in brain
activity in IBS patients with facilitation and inhibition of the RIII reflex.

During pain expectation, IBS and HC receiving GW876008 showed
Pain expectation + two single
hypoactivation in the amygdala, hippocampus, INS, ACC, and OFC/mPFC.
oral doses (20 or 200 mg) of the
IBS showed greater BOLD responses in the L locus coeruleus and
CRF1 antagonist GW876008
vs PLA
hypothalamus after PLA compared with HCs, and hypoactivation of
the L hypothalamus after drug.
Affect-matching paradigm
IBS patients with the C/C genotype had increased amygdala responses to
nonemotional stimuli, compared with other subjects with C/C genotype.
Rectal distention exam
In HC and IBS-C, ATD lead to an increased response to rectal distention of the
amygdala and nodes of emotional arousal and homeostatic afferent networks.
The effect was greater during high inflation.
Wisconsin Card Sorting Test
IBS showed hypoactivity of the R DLPFC and R hippocampus; hyperactivity of
the L pINS at error feedback during set-shifting; less FC from the DLPFC to
pre-SMA.
Rectal distention exam
H-IBS had hyperactivation of INS and hypoactivation in pregenual ACC
during noxious rectal distensions, compared to HC and N-IBS. During
expectation of rectal distension, N-IBS had showed hyperactivation in
R hippocampus than HC.

Task
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20 IBS vs 10 HC

26 IBS vs 29 HC

28 IBS vs 34 HC

31 IBS vs 20 HC

27 IBS vs 33 HC

26 IBS vs 35 HC

Kano,44 2017

Kano,57 2017

Wang,40 2017

Kano,47 2019

Kano,58 2020

13 IBS vs 11 HC

Wong,55 2016

Guleria,54 2017

37 HC vs 37 IBS

Hong,43 2016

17 IBS vs 21 HC

33 IBS vs 18 HC

Lowén,50 2015

Claassen,39 2017

20 IBS vs 23 HC

Participants

Icenhour, 2015

45

First author, year
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fMRI

fMRI

fMRI

fMRI

fMRI

fMRI

fMRI

fMRI

fMRI

fMRI

fMRI

Technique

Rectal distention exam

Rectal distention exam

Rectal distention exam
+ intravenous CRF
administration (2 μg/kg)
Rectal distention exam

Rectal distention exam

Rectal distention exam

Differential fear conditioning
paradigm

Rectal distention exam

Pain expectation

Rectal distention exam

Rectal distention exam with fear
acquisition paradigm

Task

Activation in parietal areas, PFC, cerebellum, ACC, INS and thalamus
increased along with increases in rectal balloon dilation, except in women with
IBS and patients with disease duration less than 5 years.
In HC, but not in IBS, a positive correlation between baseline high frequency
values of HRV and neural responses to rectal distension was found in the R
caudate, bilateral dorsolateral ACC, and pregenual ACC.
During rectal distention, activity in the R INS was positively associated with
alexithymia scores to a greater extent in patients with IBS than in HCs.

IBS showed: during fear acquisition, hyperactivation of PFC and amygdala;
during extinction, hyperactivation of cingulate cortex; during reinstatement,
hyperactivation of hippocampus.
In the last trials of a series of rectal distension, N-IBS showed decreasing
activation in INS, PFC and amygdala, H-IBS showed greater activation in
insula, ACC and MCC.
Regions within the salience, attention, default mode, and emotional arousal
networks were more activated by the cued abdominal threat condition and the
uncued condition than in the cued safe condition. During the uncued
condition IBS subjects showed hyperactivations in amygdala, aINS, MFG,
thalamus and precuneus.
IBS showed, within the scanner environment, significantly increased visceral,
but not somatic, pain perception.
IBS patients revealed hyperactivity responses to pain-predictive and safety cues
in the vermis, intermediate cerebellum (maximum in lobule VIII), and the
posterolateral cerebellar hemisphere (maximum in lobule VI). During
extinction and reinstatement, no differences emerged between HC and IBS.
During visceral pain-related fear conditioning, IBS patients showed hyperactivations in several areas of the medial, intermediate, and lateral cerebellum.
IBS patients showed greater cerebral activations in INS, MTG, and cerebellum
in the L hemisphere, but lacked of activation in bilateral precuneus/superior
parietal lobules. IBS-C activated R MCC, while IBS-D activated L inferior
OFC, L calcarine, and bilateral fusiform gyri.
IBS patients, in uncertain anticipation, showed greater activation of anterior
MCC, thalamus, and visual processing areas; the following rectal distention
elicited in IBS higher activity in PCC, MCC and the precuneus; lack of rectal
distention after the cue of uncertainty lead, in IBS, to a lack in bilateral insula
activation.
HC, but not IBS, showed a negative correlation between ACTH response to
CRF and activity in the pregenual ACC during rectal distention.
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20 IBS vs 14 HC

11 IBS vs 11 HC

15 IBS vs 15 HC
30 IBS vs 21 HC,
female only

64 IBS vs 32 HC,
female only

Naliboff,65 2006

Berman,63 2012

Niddam,12 2011
Bednarska,11 2019

Icenhour,13 2019
qMRS
+ fMRI

qMRS
qMRS

PET

PET

PET

Technique

Main results

5-HT synthesis was greater in female in the R MTG (multimodal sensory
association cortex) compared with the female HC.
Resting-state and rectal distentions IBS, during repeated trials of rectal distention, showed a stable activation of the
exam
central pain matrix but a gradually decreasing activation in limbic, paralimbic,
and pontine regions; during the anticipation condition, there were significant
decreases in amygdala, dorsal ACC, and DBS activation.
IBS showed higher plasma NE levels than HCs before and after ingestion of
Auditory oddball vigilance task
all drugs. IBS patients appeared downregulated the for functional presynaptic
+ double-blind ingestion of the
α2AR and showed less YOH-mediated reduction of activity in a central
α2AR antagonist YOH, agonist
CLO or PLA
arousal circuit in brainstem and amygdala, which inversely correlated with
early life trauma.
Resting-state
IBS showed reduced levels of Glx in hippocampus.
Resting-state
IBS showed lower concentrations of Glx in L and R aINS; no group differences
for GABA1 concentrations. In IBS, lower R-lateralized Glx concentrations
correlated with longer pain duration; lower Glx in L aINS correlated with ess
frequent use of adaptive pain-coping.
Resting-state
IBS and HC showed similar GABA+ and Glx levels in mPFC. Anxiety was
positively associated with mPFC GABA+ concentrations in IBS; Glx was
unrelated to psychological or gastrointestinal symptoms. IBS with high anxiety
showed increased mPFC GABA+ and lower mPFC FC with ACC.

Resting-state - 5-HT Synthesis

Task

IBS, irritable bowel syndrome; HC, healthy control; fMRI, functional magnetic resonance imaging; INS, insula; S1, primary somatosensory cortex; EAL, early adverse life events; aINS, anterior insula;
mPFC, medial prefrontal cortex; pINS, posterior insula; FC, functional connectivity; ReHo, regional homogeneity; ACC, anterior cingulate cortex; PFC, prefrontal cortex; ALFF, amplitude of low-frequency
fluctuation; L, left; SFG, superior frontal gyrus; R, right; MFG, middle frontal gyrus; M1, primary motor cortex; MCC, mid-cingulate cortex; DMN, default mode network; PCC, posterior cingulate cortex; SMA, supplementary motor area; IVMHC, interhemispheric voxel-mirrored homotopic connectivity; APOL2 , apolipoprotein L2 gene; KRT8 , keratin 8 gene; APOA4 , apolipoprotein A-IV gene; HIBS, hypersensitive IBS; N-IBS, normosensitive IBS; STG, superior temporal gyrus; FCD, functional connectivity density; IBS-D, diarrhea-predominant IBS; IBS-C, constipation-predominant IBS; PAG,
periaqueductal gray; S2, secondary somatosensory cortex; DBS, dorsal brainstem; VLPFC, ventrolateral prefrontal cortex; CRF, corticotropin-releasing factor; OFC, orbito-frontal cortex; BOLD, blood
oxygenation level-dependent; ATD, acute tryptophan depletion; DLPFC, dorsolateral prefrontal cortex; PLA, placebo; GI, gastrointestinal; ACTH, adrenocorticotropic hormone; HRV, heart rate variability;
PET, positron emission tomopgraphy; 5-HT, serotonin; MTG, middle temporal gyrus; NE, noradrenergic; α2AR, α2-adrenoreceptor; YOH, yohimbine; CLO, clonidine; Glx, glutamate-glutamine; GABA,
gamma-aminobutyric acid; qMRS, quantitative magnetic resonance spectroscopy.

12 IBS vs 12 HC

Participants

Nakai, 2003

60

First author, year

Table 1. Continued 4

Veronica Nisticò, et al

Functional Neuroimaging in IBS

Table 2. Main Findings of the Systematic Review Divided up by Brain Areas

Network

Main findings

Sensorimotor network

Resting state: S1 hypoactivation, M1 hyperactivation, increased FC between S1 and thalamus, and aberrant FC between
the sensorimotor network and affective-interoceptive areas (amygdala and insula in particular). H-IBS showed
increased FC between sensorimotor network and pINS, compared to N-IBS.
Resting state: aberrant FC between the cingulate and the frontal cortices, and between amygdala, insula, sensorimotor
network, and hippocampal/para-hippocampal gyri.
Amygdala: hyperactivity at resting state; aberrant activation during fear acquisition and during the formation of abdominal pain-related memories. Higher FC of R amygdala positively correlated with pain intensity and decreased gut
permeability; FC between L amygdala, bilateral insula, and midbrain positively correlated with symptom severity.
Bilateral INS: aberrant activation and FC with limbic and cortical areas at resting-state and during painful and
nonpainful rectal distention. R INS: aberrant activation correlated with pain intensity. L INS: abnormal activation
correlated with symptom severity and interoceptive awareness; aINS hyperactive during pain anticipation.
Resting state: decreased activity of the DMN. Rectal stimulation: ACC and PFC hyperactivity. Pain anticipation: mPFC
and MFG aberrant activation. Painful distension: greater stress-induced activation in insula and VLPFC, and
hypoactivation of DLPFC and subgenual ACC. History of adverse life event was associated with altered FC in
the salience network and in the executive control network. Regions of the salience network (MCC, MTG, and STG)
were positively correlated with proinflammatory genes (IL-6 and APOL2 ).

Affective and
interoceptive areas

Attentional areas

S1, primary somatosensory cortex; M1, primary motor cortex; FC, functional connectivity; H-IBS, hypersensitive IBS; pINS, posterior insula; N-IBS, normosensitive IBS; INS, insula; R, right; L, left; aINS, anterior insula; DMN, default mode network; ACC, anterior cingulate corte; PFC, prefrontal cortex; mPFC, medial
prefrontal cortex; MFG, middle frontal gyrus; VLPFC, ventrolateral prefrontal cortex; DLPFC, dorsolateral prefrontal cortex; MCC, mid-cingulate cortex; MTG,
middle temporal gyrus; STG, superior temporal gyrus; APOL2 , apolipoprotein L2 gene.

with anterior MCC, aINS, bilateral dorsolateral prefrontal cortex
(DLPFC), and inferior parietal lobule. Pre-central cortices with
stronger FCD showed increased FC with bilateral PFC.
Gupta and colleagues20 found that IBS patients presented a
greater within-network connectivity than HC in: (1) the salience
network (putamen, insula, ACC, MCC, and supramarginal gyrus);
(2) the left frontal parietal network (putamen, ACC, thalamus, and
frontal cortex); (3) the DMN (precuneus, inferior parietal gyrus
and angular gyrus). Within IBS patients only, early adverse life
events positively correlated with (1) FC within the salience network,
and (2) FC within the cerebellar network for male subjects only.
The same group found that regions of the salience network, including MCC, and mid and superior temporal gyrus (STG) positively
correlated with pro-inflammatory genes (IL-6 and APOL2 ) in
patients with IBS, but negatively correlated with anti-inflammatory
genes (KRT8 and APOA4 ) in HC, suggesting that, in IBS, a
peripheral pro-inflammatory state is maintained by chronically activated stress signalling pathways.23
Several studies further examined the DMN.24,25 IBS patients
presented decreased DMN inter-regional FC between the precuneus and (1) the ACC, (2) the middle temporal gyrus, and (3) the
medial orbital SFG. Moreover, the average DMN FC negatively
correlated with IBS symptom severity.24 The DMN showed altered
FC with sensorimotor regions, the right amygdala, the left orbital

frontal cortex, the bilateral middle, and inferior frontal gyri, and
regions deputed to pain processing (periaqueductal grey and rostral ventral medulla). Interestingly, patients with IBS only showed
increased FC in the right amygdala, correlated with decreased gut
permeability.25
Two studies focused on FC in 2 main regions of interoception
and emotion regulation, the insula26 and the amygdala.27 Hong
et al26 found that male patients, compared to females, presented
increased positive connectivity of the bilateral dorsal aINS with the
mPFC, which positively correlated with scores of visceral sensitivity; conversely, female patients had greater negative connectivity
of the left dorsal aINS with the left precuneus than males, which
positively correlated with symptom intensity. Moreover, diseaserelated differences in the FC between the bilateral dorsal aINS and
the dorsal mPFC were observed in female subjects. As regards the
amygdala, Qi and colleagues27 found that IBS patients, compared
to controls, had: (1) higher left amygdala positive FC with right insula, midbrain, right precentral gyrus (primary motor cortex [M1]),
left S1/M1, left parahippocampal gyrus, and bilateral SMA; and (2)
higher right amygdala positive FC with the right insula, midbrain,
left parahippocampal gyrus, bilateral M1, and right SMA. These
results hold when controlling for anxiety and depression. Pain
intensity positively correlated with the FC between the right amygdala, the right M1 and right insula; symptom severity positively
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correlated with FC between the left amygdala, bilateral insula and
the midbrain, and with FC between the right amygdala and right
insula. Significant clinical correlations emerged also in the study
of Longarzo and colleagues,28 which showed that the FC between
PCC and left supramarginal gyrus/STG negatively correlated with
attitude, fear and beliefs associated with hypochondriac behavior,
and that the FC between left ventral aINS and bilateral supramarginal gyrus positively correlated with interoceptive awareness, the
ability to perceive signals from within the body.
Icenhour and colleagues29 made a step further by evaluating
FC within the salience, sensorimotor and DMN in a sample of
selected IBS patients with and without visceral hypersensitivity (a
distinction presumably subtended by differences in the processing
of visceral afferent signals), compared to HC. Hypersensitive IBS
(H-IBS) patients showed increased positive FC of pregenual ACC
and thalamus in the salience network and of pINS in the sensorimotor network than normosensitive IBS (N-IBS). N-IBS patients
(compared to H-IBS and HC) showed less positive amygdala FC
and less negative dorsal aINS FC in the DMN. DMN and sensorimotor network FC were associated with rectal perception thresholds, and FC in pINS correlated with IBS symptom severity.
Ke et al30 showed that IBS patients presented higher FC in the
bilateral S1, calcarine, vermis, right thalamus, left superior parietal
lobule, and less FC in the bilateral ACC and MCC, PFC, right
caudate, and angular gyrus (not influenced by anxiety and depression). Correlations emerged between (1) disease duration and FC
in the right S1 (positive correlation) and FC in the right anterior
MCC/SMA and bilateral insula (negative correlation), (2) IBS
symptoms severity and FC in the left thalamus (positive correlation) and FC in the right ventral mPFC and MFG (negative
correlation), and (3) pain intensity and FC in the left S1 (positive
correlation) and with FC in right dorsal mPFC and left MFG
(negative correlation). The authors concluded that the abnormal
synchronization in spontaneous brain activity may reflect symptoms
manifestation.
In summary, overall, aberrant FC in IBS patients was found
in the salience, sensorimotor and DMN; limbic regions (amygdala
and cingulate cortex in particular) showed abnormal FC with sensorimotor, insular and frontal cortical regions. These findings were
associated with severity of IBS symptoms, gut permeability, and
inflammatory genes, and with the presence of adverse life events.
Contradictive results emerged about the influence of anxiety and
depression.
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Functional Magnetic Resonance Imaging With Tasks
To assess abnormalities in visceral pain processing in IBS,
several studies performed functional magnetic resonance imaging
(fMRI) during non-painful and painful rectal distension. Overall,
patients with IBS rate rectal distension as more painful than HC3134
and, when combined with painful heterotopic stimulation (eg, a
foot in ice-cold water), rectal pain is significantly decreased in HC
but not in patients with IBS.35,36 Rectal stimulation generally elicits
in both IBS and HC the activation of ACC, PFC, insula, and
thalamus,31,32,36,37 together with the cerebellum.36-39 Brain activation
of these areas apparently increase along with rectal balloon dilation,
but not in women with IBS and in patients whose symptoms lasted
more than 5 years.40 More specifically, in IBS subjects, Mertz and
colleagues31 found that painful stimulation led to a greater activation in the ACC, while Yuan et al32 found it in the insula, PFC,
and thalamus, suggesting a heightened pain sensitivity of the braingut axis in IBS, with a normal pattern of activation. Anxiety and
depression appeared associated with subjective stimulus ratings and
with cerebral activations34,37: anxiety correlated with pain-induced
activation of the right anterior MCC and pregenual ACC, and
depression with pain-induced activation of left PFC and cerebellar areas. To further understand the role of emotional modulation
of neural responses to visceral stimuli, the same group combined
rectal stimulation with a psychological distraction (either stress or
relaxation).41 During painful distension, patients with IBS showed
a greater stress-induced increase in the insula and the ventrolateral
prefrontal cortex (VLPFC), and a lower activation of the DLPFC
and the subgenual ACC compared to HC, suggesting that HC
presented greater up-regulation during stress in these areas. Relaxation brought to a reduced modulation of the activation in the right
insula, the cerebellum, the putamen, and temporal regions during
non-painful distensions, and in the VLPFC, precuneus and thalamus during painful distensions. However, when controlling for
levels of anxiety, only activations in the cerebellum and precuneus
survived the correction.41 Similarly, Rosenberger et al38 found that
in IBS patients, cerebellar activations induced by non-painful distension (right cerebellum) and by painful distension (intermediate
cerebellum) correlated with depression, while non-painful induced
cerebellar activations correlated with anxiety. Labus and colleagues42
aimed to evaluate sex- and disease-related differences in brain activation of IBS patients during an emotion recognition paradigm (fear
and anger): male subjects (IBS and HC), showed greater activation than females in PFC, insula, and amygdala, as well as stronger
connectivity between ACC, amygdala, and insula; female subjects
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showed stronger connectivity to and from the PFC.
Combining rectal and heterotopic stimulation (to elicit a simultaneous activation of endogenous descending pathways of nociceptive inhibition), Song et al36 found that (1) during rectal stimulation
alone, HC showed greater activation bilaterally in the aINS, in the
secondary somatosensory cortex (S2), and putamen than patients
with IBS; and (2) during rectal plus heterotopic stimulation, HC
showed greater activation in bilateral S1 and right STG, while IBS
patients in bilateral STF and right inferior lobules.
Berman and colleagues33 added to this task the evaluation of
brain changes during rectal distension anticipation, to assess anomalies in preparatory brain activity before painful pelvic visceral distension. In the anticipation phase, HC showed reduced activity in the
insula, supragenual ACC, amygdala, and dorsal brainstem; IBS patients showed less anticipatory inactivation, particularly in the right
pINS and dorsal brainstem; moreover, the anticipatory decrease in
the pons (dorsal brainstem) was associated with higher stimulationinduced activation in right orbitofrontal areas and bilateral supragenual ACC, suggesting that deficits in preparatory inhibition
of dorsal brainstem may interfere with descending corticolimbic
inhibition. Expectation of pain was investigated also by Hong and
colleagues,43 who performed fMRI during cued and uncued pain
expectation. In absence of a cue about the occurrence of abdominal
pain stimulus (ie, in front of an uncertain painful prospect), IBS
subjects (especially females, compared to HC) showed greater
brain activations in the affective (amygdala), interoceptive (aINS),
and attentional (MFG) regions, together with the thalamus and
precuneus. The authors interpreted this hyperactivation as a possible evidence that IBS subjects tend to overestimate the likelihood
of painful somatic occurrence and engage brain networks involved
in affective and sensory processing. Similarly, Kano and colleagues44
found that IBS patients, compared to HC, in a condition of uncertain anticipation of painful stimulation showed greater activation
of anterior MCC, thalamus, and visual processing areas, and a
higher activity in PCC/MCC and precuneus induced by the following rectal distension; if, after the uncertain cue, rectal distention
was not performed, IBS patients, contrary to HC, lacked to show
bilateral insula activation (but the authors note how this effect might
have been due to the elevated bilateral insular responses during
non-distention after the safe cue, the comparison condition). The
authors conclude that cue-dependent alterations in brain responses
may underlie hypervigilance to visceral sensations in IBS patients.
To investigate the learning processes shaping the expectation of pain
in IBS, Icenhour et al45 performed fMRI during the formation,
extinction, and reactivation of abdominal pain-related memories in

IBS patients and HC, through a fear conditioning paradigm. IBS
patients showed: (1) during the fear acquisition phase, differential
activation of PFC, amygdala, and cerebellum34; (2) during extinction, enhanced differential cingulate activation; and (3) during
reinstatement, greater differential hippocampal activation.45 These
results shed another light on the factors that could play a role in
the pathophysiology of chronic abdominal pain and suggest that
extinction-based interventions might have therapeutic effects on
IBS. As regards therapeutic interventions, in fact, Lowen and colleagues46 showed, in a longitudinal fMRI study, that 16 sessions
of hypnotherapy or educational intervention were both effective in
reducing pain during rectal distention in both IBS and HC groups;
after the treatment, brain response to distension was similar between
IBS and HC, possibly indicating that this treatment may have normalized the anomalies in the central processing of visceral signals in
IBS.
Kano et al47 made a step further by examining, during colorectal distention, brain activation via fMRI and heart rate variability.
Patients with IBS, although all constipation-predominant (IBS-C),
displayed blunted sympathovagal balance in response to colorectal
distention compared to HC; additionally, in the HC but not in the
IBS group, brain activation in the right caudate, bilateral dorsolateral ACC and pregenual ACC in response to rectal distention positively correlated with baseline high frequency values.
Several studies performed the same task by dividing IBS
subjects according to specific criteria. Patients with diarrheapredominant IBS, during heterotopic stimulation, showed deactivation in the right aINS; IBS-C showed hyperactivation of amygdala
and hippocampus; HC showed deactivation of the periaqueductal
grey, suggesting a different abnormal endogenous pain inhibitory
mechanism.35 IBS patients with a history of sexual abuse showed
hyperactivation in the left MCC and PCC, hypoactivation in the
left supragenual ACC, and greater pain, than subjects who did not
suffer abuse48; the authors hypothesized that adverse life events
may enhance the activation of dorsal cingulate regions implicated
in homeostatic afferent processing. IBS patients presenting inhibition or facilitation of the RIII nociceptive spinal reflex induced by
rectal distension did not present differences in brain activity associated with non-painful distensions, while differences associated
with painful distensions (in frontal areas, the MCC and aINS)
were influenced by levels of anxiety, depression, and tendency of
catastrophizing.37 Larsson and colleagues49 showed that H-IBS
patients, during painful rectal distensions, had greater activation of
insula and reduced deactivation in pregenual ACC than HC and
patients with N-IBS (which did not differ to each other); during
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expectation of rectal distension, N-IBS presented more activation in
right hippocampus than controls. Similarly, Lowen and colleagues50
compared H-IBS and N-IBS in their ability to engage endogenous
pain modulation mechanism during habituation to repeated visceral
painful stimuli. In the last trials of a series of rectal distension, NIBS showed hypoactivation in insula and amygdala, and H-IBS
showed greater activation than N-IBS and HC in insula, ACC, and
MCC; this suggests a lack of habituation to repeated delivery of
rectal stimuli, in terms of both sensitization of sensory pathways and
habituation of emotional arousal, consistent with IBS well-known
gut-related hypervigilance.
Given the reported aberrant activation of the insula and of the
DLPFC, Aizawa et al51 assessed IBS patients’ cognitive flexibility
through the Wisconsin Card Sorting Test; they presented more
perseverative errors than HC, together with: (1) reduced activity of
right DLPFC and right hippocampus, (2) increased activity of left
pINS, (3) diminished FC from DLPFC to pre-SMA. Similarly,
Hubbard and colleagues52 tested attentional abilities in IBS, by
employing a form of flanker task during fMRI. Patients with IBS,
with respect to HC, had shorter reaction times during the alerting
and orienting conditions, associated with: (1) greater MCC and insula activation, and (2) less activity in the right inferior frontal junction and SMA; also, they showed activation in the dorsal mPFC
together with hypoactivation of the thalamus. This aberrant activity
correlated with gastrointestinal-specific anxiety, pain catastrophizing, and symptom severity.
Only 1 study performed genetic analysis53: via fMRI, they
compared brain response during an affect-matching paradigm in
IBS patients and HC, further dividing participants according to
their genotype (the C/C genotype of the c.-42C>T polymorphism
in serotonin (5-HT) receptor 3, associated with aberrant amygdalar
activity while processing emotional faces, compared to T-carrier).
The C/C genotype, in both IBS and HC, appeared to correlate
with increased anxiety and amygdala responsiveness during emotional and non-emotional tasks; furthermore, the polymorphism
was associated with severity of IBS symptoms, and only a few IBS
subjects with the C/C genotype presented significantly increased
amygdala responses to nonemotional stimuli.
One of the main limits of the aforementioned studies is the
high prevalence of female subjects. Guleria et al54 performed the
same task in a group of male IBS patients and, consistently with the
other studies, found that they hyperactivated the insula, MTG, and
cerebellum in the left hemisphere compared to HC, but did not
activate the bilateral precuneus/superior parietal lobules. Moreover,
it emerged that patients with IBS-C activated the right MCC while
196

patients with IBS-D activated the left inferior orbito-frontal cortex,
left calcarine, and bilateral fusiform gyri. A second limit of the majority of the fMRI studies with tasks is pointed out by Wong et al,55
as they showed that performing rectal stimulation within the scanner environment significantly increases visceral, but not somatic,
pain perception in both IBS patients and HC (compared to the
same exam performed outside the MRI scanner).
Taken together, these results point in the direction of a higher
activation of sensitive, interoceptive and frontal areas in IBS patients
following painful rectal stimulation; its anticipation is linked to an
aberrant activation of attentional (mPFC and MFG) and affectiveinteroceptive (amygdala, aINS, and ACC) regions. Patients with
IBS also resulted in more alertness and presented a reduced attentional shift, when compared to HC, which was associated with an
abnormal frontal activation.51,52
Pharmacological functional magnetic resonance imaging studies
To test the hypothesis that alterations in 5-HT signaling within
the brain-gut axis may be implicated in IBS pathophysiology,
Labus and colleagues1 examined brain responses via fMRI at the
rectal distension task after performing acute tryptophan depletion
(ATD) in a group of IBS patients (all female, IBS-C) and HC. In
both groups, ATD resulted in increased response of an extensive
brain network to balloon distension, including the amygdala and
nodes of emotional arousal and homeostatic afferent networks.
These findings were consistent with an ATD-mediated disinhibition of an emotional arousal network during aversive stimulation,
and increased connectivity within the same network, suggesting
that 5-HT dysregulation may play a role in central pain amplification and, ultimately, in IBS pathophysiology. Also alterations in
corticotropin-releasing factor (CRF) signaling pathways have been
implicated in IBS pathophysiology: the CRF receptor is present in
many sites of the central nervous system, and is able to influence the
activity of many areas, regardless of its effect on the hypothalamuspituitary-adrenal (HPA) axis. Hubbard and colleagues56 administered the selective CRF receptor 1 antagonist GW876008 or a
placebo to a group of HC and a group of IBS patients, while performing fMRI during expectation of abdominal pain. During pain
expectation, both IBS patients and HC who received the CRF receptor 1 antagonist showed hypoactivation in amygdala, hippocampus, insula, ACC, and orbito-medial PFC, compared to participants who received placebo. Under placebo, patients showed higher
activity in the hypothalamus and locus coeruleus (noradrenergic
pathway involved in arousal responses, alarm, and visceral body
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preparation reactions) than HC, suggesting a greater baseline reactivity in patients; activity at the hypothalamic level decreases after
administration of the drug only in patients having average and high
levels of state anxiety. More recently, Kano and colleagues57 found
in HC, but not in patients with IBS, a negative correlation between
adrenocorticotropic hormone response to administered CRF and
the activity in the pregenual ACC during rectal distention; authors,
therefore, hypothesized that impaired top-down inhibitory input
from the pregenual ACC to the HPA-axis may lead to altered neuroendocrine and gastrointestinal responses to CRF in patients with
IBS. In a subsequent study,58 they also found that individuals (IBS
and HC) with higher levels of alexithymia showed stronger adrenocorticotropic hormone responses to CRF administration, and
that brain responses to rectal distention in the right insula, putamen,
right pallidum, thalamus, orbital part of inferior frontal gyrus, and
left inferior temporal gyrus positively associated with alexithymia
scores to a greater extent in patients with IBS than in HC.
When interpreting the results of pharmacological studies,
it should be considered that Lee and colleagues59 found that the
placebo condition evoked more activity in affective and cognitive
regions (insula, MCC, and VLPFC) in IBS patients than in HC
(although their visceral placebo analgesia was comparable).
In summary, these data show, from a biochemical perspective,
an important role of 5-HT in central modulation (exerted by the
amygdala on the emotional arousal circuits), higher basal activity of
the noradrenergic centers, and a dysregulation of the corticotropic
axis in patients with IBS.

Quantitative Magnetic Resonance Spectroscopy
Bednarska and colleagues11 found that concentrations of glutamate + glutamine (Glx) were lower in bilateral aINS of women
with IBS, compared with HC; furthermore, a lateralization pattern
emerged, with the lower Glx concentrations of the right aINS being
predicted by longer pain duration, and those of the left aINS being predicted by less use of adaptive pain-coping strategies. At the
same time, GABA concentrations where comparable between the 2
groups, showing overall a reduced excitatory but unaltered inhibitory neurotransmitter (NT) levels in aINS in IBS patients. Niddam and colleagues12 found a reduction in Glx in IBS patients’ hippocampus, with a concentration inversely related to emotional stress
indicators. Furthermore, a functional lateralization was observed as
glutamate concentrations in the left, but not the right hippocampus
of IBS patients negatively correlated with anxiety, pain catastrophizing, and pain duration. Icenhour and colleagues13 found that IBS
patients overall did not differ from HC with respect to mPFC

GABA+ or Glx levels; only IBS patients with higher anxiety levels
showed increased GABA+ in mPFC, together with lower FC between mPFC and ACC.
In summary, these studies, although sharing the same limitations of the fMRI studies (a female-predominant sample of IBS
patients), showed a reduced excitatory NT level in aINS and hippocampus, an unvaried level of inhibitory NT in aINS, and an
influence of anxiety on the levels of inhibitory NT in mPFC.

Positron Emission Tomography
Nakai and colleagues60 sought for disease-related and genderrelated effect in HT synthesis, and found that female patients
with IBS, compared to HC, presented a greater 5-HT synthesis
in the right medial temporal gyrus, a multimodal sensory association cortex, widely connected to the PFC and to the limbic system
through the cingulate gyrus, parahippocampus and insula.61-62 To
investigate the noradrenergic activity in a sample of IBS patients,
compared to HC, Berman et al63 performed double-blind study
where participants had to perform an auditory vigilance task after
intake of the α2-adrenoreceptor (α2AR) antagonist yohimbine
(YOH), the α2AR agonist clonidine, or placebo. The α2AR is
a presynaptic receptor that controls the release of catecholamine
from the synaptic terminal: agonists like clonidine inhibit the release of norepinephrine, while antagonists like YOH facilitates the
release of catecholamine from the synapse, which ultimately leads
to a reduction in cortical metabolism.64 First, they showed that IBS
patients had higher plasma noradrenergic levels than HC before
and after ingestion of all drugs. Second, IBS patients showed less
YOH-mediated reduction of activity in the central arousal circuit,
consistent with a downregulation (ie, fewer functional presynaptic
α2AR). YOH-mediated reduction of activity in the brainstem and
amygdala negatively associated with adverse early life event. Third,
in HC only, the activation of anterior MCC negatively correlated
with the activation of the amygdala and the subgenual ACC. One
longitudinal positron emission tomography study which evaluated
brain responses to rectal distention showed a stable activation in the
central pain matrix but a decreased activity in limbic, paralimbic,
and pontine regions, suggesting a habituation of visceral perception
and central arousal in patients with IBS linked to repeated exposure
to experimental aversive visceral stimuli.65
Overall, these data underline the role of specific NTs in central
modulation in patients with IBS: 5-HT, which is shown to be increased in brain areas closely interconnected with the limbic circuit
especially in women; norepinephrine, which seems to subtend a
greater basal activity in the arousal circuits in IBS patients, espe-
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cially in those with a history of early emotional trauma.

Discussion
This study aims at reviewing the literature on functional neuroimaging in IBS patients. Most of the studies included suggested
an involvement of specific areas of the brain (amygdala, insula,
prefrontal, and cingulate cortex) in the pathophysiology of IBS, although many studies shared the limitations of female predominance
and the presence of confounding factors (such as psychiatric comorbidities).
A first group of studies analysed brain activation and FC at
resting-state via fMRI. They highlighted an aberrant activation and
FC of the insular, cingulate and frontal cortices, the amygdala, and
the hippocampus, suggesting an altered activity of the homeostatic
and salience network and of the autonomous nervous system (possibly accounting, respectively, for IBS patients’ hypervigilance and
HPA-axis dysregulation). In parallel, hypoactivity in the DMN
emerged at the resting state: since the DMN is the brain network
presenting the highest activity in the idling brain, its hypoactivity
in IBS patients was interpreted as a further hint of their continuous
hypervigilance and spontaneous perception of pain.18
Most studies implemented fMRI while the experimental
groups were performing different tasks, with a particular focus
on painful and non-painful rectal distention. Rectal stimulation
seems to elicit in both IBS patients and HC the activation of ACC,
PFC, insula, thalamus, and cerebellum31,32,36-39; this activation
seems higher in IBS patients,31,32 as confirmed by a recent metaanalysis.66 Aberrant activation of attentional (mPFC and MFG)
and affective-interoceptive (amygdala, aINS, and ACC) regions, as
well as of the dorsal brainstem, are reported during anticipation of
pain33,43,44,65 and during the learning process shaping the expectation
of pain,39,45 accounting, again, for an alteration in hypervigilance
and in descending corticolimbic inhibition of pain––further underlined by patients’ enhanced activity of noradrenergic centres.56,64
Several studies showed similarities between dysfunctional cerebral
activation of IBS patients and patients with other functional disorders, such as functional dyspepsia,67 fibromyalgia,14,68 and other
conditions characterized by chronic pain, such as endometriosis.69
Here, we suggest that similarities with the neural activity of patients
with functional neurological disorders, FMD in particular, should
be also highlighted. In a recent study,70 our group reviewed the
literature on functional neuroimaging in patients with FMD: we
found a decreased activation in the primary motor cortex contralateral to the symptoms and in the parietal lobe, an aberrant activation
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of the amygdala, and an increased temporo-parietal junction activity.
Most importantly, functional connectivity findings highlighted aberrant connections between the amygdala and motor areas (including
the SMA, involved in motor programming), the temporo-parietal
junction and the insula. We propose a model where amygdala functional alterations have a crucial role in producing and maintaining
FMD, and the aberrant FC between amygdala and the aforementioned brain regions may explain specific secondary co-causative
etiopathogenetic FMD mechanisms, respectively: (1) the impaired
motor conceptualization, motor preparation and the inhibition of
motor execution; (2) the altered sense of agency; and (3) the deficit
in processing of the affected body parts at a cognitive level. Here,
as well, a predominant role of the amygdala in maintaining IBS
symptoms may be highlighted, given its aberrant activation in anticipation33,43,44,65 and regulation11,56,60 of pain. In IBS, a major role
of the insula (recognized as site of self-awareness, interoception,
self-regulation of emotions and of integration between emotion and
motor control), must be acknowledged: bilateral insula showed
aberrant activation and FC with limbic and cortical areas at restingstate26,30,45 and during painful and nonpainful rectal distention exam
(see above). Moreover, a lateralization pattern emerged, with right
insular aberrant activation often correlating with pain intensity,27
and left insular abnormal activation correlating with symptom
severity26,27 and levels of interoceptive awareness.28 The activity of
insula in FMD was less studied, although first evidence suggests
that the insula is aberrantly activated at resting-state71 and when the
patient imagines or tries to move the paralyzed leg,72 and hypoactivated during emotional tasks.73 Overall, these findings suggest that
the aberrant FC between amygdala and the insula may play a role
in the production of IBS symptoms, while the aberrant FC between
amygdala and the motor cortices may play a role in the production
of functional motor symptoms. Moreover, the insula seems to have
a role in Psychogenic Non-Epileptic Seizure (PNES – another
widespread subtype of functional neurological disorder): in fact, in
patients with PNES, the insula was found to be hyperactivated and
its FC with motor areas to be greatly aberrant, suggesting that an
aberrant insular-motor interaction may account for some psychological features underlying PNES such as dissociation.74
At the NT level, qMRS studies highlighted a dysregulation
in the glutamatergic system of patients with functional disorders.
Reduced Glx levels in aINS and hippocampus, unvaried levels of
GABA+ in aINS, and an influence of anxiety in GABA+ levels
in mPFC were found in IBS patients.11-13 Conversely, an increase of
Glx in the limbic system has been found in patients with FMD,15
in the somatosensory cortex of patients with functional dyspepsia,67
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and in the pINS of patients with fibromyalgia.14 FMD patients
also showed lower cerebrospinal fluid levels of glutamate than HC,
suggesting that a glutamatergic dysfunction plays a role in FMD
pathophysiology.75
HPA axis dysregulation, widely documented in IBS patients,
has been reported in FMD patients as well,76 although future studies should further investigate this area.
Finally, most of the studies included in this review corrected
their results for the levels of anxious-depressive symptomatology,13,17,18,21 usually assessed through self-report questionnaires. At the
resting state, several studies reported that anxiety and depression influenced the activity and FC of the ACC13,18,21,34,35 involved in affective processing,18 but not amygdala activity and FC.27 During painful rectal distension, the differences between IBS and HC in frontal
areas, the MCC and aINS were found to be influenced by levels of
anxiety, depression, and tendency of catastrophizing.37 Moreover,
anxiety correlated with pain-induced activation of the right anterior
MCC and pregenual ACC, and depression with pain-induced activation of left PFC and cerebellar areas.34,37 When combining rectal
stimulation and a psychological distraction (a task implemented to
understand the role of emotional modulation of neural responses
to visceral stimuli), Elsenbruch and colleagues41 found that during
painful distension, IBS patients showed a greater stress-induced
increase in the insula and the VLPFC, and a lower activation of the
DLPFC and the subgenual ACC compared to HC, suggesting that
HC presented greater up-regulation during stress in these areas.41
In the attempt to find a unified theoretical approach for functional disorders, recent advances in cognitive neuroscience and neurobiology in a hierarchical Bayesian framework may help. According
to this approach, perception arises from the comparison of a knowledge-driven probabilistic inference on the external causes of sensory
signals (top-down generative models) and the correspondent bottom-up signals which convey eventual error to the aforementioned
predictions (prediction errors).77 Through prediction errors, probabilistic predictive models are re-computed and refined, in consonance with Bayesian principles; otherwise, through active inference,
agents suppress prediction errors by performing actions to modify
the environment and make it fit with its predictions. In fact, according to the “Free Energy Principle”, each organism tries to minimize
the differences between their predicted models of the environment
(priors) and the sensations conveyed by their sense organs.78 This
comparison results in a posterior distribution corresponding to the
percept (posterior belief). This framework was applied also to psychosomatic medicine. Edwards and colleagues79 recently proposed
that functional motor and sensory symptoms arise because of the

presence of an abnormal prior belief at an intermediate level in the
cortical hierarchy. This belief is granted too much precision through
an abnormal allocation of attention, and inevitably bias the outcome
of the entire process towards itself, regardless the bottom-up input.
In functional sensory symptoms, an abnormal prior in sensory cortices would predict, for example, anaesthesia or pain; in functional
motor symptoms, an aberrant prior in SMA would imply a wrong
expectation about the proprioceptive consequence of a movement
which, in a higher level of the hierarchy (eg, pre-SMA), would be
explained as a failure to realize that the movement was intended (active inference). Similarly, it has been proposed80 that an abnormal
prior in the control regions of the intestines, highly precise, may
produce a perception of intestine pain and discomfort, although
intestines sensory signals are normal. Alterations of motility of the
intestine, resulting in alterations in defecation, may be a strategy to
minimize prediction error.
The results of our systematic review fit perfectly within this
framework (Fig. 2). The aberrant frontal activation shown in patients with FMD and with IBS may account for the abnormal attention allocated to the aberrant priors. These priors may be located
in SMA in FMD, and in the insula and S2 in IBS.79,81 Anterior
INS has been hypothesized by several authors as a possible neural
substrate for the comparator system between predictions and errors
in the interoceptive domain.82,83 Finally, the amygdala may have a
predominant role in the creation and maintenance of these priors.
Edwards et al79 proposed that pathological expectations, which lead
to the construction of the abnormal prior when afforded too much
attention and precision, may originate through a multitude of factors, from a traumatic salient event to personal and cultural beliefs,
negative effects and cognitive biases. The role of the amygdala in
modulating perception and attention, in the elaboration of a perceptual stimuli with a high emotional valence84 and in its retention
in memory,85 is well-known. In a predictive coding framework, it
has been proposed that the amygdala, with the ACC, may work as
a comparator of predictions and predictions errors, ultimately leading to dysfunctional behaviours.80 Therefore, the aberrant activation
and FC of the amygdala in functional syndromes may explain, to a
certain extent, the maintenance of abnormal priors in specific brain
area, producing a continuous discrepancy in the comparison between top-down and bottom-up signals, ultimately leading to each
patient specific symptomatology (either motor or sensitive-visceral).
This may be supported by the findings of Icenhour and colleagues45
who showed that during the formation of abdominal pain-related
memories, IBS patients presented a different activity in the amygdala, compared to HC.
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Functional movement disorder
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Amygdala
Abnormal prior
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maintenance

not conduct a meta-analysis or quantitative analysis, which would
have reinforced our claim; future meta-analytic studies should assess whether this similarity is confirmed when focusing on the subregions of the aforementioned common areas.

Conclusions
PFC
SMA
Prior location

Abnormal
attention afforded
to the prior

Insula
Prior location

Figure 2. A common pathophysiology for irritable bowel syndrome
(IBS) and functional movement disorders (FMD) in a Bayesian perspective. Recent hypotheses in psychosomatic medicine suggest that
functional symptoms might arise when excessive attention is granted
to abnormal prior beliefs, located at an intermediate level in the cortical hierarchy. In line with this framework, here we propose that the aberrant frontal activation shown by both patients with FMD and with
IBS may account for the abnormal attention allocated to the aberrant
priors, which may be located in supplementary motor area (SMA) in
FMD, and in the insula and secondary somatosensory cortex (S2) in
IBS.79,81 Anterior insula has been hypothesized by several authors as
a possible neural substrate for the comparator system between predictions and errors in the interoceptive domain.82,83 Finally, the amygdala
may have a predominant role in the creation and maintenance of these
priors.79 PFC, prefrontal cortex.

Functional neuroimaging helps detecting, in patients with IBS,
several brain alterations which appear very similar to the ones observed in patients with other functional disorders, such as FMD.
Overall, our findings lead us to speculate, under a theoretical and
neurobiological perspective, that different functional disturbances
may share a common pathophysiology.
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Limitations and Future Perspectives
Our study has the following limitations. First, we discussed
functional disorders only: it is possible that the brain alterations that
we highlighted here are shared by several other organic diseases,
representing either an epiphenomenon of the disorders or a contributing factor to their pathophysiology, as reported for pelvic pain
associated with endometriosis.69 Second, although we mentioned
other functional disorders such as functional dyspepsia, fibromyalgia and PNES, we mostly focused on FMD; next steps in the
research agenda would be (1) to revise the literature about neuroimaging in other functional disorders, and (2) to conduct experimental
neuroimaging studies, comparing patients with different functional
symptoms, in order to investigate both their common core and their
specificity. Third, we included mostly cross-sectional studies: hence,
we cannot exclude the hypothesis that these common brain alterations are only common epiphenomena of the functional disorders,
and we cannot confirm our hypothesis that they may account for
IBS (and functional disorders) pathophysiology. Fourth, we did
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Probiotic products in various formulations are widely used world-wide for a seemingly limitless range of indications––from health
maintenance to the alleviation of common intestinal ailments and on to the prevention and treatment of a variety of gastrointestinal
diseases and disorders. The profusion of probiotic preparations, together with a very different regulatory climate compared to that
which surrounds drugs and devices, leaves the consumer and the health care professional alike bewildered. How can they tell which
products truly are what they claim to be? Which probiotics should be chosen for a particular clinical situation? These questions are
thrown into stark relief when one evaluates the literature on probiotics in irritable bowel syndrome. To provide some guidance the
current probiotic landscape is reviewed and some achievable steps to help bring light to a murky environment are proposed. The goal
is to promote verifiable quality control and generate actionable evidence from well-conducted clinical trials of probiotic products in
irritable bowel syndrome.
(J Neurogastroenterol Motil 2022;28:204-211)
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Introduction
Probiotics, in some shape or form, have probably been with us
for decades, if not millennia. More recently, interest in probiotics
and other interventions that are intended to modulate our intrinsic
microbial communities have been dramatically enhanced by the
ever-expanding volume of research on the microbiome. More
recently, the Coronavirus disease pandemic, coupled with the
emerging worldwide crisis in antibiotic resistance, has accentuated
interest in microbes and anti-microbial strategies. Because of what
can generally be regarded as “light touch” regulation, the consumer
is often confronted with products and formulations claiming to be
(or contain) probiotics whose range seems to be limited only by the

imagination of the manufacturer. It should be stressed that many
such products may not meet the very definition of a probiotic (see
below Getting started––Definitions Matter!); others contain strains
that have been well characterized and studied. How is the consumer
to differentiate between high quality products with supportive data
and those which have none in an environment of such confusion?
The clinician who is asked by his or her patient to comment on the
utility of one or more probiotic products is similarly flummoxed.
On the other hand the possibility, based on recent research, that
one could beneficially influence immune, motility, sensory, secretory,
and neuro-endocrine responses in the gut, as well as more systemic
physiological activities such as metabolism and brain function,
drives an ever-burgeoning research endeavor directed at identifying novel and effective microbiome-modulating interventions.
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The advent of a number of molecular techniques including highthroughput sequencing, shotgun sequencing and metabolomics
has provided considerable impetus to research into microbiota-gutbody interactions in health and disease; research that has identified
a host of putative clinical targets for microbiota directed therapies.1
As the biological effects of these substances are being investigated, plausible hypotheses for their use in health and/or disease develop and, albeit too slowly, rigorous clinical studies of their impact
in humans are beginning to emerge. Can we help to guide informed
decisions in the field?

Getting Started–Definitions Matter!
Before we even contemplate a clinical study with a probiotic
let us first be clear on what a probiotic is. All current definitions of
a probiotic insist that a product claiming to comprise a probiotic
contain live microorganisms. The definition of a probiotic and
related products has been explored in considerable detail by The
International Scientific Association for Probiotics and Prebiotics.2
In their recent deliberations they, first, endorsed the long-standing
Food and Agriculture Organization/World Health Organization
definition of probiotics but settled on a more grammatically correct
version, “live microorganisms that, when administered in adequate
amounts, confer a health benefit on the host”2,3 and, second, went
on to list 4 categories of products that contain live microorganisms
and, importantly, stress their regulatory implications2:
1. Live or active cultures
These products, including many fermented foods, simply
claim that they contain live and active cultures but, unless
evidence is provided that they confer a health benefit (which
some do), this descriptor should not be taken to imply probiotic activity.
2. Probiotic in food or supplement without a health claim
Such products state that they “contain probiotics.” They
should be safe and provide evidence of a general health
benefit in humans. In some jurisdictions, the use of the term
“probiotic” has been regarded as an implied health claim
(based on the aforementioned definitions of a probiotic) and,
therefore, forbidden in the absence of accepted evidence of a
specific health benefit.4 If general claims are used in addition
to the claim of “contains probiotics,” such as “supports the
immune system” or “promotes digestive balance,” clinical
trials documenting these effects should be conducted.
3. Probiotic in food or supplement with a specific health claim
This category requires that the product has demonstrated

convincing evidence of a specific health claim such as “reinforces the body’s natural defenses.” For example, in Europe,
the European Food Safety Authority (EFSA) requires the
following evidence to support a health claim5,6:
a. Characterization of the strain or each of the strains in a
probiotic mix or combination
b. Identification of the health relationship that is considered
as a beneficial physiological effect to the target population
(ie, the general population or a defined part of it)
c. Demonstration of health effects in a normal healthy population.
Few probiotics have met these requirements.
4. Probiotic drug
Here the probiotic is used to treat or prevent a specific disease. In the United States, and elsewhere, this is now categorized as a live biotherapeutic or drug (defined as an article
intended for use in the diagnosis, cure, mitigation, treatment,
or prevention of disease) and must satisfy all the regulatory
requirements to be approved as such.
In my opinion, these statements provide a clear starting point
for anyone contemplating a clinical trial of a probiotic or probiotic
product. The following considerations are obligatory:
1. The product must contain live microorganisms. This is not
to say that “dead” bacteria, bacterial components or bacterial
products are not necessarily biologically active or clinically
effective (which high-quality studies, including in irritable
bowel syndrome [IBS],7 have demonstrated that they can
be) but to make it clear that such substances are not probiotics but instead may be classified in a different category;
namely, postbiotics.8
2. The production of probiotic products intended as dietary
supplements should follow Current Good Manufacturing
Practice requirements for this category.
3. Safety for human consumption must be demonstrated.
4. If a health supporting or disease-modifying claim is made, this
must be supported by evidence; the nature and quality of that
evidence depending on the status of the claim. What would
be regarded as drug claims must meet standards for such a
category; typically, one or more pivotal, phase III clinical trials.
Before embarking on a clinical trial, one must have a sufficient
understanding of the product that one plans to study and be satisfied that appropriate standards of quality, including assurance of
identity, potency, and purity, have been met.
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Probiotic Characterization and Assessment

Safety

For probiotics the guidelines for the evaluation of probiotics in
food proposed in 2002 still form a reasonable basis for quality control9:
1. “Identification of the genus and species of the probiotic strain
by using a combination of phenotypic and genotypic tests as
clinical evidence suggesting that the health benefits of probiotics may be strain specific.”
Though proposed almost 20 years ago this has proven remarkably prescient. The complete genomes of several probiotic strains have now been sequenced. Knowledge of the
genome also facilitates batch-by-batch testing of product to
ensure consistency.
2. “In vitro testing to delineate the mechanism of the probiotic
effect”
In the decades since the publication of these guidelines
there have been extensive studies of the in vitro and in vivo
properties and biological effects of a host of putative probiotic strains. Such studies have identified several effects of
relevance to IBS, including effects on motility, visceral sensation, components of the gut barrier, immune responses and
the microbiota-gut-brain axis.1,10,11 It should be stressed that
while such studies provide a basis for the formulation of hypotheses to be tested in clinical studies they do not necessarily
predict mechanisms of action in humans; for some clinically
effective probiotics the precise mechanism of action remains
to be defined.
3. “Substantiation of the clinical health benefit of probiotic
agents with human trials”
This remains a fundamental principle.
Also relevant to the development of a probiotic is the demonstration of survivability in transiting the gastrointestinal (GI) tract,
as well as viability of an efficacious level of the probiotic throughout the shelf life of the product. While this painstaking approach
to probiotic discovery has been adopted by investigators12-15 and
reputable manufacturers, many products on the market have not
been subjected to this level of characterization. Many other aspects
of probiotic usage have been given scant attention, such as optimal
dose and ideal formulation. Strain selection is critical. While certain
bacterial properties may be common to some or all members of a
given species, others, including those that may well be relevant to a
given GI ailment may be strain-specific and even be dependent on
specific functions, which may be linked to specific genes.15

In the United States, the Food and Drug Administration (FDA)
may provide notification that a food or food supplement (the category under which most probiotics are regulated) as “generally recognized as safe (GRAS)” based on scientific procedures or, in the case
of a substance used in a food since 1958, through experience based
on common use in food. A number of microorganisms and microbial-derived ingredients have GRAS status through the FDA notification process.16 All GRAS notices for probiotics are for specific strains
and uses. The EFSA grants qualified presumption of safety status to
microbial species, providing that “the following criteria are met17:
• Its taxonomic identity must be well defined.
• The available body of knowledge must be sufficient to establish its safety.
• The lack of pathogenic properties must be established and
substantiated.
• Its intended use must be clearly described.”
Thus, the application of the term “generally recognized as safe”
to all probiotics is not appropriate but refers to specific microorganisms and products. It has also been pointed out that the literature on
probiotic safety lacks the rigor that one associates with drug safety
monitoring and better, prospective data are needed.18 The statement
of the 2002 guideline is still relevant9:
“Additionally, safety assessment of the probiotic should, at a
minimum, determine:
1. Patterns of antimicrobial drug resistance
2. Metabolic activities
3. Side effects noted in humans during trials and after marketing
4. Toxin production and hemolytic potential if the probiotic
strain is known to possess these properties
5. Lack of infectivity in animal models.”
The safety of a probiotic encompasses inherent safety for the intended use of the probiotic contained in the product, but also safety
of the product as manufactured. Good manufacturing practices that
assure purity of the probiotic strain, meet quality standards for any microbiological or other contaminants, and guarantee potency through
the end of shelf life are essential to product safety and quality.
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Mechanisms of Action
It stands to reason that before embarking on a clinical trial
of a given probiotic in a specific clinical scenario one should be
conversant with its properties. Many, but not all, probiotics are de-
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rived from commensal microbiota in the healthy human gut whose
properties they will, understandably, mimic. Furthermore, the antiinflammatory, anti-bacterial, anti-viral, gut barrier enhancing,
enteric neuro-modulatory, and brain-gut axis modifying effects of
specific probiotics have been demonstrated reproducibly in in vitro
and animal models.10,11 Many, if not all of these could be relevant
to IBS.19 Indeed, a major challenge in the selection of a probiotic
strain in IBS is the lack of clarity on the pathogenesis of IBS. Any
number of factors alone or in combination may be operable in any
given sufferer. It needs to be emphasized that one must remain
ever cautious in the translation of laboratory effects to humans as,
first, animal models rarely mimic the complex phenotype that is
human disease, second, doses of probiotics administered to mice or
rats when considered in terms of dose per unit of body weight are
many orders of magnitude greater than what is conventionally administered to human subjects and, third, it is much easier to dissect
out the precise effect of a probiotic in an animal model. Nevertheless, there are ample templates to guide the investigator towards a
clear demonstration of the actual biological effects of a given bacterium; effects that should guide the choice of a particular strain
for a given clinical problem.20,21 Several examples of the successful
application of this bench-to-bedside approach are extant; in inflammatory disorders,22 infectious diseases,23 metabolic processes,24
and stress management,25 to name but a few. In choosing your probiotic for IBS one may need to make this decision based on likely
relevance of demonstrated effects to your IBS population––not an
easy task!
At this stage, one should have a probiotic characterized at
genome level, data from the laboratory to demonstrate its biological effects and a portfolio that supports safety in humans. The
technologies and oversight to ensure its production according to
optimal standards are in place and the formulation in which it is
to be consumed has been rigorously tested to ensure sufficient viability over the proposed shelf life of the product and its survival as
it transits the GI tract to achieve delivery to its desired site of action.
Here again IBS presents a challenge. Do we assume, as many have
in the past, that this is a colonic disorder or should we be targeting
our efforts at the small intestine or even further afield at the “big
brain” and its interactions with the “little brain”? Would a probiotic
combination or cocktail containing microbes that individually address components of IBS pathophysiology such as a disturbed gut
microbiome, an activated immune response, impaired gut barrier
integrity, visceral hypersensitivity, dysmotility, or dysfunction somewhere along the brain-gut axis26,27 be even more likely to succeed?
Only comparative studies in IBS sufferers will give us the answer.

Care should be taken in formulating products with multiple strains,
which may have seemingly relevant properties in vitro as single
strains, but when combined may not express the same properties.
But let’s be optimistic and move forward to the goal that you have
been aiming for––the clinical trial.

Generating Clinical Evidence
Our goal is to perform a clinical trial in IBS––an endeavor
that aims to validate a health claim and, thus, by definition, in
many jurisdictions will require a level of evidence on a par with a
new pharmaceutical product. This approach will pose challenges
for potential investigators; specifically, who will fund the trials
which will be required to satisfy these regulatory requirements?
An alternative approach would be to avoid the category of “probiotic as drug” and progress the probiotic within the food category.
In this regulatory domain, one acceptable endpoint would be
the demonstration of a reduction in risk for a given entity in the
general population. This requires a validated biomarker of risk, of
which there are few (e.g. cholesterol for heart disease), and not a
biomarker of early disease (which immediately moves the product
into the drug category). Apart from post-infection IBS28 there are
no other tangible, modifiable risks for IBS. Post-infection IBS
presents its own challenges––ideally, one would need to identify
a large community common-source outbreak and be prepared to
treat a large number of affected individuals in the knowledge that
as few as 10% will develop chronic post-infection symptoms.28
For these reasons, it may be more advisable to study probiotics as
drugs targeted at narrow indications, such as an IBS sub-type,
within the pharmaceutical sector (paradoxically lower costs and
higher margins on licensable product) unless new microbial biomarkers of risk emerge.
In designing a clinical trial in IBS with a probiotic one needs to
be mindful of the major shortcomings of many prior studies. Heterogeneity has been the rule with studies differing widely in study
protocol, selection of study population, sample size, strain or strains
employed, dosage, formulation, duration of therapy, and outcome
measures, even for the same indication. Head-to-head comparisons
with alternative treatments or other probiotics are very rare,29 as are
dose-ranging studies.30 This situation makes it difficult to synthesize this literature into a clinically applicable summary. For example,
while Ford and colleagues found that probiotics, in general, were
effective in alleviating the cardinal symptoms of IBS, they were unable to define which individual strains or species were most beneficial because of a lack of adequate comparative data.31
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What is the way forward?
In designing a study there are several issues to confront (Figure):
1. Study population
Should this comprise all comers or specific subtypes? Right
now, the only subtypes that have been subjected to clinical trials are
those based on dominant bowel habit: diarrhea, constipation, or
mixed pattern. In selecting the optimal IBS population to study, one
must be guided by the mechanism(s) of action of one’s probiotic
product but must also be mindful of the mutability of these subtypes over time.
2. Endpoints
Two factors will guide your selection here––the expectations of
the relevant regulatory authority and the nature of the study population. The former typically expects an effect on pain (given that our
definitions of IBS regard this as a sine qua non) and a disordered
bowel habit with or without some measure of global effect.32,33
Given that the pathophysiology of IBS remains undefined, is most
certainly multi-factorial26,27 and the effect of probiotics multiple, a
global endpoint has its attractions as it encompasses, not just pain
and altered bowel habit, but also less studied but highly impactful
symptoms such as bloating, distension and fatigue. The inclusion of

a quality of life measure will provide a true measure of impact.
3. Study design
Given that their duration of action is largely unknown and a
carry-over effect, therefore, a real possibility, crossover designs are
to be discouraged in probiotic studies in IBS and a parallel design
regarded as the gold standard. Indeed, cross-over designs are discouraged in IBS, in general.32,33
IBS is characteristically a chronic disorder marked by intermittent symptoms separated by intervals of relative wellbeing.26 As
the periodicity of these “flares” varies widely even within the same
individual and is influenced by a number of environmental factors,
it stands to reason that any study of an intervention in IBS must be
of an adequate duration to be meaningful. The Rome foundation
recommends a minimum of 12 weeks33––this duration may provide
a good impression of the impact of the new intervention but poses
significant logistical and financial challenges. Regulatory authorities
have provided variable recommendations, such as 8 weeks from the
FDA.34 The European Medicines Agency differentiates between
short-term intermittent therapy (requiring studies involving repeated
courses shorter than 8 weeks and as short as 4 weeks) and long-term
continuous treatment (requiring studies lasting at least 6 months).35

Live microorganism with:
Genome level characterization
In vitro and in vivo data on biological effects
Safety in humans at strain level
Technologies and oversight to ensure its production with:
Viability during shelf life
Survival during GI transit
Optimal delivery to desired site
Selection of strain according to pathogenesis of IBS and MOA of probiotics
Presumptive site of action undefined but might include: colon, small bowel,
enteric nervous system, brain-gut axis, or some combination of these
Decision on probiotic regulatory category and study population

Probiotic as drug to improve IBS symptoms
All IBS vs a subtype of IBS
(IBS-D vs IBS-C vs IBS-M) depends on
predicted action(s)
More cost effective

Probiotic as food to modify a risk factor
(PI-IBS)
Need an outbreak in the population
High cost

Study design: parallel design (cross-over design discouraged)
Formulation: single strain vs multi-strain
Dosage (single dose vs dose-ranging study)
Comparator: placebo vs active
Duration of therapy: > 12 weeks (ideal but as short as 4 weeks may be acceptable)
Endpoints: abdominal pain, bowel habit, bloating, distention, global symptoms, QOL
Avoid confounding factors: antibiotics, differences or changes in diet, use of fermented foods
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Figure. Recommendations for clinical
trials of probiotics in patients with irritable bowel syndrome (IBS). GI, gastrointestinal; MOA, mechanisms of action;
IBS-C, IBS with predominant constipation; IBS-D, IBS with predominant diarrhea; IBS-M, IBS with predominant
irregular bowel habit (mixed D/C); PIIBS, post-infection IBS; QOL, quality
of life.
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Our lack of knowledge on dosing of probiotic products has already been alluded to; consequently, a dose-ranging study would be
ideal. Most studies in humans have used single doses, typically in the
range of 108 to 1010 colony forming units, which have been effective
in some studies. Whether higher doses would be more effective is
unknown. Doses of viable organisms may decrease over time––preclinical studies demonstrating viability over the shelf life of the product and in the environmental conditions in which it is to be stored
are, therefore, mandatory. If a decrease in viable number is detected
the product can be “overfilled” to ensure that the proposed effective
dose of microbes is delivered throughout the duration of the study.
Multiple factors impact on the gut microbiome and could also
modulate probiotic effects. Of these, and in IBS, in particular, diet
is paramount. Ideally, the study population should be controlled for
diet and the intake of other microbiota-modulating factors strictly
prohibited to ensure that various study groups are truly comparable.
Dietary instruments such as a food frequency questionnaire may
assist in defining dietary consistency at base line and it makes sense
that changes in diet or the use of fermented foods should not be
permitted for the duration of the study. Depending on their known
duration of action antibiotics should also be prohibited for an appropriate period before entry into the study––typically, one month off
antibiotics is recommended. The frequency and timing of administration of the probiotic product will be determined by its assumed
method of action, formulation, method of delivery and compatibility
with food.
One issue that must be grappled with in any IBS study is the
choice of a comparator. The relatively unimpressive track record
of any therapy in IBS coupled with an historically high placebo response rate36 has resulted in most studies of new interventions being
placebo controlled and without an active comparator. In considering
this issue with respect to a probiotic product some questions need to
be addressed. If the probiotic is to be targeted at one subtype, then
a comparator should be considered, be it an anti-diarrheal such as
loperamide for diarrhea-predominant or an agent such as polyethylene glycol for constipation-predominant IBS. Pain and global
response pose different challenges; here an obvious comparator is
less apparent. If a global effect is the target or benefits across IBS
subtype predicted, a placebo rather than an active comparator may
be more appropriate. Where one hopes to place a probiotic in the
IBS management algorithm also deserves consideration. Will the
probiotic be first-line therapy for all comers, adjunctive to diet (and
especially the low fermentable oligosaccharide, disaccharide, monosaccharide, and polyol [FODMAP] diet) and life-style changes or
will it compete with prescription medications? Comparative studies

are desperately needed across the spectrum of IBS; that microbiota
modulating therapies can succeed in a head-to-head comparison
has already been demonstrated for a prebiotic against the low
FODMAP diet.37 Could a probiotic enhance the efficacy of other
IBS medications? This is certainly possible, but trials of combinations may require multiple comparator groups (double dummy vs
probiotic + dummy vs medication + dummy etc.) which will balloon study population size and expense. Alternately, subjects could
be allowed to continue usual therapy and randomized to placebo or
probiotic.
Are there other endpoints to be considered? Defining recovery
of probiotic microbes from feces would support successful transit
through the gut38,39––enumerating probiotic numbers in the lumen
or at the mucosal surface could provide insights into mode of action
but may not predict clinical response. Evidence to date suggests that
probiotic effects may not rely on dramatic alterations in the resident
microbiome, suggesting that detailed sequencing or other microbiome studies may not provide useful insights.40

Conclusions
The importance of gut microbiota in homeostasis in health and
in the pathogenesis of disease becomes ever more evident and studies in animal models continue to provide clear-cut signals. Humans
are complex, messy individuals and the challenges of performing
and interpreting clinical trials of microbiota-modulating interventions in them are evident from outcomes that continue to frustrate
us. All too often impressive results in mice and rats do not translate
to humans where clinical trials typically yield conflicting and inconclusive results. This frustration owes much to the inadequacies of
clinical trials of probiotics with studies in IBS being no exception.
However, a framework for the development of well characterized
and appropriately formulated probiotics is proposed, as well as
models that can provide a rationale for their use in IBS. Mindful of
the nature of the disorder and of the properties particular to a given
probiotic product, high quality clinical trials can be designed and
conducted. We all hope that data from such studies will address the
many questions that currently confront the health care provider and
the consumer alike.
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Background/Aims
The incidence of gastroesophageal reflux disease (GERD) is increasing annually. Studies have suggested that psychosocial disorders
may be linked to the development of GERD. However, studies evaluating the association between psychosocial disorders and GERD
have been inconsistent. Thus, we conducted a systematic review and meta-analysis of observational studies that evaluated the
association between psychosocial disorders and GERD.
Methods
We systematically searched the PubMed, Embase, Cochrane, and Web of Science databases until October 17, 2020. Pooled OR with
95% CI and subgroup analyses were calculated using a random-effects model. Subgroup analyses were performed to identify the
sources of heterogeneity. Sensitivity analysis by one-study removal was used to test the robustness of our results.
Results
This meta-analysis included 1 485 268 participants from 9 studies. Studies using psychosocial disorders as the outcome showed that
patients with GERD had a higher incidence of psychosocial disorders compared to that in patients without GERD (OR, 2.57; 95% CI,
1.87-3.54; I 2 = 93.8%; P < 0.001). Studies using GERD as an outcome showed an association between psychosocial disorders and
an increased risk of GERD (OR, 2.23; 95% CI, 1.42-3.51; I 2 = 97.1%; P < 0.001). The results of the subgroup analysis showed that
the non-erosive reflux disease group had a higher increased risk of anxiety than erosive reflux disease group (OR, 9.45; 95% CI, 5.5416.13; I 2 = 12.6%; P = 0.285).
Conclusion
Results of our meta-analysis showed that psychosocial disorders are associated with GERD; there is an interaction between the two.
(J Neurogastroenterol Motil 2022;28:212-221)
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Introduction
In recent years, with the rapid development of contemporary
societies, people face pressures in all aspects of life. The incidence of
gastroesophageal reflux disease (GERD) and psychosocial disorders, especially anxiety, and depression, has increased worldwide annually1-5; moreover, GERD and psychosocial disorders often occur
together and can affect each other.6-8
GERD is a clinically common gastrointestinal disease in
Western countries, affecting up to 20% of the Western population,
and is associated with a variety of risk factors such as obesity and
smoking.9,10 A meta-analysis reported a global incidence of GERD
of 13.98%, with an estimated 1.03 billion people worldwide experiencing GERD.1 GERD mainly refers to the reflux of stomach
and duodenum contents to the esophagus, which, in turn, causes
acid reflux, heartburn, and other symptoms.11 GERD seriously affects patient quality of life and work efficiency; moreover, long-term
burns to the esophagus can also increase the risk of adenocarcinoma
of the lower esophagus.11
At present, psychosocial disorders are becoming increasingly
common worldwide, especially anxiety and depression.4,5 According
to the World Health Organization, depression will become the first
global burden of disease by 2030.12 A systematic review collected 87
studies from 44 countries; the final statistics showed that the global
prevalence of anxiety disorders was 7.30%.13 Psychological disorders in contemporary societies affects many people and are related
to many diseases of the digestive tract, among which irritable bowel
syndrome, is the most studied.14-16 Clinical studies have confirmed
the association between psychosocial disorders and GERD.17-20
GERD can lead to anxiety and depression, in turn, psychological
disorders can also lead to reflux symptoms.21,22 People with depression are 1.7 times more likely to develop GERD compared to those
without depression.22 In the study of Kessing et al,23 levels of anxiety
can increase the severity of reflux episodes. Treating GERD with
antidepressants can improve the symptoms of patients with esophageal visceral allergy.24
GERD and depression have many similar neurobiological
mechanisms, among which the “brain-gut” axis plays an important
role in the mechanism of the 2 comorbidities.25 The “brain-gut
axis” refers to the 2-way communication between the central and
the enteric nervous systems.26 Emotional changes, such as anxiety
and depression, in GERD may be related to the hypothalamic-pituitary-adrenal axis. GERD includes reflux esophagitis (RE) with
mucosal damage and non-erosive reflux disease (NERD) without

mucosal damage. Compared to patients with erosive reflux disease
(ERD), patients with NERD have a higher prevalence of mental
illness.27 Recent studies have suggested that the pathogenesis of erosive gastroesophageal reflux disease is mainly due to excessive acid
exposure and subsequent mucosal damage caused by reflux. However, for NERD without mucosal damage under gastroscopy, the
pathogenesis is mainly due to psychological stress from esophageal
hypersensitivity, epithelial permeability, and dilation of intercellular
space causing changes in intercellular pH and/or osmotic pressure,
leading to pain.28-32 Studies have shown that the poor efficacy of
proton pump inhibitors in patients with GERD may be caused by
psychological factors.30
Although studies have explored their correlation, no meta-analysis has shown a causal relationship between psychosocial disorders
and GERD. The present study systematically analyzed the association between psychosocial disorders and GERD to provide a deep
understanding of the relationship between these 2 diseases to better
manage patients in clinical practice.

Materials and Methods
Search Strategy
We searched the PubMed, Embase, Cochrane, and Web of
Science databases for literature published up to October 17, 2020,
using terms in the Medical Subject Headings database, including
“depression” OR “anxiety” OR “alexithymia” OR “psychological
stress” OR “occupational stress” AND “gastroesophageal reflux
disease.”

Protocol and Guidance
This study was conducted based on the Preferred Reporting
Items for Systematic Reviews and Meta-analysis.

Inclusion and Exclusion Criteria
Our inclusion criteria were as follows:
(1) The included studies reported on the association between
psychosocial disorders and GERD
(2) Definitely diagnosed as GERD
(3) Diagnosis of psychological disorders based on validated
instruments
(4) Observational studies
(5) Research that provided ORs and 95% CIs, or that included
data from which OR could be calculated
Our exclusion criteria were as follows:
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Duplicates removed
(n = 274)

Records screened according to titles
(n = 4021)

Records excluded
(n = 3966)

Records screened based
on abstract (n = 55)

Records excluded
(n = 20)

Eligibility

Records identified through database
PubMed, Embase, Cochrane,
and Web of science (n = 4295)

Full-text reviewed (n = 35 )

Included

Screening

Identification

Meijun He, et al

Studies included in
quantitative synthesis
(meta-analysis)
(n = 9)

Full-text articles excluded,
(n = 26) with reasons:
1) Cannot calculate OR
and 95% CI (n = 6)
2) Full text not available (n = 7)
3) Non-English (n = 3)
4) Not observational studies
(n = 7)
5) No control study (n = 3)

Figure 1. Flow chart of study selection.

(1) Reviews, case reports, and letters to the editor
(2) Full text not available
(3) Non-English articles
(4) No control group

Study Selection
Two researchers (M.H. and G.B.) screened the article titles
and abstracts, as well as the full texts, selected the studies, and extracted general information on the patients in the studies. Disagreements between the researchers on study inclusion were resolved by
a third researcher (D.Y.).

Data Extraction and Quality Assessment
Two researchers collected relevant information from each study.
The relevant information included the first author and year of publication, country of origin, sample size, study design, age, diagnostic
criteria of GERD and psychosocial disorders, and outcome. Two
researchers assessed the quality of each study. Cohort and casecontrol studies were assessed using 3 aspects of the NewcastleOttawa quality assessment scale: (1) the selection of study groups,
(2) comparability of the groups, and (3) ascertainment of exposure
or outcome of interest for case-control studies.33 The cross-sectional
studies were assessed using an 11-item checklist recommended by
the Agency for Healthcare Research and Quality.34
214

Statistical Methods
Data were analyzed using Stata version 15.1 (StataCorp LLC,
College Station, TX, USA). ORs and their associated 95% CIs
were used to measure the effect size. We assessed heterogeneity
using the I 2 statistic, in which I 2 values greater than 50% indicated
substantial statistical heterogeneity.35 We used a random-effects
model to calculate the pooled effect size. Subgroup and sensitivity
analyses were performed by excluding 1 study at a time.

Results
Included Studies
A total of 4295 articles were identified, 4021 of which were
included after deduplication. After checking the titles and abstracts,
35 articles were fully reviewed, and 9 articles were finally included
(Fig. 1).

Characteristics and Quality Assessment of the
Included Studies
The baseline information for each study is presented in Table.
The 9 articles included a total of 1 485 268 participants. Seven
studies showed a higher incidence of psychosocial disorders among
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Cross-sectional Korean

Cross-sectional Chinese

Song et al43 (2013)

Chou et al44 (2014)

GERD (n = 3813)
Healthy controls
(n = 15 252)
Stress group (n = 902)
Reference group (n = 6023)
General population
(n = 728 749)
Patients with MDD
(n = 4790)

GERD diagnosis

Stress (42.3 ± 10.5)
Control (44.1 ± 9.7)
> 20

GERD (45.9)
Control (45.9)

Anxiety/depression

Anxiety/depression

Outcome

Study 1: GERD
Study 2: Depression

Los Angeles
classification
ICD-9-CM codes

ICD-9-CM codes

BEPSI-K

GERD

GERD

KCD-6 codes
KCD-6 codes
Psychological disorders
24-hr pH monitoring
GERDQ
Beck Depression Inventory Anxiety/depression
Centre for Epidemiological
Studies Depression Scale
Generalized Anxiety
Disorder-7 scale
ICD-9-CM codes
ICD-9-CM codes
Psychological disorders

ICD-10 codes

4-item Reed Stress Inventory Anxiety/depression

HADS

ZSAS
ZSDS

Psychosocial
disorders diagnosis

GERD, gastroesophageal reflux disease; RE, reflux esophagitis; NERD, non-erosive reflux disease; ZSAS, Zung Self-Rating Anxiety Scale; ZSDS, Zung Self-Rating Depression Scale; NR, not reported;
HADS, Hospital Anxiety and Depression Scale; RO, reflux oesophagitis; BO, Barrett’s esophagus; ICD-10, International Classification of Disease-10; KCD-6, Korean Classification of Diseases, sixth revision; GERDQ, gastroesophageal reflux disease; ICD-9-CM, International Classification of Diseases, ninth revision, clinical modification; BEPSI-K, Brief Encounter Psychosocial Instrument; MDD, major
depressive disorder.

Cohort study Chinese

Age (yr)
Rome III criteria
RE (41.07 ± 10.61)
NERD (39.68 ± 10.80)
Controls (40.04 ± 12.22)
NR
Los Angeles
classification
Savary-Miller
Controls (63.0)
classification
RO (61.7)
Hetzel-Dent
BO (62.4)
classification
Los Angeles
classification
> 20
ICD-10 codes

Study 1:
Depression (n = 60 957)
Control (n = 243 828)
Study 2
GERD (n = 133 089)
Control (n = 266 178)
Cohort study Korean
GERD (n = 9503)
> 19
Healthy controls (n = 9503)
Cohort study Australian GERD (n = 221)
35-80
Healthy controls (n = 1391)

Case-control Korean

You et al42 (2015)

On et al41 (2017)

Lee et al40 (2018)

Kim et al39 (2018)

GERD (n = 100)
Healthy controls (n = 100)
RO (n = 230)
Controls (n = 260)

Javadi and Shafikhani37 Case-control Iranian
(2017)
Denver et al38 (2013) Case-control Irish

Sample size
GERD (n = 279)
Healthy controls (n = 100)

Study design Ethnicity

Case-control Chinese

Yang et al36 (2015)

First author (yr)

Table. Characteristics of the Studies Included in the Meta-analysis
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Study
ID

OR (95% CI)

%
Weight

Depression
36
Yang XJ (2015)
37
Javadi SAHS (2017)
38
Denver P (2013)
39
Kim SY (2018)
40
Lee YS (2018)
42
You ZH (2015)
41
On ZX (2017)
Subtotal (I-squared = 93.8%, P < 0.001)

11.08 (6.35, 19.35)
3.46 (1.72, 6.94)
1.40 (1.02, 1.92)
1.48 (1.44, 1.53)
1.68 (1.25, 2.28)
3.39 (2.49, 4.60)
2.77 (1.98, 3.87)
2.63 (1.75, 3.95)

7.02
6.26
8.19
8.90
8.26
8.23
8.11
54.97

Axiety
36
Yang XJ (2015)
37
Javadi SAHS (2017)
40
Lee YS (2018)
42
You ZH (2015)
41
On ZX (2017)
Subtotal (I-squared = 87.8%, P < 0.001)

9.44 (5.11, 17.43)
4.06 (2.24, 7.36)
1.51 (1.11, 2.05)
3.19 (2.27, 4.49)
3.06 (1.85, 5.08)
3.43 (1.95, 6.03)

6.71
6.81
8.23
8.09
7.29
37.14

Stress
38
Denver P (2013)
Subtotal (I-squared = .%, P = .)

0.56 (0.38, 0.82)
0.56 (0.38, 0.82)

7.89
7.89

Overall (I-squared = 93.8%, P < 0.001)

2.57 (1.87, 3.54)

100.00

Figure 2. Forest plot of the associations

between gastroesophageal reflux disease
and psychosocial disorders.

NOTE: weights are from random effects analysis
0.0517

1

Study
ID

19.4

OR (95% CI)
39

%
Weight

1.97 (1.92, 2.02)

34.97

1.50 (1.16, 1.95)

31.32

Chou PH (2014)

3.67 (3.16, 4.27)

33.70

Overall (I-squared = 97.1%, P < 0.001)

2.23 (1.42, 3.51)

100.00

Kim SY (2018)

43

Song EM (2013)

44

Figure 3. Forest plot of the associations

NOTE: weights are from random effects analysis
0.234

1

patients with GERD, as compared to the healthy control group36-42;
3 studies reported that patients with psychosocial disorders were
associated with an increased risk for GERD.39,43,44 Application of
the modified Newcastle-Ottawa Scale method for evaluating article
quality showed that the 7 studies had 5 or more stars (Supplementary
Tables 1 and 2). The included cross-sectional studies were assessed
using an 11-item checklist (Supplementary Table 3).

Psychosocial Disorders and Gastroesophageal Reflux
Disease
The 7 studies using psychosocial disorders as the outcome
showed a higher incidence of psychosocial disorders in patients with
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4.27

between psychosocial disorders and gastroesophageal reflux disease.

GERD than that in patients without GERD (OR, 2.57; 95% CI,
1.87-3.54; I 2 = 93.8%; P < 0.001) (Fig. 2). The other 3 studies
using GERD as an outcome showed that psychosocial disorders
were associated with an increased risk of GERD (OR, 2.23; 95%
CI, 1.42-3.51; I 2 = 97.1%; P < 0.001) (Fig. 3).

Subgroup Analysis
First, a subgroup analysis was conducted according to the types
of study. In the subgroup analysis exploring the association between
GERD and depression (Fig. 4), the results showed OR, 2.83 (95%
CI, 1.41-5.69; I 2 = 94.6%; P < 0.001) for case-control studies and
OR, 2.50 (95% CI, 1.64-3.82; I 2 = 81.6%; P = 0.004) for cohort
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%
Weight

Study
ID

OR (95% CI)

Case-control study
36
Yang XJ (2015)
37
Javadi SAHS (2017)
38
Denver P (2013)
39
Kim SY (2018)
Subtotal (I-squared = 94.6%, P < 0.001)

11.08 (6.35, 19.35)
3.46 (1.72, 6.94)
1.40 (1.02, 1.92)
1.48 (1.44, 1.53)
2.83 (1.41, 5.69)

12.58
11.09
14.96
16.43
55.06

Cohort study
40
Lee YS (2018)
41
On ZX (2017)
42
You ZH (2015)
Subtotal (I-squared = 81.6%, P = 0.004)

1.68 (1.25, 2.28)
2.77 (1.98, 3.87)
3.39 (2.49, 4.60)
2.50 (1.64, 3.82)

15.09
14.80
15.04
44.94

Overall (I-squared = 93.8%, P < 0.001)

2.63 (1.75, 3.95)

100.00

ciations between gastroesophageal reflux
disease and depression according to the
study type.

NOTE: weights are from random effects analysis
0.0517

1

19.4

%
Weight

Study
ID

OR (95% CI)

Case-control study
36
Yang XJ (2015)
37
Javadi SAHS (2017)
Subtotal (I-squared = 73.3%, P = 0.053)

9.44 (5.11, 17.43)
4.06 (2.24, 7.36)
6.17 (2.70, 14.10)

18.33
18.57
36.89

Cohort study
40
Lee YS (2018)
41
On ZX (2017)
42
You ZH (2015)
Subtotal (I-squared = 83.3%, P = 0.003)

1.51 (1.11, 2.05)
3.06 (1.85, 5.08)
3.19 (2.27, 4.49)
2.41 (1.42, 4.10)

21.87
19.70
21.54
63.11

Overall (I-squared = 87.8%, P < 0.001)

3.43 (1.95, 6.03)

100.00

1

Study
ID

17.4

OR (95% CI)

%
Weight

ERD
36
Yang XJ (2015)
37
Javadi SAHS (2017)
38
Denver P (2013)
Subtotal (I-squared = 92.8%, P < 0.001)

8.76 (4.76, 16.14)
2.89 (1.27, 6.56)
1.40 (1.02, 1.92)
3.23 (0.96, 10.84)

20.22
19.07
21.40
60.68

NERD
36
Yang XJ (2015)
37
Javadi SAHS (2017)
Subtotal (I-squared = 82.5%, P = 0.017)

14.12 (7.54, 26.46)
4.10 (1.84, 9.11)
7.80 (2.32, 26.24)

20.13
19.19
39.32

Overall (I-squared = 93.1%, P < 0.001)

4.56 (1.67, 12.41) 100.00

NOTE: weights are from random effects analysis
0.0378

1

Figure 5. Subgroup analysis of the as-

sociations between gastroesophageal
reflux disease and anxiety according to
study type.

NOTE: weights are from random effects analysis
0.0574

Figure 4. Subgroup analysis of the asso-
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Figure 6. Subgroup analysis of the as-

sociations between gastroesophageal
reflux disease (GERD) and depression
according to the GERD type. ERD, erosive reflux disease; NERD, non-erosive
reflux disease.
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Study
ID

OR (95% CI)

%
Weight

ERD
36
Yang XJ (2015)
37
Javadi SAHS (2017)
Subtotal (I-squared = 79.2%, P = 0.028)

7.35 (3.80, 14.21)
2.50 (1.23, 5.07)
4.32 (1.49, 12.48)

25.78
24.75
50.53

NERD
36
Yang XJ (2015)
37
Javadi SAHS (2017)
Subtotal (I-squared = 12.6%, P = 0.285)

12.03 (6.21, 23.32)
6.95 (3.25, 14.85)
9.45 (5.54, 16.13)

25.73
23.74
49.47

Overall (I-squared = 71.5%, P = 0.015)

6.30 (3.29, 12.09) 100.00

NOTE: weights are from random effects analysis
0.0429

1

studies. In the subgroup analysis exploring the association between
GERD and anxiety (Fig. 5), the results showed OR, 6.17 (95%
CI, 2.70-14.10; I 2 = 73.3%; P = 0.053) for case-control studies,
and OR, 2.41 (95% CI, 1.42-4.10; I 2 = 83.3%; P = 0.003) for
cohort studies. The results indicated that the heterogeneity was not
attributed to the types of study.
Next, we conducted a subgroup analysis according to the different types of GERD. Although individual studies showed an
increased risk for depression in those with depression outcomes (Fig.
6), the combined study did not have any statistical significance (OR,
3.23; 95% CI, 0.96-10.84; I 2 = 92.8%; P < 0.001). Compared
to the health control group, the NERD group had a higher risk
for depression (OR, 7.80; 95% CI, 2.32-26.24; I 2 = 82.5%; P =
0.017). In studies with anxiety outcomes (Fig. 7), ERD increased
the risk for anxiety, as compared with healthy controls (OR, 4.32;
95% CI, 1.49-12.48; I 2 = 79.2%; P = 0.028). The NERD group
had a higher increased risk for anxiety (OR, 9.45; 95% CI, 5.5416.13; I 2 = 12.6%; P = 0.285); the NERD group was more homogeneous.

Sensitivity Analysis
A sensitivity analysis was carried out in which 1 study was
sequentially omitted to assess the robustness of the pooled effects.
After item-by-item elimination, the sensitivity analysis results show
that the stability is good. The pooled ORs of the association between GERD and depression ranged from 2.10 (95% CI, 1.522.90) to 2.97 (95% CI, 1.81-4.87) (Supplementary Fig. 1). The
pooled OR of the association between GERD and anxiety ranged
from 2.69 (95% CI, 1.68-4.31) to 4.23 (95% CI, 2.67-6.72) (Supplementary Fig. 2).
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23.3

Figure 7. Subgroup analysis of the asso-

ciations between gastroesophageal reflux
disease (GERD) and anxiety according
to GERD type. ERD, erosive reflux disease; NERD, non-erosive reflux disease.

Discussion
This study aimed to explore the association between psychosocial disorders and GERD. Overall, this meta-analysis based on 9
studies and 1 485 268 subjects found a significant positive association between psychosocial disorders and GERD. To our knowledge, this is the first systematic review and meta-analysis to assess
the association between psychosocial disorders and GERD.
Previous studies have reported the relationships between psychosocial disorders and GERD. According to a cross-sectional
study, the levels of depression and anxiety were significantly higher
in the subjects with GERD, especially NERD, than in controls.45
Lee et al40 reported that patients with GERD had higher risks of
psychological disorders than those without GERD (hazard ratio =
1.25; 95% CI, 1.07-1.47; P = 0.006).40 Jansson et al22 indicated
that anxiety increased risk of reflux symptoms compared to the
subjects without reflux symptoms (OR, 3.2; 95% CI, 2.7-3.8; P <
0.0001), and that depression led to a 1.7-fold increase of risk (OR,
1.7; 95% CI, 1.4-2.1; P < 0.0001).22 Despite many clinical studies
demonstrating the association between GERD and mental illness,
the sample size of individual studies was small, which can lead to
the biased results. In this regard, meta-analysis methods can be
used to increase sample size, reduce bias, and improve the level of
evidence.
This meta-analysis of 9 observational studies provided evidence
of an increased OR for GERD of 2.57 with the occurrence of psychosocial disorders (95% CI, 1.87-3.54). Individuals with GERD
had a 2.63-fold higher risk of depression (OR, 2.63; 95% CI, 1.753.95) and a 3.43-fold higher risk of anxiety (OR, 3.43; 95% CI,
1.95-6.03). This result proved that patients with GERD are more
likely to experience anxiety than depression. In addition, individuals
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with psychosocial disorders had a 2.23-fold increased occurrence of
GERD (95% CI, 1.42-3.51).
Due to the high heterogeneity of mergers, we further performed subgroup analysis and sensitivity analyses. The subgroup
analysis showed that the risk for anxiety in NERD patients was significantly higher than that in ERD patients. In the sensitivity analysis, we found that the removal of Yang et al36 had a greater impact
on the results. In this study, patients with NERD had significantly
higher anxiety and depression scores than patients with ERD.
These results indicated that NERD and ERD may have different
pathogeneses.
We identified several possible explanations for the increased
risk of psychosocial disorders caused by GERD. First, acid reflux
events disrupts sleep architecture. More than half of patients with
chronic GERD report nocturnal symptoms, which seriously affect rest and increase anxiety and tension.46,47 Second, the abnormal
expression of inflammatory cytokines in the esophageal mucosa,
such as interleukin IL-6, IL-8, IL-1beta, interferon-gamma, and
tumor necrosis factor-alpha (TNF-α) may also play a role.48 The
mucosal barrier is damaged by the mediation of inflammatory chemokines, which, in turn, sensitizes nerve endings in the submucosa
of the esophagus. Abnormal expression of inflammatory factors in
the body is an important factor in the progression of RE. The more
severe the illness, the stronger the inflammatory response.49 The
occurrence of peripheral inflammation affects inflammation of the
central nervous system (CNS)50; moreover, central inflammation
can lead to mental illness.51
Psychosocial disorders may also increase the risk of developing GERD. Psychological disorders can regulate the sensation of
esophageal pain. These factors often cause patients to feel hypersensitivity to internal organs; that is, pain sensation in response to
stimulation below the threshold.17 The specific mechanisms are as
follows. First, the tight junctions of the esophageal epithelium of
psychologically stressed rats are destroyed, thereby weakening or
reducing the barrier function of the esophageal mucosa.52 Second,
mental states such as anxiety may impair esophageal motor function
and cause esophageal motility disorders by reducing the pressure
of the lower esophageal sphincter.53 Third, psychological disorders
can affect esophageal sensitivity through peripheral and central
mechanisms; that is, peripheral sensitization and central sensitization. Central sensitization also plays a vital role in esophageal
visceral hypersensitivity. Mechanical and chemical stimulation are
converted into action potentials through the nociceptive receptors
on the esophageal nerve and then transmitted to the CNS through
the spinal or vagus nerves, causing excitatory synaptic responses

that, in turn, amplify the patient’s sensitivity to physiological stimuli.
When injured, central overexcitation persists when the stimulation
is removed. This is because the nerve center has a high degree of
plasticity during visceral pain, leading to continuous pain.54 Acid
exposure in patients with GERD causes faster and greater brain
activity compared to that in healthy controls.55 Fourth, psychological
disorders increase the esophageal mucosal perception of stimuli in
the esophagus through the interaction of the brain-gut axis, leading
to small stimuli that can also cause pain and heartburn.52,56 In addition, stress can promote inflammation and increase the occurrence
of reflux symptoms. Animal experiments have shown that 2 weeks
of binding stress significantly increased the levels of inflammatory
cytokines in the esophagus and plasma, including IL-6, IL-8,
interferon, and TNF-α, indicating that stress can induce inflammation of the esophagus.57
This study had several limitations. First, it was difficult to address heterogeneity. Although subgroup analysis reduced this heterogeneity, it remained high. This may be due to the region or the
number of people studied. Second, because of the small number of
included studies, publication bias was not tested. Third, the included studies have different diagnostic criteria for GERD and psychosocial disorders, which can lead to bias. Fourth, the present study
focused on GERD and psychosocial disorders. Additional studies
are needed to analyze the relationships between RE, NERD, and
psychosocial stress based on the classification of GERD.
In conclusion, the results of our meta-analysis showed a significant positive association between psychosocial disorders and
GERD. GERD patients are more likely to develop psychosocial
disorders than healthy people; at the same time, psychosocial disorders can also increase the risk of GERD. There was a positive
interaction between the 2 variables. Therefore, we suggest that
gastroenterologists and psychologists should pay attention to assess
whether patients have both GERD and psychosocial disorders. If
the 2 coexist, treatment should be considered at the same time in
order to achieve a better outcome.

Supplementary Materials
Note: To access the supplementary tables and figures mentioned in this article, visit the online version of Journal of Neurogastroenterology and Motility at http://www.jnmjournal.org/, and at
https://doi.org/10.5056/jnm21044.
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in Patients With Achalasia: Japan Achalasia
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Background/Aims
Patients with achalasia-related esophageal motility disorders (AEMDs) frequently present with dilated and sigmoid esophagus, and
develop esophageal diverticulum (ED), although the prevalence and patients characteristics require further elucidation.
Methods
We conducted a multicenter cohort study of 3707 patients with AEMDs from 14 facilities in Japan. Esophagography on 3682 patients
were analyzed.
Results
Straight (n = 2798), sigmoid (n = 684), and advanced sigmoid esophagus (n = 200) were diagnosed. Multivariate analysis revealed
that long disease duration, advanced age, obesity, and type I achalasia correlate positively, whereas severe symptoms and integrated
relaxation pressure correlate negatively with development of sigmoid esophagus. In contrast, Grade II dilation (3.5-6.0 cm) was the
most common (52.9%), while grade III dilation (≥ 6 cm) was rare (5.0%). We found early onset, male, obesity, and type I achalasia
correlated positively, while advanced age correlated negatively with esophageal dilation. Dilated and sigmoid esophagus were found
mostly in types I and II achalasia, but typically not found in spastic disorders. The prevalence of ED was low (n = 63, 1.7%), and
non-dilated esophagus and advanced age correlated with ED development. Patients with right-sided ED (n = 35) had a long disease
duration (P = 0.005) with low integrated relaxation pressure values (P = 0.008) compared with patients with left-sided ED (n = 22).
Patients with multiple EDs (n = 6) had lower symptom severity than patients with a single ED (P = 0.022).
Conclusions
The etiologies of dilated esophagus, sigmoid esophagus, and ED are considered multifactorial and different. Early diagnosis and
optimal treatment of AEMDs are necessary to prevent these conditions.
(J Neurogastroenterol Motil 2022;28:222-230)
Key Words
Eckardt score; Epiphrenic diverticulum; High-resolution manometry; Integrated relaxation pressure; Megaesophagus
ⓒ 2022 The Korean Society of Neurogastroenterology and Motility

222

J Neurogastroenterol Motil, Vol. 28 No. 2 April, 2022
www.jnmjournal.org

Deviations of Esophageal Morphology in Achalasia

Received: September 13, 2021 Revised: November 10, 2021 Accepted: November 10, 2021
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work
is properly cited.
*Correspondence: Hiroki Sato, MD, PhD
Division of Gastroenterology and Hepatology, Graduate School of Medical and Dental Sciences, Niigata University, 757-1,
Asahimachidori, Chuo-ku, Niigata City, Niigata 951-8510, Japan
Tel: +81-25-223-2207, Fax: +81-25-223-0776, E-mail: pyloki-sato@med.niigata-u.ac.jp

Introduction
Achalasia is a primary esophageal motility disorder (EMD);
its etiology is the degeneration of Auerbach’s plexus, which results
in failure of relaxation of the lower esophageal sphincter (LES) and
absence of normal esophageal peristalsis.1,2 Thus, the natural course
of achalasia often involves dilated and sigmoid esophagus; hence,
radiological assessment, including esophagography, plays an important role in the diagnosis of achalasia.3,4 However, the prevalence of
disease natural course with regard to dilated and sigmoid esophagus
and the clinical factors associated with dilated and sigmoid esophagus require further elucidation. Furthermore, our previous study
highlights the discrepancies between dilated and sigmoid esophagus.5
It was also reported that esophageal diverticulum (ED) is a
common complication of achalasia-related EMDs.6-8 Similar to
esophagography findings such as dilated and sigmoid esophagus,
the prevalence of ED in patients with achalasia-related EMDs has
not been thoroughly investigated. One of the main reasons for this
situation is that the incidence of ED is low; therefore, a large sample
size of patients with achalasia-related EMDs is needed for statistical
power analysis.
Achalasia is rare and has an incidence rate of 1.0/100 000
persons per year;9,10 hence, the number of patients with achalasia
in a single facility is usually small. Therefore, to investigate esophagography findings such as dilated esophagus, sigmoid esophagus,
and ED, we conducted a multicenter study involving high-volume
centers in Japan.

Materials and Methods

this study. From these patients, we analyzed the patients with achalasia-related EMDs such as achalasia and esophagogastric junction
outflow obstruction (EGJOO), major disorders of peristalsis such
as jackhammer esophagus (JE) and distal esophageal spasm (DES),
and unclassified spastic disorders.
This study was part of a more extensive retrospective clinical
study of patients with EMDs, including achalasia. The study was
approved by the ethics committees of all the participating institutions (Supplementary Material), and it was conducted in accordance with the principles stipulated in the Declaration of Helsinki.
Informed consent (in the form of an opt-out system on a website)
was obtained from the patients. All the authors had access to the
study data, and each author reviewed and approved the final manuscript.

Data Collection
A study-specific spreadsheet was created to collect validated
case data from each hospital. The survey items included the following: age at onset and diagnosis of EMD, duration of symptoms,
sex, body mass index (BMI), Eckardt score, HRM diagnosis, type
of achalasia, and degree of esophageal dilation. If esophagography
revealed ED in a patient, the side of the ED (right, left, or multiple
lesions) was also investigated. To prevent data omission or entry
error and to minimize missing values, we used the multiple-choice
rules in Excel to input categorical variables (eg, type of achalasia:
straight, sigmoid [S1], advanced sigmoid [S2], or unknown) and
free input for continuous variables. The Excel spreadsheet was
filled using data retrieved from electronic medical records and was
then sent to a representative’s facility. The representative checked
for omissions and errors in the input values of the data sent from
each hospital. Data that needed correction were communicated to
input physician(s) of each hospital using detailed comments.

Patients

Variables

This study was conducted at 14 high-volume EMD centers
in Japan. Patients with EMDs diagnosed using standard methods,
such as high-resolution manometry (HRM), esophagography, and
gastroscopy, and treated between 2010 and 2020 were enrolled in

Symptom severity was evaluated using the Eckardt score.11 The
Eckardt score is the sum of the respective 3-point scores for dysphagia, regurgitation, chest pain, and weight loss. The higher the
score, the more severe the symptoms of achalasia-related EMDs
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(maximum score = 12), and the lower the score, the milder the
symptoms (minimum score = 0). HRM diagnosis was based on
the Chicago classification criteria version 3.0.12 To assess deglutitive
LES relaxation, integrated relaxation pressure (IRP) was measured, and IRP ≥ 26 mmHg on Starlet (Starmedical Ltd, Tokyo,
Japan) was considered high IRP, which indicates incomplete LES
relaxation.13 IRP values obtained using several HRM systems were
converted to the Starlet criteria using a previously reported formula.14,15 Type of achalasia on esophagography was classified as straight
esophagus, sigmoid esophagus (S1), or advanced sigmoid esophagus (S2). S2 was subclassified when the esophageal angle < 90°
(Supplementary Fig. 1). Based on the diameter of the esophageal
lumen observed during esophagography, the degree of esophageal
dilation was classified as grade I (< 3.5 cm), grade II (3.5-6.0 cm),
or grade III (> 6 cm) (Supplementary Fig. 2).16

Statistical Methods
Pearson’s chi-squared test or Fisher’s exact test was used to
compare categorical data, while Mann-Whitney U test was used
to compare continuous data. To determine associations between
dilated esophagus, sigmoid esophagus, and ED development, we
used univariate and multivariate logistic regression models and
computed the odds ratio (OR) and 95% confidence interval (CI).
Factors with P < 0.05 in the univariate analysis were included in

the multivariate analysis. All statistical analyses were performed using SAS statistical software (version 9.4; SAS Institute, Cary, NC,
USA). All reported P -values were two-sided, and P < 0.05 was
considered statistically significant.

Results
A total of 3707 patients with achalasia-related EMDs were
enrolled in this study (Supplementary Fig. 3). Findings on radiography, including esophagography, were made in 3682 of the 3707
patients, and these findings were analyzed in study 1. In study 1,
3411 patients with achalasia, 115 patients with EGJOO, 65 patients
with DES, 68 patients with JE, and 23 patients with unclassified
spastic disorders were included. Furthermore, 63 patients with ED
(1.7%) were identified from among the patients who underwent
esophagography. To investigate the characteristics of patients with
ED, a case-control study of 63 patients with ED and 3619 without
ED (study 2) was conducted.

Natural Course and Risk Factors of Sigmoid
Esophagus
The characteristics of patients with straight esophagus (n =
2798), sigmoid esophagus (n = 684), and advanced sigmoid
esophagus (n = 200) are summarized in Table 1. Statistically sig-

Table 1. Characteristics of Patients With Straight, Sigmoid, and Advanced Sigmoid Esophagus (n = 3682)

Variables

Straight
(n = 2798)

Sigmoid
(n = 684)

P -valuea

Advanced sigmoid
(n = 200)

P -valueb

P -valuec

Age at onset (yr)
Age at onset < 40 yr
Duration of symptoms (mo)
Duration of symptoms ≥ 10 yr
Age at diagnosis (yr)
Age at diagnosis ≥ 65 yr
Sex (men)
Body mass index (kg/m2)
Body mass index ≥ 25 kg/m2
Eckardt score
Eckardt score ≥ 7
Type I achalasia on HRMd
IRP on HRMe
IRP ≥ 26 mmHg on HRMe

40 (28, 55)
1358 (48.5%)
49.0 (22.0, 121.0)
734 (26.2%)
48.0 (37.0, 64.0)
679 (24.3%)
1393 (49.8%)
20.7 (18.6, 23.3)
416 (14.9%)
6 (4-8)
1118 (41.4%)
1146 (51.9%)
28.1 (19.0, 39.0)
1409 (57.5%)

42 (29, 61)
311 (45.5%)
109.5 (40.8, 222.5)
309 (45.2%)
58.0 (44.0, 72.0)
266 (38.9%)
353 (51.6%)
21.6 (19.2, 24.2)
139 (20.4%)
5 (4-7)
209 (32.1%)
330 (67.8%)
22.2 (15.2, 33.5)
209 (41.1%)

0.005
0.163
< 0.001
< 0.001
< 0.001
< 0.001
0.417
< 0.001
<0.001
< 0.001
0.014
< 0.001
< 0.001
< 0.001

39 (27, 59)
102 (51.0%)
181.5 (63.3, 325.8)
122 (61.0%)
62.5 (49.0, 71.0)
89 (44.5%)
112 (56.0%)
21.5 (18.6, 24.2)
39 (19.5%)
5 (4-7)
62 (32.1%)
65 (83.3%)
17.0 (12.9, 25.9)
21 (26.9%)

0.984
0.548
< 0.001
< 0.001
< 0.001
< 0.001
0.104
0.082
0.097
< 0.001
0.014
< 0.001
< 0.001
< 0.001

0.174
0.194
< 0.001
< 0.001
0.036
0.164
0.296
0.321
0.842
0.243
0.930
0.005
0.007
0.018

a

P -value was calculated between straight esophagus and sigmoid esophagus.
P -value was calculated between straight esophagus and advanced sigmoid esophagus.
c
P -value was calculated between sigmoid esophagus and advanced sigmoid esophagus.
d
Type I achalasia was analyzed in patients with type I, type II, and type III achalasia on high-resolution manometry (HRM).
e
Integrated relaxation pressure (IRP) was measured in patients who underwent HRM for diagnosis (n = 3037).
Number of missing values: 2 for body mass index and 128 for Eckardt score.
b
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Figure 1. Prevalence of esophagography findings. (A) Esophageal dilation (grades I to III) in straight, sigmoid, and advanced sigmoid esophagus.

The rates of sigmoid esophagus (n = 684; 18.6%) and advanced sigmoid esophagus (n = 200; 5.4%) are lower than the rate of straight esophagus (n
= 2796; 76.0%). More than half the patients with straight-type achalasia had dilated esophagus (n = 1429; 51.1%). (B) Type of achalasia (straight,
sigmoid, and advanced sigmoid) in patients with grades I to III esophageal dilation. Grade II dilation is more common than grade I dilation (n
= 1945; 52.9% vs n = 1550; 42.1%), and grade III dilation is rare (n = 185, 5.0%). Sigmoid-type achalasia is more common than straight-type
achalasia in patients with grade III esophageal dilation (n = 112; 60.5% vs n = 73; 39.5%).

nificant differences in age at onset, duration of symptoms, age at
diagnosis, BMI, Eckardt score, type I achalasia on HRM, and
IRP values were observed between patients with sigmoid esophagus and patients with straight esophagus. Duration of symptoms,
age at diagnosis, type I achalasia, and IRP values showed consistent
statistical significance in the natural course from straight esophagus
to advanced sigmoid esophagus. Multivariate analysis revealed
that duration of symptoms ≥ 10 years (OR, 1.980 [95% CI,
1.610-2.430]), age at diagnosis ≥ 65 years (OR, 2.460 [95% CI,
2.000-3.020]), BMI ≥ 25 kg/m2 (OR, 1.550 [95% CI, 1.2002.000]), and type I achalasia (OR, 1.780 [95% CI, 1.430-2.210])
correlated positively with development of sigmoid esophagus, while
Eckardt score ≥ 7 (OR, 0.754 [95% CI, 0.609-0.934]) and IRP
≥ 26 (OR, 0.620 [95% CI, 0.502-0.766]) correlated negatively
with development of sigmoid esophagus (Supplementary Table
1). Furthermore, esophageal dilation in the types of esophagus
was compared (Fig. 1A). Statistically significant differences in the
prevalence of dilated esophagus (grades II and III) were observed
between the 3 groups (all values of P were < 0.001). More than
half of the patients with straight esophagus had dilated esophagus
(n = 1429; 51.1%), and the prevalence of dilated esophagus was
higher in patients with sigmoid esophagus (n = 518; 75.7%), and
in patients with advanced sigmoid esophagus (n = 183; 91.5%).

Natural Course and Risk Factors of Dilated
Esophagus
The characteristics of patients with grade I (n = 1550), grade
II (n = 1945), and grade III (n = 185) esophageal dilation are
summarized in Table 2. Grade II was the most common degree of
esophageal dilation (52.9%), and grade III esophageal dilation was
rare (5.0%). Statistically significant differences in age at onset, duration of symptoms, age at diagnosis, male sex, BMI, Eckardt score,
and type I achalasia on HRM were observed between patients with
grade II esophageal dilation and patients with grade I esophageal
dilation. Male sex, BMI, and type I achalasia on HRM showed
consistent statistical significance in the natural course from grade I
to grade III esophageal dilation. Multivariate analysis revealed that
age at onset < 40 years (OR, 1.320 [95% CI, 1.100-1.590]), male
sex (OR, 1.630 [95% CI, 1.390-1.900]), BMI ≥ 25 kg/m2 (OR,
1.460 [95% CI, 1.160-1.840]), and type I achalasia (OR, 1.990
[95% CI, 1.690-2.350]) correlated positively with development of
dilated esophagus, while age at diagnosis ≥ 65 years (OR, 0.706
[95% CI, 0.578-0.863]) correlated negatively with development of
dilated esophagus (Supplementary Table 2).
Types of esophagus per each grade of esophageal dilation was
compared in Figure 1B. The prevalence of sigmoid (including advanced sigmoid) esophagus was less than that of straight esophagus
in patients with grade I (n = 183; 11.8%) and grade II (n = 589;
30.2%) esophageal dilation. In contrast, the prevalence of sigmoid
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Table 2. Characteristics of Patients With Non-dilated (Grade I) Esophagus and Dilated (Grade II and III) Esophagus (n = 3680)

Variables

Grade I (n = 1550) Grade II (n = 1945)

Age at onset (yr)
Age at onset < 40 yr
Duration of symptoms (mo)
Duration of symptoms ≥ 10 yr
Age at diagnosis (yr)
Age at diagnosis ≥ 65 yr
Sex (men)
Body mass index (kg/m2)
Body mass index ≥ 25 kg/m2
Eckardt score
Eckardt score ≥ 7
Type I achalasia on HRMd
IRP on HRMe
IRP ≥ 26 mmHg on HRMe

44 (31, 62)
626 (40.4%)
48 (21, 122)
436 (28.1%)
54 (40, 70)
537 (34.6%)
676 (43.6%)
20.6 (18.4, 23.1)
202 (13.0%)
6 (4,7)
545 (36.7%)
520 (45.5%)
27.3 (18.0, 38.4)
751 (55.5%)

38 (27, 52)
1039 (53.4%)
66 (26, 160)
654 (33.6%)
49 (37, 64)
468 (24.1%)
1048 (53.9%)
21.2 (18.9, 23.7)
338 (17.4%)
6 (4, 8)
761 (40.2%)
942 (61.8%)
26.8 (17.8, 38.0)
836 (53.1%)

P -valuea

Grade III (n = 185)

P -valueb

P -valuec

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.001
0.042
< 0.001
0.412
0.206

38 (26, 45)
106 (57.3%)
86 (31, 235)
75 (40.5%)
48 (39, 58)
28 (15.1%)
133 (71.9%)
22.4 (19.1, 25.4)
54 (29.2%)
6 (4, 8)
82 (46.1%)
79 (74.5%)
25.2 (17.0, 36.5)
52 (47.3%)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.150
0.019
< 0.001
0.243
0.115

0.064
0.350
0.079
0.062
0.327
0.006
< 0.001
0.002
<0.001
0.898
0.151
0.009
0.408
0.274

a

P -value was calculated between grade I and grade II.
P -value was calculated between grade I and grade III.
c
P -value was calculated between grade II and grade III.
d
Type I achalasia was analyzed in patients with type I, type II, and type III achalasia on high-resolution manometry (HRM).
e
Integrated relaxation pressure (IRP) was measured in patients who underwent HRM for diagnosis (n = 3035).
Number of missing values: 2 for body mass index and 128 for Eckardt score.
The esophagography findings of 2 patients were excluded due to inadequate measurement of esophageal dilation.
b
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Figure 2. Correlation between esophagography and high-resolution manometry (HRM) findings. (A) Straight, sigmoid, and advanced sigmoid
esophagus based on diagnosis using HRM. (A) Straight, sigmoid, and advanced sigmoid esophagus based on diagnosis using high-resolution
manometry (HRM). A total of 2512 patients diagnosed using Starlet HRM and esophagography are analyzed. Sigmoid esophagus and advanced
sigmoid esophagus are found mostly in patients with type I or type II achalasia (P < 0.001). (B) Grades I, II, and III esophageal dilation based on
diagnosis using HRM. In total, 2510 patients who underwent Starlet HRM and esophagography are analyzed. Grades II and III esophageal dilation are found mostly in patients with type I or type II achalasia (P < 0.001).
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(including advanced sigmoid) esophagus was greater than that of
straight esophagus in patients with grade III esophageal dilation
(n = 112; 60.5%).

Sigmoid and Dilated Esophagus Are Common
in Type I and II Achalasia on High-resolution
Manometry
The prevalence of straight esophagus, sigmoid esophagus, and
advanced sigmoid esophagus were compared in cases with HRM
diagnosis (Fig. 2A). Sigmoid esophagus and advanced sigmoid

Table 3. Characteristics of Patients With Esophageal Diverticulum (n = 63) in Achalasia-related Esophageal Motility Disorders (n = 3682)

Variables
Age at onset (yr)
Age at onset < 40 yr
Duration of symptoms (mo)
Duration of symptoms ≥ 10 yr
Age at diagnosis (yr)
Age at diagnosis ≥ 65 yr
Sex (men)
Body mass index (kg/m2)
Body mass index ≥ 25 kg/m2
Eckardt score
Eckardt score ≥ 7
Type I achalasia on HRMb
IRP on HRM
IRP ≥ 26 mmHg on HRM
Sigmoid-type achalasiac
Grade of esophageal dilation ≥ II

Cases of esophageal diverticulum (n = 63)
59 (40, 66.5)
15 (23.8%)
105.5 (66.8, 191.5)
24 (38.1%)
70 (56.5, 75.0)
39 (61.9%)
40 (63.5%)
20.8 (18.1, 23.6)
14 (22.2%)
5 (3.8, 6.3)
15 (25.0%)
12 (35.3%)
23.8 (15.5, 34.9)
26 (44.8%)
13 (20.6%)
18 (29.0%)

Controls (n = 3619)a

P -value

40 (28, 56.0)
1756 (48.5%)
64.5 (20.8, 186.0)
1141 (31.5%)
50 (38.0, 66.0)
995 (27.5%)
1818 (50.2%)
20.9 (18.7, 23.6)
580 (16.0%)
6 (4.0, 8.0)
1374 (39.3%)
1529 (55.8%)
27.1 (17.9, 38.0)
1613 (54.1%)
871 (24.1%)
2112 (58.4%)

< 0.001
< 0.001
0.219
0.330
< 0.001
< 0.001
0.050
0.933
0.250
0.004
0.034
0.026
0.100
0.202
0.629
< 0.001

a

Controls were defined as patients without esophageal diverticulum on esophagography.
Type I achalasia was analyzed in patients with type I, type II, and type III achalasia on high-resolution manometry (HRM).
c
Sigmoid-type achalasia includes advanced sigmoid-type achalasia.
IRP, integrated relaxation pressure.
Number of missing values: 2 for body mass index and 128 for Eckardt score.
The esophagography findings of 2 patients were excluded due to inadequate measurement of esophageal dilation.
b

Table 4. Factors Associated With Incidence of Esophageal Diverticulum in Patients With Achalasia (n = 63)

Variables
Age at onset < 40 yr
Duration of symptoms ≥ 10 yr
Age at diagnosis ≥ 65 yr
Sex (men)
Body mass index ≥ 25 kg/m2
Body mass index < 18.5 kg/m2
Eckardt score ≥ 7
Type I achalasia on HRMa
IRP ≥ 26 mmHg on HRM
Sigmoid-type achalasia
Grade of esophageal dilation ≥ II

Univariate analysis

Multivariate analysis

OR (95% CI)

P -value

OR (95% CI)

P -value

0.332 (0.185-0.594)
1.330 (0.799-2.230)
4.240 (2.540-7.090)
1.720 (1.030-2.880)
1.490 (0.819-2.720)
1.460 (0.845-2.510)
0.516 (0.287-0.930)
0.432 (0.213-0.876)
0.691 (0.410-1.170)
1.020 (0.496-2.100)
0.282 (0.142-0.558)

< 0.001
0.270
< 0.001
0.040
0.191
0.176
0.028
0.020
0.166
0.954
< 0.001

1.320 (0.527-3.310)

0.553

5.670 (2.320-13.90)
1.550 (0.758-3.160)

< 0.001
0.230

0.708 (0.323-1.550)
0.517 (0.244-1.110)

0.388
0.086

0.397 (0.183-0.864)

0.020

a

Type I achalasia on high-resolution manometry (HRM) was analyzed in patients with type I, type II, and type III achalasia.
IRP, integrated relaxation pressure.
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esophagus were mostly observed in patients with type I or type II
achalasia, and they were rarely observed in patients with type III
achalasia, EGJOO, DES, or JE (P < 0.001). The prevalence of
grades I, II, and III esophageal dilation were also compared in cases
with HRM diagnosis, and grades II and III dilation were observed
only in patients with type I or type II achalasia (P < 0.001) (Fig.
2B).

Esophageal Diverticulum Is Observed in Elderly
Patients With Non-dilated Esophagus
The characteristics of patients with ED (n = 63) are shown in
Table 3. Age at onset, age at diagnosis, Eckardt score, type I achalasia on HRM, and grade of esophageal dilation ≥ II were found to
be factors associated with ED development. Multivariate analysis
revealed that age at diagnosis ≥ 65 years correlated positively with
ED development (OR, 5.670 [95% CI, 2.32-13.90]), while grade
of esophageal dilation ≥ II correlated negatively with ED development (OR, 0.397 [95% CI, 0.183-0.864]) (Table 4).
Assessment of the 63 patients with ED revealed that ED was
right-sided, left-sided, and multiple in 35, 22, and 6 patients, respectively (Table 5). All patients with multiple lesions had rightsided and left-sided EDs (Supplementary Fig. 4). Duration of
symptoms was longer and IRP was lower in patients with rightsided ED than in patients with left-sided ED (P = 0.042 and P =
0.008, respectively). Patients with multiple EDs had lower Eckardt
scores than patients with a single ED (P = 0.022).

Discussion
This large-scale multicenter study of achalasia-related EMDs
revealed that development of sigmoid esophagus is associated with
long disease history, advanced age at diagnosis, obesity, low symptom severity, type I achalasia, and low IRP values. On the other
hand, early onset, low age at diagnosis, male sex, obesity, and type
I achalasia were found to be associated with the development of dilated esophagus. It was also found that grade II esophageal dilation
is common, while grade III esophageal dilation and advanced sigmoid esophagus are rare. ED was observed in 1.7% of patients, and
it was found to be associated with advanced age at diagnosis and
non-dilated esophagus. Further, this study clarified the difference in
etiology between right-sided, left-sided, and multiple EDs.
This is the first study to report detailed characteristics of patients with sigmoid esophagus and patients with advanced sigmoid
esophagus. The prevalence of straight, sigmoid, and advanced
sigmoid esophagus decreased gradually, and the rate of dilated
esophagus increased in sigmoid and advanced sigmoid esophagus
by degrees, indicating that the development of sigmoid esophagus
and advanced sigmoid esophagus rather reflects disease progression. Multivariate analysis of factors such as long disease duration
and advanced age at diagnosis supports the hypothesis. Low IRP
values and type I achalasia diagnosed using HRM were also shown
to be statistically significant factors. Type I achalasia is reported to
represent progression from type II achalasia17,18 meaning that type I
has a longer disease duration, even though available published data
and the bulk of clinical experience do not suggest progression from

Table 5. Characteristics of Patients With Right-side, Left-side, and Multiple Esophageal Diverticulum

Variables
Age at onset (yr)
Duration of symptoms (mo)
Age at diagnosis (yr)
Sex (men)
Body mass index (kg/m2)
Eckardt score
Type I achalasia on HRMc
IRP on HRM (mmHg)
Sigmoid-type achalasiad
Grade of esophageal dilation ≥ II

Right side (n = 35)

Left side (n = 22)

P -valuea

61.0 (35.0, 69.0)
120 (60.0, 364.0)
73.0 (62.0, 78.5)
26 (74.3%)
21.9 (18.0, 23.3)
5.0 (4.0, 7.0)
7 (46.7%)
16.4 (13.0, 26.2)
5 (27.8%)
5 (27.8%)

56.5 (46.8, 65.0)
93.5 (24.3, 124.3)
65.5 (52.3, 71.0)
11 (50.0%)
20.2 (17.9, 23.6)
5.0 (4.0, 6.0)
5 (29.4%)
28.5 (23.0, 35.7)
5 (26.3%)
7 (36.8%)

0.902
0.042
0.064
0.113
0.575
0.885
0.467
0.008
1.000
0.728

a

Both sides, multiple (n = 6) P -valueb
59.0 (40.0, 67.0)
40.5 (21.8, 93.8)
60.5 (55.3, 71.0)
3 (50.0%)
23.9 (22.7, 25.4)
3.0 (2.3, 3.0)
0 (0.0%)
41.0 (26.1, 50.1)
2 (33.3%)
1 (16.7%)

P -value was calculated between patients with right-side esophageal diverticulum and patients with left-side esophageal diverticulum.
P -value was calculated between patients with a single esophageal diverticulum and patients with multiple esophageal diverticula.
c
Type I achalasia was analyzed in patients with type I, type II, and type III achalasia on high-resolution manometry (HRM).
d
Sigmoid-type achalasia includes advanced sigmoid-type achalasia.
IRP, integrated relaxation pressure.
b
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0.925
0.182
0.460
0.660
0.085
0.022
1.000
0.090
0.595
0.662
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type III achalasia to type I or II achalasia.19 Low IRP values with
impaired LES distensibility have been observed relatively more in
cases of type I achalasia than in other types.20 Likewise, type I achalasia reflected low IRP values in sigmoid esophagus in the present
study. Symptom severity decreased in patients with sigmoid esophagus, indicating that sigmoid esophagus can pool the liquid and food
in the esophagus despite that a straight esophagus regurgitates additional food and liquid instead of pooling them. This finding may
be related to increased obesity in patients with sigmoid esophagus.
Esophageal dilation (grade II and grade III) has not been analyzed using a large-scale database. The results of this study clearly
show that dilated esophagus is common, even though grade III
esophageal dilation is rare. Multivariate analysis revealed differences
in early onset, male sex and age at diagnosis between patients with
esophageal dilation (grades II and III) and patients with sigmoid
esophagus. Our study results may indicate that excessive ingestion
of food or drink causes esophageal dilation, especially in young and
middle-aged men. Hence, we can predict achalasia onset based
on esophagography findings of sigmoid and dilated esophagus
together even though a patient’s recollection of achalasia onset may
not be entirely accurate. Furthermore, there is no consensus on the
definition of megaesophagus in patients with achalasia;21 we found
in our study that the proportion of patients with advanced sigmoid
esophagus and grade III esophageal dilation together is 1.3%,
which may match the rate of megaesophagus.
Our HRM-based analysis revealed that sigmoid and dilated
esophagus occurred mostly in patients with type I or type II achalasia. Although we do not have a definitive explanation for this
finding, types I and II achalasia can be differentiated from other
achalasia-related EMDs pathologically.2,17,18
In this study, 63 out of 3682 patients with achalasia-related
EMDs (1.7%) had ED. Right-side ED was common, and multiple ED was not rare; these findings are comparable to those of a
previous study.22 The etiologies of right-sided ED and left-sided
ED remain unknown. In general, the right side of the esophagus is
considered more susceptible to ED development than the left side
of the esophagus due to the relative weakness of mediastinal structures.22 On the other hand, spontaneous rupture of the esophagus
(Boerhaave syndrome) usually (in 90% of cases) occurs in the lower
third and in the left lateral aspect of the esophagus, and it is believed
to be caused by anatomical weakness at the point and a rapid rise
in intraluminal pressure in the distal esophagus.23 The interplay
between structural vulnerability and intraluminal pressure in the
esophagus may explain the differences between right-sided, leftsided, and multiple EDs. Disease progression to multiple EDs had

inverse correlation with the symptom severity, suggesting that they
can pool the additional liquid and food in the esophagus rather than
single EDs.
We recognize some limitations in this study. First, this is a
cross-sectional study, and to identify causal relationships in cases of
dilated esophagus, sigmoid esophagus, and ED, it is necessary to
follow the natural courses of these pathological conditions. However, following the natural course is problematic because symptomatic
patients need to receive optimal treatment. Second, the study has a
retrospective design, and there were missing values of some baseline
characteristics (eg, BMI and Eckardt score), which constitutes a
potential source of bias. However, the proportion of missing values
was small and can be compensated for by the large-scale database.
Considering the retrospective design of our study, the detailed
technique of esophagography may not have been completely unified
across all institutions; thus subsequent prospective study using a
unified technique and interpretation is necessary to further elucidate
the etiology of achalasia.24
In conclusion, we provide useful clinical data on dilated esophagus, sigmoid esophagus, and ED in patients with achalasia-related
EMDs. The etiologies of these pathological conditions are considered different and multifactorial.
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Effect of Drinking Warm Water on Esophageal
Preparation Before Peroral Endoscopic Myotomy
in Patients With Achalasia
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Background/Aims
Food retention, which is a characteristic observed in patients with achalasia, can interfere with peroral endoscopic myotomy (POEM).
However, there is no established guideline for esophageal preparation for POEM. A previous study has shown that drinking warm
water may reduce the lower esophageal sphincter pressure in patients with achalasia. This study aims to evaluate the possibility of
proper preparation of POEM by instructing the patient to drink warm water.
Methods
The warm water preparation was performed in 29 patients with achalasia who underwent POEM. The patients drank 1 L of warm
water (60oC) the night before POEM. We evaluated the esophageal clearness and determined the preparation quality. Twentynine patients were prospectively recruited and compared to control group. The control cohort comprised achalasia patients whose
endoscopic image was available from the achalasia database of our institution. A 1:2 propensity score-matched control cohort was
established from the database of achalasia subjects (n = 155) to compare the outcome of the preparation.
Results
In the warm water preparation group, only 1 patient (3.4%) had some solid retention, but it did not interfere with the POEM
procedure. The grade of clearness (P = 0.016) and quality of preparation (P < 0.001) were significantly better in the warm water
preparation group than in the matched control group. There was no any adverse event at all related to warm water preparation
protocol.
Conclusions
Drinking warm water dramatically reduces esophageal food retention and significantly improves the quality of esophageal preparation.
This simple protocol is quite useful, safe, and cost-effective in the preparation of achalasia patients for POEM.
(J Neurogastroenterol Motil 2022;28:231-236)
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Introduction
Recently, peroral endoscopic myotomy (POEM) has been
widely used as an endoscopic treatment method for patients with
achalasia.1 The nature of achalasia can cause food or fluid retention in the esophagus.2 Therefore, patients with achalasia are more
likely to develop aspiration pneumonia than general patients during
endoscopic procedures. Yang et al3 reported that in 52 patients who
had undergone pre-POEM endoscopy, approximately half had
residual esophageal contents.3 Some authors reported that aspiration
pneumonia was observed in 0.04-1.16% of patients during POEM
procedures,4,5 while the incidence of respiratory infections after endoscopy under sedation was 0.1% in the general population.6 Also,
esophageal food retention significantly interferes with POEM
procedures, in terms of poor mucosal visualization and possible mediastinal contamination. However, guidelines for proper esophageal
preparation before POEM do not exist. Large quantities of food
frequently remain in the esophagus after routine overnight fasting
for upper endoscopy in patients with achalasia. Proper esophageal
preparation is essential to ensure patient safety and adequate visualization of the esophageal mucosa and to optimize a successful
POEM procedure.
Clinically, warm water intake relieves the symptoms of a patient with achalasia. Winship et al7 reported that warm water intake
would facilitate the transit of propagated waves, shorten the duration of the distal esophageal contraction, and decrease the amplitude
of the lower esophageal sphincter (LES) after contraction.7 Ren et
al8 reported the changes in esophageal motility to warm temperature
in untreated achalasia patients using high-resolution esophageal manometry. Warm water could reduce the LES resting pressure, assist
LES relaxation, shorten the contraction duration of the esophageal
body, and relieve achalasia symptoms.8 Drinking warm water may
help in providing a cleaner esophagus in a patient with achalasia
than simply fasting.
This study aims to evaluate the possibility of warm water drinking for proper esophageal preparation prior to POEM.

water the night before POEM. The degree of esophageal clearness was evaluated by endoscopy before performing the POEM
procedure. The control cohort comprised achalasia patients whose
endoscopic image was available from the achalasia database of our
institution. Among the 155 patients, we excluded 12 patients whose
endoscopic images or reports were not available. A propensity scorematched control group was established comprising of 24 patients
whose age, sex, achalasia subtype, and history of previous treatment
(balloon dilatation and botulinum toxin injection) were matched to
those in the study group. In the control cohort, the grade of esophageal clearness was retrospectively reviewed using endoscopic images
and reports.
With favorable preparation outcomes from the initial pilot
study, we continued the warm water preparation in subsequent 17
patients. Finally, the warm water preparation was performed in 29
patients. In the same way as the pilot study, a 1:2 propensity scorematched cohort was established. This study was approved by the
Institutional Review Board of Gangnam Severance Hospital (No.
3-2019-0104).

Esophageal Preparation
In the warm water preparation group, the patients drank 1 L of
warm water at 60℃ during 30 minutes at 8 PM the day before the
POEM. Moreover, the patient had nothing to eat or drink after
midnight the evening before the procedure in both the warm water
preparation group and the control group.
The degree of clearness of the esophagus was compared with
that of the control cohort, in which the patients underwent endoscopic procedures without warm water preparation. We defined the
esophageal clearness scale for assessment of esophageal preparation
quality (Table 1). Grades 0 to 3 were defined as follows: 0 = the
entire mucosa of the esophagus can be clearly observed without residual staining; 1 = minor amount of residual staining with opaque
liquid can be observed, but the entire esophageal mucosa can be
easily observed just by endoscopic suction; 2 = a portion of the

Table 1. Esophageal Clearness Grade

Preparation
Grade
quality

Materials and Methods

Good

Study Cohort
For the initial pilot study, we prospectively recruited 12 patients
with achalasia who underwent POEM at Gangnam Severance
Hospital from June 2019 to June 2020. These patients drank warm
232

Poor

0
1
2
3
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Characteristic
Clear
Liquid retention
Some solid retention
Large amount of solid
retention

Mucosal
visualization
Entire mucosa
Most of the mucosa
Part of the mucosa
Not observed
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Clearness grade

0

1

2

3

Preparation quality
Good = grades 0 and 1
Poor = grades 2 and 3

Figure. Representative case of different endoscopic preparation grades for patients with achalasia.

Table 2. Baseline Characteristics of and Preparation Outcomes in
Initial Pilot Study

Variables
Male
Age (yr)
Previous treatment
Achalasia type
Type I
Type II
Type III
Clearness grade
Grade 0
Grade 1
Grade 2
Grade 3
Preparation quality
Good
Poor

Warm water
Control
preparation (n = 12) (n = 143)

P -value

3 (25.0)
42.3 ± 15.0
4 (33.3)

64 (44.8)
44.2 ± 17.1
75 (52.4)

3 (25.0)
9 (75.0)
0 (0.0)

40 (28.0)
91 (63.6)
12 (8.4)

2 (16.7)
10 (83.3)
0 (0.0)
0 (0.0)

54 (37.7)
48 (33.6)
21 (14.7)
20 (14.0)

12 (100.0)
0 (0.0)

102 (71.3)
41 (28.7)

0.756
0.793
0.475
0.599

0.274

0.019

Table 3. Baseline Characteristics of and Preparation Outcomes in the
1:2 Propensity Score-matched Cohort of Initial Pilot Study

Variables

Warm water
preparation (n = 12)

Male
3 (25.0)
Age (yr)
42.3 ± 15.0
Previous treatment
4 (33.3)
Achalasia type
Type I
3 (25.0)
Type II
9 (75.0)
Clearness grade
Grade 0
2 (16.7)
Grade 1
10 (83.3)
Grade 2
0 (0.0)
Grade 3
0 (0.0)
Preparation quality (n, %)
Good
12 (100.0)
Poor
0 (0.0)

Control
(n = 24)

P -value

6 (25.0)
> 0.999
44.7 ± 17.5
0.685
8 (33.3)
> 0.999
> 0.999
6 (25.0)
18 (75.0)
0.041
4 (16.7)
9 (37.5)
6 (25.0)
5 (20.9)
0.006
13 (54.2)
11 (45.8)

Data are presented as n (%) or mean ± SD.

Data are presented as n (%) or mean ± SD.

mucosa of the esophagus can be observed, but residual solid food
retention hinders the observation of the entire esophageal mucosa;
and 3 = an unprepared esophagus with the mucosa cannot be observed due to large quantity of solid retention that cannot be cleared
by endoscopic suction.
Figure shows the representative endoscopic images of each
esophageal clearness scale. Grades 0 and 1 indicate that the qual-

ity of preparation is good, which is a state adequate for endoscopic
therapeutic procedures. Grades 2 and 3 indicate that the quality of
preparation is poor, which is a state inadequate for endoscopic therapeutic procedures.

Statistical Methods
The Fisher’s exact test was used to examine the associations
among categorical variables. The Mantel–Haenszel test was used
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for ordinal variables, and the independent 2 sample t test was used
for the non-categorical variables. A P -value < 0.05 was considered
statistically significant. The Statistical Package for the Social Sciences version 12.0 (IBM Corp, Armonk, NY, USA) and Statistical
Analysis System version 9.4 (SAS Institute, Cary, NC, USA) were
used for all analyses.

Results
The baseline characteristics and preparation outcomes of the 2
groups for pilot study (initial 12 patients) are shown in Table 2. The
warm water preparation group comprised of 3 male and 9 female
patients with a mean age of 42.3 years. In the control group before
propensity score matching (n = 143), a total of 64 (44.8%) males
were included, with a mean age of 44.2 years. Moreover, 4 of the
12 patients (33.3%) in the warm water preparation group and 75 of
the 143 patients (52.4%) in the control group previously underwent
balloon dilatation. Most of the patients in the preparation group
(83.3%) showed clearness grade 1. In the control group, clearness
grade 1 was observed in 33.6% of patients. However, there was
no statistical difference in clearness grade between the warm water
preparation group and the control group (P = 0.274). The preparation quality was better in the warm preparation group than that
in the control group (100.0% vs 71.3%, P = 0.019). We also compared the warm water preparation group with the 1:2 propensity
score-matched cohort control group (n = 24). Patients from the
control group were statistically matched to those of the warm water
preparation group with regard to the following factors: age, sex distribution, previous balloon dilatation, and achalasia subtype. Table
3 shows the baseline characteristics and preparation outcomes of the
1:2 well-balanced, propensity score-matched cohort. The warm water preparation group showed better clearness grade than the control group (P = 0.041). Preparation quality was significantly better
in the preparation group than that in the control group (100.0% vs
54.2%, P = 0.006).
Table 4 shows the baseline characteristics and preparation outcomes of the total study cohort including initial pilot and follow up
study (n = 29). There was some solid retention in 1 of 29 patients,
but it did not interfere with the POEM procedure. When compared to the 1:2 propensity score-matched cohort control group, the
warm water preparation group showed better clearness grade than
the control group (P = 0.016). Preparation quality was significantly
better in the preparation group than that in the control group (96.6%
vs 44.8%, P ≤ 0.001). For 2 years of the study period, none of the
patients in the warm preparation group experienced any adverse
234

Table 4. Baseline Characteristics of and Preparation Outcomes in the
1:2 Propensity Score-matched Cohort of Follow-up Study

Variables
Male
Age (yr)
Previous treatment
Achalasia type
Type I
Type II
Type III
Clearness grade
Grade 0
Grade 1
Grade 2
Grade 3
Preparation quality
Good
Poor

Warm water
preparation (n = 29)

Control
(n = 58)

19 (65.5)
44.7 ± 15.1
7 (24.1)

19 (65.5)
41.1 ± 16.5
7 (24.1)

10 (34.5)
18 (62.1)
1 (3.4)

6 (34.5)
18 (62.1)
1 (3.4)

2 (6.9)
26 (89.7)
1 (3.4)
0 (0.0)

5 (17.2)
8 (27.6)
9 (31.0)
7 (24.2)

28 (96.6)
1 (3.4)

13 (44.8)
16 (55.2)

P -value
> 0.999
0.327
> 0.999
> 0.999

0.016

< 0.001

Data are presented as n (%) or mean ± SD.

event from drinking warm water.

Discussion
Achalasia is characterized by abnormal relaxation of LES and
absent or abnormal peristalsis of the esophageal body, and the impaired esophageal transit induces symptoms of achalasia, such as
dysphagia, regurgitation, chest pain, and weight loss.9 Endoscopic
examination in patients with achalasia often shows food retention in
the esophagus, even after overnight fasting. Esophageal food retention is considered a significant problem because it hinders the precise observation of the esophageal mucosa, interferes with the endoscopic therapeutic procedure, and increases the risk of aspiration.
Aspiration of fluid and food contents during endoscopic procedure
may induce pneumonia, other pulmonary infections, or even death
in patients with achalasia. In general preparations before endoscopic
procedures, a patient is instructed not to eat or drink after midnight
the evening before the procedure. However, in some patients with
achalasia, fasting alone is insufficient to achieve optimal preparation.
Additionally, POEM is performed under general anesthesia and
is different from conventional endoscopy that is performed under
conscious sedation.3 There is a risk of aspiration pneumonia due to
esophageal and gastric content reflux during induction of general
anesthesia when performing positive pressure ventilation with a face
mask10 and during the process of intubation. Furthermore, POEM
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procedures creates a submucosal tunnel and cuts the esophageal
proper muscle; thus, even a small amount of esophageal food retention can contaminate the mediastinum and cause serious infection.
Hence, clean esophageal preparation is especially important in
POEM.
Fasting is essential before induction of general anesthesia or
upper gastrointestinal endoscopy owing to the risk of aspiration
pneumonia caused by reflux of the gastroesophageal contents. In
general, 6-8 hours of fasting is required before general anesthesia
induction.11 Depending on the protocol of each institution, patients
may fast either 24 hours before POEM or from midnight on the
day of the procedure.4,12 In a study in which the patients continued
on a clear liquid diet for 48 hours followed by a midnight fast before
undergoing the POEM procedure, solid residues were observed in
37.0% of the patients.4
The need for pre-inspection by separate endoscopy to remove
retained food in the esophagus is controversial.10 Inoue et al13
recommended that a few days of fasting and endoscopic cleaning
should be performed prior to POEM, specifically for patients with
sigmoid type achalasia. Endoscopic cleaning before POEM may
be the most reliable method. However, several studies in which aspiration pneumonia associated with POEM has not occurred have
questioned its necessity.4 Unnecessary costs and procedures can be
avoided if reliable esophageal preparation can be achieved by means
other than additional pre-inspection endoscopy.
The effects of temperature on esophageal motor function have
been studied since about 50 years ago.14 Triadafilopoulos et al15
investigated the effects of warm water drinking in patients with
esophageal motility disorders using esophageal scintigraphy and
conventional esophageal manometry. Clinically, drinking cold water
can cause dysphagia or chest pain in some patients with achalasia.
In contrast, some patients with achalasia tend to improve their
esophageal symptoms after drinking warm water. Esophageal
clearance was accelerated in esophageal scintigraphy, and esophageal body contractions were decreased by drinking warm water in
manometry.15 Catalano et al16 investigated manometric monitoring
while administering wet swallows with warm and cold water boluses
to patients with esophageal motility disorders. Warm bolus showed
normal amplitude peristaltic contraction, while cold bolus showed
low-amplitude aperistaltic contraction.16 The exact mechanism by
which temperature alternates esophageal motor and sensory function in achalasia is not yet clearly known.
This study showed that simple warm water drinking protocol
was significantly effective and useful for adequate preparation for
POEM. Although the number of subjects was small, all achalasia

patients who complied with the warm water drinking protocol
showed good clearness of the esophagus for POEM. This warm
water preparation protocol was tolerable in all patients without any
adverse events and would also be easily applied at any institution,
with little costs.
This study has several limitations. First, the number of study
subjects, 29 in the warm water preparation group was relatively
small, and moreover, only 1 case of type III achalasia was included
in the preparation group, which was collected prospectively. Hence,
further experience and validation are required with a larger patient
population. Second, although the warm water preparation group
was prospectively recruited, the control group was retrospectively
reviewed from the database of a single center. Hence, possible
selection bias may have affected the clinical outcomes. We tried to
overcome this bias by creating a propensity score-matched control
cohort. Despite these limitations, we believe that this warm water
preparation method will be of great practical help in the POEM
procedure in hospitals worldwide. To the best of our knowledge,
this study is the first to compare the clinical outcomes of warm water intake in esophageal preparation before POEM.
In conclusion, warm water is feasible and sufficient for achieving adequate esophageal preparation before POEM by temporarily
improving esophageal motility in patients with achalasia. Warm
water preparation is effective, easy, safe, and cost-effective. It also
enables optimal preparation for POEM while reducing the cost
and risk of additional endoscopy before POEM.
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Background/Aims
The composition of the microbiota in the esophagus is only partially understood, especially in patients with achalasia. We aim to
investigate the esophageal microbial community and nutritional intakes in patients with achalasia before and after peroral endoscopic
myotomies (POEM).
Methods
Twenty-nine patients were prospectively enrolled from 4 referral institutions across Korea. We collected esophageal samples (mucosal
biopsies and retention fluid) and conducted dietary surveys for nutritional intake before and 8 weeks after POEM. The esophageal
microbiota was analyzed by 16S rRNA gene sequencing targeting the V3-V4 region.
Results
Out of the 105 samples from 29 patients, 99 samples were subjected to microbial bioinformatic analysis after quality control, which
excluded samples with no amplification or low-quality sequence data. The overall esophageal microbial compositions of patients
with achalasia showed that Firmicutes, Bacteroidetes, Proteobacteria, Actinobacteria, and Fusobacteria were the dominant phyla,
representing over 95% of the total phyla in all groups. At the genus level, Streptococcus was the most abundant in all groups. The
observed operational taxonomic unit number was significantly higher in the retention fluid than in the tissue biopsies. However,
the esophageal microbial composition showed no significant changes 8 weeks post POEM. The dietary survey analysis showed that
nutritional intake significantly improved post POEM.
Conclusion
This study determined the unique esophageal microbial composition of patients with achalasia, and also found that the microbial
composition did not significantly change after POEM in the short-term, despite a significant improvement in the nutritional intake.
(J Neurogastroenterol Motil 2022;28:237-246)
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Introduction

Materials and Methods

Although the knowledge regarding the human microbiota
composition in the gut is vast, the composition of human microbiota
in the esophagus is only partially understood. The microbiota in
the esophagus under normal circumstances had been considered
as a transitional microbiota originating from the oral cavity and
oropharynx.1,2 However, as new techniques such as 16S ribosomal
RNA (rRNA) gene sequencing have been introduced, it is now
known that the esophagus has a remarkably diverse microbiota that
depends on several factors.3,4 The genera Streptococcus, Prevotella ,
and Veillonella are known to be the major components of the microbiota in a healthy esophagus.5-7 In addition, a previous study reported that dysbiosis, which is associated with the presence of gramnegative taxa, is associated with gastroesophageal reflux disease,
Barrett’s esophagus, and eventual adenocarcinoma.5,7-9
Achalasia is a motility disorder that induces aperistalsis and
abnormality in lower esophageal sphincter relaxation.10 Therefore,
chronic liquid and food stasis causes bacterial fermentation in the
esophagus in patients with achalasia.11 Peroral endoscopic myotomy
(POEM) is a new option for the treatment of achalasia, and is
shown to have excellent efficacy.12 In addition, a previous study reported that POEM may restore the morphologic tortuosity in cases
of sigmoid-type achalasia.13 Pajecki et al14 reported that Streptococcus and Veillonella were predominant in patients with achalasia using the culture method, and they also found that the concentration
of esophageal microbiota in patients with achalasia consisted mostly
of aerobic gram-positive bacteria, and the anaerobic bacteria varied
according to the degree of esophageal dilation.14 However, there
have been no reports on the esophageal microbiota of patients with
achalasia analyzed using 16S rRNA sequencing. Therefore, we aim
to evaluate the microbial community in patients with achalasia and
investigate the alterations in the microbial composition before and
after POEM for treating achalasia.
238

Participant Information
Twenty-nine patients in total were prospectively enrolled from
4 referral institutions across Korea. Written informed consent was
obtained from all patients before their enrollment in the study. The
inclusion criteria were as follows: (1) patients who were diagnosed
with achalasia and planned to undergo POEM, and (2) patients in
the age range of 20-80 years. The exclusion criteria were as follows:
(1) patients with a history of previous treatment for achalasia except
medication; (2) patients with a history of chest and gastrointestinal
surgeries, (3) patients with prior treatment with proton pump inhibitors or antibiotics within 8 weeks, (4) patients with the presence
of an active infection in the oral cavity, (5) patients with a history
of malignancy, (6) patients with a history of bleeding tendency
or intake of antithrombotics, and (7) patients with the presence
of a systematic disease who were receiving treatment. The study
protocol was approved by the institutional review board of each
participating institution (IRB No. 3-2018-0246, KCT0005797,
KC18TCDI0507, 2018-07-001, 2019-0109).

Demographic Characteristics and Nutrient Intake
Status
General information of patients was obtained in terms of their
age, sex, height and weight, body mass index, comorbidities (diabetes, hypertension, pulmonary disease, heart disease, and kidney
disease), smoking condition (non-smoker, ex-smoker, and current
smoker), and alcohol consumption. The dietary survey was conducted as a face-to-face interview, and the eating habits and food
intake questionnaire were designed to be an open-ended survey for
reporting various foods using the 3 days 24 hours recall method
with various measuring aids.15,16 The consumed food was analyzed
using the Computer Aided Nutritional Analysis Program for Pro-
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fessionals 5.0 (CAN-Pro 5.0, The Korean Nutrition Society, Seoul,
Korea) based on the intake of individual nutrients. Changes in the
nutrient intake pre- and post-POEM were analyzed as the amount
of daily energy, energy nutrients (carbohydrate, protein, and fat),
fiber, vitamins (vitamin A, vitamin D, vitamin E, vitamin K, vitamin C, vitamin B1, vitamin B2, vitamin B6, vitamin B12, niacin, folic
acid, and pantothenic acid), and minerals (calcium, phosphorous,
sodium, potassium, magnesium, iron, zinc, and selenium).

Sample Collection and Preparation
We collected 2 samples, esophageal mucosal biopsies and
esophageal retention fluid. We developed collecting methods especially for this research project to avoid potential contamination. First
of all, we used gloves and followed aseptic procedures with sterile
equipment. A standard video-endoscope was passed through the
mouth to the esophagus without touching the oropharynx as carefully as possible and we avoided unnecessary suction. The stasis
liquid in the esophageal lumen was aspirated via an endoscopic
working channel. We connected tubing (disposable specimen trap)
which was used in bronchoscopy (HS-SP-50; Hyupsung Medical
Co, LTD, Seoul, Korea) for fluid collection at the entrance of the
working channel to avoid contamination. After finishing the fluid
collection, biopsies were then taken 2 cm above the squamocolumnar junction using sterile disposable biopsy forceps (EndoJaw;
Olympus Co, Ltd, Tokyo, Japan). If there was no retention fluid in
esophagus after POEM, we aspirated by washing the esophageal
lumen with 10 mL of sterile saline solution. We collected samples
twice on the day before or on the day of the POEM and 8 weeks
after POEM. The biopsy and fluid samples were placed in a test
tube (SNP BiomCare; SNP Genetics Inc, Seoul, Korea) and
stored at –70°C. We administered broad-spectrum intravenous
antibiotics 30 minutes before the start of the POEM. During the
POEM procedure, prophylactic antibiotic solution spraying inside
the tunnel was performed before closing the mucosal entry. The use
of intravenous antibiotics was discontinued 3 days after the POEM
and antibiotics were switched to oral intake for another 7 days.

DNA Extraction and 16S Ribosomal RNA Gene
Amplification Sequence Processing
The biopsy and fluid samples (3-10 mL) were centrifuged at
15 000 g for 20 minutes at 4°C to separate the cellular pellet and
the cell-free supernatant. DNA was extracted from the pellet using
a QIAamp DNA Microbiome Kit (Qiagen, Valencia, CA, USA)
according to the manufacturer’s instructions.
The V3-V4 region of the 16S rRNA gene was amplified us-

ing the 341F (5’ TCG GCA GCG TCA GAT GTG TAT AAG
AGA CAG CCT ACG GGN GGC WGC AG 3’) and 805R
(5’ GTC TCG TGG GCT CGG AGA TGT GTA TAA GAG
ACA GGA CTA CHV GGG TAT CTA ATC C 3’) primers
with added Illumina adaptor overhang sequences. The amplicons
were purified using a magnetic bead-based clean-up system (Agencourt AMPure XP; Beckman Coulter, Brea, CA, USA). Indexed
libraries were prepared by limited-cycle PCR using the Nextera
technology, and the samples obtained were further cleaned up and
pooled at equimolar concentrations. The final library was denatured
with 0.2 N NaOH and diluted to 6 pM with a 20% PhiX control.
Sequencing was performed on the Illumina MiSeq platform using
a 2 × 300 bp paired-end protocol according to the manufacturer’s
instructions.

Bioinformatics and Statistical Methods
The primary analysis of the obtained sequences consisted of
their demultiplexation with the MiSeqReporter software (Illumina).
The paired-end sequences of each sample were then exported from
the MiSeq system for analysis in the FASTQ format. Bioinformatic
analysis of the sequences was performed using the QIIME2 package.17 For subsequent data analysis, we used a web-based platform
called MicrobiomeAnalyst.18 The sequences were then clustered
against the 2013 Greengenes (13_5 release) 97% reference dataset
of the ribosomal database.19 The UCLUST algorithm was used
to cluster sequences that did not match any entries in this reference
into de novo operational taxonomic units (OTUs) at 97% similarity.
The OTU table was rarefied to a sequencing depth of 20 000 per
sample for subsequent analyses.
Taxonomic analyses were performed after collapsing the OTUs
at the genus level. The alpha diversity of each sample was assessed
using the Shannon index. Beta diversity was determined based
on the Bray-Curtis index distance method using permutational
MANOVA, and principal coordinate analysis plots were constructed. The statistical significance of the esophageal microbiota
structure between different sampling sites and gut regions was assessed by the non-parametric univariate Mann-Whitney/KruskalWallis test. The linear discriminant analysis effect size (LEfSe) was
used to identify significantly different abundances in the bacterial
taxa. The false discovery rate correction was used for multiple tests.
A P -value of < 0.05 was considered statistically significant.
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Table 1. Baseline Characteristics

Table 2. Changes of Nutrient Intakes per Daily According to Pre-

and Post-peroral Endoscopic Myotomy

Variables
Age (yr)
Sex
Male
Female
Height (cm)
Weight (kg)
BMI (kg/m2)
Comorbidities
Diabetes mellitus
Hypertension
Pulmonary disease
Heart disease
Kidney disease
Smoking
Non-smoker
Ex-smoker
Current smoker
Alcohol
Achalasia type
I
II
III
Not available
Eckardt score
Symptom duration (mo)

48.1 ± 15.7
15 (51.7)
14 (48.3)
165.5 ± 7.7
61.6 ± 12.4
22.5 ± 4.3
2 (6.9)
4 (13.8)
0 (0.0)
1 (3.4)
0 (0.0)
24 (82.8)
2 (6.9)
3 (10.3)
11 (37.9)
12 (41.4)
10 (34.5)
4 (13.8)
3 (10.3)
6.0 (1-11)
24 (3-300)

BMI, body mass index.
Data are presented as mean ± SD, n (%), or median (range).

Results

Pre-POEM

Post-POEM

P -value

Energy (kcal)
Carbohydrate (g)
Protein (g)
Fat (g)
Fiber (g)
Vitamin A (µg RE)
Vitamin D (µg)
Vitamin E (mg α-TE)
Vitamin K (µg)
Vitamin C (mg)
Vitamin B1 (mg)
Vitamin B2 (mg)
Niacin (mg)
Vitamin B6 (mg)
Folic acid (µg)
Vitamin B12 (µg)
Pantothenic acid (mg)
Calcium (mg)
Phosphorous (mg)
Sodium (mg)
Potassium (mg)
Magnesium (mg)
Iron (mg)
Zinc (mg)
Selenium (µg)

1145.9 ± 358.8
184.0 ± 60.0
37.2 ± 10.7
26.1 ± 13.7
13.3 ± 6.9
186.1 ± 126.3
1.6 ± 2.5
10.8 ± 7.1
76.5 ± 78.5
42.3 ± 45.6
0.9 ± 0.5
0.9 ± 0.4
8.0 ± 2.8
1.0 ± 0.4
282.2 ± 156.3
6.8 ± 6.7
2.6 ± 1.2
303.1 ± 165.6
579.4 ± 246.0
2399.1 ± 1569.4
1529.5 ± 808.1
57.5 ± 37.1
9.4 ± 2.5
6.0 ± 1.7
41.7 ± 21.8

1645.6 ± 309.6
253.8 ± 46.1
65.9 ± 14.6
38.9 ± 14.9
20.6 ± 6.5
430.7 ± 220.2
4.4 ± 3.5
14.5 ± 6.3
237.9 ± 293.4
84.3 ± 50.1
1.5 ± 0.5
1.4 ± 0.4
12.1 ± 5.2
2.5 ± 2.7
498.7 ± 186.0
11.2 ± 8.1
4.8 ± 1.2
500.0 ± 221.7
1010.6 ± 225.6
3702.1 ± 1009.6
2806.4 ± 1059.4
114.9 ± 56.2
15.1 ± 4.7
11.0 ± 3.7
64.0 ± 34.1

< 0.001
< 0.001
< 0.001
0.011
0.002
< 0.001
0.008
0.112
0.031
0.013
0.001
0.002
0.005
0.024
0.001
0.085
< 0.001
0.005
< 0.001
0.006
< 0.001
0.001
< 0.001
< 0.001
0.026

POEM, peroral endoscopic myotomy; RE, retinol equivalents; α-TE,
α-tocopherol equivalents.
Data are presented as mean ± SD.

1145.9 ± 358.8 kcal to 1645.6 ± 309.6 kcal after POEM. As the
overall food intake increased, the intake status of all nutrients significantly increased too, except the intake status of vitamin E.

Characteristics of the Studied Cohort
Between October 2018 and December 2019, we enrolled 29
patients who underwent POEM for achalasia. The baseline characteristics are shown in Table 1. The subtypes of achalasia were 12
(41.4%), 10 (34.5%), and 4 (13.8%) for type I, II, and III, respectively. The subtype of achalasia in the other 3 patients could not
be differentiated. The median pre-POEM Eckardt score was 6.0
(range, 1-11) and the median symptom duration was 24 months
(range, 3-300 months).

Nutrient Intake in Patients With Achalasia Pre- and
Post-peroral Endoscopic Myotomy
The results of the change in nutrient intake status are shown
in Table 2. The usual energy intake of the patients increased from
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Variables

Esophageal Microbiota in Patients With Achalasia
Pre- and Post-peroral Endoscopic Myotomy
Among the 29 patients, we collected 105 samples (29 mucosal
biopsies and 30 retention fluid samples before POEM and 23
mucosal biopsies and fluid retention samples after POEM). After
the quality control, which excluded samples with no amplification
or low-quality sequence data, the microbiome of 99 samples were
subjected to bioinformatic analysis (25 mucosal biopsies and 30 retention fluid samples before POEM and 22 mucosal biopsies and
fluid retention samples after POEM). The observation of the overall microbial composition showed that Firmicutes, Bacteroidetes,
Proteobacteria, Actinobacteria, and Fusobacteria were the dominant

Journal of Neurogastroenterology and Motility

Esophageal Microbiota in Patients With Achalasia

A

Phylum
Firmicutes
Bacteroidetes
Proteobacteria
Actinobacteria
Fusobacteria
Others

Pre-POEM fluid

Post-POEM fluid

Pre-POEM tissue

Post-POEM tissue

0

0.25
0.50
0.75
Relative abundance

1.00

B
Pre-POEM fluid

Post-POEM fluid

Pre-POEM tissue

Post-POEM tissue

0

0.25

0.50
Relative abundance

Genus

0.75

1.00

Streptococcus

Leptotrichia

Propionibacterium

Centipeda

Abiotrophia

Prevotella

Megasphaera

Bacillus

Lactobacillales_u_g

Clostridiales_u_g

Veillonella

Escherichia_Shigella

Chryseobacterium

Treponema

Bacillales_u_g

Haemophilus

Saccharibacteria_genera_incertae_sedis

Stomatobaculum

Anaerovorax

Soonwooa

Rothia

Atopobium

Solobacterium

Staphylococcus

Dietzia

Gemella

Capnocytophaga

Lachnoanaerobaculum

Filifactor

Lachnospiraceae_u_g

Lactobacillus

Prevotellaceae_u_g

Bacteroidales_u_g

Actinobacillus

Bacteroidetes_u_g

Neisseria

Oribacterium

Bacteroides

Enterobacteriaceae_u_g

Bifidobacterium

Fusobacterium

Bacteria_u_g

Dialister

Clostridium_sensu_stricto

Peptococcus

Actinomyces

Pasteurellaceae_u_g

Firmicutes_u_g

Aggregatibacter

Tannerella

Granulicatella

Parvimonas

Pseudomonas

Catonella

Corynebacterium

Porphyromonas

Peptostreptococcus

Selenomonas

Lautropia

Pasteurella

Alloprevotella

SR1_genera_incertae_sedis

Actinomycetales_u_g

Sphingomonas

Proteobacteria_u_g

Enterococcus

Campylobacter

Veillonellaceae_u_g

Eubacterium

Bacilli_u_g

Figure 1. Bar plot of taxonomy profile

at (A) phylum level and (B) genus level.
POEM, peroral endoscopic myotomy;
u_g, unclassified genus.

Table 3. Most Common Bacterial Phyla According to in the Tissue and Fluid Samples Pre- and Post-peroral Endoscopic Myotomy

Samples
Fluid
Pre-POEM
Post-POEM
Tissue
Pre-POEM
Post-POEM

Firmicutes

Bacteroidetes

Actinobacteria

Proteobacteria

Fusobacteria

60%
51%

19%
21%

10%
7%

7%
15%

3%
4%

63%
58%

15%
11%

8%
8%

9%
18%

3%
4%
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phyla, representing over 95% of the total phyla in all groups (Fig.
1A). Firmicutes was the most abundant bacterial phylum in the preand post-POEM fluid samples and the pre- and post-POEM tissues, followed by phyla Bacteroidetes and Proteobacteria (Table 3).
At the genus level (Fig. 1B), Streptococcus was the most abundant
genus in the tissue and fluid samples pre- and post-POEM. Figure
2 shows that the observed OTU number was significantly higher
among the fluid samples than in the tissue samples.
We evaluated the alpha diversity using Shannon analysis (Fig.
3A) and the beta diversity using the Bray-Curtis index (Fig. 3B)

*****

800

*

700

among the 4 groups. The results indicated that the structure of the
esophageal microbiome in the tissue samples was significantly different from that of the fluid samples.
To identify the specific bacterial taxa associated with the tissue
and the fluid samples, we compared their esophageal microbiota using LEfSe. Figure 4A shows that 15 genera or species distinguished
the esophageal microbial communities between the 2 groups prePOEM according to the criteria of linear discriminant analysis ≥
2.5 at P < 0.05. Lactobacillus, Escherichia_Shi, Enterococcus,
Bacillus, Propionibacterium, Pseudomonas, Chryseobacterium,
Sphingomonas, and Enterobacteriaceae were enriched in the tissue
samples. Among the fluid samples, Lactobacillales, Actinomycetales, Veillonellaceae , an unknown genera of Firmicutes, Bacteroidales , and other bacteria were enriched. In the post-POEM group,
Gemella, Escherichia_Shi, Enterococcus, Lactobacillus, Chryseobacterium, Enterobacteriaceae , and Pseudomonas were enriched in
the tissues. Among the fluid samples, Actinomycetales, Veillonellaceae, Veillonella, Prevotella, an unknown genera of Bacteroidetes,
Firmicutes, Bacteroidetes, and other bacteria were enriched after
POEM (Fig. 4B).

*****
*****
******

600
500
400
300
200
100

Discussion

0
Pre-POEM
fluid

Post-POEM
fluid

Pre-POEM
tissue

Post-POEM
tissue

Achalasia causes esophageal stasis and delayed esophageal
clearance. The stagnated residues in the esophagus create a propitious environment for the growth of microbiota. In particular, a previous study reported that Veillonella , an anaerobic bacteria, was the

Figure 2. Boxplot of operational taxonomic units in the tissue and

fluid samples pre- and post-peroral endoscopic myotomy (POEM) of
observed genera. *P < 0.1, *****P < 0.00001, ******P < 0.000001.

Alpha-diversity index: Shannon

*
3.0

2.5

2.0

*

*

B
Class
Pre-POEM, fluid
Post-POEM, fluid
Pre-POEM, tissue
Post-POEM, tissue

P-value < 0.001
Pre-POEM, fluid
Post-POEM, fluid
Pre-POEM, tissue
Post-POEM, tissue

0.50

Axis.2 [16%]

A

0.25
0
0.25

1.5
0.50
0.50

0.25
0
Axis.1 [33.1%]

0.25

0.50

Figure 3. Differences in alpha and beta diversity in esophageal microbiome (A) alpha diversity (Shannon index) and (B) beta diversity (Bray-Curtis
index) The alpha diversity presented as Shannon index. Each dot represents an individual sample. Pink bars represent pre-peroral endoscopic myotomy (POEM), fluid; green bars represent post-POEM, fluid; blue bars represent pre-POEM, tissue; and purple bars represent post-POEM,
tissue. Data are presented as box-and-whisker plots, with whiskers representing the lowest and highest values within 1.5*interquartile range (IQR).
Black diamonds indicates the mean of Shannon index. *P < 0.05 as determined by two-way ANOVA followed by Tukey’s post hoc test.
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Enterococcus

Features

B

Lactobacillus Class
Escherichia_Shigella

Fluid
Tissue

Gemella Class
Escherichia_Shigella
Enterococcus

Bacillus

Lactobacillus

Propionibacterium

Chryseobacterium

Pseudomonas

Enterobacteriaceae_u_g

Features

A

Chryseobacterium
Sphingomonas
Enterobacteriaceae_u_g
Lactobacillales_u_g

Fluid
Tissue

Pseudomonas
Bacteroidetes_u_g
Actinomycetales_u_g
Veillonellaceae_u_g

Firmicutes_u_g

Firmicutes_u_g

Actinomycetales_u_g

Bacteroidales_u_g

Veillonellaceae_u_g

Bacteria_u_g

Bacteroidales_u_g

Veillonella

Bacteria_u_g

Prevotella

2.5

0

2.5

5.0

0

LDA score

3

LDA score

Figure 4. The linear discriminant analysis (LDA) effect size of the esophageal microbiome in the tissue and fluid samples pre- and post-peroral

endoscopic myotomy (POEM) (genus level). (A) pre-POEM, (B) post-POEM. u_g, unclassified genus.

predominant organism in the low oxygen environment of achalasiaassociated esophagi. In addition, the concentration of microorganisms increased in esophagi on after increased esophageal dilation in
patients with achalasia.14 Until now, there is an only one study for
esophageal microbiome in achalasia. Although we did not evaluate the esophageal microbiota according to the degree of dilatation
of the esophagus in this study, this is the first study to show the
esophageal microbiota in patients with achalasia using 16S rRNA
sequencing to the best of our knowledge. Therefore, we aimed to
provide evidence that support the association between achalasia and
microbial composition in the esophagus of patients with achalasia.
However, there were no differences in the esophageal microbiota
community composition in patients with achalasia after POEM.
We performed subgroup analysis according to achalasia type.
Among 29 patients, 12 patients are achalasia type I, 10 patients are
II, and 4 patients are III, respectively. However, there were no differences in the esophageal microbiota between different types.
The study of esophageal microbiota has advanced from a culture to a culture-independent method. In addition, the methods
used to collect esophageal microbiota samples are varied – from
biopsies, aspirations, brushes, and esophageal string tests.20 In this
study, we collected esophageal samples from patients with achalasia
in 2 ways: biopsy and aspiration. Most studies have evaluated the
esophageal microbiome using tissue biopsies, which would be the
most suitable method, considering the presence of an adherent microbiome at mucosa of esophagus. However, sampling by brushes
or aspirates was adopted and this was a less invasive method and

used as an alternative to esophageal biopsies. However, esophageal
biopsies are always necessary for a direct histological assessment of
the diseased tissues in order to avoid misclassification and decrease
the risk of contamination by oropharyngeal or gastric secretions. In
this study, the bacterial communities in the esophageal tissue and
fluid groups pre- and post-POEM were structurally different, with
the alpha diversity (OTU number) decreasing from the fluid to
tissue samples. Previous studies have reported that reduced microbial diversity, in itself, is a disease status, such as inflammation or
cancer.21,22 Therefore, the microbiota of the esophageal tissues may
play a pivotal role in patients with achalasia, as the microbiota of the
esophageal fluid group is translocated from the oropharynx. Using LEfSe, we identified specific bacterial taxa associated with the
esophageal tissue in patients with achalasia, which were the genera
Lactobacillus, Escherichia_Shi, Enterococcus, Bacillus, Propionibacterium, Pseudomonas, Chryseobacterium, Sphingomonas, and
Enterobacteriaceae . Interestingly, our results showed that at the
genus level, Lactobacillus and Enterobacteriaceae were enriched in
the esophageal tissue samples, which are abundant in esophageal
adenocarcinoma.20 Whereas in the esophageal fluid, the genus Veillonella was abundant, which is seen to be increased in GERD and
Barrett’s esophagus.20 Although there is a controversy, regurgitation
is frequently observed in patients who have achalasia. Several studies utilizing 24-hour pH monitoring show that untreated achalasia
patients experience true reflux. The reasons are that there is a portion of overlap between achalasia and GERD and the refluxed
gastric contents in patients with achalasia may be poorly cleared
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from a dysfunctional esophagus, causing substantial retention. The
prevalence of squamous cell carcinoma in patients with achalasia is
higher than that in the general population.14 A possible explanation
for this phenomenon could be chronic esophagitis due to stasis and
bacterial overgrowth.23 The metabolism of nitrates by bacterial species could be involved in carcinogenesis. However, the association
between the esophageal microbiota and cancer needs to be studied
in future research.
This is the first study to show the esophageal microbiota in patients with achalasia using 16S rRNA sequencing to the best of our
knowledge. The most common bacterial phyla in normal esophagus
are Firmicutes (70-87%), Bacteroidetes (5-20%), Proteobacteria
(2-5%), Actinobacteria (2-4%), Fusobacteria (1-2%), and TM7 (01%).24,25 And in other studies, the most common bacterial taxa in a
normal esophagus include Streptococcus , Haemophilus, Neisseria,
Prevotella, and Veillonella.20 In Barrett’s esophagus, the most common bacterial phyla are Firmicutes (50-55%), Proteobacteria (2022%), Bacteroidetes (14-19%), Fusobacteria (2-9%), Actinobacteria
(2-7%), and TM7 (0-1%).3,25 Streptococcus is the representative
bacterial taxa of Firminutes phylum. Pasteurella, Haemophilus, Fusobacterium, Prevotella, and Neisseria were more abundant in the
reflux esophagitis group than in the normal group. In esophageal
adenocarcinoma, the proportion of Firmicutes phylum decreased
and proportion of Lactobacillus, Enterobacteriaceae , and Akkermansia increased in patients with esophageal adenocarcinoma. Until now, there is an only 1 study regarding esophageal microbiome
in achalasia. In patients with achalasia, Streptococcus and Veillonella
were found to be the most abundant genera using the culture method.14 In this study, the predominant taxa was Firmicutes among all
groups, although we did not evaluate the esophageal microbiota
of healthy controls. Lactobacillus and Enterobacteriaceae were
enriched in the esophageal tissue samples, which are abundant
in esophageal adenocarcinoma. Whereas in esophageal fluid, the
genus Veillonella was abundant, which is seen to be increased in
GERD and Barrett’s esophagus.
Many factors affect the bacterial composition in the esophagus such as aging, dietary fiber intake, proton pump inhibitors,
and diseases that cause esophageal dysbiosis.26,27 We conducted a
dietary survey of patients with achalasia in this study. It is reported
that many patients with achalasia complain of discomfort such as
dysphagia, vomiting, decreased appetite, and chest pain, which can
lead to weight loss and nutritional deficiencies.28,29 As a result of
the survey analysis, nutrient intake pre-POEM was insufficient,
and the nutrient intake was significantly improved after POEM
in most patients. However, a long-term lack of energy and protein
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intake can have a direct effect on weight and muscle loss.30 In addition, even after POEM, there were still many nutrients (energy,
vitamin A, vitamin C, vitamin B2, niacin, calcium, and magnesium)
whose levels in patients did not meet nutritional recommendations.31 Although this study did not analyze the relationship between
food intake and the microbiota, the nutrient intake status results
show the need for early nutritional intervention and management
in patients with achalasia. In addition, decreased acid reflux by PPI
administration could affect the esophageal microbiomes. Amir et
al32 reported that esophageal microbiome in patients with Barrett’s
esophagitis, or a normal distal esophagus, was assessed from distal
esophageal biopsies, comparing results before versus after PPIs. After PPIs were administered, Lachnospiraceae, Comamonadaceae,
and unclassified Clostridial families significantly increased in distal
esophagus.
In this study, the median Eckardt score decreased from 6.0 to
0.0, and all patients achieved clinical success (Eckardt score ≤ 3).
However, there were no significant alterations of the esophageal
microbiota in patients with achalasia pre- and post-POEM. We
hypothesize that the small sample size and short follow-up period
(8 weeks) in our study may have contributed to the results observed
concerning the esophageal microbiota in patients with achalasia.
Improved esophageal clearance and acid reflux has been observed
in patients after POEM. According to the survey conducted,
we know that there is an alteration of food intake in patients post
POEM. Therefore, we think that there is a possibility of alterations
in the esophageal microbiota in the long term. However, the followup period of 8 weeks may not be sufficient to induce esophageal
microbiota alteration. In addition, although POEM treatment
improves esophageal clearance, the unique esophageal microbiota
composition in patients with achalasia may not change because food
stasis may still persist to a small extent even after POEM. Therefore, further research is needed to demonstrate whether the esophageal microbiota in patients with achalasia changes in the long term
after POEM.
This study has some limitations. First, we did not investigate
the microbiome in the oral cavity of the patients and healthy controls. Therefore, we did not determine the origin and role of the oesophageal microbiota in patients with achalasia. Second, the sample
size was not sufficient for subgroup analysis according to the type,
symptom duration, and severity of disease. Finally, we performed
the rarefraction. Rarefying has been criticized as a normalization
technique because data can be omitted through the exclusion of
either excess sequences or entire samples, depending on the rarefied
library size selected.33 However, from another perspective, rarefying
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enables (1) characterization of the variation introduced to diversity
analyses by this random subsampling, and (2) selection of smaller
library sizes where necessary to incorporate all samples in the analysis.34 In this study, subsampling via rarefying was also a necessary
process to include all possible samples in the analysis.
In conclusion, this study determined the unique oesophageal
microbial composition of patients with achalasia by 16S rRNA gene
sequencing, and found that this unique esophageal microbial composition did not significantly change in the short-term after POEM
despite a significant improvement in the nutritional intake. These
esophageal microbial data by 16S rRNA gene sequencing in patients with achalasia will provide novel insights for further research
on achalasia.
The sequencing output was uploaded to NCBI SRA archive
(Accession No. PRJNA756810).
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Background/Aims
To analyze various adverse events (AEs) related to the peroral endoscopic myotomy (POEM) procedure and to analyze whether these
AEs are related to an extended hospital stay.
Methods
Patients admitted for POEM for esophageal motility disorders from August 2012 to February 2020 at 5 centers were retrospectively
collected. Length of hospital stay, AEs during or after the POEM procedure were analyzed.
Results
Of the 328 patients, 63.1% did not have any AEs, but 2.4% had major AEs, and 33.4% had minor AEs. Major AEs included mucosal
injury, bleeding, and hemothorax, accounting for 1.5%, 0.6%, and 0.3%, respectively. Among the minor AEs, pneumoperitoneum
was the most common gas-related AEs. Among non-gas-related minor AEs, pneumonia was the most common at 4.6%, followed by
pain, fever, and pleural effusion. All major AEs had meaningful delayed discharge and significantly extended hospital stay compared
to the no AEs group (median differences range 4.5-9.0 days). Among gas-related minor AEs, except for 4 cases of emphysema, the
extended hospital stay was meaningless. All non-gas-related minor AEs was associated with a significant prolongation of hospital stay
compared to that in the no AEs group (median differences range 2.0-4.0 days).
Conclusions
In conclusion, most gas-related minor AEs do not significantly affect the patient’s clinical course. However, subcutaneous emphysema
and minor non-gas related AEs such as pneumonia, pain, fever, and pleural effusion can prolong the hospital stay, therefore careful
observation is required. Efforts will be made to reduce major AEs that significantly prolong hospitalization.
(J Neurogastroenterol Motil 2022;28:247-254)
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Introduction

Materials and Methods

Peroral endoscopic myotomy (POEM) is a minimal invasive
endoscopic procedure that reduces the lower esophageal sphincter
(LES) pressure by creating a myotomy in an area with abnormal
muscle relaxation or contraction in the esophagus and/or stomach.
POEM was first performed by Inoue et al1 to treat achalasia and
its utility has been expanded to treat various esophageal motility
disorders such as distal esophageal spasm (DES) and jackhammer
esophagus.
POEM is a relatively safe procedure; however, several major
and minor adverse events (AEs) can occur during POEM procedure, including mucosal injury, esophageal perforation, bleeding
requiring intervention, subcutaneous emphysema, pneumothorax,
pneumomediastinum, pneumoperitoneum, and pleural effusion.2-4
Most AEs are self-resolved and can be treated conservatively. Mucosal defects can be closed using clips, fibrin glue, over-the-scope
clips, or an endoscopic suture device.5-8 Bleeding can be treated by
endoscopic hemostasis.9 Pneumoperitoneum can usually be managed with needle aspiration, and most cases of pleural effusion and
pneumothorax resolve spontaneously, even though severe pleural
effusions require thoracotomy with drainage. Mediastinitis, a major
complication of POEM but uncommon, often requires surgical
drainage. Delayed bleeding is rare and can be treated conservatively
in most cases by observation or transfusion.10,11
POEM has consistently showed clinical, manometric, and
functional efficacy that is comparable to that of laparoscopic Heller
myotomy (LHM), providing a safe and effective alternative to
LHM.12,13 Early pooled meta-analysis also showed a shorter length
of hospital stay for POEM than for LHM.14 However, the majority of recent studies show that the length of hospital stay for POEM
and LHM has been quite similar,15,16 although shorter hospital
stays for POEM compared to LHM continue to be reported.13,17
Various major and minor AEs related to the POEM procedure
may be related to the prolongation of hospital stay, however this
has not been proven. The discharge time after POEM procedure
varies from institution to institution. In particular, as far as we
know, there is no consensus on how long hospitalization should be
required when an adverse event related to the POEM procedure
occurs. From this background, the purpose of this study is to analyze various AEs related to the POEM procedure and to analyze
whether these AEs are related to an extended hospital stay.
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Patient and Methods
This retrospective, multicenter study was performed at 5
centers (Eunpyeong St. Mary’s Hospital, Asan Medical Center,
Gangnam Severance Hospital, Severance Hospital, and Bucheon
Soonchunhyang Hospital) in South Korea. A total of 328 patients
with esophageal motility disorder admitted for POEM between
August 2012 and February 2020 were included. Demographic
data, previous treatment, length of myotomy, procedural time,
length of hospital stay, and AEs during or after the POEM procedure were collected and analyzed. The diagnosis of esophageal
motility disorders and classification of achalasia type were according
to the Chicago classification version 3.0.18 The underlying disease,
drug use, previous treatment history, AEs, and length of hospital
stay were investigated from the patients’ medical records. Myotomy
length, procedure time, and AEs that occurred during the procedure were determined from the POEM procedure records. The
study was approved by the institutional review board of each participating Center (IRB No. XC21RCDI0022). In addition, this study
has been registered at the Clinical Research Information Service
(KCT0005940).

Peroral Endoscopic Myotomy Procedures
All patients were placed under general anesthesia, and CO2
was used for insufflation. POEM was performed as previously
described.1 After incising the mucosal layer, a submucosal tunnel
was created that was extended 2 cm to 3 cm into the gastric cardia.
Subsequently, a selective circular muscle myotomy was performed.
The length of the myotomy was adjusted according to the achalasia
subtype or category of esophageal motility disorders (6 cm to 8
cm above the LES in type I and type II achalasia and calibrated
according to manometric extent in type III achalasia or DES or
jackhammer esophagus). Lastly, the tunnel opening was closed using endoscopic clips from the anal side to the oral side. POEM was
performed by 1 endoscopist (2 centers), 2 endoscopists (2 centers),
or 3 endoscopists (1 center). All patients received nothing by mouth
for 24 hours after POEM. Intravenous antibiotics and protonpump inhibitors were administered before the procedure and were
continued for a minimum of 3 days after the procedure. Patients
underwent esophagography to rule out perforation or leakage between postoperative days 1 and 3.
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Adverse Events
Major AEs were defined as conditions that resulted in vital
sign instability, intensive care unit stay, hospital readmission, conversion to open surgery, invasive postoperative procedures, blood
transfusion, or hospitalization because of functional impairment of
the patient. Minor AEs were defined as AEs that required clinical
intervention but did not qualify as major AEs. Minor AEs were
classified as gas-related (pneumoperitoneum, subcutaneous emphysema, pneumomediastinum, and pneumoretroperitoneum) or nongas-related (pneumonia, pain, fever, and pleural effusion). Fever
was defined as a temperature of 38°C or higher, and post-POEM
pain was defined as severe pain requiring administration of narcotic
analgesics after the POEM procedure. Other minor AEs, such as
diarrhea and pharyngeal laceration during over-tube insertion, were
classified as “other” AEs.

Definition of Delayed Discharge
Delayed discharge was defined as discharge being delayed by
more than 2 days in the POEM admission protocol set by each
institution. Meaningful delayed discharge was defined by excluding
delayed discharge cases that were not for medical reasons (patient
request, delayed esophagography reservation, etc.).

Statistical Methods
Data are expressed as median (interquartile range, IQR) or
mean ± standard deviation. Categorical variables were analyzed
using the chi-square test or Fisher’s exact test. Continuous variables
were analyzed using the Mann-Whitney U test. The Hodges–
Lehmann method was used to estimate median differences with
95% confidence intervals for length of hospital stay outcomes. The
significance level of the analysis was set to 5%, and 2-sided tests
were conducted. A P -value of less than 0.05 was considered significant. All statistical analyses were performed using SPSS version
18.0 (SPSS, Chicago, IL, USA).

Results
Patient Characteristics
A total of 328 patients who underwent POEM were included, 50% of which were women. Patient characteristics are summarized in Table 1. Most of the patients (n = 307, 93.6%) were
diagnosed with achalasia. Most patients had undergone no prior
treatment; however, 19.5% of patients underwent endoscopic

balloon dilatation, 3.7% of patients underwent botox injection,
and 1.5% of patients underwent LHM or POEM. The median
length of hospital stay after POEM was 5.0 days (IQR 4.0-6.0),
and 43 (13.1%) patients had meaningful delayed discharge due
to AEs.

Table 1. Patient Characteristics

Variables

N = 328

Age (yr)
50.0 ± 17.2
Sex (M/F)
164/164
Previous illness
None
177 (59.8)
Hypertension
48 (16.2)
Diabetes mellitus
23 (7.8)
Othersa
58 (19.6)
Medication history
None
249 (84.1)
Anti-platelets
12 (4.1)
Warfarin
2 (0.7)
NOAC
2 (0.7)
Steroids
2 (0.7)
Others
10 (3.4)
Diagnosis
Type I
121 (36.9)
Type II
138 (42.1)
Type III
48 (14.6)
Distal esophageal spasm
4 (1.2)
Jackhammer esophagus
4 (1.2)
EGJ outflow obstruction
6 (1.8)
Unclassified (manometry fail, etc)
7 (2.1)
Previous treatment
Naïve
242 (73.8)
Balloon dilatation
64 (19.5)
Botox injection
12 (3.7)
Heller’s myotomy
5 (1.5)
POEM
5 (1.5)
Esophageal myotomy length (cm)
8.5 (6.2-10.0)
Gastric myotomy length (cm)
3.0 (2.0-3.0)
POEM procedure time (min)
70.0 (55.0-87.0)
Length of hospital stay after POEM (days)
5.0 (4.0-6.0)
Meaningful discharge delay due to adverse events
43 (13.1)
a

Heart disease (coronary artery disease, atrial fibrillation, and congestive heart
failure), cerebrovascular disease (cerebrovascular accident and Parkinson’s disease), etc.
M, male; F, female; NOAC, novel oral anti-coagulant; EGJ, esophagogastric
junction; POEM, peroral endoscopic myotomy.
Data are presented as mean ± SD, n, n (%), or median (interquartile range
[IQR]).
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Figure. Major adverse events during or after peroral endoscopic myotomy (POEM) that included mucosal injury (A, B), bleeding (C, D), and
hemothorax (E-H). Gastric mucosa (cardia) laceration during POEM (A), clipping site mucosal perforation (B), incision site bleeding (C) with
exposed vessel (D), chest X-ray performed due to severe chest pain 2 days after POEM and showing mediastinum widening (E), CT scan showing an esophageal rupture with hemothorax (F), endoscopy revealing large submucosal tunnel hematoma (G), immediately after insertion of the
chest tube, 700 mL of blood was drained (H).

Adverse Events of Peroral Endoscopic Myotomy
Of the 328 patients, 207 patients (63.1%) did not have any
AEs, but 8 patients (2.4%) had major AEs, and 110 patients
(33.4%) had minor AEs. Major AEs included mucosal injury
(Figure A and B), bleeding (Figure C and D), and hemothorax
(Figure E-H), accounting for 1.5%, 0.6%, and 0.3%, respectively.
Among the minor AEs, pneumoperitoneum was the most common
gas-related AEs, representing 15.5% followed by subcutaneous
emphysema, pneumomediastinum, and pneumoretroperitoneum.
Among the AEs not related to gas, pneumonia was the most common at 4.6%, followed by pain, fever, and pleural effusion. Other
AEs not directly related to the POEM procedure were diarrhea
and pharyngeal laceration (Table 2).

Comparison of Delayed and No Delayed Discharge
Groups
Patients with delayed discharge (n = 43) and patients with
no delayed discharge (n = 285) were analyzed separately. In the
delayed group, the median length of hospital stay was 6 days, and in
the non-delayed group, the median length of hospitalization was 4
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Table 2. Analysis of the Frequency of Peroral Endoscopic Myotomy
Adverse Events

Adverse events

n (%)

None
Major
Mucosal injury
Bleeding
Hemothorax
Minor
Gas-related
Pneumoperitoneum
Subcutaneous emphysema
Pneumomediastinum
Pneumoretroperitoneum
Not related to gas
Pneumonia
Pain
Fever
Pleural effusion
Others
Diarrhea
Pharyngeal laceration
Total

207 (63.1)
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5 (1.5)
2 (0.6)
1 (0.3)

51 (15.5)
16 (4.9)
6 (1.8)
2 (0.6)
15 (4.6)
9 (2.7)
8 (2.4)
3 (0.9)
2 (0.6)
1 (0.3)
328 (100.0)

POEM Adverse Events

Table 3. Comparison of Delayed and No Delayed Discharge Groups

Variables
Age (yr)
Sex (M/F)
Previous illness
None
HTN
DM
Others
Previous medical history
None
Anti-platelet
Warfarin
NOAC
Steroid
Others
Diagnosis
Type I
Type II
Type III
Distal esophageal spasm
Jackhammer esophagus
EGJ outflow obstruction
Unclassified
(manometry fail, etc)
Previous treatment
Naïve
Balloon dilatation
Botox injection
Heller’s myotomy
POEM
Esophageal myotomy
length (cm)
Gastric myotomy length
(cm)
POEM procedure time
(min)
Hospital admission after
POEM (day)

No delayed
discharge
(n = 285)

Delayed
discharge
(n = 43)

50.1 ±17.2
141/144

50.0 ± 17.0
23/20

150 (52.6)
36 (12.6)
20 (7.0)
45 (15.8)

27 (62.8)
12 (27.9)
3 (7.0)
13 (30.2)

205 (71.9)
9 (3.2)
1 (0.4)
2 (0.7)
1 (0.4)
8 (2.8)

36 (83.7)
3 (7.0)
1 (2.3)
0 (0.0)
1 (2.3)
2 (4.6)

108 (37.9)
116 (40.7)
41 (14.4)
4 (1.4)
4 (1.4)
5 (1.8)
7 (2.5)

13 (30.2)
22 (51.2)
7 (16.3)
0 (0.0)
0 (0.0)
1 (2.3)
0 (0.0)

206 (73.6)
53 (18.9)
11 (3.9)
5 (1.8)
5 (1.8)
9.0 (6.0-10.0)

36 (75.0)
11 (22.9)
1 (2.1)
0 (0.0)
0 (0.0)
8.0 (7.0-10.0)

0.509

3.0 (2.0-3.0)

3.0 (2.0-3.0)

0.739

P -value
0.965
0.624
0.302

0.614

0.727

4.0 (3.0-5.0)

6.0 (5.0-8.0)

Meaningful Delayed Discharge Compared to No
Delayed Discharge Group
Major AEs such as mucosal injury, bleeding, and hemothorax
all had meaningful delayed discharge and significantly extended
hospital stay compared to the no AEs group. Among the gas-related minor AEs, pneumoperitoneum and subcutaneous emphysema
showed significant prolongation of hospital stay compared to the no
AEs group. However, except for 4 cases of subcutaneous emphysema, the extended of hospital stay was meaningless. All non-gasrelated minor AEs were associated with a significant prolongation
of hospital stay compared to that in the no AEs group. Antibioticrelated diarrhea after the procedure and pharynx laceration caused
by overtube insertion during the procedure also prolonged the hospital stay, but the difference was not statistically significant (Table 4).

Discussion

0.655

68.0 (54.0-85.3) 70.0 (56.7-99.2)

days (P < 0.001). There was no significant difference was observed
between the delayed discharge group and the non-delayed group in
patients characteristics, diagnosis, previous treatment, and characteristics related to the POEM procedure (Table 3).

0.261
< 0.001

M, male; F, female; HTN, hypertension; DM, diabetes mellitus; NOAC,
novel oral anticoagulants; EGJ, esophagogastric junction; POEM, peroral
endoscopic myotomy.
Data are presented as mean ± SD, n, n (%), or median (interquartile range
[IQR]).

In this multicenter retrospective study, we analyzed the basic
characteristics of patients, POEM procedure data, factors influencing hospital stay. Major AEs and non-gas-related minor AEs
related to POEM significantly prolonged hospital stay. Whereas in
minor AEs related to gas, only a few cases had significant prolongation of hospital stay.
The incidence of major AEs of POEM in previous studies
ranges from 0.5% to 3.3%.19-22 In a meta-analysis by Akintoye et al,4
the incidence of serious AEs was low, with mucosal perforation and
clinically meaningful bleeding being reported in only 0.7% and 0.2%
of patients, respectively. Mucosal injuries are common AEs during
POEM and most of these can be identified and managed during
POEM procedure. A history of submucosal fibrosis, previous
myotomy (LHM or POEM), mucosal edema, and a long submucosal tunnel more than 13 cm are predisposing factors for mucosal
injury.23 In our study, the incidence of major AEs was not as high
at 1.5% for mucosal perforation, 0.6% for bleeding, and 0.3% for
hemothorax, and all of these major AEs significantly extended hospital stays.
Insufflation-related events, including subcutaneous emphysema
(7.5%), pneumothorax (1.2%), pneumomediastinum (1.1%), and
pneumoperitoneum (6.8%), are common during POEM but usually do not convert to clinically significant AEs.2 The use of CO2,
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Table 4. Meaningful Delayed Discharge Compared to No Delayed Discharge Group

Meaningful
Admission period after
delayed
POEM (day)
discharge (n)

Median differencesa

P -valuea

14.5 (12.4-23.0)
10.0 (6.0-14.0)
13.0 (13.0-13.0)

9.0 (7.0-13.0)
4.5 (1.0-11.0)
9.0b

0.008
0.017
0.072

0
4
0
0

5.0 (4.0-6.0)
6.0 (6.0-7.6)
4.5 (3.0-6.1)
4.0 (3.0-5.0)

1.0 (0.0-1.0)
3.0 (2.0-3.0)
0.0 (–1.0-2.0)
1.0 (0.0-2.0)

< 0.001
< 0.001
0.479
0.155

15 (4.6)
9 (2.7)
8 (2.4)
3 (0.9)

11
9
8
1

6.0 (5.0-7.0)
5.0 (5.0-7.0)
6.0 (5.0-6.6)
8.0 (5.5-8.8)

2.0 (1.0-3.0)
2.0 (1.0-2.0)
2.0 (1.0-3.0)
4.0 (1.0-5.0)

< 0.001
0.001
< 0.001
0.009

2 (0.6)
1 (0.3)
328 (100.0)

2
1
43

5.5 (5.0-6.0)
7.0 (7.0-7.0)
5.0 (4.0-6.0)

1.0 (0.0-3.0)
3.0b

0.068
0.080

Adverse events

n (%)

None
Major
Nucosal injury
Bleeding
Hemothorax
Minor
Gas-related
Pneumoperitoneum
Subcutaneous Emphysema
Pneumomediastinum
Pneumoretroperitoneum
Non-gas- related
Pneumonia
Pain
Fever
Pleural effusion
Others
Diarrhea
Pharynx laceration
Total

207 (63.1)

0

4.0 (3.0-5.0)

5 (1.5)
2 (0.6)
1 (0.3)

4
2
1

51 (15.5)
16 (4.9)
6 (1.8)
2 (0.6)

a

Compare with no adverse events group, Hodges-Lehmann location shift (95% CI).
95% CI cannot be obtained since n = 1.
Data are presented as n (%) or median (interquartile range).
b

that has a higher diffusion capacity than air, has markedly reduced
the occurrence of insufflation-associated AEs, and even if it occurs,
CO2 can be absorbed quickly and the related symptoms may be
mild.24 In this study, CO2 was used in all cases to reduce gas-related
AEs and even though pneumoperitoneum and subcutaneous
emphysema significantly extended the hospitalization period, the
extended of hospital stay was meaningless except for 4 cases of subcutaneous emphysema. These gas-related AEs are not life threatening, but increase patient anxiety owing to abdominal distension
and facial and skin swelling, which were the cause of the extended
hospitalization period.
Among the non-gas-related AEs, pneumonia, post-POEM
pain, fever, and pleural effusion showed significant prolongation
of the hospital stay. Pneumonia can be caused by aspiration of
the esophageal contents before or during the POEM procedure.
Therefore, it is necessary to check posteroanterior chest imaging before the procedure to check for aspiration pneumonia. During the
procedure, aspiration may occur during the intubation process after
induction of anesthesia. Therefore, it is also important to prevent aspiration by suctioning the aspirate from the esophagus by perform252

ing an endoscopy before the procedure on the day of the POEM
procedure.
Pain after POEM is commonly reported; most patients are
easily managed with oral analgesics and rarely need long-term
narcotics.25 Benias et al26 followed 103 POEM patients and demonstrated that the most common reason for hospitalization was postPOEM pain. However, post-POEM pain was not a predictor of
poor outcomes, and many patients in the cohort were not routinely
hospitalized. Li et al19 reported that only 10% of their cohort had
severe post-POEM pain that required narcotics. Misra et al25
analyzed the characteristics and medications required for patients
with post-POEM pain and found that pain scores decreased significantly within 2 days after POEM, and patients’ pain did not
require a high dose or long use of opioids. In this study, 9 (2.7%)
patients had a meaningful extension of hospital stay due to postPOEM pain. These patients complained of pain to the extent that
they needed narcotic analgesics.
The learning curve for POEM has not been well studied.
Previous multicenter studies noted that half of the treatment failures were patients from the initial 10 cases at participating centers,
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suggesting a learning curve effect on outcomes.27 Other studies
have shown that the learning curve of POEM is approximately 15
cases28,29 with subsequent cases characterized by a reduction in both
procedure times and technical errors. Hungness et al30 reported that
POEM performed after 15-case learning curve provided durable
symptomatic relief in 94% of patients with non-spastic achalasia
and 90% of patients with type 3 achalasia/spastic esophageal motility disorders, with a low rate of complications.30 Patel et al31 showed
that efficiency was attained after 40 cases and mastery after 60 cases.
It is thought that the occurrence of major AEs decreases when the
learning curve reaches plateaus due to improved proficiency in the
POEM procedure. In this study, AEs were analyzed for 5 practitioners who performed more than 30 POEMs, and major AEs
tended to decrease when more than 30 POEMs were performed
(data not shown). In addition, minor AEs appear to occur regardless of the skill level of the procedure, however, it is difficult to determine because the number of patients with complications is small.
We also analyzed risk factors for AEs, however the underlying
disease, medication history, type of motility disorder, previous treatment history, myotomy length, and procedure time that were investigated in this study did not correlate with the occurrence of AEs
or prolonged hospital stay. Further large-scale prospective study is
needed in the future.
The limitation of this study is that it is a retrospective study, so
the POEM patient management protocol of the 5 participating
hospitals may be slightly different and the timing of discharge may
be slightly different. However, pre- and post-procedure antibiotics,
use of proton pump inhibitor, and the use of CO2 gas in all cases
were similarly matched, so the possible bias was considered to be
minimized. In particular, we tried to minimize bias by defining and
analyzing delayed discharge as “discharge being delayed by more
than 2 days in the POEM admission protocol set by each institution.” Despite the limitations of a retrospective study, it is considered
to be of clinical significance as it is the first complication analysis
study conducted on a large number of patients at multiple centers.
In conclusion, most gas-related minor AEs do not significantly
affect the patient’s clinical course. However, subcutaneous emphysema and minor non-gas related AEs such as pneumonia, pain,
fever, and pleural effusion can prolong the hospital stay, therefore
careful observation is required. Efforts will be made to reduce
major AEs that significantly prolong hospitalization. This data is
expected to be helpful in determining an appropriate hospitalization
period in the future.
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Background/Aims
Herbal medicine is an important complementary therapy for functional dyspepsia (FD). However, its effect against gastric
hypersensitivity in patients with FD has rarely been evaluated. Yokukansan (YKS), a traditional Japanese herbal medicine, is effective
against neuropathic and inflammatory pain. This study aims to use a maternal separation (MS) stress-induced FD model to investigate
the effects of YKS against gastric hypersensitivity, gastric motility, and duodenal micro-inflammation.
Methods
The MS stress model was established by separating newborn Sprague-Dawley rats from their mothers for 2 hours a day from postnatal
days 1 to 10. At the age of 7-8 weeks, the rats were treated with YKS at a dose of 5 mL/kg (1 g/kg) for 7 consecutive days. After
YKS treatment, electromyographic activity in the acromiotrapezius muscle by gastric distention and the gastric-emptying rate were
assessed. Immunohistochemical analysis of eosinophils in the duodenum and phosphorylated extracellular signal-regulated kinase
(p-ERK) 1/2 in the spinal cord was performed.
Results
YKS treatment suppressed MS stress-induced gastric hypersensitivity and decreased the elevated levels of p-ERK1/2 in the spinal cord.
In the gastroduodenal tract, YKS inhibited eosinophil-associated micro-inflammation but did not improve gastric dysmotility.
Conclusions
YKS treatment improved gastric hypersensitivity by alleviating eosinophil-associated micro-inflammation in the gastroduodenal tract.
This treatment may be considered an effective therapeutic option for epigastric pain and micro-inflammation in patients with FD.
(J Neurogastroenterol Motil 2022;28:255-264)
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Introduction
Functional dyspepsia (FD) is a functional gastroduodenal
disorder that is characterized by dyspeptic symptoms, such as early
satiety, postprandial fullness, epigastric pain, or epigastric burning, in the absence of organic disease.1 Dyspeptic symptoms commonly affect approximately 5.3-20.4% of the global population2
and reduce quality of life and work productivity. Clinical treatment
is insufficient as the disease is multifactorial, and its underlying
mechanism is unclear. The clinical management of FD, such as the
administration of acid-suppressive drugs, prokinetic agents, and
central neuromodulators, is primarily aimed at improving the predominant symptoms and not treating the etiology of FD.3
Herbal medicine, an important complementary therapy, is clinically effective for relieving FD symptoms. A previous study showed
that Rikkunshito (RKT), a traditional Japanese herbal medicine,
has beneficial effects against postprandial fullness.4 A multicenter
randomized controlled trial showed that gastric emptying (GE) was
significantly improved in patients treated with RKT.5 However, the
beneficial effect of RKT is limited to the improvement of gastric
motility dysfunction. As gastric hypersensitivity and gastric motility
dysfunction are regarded as the main causes of FD,6 further studies
on herbal medicine therapy for gastric hypersensitivity should be
conducted. Yokukansan (YKS), a traditional Japanese herbal medicine, contains dried extracts of the following crude drugs: Atractylodes lancea rhizome, 3.0 g; Poria Cnidium, 4.0 g; Cnidii rhizome,
3.0 g; Uncariae cum Uncis ramulus, 3.0 g; Angelica radix, 3.0 g;
Bupleurum radix, 2.0 g; and Glycyrrhiza radix, 1.5 g.7 A study
showed that YKS alleviated abnormal behavioral and psychological symptoms in patients with dementia.8 Thus, it has been used
clinically to treat anxiety, neurosis, insomnia, and night crying in
children.7 Recent reports have shown that YKS alleviates pain disorders, including chronic neuropathic and inflammatory pain.7,9,10
Other studies revealed the analgesic effects of YKS in an animal
model of formalin-induced acute inflammatory pain.7 However, the
analgesic effect of YKS against gastric hypersensitivity in FD has
not been validated.
In recent years, mucosal microinflammation has been observed
in the duodenum of patients with FD.11-13 The mast cell and eosinophil counts in the duodenal mucosa are high in patients with FD,
and this phenomenon is associated with postprandial satiety symptoms and gastric hypersensitivity.13,14 The activation and degranulation of immune cells lead to the release of inflammatory mediators,
which may result in tissue damage and barrier dysfunction in the
256

duodenal mucosa and affect enteric nerve function. Changes in immune response and enteric nerve function may contribute to this
sensorimotor abnormality and the development of symptoms.15-17
In our previous study, we established a rat model of maternal
separation (MS) stress-induced FD accompanied by gastroduodenal microinflammation.18 Using this rat model, the present study
aims to investigate the effects of YKS against gastric hypersensitivity
and gastroduodenal microinflammation.

Materials and Methods
Animals
Pregnant Sprague-Dawley rats (gestational day 14) were acquired from SLC Inc (Shizuoka, Japan). The rats were maintained
in a 12-hour light-dark cycle (light on at 7 AM) and provided with
water and food ad libitum. The room temperature was set at 23 ±
1°C, and sterile bedding was provided. The experimental protocols
were approved by the Health Sciences Committee on Animal Research (No. 2018-15-2).

Maternal Separation Stress-induced Functional
Dyspepsia Model
The MS stress-induced FD model was used according to our
previously described protocol.18 In brief, newborn rats were randomly assigned to the MS or control group. Both male and female
rats were included in the study. The newborn rats in the MS group
were separated from their mothers and each placed in a clean cup (5
cm in diameter) for 2 hours (9:30-11:30 AM) daily from postnatal
days (PND) 1 to 10. PND 0 was considered as the day of birth.
After separation, the MS pups were taken back to the mothers’
cages. The control pups were kept in the cages with their mothers.
The litters were weaned at PND 21. The rats grew up to 7-8 weeks
and were used in the experiments described subsequently. Figure
1A shows the diagram of the experimental design.

Drug Treatment
A total of 73 rats were used in the study. The rats were randomly divided into the vehicle-treated control, YKS-treated control,
vehicle-treated MS, and YKS-treated MS groups. The rats in the
YKS group were treated with YKS (Tsumura & Co, Tokyo, Japan)
orally at a dose of 5 mL/kg (1 g/kg) for 7 consecutive days. The
vehicle rats received tap water orally under the same procedure.
Drugs were administered once a day from 10 AM to 11 AM from
PND 49 to 56. The experiments were conducted on PND 57.
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Figure 1. Yokukansan (YKS) inhibited hypersensitivity to gastric distention (GD) induced by neonatal maternal separation (MS) stress. (A)
Schedule for MS and drug treatment. MS treatment was performed from postnatal day (PND) 1 to 10, and YKS was administered from PND 49
to 56. (B) Sample trace of electromyography (EMG) response to different GD pressures in each group (black line, control-veh; blue line, controlYKS; orange line, MS-veh; green line, MS-YKS). (C) Doted-line graph shows the statistics of EMG response in each group (control-veh, n =
5; control-YKS, n = 5; MS-veh, n = 5; MS-YKS, n = 7). Data were analyzed by one-way ANOVA. *P < 0.05, MS-veh vs MS-YKS at 80
mmHg; #P < 0.05, MS-veh vs control-veh at 80 mmHg. Data are presented as the mean ± SEM.

Surgery and Electrode Implantation
Surgery was performed on PND 52 according to our previous protocol.18 Briefly, the rats were fasted for 12 hours before
surgery. A 2.5-cm long loose elastic latex balloon (Okamoto, Tokyo,
Japan) was connected to a 12-cm long catheter (PE240 tube, BD
Intramedic; BD, Franklin Lakes, NJ, USA). During surgery, the
rats were anesthetized with 2% isoflurane (Wako Pure Chemical
Industries, Ltd, Osaka, Japan). A 2-cm incision was made on the
left abdominal wall, and the balloon was placed into the stomach
via a 0.5-cm incision made above the pylorus. The incision was
securely covered, and the catheter was exteriorized at the posterior
part of the neck. To record the electromyographic (EMG) response
to gastric distention, we prepared three 5-cm long Teflon-insulated
flexible wires (AS 633; Cooner Wire, Chatsworth, CA, USA) as
electrodes. These electrodes were implanted into the acromiotrapezius muscle. Briefly, 2 flexible wires were implanted into the left
acromiotrapezius muscle at a distance of 1 cm, and 1 flexible wire
was implanted into the right side. The electrodes were externalized
with the catheter. Electrodes and catheter were anchored to the skin
in the back with a suture.

Gastric Distention and Electromyography
To keep the rats calm during gastric distention, we placed them
into the cylinder box 15 minutes per day for 5 consecutive days for

habituation. Gastric distention was performed at day 5 after surgery.
We placed the rats into a cylinder box and carefully assessed them
for gastric distention. Distention was induced by inflating the balloon with water (37°C) at pressures of 20, 40, 60, and 80 mmHg
for 20 seconds each. Pressure was applied at 5-minute intervals.
EMG activity in the acromiotrapezius muscle was recorded simultaneously using electrodes with Power Lab (Power Lab/Bio Amplifier; AD Instruments, New South Wales, Australia). The EMG
trace was recorded at a sampling rate of 4 Hz. In EMG analysis,
the area under the curve (AUC) was calculated for 20 seconds during the baseline and distention periods separately. The visceromotor
response was defined as the AUC of the pressure minus the AUC
at baseline.

Immunohistochemistry of Phosphorylated
Extracellular Signal-regulated Kinase 1/2
The balloon was distended at a pressure of 80 mmHg for 20
seconds, and the rats were perfused with 1% paraformaldehyde and
then 4% paraformaldehyde through the heart 2 minutes after distention. The T9-T10 segment of the spinal cord was dissected, postfixed overnight in 4% paraformaldehyde, and dehydrated in 30%
sucrose for 2 days. Then, 20-μm thick sections were prepared. The
sections were incubated with the primary antibody phosphorylated
extracellular signal-regulated kinase (p-ERK) 1/2 (Cat. No. 4370s;
Phospho-p-ERK44/42 Map Kinase; Cell Signaling Technology,
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Inc, Danvers, MA, USA) at a ratio of 1:500 overnight. Biotinylated horse anti-rabbit secondary antibody (BA-1000; Vector Laboratories, Burlingame, CA, USA) was incubated at a ratio of 1:200 for
1 hour at room temperature. Then, the sections were incubated with
avidin-biotin peroxidase (Strep ABC peroxidase kit; Nacalai Tesque
Inc, Kyoto, Japan) for 30 minutes and visualized with diaminobenzidine (DAB). The images used for analysis were obtained at ×20
and ×40 magnification by digital microscopy with NIS-Elements
D Imaging Software version 3.2 (Nikon Instruments Inc, Tokyo,
Japan). Five sections of each animal were included for p-ERK1/2
immunoreactive cell quantification. Four animals were included in
each group. The number of p-ERK1/2 cells in the laminae I-II of
dorsal horn was analyzed.

Immunohistochemistry of Eosinophils
Many cationic proteins are present in eosinophils, including
mouse anti-major basic protein (MBP), eosinophil peroxidase,
and eosinophil cationic proteins. MBP was reported to account for
> 50% of the eosinophil cationic proteins and used to represent
eosinophil infiltration and degranulation.19 Therefore, MBP was
used as an eosinophil marker in the present study. Fresh-frozen
tissues were collected from the stomach and duodenum for immunohistochemical analysis. Ten-micrometer thick sections were
prepared using a cryostat for fixation. The sections were placed in
acetone for 6 minutes at −20°C and then incubated with MBP
primary antibody (Cat. No. MCA5751; AbD Serotec Ltd, Oxford, United Kingdom) at a ratio of 1:500 at 4°C overnight. The
following steps were similar to those used for obtaining spinal cord
sections. H&E staining was performed after the DAB reaction.
For MBP-immunoreactive cell quantification, 3 areas (12, 4, and 8
o’clock positions) were selected from the transection under a light
field at ×4 magnification. Images for quantification were obtained
under light-field microscopy at ×40 magnification. The number
of MBP-positive cells in each micrograph was counted. All micrographs were acquired under the same conditions. The results were
presented as immunoreactive cells divided by the area (cells/mm2).
Three sections were analyzed for each group, which comprised of 3
rats each.

Gastric Emptying
The experiments were performed as described in our previous
report.18 Briefly, the rats were fasted for 18 hours to empty their
stomachs. On the day of the experiment, the rats received 1.5 mL
oral 0.05% phenol red (Wako Pure Chemical Industries, Ltd) via
a syringe. After sacrifice, the stomach of the rat was resected out 30
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minutes after phenol red administration. The time of sacrifice was
the baseline (time 0). To homogenize the stomach, the supernatant
was collected and used to measure spectrophotometric absorbance
at 560 nm.
The GE was calculated according to the following formula:

[

GE (%) = 1–

]

Absorbance of the test sample
×100%
Absorbance at baseline (GE at time 0)

Statistical Methods
The unpaired t test was used to analyze p-ERK expression,
eosinophil infiltration, and gastric-emptying analysis, and one-way
analysis of variance was performed to analyze the EMG response.
All data were presented as the mean ± standard error of the mean.
Statistical tests were performed using GraphPad Prism 7 (GraphPad
Software, San Diego, CA, USA). A P -value of < 0.05 was considered to be indicative of statistical significance (*P < 0.05, **P <
0.01, ***P < 0.001).

Results
Yokukansan Inhibited Hypersensitivity to Gastric
Distention Induced by Neonatal Maternal
Separation Stress
Gastric hypersensitivity is the main pathophysiology of FD.
Thus, we investigated the EMG response to gastric distention to
represent gastric hypersensitivity. Pressures of 20, 40, 60, and 80
mmHg were applied to the stomach. Distention caused an intensity-dependent EMG response in all groups. The vehicle-treated
MS group exhibited gastric hypersensitivity at adulthood. Both
male and female litters were included in the study, and no difference
was observed in gastric hypersensitivity between the sexes (Supplementary Figure). There was no significant difference in terms of
gastric hypersensitivity among the rats with distention induced at
low pressure (20, 40, and 60 mmHg). However, the vehicle-treated
MS group had a higher EMG response to distention at a pressure of 80 mmHg (111.87 ± 13.54 μV·sec, n = 5, P = 0.011)
than in the vehicle-treated control group (56.52 ± 2.12 μV·sec, n
= 5). Interestingly, we found that YKS treatment inhibited gastric
hypersensitivity induced by MS stress. The EMG response to
gastric distention at a pressure of 80 mmHg was lower in the YKStreated MS group (52.98 ± 14.41 μV·sec, n = 7, P = 0.017) than
in the vehicle-treated MS group. However, there was no significant
difference in the EMG response between the YKS-treated con-

Journal of Neurogastroenterology and Motility

Yokukansan and Gastric Hypersensitivity

A

Control-Veh

Control-YKS

Control-Veh

Control-YKS

B

MS-Veh

Number of
pERK1/2-ir cells/section

C

MS-Veh

MS-YKS

MS-YKS

***

15

*

10

5

0
Control-Veh Control-YKS

MS-Veh

MS-YKS

Figure 2. A lower number of phosphorylated extracellular signal-regulated kinase (p-ERK)–immunoreactive (ir) neurons were observed in spinal

cord (T9-T10) after treatment with Yokukansan (YKS) in maternal separation (MS) rats. (A) Representative pictures of p-ERK–ir neurons in
the dorsal horn 2 minutes after gastric distention at 80 mmHg in each group. We magnified the lamina I and II layer of the dorsal horn (dotted
square), (B) the black arrows indicate p-ERK1/2–ir cells. (C) The bar graph shows the statistics of positive cells in each group at a pressure of 80
mmHg (control-veh, n = 3, control-YKS, n = 4, MS-veh, n = 4, MS-YKS, n = 4. Data were analyzed by unpaired t test. *P < 0.05, ***P <
0.001; data are presented as the mean ± SEM; scale bar: 50 μm).

trol group (41.39 ± 8.00 μV·sec, n = 5, P = 0.304) and vehicle
group. Hence, YKS alleviated hypersensitivity to gastric distention
caused by early life stress (Fig. 1B and 1C).

Yokukansan Inhibited Higher Gastric Distentionevoked Phosphorylated Extracellular Signalregulated Kinase 1/2 Expression in the Dorsal Horn
of Maternal Separation Rats
It has been found that p-ERK1/2 can function as a neural
activation marker. When rats receive noxious stimuli, the neurons
in the dorsal horns (laminae I-II) are activated and express pERK1/2. Thus, we determined p-ERK expression in the dorsal
horn of the T9-10 segments after gastric distention at a pressure
of 80 mmHg. Our previous study showed that there were few pERK1/2 immunoreactive (p-ERK1/2–ir –ir) cells in laminae I-II
of the dorsal horn without distention. However, p-ERK1/2–ir cells
were expressed after gastric distention at a pressure of 80 mmHg.15
Therefore, we detected p-ERK1/2-ir cells after gastric distention at
a pressure of 80 mmHg. The vehicle-treated MS group expressed
more p-ERK1/2-ir cells (13.35 ± 0.21 cells/section, n = 4) than

the vehicle-treated control group (4.13 ± 0.53 cells/section, n = 3,
P < 0.001). Therefore, MS rats exhibited pain hypersensitivity to
gastric distension compared to control rats. Interestingly, the YKStreated MS group expressed lower p-ERK1/2-ir cells (8.16 ± 0.78
cells/section, n = 4, P = 0.011) compared with the vehicle-treated
MS group. However, the expression did not significantly change
after YKS treatment among the control rats (7.10 ± 0.52 cells/section, n = 4, P > 0.05). These data showed that YKS suppressed
higher gastric distention-evoked p-ERK1/2 expression in MS rats.
Therefore, YKS could be used in the treatment of gastric hypersensitivity in patients with FD (Fig. 2A-C).

Yokukansan Suppressed Eosinophil Infiltration in
the Gastroduodenal Tract
Although FD is a functional disorder, micro-inflammation
was observed in the duodenum of patients with FD according to
several recent clinical studies. Based on our previous reports, the
MS stress-induced FD model exhibited not only gastric hypersensitivity but also eosinophil-associated micro-inflammation.15
Thus, the latter may contribute to gastric hypersensitivity in FD.

Vol. 28, No. 2 April, 2022 (255-264)

259

Shaoqi Duan, et al

High magnification

Low
magnification

Control-Veh

Control-YKS

MS-Veh

MS-YKS

Duodenum

Stomach

A

B

C

1600

2

MBP-ir cells/mm

MBP-ir cells/mm

1600

**

2

**
1200
800

*

400
0

1200

**

800

***

**

400
0

Control-Veh Control-YKS

MS-Veh

MS-YKS

Control-Veh Control-YKS

MS-Veh

MS-YKS

Figure 3. Yokukansan (YKS) decreased the infiltration of eosinophils into the gastroduodenal tract of maternal stress (MS) rats. (A) Low-mag-

nification pictures show that the major basic protein (MBP)–immunoreactive (ir) cells are mainly located in the mucosa (Mu) of the stomach and
duodenum, and there are very few cells in the submucosa (SM) and muscle (Ms) layer. High-magnification pictures show the MBP-ir cells in the
stomach of vehicle- and YKS-treated rats in each group. (B) The bar graph shows the statistics of MBP–ir cells in the stomachs of each group. (C)
The bar graph shows the statistics of MBP–ir cells in the duodenums of each group (n = 3 in each group, data analyzed by unpaired t test. *P <
0.05, **P < 0.01, ***P < 0.001. Data are presented as the mean ± SEM; scale bar: 50 μm).

Therefore, in the present study, it was determined whether YKS affected eosinophil infiltration in MS rats. As indicated by H&E and
DAB immunohistochemistry staining, the eosinophils were mainly
located in the mucosa in both the stomach and duodenum (Fig. 3A),
and few cells were observed in the submucosa and muscle layers. We
then confirmed the presence of eosinophil infiltration in the stomach
and duodenum in the vehicle-treated MS group (stomach, 1243.8
± 42.3 cells/mm2, n = 3, P = 0.003; duodenum, 942.1 ± 27.6
cells/mm2, n = 3, P = 0.002) compared with that in the vehicletreated control group (stomach, 697.6 ± 25.4 cells/mm2, n = 3;
duodenum, 549.4 ± 17.2 cells/mm2, n = 3) (Fig. 3A-C). The
infiltrated eosinophils were also located in the mucosal layer in both
the stomach and duodenum. After YKS treatment, the degree of eo-
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sinophil infiltration decreased in the gastroduodenal tract of both the
control and MS rats (stomach: control-YKS, 507.3 ± 11.2 cells/mm2,
n = 3, P = 0.020; MS-YKS, 475.9 ± 31.7 cells/mm2, n = 3, P =
0.001; duodenum: control-YKS, 338.5 ± 16.4 cells/mm2, n = 3, P =
0.004; MS-YKS, 356.9 ± 17.0 cells/mm2, n = 3, P < 0.001) (Fig.
3A-C). Therefore, YKS could inhibit eosinophil-associated microinflammation in the gastroduodenal tract.

Yokukansan Had No Effect on Dysmotility in
Maternal Separation Rats
Gastric dysmotility is another important characteristic of FD.
Patients with FD present with delayed GE and impaired gastric
accommodation. Previous reports showed that RKS can improve
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Figure 4. Yokukansan (YKS) treatment did not affect gastric motility

in the control and maternal stress (MS) rats. The bar graph shows
the gastric-emptying rate of each group. The MS-veh group showed
delayed gastric emptying compared with the control-veh; YKS treatment did not affect motility in the MS and control groups (control-veh,
n = 6; control-YKS, n = 6; MS-veh, n = 6; MS-YKS, n = 6. Data
are analyzed by unpaired test, *P < 0.05. Data are presented as the
mean ± SEM). NS, no significant difference.

dyspepsia in patients with FD. We investigated the effect of YKS
on gastric dysmotility. The vehicle-treated MS group exhibited
delayed GE (71.75 ± 2.10%, n = 6) compared with the vehicletreated control group (81.53 ± 3.42%, n = 6, P = 0.040) (Fig.
4). However, YKS treatment did not affect motility in the control
(84.21% ± 5.42%, n = 6) and MS rats (68.96% ± 5.47%, n =
6, P > 0.05). Hence, YKS relieved gastric hypersensitivity but not
delayed GE in MS rats.

Discussion
Herbal medicine is an important complementary therapy
for FD that has attracted significant attention. To the best of our
knowledge, this study is the first to show that the herbal medicine
YKS inhibited gastric hypersensitivity and eosinophil-associated
microinflammation in an MS stress-induced FD rat model. Thus,
YKS could be an effective therapeutic for the treatment of FD
symptoms in clinical practice.
YKS is a traditional Japanese herbal medicine that is useful in
treating behavioral and psychological symptoms, such as dementia,
anxiety, depression, and in Alzheimer’s disease.20 Although FD is
a functional gastrointestinal disease, a previous study reported that
34% of patients with FD had a psychiatric diagnosis, such as anxiety or depression.21 The present study findings indicate that YKS
is a promising therapeutic approach for FD symptoms, and it is
already being used clinically. However, the mechanism of YKS in

the treatment of FD remains unclear.
Because patients with FD present duodenal microinflammation
induced by eosinophil infiltration and degranulation, which may
be correlated with postprandial satiety and gastric hypersensitivity,13 this mechanism has begun to be considered as the mechanism
involved in the main pathophysiology.11-13 A study showed that the
number of eosinophils in the stomach and duodenum increased in
children with functional GI disorders.12 Friesen et al22 found that
eosinophil activation increased in the antral biopsies of patients
with pediatric FD. Thus, eosinophil infiltration in the stomach and
duodenum may be involved in the pathogenesis of FD. Furthermore, our previous study demonstrated that dexamethasone (DEX)
inhibited eosinophil-associated microinflammation of the gastroduodenal mucosa and relieved gastric hypersensitivity.18 Although
YKS has a milder inhibitory effect on eosinophil infiltration into the
gastroduodenal mucosa than DEX, YKS is useful in clinical practice because it does not lead to the side effects associated with DEX.
Therefore, YKS may be an effective treatment option for epigastric
pain and micro-inflammation in patients with FD.
Some previous reports described the mechanism underlying the
effect of YKS against somatic pain. Repeated YKS treatment promotes glutamate reuptake via activation of glutamate transporters in
the spinal cord, thereby inhibiting hyperalgesia or allodynia induced
by the enhanced glutamatergic system.23 A study showed that
YKS treatment decreases the expression of 5-hydroxytryptamine
2A receptors in the prefrontal cortex in rats, which is a possible
mechanism underlying the inhibitory effect of YKS against visceral
pain.24 Another study showed that YKS can relieve inflammatory
pain by inhibiting substance P, which is induced by interleukin
(IL)-6 and IL-8, and by reducing cyclooxygenase-2 expression.25
Most studies focused on the anti-allodynia effect of YKS, but our
study is the first to demonstrate an anti-hyperalgesia effect. This
additional anti-hyperalgesia mechanism of YKS should be further
investigated. Regarding the components of YKS, the combination
of A. lanceae rhizoma and Glycyrrhizae radix extracts has shown
significant antiallodynic effects.23 Beta-Eudesmol, a component of
A. lanceae rhizome, inhibits IL-6 expression by suppressing p38
mitogen-activated protein kinase, thereby alleviating allodynia.26
Atractylodin is a bioactive component of A. lanceae that mediates an
antinociceptive effect through desensitization of the TRPA1 channel.27 Hence, A. lanceae rhizome and Glycyrrhizae radix may be the
main extracts that relieve visceral pain. However, the components of
YKS that contribute to gastric hypersensitivity in FD have not been
identified, which warrants further studies. Because YKS inhibits the
neurotransmitter in the spinal cord, it is possible that YKS inhibits
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the neural system and inflammation simultaneously.
Although the mechanism underlying the anti-inflammatory
effects of YKS is also unclear, downregulation of the expression of
5-hydroxytryptamine receptors is a potential pathway. YKS was
shown to suppress central nervous system inflammation and reduce
inflammatory responses by attenuating microglial activation and
promoting neurogenesis in the hippocampus of Gunn mice.28 YKS
also inhibited demyelination in the CNS.29 The anti-inflammatory
properties of YKS may be attributed to rhynchophylline and
isorhynchophylline in Uncaria hook and liquiritigenin in Glycyrrhiza.30 However, the active ingredients with anti-inflammatory
properties have still not been identified. Thus, studies must be performed to identify such components and related signaling pathways.
Gastric dysmotility is another important pathophysiology in
patients with FD.31 Impaired GE of liquids and solids are related
to postprandial fullness and early satiety. The proportion of patients
with FD reported to have delayed solids emptying is 23% and to
have delayed liquids emptying is 35%. Thus, GE of liquids or solids can represent impaired gastric motility, and liquid emptying is
more sensitive. Therefore, we performed liquid GE. We found that
YKS did not improve MS stress-induced motility disorder, implying that YKS has no effect on delayed liquid emptying. Gastric
motility is mainly regulated by the enteric nervous system (ENS),
which is linked to the CNS and autonomic nervous system. Dysmotility in FD is associated with an imbalance in the ENS.32 YKS
is not effective in improving abnormal movements, indicating that
its efficacy is limited in the ENS. In contrast, RKT was effective
against dysmotility in FD via enhancement of ghrelin secretion.33
Thus, YKS is effective against gastric hypersensitivity, whereas
RKT is useful against dysmotility in FD. Therefore, the co-application of YKS and RKS may be a useful strategy to address all FD
symptoms.
Evaluation of the EMG response to gastric distention is a
reproducible, reliable, and quantifiable method to assess gastric hyperalgesia. During gastric distention, the EMG response recorded
from the acromiotrapezius muscle is increased pressure-dependently compared with that from the external oblique muscle.34 Regarding the molecular mechanism underlying gastric pain, neurons in
the T9-T10 segment receive primary afferent fiber innervating the
stomach;35 thus, noxious gastric distention altered activity of neurons in T9-T10 spinal cord through primary afferent and induced
pain. Phosphorylated ERK1/2 and c-fos are neural activation markers after noxious stimulation.36 c-fos begins to be induced only in
the nuclei at 30-60 minutes, whereas p-ERK1/2 can reach its peak
2-5 minutes after receiving noxious stimulation. The expression of
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p-ERK1/2 is broader than that of c-fos, including nuclei, cytoplasm
and axons. Although both can be used as neuronal activation markers, p-ERK1/2 expression is more rapid and dynamic, which is
considered to be better for indicating gastric hyperalgesia.37 Therefore, we investigated the EMG response to gastric distention from
the acromiotrapezius muscle and compared p-ERK1/2 expression
in the T9-T10 segment at 2 minutes after gastric stimulation. We
found that YKS inhibited the increased EMG response to gastric
distention and increased p-ERK1/2 in the spinal cord of MS stressinduced FD rats, which indicate an anti-hyperalgesia effect of YKS.
This result revealed that the anti-hyperalgesia effect occurred peripherally.
A sex difference has been reported in patients with FD. Symptoms occur more frequently in females than in males and cause
lower quality of life.38 A sex difference in MS rats has also been
reported and may induce different behavior profiles because female
rats show higher sensitivity to emotions, stress, and pain.39 However, in the present study, we confirmed that both males and females
expressed gastric hypersensitivity in adulthood, and there was no
difference between the sexes. Thus, both sexes were included in the
research.
In conclusion, YKS was found to suppress gastric hypersensitivity and eosinophil-associated micro-inflammation in an MS
stress-induced FD rat model, which is the first evidence from a
pathophysiological point of view. Thus, YKS may be a possible
clinical treatment option for epigastric pain and micro-inflammation
in patients with FD.
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Background/Aims
To assess the effects and safety of DA-9701 (Motilitone) in patients with constipation-type irritable bowel syndrome (IBS-C) which
frequently accompany functional dyspepsia (FD).
Methods
FD and IBS-C were diagnosed based on the Rome III criteria. Randomized subjects were administered 30 mg of DA-9701 or placebo 3
times a day for 4 weeks. The study endpoints were evaluated the percentage of responders in the overall symptom evaluation of IBS-C
and FD.
Results
Thirty IBS-C patients and 30 placebos were prospectively enrolled. The proportion of responders with improvement in overall
symptoms of IBS-C was 53.33% in the DA-9701 group and 40.00% in the placebo group (P = 0.301). Compared to the placebo
group, the decrease of abdominal pain score in the DA-9701 group was significantly higher at week 3 in the DA-9701 group (0.96 ±
0.77 vs 0.55 ± 0.79, P = 0.042) but no significance at week 4. There was no significant difference in total IBS quality of life score at
week 4 between the 2 groups (P = 0.897). Among patients with IBS-C accompanied by FD, the proportion of responders in the DA9701 group was 50.00% (15/30), which was higher than 31.03% (9/29) of the placebo group (P = 0.138).
Conclusions
DA-9701 showed trend of treatment efficacy in patients with IBS-C and FD overlap including overall improvement, and safety,
compared to placebo but without significance probably due to small numbers. It is suggested the need for a large-scale clinical trial to
confirm this preliminary effect of DA-9701.
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Introduction
Irritable bowel syndrome (IBS) is defined as abdominal pain or
abdominal discomfort associated with changes in bowel habits.1 It is
a very common disease in the Western countries, showing a prevalence rate of 7-10% of the total population,2 and a Korean study also
showed a prevalence rate similar to that of the Western countries at
8.0-9.6%.3,4 Due to recurring symptoms, quality of life (QoL) is
greatly reduced,5,6 and medical expenses are increasing.7,8 Therefore, it is very important to improve symptoms with appropriate
treatment. However, there are many difficulties in treatment as the
symptoms are diverse, and the pathophysiology are not accurately
known. Abnormal intestinal motility, visceral hypersensitivity, and
psychosocial factors are suggested as important pathophysiological
mechanisms of IBS.9
Recently, as mechanisms and mediators related to the movement, sensory, and secretory functions of the intestine have been
revealed in more detail, various neurotransmitters and therapeutic
agents targeting their receptors have been developed. A typical
example is drugs that target 5-hydroxytryptamine (5-HT, serotonin) receptors. Among various drugs targeting 5-HT receptors,
5-HT4 receptor agonists promote release of neurotransmitters such
as acetylcholine and calcitonin gene-related peptide involved in
gastrointestinal (GI) motility. It is known to be helpful in treatment
of patients with constipation-type IBS (IBS-C) by controlling intestinal afferent sensation and promoting GI movement and secretory
function.10 On the other hand, psychosocial factors are also thought
to cause IBS, and many studies have reported that anti-depressants
are effective in IBS.11 For this reason, buspirone, a 5-HT1A agonist
mainly used as an anti-anxiety agent was considered as a treatment
option for IBS, and there have been attempts to combine 5-HT3 receptor antagonist with a 5-HT1A receptor agonist to treat IBS.12 In
other words, it was to gain anti-anxiety effects in the central nervous
system through the 5-HT1A receptor agonist and control the movement of the peripheral GI tract through the 5-HT3 receptor antagonist to increase the therapeutic effects in IBS. Therefore, 5-HT1A
receptor agonist may be a treatment option for patients with IBS.
DA-9701 (Motilitone tablet; Dong-A ST, Seoul, Korea) is a
medicine made using natural substances extracted from seeds of
Pharbitis Semen and root of Corydalis Tuber, which is a medicinal
herb.13-15 It was reported that DA-9701 has effects through high
affinity for the 5-HT4 receptor and 5-HT1A receptor and that its
effects are exerted through the action of both receptors.15 Therefore,
considering the function of DA-9701 as an agonist of 5-HT4 and
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5-HT1A receptor, it may promote motor and secretory functions,
regulate intestinal afferent sensation, and bring anti-anxiety effects. Then, DA-9701 may be an option for patients with IBS-C.
Furthermore, in an experiment with interstitial cells of Cajal (ICC)
extracted from the small intestine of mice, DA-9701 was reported
to induce pacemaker current of ICC, suggesting that DA-9701
may restore the reduced function of ICC.16 From this background
we made a hypothesis that DA-9701 could be an useful in the treatment of IBS-C, even though the indication of DA-9701 is functional dyspepsia (FD).
Moreover, many studies have suggested that FD is accompanied by a high rate with IBS, and a recently published meta-analysis
study reported that the prevalence of IBS in patients diagnosed with
FD is significantly higher with a relative risk of 8.0 (95% CI, 5.7411.16) compared to those patients without FD.17 A study conducted in Korea also showed that there is a correlation between FD and
IBS with a relative risk of 4.4 (95% CI, 1.21-15.71).18 From this
background the aim of this study is to evaluate the effects and safety
of DA-9701 in patients with IBS-C which is frequently overlapped
with FD.

Materials and Methods
Study Design and Intervention
After screening for patients who meet the inclusion/exclusion
criteria, 1-week observation period during which no treatment was
provided and drugs that may have affect the effects of the test drug
were stopped at least 3 days before the observation period. After assessing the symptom score during the observation period, subjects
who met the criteria for transition to the treatment period were
randomly assigned to DA-9701 or placebo groups and received
the respective intervention for 4 weeks. The clinical study plan and
design of the observation and treatment periods were as follows.

Patients
Inclusion criteria
Patients with IBS-C who met all of the following criteria were
enrolled. (1) men and women aged 20 years to 75 years, (2) IBS
was defined by the Rome III diagnostic criteria1 as patients who had
abdominal pain or discomfort accompanied by more than 2 symptoms [1] symptoms improve after defecating, [2] when symptoms
are present, there is a change in the number of defecations, and [3]
when symptoms are present, there are changes in stool shape or
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condition) for 3 days every month in the last 3 months and whose
symptoms started at least 6 months ago. (3) Patients who had constipation based on the Rome III IBS subtype criteria (Bristol stool
form scale 1-2 stool form is 25% or more and Bristol stool form
scale 6-7 stool form is less than 25%). (4) Patients who underwent
the following tests according to the patient’s age after the onset of
IBS symptoms or within 5 years and had no organic diseases [1]
under 50 years old at the time of screening: sigmoidoscopy or colonography; [2] over 50 years of age at the time of screening: full
colonoscopy or colonography; and [3] even when the patient was
under the age of 50 at the time of screening, full colonoscopy or
colonography could be performed at the discretion of the investigator). After selecting patients who met the IBS-C diagnostic criteria,
FD was diagnosed by conducting an FD questionnaire. FD was
diagnosed based the Rome III criteria that had at least 1 of the following symptoms: bothersome postprandial fullness, early satiation,
epigastric pain, and epigastric soreness.19
Criteria for proceeding to the treatment period
Patients who satisfied the above screening selection criteria performed necessary tests during the 2 weeks of screening, underwent
a wash out period, and had 1-week of observation period. At the
end of the observation period, those who met all the following criteria were able to proceed to the treatment period: (1) patients whose
IBS patient diary has been recorded for more than 5 days during
the observation period, (2) patients who had at least 2 incidences of
abdominal pain or discomfort during the 1 week of observation period and had visual analogue scale ≥ 30 mm of average abdominal
pain or discomfort for 1 week, (3) patients who did not have Bristol
stool form scale 6-7 stool form during the observation period, and
(4) those who defecated less than 3 times for the 1-week observation
period. All of the enrolled subjects were underwent colonoscopy
and there were no significant diseases such as colitis present except
polyps.
Exclusion criteria
Patients with any of the following were not eligible to participate in the study: (1) intolerant or hypersensitive to clinical study
drugs, (2) abnormal findings in colonoscopy or colonography
(results within the last 5 years can be used), (3) the following conditions within 6 months of screening; esophagitis, gastritis, duodenitis
or ulcer, gastroesophageal reflux disease, bleeding in the GI tract,
stricture or obstruction of the GI tract, infectious diarrhea, inflammatory bowel disease (Crohn’s disease, ulcerative colitis, sensitive
enteritis, ischemic colitis, and etc), pancreatic insufficiency, biliary

tract disease, bile absorption disorders, (4) uncontrolled diabetes,
uncontrolled high blood pressure, and thyroid dysfunction, (5)
psychotic disorders, (6) history of malignant tumors (except for GI
cancer, participation was possible if it did not recur within 5 years
after treatment), (7) anemia, glaucoma, enlarged prostate, and collapsed patients, (8) history of major GI surgery or GI surgery with
complications, (9) liver or renal dysfunction, (10) lactose intolerance not controlled by diet, (11) pregnancy, lactation, or fertile with
no intention to use contraception during the study period, (12)
expected to take prohibited drugs during the study period, (13) history of drug or medication and alcohol abuse, and (14) participated
in other clinical studies within 30 days of screening.
Written informed consent was obtained from all patients before
participation. All of the patients were informed of the study aims
and methods, as well as the possible side effects. The Institutional
Review Board of Seoul National University Bundang Hospital
approved the study protocol (IRB No. B-1211-177-004), and the
study was approved by the Korean Food and Drug Administration
(20130027676).

Randomization and Treatment
SAS version 9.2 (SAS Institute, Cary, NC, USA) was used by
a statistical expert who had no direct relationship with the clinical
trial institution to randomly allocate the patients into the treatment
group and placebo group in a 1:1 ratio following the block randomization method. The statistical expert delivered the randomization
code to the code manager before the start of the clinical trial, so that
a randomization envelope could be distributed. To maintain blinded
conditions, only a minimal number of persons who did not have
a direct relationship with the clinical trial institution was asked to
check the randomization table and code before the end of the study.
A placebo that has the same appearance as DA-9701 was used
in this study to maintain the blinded conditions. Therefore, since
both the treatment and placebo groups received that looked identical, it was not possible to distinguish which group the subject was
assigned to unless the randomization number was disclosed. Randomized subjects were administered 30 mg of DA-9701 or 1 tablet
of placebo 3 times a day before each meal for 4 weeks.

Safety Assessment
Safety profiles were assessed by using review of systems and
physical examination at screening and at each outpatient clinic visit.
Laboratory tests including a complete blood count, biochemistry
and electrolytes were performed before and after treatment.
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satiety, postprandial fullness after meals at weeks 1, 2, 3, and 4 compared to the baseline.

Quality of Life
Each participant completed the IBS-QoL questionnaire initially developed by Patrick et al.20 The Korean version of this questionnaire has been cross-culturally validated and used in a subsequent
study by Park et al.21,22 This scale includes 34 items, each with a
5-point Likert-type response scale ranging from 1 to 5 (1 = not at
all, 2 = slightly, 3 = moderately, 4 = quite a bit, and 5 = extremely
or a great deal). The individual responses to the 34 items were
summed and averaged for a total score and then transformed to a
0-100 scale for ease of interpretation, with higher scores indicating
better IBS specific QoL. There are also 8 domain (dysphoria, interference with activities, body image, health worry, food avoidance, social reaction, sexual function, and relationships) scores, with the total
score of each also summed and transformed to a 0-100 scale. If a
patient responded with ‘‘not at all’’ for all 34 items, the overall score
of IBS-QoL would be 100. If a patient responded with ‘‘slightly,’’
a score of 4, for all items, the overall IBS-QoL score would be 80.
Therefore, if a score was more than 80, the subscale was not considered to be associated with bowel problems. Moderate to severe IBS
had an approximate score of 60-65 by the IBS-QoL.23

Statistical Methods
A pilot study comparing DA-9701 with placebo was first attempted as the basis for calculating the appropriate number of
subjects in large-scale clinical trials using DA-9701. As the recommended number of subjects in pilot studies is at least 30 per group,
this study also intended to include 30 subjects per group.24,25
Mean ± standard deviation, and median value (minimum
and maximum) were presented as continuous variables. Frequency
and percentage were presented as categorical variables. Normality
test was performed for all continuous variables, and 2 sample t test,
paired t test or Wilcoxon’s rank sum test, or Wilcoxon’s signed rank
test were performed depending on whether the normality assumption
was satisfied. Categorical variables were analyzed by Pearson’s chisquare test or Fisher’s exact test, depending on whether 80% or more
of the cells with an expected frequency of 5 or more were found. The
significance level of the analysis was set to 5% and 2-sided tests were
conducted. P-value of less than 0.05 was considered significant. All
statistical analysis was performed using SAS version 9.2.

Study Endpoint
Intention-to-treat (ITT) set was intended for those subjects
who received the investigational drug after randomization and
whose data on primary efficacy endpoints after baseline could be
obtained. Per protocol (PP) set was intended for subjects who
completed the clinical trial and did not have a major deviation in the
procedure of the clinical trial protocol. Reasons for PP set exclusion
included dropout, violation of inclusion/exclusion criteria, and use
of contraindicated drugs. Endpoint was analysed using both ITT
set and PP set, and the main analysis target group was ITT set
safety was analyzed using the safety set.
The primary endpoint was evaluated in terms of the percentage of responders in the overall symptom evaluation of IBS-C (responders: those who answered “Yes/No” to the question “Did last
week’s treatment adequately improve your symptoms” and whose
number of weeks in which symptoms were adequately improved in
75% of the total treatment period). The secondary endpoint was the
quantity of changes in abdominal pain and discomfort, stool consistency, bowel movement at weeks 1, 2, 3, and 4 compared the baseline and the quantity of changes in IBS-QoL at week 4 compared
to the baseline. In patients with FD, the secondary endpoint was
the percentage of responders in the evaluation of overall symptoms
of FD, the quantity of changes in epigastric pain or soreness, early
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Screening
N = 69

Exclusion n = 9
Not meet inclusion/exclusion criteria, n = 5
Consent withdraw, n = 4
Randomization (n = 60)
DA-9701
n = 30

Placebo
n = 30

Safety set (n = 60)
DA-9701
n = 30

Placebo
n = 30

ITT set (n = 60)
DA-9701
n = 30

Placebo
n = 30

Completion of clinical trial (n = 60)
DA-9701
n = 30

Placebo
n = 30

PP set (n = 60)
DA-9701
n = 30

Placebo
n = 30

Figure 1. Subject disposition and analysis population of the study.
ITT, intention-to-treat; PP set, per protocol set.
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Results
Baseline Characteristics of the Study Subjects
Among the 69 subjects who were screened, 60 subjects were
enrolled in the study, excluding 5 and 4 subjects who did not meet

the inclusion/exclusion criteria and withdrew their consent, respectively. All 60 subjects (30 subjects each in the DA-9701 group and
the placebo group) who were randomly assigned were included in
the safety set by receiving the investigational drug. In addition, all
60 subjects were included in the ITT set and PP set without dropouts or serious violation of the protocol (Fig. 1).
Analysis of demographic information and other basic informa-

Table. Baseline Characteristics of the Study Subjects

Baseline characteristics
Age (yr)
20-29
30-39
40-49
50-59
60-69
Over 70
Sex
Men
Women
Height (cm)
Weight (kg)
BMI (kg/m2)
Smoking
History
Not identified
None
Past
Current
Amount
Alcohol
History
Not identified
None
Past
Current
Amount
Concurrent FD
Yes
No
IBS symptom duration (mo)
Abdominal pain VAS score (mm)
Abdominal discomfort VAS score (mm)

DA-9701

Placebo

n = 30

n = 30

47.97 ± 14.71
2 (6.67)
10 (33.33)
3 (10.00)
7 (23.33)
7 (23.33)
1 (3.33)

49.83 ± 14.94
5 (16.67)
3 (10.00)
4 (13.33)
10 (33.33)
6 (20.00)
2 (6.67)

0.836a
0.285b

8 (26.67)
22 (73.33)
161.53 ± 8.47
58.56 ± 11.25
22.29 ± 2.63

5 (16.67)
25 (83.33)
159.57 ± 6.29
59.60 ± 10.35
23.33 ± 3.27

0.347c

0 (0.00)
26 (86.67)
2 (6.67)
2 (6.67)
0.75 ± 0.35

0 (0.00)
29 (96.67)
0 (0.00)
1 (3.33)
1.00 NA

0 (0.00)
23 (76.67)
1 (3.33)
6 (20.00)
5.17 ± 7.94

0 (0.00)
24 (80.00)
0 (0.00)
6 (20.00)
13.00 ± 9.88

1.000b

30 (100.00)
0 (0.00)
42.83 ± 35.29
48.13 ± 14.67
56.07 ± 15.45

29 (96.67)
1 (3.33)
37.60 ± 31.75
47.13 ± 7.52
50.57 ± 8.64

1.000b

P -value

0.755a
0.455a
0.181d

0.418b

1.000a

0.072a

0.298a
0.741d
0.216a

a

Wilcoxon’s rank sum test.
Fisher’s exact test.
c
Pearson’s chi-square test.
d
Two sample t test.
BMI, body mass index; FD, functional dyspepsia; VAS, visual analogue scale.
Data are expressed as mean ± SD or n (%).
b
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0.2
0
Change 1

Changes in stool consistency

C

Change 2

Change 3

Stool consistency
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1.5
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Change 4

2.01
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1.36
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0.5
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Change 3

Change 4

53.33
46.67
40.00

40
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Figure 2. Evaluation of constipation-type irritable bowel syndrome
(IBS-C) symptoms. The proportion of responders with improvement
in overall symptoms of IBS-C was 53.33% in the DA-9701 group and
40.00% in the placebo group (P = 0.301). Responder, the patients
whose number of weeks in which symptoms were adequately improved in 75% of the total treatment period.

Changes in abdominal discomfort

1.0

Placebo
DA-9701

60.00

60

Responder

B

Abdominal pain
1.2

Placebo
DA-9701

0

Abdominal discomfort
1.2
1.0

Placebo
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0.98

0.97

0.89

0.8
0.56

0.6

0.66

0.62
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0.46

0.4
0.2
0
Change 1

D

Change 2

Change 3

Bowel movement
0.5

Changes in bowel movement

Changes in abdominal pain

A

80

Response rate (%)

tion of the ITT set participating in the study showed that the mean
age of the DA-9701 group and the placebo group was 47.97 ±
14.71 and 49.83 ± 14.94 years old, respectively (Table). In both
groups, 73.33% (DA-9701 group, 22/30) and 83.33% (placebo
group, 25/30) were women. The mean BMI was 22.29 ± 2.63 and
23.33 ± 3.27 kg/m2 in the DA-9701 group and placebo groups,
respectively. There was also no significant difference between the 2
groups in smoking history and alcohol consumption. Assessment
of FD in both groups showed that 100.00% (30/30) and 96.67%
(29/30) of the subjects were in the DA-9701 and placebo group,
respectively, had FD except 1 subject without FD in the placebo
group (Table). The IBS symptom duration (DA-9701 group:
42.83 ± 35.29 months, placebo group: 37.60 ± 31.75 months),
abdominal pain and abdominal discomfort score were not significant different between the 2 groups. In addition, there were no significant differences between the 2 groups in past disease, comorbid
conditions, preceding drugs, concomitant drug, and medication
compliance (Table).

0.46
0.43

Placebo
DA-9701
0.45

0.43

0.43
0.38

0.4

Change 4

0.36
0.32

0.3
0.2
0.1
0
Change 1

Change 2

Change 3

Change 4

Figure 3. Changes in abdominal pain (A) and discomfort (B), stool consistency (C), and bowel movement (D) at weeks 1, 2, 3, and 4 compared
to the baseline. Compared to the placebo group, the decrease abdominal pain score in the DA-9701 group tended to be higher, and the decrease at
week 3 was significantly higher in the DA-9701 group (P = 0.042). Change 1 = 1 week – baseline; Change 2 = 2 weeks – baseline; Change 3 =
3 weeks – baseline; Change 4 = 4 weeks - baseline. *P < 0.05.
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9701 and placebo groups. Up to week 4 of administration of the
investigational drug, the stool consistency gradually became thinner,
and the decrease in the DA-9701 and placebo groups at week 4 was
2.14 ± 1.38 points and 1.64 ± 1.94 points, respectively. Although
the difference did not reach statistical significance, the stool consistency of subjects receiving DA-9701 was thinner compared to
subjects receiving placebo (P = 0.110) (Fig. 3C).
The change in the number of bowel movements up to week 4
of administration of the investigational drug was DA-9701/placebo:
0.43 ± 0.41 times/0.43 ± 0.57 times (P = 0.6044) at week 1, DA9701/placebo: 0.46 ± 0.36 times/0.38 ± 0.42 times (P = 0.4264)
at week 2, DA-9701/placebo: 0.43 ± 0.30 times/0.32 ± 0.40
times (P = 0.2363) at week 3, and DA-9701/placebo: 0.45 ± 0.42
times/0.36 ± 0.45 times at week 4. The differences were not significant; however, the increase in the number of bowel movements
was higher in the DA-9701 group than in the placebo group (P =
0.449) (Fig. 3D).

Evaluation of Improvement in Overall Symptom of
Constipation-type Irritable Bowel Syndrome
The proportion of responders with appropriate improvement
in overall symptoms of IBS-C was 53.33% in the DA-9701 group
(16/30) and 40.00% in the placebo group (12/30). Although the
difference did not reach statistical significance the response rate was
higher in the DA-9701 group than in the placebo group (P = 0.301)
(Fig. 2).

Changes in Abdominal Pain and Abdominal
Discomfort, Stool Consistency, and Bowel Movement
Comparison of abdominal pain reduction results showed DA9701/placebo group 0.50 ± 0.87/0.48 ± 0.79 (P = 0.951) at week
1, DA-9701/placebo group 0.80 ± 0.74/0.63 ± 0.84 (P = 0.394)
at week 2, DA-9701/placebo group 0.96 ± 0.77/0.55 ± 0.79
(P = 0.042) at week 3, and week 4 DA-9701/placebo group 0.87 ±
0.77/0.60 ± 0.76 (P = 0.161) at week 3 (Fig. 3A). Compared to
the placebo group, the decrease in the DA-9701 group tended to
be higher, and the decrease at week 3 was significantly higher in the
DA-9701 group (Fig. 3A).
Abdominal discomfort gradually decreased until the fourth
week of administration of the investigational drug, and the decrease
in the DA-9701 group and the placebo group at week 4 was 0.97 ±
0.88 and 0.66 ± 0.87 points, respectively (Fig. 3B). Although the
differences between the 2 groups were not significant, the decrease
in the DA-9701 group was higher than that of the placebo group
(P = 0.167) (Fig. 3B).
Changes in the stool consistency during the administration of
the investigational drug were compared to the baseline in the DA-

Changes in Irritable Bowel Syndrome–Quality of Life
As a result of comparing the total IBS-QoL score at week
4 of administration of the investigational drug to the baseline,
the DA-9701 group decreased by 3.85 ± 19.99 points while
the placebo group decreased by 4.53 ± 20.77 points without
significance (P = 0.897). The quantity of changes in 8 domains
of QoL showed that QoL was improved in 7 domains including
dysphoria (DA-9701/placebo: –5.10 ± 25.15/5.31 ± 22.52,
P = 0.876), body image (DA-9701/placebo: –1.88 ± 25.06/
–5.63 ± 28.49, P = 0.5904), health worry (DA-9701/placebo:
0.56 ± 30.32/–3.61 ± 30.46, P = 0.597), food avoidance (DA9701/placebo: –8.06 ± 21.38/–8.61 ± 23.42, P = 0.924), social
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Figure 4. Changes in irritable bowel

syndrome (IBS)–quality of life (QoL) at
week 4 compared to the baseline. There
was no significant difference in total
IBS-QoL score at week 4 between the 2
groups (P = 0.897).
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reaction (DA-9701/placebo: –1.25 ± 23.18/–1.67 ± 25.05, P =
0.929), sexual function (DA-9701/placebo: 1.25 ± 3.67/–6.25 ±
17.29, P = 0.0981), and relationships (DA-9701/placebo: –2.22 ±
23.97/–5.00 ± 20.83, P = 0.818) in the placebo group compared
to the DA-9701 group without significant differences. In interference with activities domain of QoL, the quantity of change in the
DA-9701 group was –7.26 ± 18.17 points, which improved compared to –2.62 ± 20.42 points in the placebo group (P = 0.356)
without significant difference (Fig. 4).

Subgroup Analysis of Functional Dyspepsia
Among patients with IBS-C accompanied by FD, there were
no significant differences between the 2 groups in the evaluation
of overall symptoms of FD. However, the proportion of responders in the DA-9701 group was 50.00% (15/30), which was higher
than 31.03% (9/29) in the placebo group (P = 0.138) (Fig. 5A).
In addition, in terms of changes in the severity of symptoms including epigastric pain or soreness, early satiety, and postprandial
fullness the improvement of symptoms was higher in the DA-9701

80

Safety Assessment
During the study period, 1 adverse reaction occurred before
the administration of the investigational drug and the incidence
rate of the treatment-emergent adverse event after administration of
the investigational drug was 6.67% (2/30, 2 cases) in both the DA9701 group and the placebo group. Among these, the incidence rate
of adverse drug reaction (ADR) was 3.33% in both the DA-9701
group and the placebo group (1/30, 1 case), respectively (in the
DA-9701 group, arthralgia was observed once in 1 subject while in
the placebo group, somnolence was observed once in one subject).
There were no serious adverse reactions or adverse reactions that

B

Placebo
DA-9701

Changes in epigastric pain
or soreness

Response rate (%)

A

group than in the placebo group, but without significant difference
between the 2 groups (the quantity of change at week 4 compared
to baseline in epigastric pain or soreness, DA-9701: –0.17 ± 0.77
points, placebo: 0.16 ± 0.76 points [P = 0.112]; early satiety, DA9701: –0.73 ± 0.89 points, placebo: –0.45 ± 0.96 points [P =
0.261]; and postprandial fullness, DA-9701: –0.73 ± 0.87 points,
placebo: –0.34 ± 1.16 points, [P = 0.157]) (Fig. 5B-D).
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Figure 5. Subgroup analysis of functional dyspepsia. (A) The proportion of responders in the DA-9701 group was 50.00%, which was higher than
31.03% in the placebo group (P = 0.138). (B-D) Changes in the severity of symptoms including epigastric pain or soreness, early satiety, and postprandial fullness were not significantly different between the 2 groups. Change 1 = 1 week – baseline; Change 2 = 2 weeks – baseline; Change 3
= 3 weeks – baseline; Change 4 = 4 weeks – baseline.
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led to withdrawal from the study. There were items with differences
within the groups for the results of analysis of clinical laboratory,
vital signs, and urine test results between the baseline and final visit.
However, there were no changes that violated safety of the study,
considering the clinical normal range, direction of changes, and
amount of changes.

Discussion
This clinical trial study was conducted to evaluate the efficacy
and safety of DA-9701 in patients with IBS-C and FD overlap by
observing changes in the symptoms. The proportion of women was
73.33% and 83.33% in the DA-9701 group and placebo group, respectively, and the number of women were 3 to 5 times higher than
the number of men, which was similar to the findings of previous
studies.2,26 Characteristics such as demographic information and
medical history of the 2 treatment groups were distributed in a comparatively equal manner between the 2 groups. Moreover, 100.00%
(30/30) and 96.67% (29/30) of subjects in the DA-9701 group and
placebo group, respectively, also had FD, which was consistent with
previous studies showing that many patients with IBS are accompanied by FD.27-29
As a result of efficacy evaluation, there was no statistically significant difference in the proportion of responders with appropriate
improvement in overall symptoms of IBS-C. However, the proportion of responders was higher with 53.33% (16/30) in the DA-9701
group than in the placebo group with 40.00% (12/30). This finding
is considered similar to a previous study comparing the effects of
tegaserod in patients with IBS where the response rates of the DA9701 group and placebo group were 43.3-46.8% and 28.3-28.9%,
respectively.30,31 However, in the current study, no significant difference was found between the 2 treatment groups, mainly due to
small number of enrollments, just 60 subjects. As this study was
undertaken with a format of pilot study the enrollment was significantly less than 314 of the statistically considered minimum number
of subjects.30
Moreover, the evaluation of symptoms of IBS-C (abdominal
pain and abdominal discomfort, stool consistency, and number of
bowl movements per day) showed slightly greater tendency of improvement than that of the placebo group as the period of DA-9701
administration increased. On the other hand, in IBS QoL survey,
the DA-9701 group did not show a superior tendency compared
to the placebo group except for interference with activities. It looks
like that the symptom improvement observed in this study did not
directly affect the QoL, and even in previous studies, symptom im-

provement was not directly related to the improvement of QoL.32
When the response rate to the overall symptoms of FD and
quantity of changes in individual symptoms (epigastric pain or soreness, early satiety, and postprandial fullness) were compared, significant differences were not observed. However, improvement effects
in the DA-9701 group was higher than that in the placebo group.
This is also thought to be caused by the lack of statistical power
from the limited number of subjects, similar to the improvement in
symptoms of IBS.
DA-9701 has an affinity for dopamine D2, 5-HT4, 5-HT1A,
and 5-HT1B receptors. It brings antagonistic effects on the dopamine D2 receptor and agonistic effects on the 5-HT4, 5-HT1A,
and 5-HT1B receptors, resulting in various pharmacological effects.14,15,33,34 DA-9701 acts on the upper GI tract to improve gastric
emptying and accommodation, helping to alleviate the symptoms
of FD.15,35 In addition, DA-9701 also acts on the lower GI tract.
For example, it has been reported that DA-9701 stimulates the
ICC of murine small intestine,16 and it significantly increased the
contraction and motility of the guinea pig GI tract and improved
the lower GI tract transit in the opioid bowel dysfunction model.36
Clinical studies also showed the effects of DA-9701 on the lower
GI tract. Kim et al reported that DA-9701 accelerated colon transit
and improved symptoms in patients with functional constipation
by measuring colonic transit time (CTT).37 In other words, in
patients with constipation, CTT decreased by 32% after treatment
with DA-9701 compared before treatment.37 This is consistent with
the results of the study on prucalopride, a 5-HT4 receptor agonist,
where CTT decreased by 20-40%.38,39 Thus, these findings suggest
that DA-9701 has effects on the 5-HT4 receptor.
DA-9701 also improved stress-induced delay in gastric emptying and suppressed changes in plasma ACTH levels.40 Moreover,
DA-9701 is also involved in the central corticotrophin-releasing
factor pathway and was suggested to treat postoperative ileus.41 It
improved GI transit delay in guinea pig experiments and reduced
plasma ACTH levels and hypothalamic corticotrophin-releasing
factor expression induced by abdominal surgery.41 Recently, several
studies suggested that ICCs, which are distributed throughout
the GI tract regulating GI smooth muscle movement by regularly
emitting slow waves, may be involved in the pathophysiology of
IBS.16,42 In patients with IBS-C the interval between the migratory
motor complex cycles is long and it could be due to a decrease in the
number of ICC which leads to a decrease in nitric oxide delivery.
In addition, plasma concentration of 5-HT is decreased in patients
with IBS-C. However, the 5-HT2B receptor is expressed in ICC,
and the activation of the 5-HT2B receptor is known to mediate
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the proliferation of ICC.43,44 Taken together, the activity of ICC is
inhibited in patients with IBS-C, leading to decreased GI motility.
ICCs are also thought to contribute to the pathophysiology of IBS
by maintaining cholinergic neurotransmitters and controlling GI
hormones and intestinal hypersensitivity. As in patients with IBS-C,
decreased number or deterioration of the function of ICC is mostly
observed. If the function of ICC is promoted through drugs such
DA 9701 then it may contribute to improvement of symptoms.
In safety assessment, there were no significant differences in
the incidence rate of adverse reactions and ADR between the DA9701 and placebo groups. In the DA-9701 group, increased blood
creatine phosphokinase and arthralgia were observed once each
(3.33%) as adverse events, and arthralgia was reported as ADR. In
particular, no adverse cardiovascular reactions such as myocardial
infarction, stroke, and angina, which were the reasons for withdrawal of tegaserod, were not reported in DA-9701 that are 5-HT4
receptor and 5-HT1A receptor agonist. Moreover, no changes leading to consideration of safety were observed in clinical laboratory
tests (hematological, chemical, and urine test) and vital signs (blood
pressure, pulse, and body temperature).
This study has several limitations. First, this is a pilot study
conducted with 30 subjects per group. Pilot studies may have poor
verification power due to the limited number of subjects. However,
even though significant differences in treatment effects were not
observed, it is thought that examining the treatment response rates
between the DA-9701 group and placebo group allowed to evaluate
whether a large-scale clinical trial would be feasible in the future,
and also assess the approximate number of subjects required if such
clinical trial studies are possible. Second, the 4-week treatment
period can be short to calculate the exact sample size for the largescale clinical trial. However, in a previous study in which tegaserod,
a 5-HT4 receptor agonist, was administered to patients with IBS-C,
the response rates of 4-week treatment in the tegaserod group and
the placebo group were reported as 43.3% and 28.9%, respectively.31
In other literatures, the primary treatment response rate was evaluated at 4 weeks.30,45 Therefore, We think that 4 weeks is adequate to
observe the primary therapeutic effects of the drug.
In conclusion, this clinical study was a pilot study, and statistical
significance verification was not possible due to the small number of
subjects. However, it was possible to explore the clinical efficacy of
DA-9701 in patients with IBS-C and FD overlap, including overall
improvement, and safety, compared to placebo. In the future, evaluation of the efficacy and safety of DA-9701 through large-scale
confirmatory clinical trials is necessary.
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Background/Aims
Evidence regarding the association between body mass index (BMI) and functional dyspepsia (FD) in the Asian population is limited.
Further, no study has evaluated this issue in young people in Asian and Western populations. Thus, we aim to investigate this issue
among young Japanese people.
Methods
The study subjects comprised of 8923 Japanese university students. BMI was divided into 4 categories (quartiles) on the basis of the
study subjects’ distribution (lowest, low, moderate, and high [reference]). The definition of lean, normal, overweight, and obese
was BMI < 18.5 kg/m2, 18.5 ≤ BMI < 25 kg/m2 (reference), 25 kg/m2 ≤ BMI < 30 kg/m2, and 30 kg/m2 ≤ BMI, respectively. The
definition of FD was based on the Rome III criteria.
Results
The prevalence of FD was 1.9% in this cohort. The lowest BMI was independently associated with FD after adjustment (adjusted odds
ratio [OR], 2.88; 95% confidence interval [CI], 1.46-3.67); P for trend = 0.001). The lowest BMI was independently associated with FD
in women but not in men (OR, 2.94; 95% CI, 1.59-5.77; P for trend = 0.001). Leanness was independently associated with FD in total
and in women but not in men (total: adjusted OR, 2.01; 95% CI, 1.40-2.86) and women (OR, 2.19; 95% CI, 1.35-3.45). However,
interaction analysis showed no significant difference for sex.
Conclusions
Among young Japanese people, BMI may be independently inversely associated with FD. Leanness may be an independent associated
factor for FD in the young Japanese women.
(J Neurogastroenterol Motil 2022;28:276-282)
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BMI and FD in Japan

Introduction
Functional dyspepsia (FD) is characterized by postprandial
fullness, early satiation, epigastric pain, or epigastric burning despite
the absence of organic digestive or metabolic disorders.1 FD is
one of the most common gastrointestinal disorders and has a high
prevalence worldwide. FD can limit affected individuals’ social life
and affect their quality of life.2 The reported risk factors for FD
are female, current smoker, nonsteroidal anti-inflammatory drug
(NSAID) use, and Helicobacter pylori -positive status.3,4
In epidemiologic studies from Iceland, Taiwan, and 3 other
countries (United Kingdom, Canada, and United States), the prevalence of FD in a young population was higher than that in middleaged and older people.5-7 FD can impair patient work productivity
and increase their medical costs. In the overall United States population, the estimated medical costs (including indirect costs) related
to FD were reported to be 18.4 billion dollars.8 There is little information on FD in young people, however. Previous cohorts mainly
consist of middle-aged subjects and/or patients with gastrointestinal
symptoms.
Body mass index (BMI) is a well-known risk factor for gastroesophageal reflux disease (GERD) and erosive esophagitis.9,10 The
association between BMI and FD in Western countries remains
inconsistent, however. Several studies reported that BMI including
obesity positively associated with dyspepsia symptoms mainly in
Europe, the United States, and Latin American countries.11-16 In a

large 10-year population-based study in Iceland, weight loss positively associated with the development of FD.5 In other studies, no
association between BMI and FD was found.17-21
In the Asian population, 5 studies showed an inverse association between BMI and FD,22-26 and visceral adiposity was associated with FD in a Korean study.27 In an Iranian study of the general
population, no association between BMI and FD was found.28 The
association between BMI and FD in the Asian population remains
unclear. Further, to date, no study has evaluated this issue in young
people in Asian and Western populations. The primary aim of the
present study is to investigate the association between BMI and FD
based on the Rome III criteria in young Japanese people.

Materials and Methods
Study Population
We enrolled 10 104 university students who had no missing
health check-up examination data at university between April 2015
and April 2017 in this study. A specific questionnaire pertaining
to FD based on the Rome III criteria classification29,30 was sent to
all subjects who underwent a health check-up. Information that
was consistent with the Rome III criteria was collected from each
subject’s digestive medical history, which focused on the diagnosis
of organic conditions and concerning symptoms. The exclusion
criteria were as follows: medication for digestive disorders within 6
months, use of NSAIDs and steroids, and concerning signs (recur-

Inclusion criteria
April 2015 to April 2017
Students who underwent a health check-up at Ehime University (N = 10 104)
Exclusion criteria
Treatment of digestive disorders within 6 months
(reflux esophagitis, Helicobacter pylori infection,
gastric and duodenal ulcer, gastrointestinal cancer)
Regular use of medication (antipyretic analgesics and steroids)
Concerning symptoms (weight loss, recurrent vomiting, bloody
stool/melena, and dysphagia)
Subjects included in the analysis (n = 8923)
Men, n = 5478; Women, n = 3445
Diagnosis of functional dyspepsia based on Rome III criteria
Yes
Functional dyspepsia cases
n = 168 (1.88%)
Men
n = 81 (1.48%)

No
Non-dyspepsia cases
n = 8755 (98.12%)

Women
n = 87 (2.53%)

Figure. Study population.
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rent vomiting, weight loss, bloody stool/melena, and dysphagia).
Subjects were also excluded if they reported organic diseases such as
GERD, gastritis, peptic ulcers, H. pylori infection, gastrointestinal
cancers, or non-gastrointestinal diseases, such as those of the liver,
pancreas, and gallbladder. After 1181 subjects were excluded due
to incomplete data, medication for diseases within 6 months, use
of NSAID and/or steroid, and concerning signs, the final analysis
sample comprised 8923 subjects who were assessed for FD and
BMI (Figure). This study was conducted in accordance with the
Declaration of Helsinki and approved by the ethics committee of
our university (No. 1610012). All subjects were provided an optout option.

Measurements
Using a self-administered questionnaire, information was collected and the following definitions were used for smoking, drinking, and regular exercise habit, and medical history. Current smoking was defined as smoking 1 cigarette or more per day. Current

drinking was defined as drinking alcohol, regardless of the amount
or frequency. Regular exercise was defined as exercising 1 or more
times per week.

Definition of Functional Dyspepsia
FD was defined as the subject reporting 1 or more symptoms,
such as postprandial fullness, early satiation, or epigastric pain or
burning. The definition of FD in this study was based on the Rome
III criteria.29,30 Subjects with digestive symptom onset within 6
months prior to this study’s survey were excluded from this cohort.

Statistical Methods
BMI was classified into 4 categories (quartiles) on the basis participant distribution, as follows: (1) lowest BMI, < 19.36 kg/m2; (2)
low BMI, 19.36 kg/m2 to 20.90 kg/m2; (3) moderate BMI, 20.90
kg/m2 to 22.74 kg/m2; and (4) high BMI, > 22.74 kg/m2 (reference). On the basis of the men’s and women’s BMI distribution,
men’s and women’s BMI were classified into 4 categories (quartiles):

Table 1. Clinical Characteristics of 8923 Study Participants

Variable
Age (yr)
BMI (kg/m2)
BMI < 18.5
18.5 ≤ BMI < 25
25 ≤ BMI< 30
30 ≤ BMI
Smoking
Drinking
Exercise habit
Medical history
Irregular pulse
Heart murmur
ECG abnormality
Kidney disease
Anemia
Traffic accident
Sports injury
Frequency of symptoms
Postprandial fullness
Early satiation
Epigastric pain or epigastric burning
Functional dyspepsia, %
EPS
PDS
Overlap

Total (N = 8923)

Men (n = 5478)

Women (n = 3445)

P -value

20.10 ± 2.80
21.35 ± 3.05
1241 (13.9)
6778 (76.0)
747 (8.3)
157 (1.8)
527 (5.9)
973 (10.9)
3408 (39.3)

20.20 ± 2.59
21.68 ± 3.24
656 (12.0)
4131 (75.4)
558 (10.2)
133 (2.4)
492 (9.0)
736 (13.4)
2415 (44.1)

20.00 ± 3.10
20.84 ± 2.63
585 (17.0)
2647 (76.8)
189 (5.5)
24 (0.7)
35 (1.0)
237 (6.9)
1093 (31.7)

0.003
0.001
0.001

0.001
0.001
0.001

83 (0.9)
47 (0.5)
63 (0.7)
7 (0.1)
239 (2.7)
115 (1.3)
273 (3.1)

52 (1.0)
30 (0.6)
33 (0.6)
4 (0.1)
52 (1.0)
75 (1.4)
219 (4.0)

31 (0.9)
17 (0.5)
30 (0.9)
3 (0.1)
187 (5.4)
40 (1.2)
54 (1.6)

0.810
0.730
0.140
0.810
0.001
0.390
0.001

74 (0.8)
111 (1.2)
36 (0.4)
168 (1.9)
33 (0.4)
146 (1.6)
14 (0.2)

39 (0.7)
51 (0.9)
12 (0.2)
81 (1.5)
12 (0.2)
74 (1.4)
5 (0.1)

35 (1.0)
60 (1.7)
24 (0.7)
87 (2.5)
21 (0.6)
72 (2.1)
9 (0.3)

0.120
0.001
0.001
0.001
0.003
0.007
0.048

BMI, body mass index; ECG, electrocardiogram; EPS, epigastric pain syndrome; PDS, postprandial distress syndrome.
Data are presented as mean ± SD or n (%).
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men’s BMI: (1) lowest BMI, < 19.56 kg/m2; (2) low BMI, 19.56
kg/m2 to 21.12 kg/m2; (3) moderate BMI, 21.12 kg/m2 to 23.12
kg/m2; and (4) high BMI, > 23.12 kg/m2 (reference), and women’s
BMI: (1) lowest BMI, < 19.10 kg/m2; (2) low BMI, 19.10 kg/m2
to 20.53 kg/m2; (3) moderate BMI, 20.53 kg/m2 to 22.18 kg/m2; and
(4) high BMI, > 22.18 kg/m2 (reference). The definitions of lean,
normal, and overweight and obese were < 18.5 kg/m2, 18.5 kg/m2 ≤
BMI < 25 kg/m2 (reference), and 25 kg/m2 ≤ BMI < 30 kg/m2,
and 30 ≤ BMI kg/m2, respectively. Estimations of crude odds ratios (ORs) and their 95% confidence intervals (CIs) for FD in relation to BMI, leanness, and obesity were performed using a logistic
regression analysis. We selected the following potential confounding
factors: age, drinking, smoking, exercise habits, anemia, and sports
injury. Trend of an association was assessed using a logistic regression model assigning consecutive integers to the categories of BMI
variables. For tests of quadratic trend, we including linear and quadratic terms in the model. SAS software package version 9.4 (SAS
Institute Inc, Cary, NC, USA) was used to perform the statistical
analyses.

Results
Table 1 shows the characteristics of the 8923 study partici-

pants. The percentage of men was 61.4% in this cohort. The mean
age and BMI were 20.1 years and 21.35 kg/m2, respectively. The
frequency of smoking, drinking, exercise habit, and sports injury
in men was higher than that in women (P < 0.001). Anemia in
women was higher than that in men (P < 0.001). The prevalence
of FD in total, women, and men was 1.9%, 2.5%, and 1.5%, in this
cohort, respectively. The prevalence of FD, epigastric pain syndrome (EPS), postprandial distress syndrome (PDS), and overlap
in women was higher than that in men. The frequency of postprandial fullness, early satiation, and epigastric pain or epigastric burning, EPS, PDS, and overlap was 0.8%, 1.2%, 0.4%, 0.4%, 1.6%,
and 0.2%, respectively.
Table 2 shows the crude and adjusted ORs and 95% CIs for
FD compared to BMI. The prevalence of FD among the lowest,
low, moderate, and in high BMI groups was 3.1%, 1.9%, 1.3%,
and 1.2%, respectively. After adjustment for age, sex, drinking,
smoking, exercise habits, anemia, and sports injury, the lowest BMI
was independently associated with FD (adjusted OR, 2.28; 95%
CI, 1.46-3.67; P for trend = 0.001). In men, no association between BMI and FD was found. In women, however, the prevalence
of FD in the lowest, low, moderate, and high BMI groups was 4.5%,
2.2%, 1.7%, and 1.2%, respectively. The lowest BMI was independently associated with FD after adjustment (low: OR, 2.94; 95%

Table 2. Crude and Adjusted Odds Ratios and 95% Confidence Intervals for Functional Dyspepsia in Relation to Body Mass Index

Variable
FD
Total
BMI ≤ 19.36 kg/m2
19.36 kg/m2 < BMI ≤ 20.90 kg/m2
20.90 kg/m2 < BMI ≤ 22.74 kg/m2
22.74 kg/m2 ≤ BMI
P for trend
Men
BMI ≤ 19.56 kg/m2
19.56 kg/m2 < BMI ≤ 21.12 kg/m2
21.12 kg/m2 < BMI ≤ 23.12 kg/m2
23.12 kg/m2 ≤ BMI
P for trend
Women
BMI ≤ 19.10 kg/m2
19.10 kg/m2 < BMI ≤ 20.53 kg/m2
20.53 kg/m2 < BMI ≤ 22.18 kg/m2
22.18 kg/m2 ≤ BMI
P for trend

Prevalence (%)

Crude OR (95% CI)

Adjusted OR (95% CI)

70/2231 (3.1)
42/2230 (1.9)
30/2232 (1.3)
26/2230 (1.2)

2.75 (1.77-4.40)
1.63 (1.001-2.70)
1.16 (0.68-1.97)
1.00

2.28 (1.46-3.67)
1.44 (0.88-2.39)
0.98 (0.48-1.19)
1.00
0.001

28/1369 (2.1)
22/1370 (1.6)
14/1370 (1.0)
17/1369 (1.2)

1.66 (0.91-3.11)
1.30 (0.69-2.49)
0.82 (0.40-1.67)
1.00

1.48 (0.81-2.78)
1.19 (0.63-2.28)
0.77 (0.37-1.57)
1.00
0.100

39/861 (4.5)
20/861 (2.3)
15/847 (1.7)
13/861 (1.5)

3.10 (1.69-6.07)
1.55 (0.77-3.22)
1.16 (0.55-2.48)
1.00

2.94 (1.59-5.77)
1.53 (0.76-3.17)
1.18 (0.55-2.53)
1.00
0.001

Odds ratios adjusted for age, drinking, smoking, exercise habit, anemia, and sports injury.
BMI, body mass index; FD, functional dyspepsia.
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Table 3. Crude and Adjusted Odds Ratios and 95% Confidence Intervals for Functional Dyspepsia in Relation to Lean, Overweight, and Obese

Variable
FD
Total
BMI < 18.5 kg/m2
18.5 kg/m2 = BMI < 25 kg/m2
25 kg/m2 = BMI < 30 kg/m2
30 kg/m2 = BMI
P for trend
Men
BMI < 18.5 kg/m2
18.5 kg/m2 = BMI < 25 kg/m2
25 kg/m2 = BMI < 30 kg/m2
30 kg/m2 = BMI
P for trend
Women
BMI < 18.5 kg/m2
18.5 kg/m2 = BMI < 25 kg/m2
25 kg/m2 = BMI < 30 kg/m2
30 kg/m2 = BMI
P for trend

Prevalence (%)

Crude OR (95% CI)

Adjusted OR (95% CI)

44/1241 (3.6)
112/6778 (1.7)
10/747 (1.3)
2/157 (1.2)

2.19 (1.52-3.09)
1.00
0.81 (0.40-1.47)
0.77 (0.13-2.45)

2.01 (1.40-2.86)
1.00
0.87 (0.43-1.60)
0.95 (0.16-3.06)
0.001

16/656 (2.4)
55/4131 (1.3)
8/550 (1.4)
2/133 (1.5)

1.85 (1.02-3.18)
1.00
1.08 (0.47-2.15)
1.13 (0.18-3.69)

1.74 (0.96-3.01)
1.00
1.15 (0.51-2.30)
1.35 (0.22-4.45)
0.35

28/585 (4.8)
57/2647 (2.2)
2/189 (1.1)
0/24 (0.0)

2.28 (1.42-3.59)
1.00
0.49 (0.08-1.57)
N/A

2.19 (1.36-3.45)
1.00
0.50 (0.08-1.63)
N/A
0.001

Odds ratios adjusted for age, drinking, smoking, exercise habit, anemia, and sports injury.
BMI, body mass index; FD, functional dyspepsia; N/A, not applicable.

CI, 1.59-5.77; P for trend = 0.001). However, interaction analysis
showed no significant difference for gender (P = 0.210).
The association between leanness (BMI < 18.5 kg/m2), overweight (25 ≤ BMI < 30 kg/m2), obesity (30 ≤ BMI kg/m2), and
FD is shown in Table 3. In crude analysis, leanness was associated
with FD in men and women (OR, 1.85; 95% CI, 1.02-3.18 and
OR, 2.28; 95% CI, 1.42-3.59, respectively). After adjustment,
leanness was independently associated with FD in women (OR,
2.19; 95% CI, 1.35-3.45; P for trend = 0.001). After adjustment,
the association between leanness and FD in men disappeared. No
association between being overweight or obese and FD was found.
In men, the relationship between BMI categories and FD was not
a U-shaped curve (P for quadratic trend = 0.130).

Discussion
This study evaluated the association between BMI and the
prevalence of FD in young Japanese people. In the present study,
BMI was independently inversely associated with FD based on the
Rome III criteria. This is the first study to show the inverse association between BMI and FD in a young population.
There is limited evidence on the relationship between BMI
and the prevalence of FD in Asian people. In a Japanese web-based
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study of 8038 participants who had no history of severe illness, FD
based on the Rome III criteria with constipation was associated
with a lower BMI among women.22 In another Japanese study of
7112 participants who underwent upper endoscopy examination
for health screening, PDS, which is an FD subgroup, was significantly inversely associated with BMI.23 In a Taiwanese study of
patients with GERD, BMI was independently inversely associated
with FD.24 An Iranian cross-sectional study of 18 180 participants
showed that the prevalence of FD without GERD was higher in
subjects with a lower BMI.25 In a Malaysian cross-sectional study
of 1002 young adults, leanness (BMI < 18.5 kg/m2) was significantly positively associated with FD.26 The findings in the present
study were consistent with the results in previous studies that found
an inverse association between BMI and FD.
In contrast, in the Asian population, some studies did not show
the inverse association between BMI and FD. In a Korean case
control study of 363 subjects that included 90 subjects with FD,
higher visceral adiposity, not BMI, was associated with an increased
risk of FD.27 In an Iranian cross-sectional study of 790 patients
with gastrointestinal symptoms (mean age, 49.9 years; mean BMI,
25.4 kg/m2), BMI was not associated with FD.28 The Domestic/
International Gastroenterology Surveillance Study showed that
BMI positively associated with the prevalence of dyspepsia symp-
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toms using an original questionnaire of the general population,
including Japan.31 Discrepancies for BMI and FD in Asian people
may be partially explained by differences in age, sex, distributions
of BMI, prevalence of obesity, definition of FD, sample size, and
confounding factors.
The underlying mechanism that links low BMI and FD remains unclear. In a study of patients with FD, weight loss was associated with visceral hypersensitivity and delayed gastric emptying.32
Similarly, delayed gastric emptying was found in participants with
low BMI.33 In several animal models, activation of corticotrophin
releasing factor (CRF) receptors may inhibit gastric emptying.34
Peripheral injection of CRF and related peptides inhibit gastric
emptying in lean mice.35 A low BMI may cause FD via visceral
hypersensitivity and delayed gastric emptying due to CRF.
The strengths of the present study were the sample size and
the definition of FD based on the Rome III criteria. Our study had
several limitations, however. First, this was a cross-sectional analysis.
Second, we did not have access to medical records, including those
related to medication and endoscopy. Therefore, an unknown digestive disease such as GERD, cancer, or ulcer may have caused FD.
The exclusion of any reported organic disorder or concerning signs
likely limited this bias, however. Third, due to several exclusion criteria, the prevalence of FD in this cohort may be lower than that in
previous studies. FD in this cohort was symptomatic but untreated.
Therefore, the severity of FD may be milder than that in previous
studies. Fourth, nutritional evaluation data was not available in this
cohort. As diet varies among cultures, further research is needed to
examine the influence of nutrition on the association between BMI
and FD. Fifth, the association between psychological disorders and
FD has been reported.36,37 Data on psychological disorders, including depression and anxiety, were not collected in this cohort. Finally,
the subjects in this study were not representative of Japanese young
people. Notably, the prevalence of FD was far lower in this study
than in previous population-based studies that have found inverse
associations between exercise habits and FD. Similarly, the rates of
smoking and drinking were lower in this cohort than in previous
cohorts. The percentage of obese subjects was low in this cohort,
and the distribution of BMI may affect the association between
BMI and FD. Given that the present cohort consisted solely of
university students, it is possible that the relatively high educational
status of our population affected health behaviors, and that this was
partly responsible for the low prevalence of FD in this study.
In conclusion, among Japanese young people, BMI may be
independently inversely associated with FD. Leanness may be an
independent associated factor for FD in young Japanese women.
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Background/Aims
Non-celiac gluten sensitivity is characterized by intestinal and extra intestinal symptoms associated with the consumption of glutencontaining food. Since biomarkers for non-celiac gluten sensitivity are lacking, its prevalence is estimated based on self-reported
symptoms. However, no data exist on self-reported non-celiac gluten sensitivity in the Korean population. Thus, we aim to investigate
the prevalence of self-reported non-celiac gluten sensitivity in the Korean population and to determine its demographic and clinical
characteristics.
Methods
This study surveyed Korean participants aged 18-80 years who visited gastroenterology outpatient clinics at 9 tertiary hospitals in
South Korea from January 2016 to February 2017. They were questioned regarding symptoms related to gluten ingestion: degree of
discomfort (visual analog scale score), frequency, time of symptom onset, and duration. Abdominal discomfort caused by 11 different
kinds of gluten-containing Korean food items was investigated.
Results
More non-celiac gluten sensitivity self-reporters were identified among those with irritable bowel syndrome (33.6%) than among
controls (5.8%). Major gastrointestinal symptoms included bloating (75.0%), abdominal discomfort (71.3%), and belching (45.0%).
Common extra-intestinal symptoms included fatigue (20.0%) and headache (13.7%). More than half of those who self-reported nonceliac gluten sensitivity (66.3%) developed symptoms within 1 hour of food ingestion, and symptoms were localized in the upper
abdomen (37.5%) and entire abdomen (30.0%).
Conclusion
Our findings suggest that if there are gluten-related symptoms in irritable bowel syndrome, the possibility of accompanying non-celiac
gluten sensitivity should be considered.
(J Neurogastroenterol Motil 2022;28:283-290)
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Introduction
Non-celiac gluten sensitivity (NCGS) has been defined as a
syndrome in which the patient experiences gastrointestinal (GI)
symptoms associated with consumption of gluten-containing food,
without having celiac disease or wheat allergy.1-3 NCGS can cause
both intestinal and extra intestinal symptoms related to gluten-containing food. The symptoms of NCGS are both intestinal (bloating,
abdominal pain, and diarrhea) and extra intestinal (fatigue and
headache).4
According to studies, NCGS has been estimated to have a
prevalence of 0.6-13.0%.5 Therefore, it may be more common than
celiac disease, which has a prevalence of about 1% in the general
population.6 The overall prevalence of NCGS in the general population has not been clearly defined. Accurate diagnosis is difficult
because there are no standardized diagnostic criteria or biomarkers,
and in some cases, patients start a gluten-free diet after self-diagnosis because gluten-containing foods can cause discomfort. Nonetheless, the prevalence of NCGS in 4-year-old children in Stockholm’s
population-based cohort was reported to be 4%.7,8 According to a
recent UK study of self-reported NCGS, 13% of the general population had symptoms related to gluten intake.9
Diagnosis is difficult because there is no reliable marker for the
diagnosis of NCGS; it is based on the clinical benefit of a glutenfree diet and the response to the double-blind placebo-controlled
challenge procedure.2,4 With the lack of a gold-standard diagnostic
modality for NCGS, the real prevalence of the condition is controversial. Due to the difficulty in diagnosis, it is challenging to
conduct research on gluten sensitivity in clinical practice. Often, the
NCGS diagnosis is suggested by the patients themselves in many
cases who have experienced intestinal and extra intestinal symptoms
after wheat/gluten intake, and then become asymptomatic with a
gluten-free diet.10 It is not clear whether celiac disease exists in Korea. In a case report from Korea,11 both IgA endomysial antibody
and IgA tissue transglutaminase antibody, which are autoantibodies
commonly observed in celiac disease, were negative. Cases of celiac
disease with more typical clinical features, including antibodies,
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have not been reported. To date, there are no data on self-reported
NCGS in the Korean population.
The purpose of this study is to determine the prevalence of selfreported NCGS in the Korean population and to determine the
demographic and clinical characteristics of the patients with this
condition.

Materials and Methods
Study Population
This study was conducted using a survey of Korean participants
aged between 18 and 80 years with digestive symptoms (functional
GI disorder) who visited gastroenterology outpatient clinics at 9
tertiary hospitals in South Korea from January 2016 to February
2017. Asymptomatic adults were also recruited through public
advertising. Patients were excluded if they had malignant disease,
inflammatory bowel disease, diagnosis of any organic disease causing GI symptoms within the last 6 months (eg, gastric ulcer, acute
gastroenteritis, cholecystitis, cholangitis, pancreatitis, appendicitis,
liver abscess, and acute hepatitis), severe underlying disease, or if
they were unwilling or unable to complete the questionnaire.
The subjects were divided into 3 groups according to the
Rome III diagnostic criteria: non-irritable bowel syndrome (IBS)
groups––subjects without reporting GI symptoms; symptomatic
non-IBS group––who reported symptoms of abdominal pain or
discomfort in the past 3 months but did not meet the Rome III criteria for IBS; and IBS group––reporting symptoms who meet the
Rome III criteria for IBS.
Previous articles involving cohorts participating in this study
have already been published,12 and this study is the result of further
analysis of information from the previous studies.

Questionnaires and Data Analysis
A total of 386 participants consented to participate in this study;
a questionnaire was developed to collect data from the subjects.
The first set of questions in the survey was related to demographic
information, including age, sex, level of education, employment,
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and household income. The second set of questions was the Korean
Rome III questionnaire, which was divided into a control group,
an IBS group, and a symptomatic non-IBS group by checking the
presence or absence of symptoms corresponding to IBS. The third
set of questionnaires was completed by translating and editing the
Italian questionnaire into Korean.13 The questionnaire focused on
the recognition of symptoms related to gluten ingestion: the degree
of discomfort (visual analog scale [VAS]), frequency, latency period
after eating, and duration. The VAS score ranged from 0 (no symptom) to 10 (most severe symptoms).
Self-reported NCGS was considered as the reporting of symptoms at least once a week after gluten intake. Symptoms reported
to occur less than once a week were not defined as self-reported
NCGS. A VAS score of ≥ 8 was discretionally defined as selfreported NCGS.
Finally, the fourth set of questions was about abdominal discomfort due to 11 different gluten-containing Korean food items.

Statistical Methods
Differences in continuous variables between groups were
evaluated using the Kruskal-Wallis test, and differences in categorical variables were evaluated with the χ2 test or Fisher’s exact test.
Data analysis was performed using SPSS version 20.0 (IBM Corp,
Armonk, NY, USA). P values < 0.05 were considered statistically
significant.

Ethics Statement
The study protocol was approved by the institutional review
boards of all the participating hospitals (Asan Medical Center
[No. 2016-0050], Gyeongsang National University Changwon
Hospital [No. 2016-11-003], Samsung Medical Center [No.
2016-05-072], Chung-Ang University College of Medicine [No.
1600-004-253], Wonkwang University College of Medicine
[No. WKUH 201607-HR-076], National Medical center [No.
H-1605-066-005], Catholic University College of Daegu School
of Medicine [No. CR-16-136], Seoul National University College of Medicine [No. 1512-090-728], and Keimyung University
School of Medicine [No. 2016-01-008]). Informed consent was
obtained from all patients.

Results
Clinical Characteristics of the Study Population
According to the diagnostic criteria, there were 80 (20.7%)

NCGS patients and 306 (79.3%) patients in the control group.
A comparison of the demographic and clinical characteristics of
the NCGS and control groups is presented in Table 1. Although
Table 1. Clinical Characteristics of the Non-celiac Gluten Sensitivity

Group and the Control Group

Variables

Patients without Patients with
NCGS
NCGS
P -value
symptoms
symptoms
(n = 80)
(n = 306)

Age (yr)
50.07 ± 16.41 48.83 ± 14.42
Sex
Male
122 (39.9)
25 (31.2)
Female
184 (60.1)
55 (68.8)
Location
Urban
277 (90.5)
77 (96.28)
Rural
24 (7.8)
2 (2.5)
Missing
6 (1.6)
1 (1.2)
Education
Elementary school
34 (11.1)
4 (5.0)
Middle school
19 (6.2)
7 (8.8)
High school
69 (22.5)
18 (22.5)
≥ College
183 (59.8)
49 (61.2)
Missing
1 (0.3)
2 (2.5)
Employment
Employed/student
206 (67.5)
48 (60.0)
Unemployed/retired
20 (6.6)
6 (7.5)
Household professional
78 (25.6)
26 (32.5)
Missing
1 (0.3)
0 (0.0)
Household income
< 150
55 (18.0)
22 (27.5)
150-300
69 (22.5)
18 (22.5)
300-500
87 (28.4)
23 (28.8)
≥ 500
79 (25.8)
11 (13.8)
Missing
16 (5.2)
6 (7.5)
Marital status
Never married
69 (22.5)
23 (28.8)
Married
211 (69.0)
51 (63.8)
Separated/divorced/
25 (7.8)
5 (6.2)
widowed
Missing
2 (0.7)
1 (1.2)
Alcohol
None/ex-drinker
132 (43.1)
44 (50.0)
Current drinker
174 (56.9)
36 (45.0)
Smoking
Non-smoker
216 (70.6)
62 (77.5)
Ex-smoker
55 (18.0)
12 (15.0)
Current smoker
35 (11.4)
6 (7.5)

0.539
0.099

0.226

0.334

0.569

0.115

0.619

0.068

0.434

NCGS, non-celiac gluten sensitivity.
Data are presented as mean ± SD or n (%).
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100

Control
Symptomatic non-IBS
IBS

Number of subjects (%)

90
80
70

44 (43.5)

60

35 (34.6)

50
30

59 (35.5)
49 (29.5)

22 (21.7)

20
10

39 (23.4)
19 (15.9)

14 (11.7)

0
VAS 6 point

VAS 7 point

12 (11.8)

7 (5.8)

18 (10.8)
2 (1.6)

14 (8.4)
2 (1.6)

VAS 8 point

VAS 9 point

VAS 10 point

Bloating

75.0

Abdominal discomfort
Belching

71.3
45.0

Diarrhea
Fatigue

26.3
20.0

Headache
Constipation
Other
Nausea and/or vomit
Skin rash

13.7
12.5
12.5
11.3
7.5

0

10

20

30

40
50
% of subjects

the following findings were not statistically significant, the NCGS
group were younger (48.83 vs 50.07 years, P = 0.539), had a
higher proportion of females (68.8% vs 60.0%, P = 0.099), had
a higher education level (P = 0.334), and lived more in the urban
region (96.28% vs 90.5%, P = 0.226) compared to the control
group. Household income, marital status, and current drinking and
smoking rates were not significantly different between the 2 groups.

Prevalence of Self-reported Non-celiac Gluten
Sensitivity
The number and percentage of participants diagnosed with
NCGS according to the VAS score criteria are presented in Figure
1. Overall, regardless of the VAS score, the IBS and symptomatic
non-IBS group had a higher proportion of patients diagnosed with
NCGS than the control group. Regarding self-reported NCGS
(VAS score ≥ 8), 7 patients (5.8%) were diagnosed in the control
group and 39 patients (23.4%) in the symptomatic non-IBS group
compared to 34 patients (33.6%) in the IBS group.
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Figure 1. Prevalence of non-celiac
gluten sensitivity (NCGS) in Korea via
the survey: do you think eating food
containing flour/wheat affects the occurrence of gastrointestinal symptoms? IBS,
irritable bowel syndrome; VAS, visual
analog scale.

34 (33.6)

40

60

70

Figure 2. Intestinal and extraintestinal
symptoms in self-reported non-celiac
80 gluten sensitivity (NCGS) after flour/
wheat consumption.

1.3%
5.0%
27.5%

Immediately (less than 1 hr)
1-6 hr
6-24 hr
After 24 hr

66.3%

Figure 3. The time course between flour/wheat consumption and
symptom onset.

Characteristics of Self-reported Non-celiac Gluten
Sensitivity
Symptoms after gluten consumption in the self-reported
NCGS group are illustrated in Figure 2. Multiple symptoms were
reported in the questionnaire. The most frequent GI symptoms
were bloating (75.0%), followed by abdominal pain (71.3%), and
belching (45.0%). The most frequent extraintestinal symptom was
fatigue, which had a frequency of approximately 20.0%, followed by
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headache (13.7%), and skin rash (7.5%).
The time course between wheat consumption and symptom
onset is illustrated in Figure 3. Most subjects (> 90.0%) reported
that the symptoms began within 6 hours.
The location of the symptoms is illustrated in Figure 4. The
most common location was the upper abdomen (37.5%), followed
by the entire abdomen (30.0%), and lower abdomen (20.0%).

Abdominal Discomfort Associated With Glutencontaining Food Items
Table 2 presents the participants’ responses regarding whether
they experienced symptoms with respect to each representative
gluten-containing food. All types of gluten-containing foods significantly caused symptoms in NCGS group compared to the control
group. Not all types of gluten-containing foods triggered symptoms
to the same extent; black bean-sauce noodles and instant ramen
40
35

37.5

% of subjects

30

30.0

25
20

20.0

15
12.5

10
5
0
Upper
abdomen

Mid
abdomen

Lower
abdomen

Whole
abdomen

Figure 4. Location of symptoms after flour/wheat consumption.

were considered the most common troublesome foods by 46.2% (P
< 0.001) and 43.8% (P < 0.001) of the subjects, respectively, while
cornflakes were found to cause symptoms in 11.2% (P = 0.003).

Discussion
To our knowledge, this is the first study to assess the prevalence of self-reported NCGS in Koreans, identify clinical features
and symptoms, and analyze the relationship between self-reported
NCGS and food items. In Korea, wheat consumption has markedly
increased in recent decades, even beyond the global trend of growth
in wheat consumption. Therefore, in Korea, as in other countries,
interest in gluten-related disorders and gluten-free diet will gradually increase. However, data on the population-based prevalence
of NCGS in Korea are scarce. This study should be one of the few
studies that can be used as a reference for future studies.
In the current study, the prevalence of self-reported NCGS in
non-IBS was 5.8%. This prevalence result is similar to the values
reported in other studies. According to studies,5 DBPC-diagnosed
NCGS is estimated to have a prevalence of 0.6-13.0%. In contrast,
in the current study, 33.6% of patients in the IBS group were diagnosed with self-reported NCGS. This was similar to findings
obtained in a large UK population-based questionnaire.9 In the
UK population-based study, 20.0% of people with self-diagnosed
NCGS met the Rome III criteria for IBS. This finding suggests
that people with self-diagnosed NCGS are more likely to have IBS.
There seems to be a significant overlap between IBS and NCGS. A
subset of patients with IBS is likely to have NCGS.
Participants in this study included outpatients visiting for digestive diseases and the general population recruited through advertis-

Table 2. Proportion of Patients With Induced Gastrointestinal Symptoms by Gluten-containing Food in the Group

Food item

Patients with NCGS
symptoms (n = 80)

Patients without NCGS
symptoms (n = 306)

P -value

Odds ratio

Bread
Black bean-sauce noodles
Noodle soup
Rice cake soup
Dumpling soup
Instant ramen
Piazza
Pasta
Cornflakes
Cookie
Cake

31 (38.8%)
37 (46.2%)
29 (36.2%)
23 (28.8%)
21 (26.2%)
35 (43.8%)
33 (41.2%)
26 (32.5%)
9 (11.2%)
14 (17.5%)
16 (20.0%)

21 (6.9%)
34 (11.1%)
26 (8.5%)
25 (8.2%)
14 (4.6%)
44 (14.4%)
32 (10.5%)
17 (5.6%)
8 (2.6%)
11 (3.6%)
17 (5.6%)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.003
< 0.001
< 0.001

8.566 (4.566-16.144)
6.884 (3.909-12.123)
6.124 (3.33-11.244)
4.535 (2.406-8.548)
7.424 (3.571-15.433)
4.613 (2.685-7.988)
6.016 (3.378-10.699)
8.185 (4.160-16.106)
4.722 (1.760-12.668)
5.689 (2.472-13.093)
4.250 (2.039-8.858)

NCGS, non-celiac gluten sensitivity.
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ing. For this reason, the prevalence of NCGS in the overall population was not surveyed. Western studies reported that the prevalence
of IBS based on the population is approximately 5.0-20.0%14,15 with
a similar prevalence reported in Asia. IBS is widespread in Eastern
and Western countries.16,17 According to the studies published to
date, the prevalence of IBS in Korea is approximately 4.7%.18 Considering the proportion of IBS patients among all patients, it is possible to estimate the prevalence of NCGS for the entire population
in Korea.
In most studies, gluten-sensitive individuals are primarily
women, and they are known to have IBS with intestinal and extra
intestinal symptoms associated with gluten intake. Compared to the
results of other studies, the type of symptoms after gluten intake in
this study was similar to that in other NCGS studies.9,19,20 As depicted in Figure 2, bloating, abdominal discomfort, belching, and
diarrhea were common in NCGS. Patients with both self-reported
and formally diagnosed NCGS often complain of symptoms seen
in IBS, such as abdominal pain or discomfort, bloating, and diarrhea.13
Patients with IBS often associate their symptoms with food
intake, and gluten-based products cause symptoms in 24.0% of
patients.21 Many of the GI symptoms seen in NCGS can mimic
IBS, which is characterized based on symptom type and duration, and are associated with a lack of biomarkers.22 In the current
study, a large number of self-reported NCGS met the Rome III
criteria because of the overlap between symptoms of NCGS and
IBS. Although the pathophysiology of IBS has not yet been clearly
established, the role of food in IBS affects a wide variety of physiologic parameters.23 Food intolerance that causes symptoms in IBS
is known to be high,24,25 demonstrating the importance of food
intake in IBS and a greater understanding of the problem. Whether
gluten-containing foods cause symptoms in IBS can be an important issue.
It is well known that IBS is often accompanied by other functional GI disorders, such as functional dyspepsia and gastroesophageal reflux disorder.26,27 Therefore, NCGS-like symptoms in these
IBS patients should always be considered since they may actually be
functional dyspepsia or gastroesophageal reflux disease symptoms.
In fact, having a detailed history and using this to differentiate the
diagnosis is an important issue.
Our results elucidated that all types of gluten-containing foods
significantly caused symptoms in the self- reported NCGS group.
In this study, a survey was conducted using representative glutencontaining foods that are consumed in Korea. The accuracy of this
study is increased by confirming the existence of a close association
288

between the occurrence of symptoms related to gluten intake and
gluten-containing foods. In clinical practice, because of a lack of
diagnostic criteria, screening for NCGS can be simply achieved
using food containing gluten for individual patients. Currently, it is
well known that a gluten-free diet is the treatment for patients with
NCGS. However, recommendations for a gluten-free diet without
a medically proven diagnosis are unclear. A randomized controlled
trial28 was conducted to identify gluten that induces both GI and extra intestinal symptoms in patients with IBS in whom celiac disease
was excluded and who were symptomatically controlled on a glutenfree diet. The study indicated that the gluten component in the
food can be responsible for the GI symptom in patients with IBS.
To achieve this, monitoring the food intake and having a symptom
diary is required. Experts recommend conducting a systemic test to
rule out structural diseases, such as celiac disease or gluten allergy
prior to a gluten-free diet.29
This study has some limitations. First, this study was able to
determine the prevalence of NCGS in the asymptomatic and IBS
groups; however, the study was not based on the entire population,
and there may be differences in the prevalence of NCGS. This
study had a large enough sample size to estimate NCGS prevalence; hence, the actual difference may be insignificant. Moreover,
since the study classified patients into IBS, symptomatic non-IBS,
and normal groups, it allowed for a better understanding of the
prevalence of NCGS in each subgroup, and it may be used as data
to check the correlation between IBS and NCGS. Second, the diagnosis of NCGS is not standardized because no biomarkers have
been developed to diagnose NCGS. However, the most commonly
used method in the diagnosis of NCGS is a double-blind, randomized, placebo-controlled challenge following a gluten-free diet;30,31
however, this method is cumbersome and time-consuming, so it is
rarely used. Therefore, we adopted a pragmatic approach to investigate NCGS in this study. An important limitation is that the data
were based on self-reporting. Moreover, the severity and location
of symptoms, food involved, and accompanying medical and diagnostic conditions were described based on the participants’ survey
responses. Thus, a future study is planned to determine the difference between NCGS diagnosis based on the VAS score and diagnosis rate via a gluten-free diet. The current study was a base study
to determine the prevalence and clinical characteristics of NCGS in
Koreans; a more specific study of NCGS in Koreans is planned in
the future.
In conclusion, this study demonstrated that the prevalence of
self-reported NCGS was 5.8% in non-IBS patients and 33.6% in
IBS patients. Individuals with self-reported NCGS complained of a
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variety of symptoms related to gluten ingestion, with associated IBS.
Thus, if there are gluten-related symptoms in IBS, the possibility of
accompanying NCGS should be considered.
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Overlap Between Constipation and Gastroesophageal
Reflux Disease in Japan: Results From an Internet
Survey
Naotaka Ogasawara,* Yasushi Funaki, Kunio Kasugai, Masahide Ebi, Yasuhiro Tamura, Shinya Izawa, and Makoto Sasaki
Division of Gastroenterology, Department of Internal Medicine, Aichi Medical University School of Medicine, Nagakute, Aichi, Japan

Background/Aims
Detailed evaluations of overlapping constipation and gastroesophageal reflux disease (GERD) have not been conducted in Japan. The
REACTION-J2 study examined the overlap of these diseases in Japan.
Methods
This internet-based survey recruited participants from general public survey panels. Questions included demographic and medical
data and assessments based on validated measures for constipation and GERD. Associations between background factors affecting
constipation/GERD overlap, disease measures, and treatment were also evaluated.
Results
Among 10 000 survey responses received, functional constipation (Rome IV diagnostic criteria) was reported by 439 participants;
chronic constipation (Japanese guidelines) by 3804 participants; and subjective constipation symptoms by 2563 participants. The
number of participants with constipation/GERD overlap ranged from 73 to 1533 depending on the criteria used. Regardless of the
definition used, all GERD groups had significantly higher odds of being constipated than non-GERD participants: the OR (95% CI) for
all 9 combinations of definitions ranged between 1.56 (1.21, 2.01) and 2.67 (2.44, 2.92) (all P ≤ 0.001). Straining, hard stools, and
sensations of incomplete evacuation and anorectal obstruction/blockage, according to chronic constipation criteria, were common.
Participants with constipation/GERD overlap had poorer quality of life (P < 0.001) and worse GERD symptom scores (P < 0.001).
The frequency of abnormal stools was highest (P < 0.001) in the constipation/GERD overlap group. In the overlap group, 52.4% and
26.0% used gastric and constipation medication, respectively.
Conclusion
Individuals with constipation/GERD overlap tend to have worsened symptoms and quality of life.
(J Neurogastroenterol Motil 2022;28:291-302)
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Introduction
Chronic constipation is a common disorder in adults.1,2 In
Japan, the prevalence of constipation-related complaints in 2016
was reported to be 2.5% in males and 4.4% in females,3 although
a recent internet survey found a higher self-reported prevalence of
19.1% in males and 37.5% in females.4 When evaluated by age, the
prevalence was reported to be 6.5% in males and 8.1% in females
over 65 years of age.3
In October 2017, the “Clinical Practice Guideline for Chronic
Constipation 2017” prepared by the Study Group for the Diagnosis
and Treatment of Chronic Constipation of the Association of the
Japanese Society of Gastroenterology was published (Chronic constipation medical care guideline 2017: https://www.nankodo.co.jp/
g/g9784524255757/). However, despite the availability of management guidelines and evidence-based treatments, there is a paucity
of data on the real-world status of Japanese individuals with chronic
constipation. A survey initiated in 2016 (REACTION-J) to evaluate constipation within the general Japanese population found that
51.5% were aware that they have constipation. REACTION-J also
found that stool abnormalities (hard or diarrheal) were associated
with reduced quality of life (QOL). Additionally, increased age,
female sex, and the presence of diabetes mellitus, hemorrhoidal
disease, or cerebrovascular disease were identified as risk factors for
functional constipation.5
Many patients with functional gastrointestinal disorders
(FGID), including constipation, have overlapping disorders. Constipation is often complicated by the presence of other FGIDs, and
common etiologies, such as gastrointestinal (GI) dysfunction, psychosocial factors, visceral hypersensitivity, autonomic dysfunction,
and history of GI infections, are considered to be likely causes.6
FGID has also been reported to be associated with gastroesophageal reflux disease (GERD).7 It has been known for many years that
patients with FGIDs (including constipation) often report other
symptoms commonly associated with GERD (such as heartburn,
belching, bloating, and gas symptoms), and that this association
occurs across different races and ethnicities,8,9 with a particularly
strong association within Asian populations.9
Evidence-based clinical practice guidelines for GERD were
published in 2015 by the Japanese Society of Gastroenterology. The
prevalence of erosive GERD in Japanese individuals was estimated
to be approximately 10.0%, and that of GERD, including heartburn symptoms, to be 2-fold higher.10 Moreover, the prevalence of
GERD has increased in recent years, due to increases in gastric acid
292

secretion, decreases in Helicobacter pylori infection of the stomach,
and widening dissemination of H. pylori eradication. Outside of
Japan, GERD and dyspepsia have been reported to be complicated
by constipation, with 1 study in the United States stating that constipation was present in 28% of patients with GERD and 30% with
dyspepsia.11 The combination of GERD and functional constipation has also been reported in children.12,13 However, to date, there
have been no detailed evaluations of overlapping constipation and
GERD specific to Japan, and the proportion and status of affected
individuals are unknown.
The current study, REACTION-J2, used data from an internet questionnaire to examine the frequency of overlapping constipation and GERD, the health status and coping mechanisms of
affected individuals, and the details of current management, including the use of oral constipation medication. We intend for the resultant data to lay a foundation for drug selection and lifestyle choices
in patients with constipation and GERD.

Materials and Methods
Survey Design
REACTION-J2 was an internet-based survey registered with
the University Hospital Medical Information Network in Japan
(Trial registration: UMIN000039688). The Ethics Review Committee of Aichi Medical University approved the study’s implementation (Approval No. 2019-179). The study was conducted in
accordance with the Declaration of Helsinki by the World Medical Association and the Ethical Guidelines for Medical Research
(established on 22 December, 2014) by the Ministry of Education, Culture, Sports, Science and Technology and the Ministry of
Health, Labour and Welfare.
The survey took place between 16-18 March, 2020. Participants were recruited from panels of the general public held by a
survey company (Rakuten Insight Co, Ltd, Osaka, Japan). Inclusion and exclusion criteria were applied, and 10 000 individuals
meeting the eligibility criteria were enrolled after adjustments to
reflect the general Japanese population’s prefectural and age composition (according to the Japan Department of Statistics. October 1,
2019, https://www.stat.go.jp/data/jinsui/2019np/index.html). The
survey was closed to further participation when 10 000 participants
matching the required Japanese population characteristics were enrolled.
Full details of the questionnaire are provided in the Supplementary Method. Survey questions included demographic and medical
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data and questions based on validated measures for constipation and
GERD (including Rome IV criteria,14 the GERD questionnaire
[GerdQ],15 the Gastrointestinal Symptom Rating Scale [GSRS],16
the 8-item Short Form Health Survey Questionnaire [SF-8],17 the
Constipation Scoring System [CSS],18 and the Frequency Scale for
the Symptoms of GERD [FSSG]).19

Participants
The inclusion criteria required participants to be males or females aged 20 to 69 years (inclusive), who provided informed consent for survey participation. Exclusion criteria were previous open
surgery of the abdomen (excluding appendicitis); intestinal diseases
such as inflammatory bowel disease, ulcerative colitis, and Crohn’s
disease; cancer of the GI tract; pregnancy; and inability to follow
the study instructions.

Endpoints
The primary study endpoint was the frequency of overlap of
constipation and GERD. The secondary endpoints for the study
were the investigation of background factors affecting constipation
and GERD overlap, the examination of the association between
constipation and GERD overlap via each disease measure (SF-8,
GSRS, CSS, and FSSG), and investigation of the association between background factors and items, including SF-8 score, GSRS
score, FSSG score, Bristol stool form scale (BSFS) score, CSS
score, satisfaction with bowel movement, treatment with gastric or
constipation medication, and type of gastric or constipation medication. Using an FSSG score ≥ 8 as a definition of GERD, the
OR for chronic constipation and the relationships between FSSG
subscale scores and chronic constipation were also investigated for
further assessments.
For the evaluation of the primary and secondary endpoints,
we used the following definitions and criteria. Constipation was
diagnosed as per the following categories: functional constipation
according to Rome IV diagnostic criteria; chronic constipation according to the Association of the Japanese Society of Gastroenterology Japanese guidelines;5 and the presence or absence of subjective
symptoms of constipation. GERD was diagnosed according to 3
sets of criteria. ‘Broad sense of GERD1’ was based on the GerdQ
and included participants who scored ≥ 1 on the questions “How
often did you have a burning feeling behind your breastbone (heartburn)?” or “How often did you have stomach contents (liquid or
food) moving upwards to your throat or mouth (regurgitation)?”
‘Broad sense of GERD2’ was based on the GerdQ and included
participants who scored ≥ 2 on the same questions. ‘Narrow sense

of GERD’ included participants who scored ≥ 8 on the GerdQ.20

Statistical Methods
The sample size of 10 000 participants was set to ensure that
sufficient individuals with constipation and GERD were enrolled;
no formal sample size calculations were employed. Categorical variables were reported using the number of cases and their percentage
for each category. Summary statistics were used for continuous
variables (mean, SD, median, minimum, maximum, and quartiles).
Height and weight were summarized by value after removing obvious outliers owing to participants’ incorrect data entry, by excluding
the highest and lowest values to remove 0.3% of the overall data.
For the primary endpoint, the degree of overlap between constipation and GERD was assessed for each of the 9 combinations
generated using the 3 constipation diagnostic categories and the 3
GERD classifications. Data were expressed as ORs and 95% CIs.
The secondary endpoints were evaluated as follows: for SF-8
analysis, we used the scoring program provided by iHOPE International (http://www.i-hope.jp/download/). For the FSSG, in
addition to the total score, the subscores, reflux and dysmotility
scores, were used for the evaluation. For satisfaction with bowel
movements, responses were grouped as satisfied (very or somewhat
satisfied) or dissatisfied (very or somewhat dissatisfied).
Logistic regression was conducted using pre-specified variables, and multivariate analysis was performed with the results
from the univariate analysis and forced input method. The 2-sided
significance level was set at 5.0% for all analyses, calculated using
the chi-square test or the Mann-Whitney U test. Statistical analyses
were conducted using SAS version 9.4 (SAS Institute Inc, Cary,
NC, USA) by SRL Medisearch Co, Ltd, Tokyo, Japan.

Results
Participants
A total of 10 000 survey responses were received, of which 5023
were from males and 4977 from females; participants’ background
details are shown in Supplementary Table 1. By age group, 804
males and 762 females were in their 20s, 952 and 927, respectively,
were in their 30s, 1197 and 1168 were in their 40s, 988 and 983
were in their 50s, and 1082 and 1137 were in their 60s. The most
frequently reported complications were hypertension (n = 1187),
hyperlipidemia (n = 702), gastroduodenal ulcer (n = 597), hemorrhoidal disease (n = 455), and diabetes mellitus (n = 435); 7182
participants had no complications to report.
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Primary Endpoint
The numbers of participants with diagnoses of constipation and
GERD by various criteria are shown in Table 1. According to the
Rome IV diagnostic criteria, functional constipation was observed
in 439 participants; chronic constipation, according to the Japanese
guidelines, in 3804 participants; and subjective symptoms of constipation in 2563 participants. The numbers of participants with
broad-sense GERD1, broad-sense GERD2, and narrow-sense
GERD were 2785, 1013, and 1223, respectively. The number
of participants with broad-sense GERD2 was smaller than that
with narrow-sense GERD, which was unexpected, as broad-sense
GERD2 criteria are less strict. Investigation of the reason for this

result found that participants with narrow-sense GERD scored
highly on questions #3 and #4 of the GerdQ (Supplementary
Table 2); as a result, many participants were able to meet the criteria
for narrow-sense GERD (GerdQ score ≥ 8) even if they did not
meet the criteria for broad-sense GERD2.
The proportions of participants with each symptom of chronic
constipation are shown in Table 2. Some participants were not
aware of having constipation but, nonetheless, met the criteria for
having chronic constipation according to the Japanese guidelines
(Supplementary Table 3). Thus, the number of participants having
chronic constipation was higher than the number who were aware
of having constipation. The most commonly reported symptoms of
chronic constipation were straining, lumpy or hard stools, sensation

Table 1. Numbers of Participants With Constipation and Gastroesophageal Reflux Disease According to Diagnostic Criteria

Broad-sense GERD1
Constipation status

With
GERD

Functional constipationa
With constipation
170 (6.1)
Without constipation 2615 (93.9)
Total
2785
Chronic constipationb
With constipation
1533 (55.0)
Without constipation 1252 (45.0)
Total
2785
Awareness of constipation
With constipation
1004 (36.1)
Without constipation 1781 (63.9)
Total
2785

Broad-sense GERD2

Narrow-sense GERD

Without
GERD

Total

With
GERD

Without
GERD

Total

With
GERD

Without
GERD

Total

269 (3.7)
6946 (96.3)
7215

439
9561
10 000

73 (7.2)
940 (92.8)
1013

366 (4.1)
8621 (95.9)
8987

439
9561
10 000

77 (6.3)
1146 (93.7)
1223

362 (4.1)
8415 (95.9)
8777

439
9561
10 000

2271 (31.5)
4944 (68.5)
7215

3804
6196
10 000

596 (58.8)
417 (41.2)
1013

3208 (35.7)
5779 (64.3)
8987

3804
6196
10 000

693 (56.7)
530 (43.3)
1223

3111 (35.4)
5666 (64.6)
8777

3804
6196
10 000

1559 (21.6)
5656 (78.4)
7215

2563
7437
10 000

419 (41.4)
594 (58.6)
1013

2144 (23.9)
6843 (76.1)
8987

2563
7437
10 000

475 (38.8)
748 (61.2)
1223

2088 (23.8)
6689 (76.2)
8777

2563
7437
10 000

a

According to Rome IV diagnostic criteria.
According to Japanese guidelines.
GERD, gastroesophageal reflux disease.
Values are presented as n (%) or n.
b

14

Table 2. Responses to Diagnostic Criteria for Functional Constipation (Adapted from Lacy et al )

Please answer the following questions for the last 3 months regarding symptoms that started at least 6 months ago
Criteria

Yes

No

1. Straining during more than one-fourth (25%) of defecations
2. Lumpy or hard stools (BSFS 1-2) more than one-fourth (25%) of defecations
3. Sensation of incomplete evacuation more than one-fourth (25%) of defecations
4. Sensation of anorectal obstruction/blockage more than one-fourth (25%) of defecations
5. Manual maneuvers to facilitate more than one-fourth (25%) of defecations
(eg, digital evacuation and support of the pelvic floor)
6. Fewer than 3 spontaneous bowel movements per week

3036 (79.8)
2725 (71.6)
2863 (75.3)
2411 (63.4)
460 (12.1)

768 (20.2)
1079 (28.4)
941 (24.7)
1393 (36.6)
3344 (87.9)

1223 (32.2)

2581 (67.8)

BSFS, Bristol stool form scale.
Values are presented as n (%).
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Table 3. Likelihood of Participants With Gastroesophageal Reflux Disease Being Constipated

Broad-sense GERD1
Constipation status
Functional constipationa
Chronic constipationb
Awareness of constipation

OR
[95% CI]
1.68
[1.38, 2.04]
2.67
[2.44, 2.92]
2.05
[1.86, 2.25]

χ

2

P -value

27.02

< 0.001

473.57

< 0.001

219.89

< 0.001

Broad-sense GERD2
OR
[95% CI]
1.83
[1.41, 2.37]
2.57
[2.26, 2.94]
2.25
[1.97, 2.57]

χ

2

P -value

21.30

< 0.001

206.81

< 0.001

146.36

< 0.001

Narrow-sense GERD
OR
[95% CI]
1.56
[1.21, 2.01]
2.38
[2.11, 2.69]
2.03
[1.80, 2.31]

2

χ

P -value

12.06

0.001

205.06

< 0.001

127.55

< 0.001

a

According to Rome IV diagnostic criteria.
According to Japanese guidelines.
GERD, gastroesophageal reflux disease.
All results have a degree of freedom of 1. ORs are for the presence of constipation in participants with GERD compared with those without GERD.
b

of incomplete evacuation, and sensation of anorectal obstruction/
blockage.
Notably, the number of participants with constipation/GERD
overlap varied according to the definitions used, from 73 (7.2%
of all participants with GERD) when Rome IV and broad-sense
GERD2 were applied to 1533 (55.0% of all participants with
GERD) when the chronic constipation guidelines and broad-sense
GERD1 were applied. By comparison, the number of participants
with constipation but no GERD ranged from 269 (3.7% of all
participants without GERD) by broad-sense GERD1 and Rome
IV criteria to 3208 (35.7% of all participants without GERD) by
broad-sense GERD2 and chronic constipation guidelines (Table 1).
For all participants with GERD, regardless of the definition used,
the odds of being constipated were significantly higher than for participants without GERD: the OR (95% CI) for being constipated
between these groups ranged from 1.56 (1.21, 2.01) for the combination of narrow-sense GERD and Rome IV criteria to 2.67 (2.44,
2.92) for the combination of broad-sense GERD1 and chronic
constipation criteria. These ORs were significant for all combinations of definitions used (all P ≤ 0.001; chi-square tests) (Table 3).

Secondary Endpoints
Four groups of participants were used to analyze the relationships between narrow-sense GERD (GerdQ score ≥ 8) and
chronic constipation (by the chronic constipation guideline): constipation plus GERD (Group A), constipation alone (Group B),
GERD alone (Group C), and neither (Group D).
Demographic and Clinical Factors
Background factors were compared among the 4 groups (Table
4). The proportion of females was highest in Group B (constipa-

tion), and the proportion of males was highest in Group C (GERD).
The male-to-female ratio was nearly equal in Group A (the overlap
group). In groups A and B, participants tended to be younger, with
lower proportions in the ≥ 50 years to < 60 years and ≥ 60 years
categories. Weight and body mass index were slightly higher in
Group C compared with the other groups. Hypertension, diabetes
mellitus, hyperlipidemia, gastroduodenal ulceration, and hemorrhoidal diseases were all common underlying complications in
our survey participants, and all were found at a higher frequency
in Group C and Group A (ie, associated with GERD). Logistic
regression analysis, using presence of GERD as the dependent
variable, revealed ORs (95% CIs) for an association of GERD
with each complication of 1.42 (1.19, 1.69) for hypertension, 1.48
(1.15, 1.91) for diabetes, 1.45 (1.18, 1.79) for hyperlipidemia, 2.13
(1.74, 2.61) for gastroduodenal ulcer, and 1.89 (1.49, 2.38) for
hemorrhoidal disease; these ORs were significant (hypertension,
P < 0.001; diabetes, P = 0.003; hyperlipidemia, P = 0.001; gastroduodenal ulcer, P < 0.001; hemorrhoidal disease, P < 0.001;
multivariate logistic regression tests).
There were no clear differences in the frequency of constipation
or GERD overlap by place of residence, occupation, annual household income, or highest educational attainment (Supplementary
Table 4).
Eight-item Short Form Health Survey Questionnaire
For the SF-8 (Supplementary Table 5), all subscales were
reduced in Groups B and C compared with Group D (MannWhitney U test for B:D and C:D, both P < 0.001). The scores in
Group A were the lowest of all 4 groups (Mann-Whitney U test
for A:B and A:C, both P < 0.001). The subscales for bodily pain,
general health perception, and mental health were the most affected
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Table 4. Participants’ Characteristics According to the Presence of Chronic Constipation and Narrow-sense Gastroesophageal Reflux Disease

Chronic constipation guidelines/narrow-sense GERD
Characteristics

Group A:
constipation and
GERD
(n = 693)

Group B:
constipation only
(n = 3111)

Group C:
GERD only
(n = 530)

Group D:
no constipation,
no GERD
(n = 5666)

Total
(N = 10 000)

348 (50.2)
345 (49.8)
43.8 ± 13.2
131 (18.9)
148 (21.4)
172 (24.8)
122 (17.6)
120 (17.3)
164.8 ± 8.3
61.5 ± 12.9
22.5 ± 3.7

1246 (40.1)
1865 (59.9)
44.4 ± 13.6
603 (19.4)
658 (21.2)
679 (21.8)
550 (17.7)
621 (20.0)
163.3 ± 8.4
58.9 ± 12.2
22.0 ± 3.5

315 (59.4)
215 (40.6)
47.9 ± 12.1
56 (10.6)
85 (16.0)
143 (27.0)
131 (24.7)
115 (21.7)
165.5 ± 8.7
65.5 ± 14.2
23.7 ± 3.8

3114 (55.0)
2552 (45.0)
47.1 ± 13.2
776 (13.7)
988 (17.4)
1371 (24.2)
1168 (20.6)
1363 (24.1)
165.1 ± 8.5
61.4 ± 12.3
22.4 ± 3.4

5023
4977
46.0 ± 13.4
1566
1879
2365
1971
2219
164.6 ± 8.5
60.9 ± 12.5
22.3 ± 3.5

123 (17.7)
56 (8.1)
80 (11.5)
94 (13.6)
71 (10.2)
6 (0.9)
2 (0.3)
18 (2.6)
1 (0.1)
28 (4.0)
18 (2.6)
28 (4.0)
371 (53.5)

316 (10.2)
126 (4.1)
227 (7.3)
200 (6.4)
155 (5.0)
32 (1.0)
41 (1.3)
49 (1.6)
6 (0.2)
35 (1.1)
58 (1.9)
78 (2.5)
2221 (71.4)

110 (20.8)
40 (7.5)
72 (13.6)
57 (10.8)
43 (8.1)
7 (1.3)
7 (1.3)
7 (1.3)
0 (0.0)
18 (3.4)
9 (1.7)
20 (3.8)
305 (57.5)

638 (11.3)
213 (3.8)
323 (5.7)
246 (4.3)
186 (3.3)
23 (0.4)
31 (0.5)
32 (0.6)
4 (0.1)
69 (1.2)
61 (1.1)
119 (2.1)
4285 (75.6)

1187
435
702
597
455
68
81
106
11
150
146
245
7182

Sex
Male
Female
Age (yr)
≥ 20 and < 30
≥ 30 and < 40
≥ 40 and < 50
≥ 50 and < 60
≥ 60 and < 70
Height (cm)a
Weight (kg)a
Body mass index (kg/m2)
Complications
Hypertension
Diabetes mellitus
Hyperlipidemia
Gastroduodenal ulcers
Hemorrhoidal disease
Diverticulosis
Other cancers
Cerebrovascular and neurological diseases
Chronic obstructive pulmonary disease
Liver disease
Kidney disease
Other
None
a

Includes 0.3% overall outlier removal to exclude obvious data entry errors.
GERD, gastroesophageal reflux disease.
Values are presented as n (%) or mean ± SD.

in Group A (scores of 46.0, 46.4, and 45.0, respectively). The mental component summary score in this group was 44.9 (compared
with 50.4 in Group D). Data were also summarized visually (Fig. 1).
Gastrointestinal Symptom Rating Scale
For the GSRS (Supplementary Table 5), Groups A-C had
worse symptoms than Group D, indicating deterioration of QOL,
with Group A being most impacted (Mann-Whitney U test for A:B,
A:C, B:D, and C:D, all P < 0.001, for all items). Data were also
summarized visually (Fig. 2).

Bristol Stool Form Scale
Groups were compared using stool classifications of abnormal
(BSFS 1, 2, 6, and 7) and normal (BSFS 3, 4, and 5; Table 5).
Groups B and C had a higher frequency of abnormal stools compared with Group D (chi-square test for B:D and C:D, both P <
0.001). In turn, the frequency of abnormal stools in Group A was
higher than in Groups B or C (chi-square test for A:B and A:C,
both P < 0.001).
Constipation Scoring System
Compared with Group D, the CSS total score was increased
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With constipation/with GERD
With constipation/without GERD
Without constipation/with GERD
Without constipation/without GERD

With constipation/with GERD
With constipation/without GERD
Without constipation/with GERD
Without constipation/without GERD
Total

Physical function
Mental component

Physical component

54
52
50
48
46
44
42

4

Role physical

3

Constipation
Bodily pain

Acid reflux

1

40

Mental health

2

0

General health
Diarrhea

Role emotional

Abdominal pain

Vitality
Social functioning

Dyspepsia

Figure 1. Eight-item Short Form Health Survey Questionnaire ac-

cording to the presence of chronic constipation and the presence of
narrow-sense gastroesophageal reflux disease (GERD).

Figure 2. Gastrointestinal Symptom Rating Scale according to the

presence of chronic constipation and the presence of narrow-sense
gastroesophageal reflux disease (GERD).

in Groups A-C, with the greatest increase reported in Group A
(Mann-Whitney U test for A:B, A:C, B:D, and C:D, all P <
0.001; Table 5).

secretion depressant) was reported in 23 participants, combined use
with PCAB in 10, and combined use with histamine H2 receptor
blockers in 28.

Satisfaction with Bowel Movements

Frequency Scale for the Symptoms of Gastroesophageal Reflux Disease

Compared with Group D, satisfaction was decreased in Groups
A-C, with the greatest decrease reported in Group A (chi-square
test for satisfied vs dissatisfied in A:B, A:C, B:D, and C:D, all P <
0.001; Table 5).
Medication Usage
Gastric medication use, gastric medication type, constipation
medication use, and constipation medication type were compared
between groups (Table 6 and Supplementary Table 6). In Group
A, 52.4% used gastric medication, and 26.0% used constipation
medication. In this group, 40.4% did not use either gastric or constipation medications. Proton pump inhibitors (PPIs) or potassium
ion-competitive acid blockers (PCABs) were prescribed to 216
participants with GERD (Groups A and C) and 336 participants
without GERD (Groups B and D) (Supplementary Table 7). Of
these, the number of participants using drug treatment for constipation was 71 and 82, respectively, resulting in usage rates of 32.9%
and 24.4%.
The concomitant use of gastric and constipation drugs is described in Supplementary Table 6. Among the constipation drugs
used, stimulant laxatives were the most commonly used, followed by
saline laxatives; combined use of saline laxatives with PPI (an acid

The data for the FSSG scale, which investigated the severity of
GERD symptoms, are shown in Table 5. Compared with Group
D, the total score, reflux score, and dysmotility score were increased
in Groups A-C, with the greatest increase reported in Group A
(Mann-Whitney U test for A:B, A:C, B:D, and C:D, all P <
0.001, for all items).
Using a total FSSG score of ≥ 8 as the definition of GERD,
the relationship between GERD and chronic constipation was investigated. Among 2813 participants with GERD, 1734 (61.6%)
had chronic constipation, and 1079 (38.4%) did not have chronic
constipation. Of the 7187 participants without GERD, 2070
(28.8%) had chronic constipation, and 5117 (71.2%) did not have
chronic constipation. The OR for having chronic constipation was
significantly higher among participants with GERD (3.97, 95%
CI [3.63, 4.35]) (Supplementary Table 8). Logistic regression was
performed to examine the OR of becoming constipated in terms
of the 2 categorical scores on the FSSG scale (Table 7). Both subscales were significant in the univariate and multivariate analyses;
however, the multivariate analysis demonstrated a higher association
with dysmotility symptoms (OR, 1.26; 95% CI [1.23, 1.28]) than
reflux symptoms (OR, 1.02; 95% CI [1.00, 1.04]).
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Table 5. Frequency Scale for the Symptoms of Gastroesophageal Reflux Disease, Bristol Stool Form Scale, and Constipation Scoring System

Scores, and Satisfaction With Bowel Movements According to the Presence of Chronic Constipation and the Presence of Narrow-sense Gastroesophageal Reflux Disease
Chronic constipation guidelines/narrow-sense GERD
Survey

FSSG score
Total
Reflux score
Dysmotility score
BSFS score
BSFS-1
BSFS-2
BSFS-3
BSFS-4
BSFS-5
BSFS-6
BSFS-7
BSFS-3/4/5
BSFS-1/2/6/7
CSS score
Frequency of bowel movements
Painful evacuation effort
Feeling Incomplete evacuation
Abdominal pain
Minutes in lavatory per attempt
Type of assistance (none/laxative/digital)
Unsuccessful attempts at evacuation per 24 hr
Duration of constipation (yr)
Satisfaction with bowel movements
Very satisfied
Satisfied
Neither satisfied nor unsatisfied
Unsatisfied
Very unsatisfied
Satisfaction category
Satisfactory (very satisfied + satisfied)
Unsatisfactory (Neither satisfied nor unsatisfied
+ unsatisfied + very unsatisfied)

Group A:
Group B:
constipation and
constipation only
GERD
(n = 3111)
(n = 693)

Group C:
GERD only
(n = 530)

Group D:
no constipation,
no GERD
(n = 5666)

Total
(N = 10 000)

15.8 ± 8.9
8.5 ± 5.4
7.4 ± 4.3

6.9 ± 6.1
2.7 ± 3.3
4.2 ± 3.5

10.8 ± 8.4
6.0 ± 5.1
4.7 ± 4.0

3.2 ± 4.3
1.3 ± 2.2
1.9 ± 2.5

5.7 ± 6.6
2.5 ± 3.7
3.2 ± 3.5

74 (10.7)
121 (17.5)
184 (26.6)
181 (26.1)
73 (10.5)
54 (7.8)
6 (0.9)
438 (63.2)
255 (36.8)
8.4 ± 4.6
0.5 ± 0.9
1.4 ± 1.0
1.8 ± 1.0
1.4 ± 0.9
1.0 ± 0.9
0.3 ± 0.5
0.7 ± 0.7
1.3 ± 1.4

286 (9.2)
359 (11.5)
832 (26.7)
1160 (37.3)
335 (10.8)
107 (3.4)
32 (1.0)
2327 (74.8)
784 (25.2)
6.6 ± 4.0
0.3 ± 0.7
1.2 ± 0.9
1.4 ± 0.9
1.1 ± 0.8
0.8 ± 0.8
0.1 ± 0.4
0.5 ± 0.6
1.2 ± 1.5

15 (2.8)
11 (2.1)
32 (6.0)
319 (60.2)
99 (18.7)
47 (8.9)
7 (1.3)
450 (84.9)
80 (15.1)
3.6 ± 3.7
0.2 ± 0.8
0.5 ± 0.8
0.8 ± 0.9
0.9 ± 0.8
0.5 ± 0.7
0.1 ± 0.3
0.3 ± 0.5
0.3 ± 0.9

65 (1.1)
75 (1.3)
378 (6.7)
4198 (74.1)
693 (12.2)
211 (3.7)
46 (0.8)
5269 (93.0)
397 (7.0)
2.3 ± 2.7
0.2 ± 0.6
0.4 ± 0.6
0.5 ± 0.7
0.6 ± 0.7
0.4 ± 0.6
0.0 ± 0.2
0.1 ± 0.4
0.2 ± 0.7

440
566
1426
5858
1200
419
91
8484
1516
4.1 ± 4.0
0.2 ± 0.7
0.7 ± 0.9
0.9 ± 0.9
0.8 ± 0.8
0.5 ± 0.7
0.1 ± 0.3
0.3 ± 0.5
0.6 ± 1.2

18 (2.6)
169 (24.4)
169 (24.4)
221 (31.9)
116 (16.7)

117 (3.8)
1000 (32.1)
800 (25.7)
839 (27.0)
355 (11.4)

88 (16.6)
240 (45.3)
126 (23.8)
54 (10.2)
22 (4.2)

1389 (24.5)
2941 (51.9)
893 (15.8)
298 (5.3)
145 (2.6)

1612
4350
1988
1412
638

187 (27.0)
506 (73.0)

1117 (35.9)
1994 (64.1)

328 (61.9)
202 (38.1)

4330 (76.4)
1336 (23.6)

5962
4038

GERD, gastroesophageal reflux disease; FSSG, Frequency Scale for the Symptoms of GERD; BSFS, Bristol Stool Form Scale; CSS, constipation scoring system.
Values are presented as mean ± SD or n (%).

Discussion
The REACTION-J2 study was an internet survey conducted
to investigate the proportion of Japanese individuals with overlap-
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ping constipation and GERD, and their health status and management. Although prior studies had noted the presence of overlapping symptoms of constipation and GERD across different races
and ethnicities,8,9 this is the first real-world survey to examine this
overlap in individuals in Japan. Notably, awareness of constipation
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Table 6. Use or Non-use of Gastric Medication Depending on the Presence or Absence of Chronic Constipation, Presence or Absence of Narrow

Gastroesophageal Reflux Disease, Type of Gastric Medication, Use or Non-use of Constipation Agent, and Type of Constipation Agent
Chronic constipation guidelines/narrow-sense GERD
Medication use

Use of gastric medication
Yes
No
Type of gastric medication
PPI
PCAB
Histamine H2 receptor blocker
Prokinetic agent
Herbal drug
Other
Unknown, oral
Use of constipation medication
Yes
No
Type of constipation medication
Stimulant laxatives
Enemas and suppositories
Saline laxatives
Osmotic laxatives
Inflatable laxatives
Chloride channel activator/guanylate cyclase
C agonists/bile acid ileal transporter inhibitor
PEG
Other
Unknown
Medication use
Constipation and gastric medication
Constipation medication only
Gastric medication only
None

Group A:
constipation and
GERD
(n = 693)

Group B:
constipation only
(n = 3111)

Group C:
GERD only
(n = 530)

Group D:
no constipation,
no GERD
(n = 5666)

Total
(N = 10 000)

363 (52.4)
330 (47.6)

538 (17.3)
2573 (82.7)

223 (42.1)
307 (57.9)

608 (10.7)
5058 (89.3)

1732
8268

119 (17.2)
35 (5.1)
133 (19.2)
35 (5.1)
68 (9.8)
32 (4.6)
57 (8.2)

139 (4.5)
53 (1.7)
134 (4.3)
41 (1.3)
76 (2.4)
84 (2.7)
105 (3.4)

63 (11.9)
20 (3.8)
69 (13.0)
19 (3.6)
21 (4.0)
52 (9.8)
30 (5.7)

121 (2.1)
45 (0.8)
166 (2.9)
30 (0.5)
104 (1.8)
115 (2.0)
122 (2.2)

442
153
502
125
269
283
314

180 (26.0)
513 (74.0)

487 (15.7)
2624 (84.3)

37 (7.0)
493 (93.0)

165 (2.9)
5501 (97.1)

869
9131

104 (57.8)
27 (15.0)
39 (21.7)
2 (1.1)
0 (0.0)
1 (0.6)

244 (50.1)
50 (10.3)
133 (27.3)
4 (0.8)
5 (1.0)
5 (1.0)

12 (32.4)
4 (10.8)
6 (16.2)
0 (0.0)
0 (0.0)
1 (2.7)

53 (32.1)
12 (7.3)
34 (20.6)
1 (0.6)
2 (1.2)
1 (0.6)

413
93
212
7
7
8

3 (1.7)
14 (7.8)
18 (10.0)

2 (0.4)
49 (10.1)
64 (13.1)

0 (0.0)
8 (21.6)
10 (27.0)

2 (1.2)
22 (13.3)
44 (26.7)

7
93
136

130 (18.8)
50 (7.2)
233 (33.6)
280 (40.4)

139 (4.5)
348 (11.2)
399 (12.8)
2225 (71.5)

27 (5.1)
10 (1.9)
196 (37.0)
297 (56.0)

47 (0.8)
118 (2.1)
561 (9.9)
4940 (87.2)

343
526
1389
7742

GERD, gastroesophageal reflux disease; PPI, proton pump inhibitor; PCAB, potassium ion-competitive acid blocker; PEG, polyethylene glycol.
Values are presented as n (%).

Table 7. Logistic Regression Analysis for Each Subscale Score of Frequency Scale for the Symptoms of Gastroesophageal Reflux Disease During
Chronic Constipation

Score
Reflux score
Dysmotility score

Univariate

Multivariate

OR [95% CI]

P -value

OR [95% CI]

P -value

1.18 [1.16, 1.19]
1.27 [1.26, 1.29]

< 0.001
< 0.001

1.02 [1.00, 1.04]
1.26 [1.23, 1.28]

0.026
< 0.001
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in this survey (25.6%) was only half of that reported in the previous REACTION-J survey (51.5%).5 One possible reason for this
discrepancy was that the description of the prior REACTIONJ survey specifically noted constipation in the title when recruiting
participants, which may have led to the participation of individuals
with a particular interest in the condition.
A previous United States study reported that 28.3% of patients
with GERD had constipation.11 While the overall proportion varied
in the current study (from 6.1% to 58.8%) depending on the definitions used, the proportion of individuals meeting each definition
of GERD was similar within each definition of constipation (eg,
when Rome IV criteria were used for constipation, the proportion
of participants with GERD [broad-sense GERD1, broad-sense
GERD2, or narrow-sense GERD] was found to be within a narrow range of 6.1% and 7.2%; Table 1).
According to the Rome IV diagnostic criteria, the number of
participants with functional constipation was significantly lower
than that determined using the Japanese clinical practice guidelines.
This was because of the participants who met Japanese guidelines
for chronic constipation (n = 3804; Supplementary Table 3), many
(n = 3044) answered “yes” to the question “Do you have soft
stools without the use of constipation medicine/laxatives?” and were
judged not to have constipation by Rome IV criteria, which state
that “soft stools are rarely present without the use of laxatives.”14 We
consider that survey participants may not have correctly understood
the meaning of the term ‘soft stools.’ In general, stool consistency
may vary during the process of defecation. Thus, it is possible to
present hard stools at the start of defecation, followed by soft stools
at the middle or end of defecation. Therefore, many participants
may have frequently reported an overall status of soft stools. The
number of participants diagnosed using the clinical practice guidelines for chronic constipation (n = 3804; Supplementary Table 3)
was also higher than the number who reported subjective symptoms
(n = 2563; Supplementary Table 3). This is likely because multiple
factors are involved in diagnosing constipation (our study showed
a high proportion of straining, hard stools, and residual stool sensation), whereas inquiring only about defecation frequency is insufficient to identify chronic constipation.
The calculation of ORs found that all definitions of GERD
using the GerdQ were associated with higher rates of constipation
(1.56 to 2.67-fold likelihood; Table 3). In the secondary assessments, an FSSG score of ≥ 8 points was used to define GERD,
resulting in an OR for chronic constipation of 3.97 (Supplementary
Table 8). The differences in OR between the 2 scales may be related to the inclusion of dysmotility-like dyspeptic symptoms in the
300

FSSG scale, as shown by logistic regression analysis. From this, we
can conclude that when diagnosing GERD using the FSSG scale,
patients reporting dysmotility-like dyspeptic symptoms may be suspected of having concomitant chronic constipation.
In the analysis of groups A-D, participants with overlapping
constipation and GERD showed worse QOL (SF-8 and GSRS)
and worse symptoms (GERD: FSSG scale; constipation: BSFS,
CSS, and satisfaction with bowel movement) compared with either
condition alone. As 40.4% of participants in Group A were not
receiving gastric or constipation medications (Table 6), improving treatment for these participants may be effective in improving
symptoms and QOL.
High proportions of stimulant laxatives and saline laxatives
were prescribed to participants. Other medication types, such as
chloride channel activators, guanylate cyclase C agonists, ileal bile
acid transporter inhibitors, and polyethylene glycol-based agents,
were only recently launched in Japan for chronic constipation,
which accounts for the limited rates of use in this survey. Improvements in QOL and symptoms following treatment with such agents
may be clarified as uptake increases in the coming years. A total of
61 participants reported treatment with saline laxatives and agents,
which depress acid secretion. Owing to the mechanisms of action of
these drugs, it seems likely that inhibition of gastric acid secretion
may diminish the laxative effect.21 Thus, physicians must take care
when co-prescribing GERD and constipation treatments to ensure
that both conditions are adequately treated. A recent study reported
that 38.3% of patients with GERD and 21.3% of patients without
GERD were prescribed laxatives in a university hospital outpatient
setting.22 Interestingly, despite not stipulating current clinic attendance, the present study data were similar, indicating a rate of constipation medication prescribing of 32.9% in GERD groups and
24.4% in non-GERD groups (Supplementary Table 7).
Limitations of the REACTION-J2 study include the survey
format and the reliance on self-reported information without confirmation from medical records. Additionally, participants required
internet access to participate in the study. As such, Japanese patients
older than 70 years of age may not be appropriately represented
in the study population. Finally, our survey was conducted in a
Japanese population, and further validation of the results in nonJapanese individuals is warranted.
In conclusion, we confirmed the prevalence of constipation
and GERD in Japan. In participants with both disorders, QOL
was worsened compared with participants who only had GERD or
constipation. Participants with both disorders appear to be receiving
insufficient treatment. Prompt prescription of medical treatment is
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useful to improve symptoms in patients who have either GERD,
constipation, or both. Finally, we have shown the relevance of
conducting a detailed evaluation of overlapping constipation and
GERD in Japan.

Supplementary Materials
Note: To access the supplementary method and tables mentioned in this article, visit the online version of Journal of Neurogastroenterology and Motility at http://www.jnmjournal.org/, and at
https://doi.org/10.5056/jnm21065.
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Three-dimensional High-resolution Anorectal
Manometry in Children With Non-retentive Fecal
Incontinence
Marcin Banasiuk,* Marcin Dziekiewicz, Magdalena Dobrowolska, Barbara Skowrońska, Łukasz Dembiński,
and Aleksandra Banaszkiewicz
Department of Pediatric Gastroenterology and Nutrition, Medical University of Warsaw, Poland

Background/Aims
Three-dimensional high-resolution anorectal manometry (3D-HRAM) is a precise tool to assess the function of the anorectum. Our aim
is to evaluate children diagnosed with non-retentive fecal incontinence (NRFI) using 3D-HRAM.
Methods
In all children diagnosed with NRFI, manometric parameters and 3-dimensional reconstructions of the anal canal subdivided into
8 segments were recorded. All data were compared to raw data that were obtained from asymptomatic children, collected in our
laboratory and published previously (C group).
Results
Forty children (31 male; median age, 8 years; range, 5-17) were prospectively included in the study. Comparison of the NRFI group
and C group revealed lower values of mean resting pressure (74.4 mmHg vs 89.2 mmHg, P < 0.001) and maximum squeeze pressure
(182 mmHg vs 208.5 mmHg, P = 0.018) in the NRFI group. In the NRFI group, the thresholds of sensation, urge and discomfort (40
cm3, 70 cm3, and 140 cm3, respectively) were significantly higher than those in the C group (20 cm3, 30 cm3, and 85 cm3, respectively;
P < 0.001). In the NRFI group, 62.5% presented a mean resting pressure above the fifth percentile, and 82.5% of patients presented
a maximum squeeze pressure above the fifth percentile. The comparisons between segments obtained from these patients and those
obtained from the C group revealed several segments with significantly decreased pressure values in the NRFI group.
Conclusions
Our study demonstrated lower pressure parameters in children with NRFI. In patients with normal resting pressures, 3D-HRAM may
reveal segments with decreased pressures, which may play a potential role in the pathomechanism of incontinence.
(J Neurogastroenterol Motil 2022;28:303-311)
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Introduction
Fecal incontinence (FI) is one of the most distressing conditions
in children. It is defined as the involuntary loss of feces through the
anus in places inappropriate to the social context in children above
the age of 4 years.1 It may significantly decrease quality of life and
lead to abnormal social functioning.2,3 The vast majority of patients
with FI suffer from constipation, and the symptoms are due to an
overflow mechanism.4,5 Patients with no signs of fecal retention are
classified as non-retentive fecal incontinence (NRFI). Except for
functional etiology, FI may be of organic origin. Among them, the
most common are congenital or acquired abnormalities such as
anorectal malformations, anorectal trauma or disturbances in the
nervous system.6
To some extent, the actual mechanism of NRFI may not be
recognized due to the lack of proper diagnostic methods. Threedimensional high-resolution anorectal manometry (3D-HRAM)
is a new modality for the diagnosis of anorectal function. It can be
used for more scrutinous investigation of the anorectum as a result
of greater resolution of the probe and its potential ability to record
the pressure contribution of the different components of the anal canal.7,8 Moreover, it may play a role in detecting pressure defects,9,10
which may have an impact on continence function in patients with
FI and normal mean pressure of the anal canal.
To date, only studies with conventional manometry in children
with NRFI have been performed.11 No studies using 3D-HRAM
have been carried out, and the aim of our study is to verify whether
this new manometric technique would allow for identification of
mechanisms responsible for incontinence in these children that were
not found in conventional manometry.

Materials and Methods
Study Subjects
Children diagnosed with NRFI (NRFI group) based on
the Rome III criteria1 were prospectively enrolled and underwent
manometric evaluation. All patients underwent a thorough clinical
evaluation, including physical and radiological testing, to exclude
fecal retention.
The exclusion criteria were as follows: presence of rectal retention, history of surgery on the lower gastrointestinal tract prior to
the study, functional constipation, and anorectal trauma.
All data were compared to raw manometric data that were
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obtained from the lower gastrointestinal tract of children without
symptoms and collected in our laboratory and published previously
(control, C group).12
The study was approved by the Ethics Committee, Poland
(KB7/2013). The procedures used in this study adhere to the tenets
of the Declaration of Helsinki. All persons (or legal representative
of children) gave their informed consent prior to their inclusion in
the study.

Equipment
Manometry was performed by using 3D-HRAM (ManoScan
360/3D; Medtronic, Dublin, Ireland). The equipment consists of
a probe connected to an amplifier and recorder system, which is
further connected to a computer, and all recorded data are displayed
on a computer monitor. The probe is a solid-state, rigid catheter
64 mm in length and 10.75 mm in diameter. On the surface, 256
microtransducers are arranged in 16 rows along the catheter, each
consisting of 16 sensors. In this way, the 16 × 16 grid of sensors is
displayed on the monitor, allowing evaluation of the anal pressure
as a spatiotemporal plot. Each sensor is 4 mm long and 2 mm wide,
and the software interpolates the pressure between them with 1 mm
intervals. The frequency of the scan is 10 Hz, and the output resolution is 0.1 mmHg.
Inside the probe, there is a lumen that connects a balloon at one
end of the probe with a 60-mL syringe attached by an elastic tube at
the other. This allows for air administration decimal and measurement of the thresholds of sensation and recto-anal inhibitory reflex
(RAIR). The balloon is 3.3 cm long and is composed of a non-latex
thermoplastic elastomer.
The topography of the anal canal pressure is displayed on the
computer using specialized software (ManoScan AR version 2.1,
Covidien/Medtronic) in live mode, allowing proper positioning of
the probe throughout the procedure.
There is a need for calibration before each procedure in the
calibration chamber. In vivo calibration in water once a week was
performed to cover the pressure deviations in reaction to body temperature.

Procedure
Before the procedure the doctor and nurse met the patients and
parents outside the motility lab and explained the whole test. The
tests were not arranged at fixed time-slot allowing for additional
support if necessary. No routine bowel preparation was used unless
the presence of stool in the rectum during digital rectal investigation
was found. If this was the case, a 100-mL saline enema was ad-
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ministered. Patients were investigated in a supine position allowing
visual contact and better interaction. Before each examination, the
probe was calibrated over a range of 0-300 mmHg, lubricated with
Vaseline and inserted into the rectum. The probe was held by the
investigator throughout the procedure so that the proximal and distal margins of the anal canal were maintained in the proper position.
After the accommodation period of at least 2 minutes, conventional
manometric parameters were recorded. These parameters were recorded with a 20-second pause between each, preferably following a
routine order: resting pressure, squeeze pressure (performed twice),
presence of an RAIR, and thresholds of sensation. The RAIR was
evaluated by rapid inflation and deflation of the balloon with incremental volumes ranging from 10-60 mL. A RAIR was defined by
a 25% decrease in the mean resting pressure. Thresholds of sensation were obtained by continuous administration of air into the balloon (performed twice).

Data Analysis
All recorded data were evaluated with dedicated software
(ManoView AR version 2.1; Covidien/Medtronic) after each
Table 1. Clinical Characteristics of the Subjects

Variable
Age (mo)
Weight (kg)
Height (cm)
Sex (male)

Group
NRFI (n = 40)

Control (n = 61)

102.5 (86.5-145.5) 112.0 (73.0-155.0)
29.5 (22.9-50.0)
30.6 (22.0-47.2)
134.0 (124.3-157.5) 134.5 (120.0-159.0)
31 (77.5)
34 (55.7)

P -value
0.893
0.706
0.926
0.026

NRFI, non-retentive fecal incontinence.
Data are presented as median (interquartile range) or n (%).

procedure. The software allows for the analysis of conventional
manometric parameters. Data from 256 sensors were used to analyze spatiotemporal plots of the anal canal. The proximal and distal
margins of the high-pressure zone (HPZ) were identified using an
algorithm implemented in the original software. This establishment
was performed separately for resting and squeeze states. After that,
the HPZ was divided into proximal and distal parts and then into
anterior, posterior, and left and right segments, as described previously.12 This allowed for comparisons between patients of different
ages and with respect to anal canal length.

Statistical Methods
The distribution of quantitative variables was tested by the
Shapiro-Wilk test of normality. Based on the results of the latter test,
Mann-Whitney U statistics were used to test differences between 2
groups. The χ² test was used to compare proportions. Statistical significance was defined as a P -value of < 0.05. Statistica 13 (Statsoft,
Oklahoma, USA) was used for all analyses.

Results
Forty children (31 male; median age, 8 years; range, 5-17) were
included in the study. The clinical characteristics of the subjects are
summarized in Table 1.
The analysis of conventional manometric parameters revealed
that children suffering from NRFI presented lower values of mean
resting pressure and maximum squeeze pressure than children
from the control (C) group. There were no differences between
the NRFI group and the C group with regard to anal canal length,
duration of sustained squeeze, minimal rectal compliance, and

Table 2. Conventional Manometric Parameters

Group

Parameter
Mean resting pressure (mmHg)
Maximum squeeze pressure (mmHg)
Duration of sustained squeeze (sec)
Anal canal length (cm)
Minimal rectal compliance (cm3/mmHg)
Maximal rectal compliance (cm3/mmHg)
RAIR threshold (cm3)
First sensation (cm3)
Urge (cm3)
Discomfort (cm3)

NRFI

Control

74.4 (56.5-90.7)
182 (145.3-218.3)
11.5 (6.6-19.9)
2.8 (2.4-3.2)
0.2 (0.1-0.2)
0.8 (0.5-1.1)
10 (10-20)
40 (20-120)
70 (40-130)
140 (110-170)

89.2 (81.1-103.7)
208.5 (169.4-249.8)
15.4 (15.4-9-20.0)
2.6 (2.1-3.1)
0.2 (0.1-0.2)
0.6 (0.5-0.9)
10 (10-15)
20 (10-20)
30 (20-55)
85 (45-130)

P -value
< 0.001
0.018
0.189
0.451
0.559
0.362
0.733
< 0.001
< 0.001
< 0.001

NRFI, non-retentive fecal incontinence; RAIR, recto-anal inhibitory reflex.
Data are presented as median (interquartile range).
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40
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C
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Anterior

0
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P = 0.026

P = 0.043
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0
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P < 0.001
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P < 0.001
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P = 0.006

60
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160
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P < 0.001

P < 0.001

Squeeze pressure (mmHg)

80

P < 0.001

Right

B

90

Right

Resting pressure (mmHg)

A

and 33 out of 38 (82.5%) patients presented maximum squeeze
pressures within the normal range. The comparisons of the segmental pressures of these patients with those of the C group revealed
several segments with significantly decreased values (Fig. 2).
All patients with normal mean resting pressure presented
decreased pressures of at least 1 segment (below the fifth percentile). Majority of patients with normal maximum squeeze pressure
presented normal values for segmental pressures. Only 27.2% of
patients presented decreased value for at least 1 segment. All results
are summarized in Table 3.
Twenty percent of patients with normal mean resting pressure

Left

maximum rectal compliance. In both groups, the threshold of the
RAIR was equal. In the NRFI group, the thresholds of first sensation, urge and discomfort were significantly higher than those in the
C group. All results are summarized in Table 2.
Comparison of segmental pressures between the groups revealed significant differences. In the NRFI group, the resting pressures of all segments were significantly decreased. Lower values of
maximum pressures for all segments were observed except for the
proximal right, distal right and distal posterior segments (Fig. 1).
Twenty-five out of 40 (62.5%) incontinent patients presented
normal mean resting pressure values (above the fifth percentile),

Distal

Figure 1. Comparison of segmental pressures between the non-retentive fecal incontinence (NRFI) and control (C) groups.
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Figure 2. Comparisons of the segmental pressures of patients with resting pressures above the fifth percentile (non-retentive fecal incontinence

[NRFI]) and those of the control (C) group.
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Table 3. Number of Segments With Pressures Below Fifth Percentile
in Patients With Normal Resting Pressure or Normal Maximum
Squeeze Pressure

Number of
segments with
decreased pressure

Patients with pressure value within
the normal range
Mean
resting pressure

Maximum
squeeze pressure

0 (0.0)
15 (60.0)
6 (24.0)
2 (8.0)
1 (4.0)
0 (0.0)
1 (4.0)

24 (72.7)
7 (21.2)
1 (3.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (3.0)

0
1
2
3
4
5
6
Data are presented as n (%).

presented decreased pressures of proximal posterior or distal anterior segments. Patients with normal maximum squeeze pressure
also presented decreased squeeze pressures of these segments (Table
4).

Discussion
In summary, we found that in patients with NRFI, the mean
resting and maximum squeeze pressures of the anal canal were
significantly decreased. Moreover, all thresholds of sensation (first,
urge, and discomfort) were elevated. We found that in incontinent
patients presenting with a mean resting pressure within the normal
range, several segments of the anal canal generated lower values of
pressure. This may serve as a potential mechanism of incontinence
not revealed by conventional manometry.
In the literature, no studies have utilized 3D-HRAM. Using
conventional manometry, a few studies evaluated children with FI.
Most of them investigated patients who suffered from overflow (retentive) incontinence, as it reflects the most frequent etiology of this
disorder, making direct comparisons with our results very difficult.
In most studies in children with incontinence, the mean resting pressures of the anal canal were comparable to those obtained
from healthy controls. In the largest series, 210 by Benninga,5 the
maximum anal resting tone was found to be significantly higher in
the incontinent group than in the controls and constipated children,
which is a rather unexpected finding, as loss of feces should be more
likely to be observed when decreased pressure of the anal canal is
present.5 These observations were confirmed by several smaller
studies.11 This phenomenon may be partly explained by anxiety regarding the potential loss of feces and may lead to outlet obstruction

Table 4. Number of Patients With Mean Resting or Maximum

Squeeze Pressures Within the Normal Range and Decreased Pressure
of Segment of the Anal Canal
Segment with decreased pressure
Resting
Proximal half of the anal canal
Anterior
Left
Posterior
Right
Distal half of the anal canal
Anterior
Left
Posterior
Right
Squeeze
Proximal half of the anal canal
Anterior
Left
Posterior
Right
Distal half of the anal canal
Anterior
Left
Posterior
Right

Number of patients (%)

0 (0.0)
2 (8.0)
5 (20.0)
3 (12.0)
5 (20.0)
2 (8.0)
0 (0.0)
1 (4.0)

1 (3.0)
1 (3.0)
4 (12.1)
0 (0.0)
5 (15.2)
1 (3.0)
2 (6.1)
1 (3.0)

and overflow soiling, as this mechanism was suggested by Arhan
et al.13 In one small study, a subgroup of non-retentive incontinent
children presented decreased resting and squeeze pressures, but the
differences did not reach statistical significance.14
In our group, we found resting pressures to be decreased,
which is in contrast to most of the pediatric series mentioned above
but in line with adult studies. In most of them, decreased pressure
parameters were found,15-43 irrespective of the etiology of symptoms.
We found higher thresholds of sensation in our sample than
other studies. In the literature, the results from sensory tests are
inconsistent. Some authors reported higher (decreased sensitivity)11
while others reported lower (increased sensitivity)5,44 thresholds
of sensation. This discrepancy may be the result of different subtypes of incontinence. A proportion of patients suffer from urge
incontinence as a result of increased sensitivity of the anorectum.45
Others may present symptoms due to passive leakage of feces and
higher thresholds of sensation observed during tests of sensitivity.46
Another possible cause of this discrepancy in the literature may also
be the result of differences in the physical properties of manometric
balloons. The materials of most of them are compliant with the environment, and thus, the results may not be reliable.47
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In our sample, we found lower resting pressures and higher
thresholds of sensation, which supports the hypothesis of interaction between these 2 variables. It was suggested that in patients with
lower resting pressures, increased sensitivity may be the natural
adaptive mechanism preventing fecal leakage and improving symptoms. This may explain the lower thresholds of sensation in some
patients. In other patients, this mechanism may be damaged, and
higher thresholds may coexist with low anal pressure, aggravating
symptoms, as found in our sample.48
The phenomenon described above may serve as another explanation of the decreased mean pressures found in our sample. Our
group of patients was evaluated by a tertiary referral center after
not responding to standard first-line therapy, which may reflect
more severe cases of incontinence with potentially broken adaptive
mechanisms.
A possible mechanism of incontinence without retention is that
the higher threshold of sensation may exceed the threshold of the
RAIR. Consequently, involuntary loss of feces may occur.49,50 In our
NRFI group, the threshold of first sensation was 4-fold higher than
the RAIR threshold.
The length of the anal canal is suggested to be one of the possible co-factors determining continence. We found no difference
in the length of the HPZ of patients and asymptomatic children,
in contrast to some authors who suggested that a longer anal canal
may increase mechanical resistance to feces, resulting in good continence.51 In contrast, others hypothesized that a long HPZ may lead
to the entrapment of a small amount of feces, resulting in involuntary soiling.31
It has been suggested that disruption of the sphincters or
disturbed pressure distribution in the anal canal may compromise
continence. This may be observed more often after surgery for
anorectal disorders than under other circumstances.52-58 Threedimensional HRAM is expected to have the ability to detect pressure defects of the anal canal pressure profile in a more detailed
manner than conventional manometry.59 It may have a potential
role in detecting small but symptomatic sphincter defects that do
not influence the pressure of the whole anal canal. Studies in adults
comparing this technique to endoultrasonography, which is believed
to be the gold standard in this field, revealed only moderate concordance.9,60,61 Notably, these results may be due to an unvalidated
definition of the pressure defects obtained by manometry. On the
other hand, not all scars observed in endoultrasonography may contribute to producing symptoms, reflecting only anatomical but not
functional defects of the anal canal.
There is no consensus on how to describe the three-dimensional
308

(3D) spatiotemporal plot of the anal canal. The simple visual analysis proposed by Xu et al62 may reveal possible disturbances in pressure distribution and confirm the diagnosis of sphincteric defects,
but this may be biased by subjective analysis and technical errors
(eg, pressure drift of sensors according to temperature, duration of
the study, and proper holding of the catheter throughout the whole
study). In contrast, Zifan et al63 proposed a rather complicated
predictive model for evaluating 3D data obtained from incontinent
patients, but the complexity limits its usefulness in routine clinical
practice. To simplify the analysis of anal canal pressures, we utilized
the protocol previously described.12 We aggregate the pressures
from sensors covering the HPZ and possible localization of particular muscles.
We found that in incontinent patients, all segments in the resting state and almost all segments during the squeeze maneuver
were significantly decreased. This reflects the lower mean resting
and maximum squeeze pressures of the anal canal in the whole
incontinent group. Interestingly, in the proportion of patients with
resting pressures within the normal range, several segments were
still significantly decreased. Two of these segments (the proximal
left and proximal posterior) reflect the part of the anal canal where
the puborectal muscle operates, suggesting its role in continence
mechanisms. The same observations were found in patients with
normal squeeze pressures. All these findings may suggest a possible
mechanism of incontinence not revealed by standard manometric
variables and identify patients in whom tests of anal structure are
indicated (ultrasonography) or who may potentially benefit from
biofeedback therapy despite normal results from conventional manometry.
The major advantage of our study is that we investigated children with NRFI using precise technology that revealed pressure
defects in the anal canal that were not observed using standard
high-resolution manometry. This has the potential role of facilitating adequate individualized diagnosis (tests of anal structure) and
treatment.
Our study has several limitations. The study sample was
relatively small, which may bias some of the manometric parameter results. Despite this, we were able to find differences in both
conventional and 3D (segmental) parameters, suggesting possible
functional disturbances in anal canal architecture, and evolving
symptoms. Another limitation is that we did not perform other diagnostic modalities, such as colonic manometry, that at least in part
may have explained other possible mechanisms of FI. The thresholds of sensation established with manometric balloons should be
validated with a barostat, which is believed to be the gold standard.
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The last limitation is the size and properties of the probe. A greater
diameter catheter in relation to a smaller size anal canal may produce false positive pressure readings in younger patients (obscuring
some smaller pressure defects).
In conclusion, our study demonstrated lower pressure parameters and higher thresholds of sensation in children suffering from
NRFI. We proved that 3D-HRAM may be a useful tool for assessing the function of the anorectum in these children, revealing
more discrete mechanisms compromising the anal canal.
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Hypnosis to Reduce Distress in Children Undergoing
Anorectal Manometry: A Randomized Controlled
Pilot Trial
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Background/Aims
To assess the effectiveness and feasibility of a brief session of hypnosis to reduce distress in children with functional constipation
undergoing anorectal manometry (ARM).
Methods
A partially-blinded randomized controlled pilot trial was conducted in children 4-18 years old scheduled for ARM. Children were
randomized to receive a brief session of hypnosis prior to ARM or standard care. Non-blinded and blinded observers rated the child’s
level of distress using the Observation Scale of Behavioral Distress and a 4-point-Likert scale, respectively. Differences between groups
were analyzed using Fisher’s exact test or Mann-Whitney U test as appropriate.
Results
Data from 32 children (15 hypnosis and 17 standard care) were analyzed. Prior to insertion of the catheter, the observed mean levels
of distress were lower in the hypnosis group according to both the non-blinded observer (median 0.0 [interquartile range {IQR} 0.00.3] vs 1.4 [IQR 0.3-2.4]; P = 0.009) and the blinded observer (median 0.0 [IQR 0.0-0.0] vs 0.5 [IQR 0.0-1.0]; P = 0.044). During
ARM, observed and reported levels of distress did not differ significantly. In the hypnosis group, 92.9% of parents and children
reported that hypnosis helped the child to relax. There were no significant differences in resting pressure, squeeze pressure, or
duration of the procedure between both groups.
Conclusion
A brief session of hypnosis for children before ARM is an easily incorporable intervention that lowers distress levels prior to the
procedure and is positively perceived by children and parents.
(J Neurogastroenterol Motil 2022;28:312-319)
Key Words
Anxiety; Child; Constipation; Hypnosis; Manometry

Received: December 12, 2020 Revised: June 10, 2021 Accepted: July 2, 2021
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work
is properly cited.
*Correspondence: Desiree F Baaleman, MD
Department of Pediatric Gastroenterology, Emma Children’s Hospital, Amsterdam UMC, Meibergdreef 9, 1105 AZ Amsterdam, the
Netherlands
Tel: +31-205662906, Fax: +31-205669181, E-mail: d.f.baaleman@amsterdamumc.nl
ⓒ 2022 The Korean Society of Neurogastroenterology and Motility

312

J Neurogastroenterol Motil, Vol. 28 No. 2 April, 2022
www.jnmjournal.org

Hypnosis for Anorectal Manometry

Introduction
Anorectal manometry (ARM) is a test used in the diagnostic
work-up of children with severe constipation to identify patients
with Hirschsprung disease, internal anal sphincter achalasia, anal
sphincter hypertonia and pelvic floor dyssynergia.1-3 During ARM,
neuromuscular function of the anorectum is assessed using a manometry catheter that is inserted in the rectum through the anus.
The procedure is considered safe and not painful. However, rectal
insertion of the manometry catheter can be frightening and high
levels of anxiety and distress have been described in both children
undergoing ARM and their parents.4 Distress and anxiety at the
time of the procedure can generate negative memories, which can
lead to recurring distress at subsequent medical procedures.5-7 Additionally, fear and lack of cooperation during the test may prevent
completion of the procedure and may require repeating the test
with sedation. ARM is preferably performed awake to allow for assessment of rectal sensation and defecation dynamics.2 Anesthetic
agents can influence the anal sphincter resting pressure and performing the study under anesthesia involves additional risks and
costs.8,9
A growing body of evidence indicates hypnosis may be effective to reduce distress, anxiety, and pain in children during hospital
procedures.10-13 Hypnosis is defined by the American Psychological
Association as “a state of consciousness involving focused attention
and reduced peripheral awareness characterized by an enhanced
capacity for response to suggestion.”14
The aim of this randomized controlled pilot study is to examine the feasibility and effectiveness of a brief session of hypnosis on
reducing the level of distress in children undergoing ARM. We
hypothesized that hypnosis would be an easily incorporable intervention which may lower distress levels in children during ARM.

undergo awake ARM. Exclusion criteria were a lack of proficiency
in the English language, known organic cause of constipation, and
conditions that could potentially compromise administration of
hypnosis. The latter included, diagnoses of a psychiatric or behavioral disorder, developmental delay, or severe physical illness defined
according to the American Society for Anesthesiologists (ASA)
classification as an ASA score ≥ 3.15 We excluded children with behavioral disorders based on the hypothesis that these children would
be more likely to be uncooperative with the hypnosis intervention
and that maladaptive behavior could influence other outcomes in
this study. In order to identify children with undiagnosed behavioral
disorders, all parents completed the Behavior Assessment System
for Children, Third Edition, Parent Rating Scale (BASC-3).16
Following completion of the study protocol, we evaluated BASC-3
scores. Children with evidence of high levels of maladaptive behavior or emotional and behavioral disturbances as determined by
the BASC-3 web-based scoring, were excluded from the statistical
analysis.
On the day of the ARM procedure, after obtaining consent and
assent, one of the parents of the child completed a form with questions about the child’s medical history, prior experience with ARM,
and current symptoms and treatment. After baseline data collection, children were allocated to the hypnosis group or standard care
group using a computer-generated randomization sequence (SAS
for Windows, version 8.2; SAS Institute Inc., Cary, NC, USA).
ARM was performed with a high-resolution solid-state catheter
(UniTip High Resolution Catheter, model number K12959-L51038-D from Unisensor AG; Attikon, Zürich, Switzerland) and
executed according to the protocol of the department. Every ARM
was performed by the same motility nurse, who has extensive experience performing motility procedures, and the same hypnotherapist,
an advanced nurse practitioner with training in clinical hypnosis.
Parents were allowed to be present during the procedure.

Hypnosis Intervention

Materials and Methods
A partially-blinded randomized controlled pilot study was
conducted at a tertiary children’s hospital. The local Institutional
Review Board approved the study protocol (IRB15-00864). The
trial was registered at clinicaltrials.gov with identification number
NCT04471857. All parents gave written consent and all children
older than 9 years of age provided assent.

Participants
We included children 4-18 years of age who were scheduled to

Prior to ARM, when lying on the procedure bed in the intervention room, children in the hypnosis group received a brief hypnosis session from a certified hypnotherapist. The hypnotherapist
was an advanced nurse practitioner trained in clinical hypnosis during a 3-day pediatric clinical hypnosis course held by the National
Pediatric Hypnosis Training Institute. The hypnosis session lasted
from 1 to 3 minutes and included an induction phase, which was
adapted according to the child’s age, interests, and cognitive and
social development. References to child’s well-being and comfort
were included in the induction. The induction involved progressive
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relaxation and further focusing or deepening of the hypnotic state
by the conventional means, such as mentally going to a special place.
The session ended with a post-hypnotic suggestion stimulating the
child to think of their special place during the ARM, which would
provide comfort during the procedure. The session was meant to
result in immediate relaxation and if the child seemed distressed
during the procedure the hypnotherapist would refer back to that
initial moment and stimulate the child to relax again.

Outcome Measures
Both a non-blinded and a blinded observer rated the child’s
distress during ARM. The non-blinded observer was present in
the procedure room. The blinded observer was positioned in a separate room and was able to observe the child during the procedure
through a one-way mirror. The hypnotherapist assisted during both
ARMs with and without hypnotherapy, and stood behind a curtain
so that the blinded observer could not see what the hypnotherapist
was doing and thus could not know to which group the children
were allocated. The room study set-up is shown in Figure 1.
Child distress was measured during 3 phases:
(1) Phase 1 (before ARM): The period that the child was on
the table until the introduction of the catheter
(2) Phase 2 (passive ARM): The period between introduction
of the catheter into the rectum until first active instruction
or question directed to the child (measuring the resting
pressure)
(3) Phase 3 (active ARM): The period during which the child
was asked questions and was instructed to cooperate and
actively follow instructions until the catheter was removed
(measuring sensitivity, the recto-anal inhibitory reflex,
squeeze pressure, and defecation dynamics)
The non-blinded observer used the Observation Scale of Behavioral Distress (OSBD) to assess the distress of the child during
the ARM (Supplementary Material 1).17 The OSBD is a validated
tool also used in other studies investigating the effect of hypnosis
on distress in children during medical procedures.18 It records the
presence or absence of 13 operationally-defined behaviors with
scores ranging from 1 to 4, which indicate discomfort at 15-second
intervals throughout the procedure. The total scores were summed
up for each phase and then divided by the number of 15-second
intervals in that phase to obtain a mean distress score.
The blinded observer rated the child’s distress on a 4-point
Likert scale ranging from 0 (not anxious at all) to 3 (extremely
anxious). Ratings were based on facial features, crying, and physical
movements (see Supplementary Material 2). During each phase
314

of the ARM procedure, the blinded observer reported the highest
(ie, peak), most common (ie, stress level during the majority of the
time), and the lowest level of distress. We compared the highest
and most common levels of distress between groups, as we believed
these levels of distress were most clinically relevant.
After the ARM, the parent and child were separately asked to
rate the amount of distress of the child (unpleasantness, nervousness, and anxiety) during the ARM on a 5-point Likert scale
ranging from 0 (not at all) to 4 (very much). They also rated painfulness of the procedure on an analogous scale of 0 (no pain) to 10
(extremely painful). Children and parents of children who received
hypnosis were asked if they believed that it helped the child to relax on a 5-point Likert scale ranging from 0 (not at all) to 4 (very
much).
After the procedure, the motility nurse reported if all parts of
the procedure could be performed properly and rated the degree of
difficulty of the procedure on a 5-point Likert scale ranging from 0
(not at all) to 4 (very much). In addition, the hypnotherapist rated
the degree of difficulty of the hypnosis on a similar 5-point Likert
scale ranging from 0 (not at all) to 4 (very much). We also reviewed
manometric data of all ARM studies.

Statistical Methods
Statistical analyses were conducted with SPSS for Windows,
version 24 (IBM Corp, Armonk, NY, USA). As there were no

Figure 1. Room setup: view from position of non-blinded observer.

The patient would be on the bed facing the mirror, the hypnotherapist
would sit on the chair on the right side of the bed, the motility nurse
would stand behind computer on the same side. The parent would sit
on a chair on the left side of the bed. The blinded observer would be
behind one-way mirror on the left.
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Assessed for eligibility (N = 46)
Excluded (n = 12)
- Did not meet inclusion criteria (n = 9)
- Declined (n = 3)
Randomized (n = 34)

Allocated to hypnosis group
(n = 16)

Allocated to standard
care group (n = 18)
Excluded from analysis based
on BASC-3 result (n = 1)

Excluded from analysis based
on BASC-3 result (n = 1)
Analyzed (n = 15)

3, Behavior Assessment System for
Children, Third Edition.

Analyzed (n = 17)

preliminary data available, we were not able to perform a sample
size calculation. We estimated that a sample size of 40 patients
would allow us to compare data between groups and provide sufficient information to determine the feasibility of this intervention.
However, as our goal sample size was not based on preliminary
data, we terminated enrollment early during the Coronavirus disease 19 (COVID-19) pandemic. Data are presented using medians
and interquartile ranges. Differences between groups were analyzed
using Fisher’s exact test or Mann-Whitney U test as appropriate. A
P -value of < 0.05 was considered statistically significant.

Results
Forty-six patients were screened for eligibility (Fig. 2). Twelve
were excluded from participation, of whom 9 did not meet inclusion criteria (5 behavioral disorder, 3 developmental delay, 1 organic
cause of constipation) and 3 declined participation. Thirty-four
patients were enrolled and randomized: 16 underwent hypnosis and
18 were allocated to the standard care group. Two subjects (Hypnosis [n = 1]; Standard care [n = 1]) were excluded from analysis
due to high levels of maladaptive behavior and emotional and behavioral disturbances on the BASC-3 scale. Table 1 shows baseline
characteristics of the participants. The median age of included
subjects was 8.2 years (interquartile range [IQR] 6.1-10.2; range
4-14 years) and the majority (59.4%) were female. More children
in the hypnosis group had a history of frequent enema usage (46.7%
vs 5.9%, P = 0.013). However, at time of the ARM there were no
differences in the use of oral or rectal laxatives.

Figure 2. Patient flow diagram. BASC-

Table 1. Baseline Characteristics

Baseline characteristics
Age (yr)
Sex (female)
Previous anorectal
manometry
History of frequent
enema usage
Duration of symptoms (mo)
Current symptoms
Bowel movements per week
Fecal incontinence
Large stools
Painful stools
Hard stools
Withholding behavior
Abdominal pain
Current treatment
Oral laxatives
Rectal laxatives

Hypnosis
group
(n = 15)

Standard care
group
P -value
(n = 17)

8.5 (6.5-10.1) 8.2 (6.1-9.7)
8 (53.3)
11 (64.7)
1 (6.6)
0 (0.0)

0.911
0.720
0.469

7 (46.7)

1 (5.9)

0.013

60 (33-78)

60 (48-72)

0.710

4.3 (1.0-7.0)
7 (46.7)
10 (66.7)
11 (73.3)
8 (53.3)
5 (33.3)
11 (73.3)

6.5 (1.5-7.0)
0.667
13 (76.5)
0.144
9 (52.9)
0.716
6 (35.3)
0.073
9 (52.9)
> 0.999
11 (64.7)
0.141
8 (47.1)
0.273

14 (93.3)
5 (33.3)

16 (94.1)
4 (23.5)

> 0.999
0.699

P -value < 0.05 was considered statistically significant.
Data are presented as median (interquartile range) or n (%).

Observational Ratings of Distress
The non-blinded observer ratings generated a mean distress
score during each phase. In 6 participants (hypnosis [n = 3]; standard care [n = 3]) the study protocol was unintentionally violated
by the non-blinded observer; the non-blinded observer had started
recording distress levels only after insertion of the manometry catheter. This resulted in missing data for phase 1 in these participants.
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Table 2. Observed Levels of Distress

Outcomes by
study phase

Hypnosis
(n = 15)

Table 3. Outcomes by Study Condition

Standard care
(n = 17)

Blinded observera (peak level of distress)
Phase 1
1 (0-2)
1 (0-2)
Phase 2
0 (0-1)
1 (0-1)
Phase 3
1 (1-2)
1 (1-1)
Blinded observera (common level of distress)
Phase 1
0 (0-0)
0.5 (0-1)
Phase 2
0 (0-0)
0 (0-1)
Phase 3
0 (0-0)
0 (0-1)
Non-blinded observerb (mean level of distress)
Phase 1c
0.0 (0.0-0.3)
1.4 (0.3-2.4)
Phase 2d
0.3 (0.0-1.5)
1.6 (0.0-2.4)
Phase 3d
0.2 (0.0-0.7)
0.4 (0.2-2.0)

P -value

0.502
0.370
> 0.999
0.044
0.455
0.478
0.009
0.309
0.423

a

Blinded observer used a 4-point Likert scale from 0 (no distress) to 3 (extreme
distress).
b
Non-blinded observer used the Observation Scale of Behavioral Distress
(higher values correspond to higher levers of distress).
c
Six missing (hypnosis [n = 3]; standard care [n = 3]).
d
One missing (standard care).
P -value < 0.05 was considered statistically significant.
Data are presented as median (interquartile range).

The hypnosis group had a lower mean distress score during phase 1
(median 0.0 [IQR 0.0-0.3] vs 1.4 [IQR 0.3-2.4]; P = 0.009). No
differences were found between groups during the other phases.
The blinded observer reported lower levels of distress during
phase 1 in the hypnosis group compared to the standard care group
(median 0.0 [IQR 0.0-0.0] vs 0.5 [IQR 0.0-1.0], P = 0.044). No
differences were found between groups for common levels of distress during the other phases, nor for peak levels of distress during
any of the phases.

Outcomes
Child reporta
Pain during procedureb
Afraid during procedurec
Nervous during procedurec
Hypnosis helped relax
Parent reportd
Pain during procedureb
Unpleasant procedurec
Anxious during procedurec
Nervous during procedurec
Hypnosis helped relax
Procedural outcomes
Difficulty procedurec
Duration (min)
Resting pressure (mmHg)
Squeeze pressure (mmHg)
First sensation
(balloon volume [mL])e
Urge sensation
(balloon volume [mL])e
Discomfort sensation
(balloon volume [mL])e

Hypnosis
(n =15)

Standard care
P -value
(n = 17)

2 (0.0-6.5)
3 (1.0-3.5)
1 (0.0-3.0)
13 (92.9)

3 (1.0-5.5)
3 (1.5-3.5)
3 (2.0-3.5)
N/A

0.637
0.892
0.093

2 (1.0-3.0)
2 (0.0-2.5)
2 (1.0-3.0)
3 (1.0-3.0)
13 (92.9)

2 (0.0-2.5)
3 (1.5-3.0)
3 (3.0-4.0)
3 (3.0-4.0)
N/A

0.496
0.325
0.056
0.116

0 (0-1)
14 (12-21)
73 (68-87)
231 (140-231)
20 (10-50)

1 (0-2)
17 (14-19)
78 (67-84)
200 (173-282)
30 (20-45)

0.382
0.597
0.941
0.455
0.525

50 (30-60)

50 (25-105)

0.914

80 (60-90)

90 (85-150)

0.142

a

One missing (standard care), one child (hypnosis) did not answer if hypnosis
helped.
b
Pain scores ranged from 0 (no pain at all) to 10 (extreme pain).
c
Scores ranged from 0 (not at all) to 4 (very much).
d
Two missing (Standard care), 1 parent (hypnosis) did not answer if hypnosis
helped.
e
Not reported: first sensation (hypnosis [n = 1]), (standard care [n = 1]);
urge (hypnosis [n = 2]), (standard care [n = 1]); discomfort (hypnosis [n =
2]), and (standard care [n = 2]).
N/A, not applicable.
Data are presented as median (interquartile range) or n (%).

Parent and Child Reported Levels of Distress
Child and parent reported levels of distress and medical staff
ratings of procedure difficulty are shown in Table 2. We found no
differences in reported outcome measures between the hypnosis and
standard care group. Most children (92.9%) and parents (92.9%)
in the hypnosis group reported that the hypnosis had a relaxing effect.

“difficult” in 4 patients (23.5%) in the standard care group compared to 1 patient (6.7%) in the hypnosis group. The hypnosis was
rated “somewhat difficult” to “difficult” in 5 patients (33.3%) in the
hypnosis group. There were no statistically significant differences in
procedural outcomes between groups (Table 3).

Procedural Outcomes

Discussion

Two patients were not able to fully complete the ARM procedure, 1 in the hypnosis group and 1 in the standard care group.
One child refused to squeeze or push or answer questions about
rectal sensation, the other child did not answer questions about
rectal sensation. The procedure was rated “somewhat difficult” to

To the best of our knowledge, this is the first study to evaluate
the effect of hypnosis during ARM. The results of this study show
that a brief session of hypnosis can reduce distress prior to the start
of ARM but does not seem to affect the overall distress during the
procedure. Both measures of distress reported by the non-blinded
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and blinded observer showed lower distress scores in the hypnosis
group prior to insertion of the ARM catheter.
Additionally, 92.9% of parents and children in the hypnosis
group believed that the hypnosis had helped the child to relax. Even
though there was an extra intervention in the hypnosis group, the
ARM procedure in this group was not prolonged.
Other studies evaluating the effect of hypnosis in children during uncomfortable medical procedures such as needle-related procedures and transesophageal echocardiography have reported lower
levels of distress during these procedures.10,12,13 There are several
possible explanations for why our findings differ from those studies.
One important difference is that during ARM, children are asked
to answer specific questions and actively follow instructions, such
as squeezing and pushing. This requires the child to be focused on
what is happening during the procedure, rather than being able to
be distracted from the environment and focused on his or her own
“safe place.” Thus, in our study phase 3 of the ARM may have
made the child less susceptible to hypnosis. Additionally, in our protocol, the hypnotherapist was sitting at the backside of the patient
and was assisting during the ARM by inserting and holding the
catheter. We chose this protocol to minimize the number of people
in the room, which could cause extra distress for the child, and
we wanted to design this study in a way feasible for daily practice.
However, the position and multitasking of the hypnotherapist may
have lessened the hypnotic effect during ARM.
Distress during ARM is a commonly encountered challenge in
daily practice for which no standard approach is available at the moment. Recently, the effect of a preparatory child-centric educational
video on child distress during ARM was assessed in a prospective
randomized controlled trial.19 This study showed that use of a psychoeducational video was effective in decreasing child and parental
reported anxiety and child’s heart rate and blood pressure prior to
the procedure, as well as reported levels of distress upon completion
of the procedure by a non-blinded observer. Although this study
used a combination of objective and validated tools (heart rate,
systolic blood pressure, and the Procedure Behavior Check List) to
assess distress before and after ARM, distress during the procedure
was not specifically measured. The combination of both an educational video and hypnosis may be valuable in reducing distress even
more, especially since we noticed that most children scored points
on the “information seeking” category of the OSBD, meaning
they were asking questions regarding the medical procedure such
as “what is going to happen next?”. If children are more prepared
for what will happen, they may feel safer and let themselves be distracted from the procedure more easily.

The effect of hypnosis has not yet been described during other
procedures in the field of pediatric gastroenterology. It has, however,
been described as an effective therapeutic intervention for children
with functional gastrointestinal disorders, especially for functional
abdominal pain.20,21 This indicates that hypnosis could be used for
a multitude of clinical applications in pediatric gastroenterology
practice. The use of hypnosis during ARM did not require extra
personnel and did not prolong the duration of the procedure, making it feasible to apply in daily practice. We believe the reason that
the hypnosis intervention did not prolong the procedure is because
the session was short, did not interfere with the ARM, and eased
the introduction of the catheter.
Although the intervention led to lower levels of distress prior
to ARM and is easily incorporable in daily practice, our study did
not show that it reduced distress during the ARM according to our
blinded and non-blinded observer. This may be secondary to our
overall observed low mean levels of distress. The blinded observer
used a tool that was not previously validated to evaluate distress because we did not find a validated child distress tool that did not require vocal input. Moreover, the tool only had a small range (4-point
Likert scale). On its own, this may have negatively influenced the
reliability of our distress measurements, but when combined with
the validated distress measurement of the non-blinded observer,
we believe this was a good combination to ensure reliability and decrease the possibility of bias in measuring distress.
Although both observers did not detect an effect of the hypnosis during the procedure, 93% of parents and children reported
that the hypnosis helped the child to relax. If the use of hypnosis is
safe, feasible, and is positively experienced by children and parents,
one could argue that it would do no harm to offer it to patients. In
our experience, the insertion of the manometry catheter is the most
stressful event during ARM and hypnosis may reduce distress during this specific component.
Strengths of this study include the randomization of subjects,
the presence of a control group, the use of a blinded observer, and
the use of validated tools when available. In addition, the team of
hypnotherapist and motility nurse was always the same to ensure
consistent intervention for each subject. However, several factors
can be identified as limitations to our study. First, since there were
no preliminary data available to estimate the effect of the intervention, we could not perform a reasonable power analysis. Therefore,
the study may have been underpowered and we may have not been
able to detect the full effect of the intervention. Second, to ensure
feasibility of the intervention we trained one of our own nurses to
perform the hypnosis intervention. However, the nurse was not a
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specialized experienced hypnotherapist which may have affected
our results. Third, in our study protocol, we allowed the parents to
be present in the procedure room. Parental behavior is known to be
an important factor on the level of distress and coping of the child
and has been shown to modulate a child’s distress levels.22,23 Parental behaviors may therefore have influenced our results. Moreover,
parents who agreed to participate in this study were not blinded to
the intervention and may have been “believers” in hypnosis. They
may have biased themselves and their child by knowing that there
was the possibility of an extra intervention to help the child relax.
In addition, more children in the hypnosis group had a history of
frequent enema usage. Although at the time of the ARM, rectal
medication usage did not differ between groups, a history of frequent enema usage could have influenced the anticipated fear of the
child. Depending on prior experiences, this could have increased or
decreased anticipated fear of the rectal catheter. Finally, this study
only enrolled children without psychiatric or behavioral disorders
and our results are therefore not generalizable to all children undergoing ARM. However, by excluding these patients we were able to
evaluate the effect of hypnosis in a homogenous population, in the
future it would be valuable to determine if the intervention would
be beneficial for children with behavioral disorders as well.
In conclusion, the results of this randomized controlled pilot
trial show that a brief session of hypnosis may lower distress levels
of children prior to, but not during ARM. According to most of
the children and parents of children in our study who received the
intervention, hypnosis helped the child to relax. Hypnosis during
ARM is a feasible intervention that can easily be implemented in
daily clinical practice without prolonging the procedure.
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Background/Aims
Sixty-eight percent of multiple sclerosis (MS) patients suffer from neurogenic bowel dysfunction (NBD). Transanal irrigation (TAI) is part
of the therapeutic strategy. This retrospective study aims to assess the efficacy of TAI in MS population.
Methods
Twenty-eight MS patients who underwent TAI after a learning period were included. We collected several demographic data: MS
disease characteristics, treatments, urinary and bowel dysfunction characteristics, urodynamic parameters, results of the NBD score,
the Urinary Symptom Profile (USP) score, and the Patient Global Impression of Severity score, completed by patients before the
learning and during the follow-up consultation. We defined 4 specific groups depending on the NBD score severity: very minor, minor,
moderate, and severe.
Results
Mean follow-up was 124 days, 85.0% were initially constipated and 36% had fecal incontinence. After TAI, improvement of NBD
score was higher in initial Moderate NBD score group with 75.0% of patients decreasing their NBD score into lower severity categories.
Few modifications were observed for baseline Very minor and Severe NBD score groups with 60.0% and 87.5% of patients staying in
the same category. Statistical improvement of USP voiding dysfunction score was observed (95% CI, –6.13-–1.19; P = 0.005) without
improvement of overactive bladder USP sub-score.
Conclusions
TAI is effective in NBD, especially in MS patients with initial Moderate NBD score. Improvement of voiding dysfunction following TAI
confirms the pelvic organ cross-talk and the need to systematically consider and treat bowel dysfunction in MS to also improve urinary
symptoms.
(J Neurogastroenterol Motil 2022;28:320-326)
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Received: February 19, 2019 Revised: May 27, 2019 Accepted: September 17, 2021
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work
is properly cited.
*Correspondence: Maëlys Teng, MD, MSc
Service de Neuro-Urologie, Hôpital Tenon, APHP, 4 rue de la Chine, 75020 Paris, France
Tel: +33-6-5868-9067/+33-1-5601-6535, Fax: +33-1-5601-7481, E-mail: maelys.teng@aphp.fr/maelys.teng@yahoo.fr
ⓒ 2022 The Korean Society of Neurogastroenterology and Motility

320

J Neurogastroenterol Motil, Vol. 28 No. 2 April, 2022
www.jnmjournal.org

Transanal Irrigation for NBD in Multiple Sclerosis

Introduction
Multiple sclerosis (MS) is an immune-mediated process causing an abnormal inflammatory response of the immune system
directed against the central nervous system. This reaction leads to a
demyelination of the insulating covers of nerve cells in the brain and
the spinal cord. Various neurologic symptoms could be observed
(sensory and motor impairment, ataxia, cognitive dysfunction, urinary, and bowel dysfunction), depending on the localization of the
demyelination patch.
Although sensory-motor dysfunction, ataxia or cognitive impairment can lead to obvious disability and dependence, urinary and
bowel dysfunctions also have a great impact in the patient quality of
life.1
In primary intention, conservative strategies of constipation
and fecal incontinence (FI) are widely used (diet habits, rectal suppositories, and laxatives).2 In case of failure of all these therapeutics,
transanal irrigation (TAI) can be proposed as a second line therapy.
The aim of this study is to assess the efficacy of TAI on NBD
in MS population.

Materials and Methods
This was a retrospective study on 76 patients with MS who
learned the TAI technique at the Neuro-Urology Department of
a tertiary university hospital between January 2010 and December
2017. TAI was proposed to these patients with MS, as a first line
therapy if they had fecal incontinence, or as a second line therapy
(inefficiency of systematic laxatives and rectal suppositories) if they
only had constipation. The TAI system used by the patients was the
Peristeen device commercialized by Coloplast (Peristeen; Coloplast
A/S, Humlebaek, Denmark; Supplementary Figure).
This system is composed of a pre-coated rectal catheter with a
balloon, a pump for activating the balloon and pumping the water,
and a bag for the water and a screw-top (including a lid) to connect
the control unit to the water bag. This method consists of introducing water into the colon and the rectum with a rectal catheter fixed
with a balloon inflated with air. The quantity of air (depending of
the rectal distension) and the quantity of water introduced are predefined and specific to each person. The water instilled in the colon
induces peristaltic movements leading to the evacuation of stools
from the rectum, and possibly up to half of the transverse colon,
when the rectal catheter is removed.
We collected several demographic data (age, gender, and body

mass index), data on the MS disease (date of the diagnosis and type
of MS: relapsing remitting, primary or secondary progressive, and
Expanded Disability Status Scale [EDSS] score),3 treatments, urinary and bowel dysfunction clinical characteristics, and urodynamic
parameters. We also collected results of the NBD score,4 the Urinary Symptom Profile (USP) score,5 the Patient Global Impression
of Severity (PGI-S) score,6 completed by the patient on the first day
of the learning period (pre-TAI score) and during the follow-up
consultation (post-TAI scores).
The NBD score is a questionnaire-based symptom score for
clinical assessment of colorectal and anal dysfunction. Nowadays
used in clinical practice for bowel dysfunction of all neurologic pathologies, it was initially validated in spinal cord injury populations.
This score ranged from 0 to 27, quantifies the severity of bowel
dysfunction into 4 categories of severity: very minor (score ranged
from 0 to 6), minor (score ranged from 7 to 9), moderate (score
ranged from 10 to 13), and severe (score above 14). It is composed
of 10 items concerning frequency of bowel movements, headache/
perspiration or discomfort before or during defecation, tablets and
drops against constipation, time used for each defecation, frequency
of digital stimulation or evacuation, frequency of fecal incontinence,
medication against fecal incontinence, flatus incontinence, and perianal skin problems.4 The USP is a valid and reliable questionnaire
providing comprehensive evaluation of all urinary disorders and
their severity in both men and women with stress urinary incontinence, overactive bladder, and voiding dysfunction.5 The PGI-S
was used to analyze and quantify patient impression. It is a 1-item
questionnaire (absent, mild, moderate, and severe) to evaluate the
severity of the bowel symptoms.6
For the statistical analysis, we considered an improvement of
these scores if they shifted towards a better score (absolute value
change). For the NBD score, we also considered in the analysis an
improvement of this score if it shifted towards a better sub-group
category.
Statistical analyses were realized with R 3.2.3 (R Development
Core Team, http://www.R-project.org) and R studio version 1.0.136
software programs. Baseline characteristics were described with
the absolute percentage considering the missing data as an absence
of the parameter collected. Normality test was done for each variable. Continuous variables were expressed as mean ± SD, if they
passed normality tests, and as median with interquartile range (first
quartile-third quartile) if they did not. Categorical variables such as
EDSS were expressed as median with interquartile range. Significance was set at the 95% level (P = 0.050). Comparison between
pre-TAI and post-TAI scores were analyzed with Student’s t test
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Table 2. Comparison Pre- and Post-transanal Irrigation Scores (Stu-

84 TAI learning sessions

dent’s t test)
30 Lost patients

54 Follow-up consultations
26 Follow-up consultation
without NBD score

Scores
NBD
Very minor
Minor
Moderate
Severe

28 Patients included

Figure 1. Flow chart of the patients’ inclusion. TAI, transanal irrigation; NBD, neurogenic bowel dysfunction score.

Table 1. Baseline and Follow-up Characteristics of Study Patients

Studied variables
Baseline characteristics
Quantitative variables
Age (yr)
EDSS
Time of MS evolution (yr)
Time of follow-up consultation (day)
Categorical variables
Sex (female)
MS-RR
MS-P
Fecal incontinence
Constipation
Fecal urgency
Stress urinary incontinence
Bladder overactivity
Voiding dysfunction
Detrusor overactivity
Detrusor sphincter dyssynergia
Urinary leakage
Laxative
Rectal suppository
Digital extraction
Follow-up characteristics
Follow-up time (day)
Continuing TAI
TAI used 2-times a week
TAI used 1 or 3 times a week

N = 28

45 ± 8.8
4.5 (3-6)
12 ±7.7
124 ± 144
22 (78.6)
10 (35.7)
8 (28.6)
6 (21.4)
25 (89.2)
8 (28.6)
4 (14.3)
21 (75.0)
17 (60.7)
14 (56.0)
17 (60.7)
13 (46.4)
22 (78.6)
17 (60.7)
11 (39.3)
124 ± 144
21 (75.0)
11 (39.0)
4 (14.3)

EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; MS-RR,
multiple sclerosis–relapsing remitting; MS-P, multiple sclerosis–progressive;
TAI, transanal irrigation.
Values are presented as mean ± SD, median (interquartile range [first quartile-third quartile]), or n (%).
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Pre-TAI
(n[%])

Post-TAI
(n[%])

5 (17.9)
7 (25.0)
8 (28.6)
8 (28.6)

10 (37.5)
6 (21.4)
3 (10.7)
9 (32.1)

Pre-TAI
(mean)

Post-TAI
(mean)

Total (n) P -value
28

USP
1.79
Stress urinary incontinence
Overactive bladder
6.89
Low stream
5.26

0.005

Total (n) P -value

2. 00

8

0.750

8.10
1.60

8
8

0.450
0.005

TAI, transanal irrigation; NBD, neurogenic bowel dysfunction; USP, Urinary
Symptom Profile.
P < 0.05 was considered statistically significant.

for quantitative variables and Fisher’s exact test for categorical variables, since the expected number was less than 5. Statistical association between the various studied variables and the improvement of
the NBD score in absolute value or its shift to a better sub-group
category were realized with Fisher’s test for qualitative variables and
Student’s t test for quantitative variables.

Results
Between January 2010 and December 2017, 76 MS patients
learned how to perform TAI, but only 51 went to the follow-up
consultation. Since our primary outcome was the evolution of NBD
score before and after TAI, we only included and analyzed the 28
patients with pre- and post-TAI NBD score (Fig. 1).
At baseline, there were 22 women (78.6%), and mean age was
45 ± 8 years. TAI was mainly proposed to patients with constipation (25 patients [89.2%]), with or without associated FI. Only 3
patients (10.7%) had an isolated FI. Twenty-two patients used laxatives (78.6%), 17 patients used rectal suppositories (60.7%), and 11
patients (39.3%) did digital evacuation. All patients’ baseline characteristics are summarized in Table 1.
The mean follow-up consultation was at 124 days since the
start of TAI. At this consultation 21 patients (75.0%) still continued
this therapy, 5 patients (17.8%) interrupted it, and we had missing
information for only 2 patients. The majority used the TAI system
2 times a week (11 patients, 39.0%) and 4 patients (14.3%) used it
1 or 3 times a week (Table 1).
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Minor group

14

Score NBD

Score NBD

Very minor group

27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

10

6

6

4
3
0

0

NBD pre

27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

NBD post

13

9
8
7

1
0

NBD pre

13
12
11
10

14
13

9
8
6
3
2

NBD pre

NBD post
Severe group

NBD post

Score NBD

Score NBD

Moderate group

27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

8
7
6

27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

27

27

22
20
19
16
15
14

15
14

8

NBD pre

The NBD score improved statistically in absolute value after
TAI, P = 0.005 (Table 2). Moreover, if the improvement was
considered as a shifted change towards a better sub-group category,
the improvement of NBD score was the highest in the Moderate
NBD group at baseline, with 75.0% of patients decreasing their
NBD score and shifting to Minor or Very minor NBD categories.
In the Minor NBD group at baseline, the patients either stayed in
the same NBD category or they shifted towards Very minor category, in the same proportions, after TAI. Only 1 person worsened
in bowel dysfunction even if he did not interrupt TAI. In the Very
minor NBD group at baseline, patients either improved their NBD
score or remained in the same category after TAI. However, in the
Severe NBD group at baseline, all patients except 1 remained with

NBD post

Figure 2. Evolution of the neurogenic
bowel dysfunction (NBD) score before
and after transanal irrigation in 4 specific initial NBD categories. “Very minor
group” is defined by NBD score ranged
from 0 to 6, “Minor group” is defined
by score ranging from 7 to 9, “Moderate group” is defined by score ranging
from 10 to 13, “Severe group” is defined
by NBD score ranging from 14 to 27.
Red boxes correspond to the analyzed
groups.

a Severe NBD score after TAI (Fig. 2).
No significant association were found between baseline characteristics and the improvement of the NBD score neither in absolute
value nor towards a better sub-group category. Hence, the improvement of the NBD score was not associated to the initial USP score
or the initial NBD score (Table 3).
Thus, surprisingly, USP voiding dysfunction score statistically
improved after TAI (95% CI, –6.13-–1.19; P = 0.005; Student’s t
test) (Table 2).

Discussion
The NBD score improved after TAI, especially in MS patients
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Table 3. Correlation Between the Improvement of the Neurogenic
Bowel Dysfunction Score and Baseline Characteristics

Baseline
characteristics
EDSS
EDSS form
Age
Gender
BMI
Fecal incontinence
Constipation
Stress urinary incontinence
Detrusor overactivity
Vesico-sphincteric dyssynergia
Urinary leakage
Laxative
Rectal suppository
Digital extraction
NBD score pre-TAI
USP score pre-TAI

Improvement of Improvement of NBD
NBD score in score by shifting into
a lower category
absolute value

P = 0.278
P = 0.682
P = 0.974
P = 0.467
P = 0.628
P = 0.311
P = 0.555
P = 0.999
P = 0.294
P = 0.056
P = 0.410
P = 0.999
P = 0.199
P = 0.999
P = 0.873
P = 0.524

P = 0.250
P = 0.561
P = 0.444
P = 0.999
P = 0.711
P = 0.653
P = 0.999
P = 0.191
P = 0.862
P = 0.272
P = 0.999
P = 0.653
P = 0.999
P = 0.999
P = 0.335
P = 0.622

NDB, neurogenic bowel dysfunction; EDSS, Expanded Disability Status
Scale; BMI, body mass index; TAI, transanal irrigation; USP, Urinary Symptom Profile.

who were in the Moderate sub-group at baseline. The improvement of the voiding function following TAI highlights the importance of bowel dysfunction treatment in urinary dysfunction cares.
Due to the multiple neurological pathways that can be affected in
MS, there are various clinical presentations of bowel dysfunction in
this population. Constipation is due to pelvic floor dyssynergia and
slow bowel transit either caused by an autonomic nervous system
alteration7 or a lack of mobility due to motor impairment often observed in these patients. FI is usually associated with constipation
but can also be isolated, and caused by an anal sphincter weakness
secondary to a pyramidal tract lesion and loss of rectal sensitivity
caused by somesthesic pathways alterations.8 Among patients with
MS, 68.0% has NBD.9 Prevalence is heterogeneous according to
previous studies, but although remains high. Indeed, Hinds found
43.0% of constipation and 53.0% of incontinence in his 280 patients
with MS cohort.9 Preziosi et al,10 among 30 MS patients who learnt
TAI, found 55.0% with constipation and 37.0% with FI.
These bowel dysfunctions can be assessed using specific questionnaires. For instance, in MS population, Passananti et al11 used
the NBD score,4 however Preziosi et al10 used the Wexner constipation and incontinence score instead. Apart from evaluations considerations, bowel dysfunction in MS needs to be treated in order to
324

improve the quality of life for these patients.
In first line therapy, conservative strategies of constipation and
FI are used. Indeed, diet habits such as eating fibers, vegetables,
fruits and drinking enough water are recommended, and are generally associated with laxatives to modulate the consistency of stools.
Rectal suppositories and digital evacuation can also be used to
empty the bowel regularly to avoid FI accidents. Biofeedback has
also been shown to be efficient in NBD.2 In cases of all these therapeutics inefficiency, TAI can be proposed as a second line therapy.
Previous studies have related the TAI efficacy in NBD.10-14
Christensen et al,12 in a multicenter controlled trial, randomized
87 spinal cord injury (SCI) patients: 42 in the TAI arm and 45 in
conservative managements (diets, fluids, regular physical activity,
and laxatives) arm. After a 10-week trial period, results showed
benefits of TAI over conservative managements in several scores
of bowel symptoms severity and quality of life (Cleveland Clinic
constipation scoring system, St Mark’s FI grading system, NBD
score, and the modified American Society of Colorectal Surgeon fecal incontinence score).11,12
In his review on the efficacy and safety of TAI for NBD (23
studies), Emmanuel et al,13 reported benefits of this technique in
SCI population but also suggested the positive impact in other
neurologic populations (spina bifida and MS). However, further
investigations were still needed in these populations because data
were only extracted from observational studies or analyzed overall in
mixed neurologic patient populations and not separately.12,13 Same
conclusions were shared in a Christensen and Krogh et al14 systematic review (23 studies of mixed etiologies, spina bifida population,
SCI population, and failed perineal and rectal surgeries).13
In the MS population, Preziosi et al10 included in a prospective
observational study 30 MS patients with bowel dysfunction (constipation and/or fecal incontinence) who underwent Wexner Constipation and Wexner Incontinence scoring (primary outcomes), and the
36-item Short Form (SF-36) health survey (secondary outcome)
before and after 6 weeks of TAI. Sixteen patients were responders
with at least 50.0% improvement in bowel symptoms. The Wexner
Constipation score significantly improved (P = 0.001), as well the
Wexner Incontinence score (P < 0.001). However, SF-36 scores
did not improve significantly (P = 0.051).10
Passananti et al11 also assessed the long-term efficacy and safety
of TAI in MS patients. They included 49 patients who underwent
anorectal physiology testing, NBD score, and EQ-5D questionnaires at baseline and annual follow-up. Mean follow-up was 40
months, and by then, all patients who did not interrupt the therapy
improved their NBD scores. Among patients with fecal incon-
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tinence, the mean weekly frequency episode of incontinence fell
significantly (P < 0.005) from 4.8 (baseline) to 0.9.11,14 Therefore,
TAI seems to be efficient in NBD in MS population too.
Unlike Passananti et al11 who found an improvement on the
NBD score for all MS patients who continued the therapy (ie, all
NBD scores reduced shifting mainly to the Very minor category
during the follow-up),14 in our study however, the improvement of
the NBD score was the highest in baseline Moderate NBD category. Thus, 40.0% patients of baseline Very minor category worsened
their score, and almost all of baseline Severe NBD score category
remained with severe bowel dysfunction after introduction of TAI.
Poor compliance could possibly explain the failure of TAI but only
5 patients (17.0%) had interrupted TAI in our study, versus 45.0%
in Passananti’s study. Therefore, it must have been other explanations to this incomplete success. Our first hypothesis is the possible
lack of conservative bowel management associated with TAI. Indeed, diet habits and laxatives are sometimes needed to modulate
the stools’ consistency to improve the efficacy of TAI. However,
we did not have the information at the follow-up consultation. The
second hypothesis could be the disparity of TAI frequency. In the
consensus review of best practice of TAI in adults, TAI should be
performed daily in the beginning (approximately the 10-14 first
days) and then reduced to alternate days.15 To our knowledge, there
is no study analyzing the best frequency of TAI requested for better efficacy, but in clinical practice, TAI is usually done every 2 or
3 days. Indeed, most of our patients did it less than twice a week
(53.0%).
Moreover, in previous studies, observance of TAI technique
tends to decline gradually. Even if we still had 75.0% patients who
continued TAI at 124 days (mean follow-up in our study), generally, within 1 year of follow-up only 40.0% still pursue TAI.16,17 In the
Juul and Christensen study,17 interruption of using TAI was mainly
due to inefficiency (50.0%) and only 20.0% stopped it because of
dislike.
Furthermore, in our study, the USP voiding dysfunction subscore improved significantly after TAI, while no urinary treatment
modification was done during the follow-up period, which suggests
the impact on bowel dysfunction treatment on urinary symptoms.
Indeed, treating bowel dysfunction also improves bladder dysfunction since bladder and rectal functions are intimately linked by a real
pelvic organ cross-talk.
In animal experiments (forty-six male Sprague–Dawley rats),
responses of superficial and deeper lumbosacral spinal neurons to
convergent inputs from the urinary bladder and colon suggested
that these neurons might contribute to the cross-talk that occurs

between these 2 visceral organs.18 Minagawa et al19 showed that
continuous colorectal distension increased the bladder single unit
afferent activity of C and A delta fibers in a pressure dependent
manner. Rapid colorectal distension increases the response in the
afferent bladder pathways conducted by the C fibers only, which
suggests that the convergence of bladder and colorectal peripheral
nerves is conducted by mechanosensitive convergent C fibers. In
clinical studies, colorectal distension and constipation alter bladder
sensation.20,21 Inversely, when the bladder is full, sensation of rectal
filling is decreased,22 confirming this bi-directional pelvic organ
cross-talk.
Besides the observational retrospective design of this study
some other limitations should be considered.
Firstly, among the 54 MS patients who underwent the followup consultation, only 28 MS patients had an objective assessment
before and after TAI with the NBD score evaluation. Since the aim
was to assess the efficacy of TAI on NBD, we chose to analyze only
those who had this objective assessment. This choice could be criticized, especially because it leads to a very small sample-sized study
and potential selection bias. Thus, there is no controlled group
study.
Secondly, the efficacy of TAI was assessed on the improvement
of the NBD score. The sub-analysis of the 10 items in the NBD
response after TAI was not performed because some items of the
NBD score may not be relevant (for instance, none of our patients
took constipation pills, so no improvement of the amount of constipation pills taken can be reported) and also because there was missing information due to the retrospective design of the study.
Thirdly, safety could not be strictly assessed in our study. Even
if inefficiency of TAI was the main reason of stopping it before the
follow-up consultation, no other complications were self-reported
by the patients or systematically asked and reported.
Fourthly, no correlation between the improvement of the
NBD score and baseline characteristics were found. It is possibly
explained by insufficient statistical power (small sample size of patients) or by a non-validated severity bowel dysfunction score for
this specific neurologic population (the NBD score is only validated
in SCI population and some items was irrelevant), questioning the
relevance of NBD score in MS population to quantify the severity
of bowel dysfunctions.
Nevertheless, this study contributes to enhance the fact that the
TAI may be effective for NBD in the MS population, and despite
its small-size, it confirms the pelvic organ cross-talk concept with
the improvement of the voiding function while treating bowel dysfunction.
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Further randomized studies are needed to validate this therapeutic strategy in MS bowel dysfunction.
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A Case of Sprue-like Enteropathy Associated With
Valsartan and Irbesartan

Introduction
Sprue-like enteropathy in association with olmesartan was first
described in 2012.1 Several study results have since further supported the association between angiotensin II receptor blockers (ARBs)
and sprue-like enteropathy, characterized by chronic diarrhea and
weight loss in combination with villous atrophy that has been shown
to improve after drug withdrawal across Western countries.2-4
Herein, we report the first case of sprue-like enteropathy associated
with valsartan and irbesartan in Korea.

scalloping, grooving with nodularity, and frailty in the duodenum
along with a hyperemic change in the stomach and mid-esophagus
(Fig. 1). Colonoscopy showed mild mucosal edema in the colon.
Histological evaluation of duodenum biopsy specimens showed
marked blunting of the duodenal villi, relative crypt hyperplasia,
goblet cell depletion, increased inflammatory infiltration, and
patchy eosinophilic infiltration (Fig. 2). Stomach and esophagus
biopsies were non-specific, but mild eosinophilic infiltration was
noted.

A

B

Case Report
A 73-year-old man with hypertension and variant angina
presented with chronic diarrhea and weight loss of 7 kg persisting
for several months. He reported up to 10 watery evacuations accompanied by abdominal pain daily. He had visited 2 other Korean
tertiary care centers without a diagnosis before being transferred to
our hospital. Following empiric treatment with a 2-week course of
steroids and ganciclovir for suspected eosinophilic and Cytomegalovirus gastroenteritis, respectively, at another hospital, there was no
improvement. He had anemia (hemoglobin: 8.3 g/dL) and hypoalbuminemia (with serum albumin: 1.0 g/dL).
Routine stool examinations, Clostridium difficile toxin assays,
PCR test, and stool cultures, were negative for Salmonella spp.,
Shigella spp., Yersinia spp., and Vibrio spp. He showed an elevated
fecal alpha-1-antitrypsin clearance rate if 403.58 mL/24 hours.
Abdominal and pelvic computerized tomography (CT) imaging showed diffuse wall thickening in the area extending from the
stomach to the ileal loop. Esophagogastroduodenoscopy revealed

C

D

E

Figure 1. Findings of CT scan and endoscopy. (A) Abdominopelvic

CT scan shows diffuse thickening of the small bowel wall. Esophagogastroduodenoscopy images reveal (B) diffuse edematous and
hyperemic change in the stomach and (C, D) scalloping and grooving
in duodenal mucosa. (E) Follow-up endoscopy shows improvement in
scalloping and grooving of the duodenum 2 weeks after discontinuing
angiotensin II receptor blockers.
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A

B

C

D

Figure 2. Findings of pathology. (A) Duodenal biopsy shows marked villous atrophy, relative crypt hyperplasia, and goblet cell depletion in duo-

denal mucosa. Patchy chronic inflammatory cell infiltration is noted in the lamina propria (H&E, ×10 objective lens). (B) Increased eosinophilic
infiltration (approximately 120/high power field) is noted in the basal part of the lamina propria. (H&E, ×40 objective lens). (C) Biopsy taken
from the duodenal third portion shows marked villous blunting and gastric metaplasia (H&E, ×10 objective lens). (D) Duodenal biopsy, which
was performed previously at another hospital, shows more prominent mixed inflammatory cell infiltration, villous blunting, and crypt hyperplasia
(H&E, ×10 objective lens).

The patient had been taking 160 mg valsartan and 20 mg irbesartan daily for the past 10 years and 2 years, respectively, to treat
hypertension. As drug-related enteropathy was suspected, the use
of both valsartan and irbesartan was suspended. Diarrhea subsided
immediately following drug discontinuation. Follow-up endoscopy 2 weeks later showed improvement in duodenal scallops and
grooves (Fig. 1E). Five months after the withdrawal of both ARBs,
serum albumin level improved to 3.8 g/dL, and body weight increased from 44 kg to 56 kg.

Discussion
The clinicopathologic features of our case correspond with
those of previously reported cases of olmesartan-associated enteropathy.2-4 The average duration of drug exposure typically ranges
from months to years; however, cases occur up to 13 years after
drug exposure.5,6 Our patient had been taking 2 types of ARBs
and developed symptoms 10 years and 2 years after the initiation of
valsartan and irbesartan, respectively. Although the pathogenesis of
ARB-associated enteropathy is unclear, it may be mediated by the
binding of angiotensin II to the angiotensin II receptor, resulting in

328

intestinal epithelial apoptosis.7
Endoscopic findings are non-specific, so pathologic diagnosis
is important. In this case, the most common pathologic findings
were sprue-like mucosal injuries, namely, villous blunting and crypt
hyperplasia. Villous blunting is the most important feature that distinguishes sprue-like enteropathy from eosinophilic gastroenteritis.
In addition, in ARB-associated enteropathy, eosinophils may locally
increase without predominance, whereas diffuse eosinophilic infiltration is characterized in eosinophilic gastroenteritis. Although histologic findings alone are not sufficient for the diagnosis of ARBassociated enteropathy, they can lead to an accurate diagnosis in an
appropriate clinical context.
Recent studies and systematic reviews showed the association
between enteropathy and olmesartan8 and other ARBs including telmisartan,6 valsartan, irbesartan, losartan, and eprosartan. To
date, ARBs have not been shown to increase the risk of intestinal
malabsorption in the Korean population.9 To the best of our knowledge, this is the first case of ARB-induced sprue-like enteropathy
reported in Korea. Given that ARB-associated enteropathy is rarely
suspected, it may currently be underdiagnosed in Korea. Therefore,
it should be considered in patients with diarrhea and weight loss,
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particularly in those taking hypertensive medication.
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A New Analysis for Old Problem of Bile Reflux
TO THE EDITOR: Factors that can contribute to bile reflux gastritis are generally categorized as primary biliary reflux and secondary
biliary reflux after gastric resection with ablation of the pylorus. Primary biliary reflux is excessive bile in the duodenum retrograding
to the stomach. Risk factors include gallbladder dyskinesia, gastric
or duodenal dysmotility, and surgical resection such as cholecystectomy and sphincterotomy. Recently, a new analysis for the old
problem of primary bile reflux gastropathy has been reported,1 in
which a total of 262 patients with functional dyspepsia (FD) were
stratified into 3 cohorts: bile gastropathy (BG), non-bile gastropathy (NBG), and no gastropathy (NG). The evaluations based on
phenotype, symptoms, endoscopic and histological changes, etc.
were compared using chi-square test for continuous data, Kruskal–
Wallis test (one-way analysis of variance) for continuous data, and
multivariate regression for 2 binary modeling.
The findings of this study are mainly featured or established

Table. Assessment of Motility

Motility
dysfunction
Rapid gastric
emptying
Delayed gastric
emptying
Delayed small
bowel transit
Delayed colonic
transit
SIBOa
SIFOb
a

Bile
Non-bile
No
gastropathy gastropathy gastropathy

P -value

5.3

3.5

4.3

0.901

38.6

40.4

39.1

0.981

28.6

40.0

33.3

0.655

25.9

54.8

25.0

0.045

38.0
31.9

43.5
31.7

50.0
25.0

0.402
0.726

Small intestinal bacterial overgrowth (SIBO) diagnosed by either duodenal
aspirates (≥ 103 CFU/mL) or positive glucose breath test.
b
Small intestinal fungal overgrowth (SIFO) diagnosed by duodenal aspirates
(positive fungal cultures ≥ 103 CFU/mL).

with some characteristics to BG, in contrast to BNG and NG. Following aspects from BG, versus to BNG and NG, are significantly
more severe or increased: (1) abdominal pain, (2) prevalence of
cholecystectomy, (3) prevalence of gastric erythema in endoscopic
examination, (4) prevalence of gastritis, (5) edema, and (6) chronic
active inflammation on pathological examination. Indeed, this is a
more comprehensive study, and its cohort analysis could be potentially informative in the diagnosis of bile reflux gastritis in clinical
practice though it is not the criteria.
However, a few of concerns raised from this study may be
worth to further discussing for clarification and understanding.
First, the subjects included in the study were patients with FD,
therefore, delayed gastric emptying was crucial and expected. In
the literature, significantly longer delayed gastric emptying and
higher bilirubin concentrations were observed in patients with bile
reflux gastritis.2,3 The validation of the wireless motility capsule testing used in the study may need to adjust/compare with traditional
or universally accepted measurements,4 since the supplementary
results showing delayed gastric emptying in BG, NBG, and NG
are respectively 38.6%, 40.4%, and 39.1% (P = 0.981), as seen in
Table. At least, a further explanation on why there is no correlation
with the degree of bile reflux among cohorts is expected by audiences. Second, the differential of heartburn was not discernable among
the cohorts as seen in Figure. In the contrary, the amplitude of that
from BG is obviously lower than other cohorts which looks different enough to be statistically significant. Then, the patients who did
not have cholecystectomy could be more informative if such cohorts
could be analyzed. Since the diagnosis of bile reflux gastritis is
very challenging, any difference from BG, NBG, and NG may be
guides for the diagnosis, treatment, and prognosis.
As commented,5 “role of bile reflux in functional dyspepsia:
areas that need further research,” there are few studies on the association of bile reflux, FD, the severity of symptoms, and response to
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Proportion with severe (> 7)
symptoms (%)

100

Bile gastropathy
No bile gastropathy
No gastropathy

80

*
60
40
20

treatment in patients with FD undergoing cholecystectomy. As one
of the important causes of FD, Helicobacter pylori was not documented in the study, which is not enough to reflect confounding
factors in multivariate analysis. In addition, the severity of symptoms and response to treatment in patients with FD who underwent
cholecystectomy needs further study to avoid a possibility of underestimating delayed gastric empty and heartburn.
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Figure. The distributions of patients’
gastrointestinal symptoms in the 3 cohorts.
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Sexual Dimorphism in the Gut Microbiome:
Microgenderome or Microsexome?
TO THE EDITOR: An emerging concept of “microgenderome”
has been recently evoked by Yoon and Kim1 in their comprehensive
review on the role of sex hormones and gender in the gut microbiota. However, does this term really reflect sexual dimorphism in
the microbiome or is it rather a misnomer? Should not the term
“microsexome” be used instead? To the best our knowledge, that
renaming was originally proposed by Spencer Stubbs (unpublished
communication). It is important to emphasize the differences between sex- and gender-related influences on the gut microbiota.
Indeed, the term “microgenderome” has been coined to describe
sex differences in bidirectional interactions between the microbiota,
hormones, immunity and disease susceptibility.2,3 However, as
recently stated by Vemuri et al,4 since gender is a social construct,
and sex is a biological construct, the term “microgenderome” may
not accurately reflect most of the factors driving the binary male or
female differences in the microbiota determined by biological sex
rather than gender.4
While gender is defined as the range of characteristics pertaining to and differentiating between masculinity and femininity, these
characteristics include behaviors, sex-based social structures (ie,
gender roles), or gender identity. However, in basic research, “gender” is commonly used to refer to the biological sex of animals. It
should be emphasized that the main reason for that inconsistency
and ambiguity of nomenclature is the interchangeable use of the
terms “sex” and “gender” in basic science, which has been uncritically extrapolated into translational research and also human studies.5
Importantly, we cannot exclude that gender (not only sex) can
also have impact on the microbiome. For example, gender norms
and roles may influence factors such as diet, physical activity, antimicrobial exposure, and psychiatric comorbidity. Moreover, a large

body of evidence shows that the gut microbiota in return may affect
behaviors and social functions confirming close interactions within
the brain-gut-microbiota axis.6,7
The term “microsexome” should be used preferentially in the
context of the mainstream microbiome research addressing the
characteristics related to biological sex and/or sex hormones. The
sex bias present in numerous diseases is not entirely a host-intrinsic
factor, since it may also be significantly reinforced by the commensal
microbiota, as in the case of disorders of gut-brain interaction.2,8-10
Unravelling fundamental processes regulating sexual dimorphism
in the host-microbiome bidirectional interactions should allow us to
tailor prevention and treatment strategies in a sex-dependent manner as a step towards personalized medicine.
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Sexual Dimorphism in the Gut Microbiome:
Microgenderome or Microsexome? Author’s Reply
TO THE EDITOR: Basically I agree with the authors of “Sexual
dimorphism in the gut microbiome: microgenderome or microsexome?”1, which is a letter to the editor regarding the review
article.2 Estrogen and androgens, the most widely known sex hormones, influence the gut microbiome, which in turn influences the
metabolism of estrogen and androgens. These bidirectional interactions between the microbiota, hormones, immunity, and disease susceptibility has begun to be described as “microgenderome” mainly
in human.3-6 Beta-glucuronidase of the gut microbiome converts
conjugated estrogens to their deconjugated forms and this active
deconjugated estrogen enters the enterohepatic circulation and act
on estrogen receptor α and estrogen receptor β in the reproductive
organs, muscle, nervous system, and vasculature; this applies to
non-ovarian estrogen in men and postmenopausal women, but not
ovarian estrogen in pre-menopausal women.3 However, as sex refers
to biological characteristics related to hormones and genetics, and
gender refers to sociocultural attitudes, behaviors, and identities, the
term “microgenderome” may not be entirely accurate.1,6
Actually some authors indicate that the effect of “gender” on
the gut microbiome is very minor in comparison to “sex.”7 However, it is true that the factors that influence the composition of the
gut microbiome are diet, ethnicity, antibiotics, stress, psychological factors, maternal health during pregnancy, the method of birth
(ie, vaginal birth versus cesarean section), environmental factors,
and exercise, which are mainly related with “gender.” Considering national and international reports8,9 that women tend to prefer
fruits and vegetables more than men, the contribution of “gender”
differences to the gut microbiome is definite. In addition, stress susceptibility in pregnant women impairs vaginal immune activity and
reduces the number of Lactobacillus , a component of the vaginal
flora. However, it is true that “gender” term was made when it became clear that sex was not able to explain the biological difference
between males and females is not the same in variable ethnicities
and countries. That’s why the meaning of “gender” could be vague

and inconsistent. Furthermore, the interrelationship of “sex” and
“gender” is intimate that sometimes it is difficult to separate “gender” from “sex.” Taken together “micro-sex/genderome” may be
better than either “microgenderome” or “microsexome.”
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Article 2 (Researcher Ethics)
1. Researchers should be honest about their research. Researchers need to have a high ethical standard at all times
during the research, in areas such as receiving funds for
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(3) Plagiarism: using others’ ideas, research (process and
contents), and/or results without proper authorization
or citation.
2) Overlap Publication and Dishonest Research
(1) Publishing research papers that contain the same or
similar contents to that which were/are published in
other journals or books, or publishing research papers
that are/were published in other journals or books.
(2) Multiple or duplicate publication can be allowed after
a review from the Publication Council, if it is qualified
under the Uniform Requirements for Manuscripts
Submitted to Biomedical Journals (http://www.icmje.
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Declaration of Helsinki (http://www.wma.net). Details are
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(1) Researchers should fully explain the purpose and
methods of research as well as any possible mental and
physical harm that could occur during research participation. If he/she is to publish the research results,
he/she has to indicate that on the paper.
(2) Researchers cannot write down participants’ names or
initials. In case of possible disclosure of participants’
identification through pictures of face or anything
similar, researchers should receive written informed
consent from the participants or their guardians.
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sites accredited by the WHO or the International
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3. If a research object is animal, researchers should follow these
general rules:
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NIH guideline (NIH Guide for the Care and Use of
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The roles of the Research Ethics Council are as follows.
1. The Council reviews research ethics issued from the publication of the Journal and related papers (original articles,
review articles, and others).

2. The Council reviews any forgery, alteration, plagiarism,
wrongful research paper author indication, or multiple or
duplicate publication allegations for published papers and
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1. When research ethics violations occur, the chair of the
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Publication (http://www.icmje.org).
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Abbreviation, Acronyms and Short Names

Journal of Neurogastroenterology and Motility provides a list of the official abbreviations. Otherwise, any unofficial abbreviation
should be used where they appear in the text at least three times, and be explained in parentheses at the first time in the text.
Do not use abbreviation(s) in the title.

ACTH
ADP
ADPase
ALT
AMP
anti-HAV
anti-HBc
anti-HBe
anti-HBs
anti-HDV
AST
ATP
ATPase
BUN
cAMP
cDNA
cGMP
CNS
CT
DNA
EDTA
HAV
HBcAg
HBeAg
HBsAg
HBV

adrenocorticotropic hormone
(adrenocorticotropin)
adenosine diphosphate
adenosine diphosphatase
alanine aminotransferase
adenosine monophosphate
antibody to hepatitis A virus
antibody to hepatitis B core antigen
antibody to hepatitis B e antigen
antibody to hepatitis B surface antigen
antibody to hepatitis D (delta) virus
aspartate aminotransferase
adenosine triphosphate
adenosine triphosphatase
blood urea nitrogen
adenosine 3’,5’-cyclic monophosphate
complementary DNA
guanosine 3’,5’-cyclic monophosphate
central nervous system
computed tomography
deoxyribonucleic acid (deoxyribonucleate)
ethylenediaminetetraacetic acid
hepatitis A virus
hepatitis B core antigen
hepatitis B e antigen
hepatitis B surface antigen
hepatitis B virus

HCV
HDV
H&E
HIV
HLA
Ig
IL
IFN
Km
MHC
MRI
mRNA
NANB
NSAID
PG
PGI
PNS
RNA
TGF
TNF
TXA2
UDCA
VIP
vol
vs
wt

hepatitis C virus
hepatitis D (delta) virus
hematoxylin and eosin
human immunodeficiency virus
human leukocyte antigen
immunoglobulin
interleukin
interferon
Michaelis constant
major histocompatibility complex
magnetic resonance imaging
messenger RNA
non-A, non-B (hepatitis)
nonsteroidal anti-inflammatory drug
prostaglandin
prostacyclin
peripheral nervous system
ribonucleic acid
transforming growth factor
tumor necrosis factor
thromboxane A2
ursodeoxycholic acid
vasoactive intestinal polypeptide
volume
versus
weight

Measurements and Units of Measure
Combining Prefixes
tera- (1012)
T
giga- (109)
G
mega- (106)
M
kilo- (103)
k
hecto- (102)
h
deca- (101)
da
deci- (10-1)
d
centi- (10-2)
c
milli- (10-3)
m
micro- (10-6)
m
nano- (10-9)
n
pico- (10-12)
p
femto- (10-15)
f
atto- (10-18)
a
Units
A
Å

ampere(s)
angstrom(s)

cal
CFU
C
cpm
cps
cm3
Ci
cycle/min
cycle/sec
Da
day(s)
dL
o
C
d
dpm
dps
eV
Eq
o
F

calorie(s)
colony-forming unit(s)
coulomb(s)
counts per minute
counts per second
cubic centimeter(s) (not cc)
Curie(s)
cycles per minute
cycles per second
dalton(s)
day(s) (do not abbreviate)
deciliter
degree(s) Celsius
density
disintegrations per minute
disintegrations per second
electron volt(s)
equivalent(s)
degree(s) Fahrenheit

F
ft
G
g
t1/2
H
Hz
hr
in
IU
J
K
kcal
kDa
kg
L
×
m
mg
mL
mm
msec
mL
mmHg
min
mo
mol/L
mol
msec

farad
foot
gauss
gram(s)
half-life
henry(ies)
hertz
hour(s)
inch(es)
international unit(s)
joule(s)
kelvin
kilocalorie(s)
kilodalton(s)
kilogram(s)
liter(s)
magnification
meter(s)
microgram(s)
microliter(s)
micrometers (do not use microns)
microsecond(s)
milliliter(s)
millimeter(s) of mercury
minute(s)
month(s)
molar
mole(s)
millisecond(s)

Ω
osm
oz
Pa
lb
psi
rpm
rps
sec
U
V
W
wk
yr

ohm(s)
osmole(s)
ounces(s)
pascal(s)
pound(s)
pound-force per square inch
revolutions per minute
revolutions per second
second(s)
unit(s)
volts(s)
watt(s)
week(s)
year(s)

Statistical Terms
analysis of variance
ANOVA
confidence interval
CI
correlation coefficient
r
degrees of freedom
df
mean
x̄
not significant
NS
number of observations
n
odds ratio
OR
probability
p
standard deviation
SD
standard error
SE
standard error of the mean
SEM
variance ratio
F

General Information
Drug names. Please use generic names wherever possible. If a trade name drug was used in the study being reported, please cite
the trade name in parentheses, along with the manufacturer’s name and location.
Chemical names. Chemical names should be spelled and styled according to the Merck Index, 10th edition.
Manufacturers. When the use of specific scientific equipment or other products is cited in the manuscript, the manufacturer’s full
name, city, and state (or country) should be given in parentheses immediately after the citation. If other equipment or products from
the same manufacturer are cited later in the paper, the manufacturer’s name only should be given in parentheses.
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Journal of Neurogastroenterology and Motility is a joint official
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Motility, the Thai Neurogastroenterology and Motility Society, the Japanese Society of Neurogastroenterology and Motility, the Indian Motility and Functional Disease Association,
the Chinese Society of Gastrointestinal Motility, the South
East Asia Gastro-Neuro Motility Association, the Taiwan
Neurogastroenterology and Motility Society and the Asian
Neurogastroenterology and Motility Association. The Journal
publishes Editorials, Reviews, Technique Review, Original
Articles, and Letters to the Editor in the field of neurogastroenterology and motility. Submissions are accepted only on the
understanding that they have not been submitted elsewhere
and have not been and will not be published elsewhere. All
submitted papers are peer-reviewed before it is decided whether they could be accepted, rejected, or returned for revision.
The Journal reserves the right to edit the language of papers
accepted for publication for clarity and correctness, and to
make formal changes to ensure compliance with this journal.

Journal of Neurogastroenterology and Motility publishes quarterly
peer-reviewed articles on the 30th of January, April, July, and
October in English, in printed and electronic versions. Manuscripts should be submitted via online through website (http://
www.jnmjournal.org). Authors can also find the Copyright
Assignment Form and Author’s Checklist at website. The
Journal follows the Uniform Requirements for Manuscripts
Submitted to Biomedical Journals: Writing and Editing for
Biomedical Publication (http://www.icmje.org/) and Good
Publication Practice Guidelines for Medical Journals (http://
kamje.or.kr/data/guidelines.pdf). Authors are recommended
to consult the Medical Terminology Book (http://term.kma.
org/). So far there is no article processing charge. However,
this policy could be changed in the future.
The Editorial Office
Journal of Neurogastroenterology and Motility, Room 305,
Lotte Gold Rose Vill II, 31 Seolleung-ro 86-gil, Gangnam-gu,
Seoul 06193, Korea

Research Ethics Regulations
1. Researchers should be honest about their research. Resear
chers need to have a high ethical standard at all times during
the research, in areas such as receiving funds for research,
publishing research results, and fairly compensating participants. More specifically, research papers that are forged,
altered, plagiarized, overlapped, and/or dishonest cannot be
published either online or in journals and are not eligible for
research funds.
1) Forgery, Alteration, Plagiarism
(1) Forgery: making up data or research results that do
not exist.
(2) Alteration: fabricating research materials, equipment,
or processes, or changing/deleting research results
intentionally to distort research contents or results.
(3) Plagiarism: using others’ ideas, research (process and
contents), and/or results without proper authorization
or citation.
2) Overlap Publication and Dishonest Research
(1) Publishing research papers that contain the same or
similar contents to that which were/are published in
other journals or books in the Society’s memoir, or
publishing research papers that are/were published in
the Society’s memoir in other journals or books.
(2) Multiple or duplicate publication can be allowed after
a review from the Publication Council, if it is qualified
under the Uniform Requirements for Manuscripts Submitted to Biomedical Journals (http://www.icmje.org).
(3) Wrongful Research Paper Author Indication: either
refusing to grant a qualification to publish (without
proper reasons) to a person who contributed to science
and/or technology with his/her research contents or
results, or granting qualification to publish to a person
who did not contribute to science and/or technology
because of a wish to express appreciation or honor.
2. If a research object is human, researchers should follow the
Declaration of Helsinki (http://www.wma.net). Details are
as follows:

(1) Researchers should fully explain the purpose and
methods of research as well as any possible mental and
physical harm that could occur during research participation. If he/she is to publish the research results,
he/she has to indicate that on the paper.
(2) Researchers cannot write down participants’ names or
initials. In case of possible disclosure of participants’
identification through pictures of face or anything
similar, researchers should receive written informed
consent from the participants or their guardians.
(3) Researchers should receive an approval from Institutional Review Board and indicate it on the paper if one
wishes to publish the research results.
(4) Any research that deals with clinical trials should be
registered to the primary national clinical trial registration site such as http://ncrc.cdc.go.kr/cris, or other
sites accredited by the WHO or the International
Committee of Medical Journal Editors.
3. If a research object is animal, researchers should follow these
general rules:
(1) Researchers should indicate what he/she did to minimize the pain or discomfort that experiment subjects
went through.
(2) Researchers should indicate that he/she did not violate
NIH guideline (NIH Guide for the Care and Use of
Laboratory Animals).
(3) When necessary, the Society can ask for a written consent and an approval letter issued by Animal Ethics
Committee.
4. Conflicts of interest or financial support should be indicated
on the paper.
5. Corrections of Errors
The Journal will publish corrections when errors could
affect the interpretation of data or information. When the
error is made by the author, the term “Corrigendum” will
be used; when the error is made by the Publisher, the term
“Erratum” will be used.
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COVER LETTER
The corresponding author must give written assurance that
neither the submitted material nor its portions thereof have
been published previously or are under consideration for publication by this or other journals.
AUTHORSHIP
All authors must have made a significant intellectual contribution to the manuscript according to the criteria formulated by
the International Committee of Medical Journal Editors. Each
author should have participated sufficiently in the work to take
public responsibility for the content. Authorship credits should
be based only on substantial contributions to: (a) conception
and design, or analysis and interpretation of data; (b) drafting
the article or revising it critically for important intellectual content; and (c) final approval of the version to be published.
Participation solely in the acquisition of funds or the collection
of data does not justify authorship. General supervision of the
research group is not sufficient for authorship. The role played
by each author should be described on the cover page (eg, in
planning and/or conducting the study, collecting and/or inter
preting data, and/or drafting the manuscript). The corresponding author is responsible for all aspects of the manuscript.
All authors (necessarily first author and corresponding author) are required to provide his/her “Open Researcher and
Contributor ID (ORCID),” when submitting a manuscript to
Journal of Neurogastroenterology and Motility. During the submission process, authors will have the option to either create an
ORCID ID or associate an existing ORCID ID to their account. To learn more about ORCID, please visit https://orcid.
org/about.
Any changes to the list of authors after submission, such as a
change in the order of the authors or the deletion or addition
of authors, need to be approved, following the submission of
a letter requesting the change signed by all listed authors and
from the author(s) to be removed or added. Such changes
should be explained in writing to the editor in a letter or email
from the corresponding author.
It is the responsibility of the authors to determine the order of
authorship. Journal of Neurogastroenterology and Motility will not
and cannot take any part in adjudicating authorship disputes.
COPYRIGHT
In view of copyright laws, accepted papers must be accompanied by completed assignment forms. These forms are available on the website http://www.jnmjournal.org/file/Copyright_
form.pdf. Papers will only be published once the copyright is
completed. The authors grant the Korean Society of Neurogastroenterology and Motility to own the full copyright of the
final version of the paper by copyright transfer with sign of all
authors.
PEER REVIEW AND ACCEPTANCE
Acceptance of a manuscript in the Journal of Neurogastroenterology and Motility is determined through a rigorous peer-reviewing process. After the Editor-in-Chief and Executive editors
assign an editor, the assigned editor sends the manuscript to 2
or more referees (except Editorials and Letters to the Editor)

for peer-review. The assigned referees review the manuscript
and their review results are reported to the Editor-in-Chief.
Finally, the Editor-in-Chief notifies the review results to the
corresponding author(s). If there is any objection to the review
results, corresponding author(s) can appeal within 60 days
after being notified. The Editor-in-Chief has the obligation to
notify the results after one more review.
PREPARATION OF THE MANUSCRIPT
Submissions should be uploaded as Word or rich text format
(rtf) documents. The entire article (including tables) should be
supplied as a single file; only the electronic figures should be
supplied as separate files. The manuscript must be written with
double-line spacing and 3 cm margins on A4 sized format
consecutively, beginning from the title page. Please include line
numbers in your MS word manuscript to help reviewers refer
to specific lines of the paper when they make their comments.
All measurements should be in metric units.
Manuscripts should be in the following order:
1) Editorials: Editorials will be paired with the most important articles of each issue and will be solicited at the provisional acceptance of an article. They should not exceed
1000 words excluding references and not be divided into
sections and limited to 20 references and 2 or less tables/
figures.
2) Reviews and Meta-analyses: Reviews and metaanalyses should contain an abstract of not more than 250
words. Manuscript length must not exceed 6000 words
excluding references, figure legends or tables. The reviews
and meta-analyses should contain at least 2 and not more
than 8 figures or tables with 150 or less references. If the
length and number of references exceed the limit allowed,
then consent from the Editor-in-Chief is required.
3) Mini-Reviews: Mini-reviews should contain an abstract
of not more than 250 words. Manuscript length must not
exceed 4000 words excluding references, figure legends or
tables. The mini-reviews should contain at least 2 and not
more than 6 figures or tables with 100 or less references.
4) Technique Reviews: It highlights a practical approach
to perform and interpret tests, both current and advanced,
in the area of neurogastroenterology and motility. It can
be a review or mini-review.
5) Original Articles: ① Abstract, ② a list of key words
(5 or less) using MeSH terms from Index Medicus, ③
Introduction, ④ Materials and Methods, ⑤ Results, ⑥
Discussion, ⑦ Acknowledgements, ⑧ References, ⑨
Tables (each table completed with title and footnotes), ⑩
Figure legends.
6) Letters to the Editor: A letter containing comment(s)
on an article in the Journal must be submitted within 6
months of its publication, should not exceed 400 words,
must cite the subject article as a reference and should
include no more than 10 references. The letter will be
sent to the corresponding author of the article for a response. The author’s reply to the posed letter also follows
the same format. If a letter contains a brief case report, it
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should contain no more than 600 words, 2 figures and 10
or less references. The Editorial Board has the right to
accept or reject any letter and may edit the accepted letters
as long as the writers’ views are not misrepresented.
Title page
The title page should contain the title of the paper, the full
names of the authors, the addresses of the institutions at
which the work was carried out together, and the full postal
address, e-mail address, facsimile, and telephone number
of the corresponding author.
The title should be short and informative. A running title
(not to exceed 45 characters and spaces) should be added
if the complete title exceeds 12 words.
Abstract
Abstract should be described continuously under subheadings of Background/Aims, Methods, Results, and Conclusions within 250 words or less. The abstract should not
contain abbreviations or references.
Five, or at least three, key words should be supplied below
the abstract and should be taken from those recommended
by the Index Medicus (MeSH) browser list (http://www.
nlm.nih. gov/mesh/meshhome.html).
Text
1) Original Articles
All original manuscripts should be divided into Abstract,
Introduction, Materials and Methods, Results, Discussion, Acknowledgments and References.
(1) Introduction
The rationale for the study should be summarized and
pertinent background material should be outlined.
The introduction should not contain either results or
conclusions.
(2) Materials and Methods
Materials and Methods should be described in sufficient detail so that another investigator could repeat
the work. The location of a manufacturer (manufacture
name, city, state, country) listed in the text should be
included. Statistical methods used should be outlined.
Ethical guidelines for human or animal study should be
described and approval of institutional human research
review committee or animal welfare committee should
be cited. Describe in detail hazardous procedures or
chemicals involved, including precautions observed.
(3) Results
Results should be presented in logical sequence in the
text, tables and illustrations, and repetitive presentation
of the same data in different forms should be avoided.
The results should not include material appropriate for
the discussion.
(4) Discussion
Discussion considers the results in relation to any
hypotheses advanced in the introduction. This may
include an evaluation of the methodology and of the
relationship of new information to the existing corpus
of knowledge in that field. Data given in the results
section should not be reiterated here.

2) Reviews and Meta-analyses
Substantive systematic reviews in basic and clinical topics
of neurogastroenterology and motility will be considered
for publication. They will be evaluated by peer review
of the manuscript prior to consideration of publication.
An abstract must be included. Meta-analyses of genetic
studies are required to follow the Human Genome Epidemiology Network (HuGENet) guidelines, available at
http://www.cdc. gov/genomics/hugenet.
3) Mini-Reviews and Technique Reviews
Mini-reviews are invited articles that inform the point of
view about basic and clinical topics of neurogastroenterology and motility in which there have been recent and
important advances. They bring to a focus on one specific subject, and can be controversial, briefly discussing
opposing viewpoints. Technique reviews are a review or
mini-review that inform the recent knowledge and details
about functional or motility tests.
Acknowledgements
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References
The Journal style of referencing should be used. In the
text, references should be cited using superscript Arabic
numerals in the order in which they appear. If cited only
in tables or figure legends, number them according to the
first identification of the table or figure in the text.
In the reference list, the references should be numbered
and listed in order of appearance in the text. List all authors if the number of authors is less than 7. List first 3
authors followed by et al., if the number of authors is 7 or
more. Names of journals should be abbreviated in the style
used in Index Medicus.
Reference to unpublished data and personal communications should appear in the text only.
References should be listed in the following forms:
• Journal articles
1. Shim SG, Rhee JC, Rhee PL, et al. Mechanism of motilin action on smooth muscle of the human stomach.
Korean J Gastroenterol 2002;39:4-12.
2. Meltzer SJ, Abnen DJ, Battifour A, Yokokota J, Cline
MJ. Protooncogene abnormalities in colon cancer and adenomatous polyps. Gastroenterology 1987;92:1174-1180.
• Books
Day RA. How to write and publish a scientific paper. 3rd
ed. Phoenix: Oryx 1988:163-196.
• Book chapter
Costa M, Furness JB, Llewellyn-Smith IF. Histochemistry of the enteric nervous system. In: Johnson LR, ed.
Physiology of the gastrointestinal tract. Volume 1. 2nd ed.
New York: Raven 1987:1-40.
• Abstract/supplement
Roxburgh J, Cooke RA, Deverall P, et al. Haemodynamic

JNM
function of the carbomedics bileaflet prosthesis [abstract].
Br Heart J 1995;73(suppl 2):37.
• Electronic citations
Basically, websites are referenced with their URL and
access date, and as much other information is given as is
available. Access date is important, as websites can be updated and URLs change. The “date accessed” can be later
than the acceptance date of the paper, and it can be just the
month accessed.
• Electronic journal articles
Morse SS. Factors in the emergency of infectious diseases.
Emerg Infect Dis 1995 Jan-Mar;1(1). www.cdc.gov/
nciod/ EID/vol 1 no 1morse.htm (accessed 5 Jun 1998).
• Online first
Before the article has appeared in an issue
Use the citation format:
Sabin MA, Ford AL, Holly JMP, Hunt LP, Crowne
EC, Shield JPH. Characterization of morbidity in a UK,
hospital based, obesity clinic. Arch Dis Child Published
Online First: 24 Oct 2005. doi:10.1136/adc.2005.083485.
Tables
Each table must be simple and typed on a separate page
with its heading above it. Explanatory matter is placed in
footnotes below the tabular matter and not included in the
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