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Editorial

Irritable Bowel Syndrome or Psychiatric Disorders:
Which Comes First?
Hong Sub Lee
Department of Internal Medicine, Inje University Busan Paik Hospital, Busan, Korea

Article:	Risk factors for self-reported irritable bowel syndrome with prior psychiatric disorder: the lifelines cohort study
Creed F
(J Neurogastroenterol Motil 2022;28:442-453)

Patients with irritable bowel syndrome (IBS) frequently
display psychological disorders involving depression and anxiety.1
Furthermore, sleep disturbances and stress may also be associated
with a greater risk of IBS development.2,3 Previous studies have
suggested a positive link between psychophysiological stress
levels and IBS incidence although the etiology of IBS remains
unknown.4-7 Psychological factors can influence pain perception.
One plausible explanation is that changes in visceral hypersensitivity
or unknown peripheral mechanisms may cause disturbance in the
gastrointestinal motor and sensory systems.8 Thus, it is important
to identify patients with mental disease because the early application
of psychological therapy or the action of central neuromodulators
could help improve IBS symptoms.9,10
In this issue of the Journal of Neurogastroenterology and
Motility , Creed11 reported a prospective, sizable population-based
study that assessed new predictors of IBS. Approximately 1% of
participants reported new-onset IBS after a 2.4-year follow-up.
There was a prior psychiatric disorder in 27% of this subgroup.
According to the authors, prior psychiatric disorders may be a
potential risk factor for IBS incidence. This study has the advantage
of covering most of the recognized risk factors for IBS in a single
large sample cohort. Earlier research has suggested that having

severe anxiety but not depression at baseline was a significant
independent predictor of new-onset functional gastrointestinal
disorder (FGID) development 12 years later.12 A limitation of this
study is the impossibility to confirm whether a psychiatric disease
has occurred in the group of patients with previous confirmed IBS.
Would it be intestinal symptoms or psychiatric distress that
comes first? That is to say, could psychosocial factors induce IBS
or could psychological symptoms arise as a result of IBS? Clinical
population studies have reported a link between IBS and mental
problems in 38-100% of cases.13 Koloski et al14 have suggested that
mood disorders preceded FGID in one-third of patients, whereas
FGID preceded mood disorders in two-thirds. Although IBS is
being recognized as a somatoform and somatic symptom condition,
approximately half of all patients with IBS exhibit gastrointestinal
symptoms with no mental comorbidities.15 While studies support a
two-way brain-to-gut interaction, the hypothesis of a separate gutto-brain syndrome, which may necessitate a different treatment
strategy, is still debated.
Which biological mechanisms may explain the link between
IBS and psychological disorders? First, an increased prevalence of
psychiatric disorders has been previously reported among relatives
of patients with IBS.16 Simultaneously, a genome-wide solid
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correlation between the risk of IBS and anxiety, ill feelings, and
depression has also been identified.17 Neuroimaging psychological
distress may trigger a change in the brain’s processing of incoming
sensory information, resulting in IBS.18 In addition, the relevance
of the microbiome as a possible link between IBS and psychological
disorders is gaining ground.19 Finally, the lifelines cohort used in
this study also began collecting fecal samples to investigate the
impact of the microbiota.20 Such studies will be required in the
future to explain the microbiome-brain-gut axis, which contributes
to the two-way communication between the gut, its microbiome,
and the nervous system.
In summary, mental disorders are a potential risk factor for
IBS incidence. Although IBS develops sequentially following
psychological distress, the mental elements of the condition
have received little attention. Identifying the pathophysiological
mechanism between psychological distress and IBS could provide
clinical benefits for patients with IBS, bringing them one step closer
to therapy.
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Author contributions: Hong Sub Lee drafted and revised the
manuscript.
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Article:	Association between eating behavior, frequency of meals, and functional dyspepsia in young Japanese population
Yamamoto Y, Furukawa S, Watanabe J, et al
(J Neurogastroenterol Motil 2022;28:418-423)

Previous questionnaire-based studies sought to describe the
relationship between diet and functional dyspepsia (FD), and
reported that diet and lifestyle could trigger dyspeptic symptoms.
Although fatty foods, dairy products, alcohol, and smoking are
thought to exacerbate symptoms, no studies have shown the eating
patterns of FD patients to differ markedly from those of healthy
individuals.1,2 In this issue of the Journal of Neurogastroenterology
and Motility , Yamamoto et al3 investigated the dietary patterns of
FD patients in a young Japanese population. Previous studies have
focused primarily on food types, but Yamamoto et al3 explored the
frequency of meals consumed per day.
According to the study results, FD patients had a higher rate
of skipping breakfast and/or lunch. It is unclear whether FD symptoms occur more frequently with fewer meals per day, or whether
patients are skipping meals due to severe symptoms. What is evident is that proton pump inhibitors (PPIs) may provide inadequate
acid suppression in these patients. In other words, patients who skip
breakfast are unlikely to consume enough calories to activate PPIs
before lunch or dinner, so daytime acid suppression may be insufficient.4 Given the possible limited efficacy of PPIs in patients with
FD who skip breakfast, it may be more efficient to use a split-dose
of PPIs or to use potassium-competitive acid blockers. A Japanese

study of 43 FD patients showed mild symptom improvement after
vonoprazan treatment in PPI therapy resistant FD patients.5 However, since it was a small retrospective study conducted at a single
center, more research is needed to support these findings.
Increased acid exposure or abnormal clearance of acid in the
duodenum and duodenal hypersensitivity to acid can cause chronic
dyspeptic symptoms.6,7 Gastric acid is the main stimulator that can
induce visceral hypersensitivity in a subset of dyspeptic patients.8
These aspects justify the clinical use of PPIs in patients with FD.
The Rome foundation advocated subtype classification to identify
the PPI-responsive subset of FD patients. Two subtypes of FD
have been proposed based on the Rome III consensus: postprandial
distress syndrome (PDS), in which meal ingestion causes dyspeptic
symptoms, and epigastric pain syndrome (EPS), in which epigastric
pain or a burning sensation is primarily present at times other than
after eating; however, PDS and EPS may overlap.9 This arbitrary
subtype classification was established to serve as a guide for firstline treatment with gastric acid-suppressive agents or prokinetics.
However, selecting first-line treatments according to the Rome criteria did not significantly improve treatment satisfaction.10 Hence,
a combination regimen of PPIs and prokinetics is usually adopted
as the first-line treatment in both subtypes of patients with FD.11
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On the other hand, in the EPS subtype, the use of pain modulators
such as tricyclic antidepressants is helpful.12
The present study made it possible to reduce bias by enrolling
university students with few underlying diseases. Web-based surveys have also helped facilitate the enrollment of large-scale populations compared with face-to-face questionnaires. However, there are
limitations in that no additional information was provided regarding
overlap with other functional gastrointestinal disorders or the accompaniment of psychological disorders such as anxiety or depression.13 Questions also remain regarding what kind of eating pattern
subjects who usually skip breakfast or lunch will exhibit when
dyspeptic symptoms are relieved. As symptoms decrease, is there a
possibility that patients with FD will overeat, triggering symptom
exacerbation? Further studies on these eating behavior changes are
needed.
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Functional dyspepsia (FD) is common prevalent. At least 1 in
10 people suffers from FD.1,2 To date, the pathophysiology of FD
is not well understood. However, several mechanisms contributing
to FD have been suggested. It can be distinguished from environmental, biological, psychologic, and physiological factors. Among
these mechanisms, there are physiologic factor such as acid, gastric
accommodation (GA), hypersensitivity to gastric distension, and
delayed gastric emptying.3 Considering these aspects, FD is probably a heterogeneous disorders of gastric sensorimotor function.
Given the abnormality of the sensorimotor function, it is possible
to develop physiologic test in FD, as high-resolution manometry is
a golden standard diagnostic test of achalasia. The most common
pathophysiological mechanism in FD is impaired GA, which appears in 40% of patients, with hypersensitivities to gastric distention
in about one-third of patients and delayed gastric emptying in about
25% of patients.4 In the case of FD, tests that diagnose or predict to
treatment responses are insufficient. Slow nutrient drinking testing
(NDT) in FD has been proposed as a potential biomarker for the
presence and severity of gastric sensorimotor dysfunction.5 In particular, NDT is a useful method to check for abnormalities in GA.
A slow NDT was the first test to report by Tack et al6 in the lit-

erature, in a 1998 article evaluated the role of impaired GA in FD.
After this, many NDT studies show the most consistent distinction
between health person and FD patient, relevance with impaired
GA and reproducibility. Most of the studies are from Western and
Europe, and there are very few studies in Asia.6-13 In this issue of
Journal of Neurogastroenterology and Motility , Watanabe et al14
reported efficacy of slow nutrient drinking test among patients with
FD in Japan. NDT was applied to total 42 participants (26 healthy
controls and 16 FD patients). The primary outcome is the ending
time of the NDT, which help to distinguish Japanese patients with
FD from healthy controls. The test ending time was significantly
shorter in patients with FD than in healthy controls (22.3 ± 10.6
vs 45.0 ± 7.5 minutes, respectively; P < 0.001, Fig. 1A and 1B).
The optimal cut-off time differentiated patients with FD from
healthy controls was 30 minutes. At the cutoff time, the area under
the curve was 0.91 with 87.5% sensitivity and 92.3 specificity (Fig.
2). This result is those that have already been proven in previous
studies. Interestingly, in this study, FD patients were classified into
epigastric pain syndrome (EPS), postprandial distress syndrome
(PDS), and both mixed groups, and each patient group was 3, 6,
and 7, respectively. The difference in the severity of meal-related
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Figure 1. The test ending time. (A) Scatter diagrams of the test ending time. (B) Rate of participants who passed each time point in both groups.
Open columns indicate the group of healthy participants. Closed columns indicate the group of patients with functional dyspepsia (FD). Adapted
from Watanabe et al.14 ***P < 0.001.
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Figure 2. Receiver operating characteristic curve in the test ending
time. Adapted from Watanabe et al.14

symptoms (eg, hunger, expected amount to eat, and satiation) and
abdominal symptoms (eg, bloating, postprandial fullness, nausea,
belching, and epigastric pain) appeared from the beginning of the
examination (Fig. 3 and 4). The difference in the severity of mealrelated symptoms and abdominal symptoms between the 2 groups
was consistently greater in patients with FD than in the healthy
participants. Although univariate analysis emphasizes a stronger association with PDS symptoms, especially early satiation, than EPS
symptoms (OR, 104.00 vs 7.00; Table), it seems difficult to find
statistical significance in numbers that are too small enough to make
multivariate analysis impossible. It is difficult to say that this difference alone suggests the possibility that NDT can be more useful
for evaluating PDS symptoms. It has already been known that impaired GA, delayed gastric emptying, and visceral hypersensitivity
340

after meals are already involved in both EPS and PDS. It can also
appear in the form of overlapping syndrome with EPS and PDS at
the same time.15 This study once again demonstrated the usefulness
of NDT in distinguishing between healthy people and patients with
FD, and the ending time of the NDT as a reference value for clinical applications in the future.
However, this study has several limitations. It was a single and
tertiary center study. First, although using the calculated required
sample size from previous study, sample size is too small. More FD
patients are needed for multivariate analysis to identify the presence of PDS symptoms as a significant factor for shortening the
test time. Second, many of the referred patients were refractory and
more severe symptoms. Multicenter studies including general clinics or hospitals and patients with mild FD symptoms are required
to determine the efficacy of NDT in evaluating FD symptoms.
Results of NDT studies were similar in Western and Asia.6-13
NDT is easy-to-performing technique that measures the amount of
nutrient solution that can be taken before feeling full or uncomfortable. A NDT is a simple non-invasive and reproducible method
proven to quantify meal-induced satiety and gastric accommodation. It can be used to evaluate impaired accommodation and early
satiety. Biomarker are indicator of physiological/pathological states
that can be objectively estimated to detect differences between
groups and therapeutic effects. NDT showed sufficient possibility as a potential biomarker for the presence and severity of gastric
sensorimotor dysfunction.5 However, this test is a time- and laborconsuming test, and in order to be actually used in clinical practice
in the future, it needs to be simplified with standardized methods,
and objective reference variables must be developed. NDT reflects

Journal of Neurogastroenterology and Motility

Role of Nutrient Drinking Test in Functional Dyspepsia

100

B

FD
Controls

FD
Controls

C

80 *

Score (mm)

Score (mm)

80

100

60

**
**

40

**
**

20

*

***

60

**
*

40

*

10

20

30

*
**

60

**
40

**

20

0
0

FD
Controls

**

*

20

0

100
80

Score (mm)

A

0
0

10

Time (min)

20

30

0

Time (min)

10

20

30

Time (min)

Figure 3. Severity of meal-related symptoms ([A] hunger, [B] expected amount to eat, and [C]satiation) during the test assessed using the visual
analog scale. FD, patients with functional dyspepsia. Adapted from Watanabe et al.14 *P < 0.05, **P < 0.01, ***P < 0.001.

100

B

FD
Controls

FD
Controls

60
40

***
**

**

**

**

60
40

***

10

20

30

10

20

30

Time (min)

E

FD
Controls

40

*** *** *** **

*

*

100

0

10

20

30

Time (min)

FD
Controls

80

60

*** **

40
20

**

*

Score (mm)

80

60

0
0

Time (min)

100

FD
Controls

20

0
0

Score (mm)

*** *** *

20

0

100
80

***

20

D

C

80

Score (mm)

Score (mm)

80

100

Score (mm)

A

60
40
20

*
**

*

0

*

*

**

*

*

0
0

10

20

30

0

Time (min)

10

20

30

Time (min)

Figure 4. Severity of abdominal symptoms ([A] bloating, [B] postprandial fullness, [C] nausea, [D] belching, and [E] epigastric pain) during the

test assessed using the visual analog scale. FD, patients with functional dyspepsia. Adapted from Watanabe et al.14 *P < 0.05, **P < 0.01, ***P < 0.001.

only part of a heterogeneous pathophysiology of FD. Therefore,
NDT cannot be generalized test for all FD patients.
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Table. Univariate Analysis to Detect Contributing Factors to the Test

End Time Below the Cutoff Time (Adapted From Watanabe et al14)
Factors
Age
Sex
BMI
HADS-A
HADS-D
GERDQ
Presence of EPS symptoms
Presence of PDS symptoms

Univariate analysis
OR
0.75
0.37
16.53
0.82
0.89
0.84
7.00
104.00

95% CI

P -value

0.43-1.30
0.304
0.10-1.36
0.135
1.14-240.25
0.040
0.69-0.97
0.019
0.76-1.03
0.110
0.63-1.13
0.254
1.45-33.70
0.015
9.78-1106.18 < 0.001

BMI, body mass index; HADS-A, Hospital Anxiety and Depression Scale;
HADS-D, Hospital Anxiety and Depression Scale; GERDQ, Gastroesophageal Reflux Disease Questionnaire; EPS, epigastric pain syndrome; PDS,
postprandial distress syndrome.
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Background/Aims
The 3-phase fermentable oligo-, di-, mono-saccharides, and polyols (FODMAP) diet has shown a high level of efficacy in irritable
bowel syndrome, largely based on dietitian delivered education. However, access to dietitians can be limited, and challenges exist
when applying the diet to a wide range of cultures, such as limited FODMAP analysis of local foods. This review aims to discuss ways
to optimally use the FODMAP diet in practice in a wide range of cultures, directed at gastroenterologists from a dietitian’s perspective.
Methods
Recent literature was analysed via search databases including Medline, CINAHL, PubMed and Scopus.
Results
The dietetic process involves detailed assessment and follow-up through the 3 stages of the FODMAP diet (restriction, re-introduction,
and long-term maintenance). Emerging evidence suggests the diet can be delivered by other health professionals such as the
gastroenterologist or nurse, but training on how to do so successfully would be needed. Self-guided approaches through use of
technology or specialised food delivery services may be an alternative when dietitians are not available, but efficacy data is limited.
Regardless of delivery mode, nutritional and psychological risks of the diet must be mitigated. Additionally, culturally appropriate
education must be provided, with accommodations necessary when the FODMAP content of local foods are unknown.
Conclusion
While the diet has shown improved irritable bowel syndrome outcomes across studies, it is important to acknowledge the essential
role of dietitians in implementing, tailoring, and managing the diet to achieve the best outcome for each individual.
(J Neurogastroenterol Motil 2022;28:343-356)
Key Words
Diet, carbohydrate-restricted; Diet, food, and nutrition; Diet therapy; Irritable bowel syndrome

Introduction
Irritable bowel syndrome (IBS) is a disorder of the gut-brain

interaction (DGBI), characterized by abdominal pain, bloating,
constipation, and diarrhea1 with a worldwide prevalence of 4.1% according to the Rome IV criteria.2 Various physiological mechanisms
have been suggested to contribute to the development of IBS,3
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including alterations to the intestinal microbiome4 and interaction
of the central, autonomic, and enteric nervous systems.5,6 A wide
variety of treatments are utilized in IBS management. This includes
a range of pharmacological and non-pharmacological therapies
such as gut-directed hypnotherapy7 and dietary modifications such,
as the low fermentable oligo-, di-, mono-saccharides, and polyols
(FODMAP) diet.8 Taking an integrated approach through utilizing a range of treatments has recently become the preferred option
due to lack of ability to predict response in the individual.9 In this
review paper, we analyze recent literature from search databases including Medline, CINAHL, PubMed and Scopus, to discuss how
to implement the 3-phase FODMAP diet, paying attention to the
role of the dietitian. We also provide recommendations for practice
in a range of cultures, and where FODMAP data is scarce.

What Is the 3-Phase FODMAP Diet?
FODMAPs are types of short-chain carbohydrates found in a
wide variety of foods. They comprise monosaccharides and polyols
that are slowly absorbed in the small intestine, and di- and oligosaccharides that are not digestible because of the lack of suitable
hydrolases in the human small intestine or reduced/absent hydrolase
activity in a proportion of the population (such as lactose, sucrose,
and trehalase). Mono- and di-saccharides and polyols attract
water into the intestinal lumen via their osmotic effect due to their
relatively small molecular size.10-12 and those passing into the colon
are rapidly fermented by bacteria with the release of gas.13 Acutely,
symptoms are generated by the distension of the intestinal lumen
with water (small intestine) or gas (proximal colon), although other
mechanisms are involved in modulating these responses in the

Suitable for the low
FODMAP diet

Assessment of
FODMAP suitability
Assessment of the individual s:
Frequency and severity
of IBS symptoms
Dietary intake
Social environment
Potential for disordered
eating
Ability to make dietary
changes

FODMAP restriction
Strict avoidance of high
FODMAP foods, and
replacing them with low
FODMAP alternatives

2-6 weeks
No response
to the diet

Evaluate adherence
return to habitual diet

longer term.14-16
The traditional practice of implementing the FODMAP diet
are to initially restrict all FODMAPs, ie, the low FODMAP diet,
to determine its effect on symptoms, then, if symptomatic response
is achieved, to develop a strategy for maintaining the benefits over
the longer term with less restriction. Thus, the FODMAP diet
involves a 3-stage strategy, restriction, reintroduction, and personalization, with the ultimate goal of maintaining symptom control
while maximizing FODMAP intake, as outlined in Figure 1,
which has been described in detail elsewhere.17,18 Other less restrictive variations of the FODMAP diet have been suggested for
situations where nutritional adequacy or the ability to adhere to the
FODMAP diet may be compromised.18 Such an approach has
been variably termed the “bottom-up” or “FODMAP-gentle” approach, which involves restricting a limited number of foods that
are highly concentrated sources of FODMAPs, and/or restricting
foods high in specific FODMAPs if these are suspected of triggering symptoms.19 However, the efficacy of this approach on IBS
symptoms has not been formally studied.
Proving the efficacy of the FODMAP diet poses challenges
common to dietary intervention studies.20 The first stage of the diet
is amenable to randomized controlled trials (RCTs), which have
been heterogeneous in design utilizing feeding or dietary counseling
methodologies with a variety of comparator diets. However, these
studies consistently show improvements in bloating, pain, and quality of life. When the studies are subjected to a network meta-analysis, the FODMAP diet is superior to other dietary interventions.21
Efficacy of the first stage of the diet in real-world clinical practice
has also been demonstrated,22 while prospective observational studies show that mild FODMAP restriction in the third stage of the

Symptom
improvement

FODMAP reintroduction
Maintain FODMAP restriction
while gradually reintroducing
each FODMAP in small, medium
and large portions over 2-3 days.

Approx. 4 weeks
These challenges should utilise a
food that is high in one FODMAP
to assess tolerance. Each FODMAP
challenge would be separated by
a 3-day washout period.

Not suitable for the
low FODMAP diet
Look to alternatives for IBS
symptoms management

Figure 1. The stages of the fermentable oligo-, di-, mono-saccharides, and polyols (FODMAP) dietary strategy.

344

Journal of Neurogastroenterology and Motility

FODMAP personalisation
Tailored plan containing some
safe to consume FODMAPs
and avoiding those that trigger
IBS symptoms

Long term
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diet (personalized FODMAP diet), ameliorates symptoms in the
majority of patients.23-26
Published analysis of RCTs and real-world experience have
nearly all been related to dietitian-led interventions. While the
FODMAP diet may not work for all individuals with IBS, as some
may achieve better symptom reduction through other interventions,
it is possible that, for others who do not experience symptom relief,
this may be due to low adherence27 or a poor understanding of the
diet. In a retrospective evaluation of 80 patients with IBS, patientled implementation of a FODMAP diet was linked to more than
double the intake of FODMAPs during the restriction phase, than
when dietitian-led. Additionally, patients supported by dietitians
displayed significantly higher adherence through each stage of the
diet.22 This exemplifies the importance of the dietitian in the implementation of the FODMAP diet.

in Figure 2, dietitians can recognize dietary habits that may influence gastrointestinal (GI) function and, following detailed assessment, implement dietetic interventions, such as the FODMAP
diet, where appropriate.

Initial Dietetic Consultation (60 Minutes)
Assessment (approximately 30 minutes)
During the initial consultation, the dietitian documents the
individual’s clinical issues (validated tools such as the Rome IV
criteria, which measures frequency and severity of symptoms,28 and
the Bristol stool form scale may be used29) as a baseline for future
assessment of response, and confirms that a DGBI is likely (especially in cases not referred from gastroenterologists) and that alarm
features have been assessed. The dietitian would also assess the individual’s health and food knowledge and social environment, taking note of food preparation skills, personal responsibilities or social
systems that may influence their ability to adhere to dietary advice;
and dietary intake, taking note of FODMAP intake and potential
triggers. Dietary intake may be measured utilising the Monash
University Comprehensive Nutrition Assessment Questionnaire

The Dietetic Process—Clinical Management
of Irritable Bowel Syndrome
The dietetic management of IBS predominantly takes place in
an ambulatory setting, rather than in the acute setting. As illustrated

Assess
gastrointestinal
factors

Assess
dietary intake

Assess for
disordered
eating

Educate patient
on diagnosis
of IBS

Create nutrition
diagnosis

Assess
societal factors
and inability to
implement diet

Educate
patient on low
FODMAP diet

Advise on
implementing diet,
label reading,
FODMAP
resources

Discuss
intervention with
the patient s
referring doctor

The dietetic
process

Long-term
follow ups to
continue
nutritional
management

Short-term
follow up to assess
adherence to the
diet and symptom
improvement

Figure 2. Summary of the steps involved in the dietetic process of patients
with irritable bowel syndrome (IBS).
FODMAP, fermentable oligo-, di-,
mono-saccharides, and polyols.
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(CNAQ), which is a food frequency questionnaire that can specifically measure FODMAP intake.30 The CNAQ is available for
use online, however at over 200 items long, it may be too cumbersome for regular usage in clinical practice. Alternatives may include
conducting a 24-hour diet history with the patient or asking them
to complete a 7-day food diary prior to attending the consult. This
nutritional assessment may also involve screening for disordered
eating as will be discussed in further detail below, using a validated
tool such as the Sick, Control, One Stone, Fat, Food (SCOFF)
questionnaire.31 During this session, the dietitian may produce a
nutrition diagnosis to identify the nutritional problem that may be
related to the individual’s IBS. For example, a nutrition diagnosis
may identify that the individual is consuming sufficient quantities of
FODMAPs to render a FODMAP diet is a suitable intervention.
Another example may be identification of a very low fiber intake
that may in itself be a causal component of symptoms. Two of the
important assessments made are the appropriateness of the implementation of a restrictive diet and its nature for that individual.32
Education and intervention (approximately 30 minutes)
If deemed to be appropriate for the FODMAP diet, the dietitian would then educate the individual on normal gut physiology
and the pathophysiology of DGBI, including relevant concepts of
visceral hypersensitivity and altered bowel motility, what FODMAPs are, their mechanisms of action and food sources. They
would also provide the patient with information to implement the
initial stage of the diet including suitable low FODMAP alternatives to incorporate. The dietitian would then add suitable adjustments to the diet needed for existing dietary restrictions, such as
vegetarian or certain uncontrolled environments, such as dining
out. This may involve providing printed diet sheets or recommending resources to assist with identifying high FODMAP foods33
including label reading to identify foods likely high in FODMAPs,
and recipe modification. While there are many written educational
resources on the FODMAP diet available, it is important that these
are screened and described to patients by qualified dietitians, as patients have reported a low level of understanding when given these
resources by gastroenterologists and general practitioners alone,34
and diet sheets lack personalization to the patients usual diet. Digital
resources may also be utilized and recommended to patients including the Monash University FODMAP Diet app, which provides
comprehensive and up-to-date information about the FODMAP
content of food, and other useful resources such as background
education on the role of FODMAPs in DGBIs.
It is important to note that the dietitian uses their clinical knowl346

edge to provide nutrition education that is tailored and appropriate
for each patient. This may not always align with the recommendation of the referring doctor. For this reason, it is important for the
lines of communication between dietitian and referrer to be open to
ensure the best outcome for the patient.

Short-term Dietetic Follow-up (2-8 Weeks Since
Initial Appointment, Approximately 30-45 Minutes
per Appointment)
Following this first consultation there would be a short-term
follow up at the conclusion of the “restriction” phase of the diet,
to assist the patient with implementing “reintroduction.”27 Clinical assessment at this stage may involve measuring IBS symptoms
and assessing adherence to the dietary modifications. If there has
not been adequate symptom reduction by this stage, this may be an
indicator that there has been low adherence, or that the diet is ineffective for this individual. If the latter is the case, the best practice is
to cease implementation of the diet and look to other potential therapies. The dietitian may then refer the patient back to the gastroenterologist or primary care physician who may recommend alternative therapies such as gut-directed hypnotherapy or pharmacological
support for specific symptoms.7 In integrated care, such referrals
may occur directly from the dietitian. For those patients continuing
the diet, depending on the requirements of the individual, regular
short-term follow-ups may occur throughout the “reintroduction”
phase to assist with implementation and addressing challenges with
reintroduction. For other individuals, only a final follow-up consultation to administer “personalization” may be required.

Long-term Dietetic Follow-up (Approximately 30-45
Minutes per Appointment)
The “personalization” phase involves evaluating the impact of
the FODMAP diet on the patient, and tailoring a long-term diet
that encourages nutritional adequacy and avoidance of the FODMAPs that trigger IBS symptoms for the individual. Prospective
evaluation of patient cohorts in this stage have found adequate
symptom relief and quality of life improvement.23,24,35 Considering
that the FODMAP diet is restrictive during the initial stages, it is
important that the long-term personalised FODMAP diet is more
flexible. The patient should be encouraged to continue to reintroduce poorly tolerated high FODMAP foods periodically to reassess tolerance, as tolerance may change over time. Education may
also be centered around application of non-dietary DGBI therapies
and how they may be combined with dietary therapy. For example,
how peppermint oil, antispasmodic agents, and a-galactosidase36-39
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may be used to reduce symptoms and allow more FODMAP flexibility in uncontrolled eating environments. These additional strategies may be targeted to individual requirements, such as the use of
α-galactosidase in galacto-oligosaccharides sensitive individuals
requiring vegetarian protein sources such as legumes and pulses.
Since the severity of symptoms fluctuates over time, patients are
advised that FODMAP restriction can be increased or decreased
according to their needs. Using such strategies in the long-term,
FODMAP intake generally normalizes to include tolerated high
FODMAP foods.25 However, episodes of high FODMAP intake
(FODMAP “binges”) are generally avoided.

Mitigating Risks of the FODMAP Diet
A FODMAP diet is a restrictive diet and this poses nutritional
and psychological risks for the patient. Strategies to mitigate these
risks are highlighted in Table 1.

Nutritional Risks
Since FODMAPs are naturally found in a large variety of
commonly consumed foods, strict long-term FODMAP avoidance
may result in nutritional deficiency. In a study of over 3000 patients,
those who adhered strictly to the FODMAP diet in the “restriction” phase recorded significantly lower intakes of calcium, magnesium, vitamin C, folate, and riboflavin than those who adhered less
strictly,40 suggesting that individuals may develop deficiencies if they
were to follow this stage of the diet longer than necessary. To reduce
the risk of nutritional deficiency, dietitians should encourage the
substitution of high FODMAP foods with nutritionally equivalent
Table 1. Summary of Key Recommendations to Minimize the Nega-

tive Consequences of Restrictive Diets
1. Ensure the patient is given a clear diagnosis before commencing
diet therapy.
2. Establish an effective partnership with the treating team.
3. Set clear expectations of symptom outcomes.
4. Weigh risks and benefits of a restrictive diet.
5. Aim for nutritionally equivalent substitutions.
6. Screen for eating disorder risk.
a. Refer on to eating disorder health professionals, or refer back to
their medical practitioner for further management.
b. C
 onsider alternative diet or non-diet therapies in patients at risk
of developing an eating disorder.
7. Use language thoughtfully. Avoid labelling foods as “good” or
“bad,” “safe” and “unsafe” as this language can contribute to food
related fear and feelings of guilt or shame.

FODMAP alternatives. For example, substituting a high FODMAP dairy product, such as cow’s milk, with a FODMAP dairy
alternative, like lactose free cow’s milk or calcium-fortified soy
protein milk. Notably, patients who follow the diet without guidance from a professional record significantly lower intakes of betacarotene, riboflavin, calcium, magnesium and phosphorus than
those who are guided.41 This again exemplifies the importance of
the dietitian.
Some short-term studies have indicated that fiber intake may
be reduced during the initial restrictive phase of the FODMAP
diet.42,43 However, other studies have shown maintained fiber intake,44,45 and intake is often improved in longer-term studies that include the reintroduction and long-term personalization phases.23,25,42
Constipation did not improve following a physician-led FODMAP diet, possibly due to inadequate education about fiber intake,
although dietary intake was not measured.46 Due to the many health
benefits of fiber, and the knowledge of potential short-term reductions in intake, regardless of how the FODMAP diet is delivered,
it is key that patients are educated on ways to maintain or improve
fiber intake. However, considering the time involved and expertise
required to adequately educate patients on suitable fiber sources in
IBS, dietitians are likely best placed to provide this. The alternative is to use fiber supplements. A recent RCT has indicated that a
minimally fermented fiber (sugarcane bagasse) can improve stool
characteristics without exacerbation of other symptoms.47,48 If the
desire is to add a fermentable fiber such as resistant starch, this can
generally be tolerated when combined with a minimally fermented
fiber to slow fermentation down in the colon.47,48

Psychological Risks
As the initial stage of the FODMAP diet is restrictive, it has
been suggested that it may impact emotional and mental health.32
A population study of nearly 3000 individuals found that those
with GI diseases on therapeutic diets displayed lower health-related
quality of life, but the results were not statistically significant.49 Specifically, the gluten-free diet in patients with celiac disease has been
linked to food-related anxiety and social exclusion, especially upon
initial diagnosis of the disease.50 However, these feelings appear to
dissipate over time as the individual gains knowledge and the confidence to self-manage their diet.51,52 As a diet that can alter and normalize over time to suit an individual’s lifestyle while still managing
their IBS symptoms, it is unclear if the FODMAP diet carries
similar social stigma, although a recent study of 205 participants in
the long-term personalization stage of the diet experienced lower
food related quality of life than controls.53 Unlike celiac disease, in
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which ingestion of gluten has pathological consequences such as
mucosal damage,54 consuming FODMAPs in IBS may be associated with symptoms after the meal, but no evidence has suggested
that these symptoms are related to mucosal damage, and they can
be managed. This risk of more serious consequences when ingesting gluten may account for the psychological impacts. High quality
studies are required to examine the social effects of the FODMAP
diet.
On the other hand, it is important to acknowledge the high risk
of disordered eating behaviors in this patient group. An individual
may have disordered eating if they demonstrate irregular eating behaviours that do not fit the criteria for an eating disorder as defined
by the Diagnostic and statistical manual of mental disorders, fifth
edition.55 This may include calorie counting or skipping meals to an
extent that impacts their health or nutritional status.32,56 Severe IBS
symptoms are associated with higher rates of disordered eating in
adolescents56 and adults.57 One study of 45 adults with IBS found
that 71% were classified as having an actual eating disorder when
measured by the SCOFF questionnaire.58 Likewise, when specifically examining the FODMAP diet, it was found that 57% of IBS
patients classified as having an eating disorder closely adhered to the
“restriction” phase of the diet for 6 weeks, while 36% of those who
did not have an eating disorder closely adhered.59 The SCOFF was
designed for, and has been validated in, individuals with anorexia
and bulimia nervosa.31 However, the eating disorders that are
thought to be associated with IBS are those linked to restrictive food
choices rather than body dysmorphia, such as avoidant restrictive
food intake disorder (ARFID) or orthorexia nervosa. Hence, the
accuracy of data generated using the SCOFF is uncertain.
ARFID is defined as the fear of eating specific foods or food
groups due to sensory characteristics or the potential adverse
consequences of consuming foods.55 Dietitians have suggested
that individuals with IBS may be at risk of ARFID, due to their
strict avoidance of specific foods that may trigger GI symptoms.60
While an emerging area of research, clinical trials have reported
an ARFID prevalence of 13-21% in individuals with DGBIs.61,62
Notably, 44% of individuals with ARFID had previously been prescribed a FODMAP diet by their gastroenterologists to manage
their symptoms.62 However, it was not mentioned if these patients
had also seen a dietitian for guidance. Moreover, orthorexia is
characterized by restricting foods based on perceived health quality.63 Similar to ARFID research, orthorexia is still a novel concept.
However, preliminary research has found that IBS symptom severity may be positively correlated with orthorexia.58,64 Various screening
tools have been developed to assess risk of ARFID and orthorexia,
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but none have been validated in IBS. Considering that groundwork
research has indicated a relationship between IBS and eating disorders, future research should explore this link further.
As mentioned, patients with IBS should be screened for eating
disorders at the initial assessment. Individuals who are found to be
classified as having an active eating disorder should not be placed
on a FODMAP, or other restrictive diet, and clinicians should
instead advise of alternative therapies to manage their symptoms.60
Additionally, clinicians may refer these patients to experienced eating disorder dietitians and psychologists.32 In IBS patients who are
not classified as having an eating disorder, but are at risk or exhibit
disordered eating behaviours, a discussion of the risks and benefits
of restrictive diets is warranted, along with recommendations of
alternative diet or non-diet therapies. The FODMAP-Gentle approach may be suitable18 with long-term studies showing that good
symptom management is achieved when patients restrict only a
small number of very high FODMAP foods.53,65

The Problem of Printed Diet Sheets
IBS patients are often provided with printed diet sheets to
educate on the FODMAP diet. The inadequacy of these printed
sheets was highlighted in a small qualitative study from the United
Kingdom. Eight IBS patients who were handed printed diet sheets
by their general practitioner or gastroenterologist were asked about
their real-world experience. Patients reported that the sheets were
overly simplistic, often just “food lists” with little or no personalization to accommodate social, cultural or family needs, and that the
non-personalized nature of these sheets reduced their utility.34
A one-size-fits-all approach to restrictive diets is inadequate for
several reasons. First, diet sheets include inaccurate information and
often there are discrepancies between different diet sheets, as there
are in published papers,66 compounding patient confusion.33 Secondly, food composition data included in these sheets quickly becomes out-dated, unlike data in digital applications that are updated
regularly. Thirdly, food lists are limited in the breadth of foods they
cover and fail to account for socially and culturally diverse eating
habits. Fourthly, lists indicate high vs low FODMAP content on
the basis of standard servings and do not consider individuals who
consume larger portions, which can alter the FODMAP rating
from low to high. Fifthly, supermarkets contain thousands of packaged and processed foods. The FODMAP content of these cannot
be communicated via a simple food list and deciphering FODMAP content from food labels is complex and therefore difficult
for many patients.67 Furthermore, the actual FODMAP intake of
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a processed food may not be predictable according to the food label
list of ingredients. The last two issues have been partly addressed on
the Monash University FODMAP Diet app by using an orange
symbol for borderline content and by including some processed and
packaged foods where the ingredients remain constant. Lastly, diet
sheets provide no context as to why the foods are restricted, how
this may be manipulated for individual differences and how the
food lists relate to their diagnosis. This may fuel misunderstanding
on the use of dietary therapy, diminish compliance and potentially
compound the risks outlined above.

The Importance of a Multidisciplinary Team,
Including a Dietitian
While gastroenterologists may be the initial contact for patients
with GI disorders, treatment response is improved when the patient
is managed by a multidisciplinary team. This was highlighted in a
study which showed that 84% of GI patients managed by a multidisciplinary team (including a gastroenterologist, dietitian, hypnotherapist, psychiatrist, and physiotherapist), experienced symptom
improvement, compared to 57% managed by the gastroenterologist alone.68 Another recent study of 35 patients provided with
FODMAP diet education via the physician, rather than dietitian,
suggested that, while understanding of the diet was adequate and
symptoms were improved, lack of dietitian involvement resulted
in poor compliance, with only 52% reporting they followed the
diet most of the time.46 Additionally, more than 3 patients out of 4
reported they wished to see a dietitian at least once, highlighting the
importance of a multidisciplinary approach including a dietitian.
Despite this evidence, clinical practice does not always utilize a multidisciplinary approach.

Addressing the Barriers to Dietetic
Involvement
Although the value of dietetic input is now recognized in
clinical guidelines, this is not universal.69 For example, while the
American College of Gastroenterology recommends use of the
FODMAP diet administered only by dietitians,70 the Korean
and Japanese guidelines make no mention of dietitians and only
recommend limited use of dietary therapies in IBS.71,72 Moreover,
a survey of gastroenterologists found that, while 60% agreed
that patients associated dietary intake with IBS symptoms, only
21% regularly referred to dietitians. Additionally, over half of
gastroenterologists recommended the FODMAP diet to patients,73

32

Table 2. When to Refer to a Dietitian (Adapted From Simons et al )

• Patients who intend to start a FODMAP diet
• Patients who are already on the FODMAP diet but are stuck in
stage one and have failed to challenge or re-introduce foods, especially where the FODMAP diet is self-managed
• Patients who are following multiple restrictive diets simultaneously,
eg, FODMAP diet plus gluten-free or vegetarian diet
• Patients at risk of or have malnutrition (have experienced 5%
weight loss in 1 month or 10% weight loss in 6 months)
• Patients with disordered eating behaviors
• Patients with chronic health issues that require medical nutritional
management such as diabetes
FODMAP, fermentable oligo-, di-, mono-saccharides, and polyols.

suggesting they may appreciate the importance of diet therapies, but
not the value of a dietitian. Recent studies conducted in Australia
and the United States have reported that the barriers to dietetic
referral include a lack of access to specialised dietitians, a poor
understanding of their role, and the out-of-pocket costs for patients
due to limited insurance coverage of dietetic services.74,75 Therefore,
it is essential that both gastroenterologists and dietitians advocate
for the role of dietitians in this specialized fields, as 78% of noncomplex GI patients could be managed exclusively by a dietitian.76
Simons, Taft, Doerfler, Ruddy, Bollipo, Nightingale, Siau, van
Tilburg32 proposed guidelines to assist doctors to determine when
they should refer IBS patients to dietitians, as presented in Table 2.

Professional Standards for Gastrointestinalexperienced Dietitians
As the role of dietitians in GI disorders involves evaluation of
the patient and providing an individualised approach, it should be
appreciated that the understanding of, and experience in managing,
such disorders, in terms of pathophysiology, differential diagnosis,
and therapeutic options is essential to achieve optimal patient
outcomes. Unfortunately, there is no formal training program for
GI dietitians, and specialization in the field is generally related to
the amount of clinical experience and professional development
undertaken by the individual. Hence, it is difficult to discern what
is a “GI dietitian”. An Australian survey revealed that 30-51% of
currently practicing dietitians in the state of Victoria, stated that
they were involved in the management of patients with IBS, celiac
disease, liver disease, inflammatory bowel disease, food allergies
and other disorders associated with the GI tract.77 However, the
level of GI training of the dietitians surveyed was not explored,
and to describe all those working in GI and food allergy spaces
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as “GI dietitians” is inaccurate, and could be likened to calling all
primary care physicians “gastroenterologists” because they deal
with GI problems in some of their practice. Formalization of the
specialization in GI dietetics is clearly needed.
Professional development courses are available for dietitians to
upskill in the field. In Australia, 2 such courses include the Monash
FODMAP online course and the Dietitians Australia Centre for
Advanced Learning course on GI nutrition provide specific education to dietitians about IBS and dietary therapies. While these
courses exist, there is no accreditation to provide formal recognition of GI dietitians. In other areas of dietetics in Australia such as
sports dietetics, completion of an internationally recognised course
combined with at least 1 year of practical experience in the field can
qualify a dietitian to become an accredited sports dietitian. This type
of accreditation could be applied to GI and may be a way forward
in the future to provide formal recognition.

How to Deliver the Diet in Areas Where
Dietitians Are Not Available?
Numerous papers and clinical guidelines now specifically
recommend dietitian-led delivery of the FODMAP diet.65,70,78-81
However, in situations where dietitian availability is limited or
patients choose a self-guided approach, several considerations may
be made depending upon the scenario.
(1) Access to dietitians is limited: In many parts of the world,
face-to-face dietitian consultation is not possible due to lack of
trained dietitians in practical proximity. Telehealth may be an
appropriate solution. In recent years, telehealth has emerged as
a mainstream tool to access healthcare remotely82,83 and recent
experience has indicated that guidance through the FODMAP
diet by a dietitian online is both feasible and successful (personal
observations). However, limited internet access and/or technical
skills may prevent some patients from engaging in telehealth.
(2) Availability of dietitians is limited: Dietary consultation/
education is a time-consuming process (as outlined above) and,
given the prevalence of IBS in the community, too few dietitians
may be available to manage the patient load. In this setting, group
education sessions on the FODMAP diet is an alternative that may
be as effective as one-on-one counselling in reducing IBS symptoms
in 54-60% of selected participants, assuming they are pre-screened
for suitability (thus excluding patients with atypical symptoms,
complex health issues, and/or language barriers).84 However,
relevant considerations include that there is limited capacity to
individually assess and tailor advice to patients in a group setting.
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Therefore, in practice, one-on-one counselling should be available
alongside group dietetic education, so that patients unsuitable for
group education can access the individualized dietetic care they
need.
(3) Delivery of FODMAP dietary education by other health
professionals: There is no impediment to other health professionals
who are properly trained in the FODMAP strategy delivering this
diet, although less evidence supports this approach and efficacy data
are more mixed.41,85 Suitable health professionals may include GI
nurses or gastroenterologists. For example, one study reported that
participants guided by IBS and FODMAP-trained nurses reduced
their intake of FODMAP-containing foods,85 while others reported
improved quality of life and IBS symptoms.41,86 Gastroenterologists
may also successfully deliver the diet, with 1 observational study
showing that patients with IBS who followed a gastroenterologisttaught FODMAP diet experienced improved IBS symptoms, with
apparent ongoing adherence. The gastroenterologist in this study
clearly followed a protocol that would have required considerable
time and training before such an intervention was made available.
Other aspects regarding assessment were not addressed. The
learnings from this study are that the doctor (or other health
professional) can successfully deliver a FODMAP diet, but that
training on how to do so successfully would be needed. Such
education is readily available on-line, as outlined above for dietitians
wishing to up-skill.87
(4) Self-guided approach: Across the world, this seems a common approach, although the success this strategy is suboptimal according to the limited study of such outcomes.22 Challenges include
identifying quality information amidst the masses of inaccurate
information available online, and patients are unlikely to mitigate
the risks of this diet, as outlined above. While printed diet sheets
may be used as a guide, these are often overly simplistic, lacking
personalization and nothing but food lists of high and FODMAP
foods of questionable accuracy. More detailed guidance on how to
follow the 3-phase FODMAP diet is available in books, booklets
and digital applications, such as the Monash University FODMAP Diet app, which also provides up-to-date information about
the FODMAP content of food. An online course for patients was
designed by the Monash University FODMAP team to supplement and reinforce professional advice, and potentially may be used
where professional coaching is not available. The success of this
course in enabling people to independently follow the 3 stages of the
FODMAP diet has not undergone formal evaluation, but at least
the information is from a reliable source.
(5) Utilizing specialised food delivery services: The use of
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ready-made meals delivered to your home has become popular
when weight loss is the goal in those with the means to pay. Similarly, services that deliver low-FODMAP meals are available in Australia and the United States and provided by a range of companies.
They offer a convenient means of determining the symptomatic
success of FODMAP restriction and potentially make the reintroduction phase easier. Ideally however, they would be accompanied
by dietetic education to upskill the patient in appropriate food selection and to ensure a suitable diet that both provides symptomatic
relief and mitigates risks of nutritional inadequacy and disordered
eating practices is established for the long-term. Furthermore,
symptoms can still occur with the consumption of these ready-made
meals, particularly with those that are not certified for FODMAP
content.

Culturally-appropriate FODMAP Diets
Potential benefits of the FODMAP diet for patients with IBS
appear to stretch across all continents, with the exception of Africa
from which there have been no reports. RCTs of the FODMAP
diet have been conducted in Australasia, North America, Europe,
Middle East, some countries in Asia,42,88-90 although the number
of studies is limited. Uncontrolled observations have suggested
efficacy of the FODMAP diet in Central America 91 and
association of high FODMAP foods with symptoms have been
made in South America.92 It does appear that the moderate intake
of FODMAPs (sufficient to enable the benefits of their restriction
to manifest) stretches across most cultures, with the exception
of Japan where efficacy of the diet has yet to be reported, and an
association study of perceptions of the relationship of specific food
intake and lower GI symptoms suggested that FODMAPs were
not a problem, although such interpretation of the findings was
highly speculative.93 Table 3 outlines staple high-FODMAP and
low-FODMAP alternatives of different cultural diets including
Western, Mediterranean, Middle Eastern, East Asian, and South
Asian diets. More data are needed for African, Asian, Middle
Eastern, and South American diets.
Despite evidence revealing its efficacy, there are challenges in
implementing the FODMAP diet into different cultures. Some
cultures hold specific food beliefs that can differ from the FODMAP diet. For instance, Chinese Food Therapy classifies foods
based on the perceived reaction they have in the body and recommends treating GI conditions using Traditional Chinese Medicine,
which may not align well with FODMAP principles.103 Additionally, in many cultures, such as South Asian, it is not common to mea-

sure ingredients and portion sizes, and meals are commonly served
with side dishes that are shared amongst a table.94 This can make it
difficult to measure an individual’s consumption of FODMAPs.
Also, detailed review of food content in South and East Asia have
revealed many foods of unknown FODMAP content.94,95 Some
foods that are staples in Asian cuisine are high in FODMAP
content, such as garlic and legumes/pulses, which can make it challenging to adequately implement the diet. However, strategies such
as using garlic alternatives eg, chives, ginger or garlic-infused oil
rather than whole garlic can be applied.95 Additionally, both food
processing and cooking methods have been shown to alter the
FODMAP content of foods,104 which may be a useful strategy to
reduce the effects of some high FODMAP foods. For example, the
use of legumes in condiments are prevalent in Asian cooking and
may have reduced FODMAP content, such as fermented beans,
depending on the length and type of fermentation process utilised.
Alternatively, a trial-and-error approach to test for individual tolerance can be used for recipes that utilize ingredients whom FODMAP content is uncertain. Such region-specific differences require
ongoing research and thought.

Implementing the Diet When the FODMAP
Content of Food is Unknown
The success of the FODMAP diet strategy is contingent
on patients and clinicians having access to accurate FODMAP
composition data, derived from laboratory analyses using well established techniques.96,97 Monash University has a large database
describing the FODMAP content of food, made accessible via
the Monash University FODMAP Diet app. While Monash
University has sourced and tested food from all over the world, the
majority of food listed in the app are from Western nations, including Australia, Europe and the United States, with a smaller fraction
of food sourced from Asian countries.
Despite this, some foods listed in the Monash App are common to both Asian and Western countries, many of which can be
consumed in a low FODMAP serve. Examples include breads
and cereals such as rice and rice noodles; fruits such as durian,
dragon fruit, and pawpaw; vegetables, legumes and nuts such as
bok choy, tofu, and peanuts; herbs and spices such as curry leaves
and saffron; and dairy/alternatives such as soy milk. Foods containing minimal carbohydrates will also have little in the way of FODMAP content. Examples include protein-rich foods such as plain
red meat, fish, poultry and eggs, and fats and oils such as peanut oil,
sesame oil, and ghee.
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Table 3. Staple Fermentable Oligo-, Di-, Mono-saccharides, and Polyols–containing Foods Across Different Cultural Diets

FODMAP diets

GalactoFructoExcess fructose
oligosaccharides oligosaccharides

Lactose

Polyols

Western diet96-98

Lentils
Chickpeas
Broad beans
Kidney beans
Pistachio
Almonds

Wheat
Onion
Garlic
Spring onion
Pomegranate
Watermelon
Zucchini

Banana
Mango
Watermelon
Honey
Jam

Cow’s milk

Sweet potato
Avocado
Mushroom
Watermelon
Eggplant
Apple

Mediterranean diet99,100

Lentils
Chickpeas
Broad beans
Kidney beans
Pistachio
Almonds

Wheat
Onion
Garlic
Pomegranate
Watermelon
Zucchini
Pistachio

Watermelon
Fig
Honey

Cow’s milk

Mushroom
Watermelon
Eggplant
Green capsicum

Middle Eastern diet101,102

Lentils
Chickpeas
Broad beans
Kidney beans
Tahini
Pistachio

Okra
Wheat
Couscous
Bulgur
Onion
Garlic
Spring onion
Dates
Pomegranate
Watermelon
Zucchini
Molasses

Banana
Mango
Watermelon
Molasses
Fig

Cow’s milk
Goat’s milk

Watermelon
Eggplant
Green capsicum

East Asian diet93,95

Lentils
Chickpeas
Soy bean milk
Soy beans
Bitter melon
Silken tofu
Wasabi
Taro

Jackfruit
Silken tofu
Onion/shallot
Garlic
Wheat
Watermelon

Banana
Mango
Jackfruit
Watermelon
Nashi pear

Cow’s milk

Wasabi
Mushroom
Watermelon
Coconut
Nashi pear

South Asian diet 94

Lentils
Chickpeas
Beetroot
Soy bean milk
Almonds
Silken tofu

Onion/shallot
Wheat
Beetroot
Okra
Spring onion
Dates
Pomegranate
Silken tofu
Watermelon

Banana
Mango
Jackfruit
Watermelon

Cow’s milk
Goat’s milk

Sweet potato
Avocado
Coconut
Watermelon
Eggplant

FODMAP, fermentable oligo-, di-, mono-saccharides, and polyols.
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Staple low
FODMAP foods
Rice
Peanuts
Tomato
Fish/meat/chicken
Cucumber
Spinach
Red capsicum
Potato
Peanuts
Tomato
Fish/meat/chicken
Cucumber
Spinach
Red capsicum
Olives
Olive oil
Potato
Wine
Pumpkin seeds
Sesame
Rice
Peanuts
Tomato
Fish/meat/chicken
Spinach
Pine nuts
Cucumber
Red capsicum
Olives
Olive oil
Ghee
Camel’s milk
Soy protein milk
Mung bean
Rice
Rice noodles
Peanuts
Sesame
Soy sauce
Fish sauce
Hard tofu
Bok choy
Guava
Plantain
Durian
Fish/meat/chicken
Rice bran oil
Soy protein milk
Rice noodles
Pumpkin seeds
Sesame seeds
Peanuts
Tomato
Fish/meat/chicken
Ghee
Hard tofu

How to Implement the 3-Phase FODMAP Diet Into Gastroenterological Practice

The FODMAP diet differs markedly in different geographic
locations, so dietitians must use the available food composition
data to construct nutritionally adequate, culturally appropriate
FODMAP diets. Where food composition data are lacking,
dietitians can take one of two approaches. The first approach
would be to assume foods with unknown FODMAP content
are suitable to consume and only restrict foods known to be high
in FODMAPs initially. Restriction of foods with unknown
FODMAP content would only be needed if symptom response is
inadequate. The second approach would be to initially restrict both
foods known to be high in FODMAPs and foods of unknown
FODMAP content. The usual reintroduction approach can be
used to determine tolerance of foods with known FODMAP
content.17 For foods of unknown FODMAP content, a “test to
tolerance” approach can be used, whereby the patient would wait
until symptoms are well controlled, then include a small amount
(about one-third usual serving size) daily for 3 days. If the food
is tolerated it would be considered suitable to include for that
individual.

Conclusion
The structure of, and considerations around implementing the
FODMAP diet are now well described and understood. While the
diet has consistently shown improved IBS outcomes across clinical
studies, it is important to acknowledge the essential role of dietitians
in implementing, tailoring and managing the diet to achieve the best
patient outcome. Dietitians are indispensable members of the GI
multidisciplinary team, and more attention should be given to creating an internationally recognised accreditation for GI-specialized
dietitians. In limited scenarios where dietitian access or availability is
lacking, a combination of approaches may be considered including
telehealth or group education with a dietitian, utilisation of accurate
FODMAP resources, or undertaking specialized training for nondietetic health professionals. Whichever approach is used, care
should be taken to mitigate any risks arising with long-term use of a
FODMAP diet.
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Disorders of gut-brain interaction (DGBIs) are common conditions in community and clinical practice. As specialized enteroendocrine
cells, enterochromaffin (EC) cells produce up to 95% of total body serotonin and coordinate luminal and basolateral communication
in the gastrointestinal (GI) tract. EC cells affect a broad range of gut physiological processes, such as motility, absorption, secretion,
chemo/mechanosensation, and pathologies, including visceral hypersensitivity, immune dysfunction, and impaired gastrointestinal
barrier function. We aim to review EC cell and serotonin-mediated physiology and pathophysiology with particular emphasis on
DGBIs. We explored the knowledge gap and attempted to suggest new perspectives of physiological and pathophysiological
insights of DGBIs, such as (1) functional heterogeneity of regionally distributed EC cells throughout the entire GI tract; (2) potential
pathophysiological mechanisms mediated by EC cell defect in DGBIs; (3) cellular and molecular mechanisms characterizing EC cells
and gut microbiota bidirectional communication; (4) differential modulation of EC cells through GI segment-specific gut microbiota;
(5) uncover whether crosstalk between EC cells and (i) luminal contents; (ii) enteric nervous system; and (iii) central nervous
system are core mechanisms modulating gut-brain homeostasis; and (6) explore the therapeutic modalities for physiological and
pathophysiological mechanisms mediated through EC cells. Insights discussed in this review will fuel the conception and realization of
pathophysiological mechanisms and therapeutic clues to improve the management and clinical care of DGBIs.
(J Neurogastroenterol Motil 2022;28:357-375)
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Introduction
Functional gastrointestinal disorders (FGIDs) are currently defined as disorders of gut-brain interactions (DGBIs) to underscore

the term “functional” as it has a connotation of being primarily
psychologically in origin.1 Moreover, in place of brain-gut interaction, which overestimates the importance of cerebral dysfunction
over abnormalities in the gut, in the new Rome classification, these
are called DGBIs, overemphasizing the importance of gut over the
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brain.1 The board of directors of the Rome foundation, with the
feedback and final approval from the chairs and co-chairs of the
Rome IV committees, created the new definition for DGBI and
defined it as a group of disorders classified by gastrointestinal (GI)
symptoms related to any combination of the following: motility
disturbance, visceral hypersensitivity, altered mucosal and immune
function, altered gut microbiota, and altered central nervous system
(CNS) processing.2 DGBIs, for instance, irritable bowel syndrome
(IBS) and functional dyspepsia (FD), are common conditions
needing referral to gastroenterology clinics and are also highly
prevalent in the community.3 DGBIs are heterogeneous conditions
with intertwined pathophysiological mechanisms, such as altered
gut motility, impaired GI barrier function, gut immune dysregulation, gut microbial dysbiosis including small intestinal bacterial
overgrowth, low-grade inflammation, visceral hypersensitivity, and
dysregulated gut-brain axis.4,5 A recent global epidemiological study
of 73 076 participants in 33 countries reported that more than 40%
of participants met the Rome IV criteria for at least one DGBIs.6
This study indicated FD and IBS were the top rankers amongst the
22 DGBIs on the pooled prevalence rate.6 Furthermore, DGBIs
and specific GI motility disorders often present significant clinical
overlaps, for instance, gastroparesis and FD-postprandial distress
syndrome (90%); gastroparesis and slow-transit constipation (60%);
and FD and IBS (15-42%).7-9 The rising prevalence of DGBIs
established a substantial burden and challenge on the patients, families, and the healthcare system.3 Despite extensive research, the underlying pathophysiology of DGBIs remains enigmatic providing
the impetus for future research to elucidate the precise pathologies
and treatment to optimize patient care.
Serotonin (5-hydroxytryptamine, 5-HT) affects a wide range
of gut and brain physiological functions such as gut motility, secretion, visceral sensation, immune regulation, gastrointestinal epithelial integrity, sleep, and mood.10,11 The vast majority of serotonin in
our body is produced and secreted from enterochromaffin (EC)
cells.11 Serving as a communication circuit between the apical and
basolateral interface of the gut epithelium, EC cells sense chemicalmechanical stimuli, transduce signals to enteric nervous system
(ENS) and CNS, and neighboring cells; these functions reinforce
EC cells as a front-line player in modulating the pathophysiology
of DGBIs.12 However, the potential mechanistic link between EC
cells/serotonin metabolism and the DGBIs is largely elusive. In this
review, we uncovered the most recent discoveries of EC cells and/
or serotonin-mediated physiology and pathophysiology in DGBIs.
Decoding complex mechanisms will strengthen the understanding
of DGBIs, facilitate potential diagnostic tools, and therapeutic mo358

dalities to refine the management of these disorders.

Current Challenges of Disorders of Gut-Brain
Interactions
To broaden our horizons on pathophysiology of DBGIs, current challenges that need to be addressed include: (1) symptoms
may not always reflect the pathophysiological mechanisms. Without
knowing the cellular and molecular pathologies, the medications
may be ineffective and results in higher healthcare expenditure and
poor quality of life.3,13,14 Better pathophysiology-directed therapeutic
strategies rather than symptomatic treatment are warranted. (2) The
interplay between EC cells/serotonin signaling and gut microbiota
and/or its derived metabolites in the pathogenesis of DGBIs are
enigmatic. The association between altered serotonin signaling and
symptom severity among patients with DGBIs is scanty.11,15,16 (3)
Despite gut microbiota having an essential role in gut health, its
precise functions in DGBI are cloudy.4 Given the fact that the gut
microbiome varies between person, race, ethnicity, nationality, and
even neighboring communities, what constitutes a healthy microbiome? What is gut microbial dysbiosis?17,18 (4) The mechanism
of EC cells contributing to the intestinal barrier integrity and the
fundamental impact of gut microbiota and its derived molecules
on EC cell’s function are limited.19 Large-scale and longitudinal
studies utilizing multi-omics analysis are needed to dissect the exact
contribution of gut microbiota and serotonin signaling alterations in
the progression/regression of DGBIs. (5) Research on the role of
the vagus nerve innervation in ENS, which connects the gut to the
brain, concerning EC cell in DGBI pathophysiology is enigmatic?20
How does the interaction/interplay between EC cells, sensory afferent neurons, and gut immune cells modulate visceral hypersensitivity in DGBIs?21 Further, how does the gut-brain-neuroendocrine
axis involve psychological comorbidity or early adverse life events
that lead to DGBIs?21 (6) The explicit understanding of the central
players, such as EC cells and serotonin, and how they coordinate
the gut functions and crosstalk with neighboring cells and luminal
content is elusive. New drugs targeting EC cells may offer hope for
novel therapeutic approaches in the clinical care of DGBIs. (7) The
mode of administration and the pharmacokinetics of therapeutic
agents are critical features for clinical outcomes.22,23 The therapeutic
modalities of enhancing the selectivity and specificity of the drugs
for the gut cells are another approach to achieve better target efficacy.24 A further challenge for achieving the prokinetic effect
is still incomplete, which requires activation of both luminal and
myenteric circuitry 5-HT receptor 4 (5-HT4R).24 Furthermore,
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5-HTR expression is abundant in the GI cells throughout the gut,
but differential expression of their subtypes specific to the GI cells is
elusive, which is critical for the on-target and off-target side effects
associated with 5-HTR agonists and antagonists. (8) To discriminate FD from gastroparesis, which has a similar underlying clinicopathological spectrum, is a significant challenge in clinical practice
and research, given that these disorders are indistinguishable by
gastric emptying assessment.25 Precise biomarkers for identifying
the pathologies are warranted besides the gastric emptying test,
which does not correlate with symptoms and their severity.25 (9) The
clinical presentation of DGBIs significantly overlaps. For instance,
60-70% of patients with gastroparesis have slow transit constipation
(STC), and the overlap between IBS and FD is 15-42%.3,8 These
clinical findings raise questions about the causal effect and the origin of the different subtypes DGBIs. Significant clinical overlaps
among DGBIs suggest the sharing pathophysiological mechanisms
and therapeutic targeting of these cellular and molecular pathologies
might provide a better treatment approach.

Gastrointestinal Cells Dynamics in Gut Health
and Disorders of Gut-Brain Interactions
Gastrointestinal Cells Dynamics in Gut Physiology
The GI tract is a highly dynamic tubular organ that processes
ingested food, assimilates water and nutrients, and eliminates waste
to maintain our health.26 A recent human intestinal single-cell resolution spatiotemporal analysis has cataloged 101 cell types and 9
intestinal compartments clusters, including immune, epithelium,
muscularis, endothelium, neural, fibroblast, myofibroblast, pericyte,
and mesothelium.27 The staggering complexity of intercellular interactions coordinates the directional movement of luminal contents
from ingestion to expulsion.28 The pacemaker activity of interstitial
cells of Cajal (ICCs), platelet-derived growth factor-alpha cells,
smooth muscle cells, enteroendocrine cells, glia cells, and excitatory
and nitrergic neurons of the ENS maintains the regular GI motility pattern (Figure).29 The cellular and molecular remodeling in
these cells are responsible mechanisms for GI function alterations
in FD, gastroparesis, and IBS.30 However, the inconsistent association between altered gut physiology and symptoms warrants further
investigations of differential innervating patterns and complexity of
enteric and vagal neurons, pacemaker cells, immune and enteroendocrine cells in region-specific GI segments.
As the second-largest epithelium in our body, the GI tract
constitutes a surface area of > 30 m2.31 A large surface area of GI

epithelium in direct contact with luminal contents is responsible
not only for nutrient absorption but also protection against environmental pathogens.32 The gut epithelium functions as a protective
barrier that withstands extreme pH variations, mechanical abrasion,
and bacteria colonization. Enteroendocrine cells (< 1% of gut
epithelium) are primary secretory lineages that serve vital functions
that rely on hormones and neurotransmitters to integrate signals
arising in the gut to the brain.33 EC cell is a unique subset of enteroendocrine cells, scattered among epithelium throughout the GI
tract, synthesize and secrete 90-95% of the serotonin in the human
body (Figure).16 As a specialized intestinal epithelium, EC cells
closely coordinate with neighboring cells to adopt various strategies
balancing the intestinal barrier functions with secretion, chemo-and
mechanosensation, nutrient absorption, and crosstalk with gut microbiota.34 Serotonin is a versatile biogenic amine, neurotransmitter,
and hormone, which is primarily responsible for diarrhea associated
with carcinoid tumors.35 It regulates pivotal peripheral and central
effects, including secretion, visceral sensation, gut motility, energy
homeostatis, inflammation, sleep, food intake, aggression, depression, anxiety, and psychosis critical for gut health and alternations
responsible for DGBIs.11

Gastrointestinal Cells Dynamics in Disorders of GutBrain Interactions Pathophysiology
State-of-the-art studies suggest impaired GI barrier function as
a central pathological mechanism that regulates gut-brain interactions due to immune dysregulation via microbial alterations and
food antigens.36,37 Gut immune dysregulation drives a breach in the
intestinal barrier and functional deficits in GI pacemaker cells, leading to alerted visceral sensation, secretion, and gut motility.38 As a
result, the activated mast cells and eosinophils induce tissue damage
and interferes with enteric nerve function. In addition, dysregulation of the neuroimmune crosstalk has been proposed as the leading
cause of visceral hypersensitivity responsible for abdominal pain in
subsets of DGBIs.39 Studies suggest EC cells serve as a communication circuit for the gut-brain interactions. The interplay between
host and gut microbiota modulates serotonin signaling/metabolism,
affecting gut neurohormonal-immunoregulation, intestinal barrier
function, and visceral sensation.40

Enterochromaffin Cells Mediating Gut
Physiology
Owing to their extensive heterogeneity and variability, the
functional roles of EC cells and serotonin are still in large part un-
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Figure. Enterochromaffin (EC) cells dynamics in gut physiology and disorders of gut-brain interactions. (A) Heterogenous distribution of EC

cells. (B-D) Functional heterogeneity of EC cells. Small intestine EC cells are specialized for sensing nutrients and colonic EC cells for gut microbiota and its derived molecules. (E, F) Apical and basolateral interface of EC cells. EC cells coordinate bilateral communication through crosstalk
between dietary, microbial, and inflammatory factors to which their apical surface is exposed and to enteric neurons with afferent endings close to
their basolateral surface, coordinating gut-brain communication. GI, gastrointestinal; Tph1, tryptophan hydroxylase 1; Lgr5, leucine-rich repeatcontaining G-protein coupled receptor 5; 5-HT, 5-hydroxytryptamine; CCK, cholecystokinin; DGBI, disorders of gut-brian interaction; AHR,
aryl hydrocarbon receptor; TRPA1, transient receptor potential ankyrin 1; TLR, toll-like receptor; OLF558, olfactory receptor 558; ST2, suppressing the tumorigenicity 2 receptor; TGR5, Takeda G protein-coupled receptor 5; FFARs, free fatty acid receptor genes; SERT, serotonin
reuptake transporter; 5-HTR, 5-hydroxytryptamine receptor; IPAN, intrinsic primary afferent neuron; PDGFRα, platelet-derived growth factor
receptor α; SMC, smooth muscle cell; ICC, interstitial cells of Cajal.

determined concerning the scope of its contribution to gut-brain
homeostasis.

Functional Heterogeneity
EC cells secrete cholecystokinin (CCK), secretin, and peptide
YY (PYY), even though serotonin is the primary hormone synthesized and secreted by these cells.41 Twenty-five percent of serotonincontaining cells also secrete PYY in the human colon, whereas
CCK and serotonin colocalize in the murine small intestine.42
More intriguingly, researchers identified serotonin, CCK, and
PYY inside one single vesicle of EC cells (Figure).43 The dynamic
functions of EC cells are not restricted to secretion; spontaneously,
the tasting/sensing function is due to the expression of nutrient
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receptors, and transporters differ considerably between EC cells in
gut region-specific manner.44 Small intestine EC cells are specialized for sensing nutrients and colonic EC cells for gut microbiota
and its derived molecules.44 Small intestine EC cells are devoid of
nutrient metabolites sensing receptors such as G protein-coupled
bile acid receptor 1 (GPBAR1), G protein-coupled receptor 119
(GPR119), free fatty acid receptor 1 (FFAR 1), calcium-sensing
receptor, and GPR142 (Figure).44 Colonic EC cells express GPCR
sensors of microbial molecules, comprising of receptors for short
chain fatty acids (SCFAs), for instance, FFAR2, olfactory receptor
558 (OLF558), OLF78; aromatic acids receptors, GPR35; secondary bile acids receptors, GPBAR1; and acyl-amides and lactate,
GPR132 (Figure).44
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Life Cycle of Enterochromaffin Cells: Self-renewal
and Mature Enterochromaffin Cells
The turnover rate of the gut epithelial cell is 3-5 days.45 The
epithelium starts its journey from the crypt base and migrates to
the villus until it reaches the top edge and has been “squeezed out”
while undergoing apoptosis. During its short but magnificent life,
the epithelial cells not only “witness” a great war between hostpathogenic microbes, and the harmonious mutualistic relationship
between host and commensal microbiota, but also deliver its substantial duties as the major subtype of enteroendocrine cells. EC
cells have different cell morphologies and heterogeneous distribution throughout the entire GI tract (Figure).42,46 The typical “wineglass” type of EC cells are located in the small intestine, whereas the
“axon-like” EC cells are predominantly found in the colon.47 The
“wine-glass” shaped EC cells are believed to be “open type” and directly taste luminal contents. The “axon-like” EC cells tend to function as “closed type” enteroendocrine cells. A recent murine study
demonstrated 2 subpopulations of EC cells. This study clarified
their positions, with the mature cells positioned in the apical surface
and the self-renewal cells (expressing leucine-rich repeat-containing
G-protein coupled receptor 5 or Ki67) may serve as precursor cells
to keep up EC cell populations in the basolateral surface (Figure).16
This discovery challenges the stereotype that the epithelium has a
short life and showed EC cells could sustain their cell features for a
long time, and some even last a lifetime.

Apical and Basolateral Interface of Enterochromaffin
Cells
EC cells interact with neighboring enterocytes, other enteroendocrine cells, enteric neurons, gut microbiota, dietary contents, and
chemical- and mechanical-stimuli, as autocrine, paracrine, synaptic,
and endocrine moderators (Figure).33,48 Activation of EC cell sensory receptors by food antigens, acidity, invading pathogens, and
mechanical stimuli triggers serotonin release.12 Although there was
recently a breakthrough in understanding EC cell sensory pathway,
it is well-accepted that the luminal sensing signaling involves a complex of autocrine, neurocrine, and paracrine actions.40 For instance,
EC cells are mechanosensitive; upon activation, Piezo2 channels
generate an ionic current essential for the intracellular Ca2+ resulting in serotonin release spontaneously.49 Meanwhile, EC cells are
chemosensitive and recruit transient receptor potential ankyrin 1
channel (TRPA1) to detect irritants leading to the activation of
voltage-gated Ca2+ channel-dependent serotonin release.50,51 In
addition, neighboring enteroendocrine L-cells express nutrient me-

tabolite receptors, which trigger glucagon-like peptide secretion to
stimulate serotonin secretion from EC cells suggesting that EC cells
sense nutrients indirectly via the L-cell and relay the signal luminal
nutrient metabolites to basolateral vagal afferent neurons.44 Once
serotonin is released, the signals travel to the local ENS and distant
organs, including the pancreas and the brain, thus regulating food
intake, digestive enzyme secretion, and bowel movement.52
Not long ago, researchers thought EC cells interact with nerves
indirectly through paracrine or endocrine signals.53 Using transgenic and advanced optical tools, EC cells received a better description
as having several anatomic features observed in neurons, including
dendritic-like spines and axon-like processes, suggesting EC cells
may communicate with ENS through synaptic structure, known as
neuropod.48,54 Through neuropod, serotonin released from EC cells
acts on extrinsic primary afferent neurons (EPANs) and intrinsic
primary afferent neurons in a paracrine and synaptic manner.40
EPANs stimulated via serotonin modulate nausea and abdominal
discomfort. We believe that the mature EC cells positioned in the
luminal surface serve to act as paracrine modulators; self-renewal
EC cells are primarily positioned in the basolateral crypt base with
neuropod sever to connect the gut-brain axis.
Taken together, EC cells not only communicate with neighboring epithelium and enteric neurons as paracrine and synaptic
modulators, as well as “tasting” and “feeling” gut microbiota and
food particles via chemo- and mechanosensing receptors.55 Thus,
as a flexible and resourceful communication circuit, the EC cell is
crucial in GI health and diseases.

Enterochromaffin Cells Mediating
Pathophysiology Mechanisms of Disorders
of Gut-Brain Interactions
The regulation of GI functions entails complex coordinated
interactions between gut and brain, which necessitates the proper
functioning of GI pacemaking cells, epithelial cells, and immune
cells.16,29,30 Any functional defects in these cells will potentially hinder gut function and generate symptoms of DGBIs.30

Apical Interface of Enterochromaffin Cell
Gut microbiota dysbiosis
Gut microbiota dysbiosis is a notable pathophysiological mechanism of DGBIs.17,36,56 The fecal microbiota profile of IBS patients
differs significantly from that of healthy subjects and influences
gut physiology, for instance, motility, GI barrier function, visceral
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sensation, and gut immune function.4,57 In a recent meta-analysis,
IBS patients had a reduced number of commensal bacteria of genera Bifidobacterium and Lactobacillus and an increased number
of pathogenic bacteria of genera Enterobacter as compared to the
healthy subjects.58 Studies reported overrepresentation of Methanobravibacter smithii in stool samples from patients with FD, functional constipation, and constipation-predominant IBS (IBS-C).59,60
A microbiome signature linked with symptom severity of IBS has
been suggested with reduced diversity of commensal bacteria and
the presence of pathogenic bacteria such as methanogenic or Clostridiales species.59 Fecal microbiota transplantation (FMT) may be
beneficial; however, a meta-analysis of randomized-controlled trials
in IBS patients reported no significant improvement in symptoms
after FMT compared to placebo treatment.61 On the contrary, a
double-blind, randomized controlled trial in IBS patients suggested
FMT was beneficial with a significant improvement in symptoms
compared with placebo.62 Still, the clinical outcome of gut microbiota intervention with FMT is hazy, particularly due to the unclearness of the healthy microbiome constitution as well as the interplay
between host and gut microbiota.
Recent findings highlighted the crosstalk between host and
microbiota in gut homeostasis.34,63 One study demonstrated the
critical role of indigenous spore-forming bacteria promote serotonin
biosynthesis from colonic EC cells modulating GI motility.34 On
the other hand, elevating luminal serotonin increases the number of
Turicibacter sanguinis , a spore-forming bacteria, which expresses
a neurotransmitter sodium symporter protein with structural and
sequence homology to mammalian serotonin reuptake transporter
(SERT).63 Treating T. sanguinis with serotonin or fluoxetine enhanced its colonization in the murine gut.63 Furthermore, one study
showed serotonin was capable of decreasing virulence gene expression of Citrobacter rodentium and enterohemorrhagic Echerichia
coli by inactivating bacterial serotonin receptor transcription.64
Together, these findings suggested that the selective indigenous gut
bacteria crosstalk with the host serotonergic pathways to boost their
colonization in the gut, also sparked interest in whether modulating
EC cell and gut microbiota interaction may be an effective treatment strategy for DGBIs.
Gut microbial-derived molecules
One of the fundamental regulations of serotonin biogenesis is
host-microbiota crosstalk.65 Gut microbial-derived molecules communicate signals to modulate the targeted cells’ function, eventually affect the physiological and pathophysiological mechanisms,
influencing health status; still, the precise molecular mechanisms in
362

DGBIs are elusive.66
Bile acids. Gut microbiota dysbiosis induces alternations in
the bile acid (BA) pool.67,68 On the contrary, reduction in BA levels
influences gut microbial diversity leading to gut microbiota dysbiosis.69 A higher amount of BAs results in increased intestinal fluid
secretion.10 Excess fecal BAs in diarrhea-predominant IBS (IBSD) lead to altered gut microbiota profile enriched in Clostridia.70
Higher amounts of BA signatures, chenodeoxycholic acid and
cholic acid, were reported in stool samples from patients with IBSD and lower amounts in patients with IBS-C.71 The authors also
found a positive correlation between a higher amount of BAs and
abdominal pain severity. Furthermore, BAs can activate Takeda
G-protein-coupled receptor 5 (TGR5) localized on EC cells and
promote gut motility.72 TGR5-deficient mice displayed prolonged
colonic transit and reduced fecal pellet frequency compared to control mice advocating TGR5-dependent improvement in gut motility mediated by EC cell serotonin secretion.73 The aforementioned
findings suggest that the interplay between BAs, EC cells, and gut
microbiota modulates DGBIs pathogenesis.
Short chain fatty acids. SCFAs such as butyrate, propionate, and acetate are the prime fermentation metabolites produced
from gut microbiota-mediated degradation of dietary fiber.74 SCFAs are essential to sustain EC cell and serotonin production via
activation of GPCRs (FFAR2).44 Compared to the germ-free (GF)
mice, conventionally raised and humanized mice had higher colonic
tryptophan hydroxylase 1 (TPH1) mRNAs due to butyrate-related
increase in EC cell TPH1 expression and serotonin production.75
Furthermore, butyrate alleviates impaired barrier function through
increasing claudin-2 expression. Bifidobacterium dentium -derived
acetate stimulate serotonin release from EC cells.76 Meanwhile, this
bacterium colonized mice had upregulated expression of 5-HT2AR
in the hippocampus leading to normalized anxiolytic behavior.76
Moreover, isovalerate, a volatile fatty acid metabolite generated by
gut microbiota, evoked serotonin release from EC cells, through
voltage-gated Ca2+ channel modulated 5-HT3R sensory neurons.12
These studies showed that gut homeostasis relies on microbiotaderived SCFA, which plays an important role in GI motility, visceral sensation, secretion, and intestinal barrier function regulation,
further reinforcing EC cells as central modulators in the gut-brain
axis.
Aryl hydrocarbon receptor and serotonin signaling.
The AhR has a fundamental role in host defense against bacteria in
the intestine and functions as a biosensor connecting gut microbiota
to program ENS and immune cells affecting gut homeostasis.77,78
Microbiota-directed AhR expression in neurons of the colon tissue
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enables these neurons to communicate with luminal contents and
to trigger the expression of neuron-specific effector mechanisms.79
Depleting neuron-specific AhR, or overexpression of AhR negative
feedback regulator cytochrome P450 1A1 (CYP1A1) causes colonic dysmotility in mice.79 Intriguingly, serotonin serves as a ligand/
activator of AhR in intestinal epithelial cells through increasing
CYP1A1 expression of the canonical gene target of AhR.80,81 Furthermore, this serotonin-AhR-CYP1A1 pathway was confirmed
in SERT knockout mice.80 These studies demonstrated a novel
mechanistic link between serotonergic and AhR signaling, which
have implications in modulating gut immune function and motility.
Tryptophan metabolites. Tryptophan (Trp) metabolism
is crucial in host-microbial communication to fine-tune gut physiology.10,57,71,82 Trp metabolism comprises 3 critical pathways in
modulating gut functions: (1) indole pathway (direct transformation into metabolites by the gut microbiota, such as AhR and indole
derivatives ligands); (2) kynurenine pathway (transformation into
kynurenine and its derivatives by immune and epithelial cells); and
(3) serotonin pathway (transformation into serotonin and its derivatives by EC cells). Impaired Trp metabolism contributes to DGBIs
pathogenesis, particularly IBS.10,82
Tryptamine. Tryptamine is a monoamine metabolite product
of tryptophan metabolism, and the gut bacteria involved in this
process are Clostridium sporogenes and Ruminococcus gnavus .83
Tryptamine relay its signal in the gut primarily via the 5-HT4R
pathway.84 Tryptamine participates in regulating intestinal secretion.
Tryptamine generated in both GF and humanized mice showed
increased epithelium fluid secretions in colonoids. Furthermore, gut
motility improved in GF mice colonized with Bacteroides thetaiotaomicron , a tryptamine-producing engineered bacteria.84 Tryptamine also activates 5-HT4R on goblet cells to release mucus.19 In
a murine inflammatory bowel disease model, GF mice colonized
with B. thetaiotaomicron exhibited increased mucus release with
improved intestinal barrier function and reduced aggressive phenotypes.19 Tryptamine levels were elevated in the stools of IBS-D
patients and reduced in IBS-C patients.71 Tryptamine can modulate
gut motility by triggering the release of serotonin by enteric neurons
or acting as an AhR ligand.79 A recent study showed gut microbiota
induces AhR expression in enteric neurons, enabling them more
responsive/excitable to microbiota-derived AhR ligands, such as
tryptamine, and contributing to gut motility.79
Kynurenine. Patients with IBS often have altered kynurenine
pathway with elevated kynurenine levels in the serum.85,86 Indoleamine 2,3-dioxygenase, a key metabolite in the kynurenine pathway,
positively correlated with IBS symptoms severity.

Serotonin. Alterations in the serotonin pathway are one of the
crucial features in DGBIs.10 Whereas the patients with IBS-C have
reduced serotonin activity, those with IBS-D have increased serotonin expression. Studies have shown serotonin metabolisms in the
physiology and pathophysiology of IBS, FD, and gastroparesis.10,16
Clostridiales species trigger EC cells to produce serotonin by inducing TPH1 expression.34 This effect is sustained by gut microbiotaderived metabolites (propionate, butyrate, tyramine, cholate, and
deoxycholate).34 One recent study showed the role of TRPA1 in the
regulation of serotonin secretion by EC cells through Trp metabolites.51 Indoles are metabolite products of the tryptophan metabolism of Edwardsiella tarda . Furthermore, authors showed indoles
activate TRPA1 in EC cells to release serotonin that excites enteric
neurons to accelerate gut motility and stimulate vagal afferents for
CNS modulation.51
Sleep disturbances are also a major contributing factor in IBS
development and positively correlated with worsening IBS symptoms.87,88 Monoamine oxidase A converts serotonin to 5-hydroxyindoleacetic acid in the brain and gut.89 In the brain, serotonin is
converted into melatonin, the primary hormone of the body’s sleepwake cycle.89 Indoleamine 2,3-dioxygenase might shunt Trp to
kynurenine in the brain, leading to sleep disturbances.57 Thus, these
findings demonstrated that Trp metabolites are crucially important
contributing to different facets of gut physiology and brain function.
Gut microbial metabolites are key molecules relaying signals to
fill a specific niche and maintain bidirectional gut and brain interactions. Taken together, gut microbiota and their host may share a
“common language” and harmonies as a mutualistic system. Deciphering this “common language” will offer therapeutic perspectives
in DGBIs.
Intestinal barrier dysfunction
In susceptible conditions, GI infection or intake of particular
foods weakens the intestinal barrier integrity through damage to the
tight junctions, resulting from proteasome-mediated degradation
activated by inflammatory molecules including proteases, histamine,
and eicosanoids.37,90 Because of impaired barrier function, food antigens and pathogens cross the gut epithelium and activate a T helper
2 cell response that results in immune activation mediated via mast
cells and eosinophils.91,92 In patients with IBS, an elevated number
of colonic mast cells correlates with impaired intestinal barrier function and visceral hypersensitivity.93,94 Duodenal mucosa of patients
with IBS challenged with food antigens have increased intervillous
spaces and epithelial breaks compared to healthy controls.95 The
cell-to-cell adhesion protein, zonula occludens-1, and occludin ex-
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pression are significantly reduced in duodenal tissues from patients
with DGBIs compared to healthy subjects.96,97 Duodenal biopsy
samples from patients with DGBIs more often have decreased
transepithelial electrical resistance resulting in intestinal barrier dysfunction with immune cell infiltration.36,37,98 One study examined
whether serotonergic signaling alterations may commence a chain of
events leading to changes in epithelial integrity in healthy individuals and patients with IBS.85 The authors found increased serotonergic metabolic activity, which happened after intake of the serotonin
precursor, 5-hydroxytryptophan, and reinforced intestinal mucosal
barrier function through redistribution of zonula occludens-1 in
healthy individuals; such regulation was absent in IBS patients.85 A
commensal bacterium, B. dentium , stimulates EC cells to release
serotonin, which interacts with 5-HT4R on goblet cells to promote
Mucin 2 and Trefoil factor 3 release, resulting in the activation of
C-X-C motif chemokine receptor 4 to trigger actin cytoskeleton rearrangement and restitution mediating intestinal epithelial repair.99
Overall, these studies point to the broad implications of a potential
protective mechanism involving serotonin signaling for impaired
intestinal barrier function.
Visceral hypersensitivity
The modulators for visceral sensation comprise transient receptor potential vanilloid subtype 1 (TRPV1), protease-activated
receptors, histamine, serotonin, tachykinin, cannabinoid, acidsensing ion channels, voltage-gated sodium and calcium channels,
and TRPA1.12,100 The TRPV1 activation by capsaicin, thermal
stimulus, acidic pH, inflammatory mediators, prostaglandins, nerve
growth factors, and microbes trigger the release of neuropeptides,
such as substance P and calcitonin gene-related peptide-1.100 These
neuropeptides are responsible for enhanced visceral sensitivity and
induce painful and/or non-painful sensations.101 The hypersensitivity mediated through chemicals such as elevated visceral sensation
to acid associates with nausea. The increased TRPV1 expression in
colonic tissues often correlates with abdominal pain in patients with
IBS-D.102,103 Visceral hypersensitivity in patients with gastroparesis
associates with abdominal pain, anorexia, and early satiety.104
The expression level of TRPA1 in EC cell-enriched fraction
is 16 times higher than that in the whole mucosal layer.105 Upon
TRPA1 receptor stimulation, Ca2+ channel-dependent serotonin
release is activated in EC cell.12 These data suggest that TRPA1
receptors on EC cells may serve as the primary detector of luminal
contents prior to mucosal damage and a potential therapeutic target
for the management of IBS.12 Furthermore, serotonin signaling
mediates visceral hypersensitivity by activation of 5-HT3R on ex364

trinsic sensory neurons in IBS patients.106 Activation of 5-HT4R via
tegaserod and naronapride attenuates colonic hypersensitivity.107 In
contrast, acute oral administration of 5-hydroxytryptophan elevates
visceral nociceptive responses and abdominal distension, resulting
in increased pain sensation in a subset of IBS patients.108
Taken together, serotonergic modulation through selective serotonin reuptake inhibitor (SSRI) and 5-HTR agonists/antagonists
of visceral sensation appear promising to the development of novel
therapeutic modalities for DGBIs.

Basolateral Interface of Enterochromaffin Cell
Altered gut motility
Functional defects of particular GI cells, for instance, ICCs,
smooth muscle cells, EC cells, immune cells, and enteric neurons,
have the potential to hamper gut motility.13 The normal antral motility, essential for triturating solid food and maintaining the gastric
emptying rhythm, is mediated by intrinsic nitrergic and cholinergic
neurons and extrinsic vagal innervation that facilitate pyloric motor functions and intragastric contractions.109 Abnormalities of the
proximal stomach’s intrinsic inhibitory innervation (nitrergic pathway), inhibition of cholinergic (5-HT1AR on cholinergic neurons)
and 5-HT2BR pathways, and an impaired antro-fundic reflex are
involved in defective gastric accommodation and delayed gastric
emptying.13,109,110 5-HT2BR antagonist normalized the impaired
gastric accommodation; in contrast, 5-HT2BR agonist exacerbated
the inhibition of gastric accommodation.111 A recent study reports
reduced EC cell numbers in the antral biopsy in patients with
idiopathic gastroparesis.16 Furthermore, depletion of EC cells in
a murine model of gastroparesis and STC led to delayed gastric
emptying and colonic motility. This study provided possible pathogenesis of alteration in EC cell numbers and mucosal serotonin in
gastroparesis and STC.16 Further studies are warranted to underpin
how and to what extent alternations of each cell type contribute to
symptom generation and severity. Furthermore, to elucidate underlying neuromuscular and neuroimmune mechanisms mediated
via EC cells of DGBIs are currently unclear and warrants further
research.
Gut immune dysfunction
The increased recruitment of mast cells and eosinophils to
gut inflammation induces tissue damage, leading to impaired gut
homeostasis amongst DGBIs patients.91,112 Breach of intestinal
barrier allows infiltration of luminal contents, further cascading the
immune events and contributing to the development of symptoms
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in DGBIs.113 FD patients show elevated proinflammatory cytokine
production and enhanced numbers of α4β7 integrin CCR9 T lymphocytes.114 Macrophage-driven immune dysregulation is the primary factor associated with gastroparesis in a recent transcriptomic
analysis of gastric body biopsies.115 Genes associated with specific
macrophages are enriched in gastric tissues from gastroparesis patients compared with controls.115 A reduction of CD206+ macrophages in the gastric antrum of patients with diabetic gastroparesis
correlates with the loss of ICCs.116
A wide range of immune cells, including macrophages, mast
cells, dendritic cells, and T cells, have extensive 5-HTR expression.117 5-HT1AR mediates the chemotactic influence of serotonin
on mast cells, 5-HT2AR on eosinophils, 5-HT1BR, and 5-HT2AR
on dendritic cells, and 5-HT2BR and 5-HT7R on macrophages.117
In a murine postoperative ileus model, 5-HT4R agonist mosapride
accelerated acetylcholine release from myenteric cholinergic neurons, subsequently activated α7-nicotinic acetylcholine receptor on
macrophages to inhibit their inflammatory reactions and improved
the intestinal motility.118 Increased serotonin release mediating gut
immune dysfunction contributes to the development of IBS symptoms.119 Spontaneous release of serotonin correlates with the severity
of abdominal pain and increased mast cells in patients with IBS.119
These findings suggest a possible new paradigm for the development of DGBIs initiated through gut immune dysregulation via
serotonin metabolisms.
Neuroimmune dysfunction
Immune cells interact with ENS to modulate the gut function.120 Intestinal mast cell infiltration and its close proximity to
submucosal plexus neurons leads to altered neuronal responsiveness
in patients with DGBIs.121-123 Further, the close proximity of activated mast cells to colonic nerves correlated with abdominal pain
in patients with IBS.94,124 Sprouting of fine nerve fibers was more
often noted in the duodenal tissues of patients with IBS compared
to healthy controls.123,125 The grade of fine nerve fiber sprouting was
positively correlated with the degree of gut immune alterations in
patients with IBS.125 Moreover, the mucosal mediators from IBS
patients trigger the activation of visceral pain pathways.
Not only 5-HTRs are enriched in gut immune cells, but also
EC cells are capable of “sensing” immune regulators through specific receptors.126 One state-of-the-art study demonstrated neuroimmune interaction mediating through EC cells.50 IL-33 sensed by
EC cells induces release of serotonin, which mediates activation of
enteric neurons resulting in accelerated gut motility.50 Furthermore,
histamine and serotonin regulate enteric neuron functions in pa-

tients with IBS.119 These studies revealed an immune-neuroendocrine axis in calibrating serotonin release for intestinal homeostasis.
Dysregulated gut-brain interaction
Dysregulation of the gut-brain axis is a critical pathophysiological mechanism of DGBIs.127 Brain modulates gut physiology, for
instance, motility, visceral sensations mediating symptoms of DGBIs.128 Similarly, alterations in gut physiology feedback to the brain
sustain psychological health.128 In a meta-analysis, the prevalence
of anxiety and depressive disorders is 23% in IBS patients.129 The
presence of depression and anxiety symptoms are overrepresented
in IBS patients with a frequency of 39% and 29%, respectively.
Psychological comorbidity and corticotropin-releasing hormone
pathways contribute to the development of impaired gut barrier
function.130 In response to stress, eosinophils release corticotropinreleasing hormone and substance P, which lead to activation of
mast cells, ultimately resulting in impaired gut barrier function.91
Functional brain MRI studies in patients with DGBIs demonstrate
abnormalities of structural and functional networks in areas of the
brain responsible for processing information of vasovagal reflux
and visceral motor system.131 Gut microbiota dysbiosis alters the
function of neurotransmitters, such as serotonin, acetylcholine,
dopamine, and γ-aminobutyric acid, either by the production or
consumption of these substances, leading to changes in behavior
and emotional state.21 The identification of BAs and their receptors
in the brain reinforces the gut-brain axis.132 In addition, EC cells
throughout the entire gut axis sense luminal contents and generate
electrical signals bridging the mucosal barrier through interface
with the CNS via extrinsic afferent neurons and the ENS via intrinsic afferent neurons.50,51 Thus, EC cells play a fundamental role in
linking the gut connectome to the brain connectome.
As the primary source of body serotonin, EC cell-derived serotonin impacts its circulating levels and has the power to modulate
brain function directly or indirectly. The information about luminal
microenvironment is broadcasted to the brain by EC cells through
the super-highway “vagus nerve.”21 Vagal afferents nerve terminals
express 5-HT3R and locate in proximity to the EC cells.11 A direct
interaction of EC cell signaling to vagal afferents in response to gut
luminal chemical contents with the vagal neurocircuits is involved
in reflexes, such as, vomiting.11 Probiotic intervention with Bifidobacterium spp. increases serotonin levels in the brain leading to
improved behavior in the depression murine model.133 Oral administration of an SSRI elevates the gut serotonin bioavailability, alleviates depressive-like behavior in mice, possibly through vagus nerve
activation.133 Overall, these findings suggest that EC cells and their
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Ebastine

Bile acid transporter Elobixibat
inhibitor
Cholestipol
Anti-inflammatory Mesalazine
agents
Ketotifen
Histamine receptor-1
antagonist

Visceral hypersensitivity

Low grade inflammation
Visceral hypersensitivity
Visceral hypersensitivity

Gut immune homeostasis
Mast cell stabilizer

Bile acid alterations

IBAT antagonist

Bile acid alterations

Gut microbiota dysbiosis

Bifidobacterium animalis
Modulating gut
DN-173010154, Bifidomicrobiota profile
bacterium lactis DN-173
Lactobacillus gasseri
Obeticholic acid
FXR agonist
Tropifexor
Cholestyramine

Probiotics

Bile acid
sequestrants

Gut microbiota dysbiosis

Altered gut motility

Muscarinic receptor
antagonists
Modulating gut
microbiota profile

Altered gut motility

Dopamine-2 receptor
antagonists

Altered gut motility

Neomycin
Rifaximin

Metoclopramide
Domperidone
Itopride
Acotiamide

Altered gut motility

5-HT1R agonist
Ghrelin receptor agonist

Altered gut motility

5-HT3R antagonist

Alosetron
Ondasetron
Ramosetron
Cilansetron
Buspirone
Tandospirone
Relamorelin

Altered gut motility

Selective 5-HT4R agonist

Felcisetrag

Altered gut motility

5-HT4R agonist

Pathophysiological
mechanisms

Prucalopride

Function/pathway

Antibiotics

Prokinetics

Drug name
Clinical outcome

Stimulate the synthesis and subsequent release of
FGF-19 from ileal epithelial cells and
inhibit bile acid synthesis by hepatocytes.
Improve stool form and symptoms of diarrhea.
Efficacious treatment for constipation, improving gut
transit and symptoms via increasing colonic bile acids.
Sustained therapy response and benefits for a subgroup of
patients with IBS.
Increased the threshold for discomfort in patients with
IBS with visceral hypersensitivity, and reduced IBS
symptoms.
Reduced visceral hypersensitivity and abdominal pain in
patients with IBS.

Inhibits acetylcholinesterase and antagonizes the
presynaptic muscarinic receptors, present on
cholinergic nerve endings, which leads to
an increase in acetylcholine levels in the synaptic cleft.
Shifting the microbial community composition.
Improvement in constipation, SIBO and
dyspeptics symptoms.
Shifting the microbial community composition.
Improved symptoms and gut transit.

Stimulates nodose afferents and DMV neurons and
accelerates gastric emptying.
Improved gut motility.

Fundus relaxation, improve gastric accommodation.

Improved GI symptoms as assessed by the GCSI.
Improved solid gastric emptying.
Accelerated transit of solids throughout the gut in
patients with idiopathic or diabetic gastroparesis.
Stimulate motility and secretion through enhanced
release of acetylcholine from excitatory motor
neurons and interneurons.
Improved stool consistency and bowel movements.

Table 1. Summary of Pathophysiology-directed Therapeutic Approach for Disorders for Gut-Brain Interactions

IBS

IBS

IBS

IBS-C

IBS-D

IBS

IBS

FD

FD, gastroparesis

Gastroparesis

FD

IBS-D

Gastroparesis, FD,
chronic constipation
Gastroparesis

DGBI types
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Linaclotide

Venlafaxine
Duloxetine
Lubiprostone

Escitalopram

Pathophysiological
mechanisms
Clinical outcome

Abnormal secretion

Abnormal secretion

Cannabinoid type 2
receptor agonist

Visceral hypersensitivity

Biased μ-Opioid receptor Visceral hypersensitivity
ligands

Guanylate cyclase-C
receptor agonist

CCl2 agonist

Increased fecal water content.
Creates an ion gradient that promotes water and sodium
secretion into the intestinal lumen.
Increase water secretion via targeting cGMP leads to
the secretion of chloride and bicarbonate into
the intestinal lumen.
Management of moderate to severe acute pain in adults
for whom alternative treatments other than opioids had
failed.
Potential analgesic effects in patients with IBS.

Gut immune dysfunction
Reduced duodenal eosinophilia, mast cells,
Epithelial barrier dysfunction and intestinal permeability in patients with FD.
Visceral hypersensitivity
TCA
Gut-brain dysregulation
Affect gastrointestinal motility through anticholinergic
and serotonergic mechanisms. TCAs reduce visceral
hypersensitivity. Antidepressant therapy might lead
to neurogenesis.
Tetracyclic antidepressants Gut-brain dysregulation
Upregulates the levels of orexigenic hormones and
downregulated the levels of anorexigenic hormones.
SSRI
Gut-brain dysregulation
Treating depressive symptoms with these molecules
modulates the severity of GI symptoms indirectly
via a positive effect on depression.
SNRI

Proton pump inhibitors

Function/pathway

IBS

IBS

IBS-C

IBS-C,
chronic constipation

IBS

FD

IBS, FD

FD

DGBI types

DGBIs, disorders of gut-brain interactions; 5-HTR, 5-hydroxytriptamine receptor; GI, gastrointestinal; GCSI, gastroparesis cardinal symptom index; FD, functional dyspepsia; DMV, dorsal motor nucleus
of the vagus; IBS-D, diarrhea-predominant irritable bowel syndrome; SIBO, small intestinal bacterial overgrowth; IBS, irritable bowel syndrome; FXR, farnesoid X receptor; FGF-19, fibroblast growth factor
19; IBAT, ileal bile acid transporter; IBS-C, constipation-predominant irritable bowel syndrome; TCA, tricyclic antidepressant; SSRI, serotonin reuptake inhibitor; SNRI, serotonin norepinephrine reuptake
inhibitor; CCl2, type 2 chloride channel; cGMP, cyclic guanosine monophosphate.

Olorinab

Visceral Analgesics Oliceridine

Intestinal
Secretagogues

Amitriptyline

Neuromodulators

Mirtazapine

Pantoprazole

Acid suppressive
therapy

Drug name

Table 1. Continued
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derived serotonin have the potential to relay signals to the brain.
Further, identifying and characterizing the specific gut microbiota
and their metabolites for enhancing gut-brain physiological functions via EC cells/serotonin signaling may offer a treatment strategy
for extrinsic neuron modulation.

Post-infection Disorders of Gut-Brain Interactions
and Serotonin Signaling
Post-infection disorders of gut-brain interactions
Post-infection DGBIs (PI-DGBIs) develops in about 10% of
patients after a bout of gut infections such as bacterial, protozoal,
or viral gastroenteritis.68,134 Transient non-specific and specific GI
inflammation are often associated with long-lasting DGBIs symptoms, for instance, bacterial, parasitic, viral gastroenteritis, and after
resolution of a flareup of inflammatory bowel disease (IBD).68 The

pathophysiological mechanism of PI-DGBIs include gut dysmotility, microbial dysbiosis, intestinal barrier dysfunction, visceral
hypersensitivity, altered serotonin metabolism, bile acid malabsorption, increased density of EC cells, and T lymphocytes.10,68 A metaanalysis of 45 studies including 21 421 participants with acute
gastroenteritis showed a pooled prevalence of 10.1% of PI-DGBIs
at 12 months after the episode.135 A subgroup of patients with
gastroparesis has an onset of symptoms after prior gastroenteritis.13
Various viral agents such as Epstein-Barr virus, enterovirus, and
cytomegalovirus could cause PI-gastroparesis.13 Clinical presentation of patients with PI-gastroparesis is similar to patients with
gastroparesis without prior gastroenteritis but is associated with an
acute onset and severe symptoms. Acute gastroenteritis also leads to
the onset of FD, known as PI-FD.68 Furthermore, approximately
one-third of patients with IBD after resolution of a flareup of
IBD experience symptoms of IBS.136 Additionally, acute infective

Table 2. Gut Microbiota-derived Molecules Modulating Pathogenesis of Disorders for Gut-Brain Interactions

Metabolites

Targeting
cell types

Pathophysiological
mechanisms

Butyrate and EC cells
acetate
SCFAs
EC cells and
5-HT3R+
vagal nerves

Altered gut motility

Butyrate

Visceral hypersensitivity

Butyrate

Acetate

EC cells and
TRPV1+ cells
Enterocytes and
immune cells

Altered gut motility

Altered gut immune
function and impaired
barrier function

Abnormal secretion

BAs

Enterocytes and
EC cells
EC cells

Tryptamine

Enterocytes

Altered gut motility
and secretion

Methane

EC cells and
Altered gut motility
nitrergic neurons Visceral hypersensitivity
EC cells
Altered gut motility
Visceral hypersensitivity
EC cells
Altered gut motility

Isovalerate
Indole

Altered gut motility

Key findings
These metabolites increase 5-HT biosynthesis from EC cells through stimulatory
activities.75
Release of 5-HT from EC cells in response to SCFAs stimulates 5-HT3R located
on the vagal sensory fibers. The sensory information is transferred to the vagal
efferent and stimulates the release of acetylcholine from the colonic myenteric plexus,
resulting in muscle contraction.142
Repetitive stimulation of TRPV1 receptor via butyrate-induced 5-HT release
desensitize TRPV1+ neurons resulting in less pain sensation.143
Butyrate regulates neutrophil function and migration, inhibits inflammatory cytokine
induced expression of vascular cell adhesion molecule-1, increases expression of
tight junction proteins in colon epithelia, and exhibits anti-inflammatory effects by
reducing cytokine and chemokine release from immune cells. Butyrate or specific
species of butyrate producing gut bacteria may be a new target for restoring host
immune function and barrier integrity.144
Gut microbiota alters 5-HT-evoked intestinal secretion in a 5-HT3R-dependent
mechanism. Acetate alters 5-HT3R expression in colonoids.145
TGR5 receptor on EC cells mediates the effects of BAs on colonic motility.
Deficiency of TGR5 causes constipation in mice.73
Tryptamine accelerates gut transit and increases colonic secretion by activating
epithelial 5-HT4R. Genetically engineered bacteria Bacteroides thetaiotaomicron
produce tryptamine.84
Methane derived from Methanobravibacter smithii in the colon depletes gut 5-HT
resulting in slowed gut transit and constipation.146
Isovalerate evoked 5-HT release from EC cells through voltage-gated Ca2+ channel
and modulated 5-HT3R neurons in visceral sensation and gut motility.12
Edwardsiella tarda metabolized tryptophan to produce indoles that activate TRPA1 on
EC cells to produce 5-HT that stimulates enteric neurons and induces gut motility.51

EC, enterochromaffin; 5-HT, 5-hydroxytryptamine; SCFA, short chain fatty acid; 5-HTR, 5-hydroxytryptamine receptor; TRPA1, transient receptor potential ankyrin 1 channel; BAs, bile acids; TGR5, Takeda G protein-coupled receptor 5; TRPV1, transient receptor potential vanilloid 1.
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gastroenteritis leads to the onset of IBS, termed PI-IBS. A broad
range of bacterial pathogens has been reported in PI-IBS, such as
Salmonella enterica, Clostridioides difficile, Campylobacter jejuni,
Vibrio cholerae , and Escherichia coli .137 Reduced gene expression
of SERT has been reported in patients with PI-IBS, suggesting increased bioavailability of luminal serotonin may trigger stimulation
of 5-HTRs on afferent neurons leading to enhanced visceral sensation.68 In colonic tissue of patients with Shigella and Campylobacter
PI-IBS had increased EC cell density.138,139 However, patients with
post-Giardia IBS had decreased EC cell density in colonic tissue
compared with controls.140

Post-corona virus disease 19 disorders of gut-brain interactions
Previous studies on GI symptoms (nausea, abdominal pain, diarrhea, anorexia, and vomiting) overlapping in patients with corona
virus disease 19 (COVID-19) showed diarrhea symptoms as the
most prevalent associated with the severity of COVID-19.134,141 PIIBS, including IBS-D, is associated with increased serotonergic activity.68 These observations highlighted the importance of alterations
in serotonin metabolism. The overrepresentation of GI symptoms
in patients with COVID-19 suggests that post-SARS-CoV-2 infec-

Table 3. Pharmacological Agents Modulating Serotonin-mediated Mechanisms in Disorders of Gut-Brain Interactions

Drug name
TCA

Tetracyclic
antidepressant

SSRI

SNRI

5-HT4R agonist

5-HT3R antagonist

5-HT1AR agonist

Mechanisms of action
TCA has 5-HT and NA reuptake inhibition properties,
primarily used for anti-depressant and analgesic.
Their mode of action involves mechanisms beyond 5-HT
and NA, like blockage of voltage-gated ion channels,
opioid receptor activation and also modulates
neuroimmune anti-inflammatory effects.
Boosts both 5-HT and NA neurotransmission, not by
blocking their reuptake pumps, but by blocking
presynaptic α2-noradrenergic receptors on NA and
5-HT neurons, resulting in an increased noradrenergic
and serotonergic activity
SSRIs are characterized by selective blockade of
the presynaptic 5-HT transporter, boosting 5-HT
neurotransmission.

Primarily block both 5-HT and NA reuptake, boosting
5-HT and NA neurotransmission.
Considering the central roles of 5-HT and NA in the
descending modulatory nerve pathways, SNRIs are
better pharmacological agents to modulate pain sensation.
5-HT4R agonist target 5-HT4R to promote peristalsis
and secretion through enhanced release of acetylcholine
from excitatory motor neurons and interneurons.
Abnormal neurotransmission of 5-HT via the 5-HT3R
has been reported in IBS-D patients. Blocking 5-HTR
receptors is of clinical relevance in chronic diarrhea as
this leads to reduced contractility, slows colonic transit,
and increases fluid absorption.
Activation of 5-HT1AR at the level of the CNS increases
gastric tone and decrease gastric sensitivity to distension.
Peripheral inhibitory effect exerted by the 5-HT1AR
agonist improve gastric accommodation.

Clinical outcome
Affect gut motility through anticholinergic and serotonergic
mechanisms. Reduces visceral hypersensitivity, intestinal pain
sensitivity, mediated either in peripheral nerves or the CNS.147

Upregulates the levels of orexigenic hormones and downregulated
the levels of anorexigenic hormones.
Reduce colonic hypersensitivity and improve gastric emptying.148

Increase colonic contractility and reduce colonic tone during
fasting conditions and reduce the colonic tone increase.
Decrease IBS scores for abdominal pain and bloating
independent of anxiety, depression and colonic sensorimotor
function.149
Increase compliance, relax tone and reduce the postprandial
colonic contraction and increase sensory thresholds in
response to balloon distensions.149

Improves GI motility.57,150

Global improvement in IBS symptoms and relieve abdominal
pain and discomfort, improve stool consistency and bowel
movements.150,151

Enhances fundus relaxation, gastric accommodation and
improves postprandial symptoms independently from its
anxiolytic effect.152

TCA, tricyclic antidepressant; 5-HT, 5-hydroxytriptamine; NA, noradrenaline; CNS, central nervous system; SSRI, serotonin reuptake inhibitor; IBS, irritable
bowel syndrome; SNRI, serotonin norepinephrine reuptake inhibitor; 5-HTR, 5-hydroxytriptamine receptor; GI, gastrointestinal; IBS-D, diarrhea-predominant
IBS.
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tion may lead to persistent abnormal gut functions underpinning
certain pathophysiological aspects in PI-DGBIs. Hence, regulating
serotonin signaling might be a potential therapeutic modality for the
clinical care in a subset of COVID-19 patients.

Pathophysiology-directed Therapeutic
Approach for Disorders of Gut-Brain
Interactions
Pathophysiological mechanisms, both peripheral (intestinal barrier dysfunction, altered motility, visceral hypersensitivity, gut microbiota dysbiosis, gut immune dysfunction, bile acid malabsorption,
and enteric neuroendocrine abnormality) and central (psychological
comorbidity, cognitive dysfunctions, and neuroendocrine dysregulation), may be a better strategy to be targeted by therapeutic agents
to treat patients with DGBIs (Refer to Tables 1, 2, and 3 with key
references cited). Based on the significant overlaps due to common
pathogenesis between the different DGBIs, pathophysiology-directed therapeutic modalities may provide precise clinical outcomes in
DGBIs. Furthermore, studies are warranted on personalized treatment of different DGBIs employing a robust study design incorporating longitudinal multicentric studies integrating multi-omics
data of gut physiology and pathophysiology. Such comprehensive
approaches may lead to novel therapeutic modalities, resulting in
targeted restoration of abnormal physiological functions in DGBIs
patients.

Conclusion and Further Directions
Serotonin metabolism has a central role in gut physiology and
pathophysiology. The aforementioned EC cell-mediated physiological and pathophysiological mechanisms are differentially affected
in DGBIs but remain tightly interconnected.12,16,50-52 Moreover,
serotonin metabolism is directly or indirectly modulated through
the gut microbiota, reinforcing the essential roles of EC cells in the
regulation of gut-brain axis.153-156 Therefore, EC cell is a potential
therapeutic target that may usher the emergence of pathophysiology-modifying therapies, using pharmacological agents targeting
serotonin signaling or exploiting gut microbiota interventions. The
pathophysiological mechanisms for similar symptoms may differ
between patients with DGBIs. Therefore, the pathophysiological
basis may be more relevant than clinical symptom profiles in differentiating, characterizing, and defining different DGBIs. The
current challenges of DGBIs warrant a holistic approach to better
characterize the patients based on the multi-omics data on the tran370

scriptome, host epigenome, dietary profiles, gut microbiome, and
metabolome from longitudinal studies. However, owing to the heterogeneous nature of DGBIs, further research is warranted to gain
an advanced understanding of pathophysiological mechanisms for
better clinical care. To discover the precise biomarkers discriminating the disorders with overlapping symptoms profile and refining
pathophysiology-directed therapeutics targets, may assist with the
hope for the future to relieve symptoms and restore gut-brain homeostasis.
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Background/Aims
Constipation can be a chronic condition that impacts daily functioning and quality of life (QoL). To aid healthcare providers in
accurately assessing patient symptoms and treatment outcomes, patient-related outcome measures (PROMs) have been increasingly
adopted in clinical settings. This review aims to (1) evaluate the methodological quality and measurement properties of constipationrelated PROMs, using the COnsensus-based Standards for the selection of health Measurement INtruments (COSMIN) criteria; and (2)
assess the modes of digital dissemination of constipation-related PROMs.
Methods
PubMed, Embase, and PsycINFO databases were searched and 11 011 records ranging from 1989 to 2020 were screened by 2
independent reviewers. A total of 26 studies (23 PROMs; 18 measuring symptom-related items and 5 measuring constipation-related
QoL items) were identified for the review and assessed.
Results
There were multiple variations between PROMs, including subtypes of constipation, methods of administration, length of PROM and
recall period. While no PROM met all the COSMIN quality standards for development and measurement properties, 5 constipationrelated PROMs received at least 4 (out of 7) sufficient ratings. Only 2 PROMs were developed in Asia. Five PROMs were administered
through digital methods during the validation process but methods of adapting the PROMs into digital formats were not reported.
Conclusions
The constipation-related PROMs identified in this review present varying quality of development and validation, with an overall need
for improvement. Further considerations should be given towards more consistent methodology and reporting of PROM development,
increase in culturally-specific PROMs, and better reporting of protocol for the digitization of PROMs.
(J Neurogastroenterol Motil 2022;28:376-389)
Key Words
Constipation; Digital health; Patient-reported outcome measures; Quality of life
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Introduction
Chronic constipation is a prevalent worldwide problem that affects up to 10-15% of the adult population.1 Symptoms of primary
and secondary constipation include hard stools, excessive straining,
infrequent bowel movements, bloating, and abdominal pain.2 While
constipation can often be managed by medication and lifestyle
modification, prolonged constipation can significantly decreases
quality of life (QoL).2,3 To better assess patients’ health status and
QoL, it is important to have an accessible tool that can accurately
assess patients’ symptoms and treatment outcomes, which may
enable personalized intervention strategies. The usage of reliable
and validated patient-related outcome measure (PROM) can help
provide a consistent method of measuring clinical symptoms and
QoL outcomes in patients.4 PROMs are standardized, validated
questionnaires that measure patients’ perception of their own health
status and well-being.5 While PROMs were initially developed for
research use, they have been increasingly adopted in clinical practice
to aid clinicians provide better and more patient-centered care.6
To date, 2 reviews have examined existing assessment scales
measuring constipation symptoms.7,8 A combination of 9 selfreported measures, developed between 1989 to 2010, were assessed
by both reviews. While the reviews provided an insight on the reliability and validity of existing constipation PROMs, the reviews
were not conducted systematically and constipation-related QoL
PROMs were not included. Given the impact of constipation on
QoL, including mental, social, and physical functioning,9,10 it is important to consider QoL in treatment outcomes.
As the capabilities and adoption of digital technology expand in
healthcare, it is also important for us to explore the potential of digi-

tizing PROMs. This could sustain longitudinal patient assessment,
which can further support the individualization of patient care. In
patients with inflammatory bowel disease, collecting consistent electronic patient reported outcomes (ePRO) on a cloud-based digital
therapeutics and monitoring application has been shown to significantly reduce yearly hospitalizations and emergency room visit rates
most likely due to immediate interventions prompted by concerning
questionnaire scores. Patients also reported having a better understanding of the nature and causes of their health condition after a
year.11 Given the importance of incorporating QoL into treatment
outcomes and the potential of incorporating digital health technologies that are patient-centric into constipation management, the current review aims to (1) systematically review constipation-related
PROMs, including QoL reporting, using the COnsensus-based
Standards for the selection of health Measurement INstruments
(COSMIN)12 guideline to evaluate the methodological quality
of included studies and the quality of the measurement properties themselves, and (2) assess the current modes of digitization of
constipation-related PROMs.

Methods
A systematic review protocol was developed in accordance
with the Preferred Reporting for Items for Systematic Reviews and
Meta-analyses (PRISMA) and the COSMIN guidelines. The
study protocol was registered with the International Prospective
Register of Systematic Reviews (PROSPERO) database (No.
CRD42021236257).

Search Strategy
The PRISMA guidelines were used to identify studies for this

Vol. 28, No. 3 July, 2022 (376-389)

377

V Vien Lee, et al

Table 1. Inclusion/Exclusion Criteria for Preliminary Screening and
Full-text Screening

Screening criteria
Inclusion criteria for preliminary (abstract and title) screening
1) Gastrointestinal-related
2) Developed or validated PROM or questionnaire or survey or
scale
Exclusion criteria for full-text screening
1) PROM did not measure constipation symptoms or constipationrelated QoL
2) Revalidated an existing questionnaire for a different language or
patient population
3) Review papers or conference abstracts
4) PROM examined constipation as subset or question
5) Paediatric-related PROM
6) Not in English
PROM, patient-reported outcome measures; QoL, quality of life.

review. A comprehensive literature search was performed using
PubMed, Embase, and PsycINFO to identify all articles on the
development or validation of constipation-related PROMs. The
search was conducted up to February 2021. Searches in all 3 databases were performed using the following keywords: (constipation
OR gastrointestinal ) AND (question* OR [patient AND outcome
AND measure ]) AND (validation OR development ).

Study Selection
The initial search yielded 11 011 articles after duplicates were
removed. Four articles were identified via hand-checking of reference lists of published reviews and were included retrospectively.
Two authors (V.V.L. and N.Y.L.) independently reviewed titles and
abstracts of the identified records for preliminary inclusion. Articles
were included for further screening based on inclusion criteria listed
in Table 1. Five hundred and seventy-nine articles satisfied the
preliminary inclusion criteria and were accepted for a full review.
Interrater agreement was assessed with Cohen’s κ indicator, where
κ of 0.60-0.79 was classified as “moderate,” 0.80-0.90 as “strong,”
and above 0.90 as “almost perfect” interrater agreement.13 There
was a moderate interrater agreement for study selection (Cohen’s
κ = 0.72; 95% CI, 0.68-0.75) and discrepancies were resolved by
discussion.
Full texts of the eligible articles were retrieved and reviewed.
Articles were excluded based the exclusion criteria listed in Table 1.
Five hundred and fifty-three articles did not meet the eligibility criteria and were excluded. There was strong interrater agreement for
the second screening (Cohen’s κ = 0.80; 95% CI, 0.67-0.93) and
378

discrepancies were resolved by discussion. An independent third reviewer (A.T.) was brought in when discrepancies were not resolved.
Figure depicts the flow diagram of the study selection.

Quality Assessment
The methodological quality of the studies and the quality of the
PROM itself was assessed using the COSMIN guidelines. Firstly,
the COSMIN Risk of Bias checklist14 consisting of 117 questions
was used to assess the methodological quality of the studies. The
following measurement properties were assessed: PROM development, content validity, structural validity, internal consistency, reliability, measurement error, criterion validity, hypothesis testing for
constructive validity, and responsiveness. A 4-point rating system
of “very good,” “adequate,” “doubtful,” and “inadequate” was used
to rate each property. The final rating was determined by taking the
lowest score of an assessment area (ie, “worst score counts” principle). No rating was given if measurement property was not assessed
or described.
Following that, the quality of the PROM itself was assessed
using the COSMIN updated criteria for good measurement
properties.12 The following psychometric properties were assessed:
internal consistency, reliability, measurement error, content validity,
structural validity, hypotheses testing, criterion validity, and responsiveness. Using the criteria provided, a rating of “+” for sufficient,
“–” for insufficient, or “?” for indeterminate was given to each measurement property.
Two authors (V.V.L. and D.J.Y.X.) independently reviewed
the included studies using the COSMIN risk of bias checklist and
updated criteria for good measurement properties. There was moderate interrater agreement for risk of bias (Cohen’s κ = 0.71; 95%
CI, 0.69-0.74) and almost perfect interrater agreement for criteria
for good measurement properties (Cohen’s κ = 0.93; 95% CI,
0.88-0.98). Any discrepancies were resolved by discussion.

Results
Summary of Included Studies
A total of 23 PROMs measuring constipation symptoms15-35 or
constipation-related QoL36-40 were identified. The PROMs were
reported in 26 different studies with publication years ranging from
1989 to 2020. The Bowel Function Index and Patient Assessment
of Constipation–Symptom (PAC-SYM) had more than 1 validation study with additional information on measurement properties.
A summary of included studies is presented in Table 2.
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Identification
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Records identified through
database searching
(n = 14 855)

Additional records identified
through other sources
(n = 4)

Included

Eligibility

Screening

Records after duplicates removed
(n = 11 011)

Records screened
(n = 11 011)

Records excluded
(n = 10 432)

Full-text articles assessed
for eligibility
(n = 579)

Full-text articles excluded,
with reasons (n = 553)

Studies included in
qualitative synthesis
(n = 26)

258 Questionnaires not
measuring constipation
symptoms or -related QoL
147 Revalidated an existing
questionnaire for a different
language/patient population
69 Review papers
/conference abstracts
37 Questionnaires examined
constipation as subset
23 Pediatric questionnaires
19 Not in English

Figure. Flow diagram of study selection.

Patient-related Outcome Measures Measuring
Constipation Symptoms
Eighteen out of the 23 identified PROMs evaluated constipation symptoms. The majority of the PROMs (n = 10) were
developed with intentions to assess severity of constipation in patie
nts.16,19,21,23,24,26,27,30-32 Seven PROMs were developed as a potential
diagnosis tool to detect clinically significant constipation, with some
having dual functionality for diagnosis and measurement of severity.19,21,27,29,30,34,35 A subset of PROMs (n = 4) were created and/
or validated for research purposes, specifically to assess treatment
benefits in patients during varying stages of clinical trials.15,20,25,28
The items included in the PROMs can be categorised into 5
categories: abdominal symptoms, bowel movement-related symptoms, stool-related symptoms, anal or rectal symptoms, and others.
The most common questionnaire items were incomplete evacuation
during bowel movement15,16,19,22-24,26,27,29-32,34,35 and stool consistency,15,19-22,25-29,31,32,34,35 with both items included in 77.8% of PROMs
assessed. To measure incomplete bowel movement, PROMs have
included a combination of frequency and/or severity related questions. To measure stool consistency, questions include rating of

consistency based on the 7-point Bristol stool form scale15,20,28 or a
self-constructed scale,27,29,31,35 frequency or severity of hard or lumpy
stools,19,32,34 and presence of hard and loose/water stools.21,22,26
More than half of the studies included a measure of abdominal pain,15,20,24-28,30,32,34 abdominal bloating,15,19-21,25-29,32 frequency
of bowel movements,19-29,34,35 and straining during bowel movement.15,20,22,23,25-28,30-32,34,35 Abdominal pain, abdominal bloating, and
straining during bowel movement have been measured through
both severity and/or frequency while questions on frequency of
bowel movements have generally been measured using a self-constructed time scale. Two PROMs differentiated complete spontaneous bowel movement from spontaneous bowel movement.20,28 A
summary of questionnaire items in PROMs measuring constipation symptoms is presented in Table 3.

Patient-related Outcome Measures Measuring
Constipation-related Quality of Life
Five out of the 23 PROMs assessed constipation-related QoL.
Three PROMs were developed to measure the impact of constipation on multiple aspects of QoL, including social relationships,
treatment satisfaction, physical symptoms, diet, daily activities, and
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OIC

OIC

Rentz et al,16
2009

Ducrotté and
Caussé,17 2012

OIC

Type of
constipation
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Agachan et al,24
1996
Coon et al,25
2020

CSS

DIBSS-C

Varma et al,23
2008

CSI

Ponce et al,22
Constipation
during pregnancy 2008
questionnaire

Method of
administration
Recall period

USA

USA

8 items

Hong
Kong

6 items

7 items (2 subscales: bowel and abdominal symptoms)

France

France

7 items (2 subcales: bowel movement- USA
related symptoms and abdominal
symptoms severity)

English

English

English

Not
reported

English

English

Chinese

English

English

Germany English

3 items

3 items

3 items

English

Location Original
of study language

10 items (3 modules per bowel move- USA
ment, daily assessment, and treatments used)

Items and subsets

42 items (5 subscales: demographic, Spain
obstetric history, bowel habits and
laxative consumption, lifestyle and
eating habits, and urinary or fecal
incontinence)
Last month (2 items), 16 items (3 subscales: obstructive
USA
no recall period
defecation, colonic inertia, and pain)
(14 items)
None reported
8 items
USA

Past 24 hours and
238 patients with chronic Handheld
pain
electronic PDA immediately after
each defecation
device
event for some
items
985 patients with chronic Clinician
Last 7 days
pain (202 Phase II; 460 administered
Phase III; 323 Phase
III)
987 patients with chronic Clinician
Last 7 days
pain (202 Phase II, 463 administered
Phase III, 322 Phase
III)
520 patients with pain
Clinician
Last 7 days
induced by cancer
administered
Pen and paper Past 2 weeks
221 (111 patients with
chronic constipation,
110 healthy controls)
1579 with chronic consti- Telephone-based Administered daily
IVRS
during trial
pation (307 Phase IIb;
1272 Phase III)
Pen and paper Past week
64 (32 at risk for constipation, 32 healthy
controls)
207 pregnant women
Pen and paper, None reported
telephone
interview
(follow ups)

Participants
(validation study)

Pen and paper
294 (191 patients with
constipation, 103 healthy
controls)
Idiopathic
232 patients with consti- Pen and paper
constipation pation
IBS-C
532 IBS-C patients from Handheld
Every BM event
multicentre phase IIb
electronic diary (3 items), past 24
study
hours (3 items)
Multiple
subtypes

Constipation
during
pregnancy

Iatrogenic
constipation

CAS

McMillan and
Williams,21 1989

Chronic
constipation

CC Symptom
Nelson et al,20
Severity Measures 2014

Abramowitz et al,18 OIC
2013
Chinese Constipa- Chan et al,19
Functional
tion Questionnaire 2005
constipation

BFI

Constipation symptoms
BF-Diary
Camilleri et al,15
2011
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Type of
constipation
Participants
(validation study)

Bharucha et al,26 Functional con- 83 women
2004
stipation &
faecal incontinence

Authors
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VSAQ

Fecal Incontinence
and Constipation
Questionnaire

Pamuk et al,35
2003

Constipation 369 hospital personnel
(unspecified)

Österberg et al,27 Constipation & 90 (36 with faecal incon1996
faecal inconti- tinence, 38 with connence
stipation, 16 healthy
controls)
1608 patients with IBSIBS-C Symptom
Williams et al,28 IBS-C
2014
C
Severity Measures
KESS
Knowles et al,29 Chronic consti- 91 (71 patients with
2000
pation
chronic constipation,
20 healthy controls)
ODS
200 (100 patients with
ODS-S
Renzi et al,30
2013
ODS, 100 healthy controls)
ODS Score
Altomare et al,31 ODS
106 (76 patients with
2008
ODS, 30 healthy controls)
PAC-SYM
Frank et al,32
Chronic consti- 216 patients with chronic
1999
pation
constipation
Modified PAC-SYM Neri et al,33
Chronic consti- 2203 patients with
2015
pation
chronic constipation
201 women
Rome III Criteria
Digesu et al,34
Functional
Questionnaire
2010
constipation
(Rome III)

FICA

PROM
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Items and subsets

Past 2 weeks
Past 2 weeks

Last 3 months
(9 items), last 6
months (2 items),
no recall period
(6 items)
5 items
Last 12 months
(symptoms-related
items)

Pen and paper
Pen and paper
Pen and paper

12 items (3 subscales: stool, rectal,
and abdominal symptoms)
11 items (2 subscales: stool and abdominal symptoms)
17 items

8 items

None reported

Researcher
administered

5 items

None reported

Pen and paper

Pen and paper

Location Original
of study language

Turkey

UK

Italy

USA

Italy

Not
reported

English

English

English

Not
reported

Not
reported

English

UK

Italy

English

USA

English
98 items (8 subscales: general bowel USA
Last 12 months
(symptoms-related habits, abdominal pain, treatment
of constipation, faecal incontinence,
items)
urinary symptoms, anorectal disease,
surgical history and other, health
care utilization, and quality of life)
None reported
38 items
Sweden Not
reported

Recall period

Telephone-based Administered daily 9 items (2 subscales: bowel and abIVRS
during trial
dominal symptoms subsets)
Researcher
None reported
11 items
administered

Pen and paper

Pen and paper

Method of
administration
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Marquis et al,40
2005

Past week

Past 12 months

Pen and paper

Pen and paper

Chronic consti- 223 patients with chronic Pen and paper
pation
constipation

Past 2 weeks

Researcher ad- None reported
ministered

None reported

Recall period

Online questionnaire

Method of
administration

18 items (4 subscales: social impairment, distress, eating habits, and
bathroom attitudes)
22 items (7 subscales: daily activities,
treatment satisfaction, lack of control
of bodily function, diet restriction,
symptom intensity, anxiety, and preventive actions)
28 items (4 subscales: worries/concerns,
physical discomfort, psychosocial discomfort, and satisfaction)

English

English
USA,
UK,
France,
Sweden

Malaysia Malay

USA

English

English

Location Original
of study language

USA
12 items (5 subscales: expectations,
value, treatment satisfaction, activities,
and effectiveness)
13 items (2 subscales: leisure/work ac- USA
tivities and activities of daily living)

Items and subsets

PROM, patient-reported outcome measure; BF-Diary, Bowel Function Diary; BFI, Bowel Function Index; CC, chronic constipation; CAS, Constipation Assessment Scale; CSI, Constipation Severity Instrument; CSS, Constipation Scoring System; DIBSS-C, Diary for Irritable Bowel Syndrome Symptoms–Constipation; FICA, Fecal Incontinence and Constipation Assessment; IBS-C, constipation-predominant
irritable bowel syndrome; KESS, Knowles-Eccersley-Scott Symptom Questionnaire; ODS-S, Obstructive Defecation Syndrome Score; PAC-SYM, Patient Assessment of Constipation–Symptom; VSAQ,
Visual Scale Analog Questionnaire; CTSAT-Q, Chronic Constipation Treatment Satisfaction Questionnaire; CRQOL, Constipation-related Quality of Life; E-CIS, Elderly-constipation Impact Scale; PACQOL, Patient Assessment of Constipation–Quality of Life; OIC, opioid-induced constipation; PDA, personal digital assistant; IVRS, interactive voice response system; USA, United States of America; UK,
United Kingdom.
Method of administration was assumed to be pen and paper unless reported otherwise.

PAC-QOL

Chronic con- 311 patients with chronic
constipation and IBS-C
stipation and
IBS-C
Constipation-related Hart et al,37
Chronic consti- 343 (240 patients with
Disability Scale
2012
pation
constipation,
103 healthy controls)
Chronic consti- 343 (240 patients with
CRQOL
Wang et al,38
2009
pation
constipation,
103 healthy controls)
E-CIS
Abdul Wahab et al,39 Chronic consti- 470 elderly people with
2020
pation
chronic constipation

Constipation-related quality of life
CTSAT-Q
Szeinbach et al,36
2009

PROM
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Table 3. Summary of Questionnaire Items in Patient-reported Out-

come Measures Measuring Constipation Symptoms
Questionnaire items
Overall rating for constipation
Abdominal symptoms
Pain
Bloating
Discomfort
Gas
Cramping
Distention
Fullness
Pressure during defecation
Bowel movement-related symptoms
Incomplete evacuation
Frequency
Straining
Inability to pass
Ease/pain during bowel movement
Urgency
Attempts a day
Lack of urge
Stool-related symptoms
Consistency
Amount
Anal/rectal symptoms
Pain
Bleeding
Anus blockage
Burning
Fullness/pressure
Pruritus ani
Others
Use of laxatives/enemas
Use of digital manoeuvres
Time spent in toilet
History (duration of constipation)
Lack of appetite
Changes to diet

n (out of 18)

%

4

22.2

10
10
6
3
2
1
1
1

55.6
55.6
33.3
16.7
11.1
5.6
5.6
5.6

14
13
13
7
5
2
1
1

77.8
72.2
72.2
38.9
27.8
11.1
5.6
5.6

14
3

77.8
16.7

4
2
2
1
1
1

22.1
11.1
11.1
5.6
5.6
5.6

9
8
5
4
1
1

50.0
44.4
27.8
22.2
5.6
5.6

psychological state.38-40 While all 3 PROMs are suitable for patients
with chronic constipation, the Elderly-constipation Impact Scale
(E-CIS) was developed for elderly Malay speaking individuals
aged 60 years and above.39
Two PROMs evaluated specific aspects of QoL in patients
with constipation. The Chronic Constipation Treatment Satisfaction Questionnaire (CTSAT-Q) specifically focused on treatment
satisfaction in patients with chronic constipation and constipationpredominant irritable bowel syndrome (IBS-C).36 Items include

patient’s expectations on and attitude towards medication, value of
medication, interference due to treatment, and effectiveness of treatment. On the other hand, the Constipation-related Disability Scale37
focused on the impact of constipation symptoms on day-to-day
activities. The PROM includes a rating of difficulty in performing
various leisure, work, and daily activities.

COnsensus-based Standards for the Selection of
Health Measurement INstruments Risk of Bias
The COSMIN risk of bias assessment demonstrated very
few studies with consistent “very good” and/or “adequate” ratings
across all domains. A summary of risk of bias scores for each study
are presented in Table 4. Cross-cultural validity was not assessed as
the current review only included studies that assessed the original
version of the PROM.
Twenty-three studies were rated on PROM development and
the majority of the studies (n = 14) scored “inadequate” due to the
lack of a PROM development study involving the target population or a cognitive interview study to assess the comprehensibility or
comprehensiveness of the PROM. The remaining 9 studies scored
“doubtful” due to poor reporting of study methods including the
use of skilled group moderators or interviewers, interview guides,
recording and transcription process of interviews and independent
coding of data. Poor reporting of methods similarly resulted in
“doubtful” ratings for content validity. Only 2 studies19,38 comprehensively examined content validity (ie, asking patients and professionals about relevance, comprehensibility, and comprehensiveness).
Construct validity was the most common measurement properties analysed (n = 23), nevertheless, not all studies examined both
convergent and discriminative validity. Four studies15,21,24,31 only
examined discriminative validity while 2 studies26,35 only examined
convergent validity. Half of the studies that examined construct
validity scored “doubtful” due to the lack of detailed description of
comparator instruments and/or important characteristics of subgroups.
Following construct validity, reliability (n = 17), and internal
consistency (n = 16) were the second and third most analyzed measurement properties. The majority of studies that scored “doubtful”
and “inadequate” for reliability did not fulfill appropriate design requirements (eg, patients’ stability in the interim period, similarity of
test conditions, and appropriate time interval). Most of the studies
that analyzed internal consistency fulfilled the COSMIN criteria
for “very good.” “Doubtful” ratings for internal consistency were
given due to lack of clarity if scale or subscale was unidimensional.
Less than half of the studies analyzed structural validity,
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Very good
Very good
Adequate

Very good
Very good
Very good

Very good
Inadequate

Doubtful
Doubtful

Doubtful
Doubtful

Doubtful

Doubtful
Doubtful
Inadequate

Very good
Very good

Doubtful
Doubtful
Doubtful
Adequate
Doubtful
Inadequate

Doubtful

Very good
Doubtful
Doubtful
Doubtful
Inadequate

Adequate

Doubtful

Doubtful
Doubtful
Doubtful
Doubtful
Inadequate

Doubtful

Inadequate
Doubtful

Doubtful

Doubtful

Doubtful

Doubtful
Doubtful
Doubtful

Construct
Responsive-ness
validity

Very good

Very good
Very good

Very good

Very good

Very good
Very good

Criterion
validity

Doubtful

Doubtful

Adequate
Inadequate

Measurement
error

Doubtful
Inadequate

Adequate

Adequate

Doubtful

Adequate

Adequate
Doubtful
Inadequate

Adequate

Inadequate

Doubtful

Doubtful

Adequate
Doubtful
Doubtful

Reliability

Inadequate

Doubtful

Inadequate

Adequate
Very good

Doubtful
Doubtful
Very good
Very good
Very good

Very good

Very good

Very good

Very good

Very good
Very good

Internal
consistency

Inadequate

Doubtful

Doubtful

Adequate

Doubtful

Very good

Very good

Inadequate
Doubtful
Inadequate
Doubtful

Inadequate

Doubtful
Inadequate
Doubtful
Inadequate
Inadequate

Inadequate
Inadequate

Very good

Doubtful

Structural
validity

Doubtful

Doubtful

Doubtful
Inadequate

Doubtful

Content
validity

Doubtful
Inadequate

PROM
development

PROM, patient-reported outcome measure; BF-Diary, Bowel Function Diary; BFI, Bowel Function Index; CC, chronic constipation; CAS, Constipation Assessment Scale; CRQOL, Constipation-Related
Quality of Life; CSI, Constipation Severity Instrument; CSS, Constipation Scoring System; CTSAT-Q, Chronic Constipation Treatment Satisfaction Questionnaire; DIBSS-C, Diary for Irritable Bowel
Syndrome Symptoms–Constipation; E-CIS, Elderly-Constipation Impact Scale; FICA, Fecal Incontinence and Constipation Assessment; IBS-C, constipation-predominant irritable bowel syndrome; KESS,
Knowles-Eccersley-Scott Symptom Questionnaire; PAC-SYM, Patient Assessment of Constipation–Symptom; ODS-S, Obstructive Defecation Syndrome Score; PAC-QOL, Patient Assessment of Constipation–Quality of Life; VSAQ, Visual Scale Analog Questionnaire.

Constipation symptoms
BF-Diary
Camilleri et al,15 2011
BFI
Rentz et al,16 2009
Ducrotté and Caussé,17 2012
Abramowitz et al,18 2013
Chinese Constipation Chan et al,19 2005
Questionnaire
Nelson et al,20 2014
CC Symptom
Severity Measures
CAS
McMillan & Williams,21 1989
Constipation during Ponce et al,22 2008
pregnancy
questionnaire
CSI
Varma et al,23 2008
CSS
Agachan et al,24 1996
DIBSS-C
Coon et al,25 2020
FICA
Bharucha et al,26 2004
Fecal Incontinence Österberg et al,27 1996
and Constipation
Questionnaire
Williams et al,28 2014
IBS-C Symptoms
Severity Measures
KESS
Knowles et al,29 2000
ODS-S
Renzi et al,30 2013
ODS Score
Altomare et al,31 2008
PAC-SYM
Frank et al,32 1999
Modified PAC-SYM Neri et al,33 2015
Rome III Criteria
Digesu et al,34 2010
Questionnaire
VSAQ
Pamuk et al,35 2003
Constipation-related quality of life
CTSAT-Q
Szeinbach et al,36 2009
Constipation-related Hart et al,37 2012
Disability Scale
CRQOL
Wang et al,38 2009
E-CIS
Abdul Wahab et al,39 2020
PAC-QOL
Marquis et al,40 2005
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Table 5. Individual Rating for Each Measurement Properties Based on the Updated COnsensus-based Standards for the Selection of Health

Measurement INstruments Criteria12
PROM
Constipation symptoms
BF-Diary
BFI

Structural Internal
Reliability
validity consistency

Authors

Camilleri et al,15 2011
Rentz et al,16 2009
Ducrotté and Caussé,17 2012
Abramowitz et al,18 2013
Chan et al,19 2005

Chinese Constipation
Questionnaire
CC Symptom Severity
Nelson et al,20 2014
Measures
CAS
McMillan and Williams,21 1989
Constipation during
Ponce et al,22 2008
pregnancy questionnaire
CSI
Varma et al,23 2008
CSS
Agachan et al,24 1996
DIBSS-C
Coon et al,25 2020
FICA
Bharucha et al,26 2004
Fecal Incontinence and
Österberg et al,27 1996
Constipation Questionnaire
IBS-C Symptom Severity Williams et al,28 2014
Measures
KESS
Knowles et al,29 2000
ODS-S
Renzi et al,30 2013
ODS Score
Altomare et al,31 2008
PAC-SYM
Frank et al,32 1999
Modified PAC-SYM
Neri et al,33 2015
Rome III Criteria
Digesu et al,34 2010
Questionnaire
VSAQ
Pamuk et al,35 2003
Constipation-related quality of life
CTSAT-Q
Szeinbach et al,36 2009
Constipation-related
Hart et al,37 2012
Disability Scale
PAC-QOL
Wang et al,38 2009
E-CIS
Abdul Wahab et al,39 2020
CRQOL
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PROM, patient-reported outcome measure; BF-Diary, Bowel Function Diary; BFI, Bowel Function Index; CC, chronic constipation; CAS, Constipation Assessment Scale; CRQOL, Constipation-Related Quality of Life; CSI, Constipation Severity Instrument; CSS, Constipation Scoring System; CTSAT-Q, Chronic
Constipation Treatment Satisfaction Questionnaire; DIBSS-C, Diary for Irritable Bowel Syndrome Symptoms–Constipation; E-CIS, Elderly-Constipation Impact
Scale; FICA, Fecal Incontinence and Constipation Assessment; IBS-C, constipation-predominant irritable bowel syndrome; KESS, Knowles-Eccersley-Scott Symptom Questionnaire; PAC-SYM, Patient Assessment of Constipation–Symptom; ODS-S, Obstructive Defecation Syndrome Score; PAC-QOL, Patient Assessment
of Constipation–Quality of Life; VSAQ, Visual Scale Analog Questionnaire.
Ratings for measurement properties: +, sufficient; ?, indeterminate; −, insufficient.

measurement error, criterion validity, and responsiveness. Studies
that examined structural validity mostly scored “very good” and
“adequate.” Only 1 study scored “doubtful” for structural valid-

ity due to the lack of description of rotation method. Two studies
scored “doubtful” and “inadequate” for measurement error due
to unclear description on stability of patients in the interim period
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and inadequate calculations of standard error of measurement. All
studies that examined responsiveness only examined comparison
between subgroups accordingly, ratings were based on that aspect.
Scores of “doubtful” and “inadequate” for responsiveness were due
to poor description of important characteristics of subgroups and
inadequate statistical methods applied.

COnsensus-based Standards for the Selection
of Health Measurement INstruments Rating of
Measurement Properties
Due to the limited amount of validation studies per PROM,
the studies were assessed individually and the total ratings were not
provided. The individual ratings for each measurement property of
all the studies are presented in Table 5.
Twenty-one studies had at least 1 insufficient (–) or indeterminate (?) rating, and no PROM was fully assessed in all measurement
properties, with measurement error and criterion validity most commonly missing. The PROMs with the most sufficient (+) ratings
include the Chinese Constipation Questionnaire, Constipation Severity Instrument (CSI), PAC-SYM, Constipation-related Disability
Questionnaire, and Patient Assessment of Constipation–Quality of
Life (PAC-QOL). To improve ratings of measurements properties,
focus should be given to obtaining sufficient rating for measurement
error (smallest detectable change/limits of agreement < minimal
important change), criterion validity (correlation with gold standard
or area under the curve ≥ 0.70), and responsiveness (results in accordance with hypothesis or area under the curve ≥ 0.70).

Digitization of Patient-related Outcome Measures
Five studies reported using digital formats to administer
PROMs during the validation process.15,20,25,28,36 Both the Bowel
Function Diary and Diary for Irritable Bowel Syndrome Symptoms-Constipation (DIBSS-C) were completed as part of an
electronic diary and were administered using a handheld device.
For the Bowel Function Diary, participants were given a handheld
electronic personal digital assistant (PDA) device while the type of
device was not specified for the DIBSS-C. The CTSAT-Q was described to be disseminated online however, no further information
was provided.
The Chronic Constipation Symptom Severity Measures and
IBS-C Symptom Severity Measures were administered using interactive voice response system technology, a computer-automated
telephone system that collects data through spoken answers or keypad responses.41 For all 5 studies, methods of digitizing and validating the digital formats of the PROMs were not reported.
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Discussion
Digitizing constipation-related PROMs represents a promising step towards individualizing patient intervention in a longitudinal and scalable manner. Therefore, the current systematic review
provides an overview of constipation-related PROMs that have
been developed and validated over the past 32 years. The review
identified 23 different constipation-related PROMs, with 18 measuring symptom-related measures and 5 measuring constipationrelated QoL measures.
The review revealed a large amount of variation between
PROMs used to measure symptom-related constipation outcomes.
Variations include outcome measures targeting different subtypes of
constipation (eg, opioid-induced constipation, obstructive defecation syndrome, and IBS-C), functions of PROM (eg, clinical use
and research purposes), methods of administration (eg, pen and paper, clinician administered, and electronic diary), length of PROM
(range = 3-98 items), and recall period (eg, last 2 weeks and past
24 hours). Given the multiple possible etiologies of constipation,
subtype-specific PROMs can be a useful tool to further facilitate
customization of outcome measures monitoring, and to provide
more accurate feedback to clinicians about treatment progress.
Nevertheless, the heterogeneity of variables between PROMs can
indicate the lack of standardization during the PROM development process. For instance, multiple studies scored “inadequate” for
PROM development based on the COSMIN checklist due to the
lack of patients’ involvement and input when developing PROM
items. While physical symptoms and functioning are vital aspects
of disease monitoring, patients may be more focused on regaining
or preserving QoL, including emotional wellbeing and social functioning.42
Considering the known impact of constipation on QoL,9 the
review also examined constipation-specific QoL-related PROMs.
Similar to studies that developed symptom-related outcomes
measures, none of the QoL-related PROMs reviewed met all the
COSMIN quality standards for development and measurement
properties. While all 5 of QoL PROMs involved patients in the
development process through individual interviews or focus groups,
issues include incomplete reporting of interview methods and lack
of a follow-up cognitive testing session. Based on the ratings of
measurement properties, out of the reviewed PROMs, the current
review recommends the Chinese Constipation Questionnaire, CSI,
PAC-SYM, Constipation-related Disability Questionnaire, and
PAC-QOL to measure constipation symptoms or constipation-
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related quality of life. Nevertheless, none of the reviewed PROMs
report all measurement properties indicated in the COSMIN
checklist thus, there is a need for better standardization of PROM
creation, from the development stages to the final reporting of validation studies. In their efforts to better regulate PROM creation
and usage, the Food and Drug Administration (FDA) released a
guidance for the industry on recommendations for PROM development and validation,43 and more recently, a draft on selecting,
developing or adapting PROMs for medical device evaluation.44
To ensure more consistent methodological quality and reporting, it
would be ideal for future PROM development studies to familiarize themselves with the FDA recommendations and COSMIN
guidelines.
Despite the variety of PROMs identified in this review, only 2
PROMs were developed and validated within the Asian context.
Chan et al19 developed and validated the Chinese Constipation
Questionnaire in the Chinese language with an ethnic Chinese
population. Similarly, Abdul Wahab et al39 developed and validated
the E-CIS using the Malay language spoken in the local dialects of
Terengganu and Kelantan in Malaysia. While there are translated
versions of questionnaires including the PAC-SYM32 and PACQOL,40 culture and language are intertwined, and language should
be examined in conjunction with culturally specific health beliefs
and understanding.45 Regardless of English fluency, patients of different ethnic groups may differ in terms of pronunciation, speech
delivery, grammar/vocabulary and culturally specific presentation
styles when describing their issues to medical practitioners.45 Hence,
a relatable and culturally-specific PROM can be beneficial in increasing the efficacy of patient-clinician communication, and further
facilitate a more personalised, patient-centric symptoms monitoring
and treatment.
The current review also assessed the modes of digital dissemination of currently available PROMs and identified 5 PROMs
that used digital formats to administer the questionnaire during the
validation process. Methods of dissemination were varied, ranging from electronic diary formats on PDA devices to computerautomated telephone systems. Given the widespread adoption of
smart devices, such as smartphones and tablets, the use of ePROs
presents as a viable option for remote monitoring led by patients
themselves. Consistent symptom reporting through digital means
can improve patient-clinician communication, detection of unrecognised problems, and patients’ health behaviors, including patient
self-management and patient empowerment.46 Nevertheless, to
ensure reliable reporting of ePROs, evidence is needed to support measurement equivalence between the electronic and paper-

based PROMs.47 The 5 studies in the current review that utilized
digital PROMs did not report methods undertaken to digitize the
PROMs. Accordingly, there is a need for better standardization for
digitization of PROMs to maximize the potential of ePRO tools.
Recommendations from the International Society of Pharmacoeconomics and Outcomes Research (ISPOR) ePRO Task Force
include cognitive debriefing, usability testing or full psychometric
testing of the electronic versions, depending on the level of modification. Future ePRO development studies can benefit by reporting
level of modification and relevant methods undertaken to ensure
measurement equivalence.
With growing interests to integrate technology into healthcare,
PROM development and implementation should keep pace with
the fast and evolving field of digital health. Digital health has the
potential to offer new modalities of probing patient state in real time
through minimally invasive methods (eg, experience sampling method, day reconstruction method). Furthermore, increasing accessibility
to ePROs can open doors to personalization of PROMs. A recent
real-world longitudinal study of patients with rheumatic and musculoskeletal diseases allowed patients to customize their tracking on the
Arthritis Power mobile application between 3 and 10 PRO symptom
measures over a period of 3 months.48 While some PROM items
were prioritized more, there were variations between patients in the
items chosen for tracking and in ranking of importance. It should
also be noted that minimal changes to items tracked were observed,
suggesting that patients continue to only track symptoms that are
important to them. The ePROs can further benefit from concepts
commonly employed in digital health, such as gamification and behavioral nudges, to sustain users’ engagement.49 As the concept of
personalized medicine continues to grow, digital technologies can aid
in the continual evolution and optimization of PROMs.
A limitation of the current systematic review is the subjective
nature of the COSMIN evaluation methods. Multiple items of the
COSMIN checklist require subjective judgement of the reviewer
based on experience and knowledge, hence, there is possibility of
subjectivity within the review.50 Furthermore, we acknowledge that
there may be other methods to assess psychometric measures beyond the COSMIN guidelines. Nevertheless, the current review
endeavored to reduce subjectivity by utilizing 2 independent reviewers with good interrater reliability and a third for any discrepancies.
Secondly, the current review did not include PROMs assessing the
pediatrics population. Constipation-related pediatric PROMs rely
on patient-reported measures, parent/caregiver-reported measures
or a combination of both, and assessing the differences between
the method of reporting is beyond the scope of the current review.
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Poor concordance between parent- and child-reporting have been
observed when assessing gastrointestinal symptoms. For instance,
children tended to rate their pain/discomfort intensity more severely
than parents did, and up to 60% of parents of 10- to 19-year-olds
could not answer items relating to defecation habits.51 Therefore, it
would be beneficial for future studies to focus on the differences in
reporting methods and the involvement of both parent and child in
the PROM development process.
In conclusion, this review assessed constipation symptoms
and constipation-related QoL PROMs using the COSMIN
guidelines and identified a lack of consistent methodology and reporting of development and validation studies. Furthermore, more
culturally-specific PROMs, especially in the Asian context, will
be beneficial. There are varying modes of digital dissemination of
constipation-related PROMs however, greater standardization of
the process is required to ensure transparency and consistency. As
PROM is a useful tool that can provide clinicians and researchers
insights into patients’ health status and health-related QoL, further
developments of constipation-related PROMs can be made by
more consistent methodology and reporting of PROM development, increase in culturally-specific PROMs, and better reporting
of protocol for digitization of PROMs.
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Background/Aims
Growing evidence suggests a negative effect of eosinophilic esophagitis (EoE) on patients’ general health-related quality of life
(HRQOL). However, the relevance and use of coping strategies and its relation to (disease specific) HRQOL as well as its determinants
have not been studied well.
Methods
Adult EoE patients were invited to complete standardized measures on general HRQOL (Short Form-36 Health Survey [SF-36]) and
coping strategies (Utrechtse Coping Lijst [UCL]). Scores were compared to general population norms. The disease specific Adult
Eosinophilic Esophagitis Quality of Life (EoE-QOL-A) measure was used to assess EoE-HRQOL. Socio-demographic-and clinical factors
were also evaluated.
Results
In total, 147 adult EoE patients (61% males), age 43 (interquartile range, 29-52) years were analyzed. Mental health-scores (SF-36)
were significantly lower in EoE patients, whereas physical health-scores (SF-36) were similar in EoE patients (vs the general population;
P = 0.010 and P = 0.240), respectively. The subdomain “disease anxiety” (EoE-QOL-A) was mostly affected, determinants were;
female gender, younger age, severe clinical disease activity, higher number of food bolus extraction, and more recent EoE-diagnosis.
Less effective coping styles (ie, passive/palliative reaction) were associated with a significant impact on each individual EoE-HRQOLsubdomain as well as lower scores of the Mental Health Component Scale in male EoE patients. Passive reaction in female EoEpatients correlated with impairment of the EoE-HRQOL-domains “emotional impact” and “disease anxiety.” Active problem solving
was significantly related to better perception of mental HRQOL (SF-36) in both males and females.
Conclusions
EoE has a significant negative impact on mental HRQOL, with less effective coping strategies––specifically in males, being a relevant
determinant. Thus, a pro-active approach towards coping mechanisms is needed in order to enhance HRQOL and manage patients’
burden of EoE.
(J Neurogastroenterol Motil 2022;28:390-400)
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Introduction
Eosinophilic esophagitis (EoE) is a chronic allergic disease,
characterized by eosinophilic mucosal infiltration of the esophagus
and symptoms of esophageal dysfunction.1-3 Now widely recognized
by gastroenterologists and allergists, EoE has rapidly evolved into
an important cause of upper gastrointestinal morbidity in children
and adults.4-9 The first line management of EoE consists of medical therapy (ie, proton pump inhibitors or topical corticosteroids) or
dietary elimination of culprit foods and medications.3 Maintenance
treatment is indicated in EoE, since disease activity recurs quickly
after cessation of therapy and ongoing eosinophilic inflammation
is associated with narrowing of the esophagus and stricture formation.10-13 In general, health-related quality of life (HRQOL) is a
multi-dimensional concept that is determined by patients’ physical, psychological and social status, as well as attitudes, concerns,
and behaviors in response to having a (chronic) disease.14 Previous literature confirms that EoE significantly impacts on patients’
daily life.15,16 Yet, data remains scarce on to which demographic,
clinical, or cognitive/behavioral factors influences (illness specific)
HRQOL in EoE. From the patients’ perspective, being diagnosed
with this “relatively new” disease with need for life-long treatment
and subsequent invasive procedures for disease monitoring may
be of specific concern.17 Moreover, most patients have developed
adapted eating behaviors (eg, taking smaller bites and avoid highly
textured foods) or use dietary restrictions (avoidance of culprit
foods) in order to manage symptoms and avoid food impactions in
particular.17 EoE patients generally display avoidance behaviors of
eating (alone or with others) in daily social-life, due to swallowing
anxiety or fear of giving others the impression of a state of illness.18,19
Hence social situations may lead to stress, anxiety symptoms, and
embarrassment. Coping refers to emotional, cognitive, and behavioral efforts that affects the way each individual handles the physical, social, and mental burden that is linked to stressful life events,
such as having a chronic illness. Stress management seems to be
crucial in general health. Despite a wide range of different coping
mechanisms, 2 main categories are generally mentioned: problemand emotion-focused coping.20,21 Problem focused-coping refers to
efforts to change a stressful situation (eg, taking action and seeking
information), whereas emotion-focused coping involves strategies
that regulate emotional distress that is being associated with the
situation (eg, expression of emotion and anger, and distraction).
Moreover, also gender differences in the selection of different coping styles have also been well-described.22-24 How individuals cope

with a chronical illness determines patients’ quality of life and has
shown to be an important outcome in a number of chronic disease
populations, eg, rheumatoid arthritis and inflammatory bowel disease (IBD).25-30 At present, no studies are available that have evaluated coping strategies in adult EoE patients. More importantly,
the degree to which different coping styles are related to (disease
specific) HRQOL is unknown as well. Therefore, we aim to assess
(1) general and disease specific HRQOL, (2) coping strategies
and their relationship with general and disease specific HRQOL,
and (3) determinants (ie, clinical and socio-demographic factors) of
disease specific HRQOL.31

Materials and Methods
An observational cross-sectional study design was used to assess
mental distress among adult EoE patients. Consecutive patients
who attended the outpatient clinic of the Amsterdam University
Medical Center Motility Center, were invited to participate in the
study. An informed consent letter including self-reported questionnaires was distributed at the outpatient clinic between July 2019 and
February 2020. Patients with a documented diagnosis of EoE, aged
18 and over, with a sufficient command of written Dutch to complete a self-reported survey were considered eligible for inclusion.32
Once consented, all patients completed a paper or digital version of
the questionnaires. All data were safely collected and stored by using the Electronic Data Capture Castor.

Patients and Procedures
A cross-sectional study design was used to assess for disease
specific and general well-being (ie, EoE-HRQOL) and coping
strategies in an adult EoE population. Inclusion criteria were a
minimum age of 18, a sufficient command of written Dutch to
complete self-reported questionnaires and documented diagnosis
of EoE according to consensus guidelines.3 All patients received
an informed consent letter including questionnaires. Once written
consent was obtained, all eligible patients completed a paper or digital version of the study questionnaires and data was subsequently
stored by using the Electronic Data Capture Castor.

Measures
Demographics and clinical data
Socio-demographic characteristics (eg, gender and marital status) as well as EoE related clinical information concerning year of
symptom onset and diagnosis, history of endoscopic interventions
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and dilation, EoE management (medical or dietary treatment),
atopic comorbidities, and adapted eating behavior (ie, taking smaller bites, more chewing, eating slowly, or drinking more water during meals) were evaluated by a standard fixed choice questionnaire.
Clinical disease activity, defined as symptoms related to esophageal
dysfunction (dysphagia and/or food impaction) were assessed by
the Straumann Dysphagia Instrument-measure.33
General health-related quality of life

Statistical Methods
Statistical analysis was performed with IBM SPSS Statistics
Table 1. Socio-demographic and Clinical Characteristics

General HRQOL was evaluated with the Short Form-36
Health Survey (SF-36) and has been widely validated for the use
in different health care settings and patients. General HRQOL is
measured in 36 items across 8 domains, including: physical functioning, role limitations due to physical problems, bodily pain, general health, vitality, role limitations due to emotional problems, social
functioning, and mental health. The items of the SF-36 are combined to form the Physical Health Component Scale (PCS) and
the Mental Health Component Scale (MCS).34 All SF-36 scores of
our EoE patients, stratified for gender and age were compared to a
national reference cohort, containing a random sample of the Dutch
population (n = 1742).35
Disease specific health-related quality of life
The impact of EoE on psychosocial functioning was measured
by means of the Adult Eosinophilic Esophagitis Quality of Life
(EoE-QOL-A) measure.36 This tool was developed to assess disease specific EoE-HRQOL in EoE populations and has not been
validated in the Dutch population. The EoE-QOL-A consists
of 24 items (Cronbach’s α = 0.94) across 5 subscales, including;
eating/diet impact, social impact, emotional impact, disease anxiety,
and swallowing anxiety (Supplementary Table 1). Each item score
ranges from 4 (very good QOL) to 0 (very poor QOL). Overall
scores range from 0 to 96, with higher scores indicating better
quality of life. The total EoE-QOL-A index score includes the
weighted average of all subscales.
Coping strategies
Patients coping styles were measured by using the validated
Utrechtse Coping Lijst (UCL).21,37 The UCL consists of 47 items,
which represent 7 different coping styles. The coping subscales
are: active problem solving (ie, not having to deal with a problem
by looking for distraction and getting away from the situation) and
palliative reaction, avoidance and passive expectancy, seeking social
support, and passive reaction (ie, expression of emotions and anger
as well as fostering reassuring thoughts) (Supplementary Table 2).
392

Different coping strategies of our EoE sample were compared to a
reference group, including normative data of the Dutch population,
stratified by gender and age. The reference groups are described in
the UCL manual.38

Characteristics
Socio-demographic characteristics
Age (yr)
Gender (male)
Alcohol use (yes)
Smoking (yes)
Level of education
Primary or secondary school
College or university
In domestic partnership (living together or married)
Working status
Student
Employed
Unemployed
Stayed at home parent
Retired
Clinical characteristics
Atopic diatheses
Allergic rhinitis
Oral allergy syndrome
Food allergy
Asthma
Atopic dermatitis
Clinical disease activitya
Adapted eating behavior
Number of endoscopic interventions
Diagnostic delay (yr)b
Disease duration (yr)c
Age at diagnosis (yr)
Previous dilation
Current treatment
PPIs
Topical steroids
Topical steroids with additional dietary restrictions
Empiric food elimination
No treatment
a

EoE (N = 147)
43 (29-52)
90 (61)
115 (78)
9 (6)
49 (33)
98 (67)
96 (65)
9 (6)
121 (82)
9 (6)
1 (1)
7 (5)
119 (81)
106 (72)
52 (35)
50 (34)
49 (33)
37 (25)
97 (66)
93 (64)
3 (2-6)
5 (2-14)
3 (1-6)
39 (26-48)
21 (14)
34 (23)
35 (24)
14 (10)
36 (25)
28 (19)

Clinical disease activity, defined as SDI-PRO score ≥ 1.
Diagnostic delay is the time interval between the first symptoms and the diagnosis.
c
Disease duration, measured from year of diagnosis.
EoE, eosinophilic esophagitis; PPIs, proton pump inhibitors.
Data are presented as median (interquartile range) or n (%).
b

Journal of Neurogastroenterology and Motility

General Well-being and Coping Strategies in Adult EoE

(version 25.0) (IBM Corp, Armonk, NY, USA). To characterize our sample, descriptive statistics were used to assess sociodemographic and clinical variables. Categorical data are described
as percentages and continuous data are expressed as mean (± SD)
or median (interquartile range [IQR]). SF-36 scores and UCL
scores were compared to previously published reference norms
from the Dutch general population, stratified by gender and age.35,38
Independent sample t tests were used to compare SF-36 and UCL
scores from our EoE cohort to the general population. Univariate linear regression analysis was used to assess clinical and sociodemographic factors (independent variables) that are possibly associated with EoE-QOL-A subscale scores (dependent variables).
Subsequently, a multiple linear regression model was fitted for each
subdomain of the EoE-HRQOL-A survey to identify determinants. Factors with a liberal P -value of < 0.2 were entered for multiple linear regression analysis with backward selection. A P -value
of < 0.05 was considered to be statistically significant. Associations
between coping styles and EoE-HRQOL were assessed by Pearson’s or Spearman’s rank correlations coefficients, as appropriate.
Level of significance was set at < 0.05 for the PCS and MCS as
well as P < 0.01 to correct for multiple testing for all 5 subdomains
of the EoE-QOL-A.

University Medical Center and formal evaluation was waived
according to Dutch law (W19_103#19.136).

Ethical Considerations

General HRQOL (SF-36) levels of the PCS of EoE patients
showed no difference compared to the general population (50.5 ±
8.6 vs 51.4 ± 3.2; P = 0.244). Although PCS levels of male EoE
patients vs males of the general population were not significantly
different (P = 0.453), female EoE patients scored significantly

This study was conducted according to the principles of the
Declaration of Helsinki and in accordance with the Dutch Medical
Research Involving Human Subjects Act (WMO). Our study
was reviewed by the Medical Ethics Committee of the Amsterdam

A

80

Patient Characteristics
In total, 147 patients (out of 209 patients) completed the selfreported questionnaires (response rate 71%). A male predominance
(61%) was confirmed, with a median age of 43 (IQR, 29-52) years.
The median time interval between the first reported EoE symptoms
and diagnosis (diagnostic delay) was 5 (IQR, 2-14) years, with a
median age at diagnosis of 39 (IQR, 26-48) years. The majority of
our cohort (66%) reported experiencing ongoing symptoms of dysphagia and/or food impaction. Ninety-three (64%) patients noted to
have currently adapted their eating behavior (eg, more chewing) as
a result of EoE symptoms. Empiric elimination of causative foods
was reported in 36 (25%) patients, of which 18 (12%) patients
stated to be on an elimination diet under guidance of a specialized
dietician at present. More details on patients’ characteristics of our
EoE sample are listed in Table 1.

General Health-related Quality of Life

B

EoE
GP

80

EoE
GP

**
*

60

MCS scores

60

PCS scores

Results

40

20

*

*

40

20

0

0
Total

Male

Female

PCS (SF-36)

Total

Male

Female

MCS (SF-36)

Figure 1. General health-related quality of life in patients with eosinophilic esophagitis (EoE) compared to the Dutch general population (GP),
stratified for gender. (A) Physical Health Component Scale (PCS; Short Form-36 Health Survey [SF-36]) of EoE patients compared to the
Dutch GP. (B) Mental Health Component Scale (MCS; SF-36) of EoE patients compared to the Dutch GP. *P -value of < 0.05, indicating a
significant outcome, **P -value of < 0.01.
Vol. 28, No. 3 July, 2022 (390-400)

393

Willemijn E de Rooij, et al

lower compared to females of the general population (P = 0.030).
Moreover, female patients scored significantly lower on the PCS
compared to males in our EoE cohort (52.5 ± 6.5 vs 47.3 ± 10.4;
P < 0.001) (Fig. 1A). Total levels of the MCS were significantly
lower in EoE patients compared to the general population (47.9 ±
10.4 vs 50.1 ± 1.5; P = 0.01). Although MCS scores of females
were similar (EoE vs general population; P = 0.112), males scored

significantly lower on the MCS (EoE vs general population; P =
0.040). However, no differences between male vs female patients on
MCS scores were found in our EoE cohort (49.1 ± 9.4 vs 46.0 ±
11.6; P = 0.076) (Fig. 1B).

Table 2. Factors Associated With Disease Specific Quality of Life in Eosinophilic Esophagitis Patients

Disease specific quality of life
(EoE-QOL-A)
N = 147
Eating/diet impact
Female gender
Age
Severe clinical disease activity
Dietary restrictions
Disease durationc
Adapted eating behavior
Social impact
Age
Severe clinical disease activity
Disease durationc
Number of endoscopic interventions
with food bolus extraction
Adapted eating behavior
Emotional impact
Female gender
Age
Severe clinical disease activity
Disease durationc
Adapted eating behavior
Disease anxiety
Female gender
Age
Severe clinical disease activity
Disease durationc
Number of endoscopic interventions
with food bolus extraction
Swallowing anxiety
Age
Severe clinical disease activity
Disease durationc
Adapted eating behavior

Univariate analysis

Multivariable analysis

B

b

95% CI (B)

P -value

B

b

–0.589
0.025
–1.301
–0.696
0.075
–0.497

–0.257
0.313
–0.330
–0.294
0.269
–0.213

–0.953 to –0.225
0.013 to 0.038
–1.911 to –0.691
–1.069 to –0.324
0.031 to 0.119
–0.871 to –0.124

0.002a
< 0.001a
< 0.001a
< 0.001a
0.001a
0.009a

–0.374
0.018
–1.053
–0.496
NS
NS

–0.163
0.229
–0.267
–0.209

0.01
–1.067
0.031
–0.072

0.142
–0.323
0.131
–0.154

-0.001 to 0.02
–1.580 to –0.553
–0.007 to 0.069
–0.148 to 0.004

0.086b
< 0.001a
0.114b
0.062b

–1.062

–0.321

–0.218

–0.111

–0.537 to 0.101

0.179b

–0.504
0.018
–0.828
0.055
–0.232

–0.275
0.283
–0.263
0.248
–0.125

–0.793 to –0.214
0.008 to 0.028
–1.326 to –0.330
0.02 to 0.090
–0.535 to 0.071

0.001a
0.001a
0.001a
0.002a
0.132b

–0.446
0.016
–0.604

–0.212
0.236
–0.199

–0.769 to –0.122
0.005 to 0.025
–1.103 to –0.146

0.007a
0.003a
0.011a
NS
NS

–0.478
0.019
–0.422
0.061
–0.060

–0.228
0.256
–0.117
0.239
–0.117

–0.814 to –0.143
0.007 to 0.030
–1.009 to 0.166
0.02 to 0.101
–0.143 to 0.023

0.006a
0.002a
0.158b
0.004a
0.157b

–0.446
0.015

–0.212
0.204

–0.769 to –0.122
0.003 to 0.027

0.044
–0.100

0.172
–0.196

0.001 to 0.086
–0.179 to –0.021

0.007a
0.001a
NS
0.043a
0.014a

0.018
–1.095
0.038
–0.397

0.244
–0.304
0.148
–0.186

0.006 to 0.03
–1.660 to –0.531
–0.004 to 0.079
–0.741 to –0.052

0.003a
< 0.001a
0.074b
0.024a

0.015
–0.913

0.186
–0.253

0.002 to 0.025
–1.477 to –0.350

a

95% CI (B)

P -value

–0.715 to –0.034
0.031a
0.007 to 0.030
0.002a
–1.625 to –0.481 < 0.001a
–0.850 to –0.142
0.006a

NS
–1.571 to –0.553 < 0.001a
NS
NS
NS

0.02a
0.002a
NS
NS

P -value of < 0.05, indicating a significant outcome.
P -value < 0.2, indicating a possible trend.
Disease duration = measured from year of diagnosis.
EoE-QOL-A, adult eosinophilic esophagitis quality of life questionnaire; B, unstandardized regression coefficient, where 1 point increase in the predictor variable (eg,
female gender) is associated with B point(s) increase in the dependent variable (EoE-QOL-A subscale score); ß, standardized regression coefficient, where 1 standard deviation increase in the predictor variable (eg, female gender) is associated with ß point(s) increase in the dependent variable (EoE-QOL-A subscale score);
NS, not significant.
b
c
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Disease Specific Health-related Quality of Life and
Associated Factors
Evaluation of the disease specific impact on psychosocial functioning (EoE-QOL-A) showed an average weighted score of 2.77
± 0.81 (range, 0.75-4.00) in our EoE cohort, with significant lower
levels in females (vs males; P = 0.002) (Supplementary Table 3).
Lowest subdomain scores in our sample were observed on disease
anxiety (2.46 ± 1.03 [range, 0.20-4.00]) and eating/diet impact
(2.47 ± 1.12 [range, 0.00-4.00]), with lower levels in females on
both domains (vs males, all; P < 0.01). While emotional impact
scores were also significantly lower in females (vs males; P = 0.001),
subdomain scores of social impact and swallowing anxiety were
similar (male vs female, all; P > 0.05) (Supplementary Table 3).
Multiple linear regression analysis indicated factors including:
female gender, younger age, severe clinical disease activity (ie,
current symptoms of daily dysphagia and food impaction), and
dietary restrictions to be independently associated with impairment
of EoE-HRQOL on the “eating/diet” subdomain (Table 2).

A

25

Moreover, severe clinical disease activity was only found to be
significantly related to low levels of the EoE-HRQOL “social
impact” scores. Factors including female gender, younger age, and
severe clinical disease activity were all independently associated
with lower scores on the EoE-HRQOL “emotional impact”
subdomain. In addition, low scores of the EoE-HRQOL “disease
anxiety” subdomain were significantly associated with independent
predictors, such as: female gender, younger age, more recent
EoE-diagnosis, and a higher number of endoscopic food bolus
extractions. Finally, younger age and severe clinical disease activity
were both indicated as significant determinants for low scores
on the EoE-HRQOL “swallowing anxiety” subdomain. More
details on univariate and multivariable linear regression analysis of
determinant factors for EoE-HRQOL are presented in Table 2.

Coping Strategies
Coping styles (UCL) of EoE patients showed significantly
more active problem solving, palliative reaction, avoidance and
passive expectancy as well as seeking social support compared to
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eosinophilic esophagitis (EoE) com
pared to the Dutch general population
(GP), stratified for gender. (A) EoE
males vs GP males. (B) EoE females vs
GP females. UCL, Utrechtse Coping
Lijst. *P -value of < 0.05, indicating a
significant outcome, **P -value of < 0.01,
***P -value of < 0.001.
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the general population (all; P < 0.05). Moreover, passive reaction
and expression of emotion and anger were significantly less
reported in EoE patients (vs general population; all; P < 0.01)
(Fig. 2A). Male EoE patients showed significantly more active
problem solving, palliative reaction, avoidance as well as seeking
social support compared to males of the general population (all;
P < 0.05). Moreover, passive reaction and emotion expressing
were significantly less reported in male EoE patients (vs general
population; all; P < 0.01) (Fig. 2B). Female EoE patients
showed more palliative reaction compared to females of the general
population (P = 0.035), whereas no difference was found for other
coping strategies (vs general population; all; P > 0.05) (Fig. 2C).
Females in our EoE sample showed significantly more palliative
reaction and seeking for social support compared to males (all; P <
0.01) (Fig. 2C).

Different Coping Styles in Males and Females
Correlated to Perception of High-related Quality of
Life
Considering the general differences in coping behaviors
between males and females, the relationship between coping
strategies and HRQOL were determined for both genders.23,24
Less effective coping styles, such as; palliative reaction, avoidance,
and passive reaction significantly correlated with higher impairment
of the MCS of the HRQOL (SF-36), whereas active problem
solving was related with better perception of mental HRQOL (SF36) in male EoE patients (all; P < 0.05) (Supplementary Table
4A). A passive coping style was significantly correlated with lower
levels of the MCS in female EoE patients, whereas active problem
solving also correlated with improvement of mental HRQOL

Table 3A. Correlations Between Coping Styles and Disease Specific Health Related Quality of Life in Male Eosinophilic Esophagitis Patients

Disease specific quality of life (EoE-HRQOL-A)
Coping strategies (UCL)
N = 89

Eating/diet impact

r
Active problem solving
Palliative reaction
Avoidance and passive expectancy
Seeking social support
Passive reaction
Expression of emotion and anger
Reassuring thoughts

P -valuea

0.086
0.421
–0.376 < 0.001b
–0.117
0.275
–0.026
0.806
–0.468 < 0.001b
–0.182
0.087
–0.089
0.407

Social impact

Emotional impact

P -valuea

r

0.084
0.434
–0.262 < 0.01c
–0.221
0.037
0.023
0.832
–0.264 < 0.01c
–0.126
0.239
–0.097
0.365

r

P -valuea

0.056
0.605
–0.455 < 0.001b
–0.148
0.167
–0.071
0.509
–0.355 < 0.001b
–0.184
0.085
–0.216
0.042

Disease anxiety

r

Swallowing anxiety

P -valuea

–0.043
0.689
–0.451 < 0.001b
–0.133
0.214
–0.102
0.341
–0.372 < 0.001b
–0.188
0.078
–0.254
0.016

r

P -valuea

0.200
0.060
–0.332 < 0.001b
–0.152
0.155
0.000
1.000
–0.464 < 0.001b
–0.213
0.045
–0.130
0.223

a

P -value correlation between Utrecht Coping List (UCL) domains and adult eosinophilic esophagitis health-related quality of life questionnaire (EoE-HRQOL-A)
domains (Pearson’s or Spearman’s rank correlation coefficients, as appropriate).
b
P -value < 0.001.
c
P -value of < 0.01, indicating a significant outcome.

Table 3B. Correlations Between Coping Styles and Disease Specific Health Related Quality of Life in Female Eosinophilic Esophagitis Patients

Disease specific quality of life (EoE-HRQOL-A)
Coping strategies (UCL)
N = 56
Active problem solving
Palliative reaction
Avoidance and passive expectancy
Seeking social support
Passive reaction
Expression of emotion and anger
Reassuring thoughts

Eating/diet impact

r

P -value

0.079
–0.080
–0.012
0.022
–0.286
–0.086
–0.137

0.561
0.559
0.931
0.872
0.033
0.529
0.314

a

Social impact

r

P -value

0.02
–0.187
–0.240
–0.016
–0.312
–0.051
–0.158

0.884
0.167
0.075
0.906
0.019
0.710
0.244

Emotional impact
a

Disease anxiety
a

r

P -value

0.205
–0.228
–0.092
–0.110
–0.498
–0.225
–0.255

0.130
0.092
0.500
0.418
< 0.001b
0.096
0.058

a

Swallowing anxiety
a

r

P -value

0.146
–0.127
–0.108
–0.210
–0.491
–0.281
–0.207

0.283
0.352
0.428
0.120
< 0.001b
0.036
0.126

r

P -valuea

–0.017
–0.188
–0.225
–0.092
–0.288
–0.124
–0.243

0.899
0.165
0.095
0.501
0.031
0.361
0.071

P -value correlation between Utrecht Coping List (UCL) domains and adult eosinophilic esophagitis health-related quality of life questionnaire (EoE-HRQOL-A)
domains (Pearson’s or Spearman’s rank correlation coefficients, as appropriate).
b
P -value < 0.001.
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(SF-36) (all; P < 0.05) (Supplementary Table 4B). With regards
to disease specific HRQOL (EoE-QOL-A), both palliative and
passive coping styles were associated with a significant impact
on each individual EoE-HRQOL subdomain in male EoE
patients (all; P < 0.01) (Table 3A). Additionally, passive reaction
significantly correlated with more impairment of the subdomains
“emotional impact” and “disease anxiety” in female EoE patients
(all; P < 0.05) (Table 3B).

Discussion
This is the first study evaluating coping strategies and the degree to which different coping styles are related to (disease specific)
HRQOL in adult EoE patients. Mental (SF-36) HRQOL was
significantly affected in our EoE cohort in comparison to the general population norms. These observations are in line with a study
by van Hewett et al,39 also reporting lower MCS scores in EoE patients compared to sex and age matched controls. Moreover, disease
specific HRQOL (EoE-QOL-A) subdomains; “disease anxiety”
and “eating/diet impact” were mostly affected. Our data show that
less effective coping styles, such as passive and palliative reactions
were associated with a significant impact on each individual EoEHRQOL subdomain as well as lower scores of the MCS in male
EoE patients. Passive reaction in female EoE patients correlated
with impairment of the EoE-HRQOL domains “emotional impact” and “disease anxiety.” Active problem solving was significantly
related to better perception of mental HRQOL in both genders.
Overall, determinants such as severe clinical disease activity (ie,
daily dysphagia and food impaction), younger age, and female gender were associated with impairment of EoE-HRQOL on most of
the subdomains.
The subdomain “eating/diet impact” of the EoE-HRQOL
being mostly affected within our cohort supports also the former
illustrated impact of dietary restrictions on patients’ disease specific
HRQOL.18 We observed that total EoE-HRQOL and most
subdomain scores were significantly lower in females compared to
males (Supplementary Table 3). HRQOL related gender disparities are well-described in literature, with female gender being associated with poor HRQOL outcomes in multiple chronic health
populations (eg, rheumatoid arthritis and Asthma).40-42 Within our
sample, the subdomains “social impact” and “swallowing anxiety”
did not differ between both genders. Factors such as severe clinical
disease activity and younger age were independently associated with
impaired EoE-HRQOL in these 2 domains. This may be further
supported by previous findings in adult EoE patients of males be-

ing more prone to stricture development, strong correlates between
clinical disease activity and anxiety symptoms as well as a 3-fold
risk of significant anxiety symptoms in young adulthood (18-35
years).13,43 In fact, EoE patients generally display avoidance behaviors in social situations due to symptoms of food impaction with
subsequent swallowing anxiety and fear of giving others the impression of a state of illness.44 Hence, social situations leads to stress,
anxiety symptoms and embarrassment. Of note, also MCS scores
were significantly lower only in EoE male patients compared to
males of the general population (with no difference for females) (Fig.
1B). Taken together, particularly (young) males that are diagnosed
with EoE may be more at risk of impaired HRQOL, specifically
related to food impaction. In addition to this, a recent study by Taft
et al45 observed that many EoE patients have elevated hypervigilance (ie, heightened focus on physical symptoms) and symptom
specific anxiety such as swallowing anxiety, both being associated
with worst reported EoE symptoms and poor HRQOL. These
observations in mental health research emphasizes the importance
of understanding the psychosocial issues being faced by EoE patients in clinical practice.
The subdomain “disease anxiety” was the most affected in our
cohort, with stress and anxiety related to “having a chronic condition” being independently associated with factors such as female
gender, younger age, severe clinical disease activity, higher number
of endoscopic interventions with food bolus extraction, and a more
recent EoE-diagnosis (Table 3). In particular, a more recent diagnosis of EoE being predictive of poor EoE-HRQOL seems to be
in line with findings in the broader fields of IBD-research, with recently diagnosed patients’ having lower perception of disease specific HRQOL and greatest need of education and support.46,47 Moreover, disease-related knowledge levels in IBD-patients are known
to affect self-management (ie, managing oneself) and the ability to
adapt mechanisms to manage the burden of having a chronic illness
(ie, coping strategies).48 Therefore, specifically, patients’ education
needs to be indicated as highly relevant for EoE-practice, since this
relatively new disease still yields a scarcity of patients’ informationresources.
According to the well-described Common-Sense Model
(CSM) of self-regulation and health, HRQOL is suggested to
be affected by 2 major determinants: illness perception and coping
strategies.49 The CSM postulates that coping strategies affects
adjustment to an illness as indicated, eg, by physical, mental, and
social well-being.50 Females are known to differently cope compared
to males.21 In general, females tend to use coping strategies that are
aimed to change their emotional response to a stressful situation,
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whereas males use more problem-focused methods for stress
management.23,24 Apart from the well-described association between
female gender and seeking more social support as coping style, we
observed also females using more palliative coping compared to
males in our EoE cohort (Fig. 2C). Interestingly, the use of less
effective coping styles, such as passive and palliative reaction in male
EoE patients was significantly associated with impaired perception
of EoE-HRQOL on all 5 subdomains as well as lower perception
of mental HRQOL. Additionally, passive reaction in females also
significantly correlated with impairment of the EoE-HRQOL
domains “emotional impact” and “disease anxiety” and lower scores
of the MCS (Table 3 and Supplementary Table 4). As illustrated
by the CSM, it may be suggested that adapting these negative
behavioral strategies into more effective coping mechanisms will
effectively influence patients’ perception of EoE-HRQOL. This is
also further supported by our observation on active problem solving
being significantly related to better perception of mental HRQOL
in both genders (Supplementary Table 4). Hence awareness (ie,
recognition and understanding) amongst gastroenterologists and
allergists on the use of less effective coping strategies in adult EoE
patients should be increased in daily practice. More importantly,
when inadequate styles are identified, referral to a medical
psychologist/psychotherapist for cognitive behavioral therapy
in order to support self-management may be helpful to adapt
these coping strategies and improve EoE patients’ perception of
HRQOL.51
The study design has a few limitations that should be addressed. First, our observations are extracted from a large EoE
sample of patients visiting the outpatient clinic of a tertiary healthcare center, thus limiting its generalizability. However, it should
be noted that our cohort, although not population-based actually
reflects a diversified population, including different stages of disease severity and treatment. Secondly, we did not assess patients’
illness perception (ie, individual’s beliefs and feelings about their
disease). According to the CSM, cognitive and emotional illness
perception also impacts directly or indirectly through influence on
coping mechanisms on patients’ HRQOL.50 In a previous validation study of the EoE-QOL-A measure, HRQOL was linked to
illness perception in adult EoE patients.52 Therefore, the evaluation
of illness beliefs amongst adult EoE patients, specifically related to
HRQOL and coping styles may be implicated for future research.
Nevertheless, we believe that this is the first study with specific
interest of determining coping strategies in adult EoE patients and
the degree to which different coping styles are related to (disease
specific) HRQOL. Aside from the large sample size, also the use
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of multiple (validated) health outcome measures may be considered
as another strength of our design.
In summary, our study confirms that EoE has a significant
negative impact on mental HRQOL in adult EoE patients. Less
effective coping strategies are related to poor perception of general
and disease specific HRQOL, particularly in males. This study
emphasizes the importance of HRQOL being a key health outcome in daily EoE practice and research evaluation effect of interventions. Therefore, a pro-active approach towards coping mechanisms and provision of sufficient mental care is needed to support
adjustment to living with a chronic illness, and ultimately enhance
EoE patients HRQOL.
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Background/Aims
High-resolution anorectal manometry (HRAM) measures anal sphincter function and anorectal co-ordination. This study aims to
provide normal data for HRAM and evaluate the effect of gender, age, and body mass index (BMI) on anorectal functions in healthy
Indian subjects.
Methods
HRAM was performed on 93 healthy volunteers using a 20-channel, water-perfused catheter. We evaluated anorectal pressures, rectal
sensation, and balloon expulsion time. Measurements were recorded during rest, squeeze, and simulated defecation (push).
Results
Median anal resting pressure (88 mmHg vs 94 mmHg, P = NS), anal squeeze pressure (165 mmHg vs 147 mmHg, P = NS) were
not significantly different between males and females. Rectal pressure (70 mmHg vs 54 mmHg, P = 0.024) and anal pressure (82
mmHg vs 63 mmHg, P = 0.008) during simulated evacuation without rectal distention, were higher in males. The threshold for the
first sensation was lower in females (40 mL vs 30 mL, P = 0.021) but desire to defecate (105 mL vs 90 mL, P = NS) and maximum
tolerable volume (160 mL vs 140 mL, P = NS) were not significantly different in males and females. Anal residual pressure (median
mmHg 83 vs 71 mmHg, P = 0.025) was higher in subjects < 40 years of age. Maximum anal squeeze pressure (185 mmHg vs 165
mmHg, P = 0.024) and maximum rectal pressure (75 mmHg vs 62 mmHg, P = 0.032) during push higher in BMI < 23 kg/m2.
Conclusions
The present study provides normal data for the Indian population that can be used for comparison and further work. Age, gender,
and BMI affect anorectal parameters in HRAM and should be considered while reporting.
(J Neurogastroenterol Motil 2022;28:401-408)
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Introduction
Anorectal manometry (ARM) and rectal balloon expulsion test
(BET) act as tests to guide the diagnosis and treatment of anorectal
dysfunction.1 This is particularly true in patients with constipation
when pre-emptive management with bulking agents and laxatives
fails to show improvement.2,3 ARM test is used for the evaluation
of anal sphincter function and anorectal co-ordination.4 Compared
with other physiologic testing, ARM and BET are easily available,
cost-effective, and correlate well with treatment outcomes.5-8 Highresolution anorectal manometry (HRAM) was launched in 2008.9
High-resolution manometry catheter has more number of closely
spaced sensors which enhances spatial resolution and measure
changes in pressure circumferentially; and thus, provide detailed
colorful topographical plots of intraluminal pressures in relation to
location and minimization of movement artifacts.10 There is a lack
of standardization regarding recording methodology. Also, normative data on the influence of age, gender, and BMI on results of
ARM are inadequate and variable.11 Difference in demographics
of study participants compounds this problem of interpretation.11-14
Factors such as higher BMI and the contractility of anorectal
muscles known to vary with age and gender, need to be accounted
for before interpretation of normal.13-15 This study aims to provide
a normal dataset of parameters of anal sphincter function, anorectal
co-ordination, and rectal sensations using water perfused HRM
system on healthy Indian subjects. The study also plans to evaluate
the effect of age, gender, and BMI on various parameters of anorectal function. The objective is to develop a reliable normal dataset
of ARM values from Indian subjects, to be used as a reference to
make a diagnosis and plan therapy in patients with anorectal disorders.

Materials and Methods
The Departments of Gastroenterology at 2 tertiary care institutions recruited subjects in the study. The project was started after
approval from the institutional review board at both institutions
(Project No. EC/OA-100/2016 and ECARP/2019/49). We selected a total of 147 subjects for the study. Based on history and clinical
examination, we excluded 54 subjects. Ninety-three healthy subjects
were enrolled for this study, of which 29 were female and 64 were
male aged 18 years and older. We randomized male and female subjects into 2 comparable groups. But after criteria exclusion, a smaller
number of female patients were able to be recruited in the study.
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Asymptomatic attendants of patients coming to the Gas
troenterology outpatient department between 2016-2020 were
recruited after properly explaining the study protocol to them.
Before recruitment, informed consent was taken from study
participants. Clinical history (including obstetric history in females)
and examination (including per-rectal examination) were conducted
in the participants. Subjects were screened using a questionnaire of
medical and obstetric history.
Exclusion criteria included a history of constipation, diarrhea,
fecal incontinence, irritable bowel syndrome, organic anorectal
disorders for instance fissures or abscess, abdominal and anorectal
surgery, significant cardiac, pulmonary, neuro-psychiatric, liver and
kidney disease, a medication that affect gastrointestinal tract motility, inability to augment anal sphincter tone during a digital rectal
exam, and history of obstetrics-associated anal sphincter injury and
pregnancy.

Equipment
HRAM (Medical Measurement Systems) was undertaken
using a water perfused catheter, having 4.4 mm of outer diameter.
It has a latex-free balloon at the tip. It contains 20 pressure channels
arranged spirally along the catheter which measure circumferential
pressure, first channel is located 3 cm from the balloon with 3
mm spacing between each channel. Before starting the procedure,
sensors were zeroed to atmospheric pressure. All channels were
checked for pressure, and channel block was removed by flushing
it with water. A commercially available manometric system
(Medical Measurement Systems) was used for data acquisition and
processing. The computer screen displayed the pressure activity in
the form of color plots, with pressure magnitude indicated by color
intensity.16

Study Protocol
A digital rectal examination was done prior to catheter insertion
using a gloved lubricated finger. Anal tone and anal squeeze pressure were assessed.17,18
There were no dietary restrictions for the participants and they
could continue with their routine medications.19 Bowel preparation
was given using sodium phosphate enema 1 hour before commencing study. The examination was started by placing a subject in the
left lateral position with hips and knees flexed to a 90-degree angle.
A catheter was lubricated and then inserted in the rectum. A 3-minute run-in period was allowed for familiarization to give the patient
time to relax and the sphincter tone to return to basal levels.19 The
test was carried out with a 60-second recovery interval between each
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maneuver. Each maneuver was performed 3 times.
The following measurements were performed;
(1) Anal resting pressure: The subject was instructed to calm
and not to move in the left lateral position for 1 minute and anal
resting pressure was measured.
(2) Anal squeeze pressure: The subject was told to squeeze the
anal canal as strong as possible 3 times with a 60-second rest given
between each squeeze. Anal squeeze pressure is an average of 3
maximum squeeze pressures.
(3) Endurance squeeze pressure: This pressure was recorded
by asking the subject to squeeze the anal canal as tight and long as
possible.
(4) Push (simulated evacuation) pressure: This was measured
first without and then with rectal balloon distension with 50 mL of
air. The subject was instructed to push down for 10 seconds as if to
defecate and pressure was recorded. Maneuver was done 3 times
with a 30-second interval between each push.
(5) The rectoanal inhibitory reflex: Presence or absence of anal
sphincter relaxation is noted while injecting up to 50 mL of air into
the rectal balloon. A positive rectoanal inhibitory reflex (RAIR)
response occurred if there is a 20% greater drop and then returns to
the resting pressure.
(6) Rectal sensation: Rectal balloon was inflated with a syringe
in 10 mL increments of air and the threshold volume for the
first sensation was recorded. After that, the balloon volume was
increased by 30 mL, and urge to defecate, and maximum tolerable
volume was recorded.
(7) Rectal BET: This was measured as the time required to
expel a rectal balloon filled with 50 mL of water in the left lateral
position. We do not have a pulley to attach weight and commode
facility in our institute for performing the test. Our method of balloon expulsion was based on protocol used in previous studies.20-22
If more than 1 minute was required to expel the balloon it was considered as failure. In healthy subjects anorectal pressures and rectal
compliance are highly reproducible, although sensory thresholds
are reproducible to a variable degree, it depends on stimulation and
perception intensity.23

Statistical Methods
Qualitative data was represented in form of frequency and
percentage and compared using the chi-square or Fisher’s exact
test. Quantitative data was represented using mean, median and
interquartile range. Comparison of quantitative data measured
between binomial qualitative variables (eg, Age, less than 40 years
and more than or equal to 40 years) was done using Unpaired
t test or by Mann–Whitney U test. Reference value calculation
for various quantitative variables for various sub-groups based on
sex, age-category, and BMI category, was done using “Reference
Value Advisor,” a freeware set of macroinstructions for Microsoft
Excel by Geffre Anne, Concordet Didier, Braun Jean-Pieere,
and Trumel Catherine, that compute reference intervals using the
standard and robust methods with and without generalized BoxCox data transformation (http://www.biostat.envt.fr/referencevalue-advisor/). An alpha value (P -value) of ≤ 0.05 was used as
the cutoff for statistical significance. Alpha value of ≤ 0.05 means
that there is a less than 5% chance that the data being tested could
have occurred under the null hypothesis. Statistics were done using
Microsoft Excel (Microsoft Corp, Redmond, WA, USA) and
SPSS version 23.0 (IBM Corp, Armonk, NY, USA).

Results
In India the majority of the population is young. In our study
population also, the median age was 40 years, so we used 40 years as
a cutoff value for comparison.
Demographic parameters of participants are provided in Table
1. Only 30% of subjects (28) were having a sedentary lifestyle like
driver, clerk, and shopkeeper, spending more than 50% of their
waking hours doing sedentary activities. Out of 29 females, 20
had a normal vaginal delivery without episiotomy. Comparison
of Anorectal HRAM parameters in female cohort presented
in Supplementary Table 1. Abdominal and anorectal digital
examinations were normal in all subjects. All subjects tolerated the
procedure without any complications. Measured values for each

Table 1. Demographic Parameters in Study Subjects

Gender
Male
Female

BMI (kg/m2)

Age
64
29

Min
Max
Median

18
74

Underweight (< 18.5)
Normal (18.5-22.9)
Overweight and obese (> 23)

Childbirth
12.5%
54.7%
7.8%

Yes
No

20
9

Sedentary lifestyle
Yes
No

30%
70%

BMI, body mass index.
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Table 2. Measured High-resolution Anorectal Manometry Parameters in Study Subjects

Variable
Anal canal length (cm)
Anal resting pressure (mmHg)
Maximum anal squeeze pressure (mmHg)
Anal squeeze increment
Endurance squeeze pressure (mmHg)
Duration of squeeze (seconds)
Simulated evacuation without rectal distention
Maximum rectal pressure
Anal residual pressure
Rectoanal pressure gradient
Anal relaxation %
Defecation indexa
Simulated evacuation with rectal distention
Maximum rectal pressure
Anal residual pressure
Rectoanal pressure gradient
Anal relaxation %
Defecation indexa
RAIR%
Rectal sensation
First sensation
Desire to defecate
Maximum tolerable volume
Balloon expulsion time (seconds)

Male (n = 64)

Female (n = 29)

P -value

2.5 (1.1-3.8)
88 (33-132)
165 (90-377)
90 (32-150)
136 (45-199)
38 (17-84)

1.5 (1-3.2)
94 (48-117)
147 (83-259)
66 (10-160)
127 (86-237)
39 (12-68)

0.005
0.702
0.222
0.006
0.707
0.711

70 (34-133)
82 (36-170)
–6 (–78-66)
16 (–38-53)
0.91 (0.38-2.06)

54 (26-117)
63 (18-100)
6 (–39-51)
42 (–24-80)
1.11 (0.45-2.77)

0.028
0.008
0.001
0.004
0.077

70 (40-258)
66 (9-163)
5 (–79-203)
24 (–58-83)
1.07 (0.4-5.3)
49.5 (0.0-87.0)

62 (15-129)
51 (8-99)
11 (–41-64)
46 (10-92)
1.22 (0.56-2.80)
44 (17-80)

0.049
0.004
0.002
0.004
0.370
0.637

40 (10-170)
105 (40-250)
160 (80-310)
60 (14-900)

30 (10-80)
90 (50-170)
140 (80-270)
49 (22-65)

0.021
0.092
0.373
0.186

a

Intrarectal pressure to anal sphincter residual pressure ratio.
RAIR, rectoanal inhibitory reflex.
Data are presented as median (interquartile range).

variable are presented for all participants in Table 2.

Effect of Gender on Parameters of High-resolution
Anorectal Manometry
The difference in the ARM parameters between males and
females is mentioned in Table 2. The anal canal length was significantly lower in females compared to males (1.5 cm vs 2.5 cm). The
anal squeeze increment was higher in males compared to females
(P < 0.05). Maximum rectal pressure (median 70 mmHg vs 54
mmHg), anal residual pressure (median 82 mmHg vs 63 mmHg),
without rectal balloon inflation, were higher, while anal relaxation
rate (median 16% vs 42%) and rectoanal pressure gradient without
balloon inflation were lower in males compared to females (median
–6 mmHg vs 6 mmHg). Similarly, maximum rectal pressure (median 70 mmHg vs 62 mmHg), anal residual pressure (median 66
mmHg vs 51 mmHg), with rectal balloon inflation were higher
while anal relaxation rate (median 24% vs 46%) and rectoanal pressure gradient with balloon inflation were lower in males compared
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to females (median 5 mmHg vs 11 mmHg). In a rectal sensory
test, rectal volume for the first sensation was lower in females (median 30 mL vs 40 mL), while a desire to defecate and maximum
tolerable volume showed no difference. Anal resting pressure, anal
squeeze pressure, endurance squeeze pressure, duration of endurance squeeze, defecation index, and balloon expulsion time are not
affected by gender.

Effect of Age on Parameters of High-resolution
Anorectal Manometry
The difference in the ARM parameters according to age is
mentioned in Supplementary Table 2. Anal residual pressure (median 83 mmHg vs 71 mmHg) was higher, while rectoanal pressure
gradient (median −11.5 mmHg vs 0.0 mmHg), and defecation
index (median 0.85 vs 1.00) were lower in subjects < 40 years of
age. RAIR (median 53% vs 40%) was high in subjects < 40 years
of age. There was no difference in anal canal length, resting and
squeeze anal pressure, simulated evacuation with rectal balloon in-
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M, male; F, female.
Data are presented as median (interquartile range) or mean (SD).

45
Conventional
Water perfused
M
40 (22-68)
F
44 (24-71)
Anal canal length(cm)
M
4.0 (3.8-4.2)
F
3.6 (3.4-3.8)
Anal resting pressure (mmHg) M
72 (64-80)
F
65 (56-74)
Maximum anal squeeze
M
193 (175-211)
pressure (mmHg)
F
143 (124-162)
Duration of squeeze (sec)
M
32 (26-38)
F
24 (20-28)
Simulated evacuation without rectal distention
Maximum rectal pressure
M
68 (58-78)
F
63 (54-72)
Anal residual pressure
M
49 (35-63)
F
40 (32-48)
Rectoanal pressure gradient
M
F
Anal relaxation %
M
43 (30-56)
F
34 (25-43)
Simulated evacuation with rectal distention
Maximum rectal pressure
M
F
Anal residual pressure
M
F
Rectoanal pressure gradient
M
F
Anal relaxation %
M
F
Rectal sensation
First sensation
M
20 (15-25)
F
19 (15-23)
Desire to defecate
M
109 (85-134)
F
103 (83-123)
Maximum tolerable volume
M
249 (223-275)
F
230 (205-255)
Balloon expulsion time (sec)
M
F

N
Manometry type
System type
Age

Variable

14.7 ± 5.1
13.1 ± 4.8
31.8 ± 12.4
32.3 ± 13
164.1 ± 44.2
108.5 ± 44.1

30
Conventional
Water perfused
32.9 ± 13.2
31.2 ± 6.6
3.2 ± 0.7
2.5 ± 0.7
57.4 ± 16.7
52.8 ± 13.4
216.1 ± 75.3
110.5 ± 41.3

30 (20-50)
30 (21-40)
80 (60-100)
70 (60-80)
170 (120-180)
150 (117-155)

40 (10-100)
35 (10-100)
120 (50-200)
90 (45-200)

52
146
Conventional
Conventional
Water perfused Water perfused
48 ± 13
64 (22-90)
49 ± 14
64 (23-88)
3.6 (3.0-4.0)
3.5 (3.3-4.0)
84 (72-93)
67 (30-142)
74 (60-85)
64 (17-126)
225 (207-279) 201 (69-413)
174 (138-196) 151 (64-418)
26 (24-27)
26 (24-28)

Kritasampan et al,27 Gruppo et al,29 Gundling et al,26
2004
2010
2010

Table 3. Comparison of Results of Previous Studies Examining Anorectal Function in Healthy Cohort

Carrington et al,24
2014

Lee et al,28
2014

42.4 ± 26.1
32.6 ± 11.7
105.2 ± 33.9
101.4 ± 22.3
195.0 ± 48.3
163.9 ± 37

21 (0-60)
23 (0-83)

77 (20-140)
57 (18-200)
57 (20-104)
43 (12-110)

40 (10-170)
30 (10-80)
105 (40-250)
90 (50-170)
160 (80-310)
140 (80-270)
60 (14-90)
49 (22-65)

70 (40-258)
62 (15-129)
66 (9-163)
51 (8-99)
5 (−79-203)
11 (−41-64)
24 (−58-−83)
46 (10-92)

53 (31-77)
33 (25-41)
30 (12-48)
16 (11-28)
29 (1-46)
11 (6-20)

10 (10-20)
10 (10-20)
80 (60-120)
60 (50-70)
130 (110-178)
115 (98-153)
15 (5-50)
15 (10-30)

70 (34-133)
54 (26-117)
82 (36-170)
63 (18-100)
–6 (–78-66)
6 (–39-51)
16 (–38-53)
42 (–24-80)

93
High resolution
Water perfused
39 (18-74)
37 (15-64)
2.5 (1.1-3.8)
1.5 (1-3.2)
88 (33-132)
94 (48-117)
165 (90-377)
147 (83-259)
38 (17-84)
39 (12-68)

Present study

69 (44-98)
37 (27-51)
26 (13-55)
19 (10-35)
30 (5-66)
16 (5-30)
16 (0-82)
30 (0-75)

30
115
54
Conventional High resolution High resolution
Water perfused
Solid state
Solid state
25 (21-30)
32 (21-72)
37.5 (20.0-67.0)
45 (18-68)
3.8 (2.4-5.3)
3.4 (1.6-6.0)
72.3 ± 13.7
67 (38-136)
46 (39-56)
69.8 ± 14.5
63 (25-111)
32 (24-42)
293.5 ± 97.3 268 (94-732)
178 (140-212)
180.8 ± 43.5 221 (76-503)
75 (61-89)
19 (3-30)
6 (2-30)

Otto et al,25
2013
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flation, rectal sensation, and BET with increasing age.

Effect of Body Mass Index on Parameters of
High-resolution Anorectal Manometry
The difference in the ARM parameters according to BMI
is mentioned in Supplementary Table 3. Maximum anal squeeze
pressure (185 mmHg vs 165 mmHg) and squeeze increment pressure (90 mmHg vs 74 mmHg) decrease with BMI. On simulated
evacuation without rectal balloon inflation, only maximum rectal
pressure was significantly higher in BMI < 23 kg/m2 (median 75
mmHg vs 62 mmHg). On simulated evacuation with rectal balloon inflation, anal relaxation percentage decrease (median 75%
vs 54%) and rectoanal gradient increase (median −13 mmHg vs
7 mmHg) with an increase in BMI. Balloon expulsion time was
shorter in BMI > 23 kg/m2 group (median 47 seconds vs 60 seconds). Anal canal length, anal resting pressure, endurance squeeze,
and its duration, defecation index, RAIR %, and rectal sensory volumes do not differ with change in BMI.
We compared the defecation index according to gender, age,
and BMI, but only subjects with age > 40 years had a significantly
higher defecation index (without rectal balloon distension) compared to < 40 years. In all other groups, the difference was nonsignificant. Values of the defecation index are mentioned in a table
provided in the supplement.

Discussion
A comparison of previous studies on normal data in ARM is
shown in Table 3. As compared to previous studies, anal resting
pressure in the present study was high in both genders.13,24-28 Other
previous studies had higher anal squeeze pressure in males as compared to the present study. Anal squeeze pressure in females was
comparable to most of the previous data.13,25,26,28,29 Maximum rectal
pressure during simulated evacuation (without balloon inflation)
was comparable, whereas anal residual pressure (without balloon
inflation) was higher concerning previous studies.13,24,28
Prolonged BET and negative anorectal gradient are widely
used to diagnose dyssynergic defecation disorders.30,31 In the present
study, anorectal pressure gradient was negative during simulated
evacuation in 56 (60%) and 39 (41%) subjects without and with
balloon inflation respectively, whereas thirty-one (33%) subjects
failed to expel balloon in 1 minute. In 1 study anorectal pressure
gradient was positive in all study participants but balloon expulsion
failed in 14.8% (8 of 54) subjects.28 But, in a study on asymptomatic healthy females by Noelting,14 a anorectal gradient was negative
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in all females (30 of 62) aged < 50 years, and out of that only 5 had
abnormal balloon expulsion test.
This suggests that a negative anorectal gradient by HRM does
not necessarily indicate dyssynergia, also prolonged BET is not associated with anorectal gradient.13,14,24,28,32,33 There is considerable
overlap in anorectal gradient value between asymptomatic and dyssynergic populations. Patients with pelvic pain can have reduced
anorectal gradients.3 These findings suggest that anorectal gradient
during a simulated evacuation is not a reliable parameter to diagnose defecatory disorders. The reason for this difference may be
due to the difference between actual and simulated defecation.32,33
While the first sensation and desire to defecate was comparable to
most of the previous studies, 1 study had a much lower sensation
for a desire to defecate (31.8 mmHg and 32.3 mmHg) compared
to our study (105 mmHg and 90 mmHg) in males and females,
respectively. In a study by Rao et al,13 maximum tolerable volume
was higher (249 mmHg and 230 mmHg) compared to the present
study (160 mmHg and 140 mmHg) in males and females, respectively.24-28
There was no significant effect of gender on anal resting pressure in the present study. Our results were consistent with previous
studies.4,13,24-27,29,34-36 Anal resting pressure was low in females compared to males in a study done by Lee et al28 and Coss-Adame et
al.37
Maximum anal squeeze pressure were higher in males but it
was not statistically significant consistent with results obtained in a
study by Carrington et al.24 As testosterone causes muscle growth,
males have more muscle mass and strength as compared to females
which are probably responsible for this difference.38 The threshold
for rectal sensation was lower in females with statistical significance
in first sensation consistent with a previous study.26,28 Difference
in sensory nerve function in females may explain this difference.28
BET did not show a significant difference concerning gender.
In the present study, most of the parameters did not differ according to age.13,24,27,28 Few studies are consistent with our results,14
but some found statistically significant low anal resting and squeeze
pressure in older subjects.1,4,26,35-37 The reason for a lower anal resting pressure in older age may be because of the internal sphincter
muscle fibrosis in elder people.39 With age, skeletal muscle mass
decrease, that may be a reason for lower anal squeeze pressure.38
Anorectal pressure gradient increases and anal residual pressure
decrease with age when measured without balloon inflation during simulated evacuation.4,14 Rectal sensation did not change with
age consistent with a previous study.14,27 BET was similar in both
groups consistent with 2 previous studies1,27 but 2 other studies
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found shorter BET in older subjects.4,14 Studies evaluating the
influence of BMI on anorectal parameters in normal subjects are
sparse.1,4,28 Anal resting pressure did not show any change with
BMI, but anal squeeze pressure decreases with an increase in BMI.
A previous study reported higher squeeze pressures in overweight
and obese women with fecal incontinence compared with women
of normal weight.40 High BMI positively correlated with anorectal
gradient and negatively correlated with BET but showed no relation with rectal sensations. The above findings showed higher BMI
may be responsible for fecal incontinence.41 In a study by Lee et al28
BMI positively correlated with anal resting pressure and anorectal
gradient during simulated evacuation without rectal balloon inflation. Difference in a demographic, instrument, and variable methodology used may have caused an observed difference in measured
parameters.
This is the first prospective study to define normative data on
ARM from India. Some limitations of the study include the small
number of female participants. Tests to determine the integrity of
anal sphincter in healthy participants such as endoanal ultrasound
was not undertaken so asymptomatic structural abnormalities cannot be ruled out. The method of balloon expulsion is not standardized as we have not used pulleys or the sitting position. Some obstetric variables (mode of delivery, obstetric trauma, and number of
deliveries) may have affected anorectal parameters in women with
vaginal delivery but which were not evaluated.

Conclusion
The present study provides normal data for the Indian population that can be used for comparison and further work. Age, gender,
and BMI affect most of the anorectal parameters in HRAM and
should be taken into consideration while reporting results.
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Association Between Gut Regulatory Hormones
and Post-operative Weight Loss Following
Gastrectomy in Patients With Gastric Cancer
Hye-Kyung Jung,1* Chung Hyun Tae,1 Hye Ah Lee,2 Ko Eun Lee,1 Chang Mo Moon,1 Seong Eun Kim,1 Ju Young Seoh,3
and Joo-Ho Lee4
Departments of 1Internal Medicine, 3Microbiology, and 4Surgery, College of Medicine, Ewha Womans University, Seoul, Korea; and 2Clinical
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Background/Aims
Post-operative weight loss in patients with gastric cancer lead to a poor quality of life and long-term survival. This study aims to
evaluate the effects of gut regulatory hormones on post-operative weight loss in patients with subtotal gastrectomy for gastric cancer.
Methods
This prospective study was conducted for 12 months post-surgery in 14 controls and 13 gastrectomy patients who underwent
subtotal gastrectomy for gastric cancer. Serum plasma ghrelin, glucagon-like peptide-1, gastric inhibitory peptide-1, peptide YY,
insulin, and homeostatic model assessment for insulin resistance responses to a standardized test meal were recorded at multiple time
points before and after gastrectomy at 4 and 12 months.
Results
The mean weight difference between the pre-operative state and the 4-month period was significantly reduced to 6.6 kg (P = 0.032),
but significant weight reduction was not observed from 4 months to 12 months. The plasma levels of glucagon-like peptide-1, gastric
inhibitory peptide-1, and peptide YY were significantly increased 4 months postoperatively compared to the pre-operative state (all
P = 0.035); however, pre-operative levels and relative changes over a period of 0-4 months of hormones were not correlated with
body weight changes. Only the pre-operative ghrelin at peak had a negative correlation with changes in weight reduction in the 4
months after surgery ( ρ = −0.8, P = 0.024).
Conclusions
Significant weight reduction was common after subtotal gastrectomy for gastric cancer with a negative correlation pre-operative
plasma ghrelin levels. Incretin hormones are modestly but significantly increased after subtotal gastrectomy; however, these changes
did not affect the weight changes.
(J Neurogastroenterol Motil 2022;28:409-417)
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Introduction

Materials and Methods

Gastric cancer is one of the most common malignancies and
the fourth leading cause of cancer-related death.1 In 2017, the standardized incidence of gastric cancer in Korea was 57.9 per 100 000,
which was the second most common after thyroid cancer with high
mortality.2 In 2019, gastric surgery was the most frequently performed on cancer patients after colon and liver cancer.3 The prevalence of gastric cancer is high in Asia and is the most common cause
of gastric resection, rather than bariatric surgery. Most patients who
undergo gastrectomy for gastric cancer experience weight loss as
an inevitable postoperative complication. Postoperative weight loss
was related to poor long-term survival of gastric cancer patients
after gastrectomy,4 However, overweight patients showed a higher
survival rate in long-term follow-up observations for more than 9
years post-surgery than underweight patients or those with normal
weight.5
Several studies have shown different gut hormonal changes
due to various surgical modalities. Sleeve gastrectomy (SG) and
Roux-en-Y gastric bypass (RYGB) have become popular and effective surgeries for obesity.6 Though proven effective and safe, their
underlying mechanism related to weight reduction remain unclear.
Anatomical reduction in gastrointestinal (GI) tissue or volume
may decrease the nutritional intake.7 In addition, weight loss can
continue due to changes in gut hormones after surgery, which is
emerging as a more important mechanism.6 Weight reduction and
glycemic control after SG and RYGB was comparable in a recent
randomized controlled trial,8 while a significant large weight reduction and better glycemic control were achieved in another study
using RYGB at 5 years after surgery.9 In other studies, glucose and
nutrient absorption in the GI tract as well as gut hormonal changes
differed depending on the bariatric surgical method.10 Postprandial
glucose and protein absorption after RYGB was accompanied by
higher secretion of insulin, glucagon-like peptide 1 (GLP-1), peptide YY (PYY), and cholecystokinin and lower ghrelin levels compared to SG and controls. However, there are fewer studies on the
physiological mechanisms behind weight loss after gastric cancer
surgery than those after bariatric surgery.
In the present study, we aim (1) to compare the gut hormonal
and weight changes between the pre-operative and post-operative
periods after subtotal gastrectomy (STG) in patients with gastric
cancer, and (2) to evaluate the association between dumping syndrome and gut hormones after gastric resection.
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Study Subjects
This study was prospectively conducted on patients diagnosed
with gastric cancer and control groups at a tertiary referral hospital in South Korea. Study groups were composed of patients with
gastric cancer who had undergone uncomplicated laparoscopic
subtotal gastrectomy with Billroth II operation and controls. Inclusion criteria were as follows: (1) those aged 20-75 years, (2) those
who could understand and respond to the questionnaire themselves,
and (3) those who voluntarily agreed to participate in this study and
signed an informed consent form. The exclusion criteria were: (1)
diabetes mellitus before surgery; (2) history of abdominal surgery
except appendectomy; (3) peri-operative bleeding requiring blood
transfusion during surgery; (4) patients who needed conversion to
open surgery from laparoscopy, and patients with injury to adjacent
organs or intestines during surgery; (5) post-operative complications after gastrectomy that could affect oral food intake, such as
anastomotic leakage, mechanical ileus, wound infection or passage
disturbance after surgery; (6) medical history of inflammatory
bowel disease, ischemic colitis, pancreatic insufficiency, intestinal
obstruction, or stricture; (7) serious uncompensated cardiovascular,
respiratory, renal, or liver disease; and (8) pregnancy or breast feeding. Controls who met the above criteria with no history of abdominal surgery were recruited through local advertisements.
The study protocol was approved by the ethics committee at
Ewha Womans Mockdong Hospital, and all subjects provided
written informed consent to participate (ECT 13-20B-02).

Experimental Protocol
Thirteen gastric cancer patients underwent standard laparoscopic subtotal gastrectomy with Billroth II surgery due to early
gastric cancer by an experienced surgeon. Among them, 11 patients
were finally diagnosed with stage I cancer, and 2 patients with stage
IIa (T2N1). Anthropometric measurements and hormonal changes
were followed up before surgery and at 4 months and 12 months
after surgery.
Patients visited the hospital in the morning after an overnight
fast 1 day before surgery and each planned visit at the 4th and 12th
post-operative months. Anthropometric measurements, including
weight and height, were performed using a body-composition analyzer. A flexible intravenous catheter was placed in the superficial
forearm vein for venous blood sampling for gut hormones (plasma
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GLP-1, gastric inhibitory peptide 1 [GIP-1], PYY, and ghrelin)
and biochemical parameters (glucose and insulin) when the patients
were fasting (0 minute, baseline) in a hospital bed in a reclining position.
Three blood samples were collected at baseline; at 30 minutes
and 120 minutes after the standardized meal, for measurement of
glucose, insulin, GLP-1, GIP-1, PYY, and ghrelin. A standardized liquid meal (Encover solution; EN Otsuka Pharmaceutical,
Hanamaki City, Japan), which contained 200 mL (200 kcal) with
approximately 62% of the energy from carbohydrate, 20% from
fat, and 18% from protein, was provided. Samples for hormone
measurements at 30 minutes and 120 minutes were collected in icechilled tubes containing EDTA-2Na and/or aportinin, centrifuged
in the cold, and stored at –70°C. In addition, radioimmunoassays
for total GLP-1, GIP-1, and ghrelin (Linco Research Inc, St. Louis, MO, USA) in EDTA plasma were carried out as previously described.11 PYY was measured with an enzyme-linked immunosorbent assay (Phoenix Pharmaceuticals Inc, Belmont, CA, USA) and
insulin was assayed using a 2-site sandwich immunoassay (Siemens
Medical Solutions Diagnostics, Los Angeles, CA, USA).12 Serum
glucose concentrations were determined using an Immulite 2000
analyzer (Siemens Healthcare Diagnostics, Tarrytown, NY, USA).
All subjects completed Sigstad’s scoring questionnaire for the
diagnosis of dumping syndrome at each visit. Fourteen healthy con-

trol subjects underwent venous sampling in the same manner.

Statistical Methods
The levels of plasma insulin, homeostatic model assessment
for insulin resistance (HOMA-IR), GLP-1, GIP-1, PYY, and
ghrelin are presented as mean ± SD of area under curve (AUC)
0 minute to 120 minutes, for 30 minutes. Body mass index (BMI)
was calculated as weight in kilograms divided by height per square
meter. Insulin sensitivity was assessed based on the reciprocal of the
HOMA-IR, which was calculated from 3 separate blood samples
in the basal state.13
The sample size was calculated as n = 8 in each group to detect a significant difference in the primary endpoint, basal and peak
levels of ghrelin between those of the pre-operative state and those
of the postoperative state with 80% power and a-sided α-error of
0.05.14 The present study included 13 patients and 14 controls in
consideration of follow-up loss because of long-term follow-up for
up to a year.
Continuous variables that did not satisfy the Shapiro-Wilk test
underwent logarithmic transformation. Group differences in the
peak and AUC levels of hormones at pre-operative state were tested
using the Mann-Whitney U test. In subtotal gastrectomy subjects,
the Wilcoxon signed-rank test was performed to test for changes in
hormones and weight by period (before surgery, 4 months, and 12

Table 1. Baseline Characteristics and Hormone Levels Between Subjects Scheduled for Subtotal Gastrectomy and 14 Controls

Parameter

Subtotal gastrectomy (n = 13)

Controls (n = 14)

P -value

Age (yr)
Sex (M:F)
BMI (kg/m2)
< 25
25-30
Baseline hormone levels
InsulinAUC (IU/mL × min)
Insulinpeak (μIU/mL)
GhrelinAUC (ng/mL × min)
Ghrelinpeak (ng/mL)
GLP-1AUC (μg/mL × min)
GLP-1peak (ng/mL)
GIP-1AUC (μg/mL)
GIP-1peak (ng/mL)
PYYAUC (ng/mL × min)
PYYpeak (pg/mL)
HOMA-IR

59.2 ± 10.4 (45-75)
8:5
24.6 ± 2.8
8
5

49.6 ± 5.8 (36-56)
7:7
22.5 ± 2.3
13
1

< 0.001
0.411
< 0.001

5.8 (4.1-8.2)
81.3 (58.4-113.2)
631.0 (440.8-821.1)
5.2 (3.6-6.7)
1.7 (1.1-2.5)
23.4 (15.9-34.5)
2.8 (1.2-6.6)
32.1 (11.4-90.3)
5.0 (3.2-7.7)
45.4 (31.4-65.7)
2.2 (1.3-3.6)

6.6 (5.8-7.5)
100.4 (88.0-114.7)
555.8 (362.9-748.7)
4.6 (3.0-6.1)
2.3 (1903.0-2798.8)
35.1 (28.9-42.7)
9.1 (7.3-11.3)
138.1 (110.3-172.9)
1.6 (5.9-4.4)
37.6 (13.4-104.9)
2.0 (1.8-2.3)

0.165
0.040
0.488
0.564
0.031
0.024
0.005
0.010
0.013
0.621
0.381

M, male; F, female; BMI, body mass index; AUC, area under curve; GLP-1, glucagon like peptide-1; GIP-1, gastric inhibitory peptide; PYY, Peptide YY;
HOMA-IR, homeostatic model assessment for insulin resistance.
Age, sex, and BMI are presented as mean ± SD (range), n, or mean (95% CI).
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months after surgery). The Bonferroni method was used to correct
for multiple comparisons. The correlation between body weight
changes over the 4 months postoperatively with the gut hormones at
pre-operative state was assessed using the partial Spearman’s correlation adjusted for age and sex. Additionally, by calculating the relative change in hormones for 4 months after surgery, the correlation
with the relative change in body weight was analyzed. Differences
in weight and gut hormones according to the presence of dumping syndrome at postoperative 12 months were evaluated using the
Mann-Whitney U test. Statistical analysis was performed using
SPSS (version 26.0; IBM Corp, Armonk, NY, USA). Statistical
significance was set at P < 0.05.

Results
Baseline Anthropometric Characteristics and
Hormonal Levels
A total of 13 candidates scheduled for STG were screened
for eligibility and underwent a baseline hormone test 1 day before
surgery (stage I, n = 11; stage IIa, n = 2). Eight subjects visited
and underwent hormone tests both at 4th months and 12th months
after STG as planned in the study. We also enrolled 14 controls who
75
*P = 0.035
**P = 0.865

70

Weight (kg)

*P = 0.032

65
60
55
50
45
40
Baseline

4 month
Time

12 month

Lower 95% CI Upper 95% CI

Time

Means

Baseline (kg)

65.0

58.3

71.8

4 mo (kg)

58.4

51.4

65.5

12 mo (kg)

58.0

47.2

68.7

Figure 1. Weight change before and after surgery. The dashed line

means the average value of the control group at baseline. Results are
presented as means with 95% CI. P -values were tested by Wilcoxon
signed-rank test with Bonferroni method. *P -values presented the
comparison between pre-operative state and post-operative 4 months
and 12 months and **P -value presented the comparison between 4
months and 12 months.

412

did not have a history of GI surgery. As shown in Table 1, the age
and BMI of STG group were significantly higher than those of the
control group (59.2 ± 10.4 years vs 49.6 ± 5.8 years, P < 0.001;
24.6 ± 2.8 kg/m2 vs 22.5 ± 2.3 kg/m2, P < 0.001, respectively).
The peak and AUC levels of GLP-1 (P = 0.024 and P = 0.031,
respectively) and GIP-I (P = 0.010 and P ≤ 0.005, respectively)
were lower in the pre-operative STG group than in the normal controls, but HOMA-IR and ghrelin levels were not significantly different. The AUC level of PYY was significantly higher in the STG
group than that in the controls (P = 0.013).

Weight Reduction Pattern
Weight reduction occurred in all 13 subjects in the postoperative state. As a result of analyzing the weight changes of STG since
pre-operative state, the weight at each point tended to decrease over
time; 65.0 kg (95% CI, 58.3-71.8 kg) at pre-operative state; 58.4
kg (95% CI, 51.4-65.5 kg) at 4 months; 58.0 kg (95% CI, 47.268.7 kg) at 12 months, respectively (Fig. 1). The average weight
difference between the pre-operative state and the 4-month period
after STG was significantly reduced to 6.6 kg (P = 0.032), but the
average weight decreased by 0.5 kg from 4 months to 12 months
and was not statistically significant (P > 0.999).

Changes of Body Weight and Gut Hormone After
Subtotal Gastrectomy
The peak and AUC levels of the gut hormone profile by standardized meal stimulation were measured pre-operatively and at 4
months and 12 months post-operatively. The peak and AUC levels
of GLP-I were significantly increased after post-operative 4 months
compared to the pre-operative state (both P = 0.03); however,
there was no significant interval change between post-operative 4
months and 12 months (Table 2). The plasma AUC level of GIP1 was significantly increased 4 months postoperatively compared to
the pre-operative state (P = 0.035); however, there was no significant changes in the peak level of GIP-1 at postoperative 4 months (P
= 0.083) and at 12 months after surgery (P = 0.518). There were
no significant differences of the peak and AUC levels of insulin in
post-operative 4 months (P = 0.052 in peak level of insulin and P
= 0.075 in AUC level of insulin). The peak levels of circulating
PYY were significantly increased after 4 months postoperatively
compared to the pre-operative state (P = 0.035). However, ghrelin
showed no significant difference in the mean value for each period
(Table 2).
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Table 2. Changes in Gut Hormones After Subtotal Gastrectomy in Patients With Stomach Cancer

Pre-operative
state

Parameter

InsulinAUC (IU/mL × min)
Insulinpeak (μIU/mL)
GhrelinAUC (ng/mL × min)
Ghrelinpeak (ng/mL)
GLP-1AUC (μg/mL × min)
GLP-1peak (ng/mL)
GIP-1AUC (μg/mL × min)
GIP-1peak (ng/mL)
PYYAUC (ng/mL × min)
PYYpeak (pg/mL)
HOMA-IR

Post-operative
4 months

Post-operative
12 months

Means

95% CI

Means

95% CI

Means

5.8
81.3
631.0
5.2
1.7
23.4
2.8
32.1
5.0
45.4
2.2

4.1-8.2
58.4-113.2
440.8-821.1
3.6-6.7
1.1-2.5
15.9-34.5
1.2-6.6
11.4-90.3
3.2-7.7
31.4-65.7
1.3-3.6

11.2
168.4
857.7
7.1
2.6
38.9
8.0
115.5
11.0
95.6
2.1

6.0-21.1
88.0-322.2
621.0-1094.3
5.2-8.9
1.5-4.4
21.9-69.0
4.0-15.7
58.1-229.6
4.7-25.9
43.2-211.7
1.1-4.2

11.9
266.4
907.0
7.4
2.6
38.3
9.2
113.9
3.1
42.03
2.0

95% CI

0-4
month
change

0-12
month
change

4-12
month
change

P for Wilcoxon signed-rank testa

6.2-22.6
0.075
99.7-433.1
0.052
727.2-1086.8
0.052
5.8-8.9
0.101
1.3-5.5
0.035
17.0-86.4
0.035
3.4-2.4
0.035
35.3-367.6
0.084
1.1-8.2
0.107
15.5-114.1
0.035
1.2-2.7
> 0.999

0.183
0.054
> 0.999
> 0.999
> 0.999
> 0.999
> 0.999
> 0.999
0.347
> 0.999
0.129

0.529
0.054
0.084
0.084
> 0.999
> 0.999
0.519
0.519
> 0.999
> 0.999
0.0831

a

P for Wilcoxon signed-rank test with multiple comparison.
AUC, area under curve; GLP-1, glucagon like peptide-1; GIP-1, gastric inhibitory peptide-1; PYY, Peptide YY; HOMA-IR, homeostatic model assessment for
insulin resistance.
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Figure 2. The correlation between gut hormones and body weight changes after subtotal gastrectomy. (A) The pre-operative AUC level of ghrelin

negatively correlated with change of the weight loss (Δ = weight at 4 months after surgery−weight at pre-operative state) in the 4 months after
surgery, showing significant negative correlation under adjusting for age and sex (ρ = –0.8, P = 0.024). B. The relative change in weight loss over
a period of 0-4 months negatively correlated with the relative change to the plasma AUC level of ghrelin and showed a borderline significance after
adjusting for age and sex (ρ = –0.8, P = 0.070). Relative change was calculated as a percentage after calculating the difference between the values
at the pre-operative state from the value at 4 months after surgery, then dividing it by the value at the pre-operative state.

Correlation Between Gut Hormones and Body
Weight Changes After Subtotal Gastrectomy
When calculating the relative change in body weight between
the pre-operative and postoperative 4 months in the STG group,
the median weight was reduced by 8.9% compared to the preoperative state. There was no significant change in ghrelin levels at

4 months and 12 months from pre-operative state. However, the
AUC level of pre-operative ghrelin negatively correlated with the
change in weight loss in the 4 months after surgery, showing a significant negative correlation (ρ = –0.8, P = 0.024) after adjusting
for age and sex (Fig. 2A). After adjusting for age and sex, the relative change in weight loss over a period of 0-4 months was not correlated with the relative change in the plasma AUC level of ghrelin
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Table 3. Changes in Gut Hormones According to the Presence of Dumping Syndrome at Post-operative 12 Months

Parameter
Pre-operative weight (kg)
Post-operative weight (kg)
Pre-operative gut hormones
InsulinAUC (IU/mL × min)
Insulinpeak (μIU/mL)
GhrelinAUC (ng/mL × min)
Ghrelinpeak (ng/mL)
GLP-1AUC (μg/mL × min)
GLP-1peak (ng/mL)
GIP-1AUC (μg/mL × min)
GIP-1peak (ng/mL)
PYYAUC (ng/mL × min)
PYYpeak (pg/mL)
Post-operative gut hormones
InsulinAUC (IU/mL × min)
Insulinpeak (μIU/mL)
GhrelinAUC (ng/mL × min)
Ghrelinpeak (ng/mL)
GLP-1AUC (μg/mL × min)
GLP-1peak (ng/mL)
GIP-1AUC (μg/mL × min)
GIP-1peak (ng/mL)
PYYAUC (ng/mL × min)
PYYpeak (pg/mL)

No dumping syndrome (n = 11)

Dumping syndrome (n = 3)

25th percentile 50th percentile 75th percentile 25th percentile 50th percentile 75th percentile

P -valuea

49.3
47.3

57.3
57.3

63.9
60.2

77.8
59.1

80.0
70.0

84.4
77.7

0.050
0.275

3.8
54.8
544.5
4.7
1.0
13.3
0.5
2.1
6.1
62.2

4.4
65.6
710.5
6.2
1.2
15.5
0.5
10.0
6.4
75.4

5.2
70.5
838.1
6.9
1.3
15.8
2.3
18.0
9.5
93.8

5.3
74.8
372.4
3.0
1.3
15.7
2.3
19.6
2.5
25.5

5.6
77.4
409.6
3.1
1.6
21.4
3.4
36.4
2.9
31.2

5.9
79.9
446.8
3.3
1.9
27.1
4.5
53.3
3.3
36.9

0.564
0.258
0.248
0.248
0.258
0.248
0.248
0.121
0.083
0.083

7.7
119.5
588.9
4.9
1.4
21.9
6.7
105.6
6.1
62.2

10.6
169.2
595.7
5.2
2.1
33.9
11.9
191.4
6.4
75.4

17.5
281.0
978.8
8.2
4.1
66.3
18.1
293.1
9.5
93.8

7.7
115.7
843.9
6.8
1.4
20.6
3.7
52.0
2.5
25.5

10.9
161.8
907.5
7.0
2.1
30.8
5.9
85.0
2.9
31.2

20.1
322.5
928.3
7.4
4.3
69.9
14.9
241.8
3.3
36.9

0.827
0.827
0.513
0.513
0.827
0.827
0.513
0.827
0.083
0.083

a
P -value for Mann-Whitney U test.
The hormone levels are presented by quartiles of log-transformed values: Q2, 25th percentiles; Q3, median; Q4, 75th percentiles; AUC, area under curve; GLP-1,
glucagon like peptide-1; GIP-1, gastric inhibitory peptide; PYY, Peptide YY.

(ρ = –0.8, P =0.070) (Fig. 2B). In comparison for pre-operative
state and 12 months after surgery, pre-operative ghrelin levels were
associated with postoperative weight reduction (ρ = –0.8, P =
0.024), but the level of change in ghrelin was not significantly related (ρ = –0.8, P = 0.070).
Pre-operative levels and relative changes over a period of 0-4
months of insulin, GLP-1, GIP-1, PYY, and HOMA-IR were not
significantly correlated with body weight changes.

Evaluation of Body Weight and Gut Hormone
Difference by Dumping Syndrome in 12 Months
After Subtotal Gastrectomy
According to the Sigtard criteria, 1 patient experienced dumping syndrome 4 months after surgery, and 3 patients experienced
dumping syndrome in 12 months. We compared the difference
between body weight changes and gut hormones between 3 patients
with dumping syndrome at 12 months and those without dumping
414

syndrome. The results were presented in the median and quartile
ranges because the sample size in each group was small. The preoperative body weight of the group with dumping syndrome tended
to be higher than that of the group without dumping syndrome (80.0
kg [interquartile range, 77.8-84.4 kg] vs 57.3 kg [interquartile
range, 49.3-63.9 kg], P = 0.050); however, there was no significant difference in the change in body weight at 12 months after
surgery according to the presence of dumping syndrome. The preoperative hormone levels and hormonal changes after surgery were
not significantly different according to the presence of dumping
syndrome in the 12 months after surgery (Table 3).

Discussion
Patients who undergo gastrectomy for gastric cancer often
experience postsurgical weight loss, perioperative weight changes,
and their nutritional status is associated with short- and long-term
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outcomes after surgery in gastric cancer patients.15 However, this
mechanism is not fully understood. Our study revealed that preoperative ghrelin level, which is an appetite regulating gut hormone,
is an important predictor of postoperative weight loss in patients
who underwent STG due to gastric cancer. The AUC level of preoperative ghrelin negatively correlated with the change in weight
loss in the 4 months after surgery, showing a significant negative
correlation (ρ = –0.8, P = 0.020) after adjusting for age and sex.
In the postoperative state, postprandial gut hormones, including
GLP-1, GIP-1, and PYY, were exaggerated compared to those in
the pre-operative state, as well as controls; however, it did not affect
the postoperative weight loss or glucose metabolism in gastric cancer patients.
The mechanism of weight loss in patients undergoing gastrectomy for gastric cancer may be complicated. Subtotal or total gastric
resection can negatively affect the digestion and absorption of food
due to a decrease in gastric capacity, including gastric motor and secretory function.16 Several studies have shown that patients who underwent distal gastrectomy for gastric cancer had better nutritional
outcomes, including food intake and weight loss compared with
total gastrectomy.17 Furthermore, in patients with pouch reconstruction after total gastrectomy, had improved food intake compared to
those without a gastric reservoir.17,18 However, other studies revealed
that gastric reservoir did not improve the nutritional benefit.18,19
In the present study, pre-operative ghrelin level was an important predictor of postoperative weight loss. Although ghrelin
was initially discovered as an endogenous ligand for the growth
hormone secretagogue receptor,20 subsequent studies reported that
ghrelin increases food intake and body weight, plays a powerful role
in energy homeostasis.21 The stomach is the principal site of ghrelin
synthesis and the gastric fundus, the most abundant source, produces 10 times more of the hormone than the duodenum, which is
the next richest site.22,23 Endogenous ghrelin is a physiological meal
initiator whose circulating levels should rise before and fall after
every meal, while peripheral ghrelin administration stimulates appetite and food intake.24 Therefore, it is predictable that postoperative weight loss may be reduced in patients with high pre-operative
ghrelin secretion.
Surprisingly, postprandial ghrelin suppression does not require
luminal nutrient exposure in the stomach or duodenum, but in the
small bowel with post-absorptive events. It is related to plasma insulin, intestinal osmolality, and enteric neural signaling, not gastric distension.25 Appetite regulating gut hormone secretion is altered after
RYGB and SG towards a more anorectic profile, which is likely to
facilitate diet compliance and weight loss. In bariatric surgery, exten-

sive rearrangement of the upper GI tract results in the accelerated
entry of nutrients into the small intestine. It is accompanied by exaggerated meal-related release of several gut hormones involved in
appetite regulation and glucose homeostasis, including GLP-1 and
PYY.26,27 Ghrelin concentrations are reduced early after RYGB, but
have been restored to the pre-operative state with time.27 In patients
with STG due to stomach cancer, plasma ghrelin levels did not
decrease after 4 months and 12 months of gastrectomy. This is suggestive of a balanced increase in ghrelin secretion due to weight loss,
despite the increase in GLP-1 and PYY in the postoperative state.
A functioning vagus nerve is required for the appetite-simulating
effect of ghrelin.28 Because of the operative technique of preserving the vagus nerve and remnant source of ghrelin, some degree
of ghrelin on STG may be increased by negative feedback of postoperative weight reduction. Previous studies conducted in patients
with STG reported a 50-70% decline in plasma ghrelin levels 7
days after surgery, but long-term data have shown that ghrelin levels
recover to pre-operative conditions.2 However, this study measured
plasma ghrelin levels in different groups of patients pre-operatively
and postoperatively, rather than cohort studies conducted in the
same group. In addition, this study had a limitation in measuring
gut hormones once during fasting, which varies greatly depending
on the meal.
A randomized clinical trial revealed that intravenous infusion of
recombinant ghrelin significantly increased food intake and attenuated weight reduction after total gastrectomy.29 However, its longterm effects remains unclear, and further studies are necessary with
subcutaneous or oral administration.
A previous study showed that abnormalities in circulating
hormones in patients with dumping syndrome after gastrectomy.30
Rapid gastric transit results in the expansion of the hyperosmolar
chyme into the lumen of the small intestine. Exaggerated gut hormones such as GLP-1 have been postulated to partially contribute
to early and late dumping syndrome after gastrectomy.30 In our
study, GLP-1 levels were increased after gastrectomy; however,
there was no correlation according to the presence of dumping
syndrome. The small load of fast-absorbing nutrients preferentially
activates the upper-increasing hormone (ie, GIP), while the intake
of larger meals containing more complex nutrients that require
broader digestion also activates the distal incretin (ie, GLP-1 or
PYY).26 The most dramatic gut hormonal changes were reported
in patients who underwent bariatric surgery. After bariatric surgery,
the postprandial plasma GLP-1 levels were increased up to 5-10
times within several days after surgery.27,31 GLP-1 is responsible
for increased insulin secretion and improved post-prandial glucose
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tolerance after RYGB and sleeve gastrectomy. Since a significant
number of patients who have undergone bariatric surgery have glucose intolerance and insulin resistance, these GI hormonal changes
after surgery normalize glucose metabolism and maintain continuous weight reduction. However, in patients with gastric cancer
surgery, it is suggested that the increase in incretin after STG is statistically significant, but the effect on weight loss was minimal due
to a modest increase in incretin compared to bariatric surgery and
glucose metabolism.
The present study had several strengths. First, while existing
studies have mostly been short-term follow-ups within hours or
weeks after surgery, the present study has been followed up to 12
months after gastric cancer surgery to measure weight changes and
gut hormones. Therefore, we can represent the causal relationship
between gut hormones and weight loss after STG. Second, we measured gut hormones before and after meals for 2 hours with a standardized diet. Because gut hormones are activated or suppressed
more than 10 times with meals, measuring hormones using a
standardized method is one of the most important factors influencing the results. This study has some limitations. We used a liquid
formula as a standardized meal, which is likely to produce results
that are different from solid diets, although the calories and nutrients are the same. Second, the age and BMI of the control group
were different from those of the patients. It was difficult to recruit
a control group matching the gastric cancer group. In particular,
BMI of the pre-operative gastric cancer group was higher than that
of the control group but lower than 25 kg/m2, which is the cutoff
value of obesity, and GLP-1 and GIP-1 were lower than those in
the control group, however, it is difficult to know whether this modest difference affects weight change after surgery. Data analysis was
conducted by adjusting for these variables to minimize this effect.
Another limitation is that we could not directly investigate the dietary amount and postprandial nutritional absorption after surgery
to assess the effect of ghrelin.
In conclusion, significant weight reduction was common after
STG for gastric cancer, and these changes negatively correlated
with pre-operative plasma ghrelin levels. Incretin hormones such as
GLP-1, GIP-1, and PYY are modestly, but significantly increased
after STG for gastric cancer; however, these changes did not affect
the post-operative weight reduction or metabolic changes.
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Background/Aims
Functional dyspepsia (FD) may be a common digestive disease worldwide and reduces the quality of life of patients. However, only a
few studies have investigated the association between eating behavior and FD. The purpose of this cross-sectional study is to examine
the association between eating behavior and prevalence of FD in a young Japanese cohort.
Methods
In this study, we enrolled 8923 Japanese university students. FD is diagnosed based on the Rome III criteria. Eating habits and
frequency of meals were investigated using a self-administered questionnaire.
Results
The FD subjects had a younger mean age, a lower body mass index, and a lower proportion of men compared to the non-FD subjects.
An independent positive association between skipping breakfast and/or lunch and FD was found (adjusted ORs were 1.60 [95% CI,
1.10-2.32] for breakfast and 2.52 [95% CI, 1.04-5.18] for lunch). Skipping dinner, extra meals (snacks) or midnight snacks was not
associated with FD. The prevalence of FD in subjects eating 1, 2, and 3 meals per day was 4.8%, 2.2%, and 1.7%, respectively. The
frequency of meals was independently inversely associated with prevalence of FD (adjusted ORs were 1 per day: 2.72 [95% CI, 1.195.42], and 2 per day: 1.69 [95% CI, 1.16-2.43], P for trend = 0.001).
Conclusions
In the young Japanese people, the frequency of meals may be independently inversely associated with prevalence of FD. In particular,
skipping breakfast and/or lunch was associated with the prevalence of FD.
(J Neurogastroenterol Motil 2022;28:418-423)
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Introduction
Despite the absence of organic disorders, epigastric pain, heart
burn, early satiety, and postprandial fullness is found in patients with
functional dyspepsia (FD).1 FD has a high prevalence worldwide
and worsens the quality of life of patients. In previous epidemiological studies, female, current smoking, use of NSAID, Helicobacter
pylori -infection, low body mass index (BMI), and low physical
activity are associated with prevalence of FD.2-4
Dietary intake is related with a variety of changes in gastrointestinal function.5 Some studies of FD report that their FD-related
digestive symptoms are associated with meal intake or worsening
after meals.5,6 However, most of the previous studies that have investigated food intolerance in FD and have not paid enough attention to the association between eating behaviors including skipping
meals, snacking, and eating more meals per day and FD.7-9
An irregular meal pattern and eating quickly were independently associated with FD.8,10-12 On the other hand, in case-control
studies9,13 eating pattern was not associated with FD. Although specific eating behaviors may be related to FD, such links are inconsistent. It is important to identify specific eating behaviors associated
with FD in order to consider optimal dietary management strategies for patients with FD. In the present study, we aim to investigate
possible associations between eating behaviors and FD in the young
Japanese cohort.

their physical examination. The exclusion criteria are treatment for
gastrointestinal disorders within the last 6 months, regular use of
antipyretic analgesics and/or steroids, serious physical and gastrointestinal symptoms (loss of body weight, repeated vomiting, blood
in the stools, and difficulty in swallowing). In addition, cases of
reporting organic diseases such as gastritis, gastro-esophageal reflux
disease, peptic ulcers including Helicobacter pylori -infection, gastrointestinal cancers, and liver/biliary/pancreatic disease were also
excluded. The cohort of the present study consisted of 8913 subjects’ data, after a total 1191 subjects were excluded due to missing
data, medication, serious physical and gastrointestinal symptoms or
organic digestive diseases (Figure). We created a protocol based on
the Declaration of Helsinki’s ethical guidelines and presented optouts to all subjects. The present study protocol was approved by
the ethics committee of Ehime University of Medical Science (Approval No. 1610012).

Measurements
We used a self-administered web-based questionnaire to assemble information on daily habits and medical history. The definition of a current smoker were subjects who smoked regardless of
the number of cigarettes per day. The definition of a current drinker
were subjects with a habit of drinking alcohol, regardless of frequency or amount of alcohol intake. Height was measured in 1 mm
increments using a stadiometer in a completely upright position.
The calculation of BMI was performed by dividing body weight
(kg) by height (m2).

Materials and Methods

Definition of Functional Dyspepsia

The Cohort Population

Subjects were diagnosed as FD if they had one or more of the
following symptoms within 6 months: postprandial fullness, early
satiety, or epigastric pain or heart burn (the Rome III criteria14,15).

From April 2015 to April 2017, in this cross-sectional study,
the total 10 104 students who had no missing health check-up data
were enrolled to this cohort. We sent questionnaires regarding
FD based on the Rome III criteria14,15 to all students at the time of

Definition of Eating Behavior
The definitions of eating habits and frequency of meals were

Inclusion criteria
April 2015 to April 2017
Ehime University students who received health check-up (n = 10 104)
Exclusion criteria
Treatment for digestive symptoms and disorders within 6 months
Regular use of medication
Concerning serious physical and digestive symptoms
Missing data regarding eating habits
Subjects included in the analysis (n = 8923)
Men (n = 5478), women (n = 3445)

Figure. Study population.
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based on the self-administered web-based questionnaire responses.
Eating habits: in response to the question “Which meal do you eat
(multiple answers possible)?,” the following 5 options (“breakfast,”
“lunch,” “dinner,” “extra meals [snacks],” and “midnight snacks”).
The frequency of meals was categorized based on the above question results (breakfast, lunch, and dinner) as follows: (1 per day, 2
per day, and 3 per day).

confounding factors, such as sex, age, BMI, drinking, smoking,
heart murmur, anemia, and exercise habit. We used SAS software
package version 9.4 (SAS Institute Inc, Cary, NC, USA) for statistical analyses

Statistical Methods

Subject Characteristics

Two main patient characteristics were analyzed. The first was
whether the patient habitually ate each meal; for each meal, each
patient was classified as having answered no (reference) or yes.
The second was the frequency of meals; patients were classified
as having answered 1 per day, 2 per day, or 3 per day (reference).
Multiple logistic regression analyses were adjusted by the potential

The characteristics of this cohort are shown in Table 1. The
FD subjects had a younger mean age, a lower BMI, and a higher
proportion of women compared to the non-FD subjects. The
frequencies of heart murmur, electrocardiogram abnormality, and
anemia were higher in FD subjects. A higher proportion of FD
subjects reported engaging in regular exercise compared to non-FD
subjects. The proportion of participants who ate lunch and the proportion who ate dinner were significantly lower in FD subjects than
in non-FD subjects (95.8% vs 98.2%, P = 0.028 for lunch and
94.1% vs 98.2%, P = 0.089 for dinner). There were no differences
in the proportion of participants who ate extra meals (or snacks) or
midnight snacks between FD and non-FD subjects.

Table 1. Characteristics of Study Cohort

Characteristics
Age (yr)
Sex (men/women)
BMI
Smoking
Drinking
Exercise habit
Medical history
Heart murmur
ECG abnormality
Anemia
Traffic accident
Sport injury
Eating habits
Eating breakfast
Eating lunch
Eating dinner
Eating extra
meals (snacks)
Midnight snack
Frequency of meals
(breakfast, lunch,
and dinner)
One per day
Two per day
Three per day
Functional
dyspepsia

Total
FD
(N = 8913) (n = 168)

Non-FD
P -value
(n = 8745)

20.1 ± 2.8 19.4 ± 1.7
5474/3439
81/87
21.35 ± 3.05 20.44 ± 3.09
526 (5.9)
8 (4.8)
972 (10.9) 14 (8.3)
3507 (39.4) 46 (27.4)

20.2 ± 2.80
5393/3352
21.37 ± 3.04
518 (5.9)
958 (11.0)
3461 (39.6)

0.001
0.001
0.001
0.527
0.280
0.001

44 (0.5)
61 (0.7)
229 (2.6)
113 (1.3)
271 (3.1)

0.023
0.450
0.008
0.908
0.155

6475 (75.8) 121 (72.0)
8745 (98.1) 161 (95.8)
8597 (96.5) 158 (94.1)
1112 (12.5) 25 (14.9)

6333 (75.9)
8584 (98.2)
8439 (98.2)
1087 (12.4)

0.252
0.028
0.089
0.309

2757 (30.9)

2699 (30.9) 0.341
0.058

47 (0.5)
63 (0.7)
239 (2.7)
115 (1.3)
273 (3.1)

3 (1.8)
2 (1.2)
10 (6.0)
2 (1.2)
2 (1.2)

58 (34.5)

217 (2.4)
8 (4.8)
2209 (24.8) 48 (28.6)
6487 (72.8) 112 (66.7)
168 (1.9)

209 (2.4)
2161 (24.7)
6375 (72.9)

FD, functional dyspepsia; SD, standard deviation; BMI, body mass index;
ECG, electrocardiogram.
Data are presented as mean ± SD, n, or n (%).
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Results

Table 2. Crude and Adjusted Odds Ratios and 95% Confidence Intervals for Functional Dyspepsia in Relation to Eating Habits

Variable

Prevalence (%)

Functional dyspepsia
Breakfast
No
47/2159 (2.2)
Yes
121/6754 (1.8)
Lunch
No
7/168 (4.2)
Yes
161/8745 (1.8)
Dinner
No
10/316 (3.2)
Yes
158/8597 (1.8)
Snack
No
110/6156 (1.8)
Yes
58/2757 (2.1)
Midnight snack
No
143/7801 (1.8)
Yes
25/1112 (2.3)

Crude OR
(95% CI)

Adjusted OR
(95% CI)

1.22 (0.86-1.70) 1.60 (1.10-2.32)
1.00
1.00
2.32 (0.97-4.67) 2.52 (1.04-5.18)
1.00
1.00
1.75 (0.85-3.17) 1.91 (0.93-3.49)
1.00
1.00
0.85 (0.62-1.17) 0.98 (0.71-1.37)
1.00
1.00
0.81 (0.54-1.28) 0.73 (0.48-1.16)
1.00
1.00

Adjusted for sex, age, body mass index, drinking, smoking, heart murmur,
anemia, and exercise habit.
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Association Between Eating Habits and Functional
Dyspepsia
Table 2 shows the relationship between the eating habits and
FD. Skipping breakfast and/or skipping lunch were independently
inversely associated with prevalence of FD (breakfast: adjusted
OR, 1.60 [95% CI, 1.10-2.32] and lunch: adjusted OR, 2.52 [95%
CI, 1.04-5.18]). There was no association between FD and eating
dinner, extra meals (snacks), or midnight snacks.

Association Between Frequency of Meals and
Functional Dyspepsia
Table 3 shows the association between meals frequency and
FD. The prevalence of FD in subjects who ate 1 meal, 2 meals,
and 3 meals per day was 4.8%, 2.2%, and 1.7%, respectively. After
adjustment for confounding factors, frequency of meals was independently inversely associated with prevalence of FD (1 per day:
adjusted OR, 2.72 [95% CI, 1.19-5.42], and 2 per day: adjusted
OR, 1.69 [95% CI, 1.16-2.43], P for trend P = 0.001).

Discussion
In the present cohort of a young Japanese population, frequency of meals was independently inversely associated with prevalence of FD. Skipping breakfast and/or skipping lunch were also
associated with the prevalence of FD. There was no association, on
the other hand, between FD and eating extra snacks or midnight
snacks. This is 1 of only a few studies to show an independent inverse association between meal frequency and FD in a young Asian
population.
Several previous studies have found associations between irregular eating behaviors and gastrointestinal diseases. A positive

Table 3. Crude and Adjusted Odds Ratios and 95% Confidence In-

tervals for Functional Dyspepsia in Relation to Frequency of Meals
Variable

Prevalence (%)

Crude OR
(95% CI)

Adjusted OR
(95% CI)

Functional dyspepsia
Frequency of meals
One per day
8/217 (4.8) 2.18 (0.97-4.25) 2.72 (1.19-5.42)
Two per day
48/2009 (2.2) 1.26 (0.89-1.77) 1.69 (1.16-2.43)
Three per day
112/6487 (1.7)
1.00
1.00
P for trend
0.001
Adjusted for sex, age, body mass index, drinking, smoking, heart murmur,
anemia, and exercise habit.

association between skipping breakfast and GERD was reported
in a study conducted in China.16 A positive relationship between
skipping breakfast and the severity of GERD was found in a Japanese study of 19 864 people who underwent health examination.17
Similarly, a positive association between skipping breakfast and selfreported constipation was found in Japanese university students.
The evidence regarding the association between eating habits and
FD specifically is more limited. An Irish case-control study of 40
outpatients reported that the proportion of FD patients who ate 3
meals per day was significantly lower than in non-FD patients.10 In
a cross-sectional Iranian study of 4763 subjects, an irregular meal
pattern was significantly associated with chronic uninvestigated dyspepsia.11 In a Serbian study of 180 FD patients aged 20-79, skipping meals and fasting was associated with a certain subset of FD
symptoms.8
On the other hand, in a case-control Irish study (50 patients
with FD and 50 healthy subjects), there were no differences on eating patterns between patients and healthy subjects.13 A case-control
study in Brazil reported that the association between their symptoms
and the consumption of certain foods was found, but maintained
regular eating patterns nevertheless.9 Thus, the available data on the
association between eating behavior including regular meal patterns
and FD remain inconsistent. This inconsistency between eating behavior and FD may be explained at least in part by variation among
the studies design, sex, age, BMI, sample size, definitions of eating
behavior, and questionnaires.
The underlying mechanism linking skipping breakfast and/or
lunch, frequency of meals and FD remains unclear. The etiology of
FD is thought to be impaired gastroduodenal motility, delayed gastric emptying, food distribution, visceral hypersensitivity, dysfunction of central nervous system, and psychological factors.18-24 Fasting
may alter gastric emptying and gastroduodenal motility or proximal
gastric regulation. Fasting may cause dyspepsia by gastroesophageal
acid reflux via abnormal fundic relaxation. However, not all studies
agree on these possible causes.
The present cohort had some strengths, as well as several
potential limitations. This study benefits from having a relatively
uniform population in terms of age, educational, marital, and socioeconomic status. These factors may confound dietary behaviors.25,26
Our large sample size is another strength. One limitation is that this
study evaluated the frequency of meals, the skipping of meals, and
the consumption of snacks, but did not investigate overall energy
intake, dietary nutrient composition, certain foods that worsen FD
symptoms, or speed of eating. It is possible that FD patients may
avoid eating regularly and eat less frequently in an attempt to mini-
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mize their symptoms. A previous study has reported that irregular
eating is associated with lower energy intake, especially in women,
as assessed in a seven-day dietary history.10 In that study, however,
snacks were not included in the dietary history, and FD patients
were more likely to report recent weight gain compared to the control group. In our study, snacks between meals or at night was not
associated with FD. This cannot be explained by attempts to avoid
eating due to symptoms. However, the cross-sectional nature of
our study means that we cannot infer causal relationships between
eating behavior and FD from the findings in the present study. To
identify the true association between symptoms of dyspepsia and
dietary behaviors, further prospective cohort studies are warranted
in the future. In addition, the participants in the present study were
young university students. Compared to non-students of the same
age, they may have had more regular access to healthier meals, as
meals are provided for students in the school cafeteria. The proportion of males and the rates of drinking, smoking, and exercise habit
were similar between the total population and the analysis group,
while 1191 subjects were excluded. However, the participants analyzed in this study may not represent the young Japanese population
in general. Thus, any extrapolation of the present findings to the
other population should be undertaken with caution.
In conclusion, in the young Japanese people, the inverse association between meal frequency and FD was found. In particular,
skipping breakfast and/or lunch was associated with the prevalence
of FD. This finding may be helpful in recommending optimal dietary management strategies for patients with FD.
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Background/Aims
Functional dyspepsia (FD), one of the functional gastrointestinal disorders, is highly prevalent. Impaired gastric accommodation is
proposed as a pathophysiology of FD. In order to assess gastric accommodation, a slow nutrient drinking test was developed. This
study aims to evaluate the effectiveness of this slow nutrient drinking test among patients with FD in Japan.
Methods
Asymptomatic/healthy participants (n = 26) and those with FD (n = 16), were enrolled. An infusion pump was used to deliver the
liquid meal into cups. They were requested to score their meal-related and abdominal symptoms at 5-minute intervals, using a 100
mm visual analog scale. They were instructed to end the test when they felt unable to ingest more or until after 50 minutes.
Results
The test ending time was significantly shorter in patients with FD than in healthy participants (22.3 ± 10.6 vs 45.0 ± 7.5 minutes,
P < 0.001). The receiver operating characteristic curve indicated that the optimal cutoff time for detecting patients with FD was 30
minutes. The severity of meal-related and abdominal symptoms between healthy participants and those with FD was continuously
different. Univariate and multivariate analyses revealed that the presence of symptoms of postprandial distress syndrome contributed
to the short test ending time.
Conclusion
The 30-minute slow nutrient drinking test is a minimally invasive method of effectively evaluating symptoms of postprandial distress
syndrome among patients with FD, in Japan.
(J Neurogastroenterol Motil 2022;28:424-430)
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Introduction

Materials and Methods

Functional dyspepsia (FD) is a common functional gastrointestinal disorder that causes several upper-abdominal symptoms that
are inexplicable during a routine clinical examination. The pathophysiology of FD is not completely understood, but composite
etiological factors such as impaired gastric accommodation, delayed
gastric emptying, gastric hypersensitivity, gut-brain axis dysfunction, and alterations in gastrointestinal microbiota, have been suggested.1
FD is classified into 2 types by the Rome criteria as follows:
epigastric pain syndrome (EPS) and postprandial distress syndrome (PDS); EPS and PDS can overlap.2 PDS is relevant to
meal-induced dyspeptic symptoms, including postprandial fullness
and early satiation. These symptoms can be caused by impaired
gastric accommodation, which 40% of FD patients usually have.3
Gastric accommodation is induced by the consumption of a meal,
contributing to a decrease in gastric pressure and a rise in gastric
compliance. These responses provide an appropriate gastric reservoir for food. Augmented gastric accommodation is expected to
improve symptoms.4 Acotiamide, buspirone, tandospirone, and rikkunshito are likely to be effective drugs in FD by improving gastric
accommodation.5-7
In clinical settings, for patients with FD, there is often a difference between the patients’ and physicians’ perceptions of symptoms.
Patients believe their problems to be more serious than physicians
are perceiving them to be.8 One of the reasons for this difference
is the lack of objective tests to diagnose FD. Gastric barostat and
ultrasound studies, intragastric pressure measurement, and gastric
scintigraphy, are used to assess gastric accommodation. However,
these tests are invasive and require special instruments or techniques, and therefore are mainly used for research purposes, instead
of clinical settings. In the Japanese health insurance system, no gastric motility test for evaluating functional disease has been approved.
Tack et al,9 developed a slow nutrient drinking test as a minimally
invasive and convenient method of evaluating gastric accommodation. The efficacy of the nutrient drinking test in evaluating gastric
accommodation in healthy volunteers has been reported in Japan.10
However, the efficacy and safety of a nutrient drinking test among
Japanese FD patients have not yet been clarified. Moreover, the
data of Japanese women are needed because the incidence of FD is
higher in women and symptoms of FD are different in them.11 We
aim to evaluate the efficacy and safety of the slow nutrient drinking
test among patients with FD in Japan.

Study Design and Participants
Patients with FD who presented to our hospital between
March 2015 and August 2018 and asymptomatic/healthy participants, were enrolled in this study. FD was diagnosed using the
Rome III criteria and was classified into 3 subtypes as follows: EPS
alone, PDS alone, and EPS + PDS.12 The only inclusion criterion
was that participants must be over 18 years of age. Patients were
excluded if they had the possibility of developing organic dyspepsia
on esophagogastroduodenoscopy; there were no other exclusion
criteria. From the data shown in previous literature regarding the
slow nutrient drinking test,13 the effect size was calculated as 1.35.
The sample size required to detect a significant difference in test
ending time between FD patients and healthy participants using
the two-sided t test with an α error of 0.05, power of 0.8, and effect
size of 1.35, was calculated as 10. The primary outcome was detecting the ending time of the nutrient drinking test, which will help to
distinguish Japanese patients with FD from healthy persons. The
secondary outcome was the severity of symptoms during the test.
Written informed consent was obtained from each participant. The
study protocol was approved by the Ethics Committee of our institution (Approval No. 20140481). This clinical trial was registered
in the University Hospital Medical Information Network (UMIN)
with the registration number UMIN000017729.

Nutrient Drinking Test
A slow nutrient drinking test was performed around noon, after participants had fasted from the night before. An infusion pump
(FP-1200S, Nipro Corporation, Osaka, Japan) delivered a liquid
meal (ENSURE H, Abbott Japan, Tokyo, Japan) into 1 of 2 cups
at a rate of 15 mL/min. This liquid meal contained 150 kcal of energy, 5.3 g of protein, 5.3 g of fat, and 20.6 g of carbohydrate, per
100 mL. Participants were asked to keep ingesting the liquid meal
at the filling rate by replacing the filled cup with the empty one.
During the test, they scored their meal-related (hunger, expected
amount to be eaten, and satiation) and abdominal symptoms (bloating, postprandial fullness, nausea, belching, stomach cramps, and
epigastric pain) at 5-minute intervals using a 100 mm visual analog
scale (0-100: 0 = absent; 100 = worst). They were instructed to
end the test when they felt unable to ingest more, or when 50 minutes had elapsed.
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Questionnaires
Before starting the nutrient drinking test, the participants filled
in the Gastroesophageal Reflux Disease Questionnaire (GERDQ)
and Hospital Anxiety and Depression Scale (HADS).14 The
HADS is composed of 14 questions, 7 questions evaluate states of
anxiety and are calculated as HADS-A score. The other 7 evaluate states of depression and are calculated as HADS-D score.
GERDQ evaluated the frequency and severity of gastroesophageal
reflux disease (GERD)-related symptoms.15

Statistical Methods
Data are presented as mean ± SD. Distributions were tested
using the F-test. If the distributions were normal, the Student’s t
test was applied. Otherwise, the Mann-Whitney U test was applied
for analysis. Differences between the 2 groups were compared using Fisher’s exact test for categorical variables. Receiver operating
characteristic analysis was performed at the test ending time to determine the cutoff value for detecting patients with FD. Univariate
analyses were performed to identify the factors contributing to the
test ending time below the cutoff value. Baseline variables with P <
0.05 in univariate analysis were included in the multivariable analysis. Multivariate analysis was performed using logistic regression
analysis. P -values < 0.05 were considered statistically significant.
All statistical analyses were performed using IBM SPSS Statistics
version 26 (IBM Corp, Armonk, NY, USA).

Results
Participants
A total of 42 participants (26 healthy and 16 with FD), were
enrolled in the study. There were no significant differences in the
baseline characteristics of study participants, except for weight (P =
0.007) and body mass index (P = 0.017) (Table 1). Of the 16 patients, the numbers of those with EPS alone, PDS alone, and EPS
+ PDS were 3, 6, and 7, respectively.

Test Ending Time
The test ending time was significantly shorter in patients with
FD than in healthy participants (22.3 ± 10.6 vs 45.0 ± 7.5 minutes, respectively; P < 0.001) (Fig. 1A). Of the 42 participants,
Table 1. Baseline Characteristics of Participants

Parameter
Age (yr)
Male
Height (cm)
Weight (kg)
Body mass index (kg/m2)
Smoking
Alcohol

Healthy
volunteers

Patients
with FD

(n = 26)

(n = 16)

27.5 ± 10.1
19 (73)
168.8 ± 7.3
64.4 ± 13.8
22.5 ± 3.7
2 (7.7)
8 (31)

33.9 ± 12.3
7 (44)
164.3 ± 10.7
53.4 ± 9.5
19.7 ± 2.2
3 (19)
6 (38)

P -value
0.084
0.101
0.112
0.007
0.017
0.352
0.742

FD, functional dyspepsia.
Data are presented as mean ± SD or n (%).
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Figure 1. The test ending time. (A) Scatter diagrams of the test ending time. (B) Rate of participants who passed each time point in both groups.

Open columns indicate the group of healthy participants. Closed columns indicate the group of patients with functional dyspepsia (FD). ***P < 0.001.
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14 (54%) healthy volunteers and 1 (6.3%) FD patient were able to
perform the test for 50 minutes (Fig. 1B). From our results, the effect size was calculated as 2.11. The sample size required to detect a
significant difference in test ending time between FD patients and
healthy participants using the two-sided t test with an α error of 0.05,
power of 0.8, and effect size of 2.11, was calculated as 5. No severe
adverse events were observed during any of the tests.

plotted on the vertical axis and the time on the horizontal axis in
healthy participants and FD patients. The data shown are for the
duration of 30 minutes, which was the optimal cutoff value for the
test duration. The difference in the severity of meal-related symptoms (hunger, expected amount to eat, and satiation) between the
2 groups became apparent 5 minutes after the start of the test (Fig.
3). The difference in the severity of abdominal symptoms (bloating,
postprandial fullness, nausea, belching, and epigastric pain) between
the 2 groups was consistently greater in patients with FD than in
the healthy participants from the start of the test (Fig. 4). Stomach
cramps were present in only 2 patients with FD (data not shown).

Cutoff Time
The optimal cutoff time to differentiate patients with FD from
healthy participants, was 30 minutes, as shown in Figure 2. At the
cutoff time, the area under the curve was 0.91 (95% CI, 0.81-1.01)
with 87.5% sensitivity and 92.3% specificity.

Factors Contributing to a Shorter Test Ending Time
Univariate analysis showed that body mass index (P = 0.040),
HADS-A (P = 0.019), and the presence of EPS (P = 0.015) and
PDS (P < 0.001) symptoms, were associated with a test ending
time of less than 30 minutes (Table 2).

Severity of Symptoms
Figures 3 and 4 show a graph with the visual analog scale score

1.0

Discussion
The results of our study and those of previous studies are alike
in terms of demonstrating significant differences in the severity of
symptoms between healthy participants and those with FD.13 As already mentioned, one of the problems in clinical settings for patients
with FD is the difference between the patients’ and the physicians’
perceptions of the symptoms. A standardized and reproducible nutrient drinking test can help objectifing disease perception between
the patient and physician. Except for the infusion pump, no special
devices are needed for conducting a slow nutrient drinking test.
Compared with other gastric motility tests, such as gastric barostat,
intragastric pressure measurement, and gastric scintigraphy, the
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Figure 2. Receiver operating characteristic curve in the test ending time.
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Figure 3. Severity of meal-related symptoms ([A] hunger, [B] expected amount to eat, and [C]satiation) during the test assessed using the visual
analog scale. FD, patients with functional dyspepsia. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 4. Severity of abdominal symptoms ([A] bloating, [B] postprandial fullness, [C] nausea, [D] belching, and [E] epigastric pain) during

the test assessed using the visual analog scale. FD, patients with functional dyspepsia. *P < 0.05, **P < 0.01, ***P < 0.001.
Table 2. Univariate Analysis to Detect Contributing Factors to the

Test End Time Below the Cutoff Time
Factors
Age
Sex
BMI
HADS-A
HADS-D
GERDQ
Presence of EPS symptoms
Presence of PDS symptoms

Univariate analysis
OR
0.75
0.37
16.53
0.82
0.89
0.84
7.00
104.00

95% CI

P -value

0.43-1.30
0.304
0.10-1.36
0.135
1.14-240.25
0.040
0.69-0.97
0.019
0.76-1.03
0.110
0.63-1.13
0.254
1.45-33.70
0.015
9.78-1106.18 < 0.001

BMI, body mass index; HADS-A, Hospital Anxiety and Depression Scale;
HADS-D, Hospital Anxiety and Depression Scale; GERDQ, Gastroesophageal Reflux Disease Questionnaire; EPS, epigastric pain syndrome; PDS,
postprandial distress syndrome.

slow nutrient drinking test is easier to administer in clinical settings.
We found that the optimal cutoff time for the nutrient drinking
test to distinguish patients from healthy participants, was 30 minutes
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(drinking volume, 450 mL) with 88% sensitivity and 92% specificity; this is in contrast to a previous study, where the cutoff time was
43 minutes (drinking volume, 653 mL) with 86% sensitivity and
97% specificity.9 This discordance in cutoff time could be explained
by a difference in the volume inducing maximum satiety between
the Japanese and Europeans. The average volume inducing maximum satiety was reported as 731 ± 72 mL in healthy Japanese
volunteers and as 1005 ± 35 mL in healthy Belgian volunteers.9,16
Not compared statistically, the average volume inducing maximum
satiety is lower in Japan than in Belgium. In our study, the average
time to induce maximum satiety in healthy volunteers was 45 minutes (drinking volume, 675 mL). This result is similar to that of a
previous Japanese study. Therefore, the difference in gastric volume
between healthy Japanese and European individuals could result in
the lower test ending cutoff time value in Japan.
We found a strong correlation between the presence of PDS
symptoms and short test ending time. Our findings correlate with
those of a previous study in which early satiety, one of the 2 major
PDS symptoms, was significantly associated with the volume in-
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ducing maximum satiety.13 This suggests the possibility that slow
nutrient drinking tests can be used to evaluate PDS symptoms.
Impaired gastric accommodation, gastric hypersensitivity, delayed
gastric emptying, and psychological factors, have been suggested
as the pathophysiology of PDS symptoms. A combination of the
drinking test and other motility tests, such as barostat study10 or
intragastric pressure measurement,17 showed a relationship between
the test ending time of the nutrient drinking test and gastric capacity. Therefore, a relationship between the short ending time in the
nutrient drinking test and impaired accommodation is suggested.
The efficacy of acotiamide (Z-338), 5-HT1A receptor agonists,
5HT1B/D receptor agonist (sumatriptan), STW-5 (a herbal product), and rikkunshito (a Japanese herbal medicine), is expected as
fundic relaxants in the treatment of FD.2 Acotiamide, an acetylcholinesterase inhibitor that enhances gastric accommodation, was
approved in Japan in 2013 and has been used as the first-line drug
for FD symptoms, especially those of PDS. The efficacy of acotiamide has been assessed using an overall treatment evaluation approach or quality of life questionnaire that depends on the patients’
memory and subjectivity.18 Moreover, the efficacy of rikkunshito for
PDS symptoms was shown in a multicenter, randomized, placebocontrolled, double-blind clinical study conducted in Japan.19 The
result of a nutrient drinking test may help in choosing the appropriate treatment option.
This study has several limitations. First, the number of study
participants was small. Using the calculated required sample size
from previous literature, the sample size of our study should be
enough for distinguishing FD patients from health participants.
However, more FD patients are needed for multivariate analysis
to identify the presence of PDS symptoms as a significant factor for shortening the test time. Second, this was a single-center
study. Moreover, our hospital is a tertiary care center for functional
disorders; therefore, many of the referred patients were refractory.
Multicenter studies, which include general clinics or hospitals, and
patients with mild FD symptoms, are needed to determine the efficacy of slow nutrient drinking tests in evaluating PDS symptoms.
In conclusion, we showed that a 30-minute nutrient drinking
test can help distinguish patients with FD from healthy participants
in Japan, with good sensitivity and specificity; this result correlates
with those of previous European studies. The test ending time
significantly correlated with the presence of PDS symptoms. To
the best of our knowledge, this is the first study to evaluate the efficacy and safety of slow nutrient drinking test in Japanese patients
with FD. We suggest that the slow nutrient drinking test be used
as a minimally invasive and convenient method of evaluating PDS

symptoms among Japanese patients with FD.
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Safety and Efficacy of Elobixibat, an Ileal Bile Acid
Transporter Inhibitor, in Elderly Patients With Chronic
Idiopathic Constipation According to Administration
Time: Interim Analysis of Post-marketing Surveillance
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Background/Aims
Elobixibat, an ileal bile acid transporter (apical sodium-dependent bile acid transporter) inhibitor, was recently launched in Japan for
the treatment of chronic idiopathic constipation. We conducted an interim analysis of post-marketing surveillance to evaluate the
safety and efficacy of elobixibat in elderly patients with chronic constipation and compared the efficacy according to administration
time.
Methods
Safety and efficacy outcomes were evaluated through patient interviews for 4 weeks.
Results
Adverse drug reactions (ADRs) were observed in 5.24% of the 1049 patients analyzed; diarrhea (2.19%) and abdominal pain (1.81%)
were the most common. A serious ADR of death was reported in one patient (0.10%). The incidence of ADRs in the ≥ 65-year old
or ≥ 75-year-old subpopulation was similar to that in the total patient population. Mean bowel movements per week significantly
increased from 2.9 ± 2.5 at baseline to 5.0 ± 3.1 (P < 0.001) at Week 2 and 5.3 ± 2.6 (P < 0.001) at Week 4. The mean Bristol
Stool Form Scale score significantly increased from 2.3 ± 1.4 at baseline to 3.8 ± 1.3 (P < 0.001) at Week 2 and 3.9 ± 1.1 at Week
4 (P < 0.001). Bowel movements significantly increased in the elderly population and subpopulations receiving elobixibat before
breakfast, lunch, or dinner. The median time to bowel movement was 5 hours.
Conclusion
The results suggested that elobixibat was well-tolerated and efficacious in elderly patients with chronic constipation and can be
administered before any meals.
(J Neurogastroenterol Motil 2022;28:431-441)
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Introduction
The global prevalence of chronic constipation in the general
population is reported to be 14%,1 and the prevalence of selfreported constipation is 16-28%2,3; however, these reports depend
on different diagnostic criteria of constipation. Chronic constipation
is more common in women than in men in the younger generation,
and its prevalence increases with age because of decreased abdominal muscle strength, bowel movements, and food intake. A high
prevalence of constipation is observed in both genders aged ≥ 65
years.4 Therefore, the growth in the elderly population is expected
to increase the number of patients with chronic constipation. Constipation is often regarded as a trivial condition; however, the symptoms such as bloating, abdominal pain, and difficulty in defecation
significantly impair quality of life (QOL),5 to an extent comparable
to that seen in inflammatory bowel disease or rheumatoid arthritis.6
In particular, in elderly patients with constipation, straining may
increase blood pressure and burden the heart and blood vessels,
which can lead to myocardial infarction, heart failure, and stroke.7,8
Recently, a clinical practice guideline for the treatment of chronic constipation was published for the first time in Japan in line with
the global classification of constipation and prescribing of evidencebased therapeutic drugs.9 In Japan, magnesium oxide (osmotic
laxatives) and senna or sennoside (stimulant laxatives) have been
extensively used for a long time and now account for up to 90%
of all written prescriptions. Unfortunately, these treatment options
often exhibit limited efficacy. Approximately 30-50% of the patients
with chronic constipation were not fully satisfied with the efficacy of
these treatments, and there are gaps in satisfaction between physicians and patients with regard to treatment10,11 in the selection of
drug treatment for constipation and in the definition of efficacy
among doctors and patients.12 These results suggest that chronic
constipation is not sufficiently managed in a significant number of
patients treated with current osmotic and stimulant laxatives.
Elobixibat is a first-in-class selective ileal bile acid transporter
(IBAT, also known as apical sodium-dependent bile acid transporter) inhibitor for the treatment of chronic constipation.13-15 IBAT, a
seven transmembrane protein expressed in epithelial cells on the luminal side of ileal terminal, co-transports sodium ions and conjugated bile acids and participates in the enterohepatic circulation of bile
acids.16,17 Elobixibat reduces active ileal reabsorption of bile acids,
increasing the concentration of bile acids entering the colon, which
leads to bowel movements via stimulation of colonic secretion and
motility.18 A phase 3 study in Japan revealed that orally administered
432

10 mg elobixibat once daily before breakfast for 2 weeks improved
the frequency of spontaneous bowel movements (SBMs), time to
the first SBM, and stool form based on the Bristol Stool Form Scale
(BSFS) scores in patients with chronic constipation.19 Although
elobixibat was safe and generally well-tolerated, adverse drug reactions (ADRs) of abdominal pain (19%), and diarrhea (13%) were
frequently observed. In addition to short-term outcomes, elobixibat
also showed tolerability in 1-year treatment in patients with chronic
constipation.19 The clinical results indicate that elobixibat showed a
median time to the first SBM after administration of approximately
5 hours and mean BSFS score of 4, leading to high satisfaction
among patients.19 Elobixibat has dual actions on water secretion and
colonic motility, indicating that the drug has characteristics of both
osmotic and irritant laxatives. In addition to the standard dose of
10 mg (2 tablets), a wide range of doses including 5 mg and 15 mg are
available and are prescribed to patients according to the status of their
bowel movements. Hence, elobixibat, with a novel mechanism of action,
may serve as a new option for the treatment of chronic constipation.
Based on these clinical results, elobixibat was approved for the
treatment of chronic constipation in Japan in January 2018. However, in addition to the relatively small sample size in the phase 3
study, no safety or efficacy information is available on the drug in
elderly patients, patients with combined diseases that could cause
chronic constipation, and patients with previous and concomitant
use of other laxatives. Furthermore, the efficacy of elobixibat has
been investigated only by dosing before breakfast; therefore, the efficacy of the drug administered before lunch or dinner is unknown.
Currently, a post-marketing surveillance for approximately 5 years
is ongoing to evaluate the safety and efficacy of elobixibat in patients
with chronic constipation in the clinical practice setting. In this
report, we conducted an interim analysis of clinical outcomes after
a 4-week treatment with elobixibat. In particular, we evaluated the
safety and efficacy of the drug in elderly patients and compared the
efficacy according to administration time.

Materials and Methods
Patients and Surveillance Design
This survey was designed as a prospective, multi-center, postmarketing study to evaluate the safety and efficacy of elobixibat.
The overall survey period was planned to extend from June 2018 to
December 2022 and to enroll 3000 patients. This surveillance was
carried out using a centralized registration system for patients with
chronic constipation newly treated with elobixibat. Patients with
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chronic constipation were diagnosed according to the criteria in
Japanese 2017 Guideline for the Management of Chronic Constipation, which has been developed in reference to Rome IV criteria
for constipation,20 and enrolled in surveillance. For the analysis of
interim data, the cutoff date for the receipt of survey forms was July
18, 2019. The data of 1090 patients, which were locked in the study
database at that time, were evaluated to determine the early safety
and efficacy of elobixibat for 4 weeks after treatment initiation. Elobixibat was prescribed and administered for 4 weeks in accordance
with the package insert.
Accordingly, a once-daily oral dose of 10 mg was administered
before any meals. A lower dose (5 mg) was permitted at the attending physician’s discretion according to the severity of constipation
and administered with caution. A dose increase to 15 mg was also
permitted if the treating physician considered the treatment efficacy
insufficient, and the patient’s clinical course was carefully monitored. The observation period was set for 4 weeks and extended
up to 52 weeks for patients who received the drug for more than
5 weeks. The following patient demographics were evaluated at
baseline and during the survey: sex; age; and duration of chronic
constipation, combined diseases with irritable bowel syndrome with
constipation (IBS-C), other combined diseases, and the use of other
drugs for constipation (1 month before baseline and during the
treatment period). Dose and timing of administration of elobixibat
and the reasons for completion or discontinuation of administration were recorded. The clinical data were entered into the internetbased electronic data capture system.
This survey was conducted in compliance with Good Postmarketing Study Practice for drugs (the Japanese Ministry of
Health, Labour and Welfare Ministerial Ordinance). The survey
protocol was reviewed and approved by the Pharmaceuticals and
Medical Devices Agency prior to initiation. All participants gave
informed consent before entering the survey. This survey was registered at the Japan Pharmaceutical Information Center (Japic CTI184007).

Safety Assessments
The incidence, types, severity, period of occurrence, and outcomes of ADRs were evaluated for 4 weeks after the initiation of
treatment with elobixibat. ADRs were defined as adverse events
that were considered to be related to elobixibat. Multiple occurrences of the same events in 1 patient were counted only once. The
causal relationship of the drug with adverse events and the severities of these events were assessed by investigators at each facility.
Individual ADRs were coded according to Japanese translation

of the Medical Dictionary for Regulatory Activities version 22.0
and classified according to the System Organ Class and Preferred
Term. Subgroup analyses of safety were performed among those of
older age and those who used elobixibat monotherapy (no prior or
concomitant laxatives).

Efficacy Assessments
Efficacy outcomes were collected by patient interview. The efficacy of elobixibat was evaluated based on mean number of bowel
movements, BSFS scores, patient satisfaction with bowel movements (4 grades: satisfaction, slight satisfaction, slight dissatisfaction, and dissatisfaction), abdominal distension (5 grades: no, rarely,
occasionally, often, and always), straining during defecation (5
grades: no, rarely, occasionally, often, and always), presence or absence of fecal disimpaction, and time to bowel movement at Weeks
2 and 4. These efficacy parameters were measured during Week
1 of treatment at baseline, Weeks 2 and 4 (ie, the last week of the
2-week, 4-week, and run-in period). In the subgroup analyses, the
effects of older age, administration of elobixibat before any meals,
elobixibat monotherapy, and severity of constipation on the efficacy
outcomes after treatment were evaluated on the same schedule.
A subgroup analysis of efficacy was performed among those
with more severe constipation. This criterion was classified into 3
groups based on the occurrence of SBMs and mean BSFS score
during the second week of the 2-week run-in period: severe constipation, with SBM ≤ 2 and BSFS score ≤ 3; very severe constipation, with SBM ≤ 1 and BSFS score ≤ 3; or absolute constipation,
with SBM = 0.21

Statistical Methods
The efficacy analysis population included patients who had data
of all efficacy items of bowel movements excluding those “no evaluation.” The mean differences in the number of bowel movements
and BSFS score from baseline to Weeks 2 and 4 were analyzed
using the paired t test and Wilcoxon signed-rank test, respectively,
both with a two-sided significance level of 5%. The differences in
the presence and absence of fecal disimpaction from baseline to
Week 2 or Week 4 in patients with paired data at these times were
analyzed using the McNemar’s test with a two-sided significance
level of 5%. Time to bowel movement after the last administration
was summarized at each time, and the summary statistics were
calculated. The median time to bowel movement (minimum and
maximum) was estimated using the Kaplan-Meier method. The
statistical analyses were performed using the statistical analysis software version 9.4 (SAS Institute Japan Ltd, Tokyo, Japan).
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bination with other drugs for constipation, including magnesium
salts (52.9%), stimulant laxatives (31.9%), and drugs that alter epithelial function (13.0%).
The baseline demographics and characteristics of the efficacy
and safety analysis populations were similar (data not shown).

Results
Patient Disposition and Demographics
During the survey period, 1846 patients with chronic constipation were registered at 466 study sites in Japan while survey forms
were collected and locked from 1090 (Fig. 1). Subsequently, 1049
patients, excluding 41 (39 had no visit after the initial visit and 1
each received no treatment and registered 15 days or longer after
the initial treatment), were evaluated as the safety analysis population. In addition, 986 patients, excluding 63 (46 did not adhere to
the prescribed regimen, and 17 had no data of bowel movement
evaluation), were evaluated as the efficacy analysis population. Patients treated with off label prescription included those who used
a drug at times other than before meals (40 patients, mainly after
meals and at bedtime), used a drug at doses other than per tablet
(5, mainly less than 1 tablet), were aged under 15 years (4), and
received a prescription with an excessive dose (1).
The patient demographics and characteristics at baseline in the
safety analysis population are presented in Table 1; of the 1049 patients, 60.6% were women. The mean age ± SD was 70.4 ± 17.2
years; 50.6% aged ≥ 75 years, whereas 11 patients were aged <
20 years. Among the total patients, the duration of constipation was
≥ 5 years in 46.3% and 10.8% had IBS-C. More than half of the
patients (66.6%) had been treated with other drugs prescribed for
constipation mainly including osmotic laxatives (54.6%), stimulant
laxatives (42.6%), and drugs altering epithelial function (chloride
channel activator and guanylate cyclase-C receptor agonist) (20.9%).
Approximately 40.0% of patients were prescribed elobixibat in com-

Exposure to Elobixibat
The daily dose (mean ± SD) of elobixibat in the safety analysis
population was 9.33 ± 2.24 mg; most patients (813, 77.5%) were
prescribed 10 mg (2 tablets) daily. A lower dose of 5 mg (1 tablet)
and a higher dose of 15 mg (3 tablets) daily were prescribed to
149 (14.2%) and 84 (8.0%) patients, respectively. Most patients
(826, 78.7%) continued elobixibat treatment after 4 weeks, and
223 (21.3%) discontinued or completed treatment by Week 4. The
main reasons for treatment discontinuation or termination were lack
of efficacy (68, 30.5%), patient choice (48, 21.5%), improvement
in symptoms (35, 15.7%), adverse events (35, 15.7%), and no visit
(32, 14.3%). Of the 68 patients who experienced lack of efficacy,
only 5 (7.4%) had their doses increased to the maximum of 15 mg,
whereas most patients (56, 82.4%) did not have their dose changed
from 10 mg. Most patients (643, 76.4%) were directed to take
elobixibat before breakfast, whereas 26 (3.1%) and 162 (19.2%)
took the drug before lunch and dinner, respectively, at Week 4. The
mean daily dose (9.39 ± 2.19 mg) in the efficacy analysis population was similar to that in the safety analysis populations.

Safety
Of the 1049 patients in the safety analysis population, ADRs
were reported in 55 patients treated for 4 weeks (5.24%, Table 2);
the most common ADRs (≥ 3 patients) were gastrointestinal disor-

1846 Registration
538 Excluded
537 No CRF collection
1 No informed consent/withdrawal
1308 CRF collection
218 No CRF fixation
1090 CRF fixation

41 Exclusion from safety analysis
39 No visit after the initial visit
1 No treatment with the drug
1 Inappropriate registration

1049 Safety analysis population
63 Exclusion from efficacy analysis
46 Off label prescription
17 No efficacy data
986 Efficacy analysis population
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Figure 1. Patient disposition. CRF, case

report form.
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Table 1. Patient Demographics and Baseline Characteristics

Table 2. Adverse Drug Reactions

Item

n (%)

Event

Total

≥ 65 yr

≥ 75 yr

Safety analysis population
Sex
Male
Female
Age (mean ± SD, yr)
< 65
≥ 65
< 75
≥ 75
Duration of chronic constipation (yr)
<5
≥5
Unknown
IBS-C
No
Yes
Combined disease
No
Yes
Hypertension
Dyslipidemia
Diabetes mellitus
Gastroesophageal reflux disease
Cardiovascular disease
Respiratory disease
Kidney disease
Depression
Liver disease
Parkinson's disease
Biliary disease
Other diseases
Prior OTC laxative
No
Yes
Unknown
Prior prescribed laxative
No
Yes
Concomitant drugs for constipation
No
Yes

1049

Safety analysis population
Patients with ADRs
Gastrointestinal disorders
Diarrhea
Abdominal pain
Abdominal distension
Nausea
Abdominal discomfort
Constipation
Eructation
Vomiting
Soft feces
Anal incontinence
Skin and subcutaneous tissue
disorders
Rash
Nervous system disorders
Headache
General disorders and
administration site conditions
Death

1049
55 (5.24)
52 (4.96)
23 (2.19)
19 (1.81)
4 (0.38)
3 (0.29)
2 (0.19)
2 (0.19)
1 (0.10)
1 (0.10)
1 (0.10)
1 (0.10)
1 (0.10)

763
34 (4.46)
31 (4.06)
16 (2.10)
11 (1.44)
2 (0.26)
1 (0.13)
0 (0.00)
2 (0.26)
0 (0.00)
1 (0.13)
1 (0.13)
1 (0.13)
1 (0.13)

531
19 (3.58)
16 (3.01)
7 (1.32)
5 (0.94)
2 (0.38)
1 (0.19)
0 (0.00)
0 (0.00)
0 (0.00)
1 (0.19)
1 (0.19)
1 (0.19)
1 (0.19)

1 (0.10)
1 (0.10)
1 (0.10)
1 (0.10)

1 (0.13)
1 (0.13)
1 (0.13)
1 (0.13)

1 (0.19)
1 (0.19)
1 (0.19)
1 (0.19)

1 (0.10)

1 (0.13)

1 (0.19)

413 (39.4)
636 (60.6)
70.4 ± 17.2
286 (27.3)
763 (72.7)
518 (49.4)
531 (50.6)
380 (36.2)
486 (46.3)
183 (17.4)
936 (89.2)
113 (10.8)
285 (27.2)
764 (72.8)
317 (41.5)
208 (27.2)
153 (20.0)
148 (19.4)
101 (13.2)
67 (8.8)
60 (7.9)
40 (5.2)
27 (3.5)
21 (2.7)
13 (1.7)
454 (59.4)
877 (83.6)
93 (8.9)
79 (7.5)
350 (33.4)
699 (66.6)
635 (60.5)
414 (39.5)

IBS-C, irritable bowel syndrome with constipation; OTC, over-the-counter.
Laxatives used within 1 month prior to treatment with elobixibat were recorded.

ders (4.96%), including diarrhea (2.19%), abdominal pain (1.81%),
abdominal distension (0.38%), and nausea (0.29%). A serious
ADR, death, was reported in 1 female patient (0.10%), aged 82
years old, whose medical history included aortic aneurysm, angina

ADR, adverse drug reaction.
Data are presented as n (%) of patients who experienced each event.

pectoris and Alzheimer’s type dementia. The patient’s death was
reported 3 days after enrollment; however, the cause of death and
information about the use of elobixibat were not provided. Elderly
patients, the incidence of ADRs in those aged ≥ 65 years and ≥
75 years was 4.46% and 3.58%, respectively. In the 46 patients who
did not adhere to the prescribed regimen of elobixibat, diarrhea was
observed in 1 patient who received elobixibat after meals.

Efficacy
The mean bowel movements per week significantly increased
from 2.9 ± 2.5 at baseline to 5.0 ± 3.1 and 5.3 ± 2.6 at Weeks 2
(P < 0.001) and 4 (P < 0.001), respectively (Fig. 2A). The BSFS
score was close to ideal stool form (Type 4) at Weeks 2 and 4 (Fig.
3A). The mean BSFS score significantly increased from 2.3 ± 1.4
at baseline to 3.8 ± 1.3 and 3.9 ± 1.1 at Weeks 2 (P < 0.001) and
4 (P < 0.001), respectively. The proportion of patients with satisfaction was higher, and those with bloating or straining during bowel movement was lower at Weeks 2 and 4 than baseline. The time to
bowel movement was 6.1 ± 6.0 hours and 6.4 ± 5.9 hours (mean
± SD) at Weeks 2 and 4, respectively. Moreover, the proportion
of patients with fecal disimpaction at Week 2 (4.1%) and Week 4
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Figure 2. Bowel movements after treatment with elobixibat. Bowel movements per week in (A) total patients, (B) patients aged ≥ 65 years and ≥

75 years, and (C) patients administered elobixibat before breakfast, lunch, or dinner. Columns represent the mean ± SD. n, number of patients
with bowel movements evaluation at each visit. *P < 0.01 and **P < 0.001 vs baseline (Week 0).
Type 1
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Figure 3. Bristol Stool Form Scale score after treatment with elobixibat. Stool form of (A) total patients and (B) patients aged ≥ 65 years and ≥

75 years. n, number of patients with stool form evaluation at each visit. Stool form was evaluated using Bristol Stool Form Scale: types 1 and 2 are
hard, 3-5 are within the normal range, and 6 and 7 are muddy or liquid stools, respectively.

(3.4%) was lower than that at baseline (11.4%) (Table 3). Statistically significant decreases from baseline were observed at Weeks
2 and 4 in the limited number of patients who had paired data for
baseline and Week 2 or 4 (P < 0.001, Supplementary Table 1).
In the elderly subpopulations aged ≥ 65 years and ≥ 75 years,
the weekly mean number of bowel movements was also significantly
higher at Weeks 2 (P < 0.001) and 4 (P < 0.001) than at baseline
(Fig. 2B). The BSFS score changed to stool 4 at Weeks 2 and 4 in
both populations (Fig. 3B). The mean BSFS score in patients aged
≥ 65 years significantly increased from 2.3 ± 1.4 at baseline to 3.7
436

± 1.3 and 4.0 ± 1.1 at Weeks 2 (P < 0.001) and 4 (P < 0.001),
respectively. Similarly, the mean BSFS score in the patients aged
≥ 75 years significantly increased from 2.3 ± 1.4 at baseline to 3.7
± 1.3 and 3.9 ± 1.1 at Weeks 2 (P < 0.001) and 4 (P < 0.001),
respectively.
In another subpopulation analysis, the mean number of bowel
movements per week significantly increased at Weeks 2 and 4 in
patients who were prescribed elobixibat before breakfast and dinner
and at Week 4 in those who were prescribed the drug before lunch
(Fig. 2C). The mean BSFS score also significantly increased at
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Table 3. Bristol Stool Form Scale Score, Patient Satisfaction, and Symptoms of Constipation, Fecal Disimpaction, and Time to Bowel Movements
After Treatment With Elobixibat

Item
Bristol Stool Form Scale score
Patient satisfaction
Satisfaction
Slight satisfaction
Slight dissatisfaction
Dissatisfaction
No evaluation
Abdominal distension
No
Rarely
Occasionally
Often
Always
No evaluation
Straining during defecation, n (%)
No
Rarely
Occasionally
Often
Always
No evaluation
Fecal disimpaction
No
Yes
No evaluation
Time to bowel movement (hr)
Mean ± SD (n)
Median

Baseline (n = 986)

Week 2 (n = 986)
a

Week 4 (n = 986)

2.3 ± 1.4 (888)

3.8 ± 1.3 (778)

3.9 ± 1.1a (817)

6 (0.7)
51 (5.6)
297 (32.7)
553 (61.0)
79 (−)

222 (28.1)
300 (38.0)
164 (20.8)
103 (13.1)
197 (−)

324 (38.9)
317 (38.1)
118 (14.2)
73 (8.8)
154 (−)

64 (7.2)
165 (18.7)
326 (36.9)
229 (25.9)
99 (11.2)
103 (−)

175 (22.4)
309 (39.5)
231 (29.5)
49 (6.3)
18 (2.3)
204 (−)

232 (28.3)
355 (43.2)
193 (23.5)
28 (3.4)
13 (1.6)
165 (−)

42 (4.9)
102 (11.9)
266 (31.0)
278 (32.4)
171 (19.9)
127 (−)

148 (19.2)
289 (37.5)
221 (28.7)
69 (8.9)
44 (5.7)
215 (−)

190 (23.5)
318 (39.3)
212 (26.2)
55 (6.8)
34 (4.2)
177 (−)

805 (88.6)
104 (11.4)
77 (−)

757 (95.9)
32 (4.1)
197 (−)

803 (96.6)
28 (3.4)
155 (−)

ND

6.1 ± 6.0 (415)
6.0

6.4 ± 5.9 (439)
6.0

a

P < 0.001 vs baseline, Wilcoxon signed-rank test for Bristol Stool Form Scale score.
ND, not determined; n, number of patients with each item at each visit.
Data are presented as mean ± SD (n) or n (%).

Week 4 in all subpopulations (P < 0.001). There was no difference
in the increase of patient satisfaction among these patients (Table
4). The patients who received the drug before breakfast most commonly showed a time to bowel movement of 3-5 hours, whereas
those who received the drug before dinner showed 3-5 hours and
12-14 hours (Fig. 4).
Moreover, in the subgroups of patients administered with
elobixibat monotherapy (no prior or concomitant administration of
drugs for constipation), patients with severe constipation, and those
with very severe constipation, the mean number of bowel movements per week was significantly higher at Weeks 2 and 4 than at
baseline (P < 0.001, Supplementary Tables 2-4). The BSFS score
was close to the ideal score (Type 4) at Weeks 2 and 4. Furthermore,
the mean BSFS score was significantly higher at Weeks 2 and 4

than at baseline (P < 0.001, Supplementary Tables 2-4). No sufficient data were obtained for the subgroup of patients with absolute
constipation (n = 3).

Discussion
The results of the interim analysis of the post-marketing surveillance data of 1049 patients with chronic constipation who were
administered elobixibat orally once daily for 4 weeks demonstrated
an ADR incidence of 5.24%, with diarrhea (2.19%) and abdominal
pain (1.81%) as the most commonly reported ADRs. The subgroup
analysis for ADR in the patients treated with no prior or concomitant drugs suggested that there was a similar incidence of ADRs in
patients treated with elobixibat alone and those treated with prior or
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Table 4. Bristol Stool Form Scale Score, Patient Satisfaction, and Time to Bowel Movement After Treatment With Elobixibat Before Breakfast,

Lunch, or Dinner
Before breakfast (n = 643)

Item

Baseline

Bristol Stool Form Scale score
Patient satisfaction
Satisfaction
Slight satisfaction
Slight dissatisfaction
Dissatisfaction
No evaluation
Time to bowel movement (hr)
Mean ± SD (n)
Median

Week 4
a

2.3 ± 1.5 (582) 3.9 ± 1.1 (624)
3 (0.5)
26 (4.4)
183 (30.8)
383 (64.4)
48 (−)
ND

Before lunch (n = 26)
Baseline

Before dinner (n = 162)

Week 4

Baseline

Week 4

2.6 ± 1.1 (26)

4.0 ± 0.9 (26)

2.3 ± 1.3 (143)

3.9 ± 1.0a (158)

0
4 (16.0)
10 (40.0)
11 (44.0)
1 (−)

8 (30.8)
13 (50.0)
4 (15.4)
1 (3.8)
0

0
12 (8.3)
55 (38.2)
77 (53.5)
18 (−)

58 (36.5)
68 (42.8)
24 (15.1)
9 (5.7)
3 (−)

ND

9.9 ± 6.1 (14)
8.0

ND

8.5 ± 6.0 (96)
8.0

256 (40.2)
233 (36.6)
86 (13.5)
62 (9.7)
6 (−)
5.6 ± 5.7 (327)
5.0

a

a

P < 0.001 vs baseline, Wilcoxon signed-rank test for Bristol Stool Form Scale score.
ND, not determined; n, number of patients with each item at each visit.
Data are presented as mean ± SD (n) or n (%).
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> 15
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Figure 4. Time to bowel movement after administration of elobixibat
before breakfast or dinner. n, number of patients with bowel movement evaluation at Week 4.

concomitant laxatives. No new safety concerns were observed in this
survey. In the clinical trial conducted prior to elobixibat approval,19
the ADR incidence was 32.89% after 2 weeks of treatment. Additionally, more patients in the phase 3 trial experienced diarrhea
(13%) and abdominal pain (19%) than those in this survey. A direct
comparison of the incidences would be difficult because of a difference in the ADR detection rate between the survey and controlled
trial. Nonetheless, the results of this survey suggest that elobixibat
could be used safely in clinical practice. Abdominal pain induced by
elobixibat appears to be associated with a propagating contraction
in the colon.22 Patients with chronic constipation experience fewer
transmission systolic waves in the large intestine than healthy indi438

viduals.23 Bile acids have a stimulatory effect on water secretion in
the large intestine and colonic motility.18 However, no serious events
of abdominal pain were reported in this survey, and the outcomes of
all abdominal pains were recovering or recovered. Additionally, elobixibat appeared to be well-tolerated in elderly patients with chronic
constipation as the incidence of ADRs in patients aged ≥ 65 years
and ≥ 75 years was similar to that in the total patient population.
Moreover, although the reporting physician reported that a causal
relationship between the death and elobixibat could not be ruled
out, we consider that the event was mainly owing to the patient’s
old age and underlying co-morbidities. In this survey, 1 patient who
received elobixibat after meals exhibited an ADR of diarrhea. Elobixibat is minimally absorbed after oral administration and is likely
to affect ileum IBATs locally.14 As a negative feedback mechanism
to the decreased enterohepatic circulation of bile acids by elobixibat,
a reduction in plasma low-density lipoprotein-cholesterol levels
and the low-density lipoprotein/ high-density lipoprotein ratio was
observed in patients with chronic constipation.13,19 Additionally, the
increased secretion of bile acids into the colon induced by elobixibat
may affect epithelial cell function in the colon17 and explain the potential side effects, such as bile acid malabsorption accompanied by
watery stool, changes in resident microbiota, and even susceptibility
to colon cancer. Although elobixibat was well-tolerated in a 52-week
open-label trial,19 the influence of long-term treatment with elobixibat on these side effects requires further investigation.
This survey showed that elobixibat significantly increased the
number of bowel movements at Weeks 2 and 4 compared to that at
baseline. It is noteworthy that elobixibat improved the BSFS score
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from 2.3 at baseline to approximately 4, which is considered an ideal
“sausage-like” normal stool.24 Recently, patients with BSFS score 4
type stool showed significantly higher QOL than those with other
types of stool.25 In addition, the BSFS score has been shown to correlate with colon transit time26 and is a useful tool for the prediction
of delayed colonic transit time in patients with chronic constipation;
mean 5-day BSFS score (≤ 3) and stool frequency (≤ 2) predicts
delayed colonic transit time.27 However, numerous patients with
chronic constipation have shown a normal transit type of constipation.28,29 The most important bothersome symptom associated with
chronic constipation is excess straining to have a bowel movement,
especially in elderly patients. This symptom is critical because it may
be associated with an increased risk of aggravating cardiovascular
and cerebrovascular complications.7,8 Other symptoms of constipation include abdominal discomfort, bloating, and a feeling of incomplete evacuation.30 In this survey, in addition to improving bowel
movements, elobixibat improved straining and abdominal distension significantly at Weeks 2 and 4, according to patient claims,
and decreased the rate of fecal disimpaction. These improvements
induced by elobixibat may have a significant impact on the QOL of
the patients. In this survey, more than 60% of the patients showed
satisfaction or slight satisfaction after the administration of elobixibat. In contrast, the number of unsatisfied patients decreased from
≥ 60% at baseline to < 10% at Week 4. Collectively, coinciding
with the results of the phase 3 study, the present results suggested
that elobixibat effectively improved bowel movements in patients
with chronic constipation in clinical practice settings and was particularly beneficial for constipation in elderly patients aged ≥ 65 and
≥ 75 years. The subgroup analysis by the severity of constipation
suggested that elobixibat was efficient in patients with severe constipation and very severe constipation.21 Moreover, elobixibat may also
be safe and efficacious in patients with diabetes mellitus, renal disease, depression, or Parkinson’s disease who are known to be more
likely to experience chronic constipation. Further evaluation of the
efficacy is needed in a large number of patients with such diseases.
Elobixibat is taken before a meal to ensure that the drug exerts
its action efficiently at the target site of IBAT and increases bile acid
flow into the colon. In the phase 3 study,19 the drug was administered only before breakfast. In this survey, elobixibat improved
bowel movements and the BSFS score similarly in patients who
took the drug before breakfast, lunch, or dinner, while the number
of patients who took the drug before lunch was relatively small.
There was some difference in the time to bowel movements between the patients who received the drug before breakfast and those
who received the drug before dinner. Nonetheless, elobixibat was

shown to improve patient satisfaction in a similar manner in both
patient groups. The reason for the prolonged time to bowel movement in patients administered elobixibat before dinner is unknown,
but it may be related to decreased gastrointestinal motility during
the night. These results suggest that elobixibat can be administered
before a meal at any time of the day according to the patient’s lifestyle.
The findings of this surveillance indicated that approximately
70% of patients had used prescribed drugs for constipation in the
past, and approximately 40% of patients used other drugs for constipation concomitantly during the survey. Therefore, the results
suggest that elobixibat was also effective in patients who took other
drugs concomitantly. Additionally, in the phase 3 study,19 elobixibat
was shown to be effective and safe in patients with chronic constipation who concomitantly used rescue medication (10 mg bisacodyl
suppositories). In clinical practice, elobixibat is considered to have
a novel mechanism of action and may be used concomitantly with
other drugs for constipation. Accordingly, stratified analysis by previous and concomitant use of other drugs for constipation is needed
to assess the efficacy and safety of elobixibat in more patients with
chronic constipation in the survey.
The low patient satisfaction with conventional constipation
treatment seems to be related to the focus on promoting rapid
bowel movements. However, the therapeutic goal of treatment for
constipation is currently changing to softening the stool to make it
pass through the colon easily. Specifically, it is not only important
to increase the frequency of bowel movements but also to enhance
the quality and comfort of defecation. Consequently, a BSFS score
of 4 is regarded as a very important index because stool with this
score induces a comfortable feeling with no sensation of incomplete
evacuation. However, more than half of the current prior prescribed
laxative users are not completely satisfied with their chronic treatment.10 Stimulant laxatives, such as senna and sennosides, which are
very commonly used in Japan, had no clinical evidence of improving stool form, and these drugs appear to be ineffective in meeting
patient requirements. Moreover, their long-term use is not recommended. Recently, in a placebo-controlled study, magnesium oxide
was shown to significantly improve bowel movements, BSFS score,
and QOL.30 However, periodic monitoring of serum magnesium
levels is strongly recommended for its safe use because the risk of
developing hypermagnesemia has been shown in elderly patients
and those with renal failure prescribed magnesium oxide after longterm use.31 This survey shows that elobixibat treatment provided
high levels of satisfaction with bowel movements to the patient with
chronic constipation, which may be due to the dual actions on water
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secretion and colonic motility.
There are some limitations to this study that are worth mentioning. First, these are results of an interim analysis of short-term
treatment (4 weeks) during the first year of the special drug useresults survey and may not reflect the final analysis results. However, the results obtained in this study are expected to contribute to
promoting the appropriate use of elobixibat by early provision of
information on this drug in actual clinical practice. Second, because
there is no placebo control, it is difficult to accurately evaluate the
efficacy and adverse reactions of this drug as well as the other factors, such as concomitant drugs, that may have an influence. In the
future, it would be necessary to evaluate the influence of each factor
including using a final stratified analysis. Third, as this survey was
conducted in Japanese patients with constipation, it may not be applicable to non-Japanese patients. However, the efficacy and safety
results of this drug have been confirmed to be consistent with those
of clinical studies of this drug in patients with constipation already
reported overseas.18,32
In conclusion, the interim results suggested that elobixibat was
well-tolerated and effective in elderly patients with chronic constipation and can be used before any meals.

Supplementary Materials
Note: To access the supplementary 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/jnm20263.
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Background/Aims
The role of psychiatric disorder in irritable bowel syndrome (IBS) is not clear. This study aims to assess whether individuals who have
psychiatric disorder prior to IBS onset differ in their risk factors from the remainder.
Methods
The prospective, population-based Lifelines cohort study includes 132 922 adults without prior IBS or taking IBS medication at
baseline. Baseline data included socio-demographic status, physical and psychiatric disorders, psycho-social and behavioral variables.
At follow-up (mean 2.4 years later) new onsets of IBS were recorded by self-report. The predictors of new onsets of IBS were assessed
using logistic regression; participants with and without prior psychiatric disorders were analyzed separately.
Results
At follow-up 1507 (1.1%) participants reported new onset IBS. Of these, 27% reported prior psychiatric disorder. Predictors of IBS
in this group were: 2 or more psychiatric disorders (OR, 2.74; 95% CI, 1.3-5.6), female sex, proton pump inhibitors, numerous
bodily symptoms, impaired sleep, low BMI and negative health perception. These variables, except psychiatric disorders and BMI,
also predicted IBS in those without prior psychiatric disorder but, in this group, gallstones, asthma, fibromyalgia, reported allergies,
impairment through bodily pain, and frequent healthcare were also predictors.
Conclusions
Despite its limitations this study suggests that prior psychiatric disorder is an important risk factor in a quarter of IBS onsets. Negative
health perception and multiple bodily symptoms are associated with all IBS onsets in line with the cognitive-behavior model of IBS.
Prior psychiatric disorder may predict an optimal response to psychiatric treatment. Further studies could usefully study mechanisms
linking IBS to prior psychiatric disorder.
(J Neurogastroenterol Motil 2022;28:442-453)
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IBS onset from participants without prior psychiatric disorder. This
hypothesis was tested using both univariate and multivariate analyses.

Introduction
Although anxiety and depression are recognized as frequent
concomitants of irritable bowel syndrome (IBS) their precise role in
the disorder is not understood.1-6 Some authors regard such psychiatric disorders simply as one of a number of comorbid conditions
but others regard anxiety and depression as an integral part of the
brain-gut axis and therefore a component of all IBS.1,2,7-9 Clarifying
the role of psychiatric disorders (ie, anxiety and depressive disorders) in the development of IBS is crucial to understanding its etiology and improving the efficacy of psychological treatments.
Anxiety and depression may have preceded the onset of IBS (the
“brain-gut” axis) or they may develop subsequently (the “gut-brain
axis”).8,10 In prospective studies anxiety and depression have been
shown to double the risk of subsequent IBS but this risk factor is
only found in a quarter of people who develop IBS.11-19 Thus threequarters of IBS onsets are not preceded by psychiatric disorders and
other risk factors must be important in these people. It is possible
that individuals who have psychiatric disorders prior to IBS onset
should be regarded as a subgroup of IBS sufferers with a different
pattern of etiological factors from the remainder but no previous
study has addressed this issue.9,11
Clarifying the mechanisms of effective psychological treatments
for IBS could further our understanding of the role of psychiatric
disorder in IBS, but the evidence here is conflicting.20,21 It has been
shown that cognitive behavioral therapy leads to improved IBS
symptoms by directly modifying gastrointestinal-related cognitions
and behaviors; improved anxiety or depression is regarded as secondary and there is no modification of autonomic nervous system
activity in response to pain.22-25 On the other hand, other treatment
studies have shown that improvement of IBS symptoms correlates
closely with reduction of depression or anxiety and, in 1 study, improved tolerance to rectal distension was associated strongly with
improved depression.4,26-29 IBS is clearly an heterogeneous disorder
and psychological treatments can only be optimized once we understand better the relationship between psychological factors and IBS
symptoms.
The present study aims to identify the role of prior psychiatric
disorder (anxiety and depressive disorders) in a large populationbased prospective study. The data came from the same Lifelines database as a previous study in which 26 predictors of new onset IBS
were identified (prior psychiatric disorder was one of these).30 Specifically, this study aims to test the hypothesis that participants with
a prior psychiatric history show a different pattern of risk factors for

Materials and Methods
Study Design and Participants
The data used in this study came from the LifeLines study,
a multi-disciplinary prospective population-based cohort study
examining in a unique 3-generation design the health and healthrelated behaviors of 167 729 individuals living in the north of the
Netherlands.31 The study assessed a broad range of biomedical,
socio-demographic, behavioral, physical, and psychological factors
which may contribute to future health outcomes.31 The sample is
broadly representative of the total Dutch population.32 Exclusion
criteria were: severe psychiatric disorders (eg, schizophrenia) or
severe physical illness, inability to visit the general practitioner,
limited life expectancy (< 5 years) or insufficient fluency in the
Dutch language to complete questionnaires. The participants were
recruited between 2006 and 2013 and followed up twice during the
subsequent 3 years, on average 17 months and 29 months after the
baseline. At follow-up abbreviated versions of the baseline questionnaire were administered. Written informed consent was obtained
from all participants. The study followed the guidelines of the Declaration of Helsinki and the Lifelines protocol was approved by the
University Medical Center Groningen, Medical ethical committee
(No. 2007/152).
The present study included respondents who were 18 years and
older at baseline and had completed the questionnaire items relevant
to IBS at baseline and follow-up. In order to identify incident cases,
participants were excluded if they reported at baseline that they had
ever had a diagnosis of IBS or were currently taking antispasmodics
(ATC code A03A) or drugs for constipation (ATC code A06). A
new onset of IBS was recorded when, at either follow-up questionnaire, the respondent answered yes to the question “have you had
the following health problem since the last questionnaire: spastic
colon (IBS)?”.

Predictors
The baseline predictor variables were chosen if they had been
reported as predictors in the recent detailed review or our previous
analysis.11,30 They included: socio-demographic variables, prior
general medical diseases and psychiatric disorders, body mass index
(BMI), health behaviors, healthcare use, and medication use. The
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questionnaire asked respondents to indicate which of the following
disorders they have had depression, anxiety, burnout, panic disorder,
social phobia, agoraphobia, obsessive compulsive disorder, other
anxiety disorders, and eating disorder (see Appendix 1). This variable was entered into the logistic regression as 1, 2, or 0 psychiatric
disorders. Somatic symptoms were measured using the somatization scale of the Symptom Check List-90 questionnaire.33 Current health status was assessed using the RAND 36-Item Health
Survey General Health scale.34 The dimension referred to below
as “negative health perception” was comprised of agreement with
3 statements: “My health is not good,” “I seem to get sick easier
than other people,” and “I am definitely not as healthy as others.”
Healthcare use was recorded on the database in 2 ways; no contact
with a doctor in the past 5 years is referred to as “zero contact with
doctors”; contact with general practitioner (GP) more than 4 times
per year is also referred to as “frequent GP contact.”
Recent stress was assessed using the List of Threatening Experiences and Long-term Difficulties Inventory.35,36 For the purpose
of analysis, we derived one score for recent illness affecting the participant and a second score for all remaining items (ie, severe illness
or death in close others, marked difficulties or changes in work,
close relationships, and financial or housing) with a high score representing greater stress. The complete list of predictors is provided
in the Appendix 2.
The previous study had used Least Absolute Shrinkage and
Selection Operator logistic regression to identify predictors of IBS.30
This statistical technique avoided overfitting of study data by applying a penalization/shrinkage process.37 It produced a parsimonious
model including only the most important predictors for an outcome
and the present study included the variables that had been shown

to predict IBS onset in the previous study.30 The previous study
included “diseases of the gastrointestinal system” as a predictor;
in the present study this was replaced by the constituent disorders:
chronic inflammation of the throat, stomach ulcer, gallstones, and
inflammatory bowel disease. The previous study had not included
interaction between variables; the present analyses examined also
interactions between relevant variables (see Appendix 2).
For the present analyses the participants were divided into those
with and without a prior psychiatric disorder. Depression was the
most common prior psychiatric disorder (8.9% of the population);
the frequency of other psychiatric disorders is presented in Appendix 1.

Outcome
The analysis used the self-reported onset of IBS at 1 or both
of the 2 follow-up assessments (at 17 months or 29 months) as the
outcome variable. This occurred when a respondent answered yes
to the question “have you had the following health problem since
the last questionnaire: spastic colon (IBS)?”.

Statistical Methods
All analyses were performed on SPSS statistics version 25 (IBM
Corp, Armonk, NY, USA). The first analysis compared the respondents who developed IBS during the follow-up period with the
remainder using chi-square or t test to assess differences between
the groups.
The second analysis divided the sample into those respondents
who reported prior psychiatric disorder and those who did not. A
comparison was made of those who did and did not develop IBS
Proportion (%) of IBS onsets by number
of prior psychiatric disorders

3.0

152 180 participants in lifelines aged 18 years or over

Linear trend P < 0.001

148 614 recorded presence/absence of IBS both at baseline
and follow-up
15 692 had a prior diagnosis of IBS (n = 14 365)
or were taking a drug for functional GI disorder
or constipation
132 922 in the analysis*

% with IBS onset

2.5
2.0
1.5
1.0
0.5
1507 reported IBS
onset since baseline

131 415 reported no
IBS at follow-up

0

*120 651 had complete data on all variables for multivariate analysis

Figure 1. Flowchart of participants. IBS, irritable bowel syndrome;
GI, gastrointestinal.
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No psychiatric 1 psych dis 2 psych dis
disorders
IBS onset

3 psych dis

Figure 2. Proportion (%) of self-reported irritable bowel syndrome

(IBS) onsets by number of psychiatric disorders (psych dis).
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within each of these 2 groups. This analysis only included the key
predictors of IBS onset and it used chi-square and t tests to assess
the statistical significance of differences between IBS onset and no
onset.

Thirdly, logistic regression analysis with backward elimination
of variables was used to identify the baseline variables which were
independently associated with onset of IBS during the follow-up
period. This analysis was performed twice. The first included those

Table 1. Baseline Data of Sample and Comparison of Irritable Bowel Syndrome Onset and No Onset Groups

Categorical variables
Female sex
Age (yr)
Married/cohabiting
Education
2ndary only
Intermediate
Higher (18 yr or older)
Paid work > 32 hr per wk
Low income
Unable to work through illness
3 or more allergies
Alcohol consumed 2 or more times per week
Smoking
Asthma/inhaler
Chronic inflammation of throat/nasal cavity
Gallstones
Osteoarthritis
Diabetes mellitus
Fibromyalgia
Chronic fatigue syndrome
Migraine
Proton Pump Inhibitor at baseline
Diclofenac
No. of prior psychiatric disorders
0
1
2 or more
General health perception items: I seem to get sick a little
easier than others
My health is not good
4 or more GP visits in last year
Not seen any health professional in last year
BMI (kg/m2)
Life events and difficulties score
SCL somatization score
PSQI score
General health perceptiona
Physical functiona
Bodily paina

Total sample
(N = 132 922)

No IBS onset
(n = 131 415)

IBS onset
(n = 1507)

P -value:
IBS vs no IBS

55.9%
44.2 (12.8)
80.7%

55.7%
44.2 (12.7)
80.8%

76.9%
43.9 (13.8)
75.3%

< 0.001

28.7%
39.2%
32.1%
41.6%
15.1%
2.8%
8.2%
44.6%
20.5%
10.2%
4.9%
3.2%
6.8%
2.3%
2.3%
1.0%
17.1%
6.5%
1.6%

28.6%
39.3%
32.1%
41.8%
15.0%
2.8%
8.1%
44.7%
20.5%
10.1%
4.8%
3.1%
6.8%
2.3%
2.2%
1.0%
17.1%
6.4%
1.6%

31.6%
38.0%
30.4%
26.8%
20.3%
5.4%
13.0%
37.1%
19.2%
15.8%
9.0%
6.0%
10.7%
3.3%
7.4%
2.2%
23.2%
13.5%
3.5%

82.7%
12.5%
4.8%
3.7%

82.8%
12.4%
4.8%
3.7%

72.4%
17.9%
9.8%
9.6%

< 0.001

9.4%
1.3%
8.4%
26.02 (4.29)
2.6 (1.7)
15.9 (4.2)
4.09 (2.2)
–0.09 (0.6)
0.36 (0.60)
0.45 (0.79)

9.3%
1.3%
8.5%
26.03 (4.29)
2.6 (1.7)
16.0 (4.2)
4.0 (2.2)
–0.09 (0.6)
0.36 (0.60)
0.46 (0.79)

17.8%
2.3%
3.2%
25.72 (4.42)
3.0 (1.7)
17.9 (4.9)
4.7 (2.6)
–0.28 (0.6)
0.18 (0.75)
0.11 (0.90)

< 0.001
0.003
< 0.001
0.006
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

NS

< 0.001

0.041
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.156
< 0.001
< 0.001
< 0.001
< 0.001
0.012
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

< 0.001

a

Low score indicates greater impairment.
IBS, irritable bowel syndrome; NS, not significant; GP, general practitioner; BMI, body mass index; SCL, Symptom Checklist; PSQI, Pittsburgh Sleep Quality
Index.
Data are presented as % or mean (SD).
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participants who had reported 1 or more prior psychiatric disorders
in the baseline questionnaire; the second analysis included the remainder. Both analyses included all the predictor variables listed in
Appendix 2.
Some variables in the regression analyses are difficult to interpret either because of reverse scoring (eg, a low score represents
more severe bodily pain), or because it relates to a scale score (eg,
Pittsburgh Sleep Quality Inventory score). Where this occurred an
odds ratio (OR) is provided in the text, which has been transformed
so that the all variables can be interpreted in the same way (higher
score or top quartile represents a greater chance of IBS onset).

Results
Sample
The Lifelines database includes 148 614 participants aged 18 or
over who had completed the question regarding IBS both at baseline and follow-up (Fig. 1). Of these, 15 692 had a prior diagnosis
of IBS or were taking a drug for functional GI disorder or constipation. Of the 132 922 participants free of IBS at baseline, 1507
(1.1%) reported a new onset of IBS during the subsequent 2.4 years
(Fig. 1). The characteristics of the sample are shown in Table 1. Of
the 1507 participants with a new onset of IBS, 77.0% were female
and mean age was 43.9 (SD 13.8) years. Of the participants with
IBS 416 (27.6%) reported 1 or more prior psychiatric disorders

Table 2. Predictor Variables by Irritable Bowel Syndrome Onset. Sample Divided by Prior Psychiatric Disorder

Categorical variables

No prior psychiatric disorder
(n = 109 914)
No IBS
(n = 108 823)

Female sex
53.8%
NA
2 or more prior psychiatric disorders
Gallstones
2.9%
3 or more allergies
7.7%
Asthma/inhaler
9.7%
Fibromyalgia
1.8%
PPI
5.8%
General health:
I seem to get sick a little easier than other people
2.9%
My health is not good
7.6%
4 or more GP visits in last year
1.3%
Zero doctor visits in the past 5 yr
9.3%
Continuous variables
BMI
26.0 (4.2)
Life events and difficulties score
2.4 (1.7)
SCL somatization score
15.5 (3.7)
PSQI score
3.7 (2.1)
General health perception
−0.06 (0.6)
Bodily pain
0.5 (0.7)
High scorers on continuous variables
SCLsom top quartile
19.9%
PSQI top quartile
34.6%
Body pain top quartile
22.4%
General health top quartile
14.4%

IBS
(n = 1091)

P -value
< 0.001

Prior psychiatric disorder
(n = 23 008)

P -value

No IBS
(n = 22 592)

IBS
(n = 416)
79.3%
35.3%
7.0%
11.8%
15.4%
7.9%
16.1%

< 0.001
0.001
0.004
0.400
0.035
< 0.001
< 0.001

76.0%
-NA
5.7%
13.4%
15.9%
7.1%
12.6%

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

64.8%
27.7%
4.1%
10.5%
12.0%
4.2%
9.5%

7.8%
14.8%
2.4%
3.4%

< 0.001
< 0.001
0.003
< 0.001

7.4%
17.5%
1.2%
4.3%

14.4%
25.7%
1.9%
2.6%

< 0.001
< 0.001
0.173
0.092

25.89 (4.4)
2.8 (1.7)
17.4 (4.7)
4.4 (2.4)
−0.2 (0.6)
0.1 (0.9)

0.830
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

26.3 (4.6)
3.3 (1.7)
17.9 (5.3)
4.6 (2.5)
−0.27 (0.6)
0.20 (0.9)

25.5 (4.5)
3.51 (1.6)
19.1 (5.0)
5.6 (3.0)
−0.42 (0.7)
0.016 (0.9)

0.001
0.022
< 0.001
< 0.001
< 0.001
< 0.003

37.9%
53.2%
37.1%
23.5%

< 0.001
< 0.001
< 0.001
< 0.001

40.7%
47.1%
38.5%
26.7%

53.6%
67.5%
43.6%
38.0%

< 0.001
< 0.001
0.003
< 0.001

IBS, irritable bowel syndrome; NA, not applicable; PPI, proton pump inhibitor; GP, general practitioner; BMI, body mass index; SCL, Symptom Checklist; PSQI,
Pittsburgh Sleep Quality Index.
Data are presented as % or mean (SD).
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and the incidence of IBS was associated with number of psychiatric
disorders (Fig. 2). Of those with psychiatric disorder 79.0% were
female and the mean age was 44.8 (12.1) years. A few participants (n
= 12 251) had data missing for 1 or more predictor variables and
these participants were omitted from the logistic regression leaving
120 671 of whom 1371 developed IBS (Fig. 1).

significant association with all predictors in the table except BMI.
Within the group who had a prior psychiatric disorder there were
some predictors that did not show a strong (P < 0.001) association
with IBS onset (eg, reported allergies, asthma, gallstones, bodily
pain, and number of doctor visits over 5 years).
Multivariable analysis

Predictors of Irritable Bowel Syndrome Onset
Univariable analyses
Table 1 shows the large number of variables which were associated with IBS onset. Table 2 shows that, among the group without
a prior psychiatric disorder, those developing IBS showed a strong

Irritable bowel syndrome onset in those with a prior
psychiatric history. The regression analysis for those with 1 or
more prior psychiatric disorders included 20 581 participants, 376
of whom reported a new onset of IBS (Table 3A). Two or more
prior psychiatric disorders was the strongest predictor of subsequent
IBS (OR, 2.74; 95% CI, 1.3-5.6). The other predictors were: fe-

Table 3. Logistic Regression Analysis Including Those Participants With Prior Psychiatric Disorder and Without Prior Psychiatric Disorder

A. Participants With Prior Psychiatric Disorder (n = 20 581, Out of Whom New Onset IBS = 376)
Baseline variables
No. of prior psychiatric disorders
Female sex
BMI (kg/m2)
PPIs at baseline
SCL somatization score
PSQI score
General health perception
Somatization score × no.of prior psychiatric disorders
Constant

B

SE

Sig.

1.007
0.626
–0.053
0.550
0.089
0.086
–0.188
–0.019
–5.921

0.366
0128
0.012
0.152
0.036
0.017
0.090
0.009
0.653

0.006
< 0.001
< 0.001
< 0.001
0.013
< 0.001
0.036
0.036
< 0.001

Exp(B) (95% CI)
2.74 (1.33-5.61)
1.87 (1.45-2.40)
0.95 (0.92-0.97)
1.73 (1.29-2.34)
1.09 (1.02-1.17)
1.09 (1.05-1.13)
0.83 (0.70-0.98)
0.98 (0.96-0.99)
0.003

B. Participants Without Psychiatric Disorder (n = 100 090, Out of Whom New Onset IBS = 995)
Baseline variables
Female sex
Age at baseline (yr)
Married/cohabiting
Paid work, 32 hr or more per wk
Fibromyalgia
Prior gallstones
Asthma
No. of allergies
PPIs at baseline
SCL somatization score
PSQI score
General health perception
Zero health care in the past 5 yr
Bodily pain
Life events and difficulties score
Physical function
Age × sex interaction
Constant

B

SE

Sig.

Exp(B) (95% CI)

1.445
0.026
–0.307
–0.274
0.631
0.378
0.237
0.125
0.551
0.030
0.049
–0.207
–0.675
–0.251
0.039
0.261
–0.018
–7.487

0.265
0.010
0.078
0.079
0.137
0.141
0.096
0.029
0.108
0.008
0.014
0.057
0.179
0.048
0.020
0.065
0.006
0.519

< 0.001
0.010
< 0.001
0.001
< 0.001
0.007
0.013
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.050
< 0.001
0.001
< 0.001

4.24 (2.52-7.13)
1.03 (1.0006-1.046)
0.73 (0.63-0.86)
0.76 (0.65-0.89)
1.88 (1.44-2.46)
1.46 (1.11-1.92)
1.27 (1.05-1.53)
1.13 (1.07-1.20)
1.73 (1.40-2.14)
1.03 (1.01-1.05)
1.05 (1.02-1.08)
0.81 (0.73-0.91)
0.51 (0.36-0.72)
0.78 (0.71-0.90)
1.04 (1.00-1.08)
1.30 (1.14-1.47)
0.98 (0.97-0.99)
0.001

B, beta; SE, standard error; Sig, significance; BMI, body mass index; PPIs, proton pump inhibitor; SCL, Symptom Checklist; PSQI, Pittsburgh Sleep Quality
Index.
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male sex, taking proton pump inhibitors (PPIs), impaired sleep (for
top quartile OR, 2.05; 95% CI, 1.6-2.5), low BMI (for top quartile
OR, 1.56; 95% CI, 1.2-2.0), somatization (for top quartile OR, 1.4;
95% CI, 1.1-1.8), and general health perception (OR, 1.2; 95% CI,
1. –1.4).
Irritable bowel syndrome onset in those without a prior
psychiatric history. This regression analysis included 100 090
individuals, of whom 995 reported a new onset of IBS (Table 3B).
The predictors with the strongest association with IBS onset were:
female sex (OR, 4.24; 95% CI, 2.5-7.1), fibromyalgia, taking PPIs,
gallstones, asthma, number of allergies (up to 3 or more), impaired
sleep (OR for top quartile versus the rest, 1.7; 95% CI, 1.4-1.9),
somatization (OR for top quartile, 1.4; 95% CI, 1.2-1.7), impairment through bodily pain (OR, 1.3; 95% CI, 1.1-1.4), and general
health perception (OR, 1.2; 95% CI, 1.0-1.4) (Table 2). No contact
with a doctor in the past 5 years was associated with a 50% reduction of chances of developing IBS (OR, 0.5; 95% CI, 0.4-0.7). The
individual items of the general health perception scale were: “My
health is not good” (OR, 1.4; 95% CI, 1.1-1.9), “I seem to get sick
a little easier than other people” (OR, 1.3; 95% CI, 1.2-1.4) and “I
am definitely not as healthy as others” (OR, 1.2; 95% CI, 1.0-1.3).

Discussion
The study hypothesis was confirmed. This comprehensive population-based study has shown, for the first time, that participants
with a prior psychiatric disorder did not have the same risk factors
for IBS as those without such disorders. Whereas female sex, taking PPIs, impaired sleep, somatization, and negative health perception were risk factors in both groups the following were risk factors
only in the non-psychiatric group: fibromyalgia, gallstones, asthma,
reported allergies, impairment through bodily pain, and pattern of
healthcare use. Of particular note was the finding that, within the
prior psychiatric disorder subgroup, the strongest predictor of IBS
onset was the number of psychiatric disorders.
This study is the first to include most of the recognized risk factors for IBS in a single large cohort; the findings concur well with
the established literature.11 As with many previous studies, female
sex was a strong risk factor in both psychiatric and non-psychiatric
groups. This is striking: the inclusion of so many predictors in a
single analysis may have led to the female predominance becoming
less marked but this was so only in the analysis which included respondents who reported a prior psychiatric disorder. This suggests
that some of the female predominance is explained by psychiatric
disorders. The strength of the female predominance in the remain448

der presumably means that the sex difference in IBS is explained by
biological factors, which were not measured in this study.38 Several
other risk factors, namely psychiatric disorder, gastroesophageal
reflux disease, asthma, fibromyalgia, and sleep disorder, are well
established and have been shown to have a bidirectional relationship with IBS, ie, IBS is also a risk factor for each of these diseases,
suggesting possible commonality of etiology.11,30,39-43 All of these are
represented in the present study; PPIs may be a marker for gastroesophageal reflux disease although they may also have a direct effect
on the gut as they can lead to small intestinal bacterial overgrowth,
which is associated with IBS.44,45 Reported allergies have only been
associated with IBS onset previously in cross-sectional studies.46,47
Migraine was not a risk factor in the regression analyses reported
here, though it was associated with IBS onset in the univariable
analysis. It has been reported twice previously but, interestingly, it
was only a risk factor for IBS in participants who did not have prior
psychiatric disorder in the 1 prospective study which examined
participants with and without anxiety/depression separately.12 That
study is also the only previous report of a greater chance of IBS onset in the presence of 2, as opposed to a single, psychiatric disorder.12
The psychiatric and non-psychiatric disorders groups of this
study correspond respectively to the “brain-gut” and “gut-brain”
groups described by Koloski et al48; the size of the groups roughly
match those in the Australian study despite the current study being
very much larger. The results may apply to post-infectious IBS (PIIBS) as anxiety, depression, and somatization have been shown to
be risk factors for PI-IBS.49 One detailed study showed that anxiety,
depression and somatization increase the susceptibility to develop
PI-IBS but there was an even stronger direct effect of these psychological parameters on IBS onset.50
It is striking that, within the psychiatric group, 2 or more psychiatric disorders was the strongest predictor of subsequent IBS onset; this risk factor showed an exposure–response relationship with
IBS onset which is one of the criteria demonstrating that psychological factors are causal in IBS.9 Although it has been shown previously that anxiety and depression can double the risk of subsequent
IBS, few studies have recognized that only 25% of IBS onsets are
preceded by such disorders.11-19 This proportion seems low compared to the high prevalence of psychiatric disorders in clinic cases
(< 50%).51,52 It can be explained by the fact that the prevalence of
psychiatric disorders increases after the onset of IBS and, in addition, is higher in those seeking treatment for IBS.7,15
The corollary to this relatively low proportion with prior anxiety
and depression is that three-quarters of IBS onsets are not preceded
by these psychiatric disorders. This study has shown that gallstones,
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asthma and allergies are risk factors independent of psychiatric
disorder; interestingly, the same is true of fibromyalgia and susceptibility to pain. The risk factors for IBS in both psychiatric and
non-psychiatric groups included some which have an important
psychological component: somatization and negative health perception. They are important components of the brain-gut axis.7,9,53,54
They concern the perception of bodily symptoms, beliefs about their
significance, and the experience of pain, and resemble some of the
variables addressed in cognitive behavior therapy, which is probably
why such therapy may help a broad range of patients with IBS.22,23
Their determinants include previous general medical disorders,
personality, educational level, as well as anxiety and depression.7,9,55,56
It is beyond the scope of this study to examine in detail possible
mechanisms for the link between psychiatric disorders and some
IBS onsets; several are possible. One explanation may involve a
genetic link as twin studies have shown that the genetic variance for
IBS may be mediated by anxiety and depression.57-59 A further twin
study concluded that IBS and depression were on the same biological pathway but was unable to say which came first.60 Other explanations may involve changes in the hypothalamic-pituitary-adrenal
axis which, if dysregulated by anxiety or depression may increase
susceptibility to IBS.9 Anxiety and depression have also been associated with changes to the intestinal microbiome and/or immune
responses but no studies have examined these associations separately
in IBS patients with and without prior psychiatric disorders. It has
been suggested that the subgroup with prior psychiatric disorders
represents an important subgroup of IBS cases.4,9
The study findings are relevant also to psychological treatment
studies. IBS which has anxiety and depression as its primary risk
factor is likely to be particularly responsive to psychological treatment aimed at reduction of psychiatric symptoms; it is in these
patients that a reduction of bowel symptoms would be clearly correlated with reduction of psychiatric symptoms.26,29 On the other
hand, IBS in the absence of prior psychiatric disorders would be expected to respond to cognitive behavior therapy which addresses the
dimensions of experience and beliefs concerning bodily symptoms
reflected in the measures of somatization and health perception in
this study.
This study has strengths and limitations that must be recognized. The strengths include its prospective design, the wide range
of predictors and the exclusion of participants who reported current
or previous IBS or who were taking IBS medications at baseline.
The sample size was large enough to analyze participants with and
without prior psychiatric disorders separately. The findings concur
with what is already known about risk factors for IBS.11,30

The main limitation was the reliance on self-report for the main
outcome, which means that inaccurate diagnosis cannot be ruled
out. Self-reported IBS is used in large population-based studies
where it is impossible to collect detailed diagnostic data. For example, in the United Kingdom Biobank study (n = 500 000 participants) studies have shown that self-report IBS is associated with
(1) altered gut microbiota composition, (2) 2 genetic links (single
nucleotide polymorphisms) in genome-wide association studies, and
(3) to high comorbidity with depression only when the depression
precedes the onset of IBS and has marked somatic symptoms.61-63
Other population-based studies have shown that the age of onset of
self-reported IBS appears to be decreasing over time and that prior
psychopathology is an important risk factor.19,64
Other population-based studies have shown that self-reported
IBS is more prevalent in the general population than IBS diagnosed by the Rome I and Rome IV criteria.65-67 Most importantly,
the symptom pattern, bowel symptom severity, impact on daily life,
inability to work, and health care utilization were similar in selfreport IBS and IBS diagnosed by the Rome IV criteria; the latter is
associated with more severe pain.66,67 Furthermore, medication use
is similar in self-report IBS to that of Rome IV IBS and, relevant to
the present study, the 2 groups were nearly identical in terms of the
proportion with anxiety and depression.65 A recent study showed
that nearly 80% of self-reported IBS in the general population fulfill
Rome III criteria for IBS.68
It is a limitation that the study did not include gastroenteritis or
sexual abuse as possible risk factors, nor did it categorize IBS into
diarrhea or constipation subtypes. The relatively short duration of
the study yielded relatively few new onset cases compared to the
large population under study. In spite of these limitations, the incidence of IBS (47.2 per 10 000 person years) was within the range
of physician-diagnosed IBS (19.6-51.3 per 10 000 person-years).11
The proportion of females and mean age of onset match very closely
the published data in comparable studies from United States of
America and Europe.11 The proportion reporting prior psychiatric
disorders was remarkably similar to previous studies, 27.6% compared to the median (24.0%) of 8 previous studies.11-19
The findings of this study are relevant to a northern European
population and the results may be different in other cultures, as has
been shown in a cross-sectional studies of IBS and dyspepsia in
India and Pakistan.69,70 The findings of such cross-sectional studies
need to be repeated in prospective studies such as the present one
as has been demonstrated in prospective studies of depression in
United Kingdom and Pakistan.71,72
This study should be regarded as hypothesis-generating be-
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cause of its main limitation; this work needs to be repeated using
standardized diagnostic criteria for IBS diagnosis. This could lead
to further research to examine whether IBS with prior psychiatric
disorder has the same changes in gut microbiota, intestinal permeability, immune cell reactivity, and sensitivity of the enteric nervous
system as those without prior psychiatric disorder. At present,
pathophysiological research is hampered by the lack of large, wellcharacterized patient subgroups; prior psychiatric disorder has been
suggested as a useful subgrouping for future studies.9
Clinically, these findings are a prompt to ask IBS patients if they
have had any psychiatric disorder(s) in the past. Further research is
needed to examine whether the mechanisms of psychological treatments differ in the subset of patients whose IBS is closely associated
with prior anxiety or depression.

Conclusions
Overall, this study has shown that negative health perception
and multiple bodily symptoms are associated with all self-reported
IBS onsets; this finding is in line with the cognitive-behavioral
model of IBS. On the other hand, in about a quarter of IBS onsets
prior psychiatric disorder is a strong predictor and this subgroup of
self-reported IBS only shares some of the risk factors found in the
remainder. Prior psychiatric disorder, if there are current psychiatric
symptoms, should predict optimal response to specific psychiatric
treatment. Recognition of the self-reported IBS groups with and
without prior psychiatric disorders could lead to theoretically driven
studies of treatment response as well as the pathophysiological
mechanisms of IBS.
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Appendices
Appendix 1. Rate of prior psychiatric disorders in the whole sample

Depression 8.9%, burnout 7.9%, panic disorder 2.6%, other anxiety disorders 2.7%, social phobia 0.8%, agoraphobia 0.5%, obsessive compulsive disorder 0.3%, and eating disorder 1.3%
Appendix 2. List of variables used in the analysis
Socio-demographic

Sex, age, married/cohabiting, low income, years of education as 3 groups, paid work (32 or more hours per week), and not working
because of illness
Medical and psychiatric disorders

Prior diagnosis of chronic fatigue syndrome, fibromyalgia, stomach ulcer, chronic inflammation of throat, inflammatory bowel disease,
gallstones, eczema, diabetes, asthma, chronic obstructive pulmonary disease, osteoarthritis, osteoporosis, anaemia, migraine, repetitive
strain injury, and incontinence
Prior diagnosis of depression, anxiety disorders, bipolar, agoraphobia, panic disorder, eating disorder, obsessive/compulsive, schizophrenia,
burnout, and social phobia
Health problems and lifestyle

Body mass index, smoking, alcohol consumption, sleep (Pittsburgh Sleep Quality Index), allergies to dust, animals, pollen, foods, medication, and contact allergy and insects (total score)
Healthcare use

No contact with general practitioner nor specialists in the past 5 years and contact with general practitioner more than 4 times per year
Psychosocial parameters

Long-term Difficulties Inventory and the List of Threatening Experiences combined to form 2 scores; 1 for illness affecting the participant and another for all remaining items (eg, severe illness in close others, marked difficulties or changes in work, close relationships,
and financial or housing) with a high score representing greater stress
Somatization scale of Somatic Symptom Checklist (SCL-90) with high score representing numerous somatic symptoms
Health status

Bodily pain, general perception of health, vitality, physical role function, social function scale scores of Short Form-36 (RAND)
Medication use

Proton pump inhibitor, thyroid preparations, paracetamol, diclofenac, inhalants for obstructive airways diseases, contraceptive pill,
oxazepam, and selective serotonin receptor inhibitor antidepressants
Interaction terms included in the final regression analysis as they were significant

Age x sex, SCL somatization score x prior psychiatric disorders, and bodily pain x prior psychiatric disorders
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Background/Aims
The effects of probiotics in children vary based on diseases and probiotic strains. We aim to investigate the effectiveness of
Saccharomyces boulardii and lactulose for treating childhood functional constipation.
Methods
This open-label randomized controlled trial was conducted at 10 university hospitals in Korea. Children who were diagnosed with
functional constipation were allocated to 3 groups (lactulose monotherapy, combination therapy, and S. boulardii monotherapy). The
primary outcome was treatment success rate that was accordingly defined as ≥ 3 bowel movements without incontinence at week
12. The cumulative successful maintenance and drug maintenance rates without drug changes were calculated throughout the study
period. We compared stool frequency, incontinence, consistency, and painful defecation at week 2 among the 3 groups.
Results
Overall, 187 children were assigned to the lactulose monotherapy (n = 69), combination therapy (n = 68), or S. boulardii
monotherapy (n = 50) groups. The primary outcome was significantly higher in the lactulose monotherapy group (26.1%) or
combination therapy group (41.2%) than in the S. boulardii monotherapy group (8.0%). The S. boulardii monotherapy group showed
a significantly lower cumulative successful maintenance and drug maintenance rate than the other 2 groups. There were no significant
intergroup differences in the frequency of defecation, incontinence, painful defecation, or stool consistency during the follow-up at
week 2.
Conclusion
S. boulardii monotherapy was not superior to lactulose monotherapy or combination therapy and showed a higher drug change rate,
supporting the current recommendation of probiotics in the treatment of childhood functional constipation.
(J Neurogastroenterol Motil 2022;28:454-462)
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Introduction
Functional constipation (FC) in children affects neonates to
adolescents, has a high prevalence, and tends to become chronic,
accounting for a relatively high health care burden. Its prevalence
varies from 0.7% to 29.6%, depending on the diagnostic criteria
and age.1
Recent advances in 16S recombinant DNA gene sequencing
have led to active research on the association between the gut microbiome and gastrointestinal diseases, including constipation, inflammatory bowel disease, and other allergic diseases, type 2 diabetes,
and behavioral disorders.2-4 A survey of pediatricians and pediatric
gastroenterologists in the Netherlands revealed that the prescription
rates of prebiotics or probiotics for the treatment of childhood FC
were remarkably higher than those among United States physicians
(32.0%). Both general pediatricians (27.0%) and pediatric gastroenterologists (19.0%) frequently prescribed prebiotics or probiotics.5 According to a recent nationwide survey of the Korean Society
of Pediatric Gastroenterology, Hepatology, and Nutrition, children
with FC aged > 1 year were most commonly prescribed lactulose
(59.1%), followed by polyethylene glycol (PEG) 4000 (17.7%),
and 11.8% of respondents prescribed probiotics as the first-line
maintenance treatment for these children.6
Although it is unclear how probiotics affect FC, some adult
studies have reported that probiotics modulate colonic transit time
and reduce functional gastrointestinal symptoms.7,8 However, the
effectiveness of probiotics in the treatment of childhood constipation
remains controversial. Two recent systematic reviews of probiotics for childhood FC reported different conclusions.9,10 One study
showed no difference in treatment success between the probiotic
and control groups,9 while the other concluded that probiotics
increased stool frequency and had other beneficial effects in Asian
children.10 In addition, most probiotic species used to treat FC belong to the genera Lactobacillus or Bifidobacterium .9-15 Although
several clinicians have demonstrated beneficial effects of Saccharomyces boulardii on acute and chronic gastrointestinal diseases, such
as antibiotic-associated diarrhea, Clostridium difficile infection,

acute diarrhea, Helicobacter pylori infection, inflammatory bowel
disease, and irritable bowel syndrome,16 no studies have evaluated
the efficacy of S. boulardii in treating FC.
This study aims to investigate the effectiveness of S. boulardii
versus lactulose monotherapy or combination therapy (lactulose
plus S. boulardii ) for the treatment of childhood FC.

Materials and Methods
Study Population
This randomized, open-label, multicenter study was conducted
between July 2019 and November 2020. Pediatric gastroenterologists from 10 academic tertiary hospitals participated in this study.
Patients aged 6 months to 10 years who were diagnosed with FC
using the Rome IV criteria were eligible for inclusion. According
to the Rome IV criteria, FC is defined as the presence of at least 2
of the following symptoms or signs for at least 1 month without an
organic cause: ≤ 2 defecations per week, history of excessive stool
retention, painful or hard bowel movements, presence of a large fecal mass in the rectum, history of large-diameter stools that could
obstruct the toilet, and for toilet-trained children, ≥ 1 episode of
incontinence per week.17,18
We excluded patients with organic causes of constipation such
as Hirschsprung’s disease, spina bifida, hypothyroidism, metabolic
disorder, intellectual disability, or other gastrointestinal diseases, as
well as those taking medications that could affect the gastrointestinal system, including oral laxatives or probiotics, for more than
2 weeks. The institutional review board of each hospital approved
this study (2019GR0184). Written informed consent was obtained
from the parents of each patient. This clinical trial was registered
with the Clinical Research Information Service of the Korea Center
for Disease Control and Prevention (KCT0004155).

Study Design, Intervention, and Randomization
The study was conducted over a treatment period of 12 weeks
with 4 visits (baseline, 2 ± 1, 6 ± 2, and 12 ± 3 weeks). At the
baseline visit, we included patients who met the inclusion criteria.
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We randomly assigned the patients to the lactulose monotherapy,
combination therapy, or S. boulardii monotherapy groups. We used
Duphalac Easy syrup (JW Pharmaceutical, Seoul, Korea) containing 1.34 g/mL of lactulose and Bioflor 250 mg powder (Kuhnil
Pharmaceutical, Seoul, Korea) containing 5 × 109 colony forming
units of S. boulardii per sachet for monotherapy and combination
therapy. The starting dosage of Duphalac Easy syrup was 1 mL/
kg/day, and a dosage change was allowed according to any clinical
improvement noted during the follow-up period. The dosage of S.
boulardii was based on patient age (up to 2 years old, 2 sachets/day;
over 2 years old, 3 sachets/day). The S. boulardii dosage was not
adjusted according to clinical outcomes. Drug changes due to poor
outcomes, poor compliance, or side effects were also recorded during the follow-up period. Patients were not permitted to use other
laxatives or probiotics during the study period.
All patients received glycerin enemas for disimpaction before
the intervention. Their parents were encouraged to keep stool diaries to enable the estimation of treatment effects, side effects, and
interventional compliance. The stool diary included information on
stool frequency per day, fecal incontinence frequency, stool consistency in terms of Bristol Stool Form Scale scores (7-point scale, 1
for separate hard lumps to 7 for watery stool),19 frequency of painful
bowel movements, and side effects such as abdominal pain, vomiting, abdominal distension, and diarrhea. During each visit, the
physician checked patient compliance and the dosage of lactulose or
S. boulardii .
Since there are no previous studies using a study regimen, data
using Lactobacillus spp. were used for sample size estimation.20 The
sample size calculation formula was n = [Z1-α/2 + Z1-β]2 [p1(1-p1)
+ p2(1-p2)]/(p1-p2)2 with a difference of 30% and a power of 90%
(α = 0.05; 1-β = 0.90). It was calculated as 56 in each arm, and
we added 15% of the estimated drop-out. We added group 3 (S.
boulardii monotherapy group) with the same numbers. Therefore,
the estimated sample size was 65 per arm and a total of 195. The
ratio of sample sizes was 1:1:1 for lactulose monotherapy, combination therapy, or S. boulardii monotherapy groups.
Randomization was implemented automatically using Random
Allocation Software 2.0 (Informer Technologies, Inc, Dallas, TX,
USA) with a random block size. Stratification was performed between the institutes.

Outcomes
Treatment success was defined as ≥ 3 defecations per week (and
in toilet-trained children, no incontinence episodes) was calculated
at each visit, and the treatment success rate at 12 weeks was consid456

ered as the primary outcome.
A drug change was defined as discontinuation of the administration of lactulose or S. boulardii and the addition of lactulose in
the S. boulardii group. Drug changes were made when there was
poor treatment outcome, poor compliance, and/or other side effects.
Therefore, drug changes did not have the same meaning as treatment failure. We simply analyzed the drug change rate during the
entire study period.
We investigated cumulative treatment outcomes throughout the
study period using Cox regression analysis. The “cumulative successful maintenance rate” was defined as the success rate during the
study period considering censored cases, and the “cumulative drug
maintenance rate” was the maintenance rate of the original drug
during the study period regardless of treatment success.
We compared other clinical outcomes such as stool frequency,
consistency (Bristol Stool Form Scale score), frequency of fecal incontinence, and frequency of painful defecation at 2 weeks. We also
compared the side effects, lactulose dosage, drug change rate, and
follow-up loss rate.

Statistical Methods
Categorical variables, such as treatment success, were compared
using the χ2 test or Fisher’s exact test. An analysis of variance was
used to compare continuous variables such as defecation frequency,
incontinence frequency, painful defecation frequency, and stool consistency. Repeated-measures analysis of variance was also performed
to evaluate within-subject factors, treatment group factors, and
between-subject factors. We used a t test to compare the successful
dosage of lactulose between the lactulose monotherapy and combination groups. Analyses of the primary outcomes were performed
on an intention-to-treat (ITT) basis, in which all participants in a
trial were analyzed according to the intervention they were assigned
regardless of whether they received it or not. We also used perprotocol (PP) analysis (including those patients who completed
treatment) of the treatment success rate at week 2, clinical outcomes,
and side effects.
Since the proportion of missing data was large, and higher drug
change rates (up to 46.0%) were observed in the S. bouradii group,
a simple treatment success rate at 12 weeks or imputation method
could have bias. Therefore, we used the complete case analysis
method for missing data.21 We analyzed the cumulative successful
maintenance rate and drug maintenance rate by Cox regression
test to reflect follow-up loss and drug change during the study
period. We adjusted for sex for the Cox regression analysis because
there were sex differences among the 3 groups. The effect of the
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Assessed for eligibility (N = 195)

Randomized (n = 187)

Excluded (n = 8)
Not meeting inclusion criteria (n = 5)
Declined to participate (n = 3)

Allocation

Lactulose group (n = 69)

Combination group (n = 68)

Lost to follow-up (n = 9)

Week 2 lactulose
(n = 60)

Lost to follow-up (n = 7)

Week 2 combination
(n = 61)

Drug change (n = 3)
Lost to follow-up (n = 13)

Week 6 lactulose
(n = 47)

Missing data at week 2
(n = 3)

Lost to follow-up (n = 25)

Week 12 follow-up
(n = 22)

Lost to follow-up (n = 13)

Week 2 S. boulardii
(n = 37)

Drug change (n = 7)
Lost to follow-up (n = 11)

Week 6 combination
(n = 44)

S. boulardii group (n = 50)

Missing data at week 2
(n = 1)

Lost to follow-up (n = 14)

Week 12 combination
(n = 30)

Drug change (n = 19)
Lost to follow-up (n = 5)

Week 6 S. boulardii
(n = 15)

Missing data at week 2
(n = 2)

Drug change (n = 4)
Lost to follow-up (n = 6)

Week 12 S. boulardii
(n = 5)

Analyzed all enrolled patients (n = 69, n = 68 and n = 50) for primary outcome.
The Cox-regression analysis was also used to compensate high loss or discontinuation rates for primary outcome.
Analyzed followed-up patients at each visit for other clinical outcomes.

Figure 1. Study diagram. S. boulardii, Saccharomyces boulardii.

intervention on treatment failure and drug change through week
12 is expressed as a hazard ratio with 95% confidence interval (CI)
derived from Cox regression. Treatment failure or drug change was
coded as an event, and the final follow-up duration was used as the
time period. Data were presented as the mean and standard deviation. The data were analyzed using SPSS version 21.0 software
(IBM Corp, Armonk, NY, USA). Intergroup differences were
considered to be significant at P < 0.05.

Results
Demographics
A total of 187 children with FC were randomly assigned to the
lactulose monotherapy (n = 69 [36.9%]), combination therapy (n
= 68 [36.4%]), and S. boulardii monotherapy (n = 50 [26.7%])
groups (Fig. 1). The patients’ baseline characteristics and clinical
characteristics are shown in Table 1. There were no differences in age,
disease duration, or other clinical characteristics among the 3 groups.
Approximately 17.4% of patients reported previously using laxatives, whereas 40.8% of the patients had previously used probiotics.

Primary Outcomes, Drug Change Rate, and Followup Loss Rate
The treatment success rate at week 12 was significantly higher
in the lactulose monotherapy group (26.1%) or combination therapy group (41.2%) than in the S. boulardii monotherapy group (8%)
(P < 0.019 and P < 0.001, respectively) (Table 2). These differences were also observed between the S. boulardii and combination
therapy groups at weeks 2 and 6. The drug change rate during the
study period was significantly higher in the S. boulardii monotherapy group (46.0%) than in the other 2 groups (P < 0.001). At week
2, medications were changed for 19 of 50 (38.0%) patients in the
S. boulardii monotherapy group; lactulose addition was commonly
used in this group (n = 17, 89.5%) following a change to PEG
4000 (n = 2, 10.5%). However, in the lactulose monotherapy and
combination groups, the medication for most of the patients was
changed to PEG 4000 (n = 3, 100.0%; n = 5, 71.4%). At week 6,
the medication of 4 patients in the S. boulardii monotherapy group
was changed to lactulose (n = 3) or PEG 4000 (n = 1).
The Cox regression analysis showed significant differences in
cumulative successful maintenance and drug maintenance rates
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Table 1. Patients’ Baseline Characteristics

Clinical characteristics
Male
Female
Age (mo)
Disease duration (mo)
Previous use of laxatives
Previous use of probiotics
Stool frequency/week
Incontinency/week
Stool consistency
Painful defecation
Painful defecation/week

Lactulose (n = 69)

Combination (n = 68)

S. boulardii (n = 50)

P -value

33 (47.8)
36 (52.2)
42.3 ± 23.7
11.4 ± 11.3
9 (13.2)
27 (39.1)
2.7 ± 1.8
1.2 ± 6.0
1.7 ± 0.7
66 (95.7)
2.6 ± 1.8

24 (35.3)
44 (64.7)
44.4 ± 23.6
7.6 ± 9.4
17 (25.0)
28 (41.2)
2.9 ± 2.7
0.9 ± 3.0
1.6 ± 0.8
63 (92.6)
2.3 ± 2.6

29 (58.0)
21 (42.0)
38.6 ± 23.7
9.1 ± 11.2
7 (14.0)
21 (42.0)
2.7 ± 2.2
3.0 ± 8.7
1.9 ± 0.8
49 (98.0)
2.1 ± 1.3

0.047a
0.176
0.109
0.178
0.970
0.883
0.153
0.055
0.396
0.484

a

Gender differences was observed between combination therapy group and S. boulardii monotherapy group.
S. boulardii, Saccharomyces boulardii .
Values are shown as n (%) or mean ± SD.

Table 2. Study Outcomes

P -values
Treatment outcomes

Analysis

Treatment success rates at each visit
Week 12
ITT
Week 6
ITT
Week 2
ITT
PP
Clinical outcomes at week 2
Stool frequency/week
Incontinency/week
Stool consistency
Painful defecations/week
Follow-up loss rate
Drug change rate during
study period

PP
PP
PP
PP
ITT
ITT

Lactulose
(n = 69)

Combination
(n = 68)

S. boulardii
(n = 50)

18/69 (26.1)
40/69 (58.0)
39/69 (56.5)
39/60 (65.0)

28/68 (41.2)
36/68 (52.9)
42/68 (61.8)
42/61 (68.9)

4/50 (8.0)
12/50 (24.0)
19/50 (38.0)
19/37 (51.4)

Lactulose
(n = 60)

Combination
(n = 61)

S. boulardii
(n = 37)

4.05 ± 2.49
0.53 ± 1.69
3.38 ± 1.23
0.48 ± 0.5
9/69 (13.0)
3/69 (4.3)

4.57 ± 2.91
0.56 ± 1.66
3.54 ± 1.32
0.64 ± 0.97
7/68 (10.3)
7/68 (10.3)

3.69 ± 2.60
0.96 ± 3.63
2.92 ± 1.04
0.68 ± 0.75
13/50 (26.0)
23/50 (46.0)

Lactulose
Lactulose Combination
vs
vs
vs
Combination S. boulardii S. boulardii
0.086
0.576
0.799
0.702

0.019
< 0.001
0.087
0.206

< 0.001
< 0.001
0.018
0.091

P -values

0.616
0.511

0.264
0.627
0.051
0.359
0.072
< 0.001

0.025
< 0.001

S. boulardii, Saccharomyces boulardii ; ITT, intention-to-treat analysis; PP, per-protocol analysis.
Values are shown as n (%) or mean ± SD.

during the follow-up period after sex adjustment (Fig. 2). The S.
boulardii monotherapy group showed a significantly lower cumulative successful maintenance rate than the lactulose monotherapy
group (hazard ratio, 0.255; 95% CI, 0.143-0.456; P < 0.001) or
combination therapy group (hazard ratio, 0.367; 95% CI, 0.2100.639; P < 0.001; Fig. 2A). However, no differences were observed between the lactulose monotherapy and combination therapy
groups (hazard ratio, 0.726; 95% CI, 0.392-1.347; P = 0.310).
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The S. boulardii monotherapy group showed a significantly lower
cumulative drug maintenance rate than the lactulose monotherapy
group (hazard ratio, 0.071; 95% CI, 0.024-0.205; P < 0.001) or
combination therapy group (hazard ratio, 0.21; 95% CI, 0.1020.434; P < 0.001; Fig. 2B). The combination therapy group also
showed a significantly lower cumulative drug maintenance rate
than the lactulose monotherapy group (hazard ratio, 0.27; 95% CI,
0.084-0.863; P = 0.027).
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Cumulative successful maintenance rate (%)

A
100
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S. boulardii monotherapy
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100

80

Risk ratio for treatemat failure
Lactulose monotherapy
compared to S. boulardii monotherapy
Combination therapy
compared to S. boulardii monotherapy
Lactulose monotherapy
compared to combination therapy

Risk ratio (95% CI)
0.255 (0.143-0.456)

P value

0.367 (0.210-0.639)

< 0.001

0.726 (0.392-1.347)

0.310

Number at risk
Lactulose monotherapy
Combination therapy
S. boulardii monotherapy

Week 2
58
52
25

Week 6
34
31
12

< 0.001

Week 12
11
20
3

Follow-up duration (day)

Cumulative drug maintenance rate (%)

B
100

Lactulose monotherapy
Combination therapy
S. boulardii monotherapy

80
60
40
20

0

20

40

60

100

80

Risk ratio for drug change
Lactulose monotherapy
compared to S. boulardii monotherapy
Combination therapy
compared to S. boulardii monotherapy
Lactulose monotherapy
compared to combination therapy

Risk ratio (95% CI)
0.071 (0.024-0.205)

P value

0.210 (0.102-0.434)

< 0.001

0.270 (0.084-0.863)

0.027

Number at risk
Lactulose monotherapy
Combination therapy
S. boulardii monotherapy

Week 2
57
52
25

Week 6
48
46
12

< 0.001

Week 12
11
15
3

Follow-up duration (day)

Figure 2. Cumulative successful maintenance rate and drug maintenance rate during the study period by treatment group. (A) Cumulative suc-

cessful maintenance rate during the study period. (B) Cumulative drug maintenance rate during the study period. Cox regression analysis was performed with gender adjustment. S. boulardii, Saccharomyces boulardii .

Other Clinical Outcomes and Adverse Events
There were no differences in the frequencies of defecation,
incontinence, or painful defecation or stool consistency among the
3 groups at week 2 (Table 2). The follow-up loss rate at week 2 was
significantly higher in the S. boulardii monotherapy group (26.0%)
than in the combination group (10.3%, P = 0.025). However,
there was no difference between the lactulose monotherapy and
combination groups (P = 0.616).
Repeated-measures analysis of variance showed that treatment
efficacy for these outcomes over time did not differ among the 3
groups: fecal incontinence (P = 0.213), defecation frequency (P =
0.713), painful defecation (P = 0.769), and stool consistency (P =
0.534).

Although the combination therapy group showed significantly
lower successful doses of lactulose at week 2 compared to the lactulose monotherapy group (0.97 vs 1.11 mL/kg/day, P = 0.014), this
difference was not maintained at weeks 6 (1.18 vs 1.41 mL/kg/day)
and 12 (1.25 vs 1.33 mL/kg/day).
Abdominal pain was the most common adverse event (20.9%,
11.3%, and 1.8% at weeks 2, 6, and 12, respectively), followed by
diarrhea (6.3% and 4.7% at weeks 2 and 6, respectively), abdominal
distension (4.4% at week 2), and vomiting (1.3% at week 2). The
frequency of adverse effects decreased from week 2 to week 12; no
vomiting or distension was observed at week 6; and no vomiting,
distension, or diarrhea was observed at week 12. There were no
intergroup differences in the adverse events.
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Discussion
To the best of our knowledge, this is the first study to evaluate
the effectiveness of S. boulardii versus lactulose for treating FC.
Although many studies have evaluated the beneficial effects of probiotics, especially Bifidobacterium and Lactobacillus , on FC,9-15 no
study has particularly investigated the effects of S. boulardii on FC.
S. boulardii , a non-pathogenic yeast discovered in 1923, effectively prevents and treats several acute and chronic gastrointestinal
disorders by restoring intestinal barrier function.16,22 Through
multiple mechanisms, such as antimicrobial activity, antitoxin effects, cross-talk with normal microbiota, trophic action on the
intestinal mucosa, and immune response regulation, S. boulardii
benefits patients with acute and chronic intestinal diseases.16 Some
experimental studies demonstrated that S. boulardii affects intestinal permeability, suggesting its beneficial effects on inflammatory
bowel disease and irritable bowel syndrome.23-25 One study reported
that constipation-induced dysbiosis could destroy intestinal barrier
function.26 A previous randomized controlled trial concluded that
S. boulardii was helpful for abdominal pain severity, diarrhea, flatulence, and gurgling in irritable bowel syndrome patients, constipation symptoms were not relived,27 However, there has been no study
on S. boulardii for FC. Therefore, we investigated the effects of S.
boulardii on childhood FC.
We report significantly different treatment outcomes between
the S. boulardii monotherapy and lactulose monotherapy or combination therapy groups. The primary outcome of treatment success
at week 12 was significantly lower in the S. boulardii group than in
the other 2 groups, and this result was the same at week 6 by ITT
analysis. However, there was no significant difference in treatment
success rate between the lactulose monotherapy and combination
groups during the study period. Furthermore, a significantly higher
drug change rate was observed in the S. boulardii group than in the
other 2 groups.
Unfortunately, a large amount of missing data occurred in our
study, so we could not provide PP analysis at week 6 and week 12.
Although the PP analysis provides a clear efficacy of a treatment
intervention, this result does not reflect the real-world situation and
usually shows overestimated treatment effects.28,29 S. boulardii was
discontinued and replaced by drugs during the early study period
because of treatment failure or poor compliance. Our study also
showed optimistic treatment effect of S. boulardii in PP analysis although only 5 (10.0%) patients were strictly adhered to the protocol
in S. boulardii monotherapy group. As mentioned earlier, owing to
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the large proportion of missing data, the imputation method was not
appropriate in our study.21 Therefore, we only showed results of PP
analysis for these clinical outcomes at week 2 because of the missing
data that had the same problems.28,29 Other clinical outcomes such
as frequencies of defecation, incontinence, and painful defecation
as well as stool consistency at week 2 were not different among the
3 groups by PP analysis. The reason why that there were no differences in these clinical outcomes was probably because the patients
who did not improved were not followed up.
In our study, missing data were caused by several complex factors. A previous pediatric study also had a very low recruitment rate
(23.8%) compared to the estimated sample size because pediatric
FC is not a severe disease.12 However, this may be a characteristic
of childhood FC treatment in real-world practice. Furthermore, the
coronavirus disease was a pandemic on March 11 2020,30 and the
Korean government declared social distancing rules. This situation
made it difficult for our patients to visit our clinics. Lastly, the low
efficacy of the study medication could be a reason for follow-up
loss. Even considering the high follow-up loss rate, the sample size
of our study was similar to or greater than that of other probiotic
randomized controlled trials for childhood FC.12,13,20,31,32
We used Cox regression analysis to reflect missing data, which
also showed inferior results for S. boulardii monotherapy versus
lactulose monotherapy or combination therapy. The cumulative
drug maintenance rate was higher in the lactulose monotherapy
group than in the combination therapy group because of the discontinuation of S. boulardii in the combination therapy group. The
only effect of S. boulardii observed was a lower successful dose of
lactulose in the combination group (0.97 mL/kg/day) than in the
lactulose monotherapy group (1.11 mL/kg/day) at week 2; however, this effect was not maintained until week 6 or 12.
A randomized study reported that children who consumed yogurt with Bifidobacterium lactis supplementation showed improved
defecation frequency, but this increase was comparable to that of the
control group.33 In another study on Lactobacillus casei rhamnosus
and Lactobacillus reuteri compared to placebo in children with
FC, Lactobacillus was not superior to placebo.32,34 One study compared the efficacy of Lactobacillus rhamnosus GG as an adjunctive therapy to lactulose in children aged 2-6 years with FC. The
study showed no differences in treatment success, defined as ≥ 3
per week without incontinence, at 12 weeks and 24 weeks between
the lactulose monotherapy and lactulose plus L. rhamnosus GG
group.15 However, other studies have reported beneficial effects of
L. reuteri on defecation frequency in young infants20 and L. casei
rhamnosus resulted in higher defecation frequency and treatment
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success than a placebo in Asian children with FC.20
Therefore, the effects of probiotics on pediatric constipation
remain controversial.9,10
The European Society for Paediatric Gastroenterology, Hepatology and Nutrition, and the North American Society for Pediatric Gastroenterology, Hepatology and Nutrition have developed
guidelines for the evaluation and treatment of FC in children.35 The
guidelines recommended PEG as the first-line treatment for childhood FC with fecal impaction. Lactulose is also recommended if
PEG is not available. However, they did not support the use of preor probiotics for the treatment of childhood constipation because of
a lack of evidence. Many previous studies have reported the infectiveness of probiotics for treating childhood FC.35
The main limitation of our study was the high follow-up loss
rate. We described parallel results of the ITT and PP analyses in
addition to Cox regression analysis to allow readers to interpret the
effect of our intervention. We also declare the pitfalls of the complete case analysis for dealing with missing data. Second, this was an
open-label study, which may have biased the effects of the intervention.
The strength of our study is its prospective randomized design
and appropriate sample size. We also conducted this study using S.
boulardii , whose efficacy as an FC treatment has never been studied. Although it is well known that healthy gut microbiota shows
beneficial effects on gastrointestinal disease, we did not find any
beneficial effects of S. boulardii in the management of FC in children.
In conclusion, S. boulardii was not more effective than lactulose
in treating childhood FC. Moreover, S. boulardii combined with
lactulose showed no additional benefits. This result supports the
current guidelines that do not recommend the use of probiotics in
the treatment of childhood FC. Thus, appropriate evidence-based
education is required for physicians in real-world practice.

Acknowledgements: The statistical analysis reported in this paper was supported by the Division of Biostatistics, Hallym Institute
for Clinical Medicine of Hallym University Medical Center and
Hyun Jin Choi. An abstract of this work was presented at the 6th
World Congress of Pediatric Gastroenterology, Hepatology, and
Nutrition in June 2021.

Financial support: None.
Conflicts of interest: None.
Author contributions: Kyung Jae Lee and Jung Ok Shim contributed to the study conception and design, and wrote and critically

reviewed the manuscript; Ju Young Chung contributed to the study
design and review; and Eell Ryoo, Yoo Min Lee, Jung Min Yoon,
Hyo-Jeong Jang, So Yoon Choi, You Jin Choi, and Hyun Jin Kim
collected data, discussed the results, and contributed to the final
manuscript. All authors agree with submission of the final manuscript.

References
1. Mugie SM, Benninga MA, Di Lorenzo C. Epidemiology of constipation in children and adults: a systematic review. Best Pract Res Clin Gastroenterol 2011;25:3-18.
2. Ohkusa T, Koido S, Nishikawa Y, Sato N. Gut microbiota and chronic
constipation: a review and update. Front Med 2019;6:19.
3. Mancabelli L, Milani C, Lugli GA, et al. Unveiling the gut microbiota
composition and functionality associated with constipation through
metagenomic analyses. Sci Rep 2017;7:9879.
4. Durack J, Lynch SV. The gut microbiome: relationships with disease and
opportunities for therapy. J Exp Med 2019;216:20-40.
5. Koppen IJN, Vriesman MH, Tabbers MM, Di Lorenzo C, Benninga
MA. Awareness and implementation of the 2014 ESPGHAN/NASPGHAN guideline for childhood functional constipation. J Pediatr Gastroenterol Nutr 2018;66:732-737.
6. Jang HJ, Chung JY, Seo JH, Moon JS, Choe BH, Shim JO. Nationwide survey for application of rome IV criteria and clinical practice for
functional constipation in children. J Korean Med Sci 2019;34:e183.
7. Marteau P, Cuillerier E, Meance S, et al. Bifidobacterium animalis
strain DN-173 010 shortens the colonic transit time in healthy women:
a double-blind, randomized, controlled study. Aliment Pharmacol Ther
2002;16:587-593.
8. Waller PA, Gopal PK, Leyer GJ, et al. Dose-response effect of Bifidobacterium lactis HN019 on whole gut transit time and functional gastrointestinal symptoms in adults. Scand J Gastroenterol 2011;46:1057-1064.
9. Wojtyniak K, Szajewska H. Systematic review: probiotics for functional
constipation in children. Eur J Pediatr 2017;176:1155-1162.
10. Huang R, Hu J. Positive effect of probiotics on constipation in children:
a systematic review and meta-analysis of six randomized controlled trials.
Front Cell Infect Microbiol 2017;7:153.
11. Guerra PV, Lima LN, Souza TC, et al. Pediatric functional constipation
treatment with Bifidobacterium -containing yogurt: a crossover, doubleblind, controlled trial. World J Gastroenterol 2011;17:3916-3921.
12. Jadrešin O, Sila S, Trivić I, et al. Lack of benefit of Lactobacillus reuteri
DSM 17938 as an addition to the treatment of functional constipation. J
Pediatr Gastroenterol Nutr 2018;67:763-766.
13. Bu LN, Chang MH, Ni YH, et al. Lactobacillus casei rhamnosus
Lcr35 in children with chronic constipation. Pediatr Int 2007;49:485490.
14. Tabbers MM, Chmielewska A, Roseboom MG, et al. Fermented milk
containing Bifidobacterium lactis DN-173 010 in childhood constipation:
a randomized, double-blind, controlled trial. Pediatrics 2011;127:e1392e1399.

Vol. 28, No. 3 July, 2022 (454-462)

461

Kyung Jae Lee, et al

15. Banaszkiewicz A, Szajewska H. Ineffectiveness of Lactobacillus GG as
an adjunct to lactulose for the treatment of constipation in children: a double-blind, placebo-controlled randomized trial. J Pediatr 2005;146:364369.
16. Kelesidis T, Pothoulakis C. Efficacy and safety of the probiotic Saccharomyces boulardii for the prevention and therapy of gastrointestinal disorders. Therap Adv Gastroenterol 2012;5:111-125.
17. Benninga MA, Faure C, Hyman PE, et al. Childhood functional gastrointestinal disorders: neonate/toddler. Gastroenterology 2016;150:14431455, e2.
18. Hyams JS, Di Lorenzo C, Saps M, Shulman RJ, Staiano A, van Tilburg
M. Childhood functional gastrointestinal disorders: child/adolescent.
Gastroenterology 2016;150:1456-1468, e2.
19. Lewis SJ, Heaton KW. Stool form scale as a useful guide to intestinal
transit time. Scand J Gastroenterol 1997;32:920-924.
20. Coccorullo P, Strisciuglio C, Martinelli M, Miele E, Greco L, Sraiano
A. Lactobacillus reuteri (DSM 17938) in infants with functional chronic
constipation: a double-blind, randomized, placebo-controlled study. J
Pediatr 2010;157:598-602.
21. Jakobsen JC, Gluud C, Wetterslev J, Winkel P. When and how should
multiple imputation be used for handling missing data in randomised
clinical trials – a practical guide with flowcharts. BMC Med Res Methodol 2017:17:162.
22. Terciolo C, Dapoigny M, Andre F. Beneficial effects of Saccharomyces
boulardii CNCM I-745 on clinical disorders associated with intestinal
barrier disruption. Clin Exp Gastroenterol 2019;12:67-82.
23. Garcia Vilela E, De Lourdes De Abreu Ferrari M, Oswaldo Da Gama
Torres H, et al. Influence of Saccharomyces boulardii on the intestinal
permeability of patients with crohn’s disease in remission. Scand J Gastroenterol 2008;43:842-848.
24. Terciolo C, Dobric A, Ouaissi M, et al. Saccharomyces boulardii
CNCM I-745 restores intestinal barrier integrity by regulation of ecadherin recycling. J Crohns Colitis 2017;11:999-1010.
25. Abbas Z, Yakoob J, Jafri W, et al. Cytokine and clinical response to Saccharomyces boulardii therapy in diarrhea-dominant irritable bowel syndrome: a randomized trial. Eur J Gastroenterol Hepatol 2014;26:630-

462

639.
26. Cao H, Liu X, An Y, et al. Dysbiosis contributes to chronic constipation
development via regulation of serotonin transporter in the intestine. Sci
Rep 2017;7:10322.
27. Akhondi-Meybodi M, Rahimian M, Salmanroghani H, Amirbeigy M,
Baghbanian M, Ghelmani SY. Study of the effect of probiotic Saccharomyces Boulardii on the treatment of irritable bowel syndrome. J Biol
Today’s World 2014;3:152-156.
28. Tripepi G, Chesnaye NC, Dekker FW, Zoccli C, Jager KJ. Intention to
treat and per protocol analysis in clinical trials. Nephrology 2020;25:513517.
29. Ranganathan P, Pramesh CS, Aggarwal R. Common pitfalls in statistical
analysis: intention-to-treat versus per-protocol analysis. Perspect Clin Res
2016;7:144-146.
30. World Health Organization. WHO Director-General’s opening remarks at the media briefing on COVID19-11 March 2020. Available
from URL: https://www.who.int/director-general/speeches/detail/whodirector-general-s-opening-remarks-at-the-media-briefing-on-covid19---11-march-2020 (accessed 19 June, 2022).
31. Sadeghzadeh M, Rabieefar A, Khoshnevisasl P, et al. The effect of probiotics on childhood constipation: a randomized controlled double blind
clinical trial. International Journal of Pediatrics 2014;2014:1-5.
32. Wojtyniak K, Horvath A, Dziechciarz P, Szajewska J. Lactobacillus casei
rhamnosus Lcr35 in the management of functional constipation in children: a randomized trial. J Pediatr 2017;184:101-105, e1.
33. Tabbers MM, Chmielewska A, Roseboom MG, et al. Fermented milk
containing Bifidobacterium lactis DN-173 010 in childhood constipation:
a randomized, double-blind, controlled trial. Pediatrics 2011;127:e1392e1399.
34. Jadrešin O, Sila S, Trivić I, et al. Lack of benefit of Lactobacillus reuteri
DSM 17938 as an addition to the treatment of functional constipation. J
Pediatr Gastroenterol Nutr 2018;67:763-766.
35. Tabbers MM, Dilorenzo C, Berger MY, et al. Evaluation and treatment
of functional constipation in infants and children: evidence-based recommendations from ESPGHAN and NASPGHAN. J Pediatr Gastroenterol Nutr 2014;58:258-274.

Journal of Neurogastroenterology and Motility

JNM

J Neurogastroenterol Motil, Vol. 28 No. 3 July, 2022
pISSN: 2093-0879 eISSN: 2093-0887
https://doi.org/10.5056/jnm21197

Journal of Neurogastroenterology and Motility

Original Article

The Upper Esophageal Sphincter Distensibility
Index Measured Using Functional Lumen
Imaging Probe Identifies Defective Barrier
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Background/Aims
The mechanism via which supra-esophageal symptoms are generated is unclear. We assessed upper esophageal sphincter (UES)
function in novel fashion using functional lumen imaging probe (FLIP) topography. We hypothesize that symptoms related to
aspiration of esophageal contents may be associated with a more distensible UES.
Methods
FLIP and reflux symptom index score data from patients undergoing diagnostic evaluation for an esophageal complaint over a
10-month period were analyzed retrospectively. UES distensibility on FLIP was studied at 40-70 mL volumes with in-depth analysis at
50 and 60 mL. Symptoms were compared between patients with low, middle, and high UES-distensibility index (UES-DI). Receiveroperating characteristic analysis was performed to determine associations between the UES-DI and individual reflux symptom index
symptom item scores.
Results
One hundred and eleven subjects were included. Overall, the associations between UES-DI and symptoms that could be related to
supra-esophageal aspiration were strongest at the 50 mL FLIP volume. Choking item score was highest in the high UES-DI group (2.8)
vs 1.4 (P < 0.001) in the middle UES-DI and 1.1 (P = 0.004) in the low UES-DI groups. Similarly, the cough item score was highest in
the high UES-DI group (2.7) vs 1.5 (P = 0.009) and 0.9 (P = 0.002) groups.
Conclusion
A higher UES-DI measures defective barrier function which could may be the main pathophysiology that generates supra-esophageal
symptoms.
(J Neurogastroenterol Motil 2022;28:463-473)
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Cough; Esophageal sphincter, upper; Retrospective studies

Received: October 1, 2021 Revised: February 10, 2022 Accepted: February 14, 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: Lucie F Calderon, MD
Emory University Department of Medicine, 608 Ralph McGill Blvd NE, Unit 501, Atlanta, GA 30312, USA
Fax: +1-2256105857, E-mail: lfcalde@emory.edu
ⓒ 2022 The Korean Society of Neurogastroenterology and Motility

J Neurogastroenterol Motil, Vol. 28 No. 3 July, 2022
www.jnmjournal.org

463

Lucie F Calderon, et al

Introduction
The upper esophageal sphincter (UES) is the anatomical barrier between the pharynx and the esophagus. A key function of the
UES is to serve as a protective barrier against retrograde flow of
esophageal contents into the pharynx and airway structures. Anatomically, the UES high pressure zone is comprised of 3 elements
- the most proximal portion of the cervical esophagus, the cricopharyngeus, and the inferior pharyngeal constrictor muscle.1-5 During
swallowing, there is a significant effect of traction forces and likely
of bolus dynamics towards UES properties.6-8 At rest, active neural
signaling to the cricopharyngeus and its passive properties UES
pressure.1,9,10
The best technique for assessing UES function as relevant to
symptom presence remains unknown. Manometric studies of the
UES, including with high-resolution manometry (HRM), have
provided important insights into UES function during deglutition.5,11 However, manometric UES pressures are highly variable
even in asymptomatic individuals, which is likely due to reactivity
and the hyperdynamic behavior of the UES.12
At the present moment, a key gap in our knowledge of eso
phageal pathophysiology is with respect to the mechanism of
generation of supra-esophageal symptoms. As many as 1 in 5
patients reports symptoms such as cough, hoarseness, and globus.
These symptoms are often generically grouped and attributed to
laryngopharyngeal reflux, but they are often unresponsive to acid
suppressive therapy.13,14 HRM studies have demonstrated that a
hypotonic UES and impaired UES reflexes are associated with
supra-esophageal symptoms.15,16 Thus, a reasonable hypothesis
is that defective UES barrier function could be a cause of supraesophageal symptoms.
The functional lumen imaging probe (FLIP) is a novel
technology which accurately measures distensibility of the esophagus
over 1-cm longitudinal increments during step-wise volumetric
distension. Although the application of FLIP in the esophagus
to date has focused on the distal esophageal smooth muscle and
lower esophageal sphincter, characterization of UES diameter and
compliance has been shown to be feasible.17-19 Inflation of the FLIP
balloon slowly distends the proximal esophagus while continuously
measuring the response in UES diameter, thus precisely mimicking
physiologic UES behavior in the presence of contents in the
proximal esophagus. As FLIP is performed during sedated upper
endoscopy, it has the added benefit of reducing reactivity of the
UES. We thus hypothesize that FLIP is the ideal technique to
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measure the UES barrier function. Our specific hypothesis is that
a higher measurement for the UES distensibility may indicate
defective barrier against retrograde movement of esophageal
contents. The aim of this study is to assess whether distensibility
index (DI) of the UES using FLIP is associated with cough and
other symptoms indicative of aspiration or micro-aspiration.

Materials and Methods
Subjects
This study was a single center retrospective study reviewed
by the university Institutional Review Board (STU 00109825).
This study included consecutive adult patients at our institution
from August 2019 to June 2020 who underwent our standard
institutional protocol of esophagogastroduodenoscopy (EGD)
with FLIP (both distal and proximal esophageal ramps) for an
esophageal complaint (non-obstructive dysphagia, non-cardiac
chest pain, or proton pump inhibitor-unresponsive gastroesophageal
reflux disease [GERD] or laryngeal symptoms) under monitoredanesthesia care. Exclusions for undergoing FLIP were if there
was an established diagnosis of esophageal stricture or eosinophilic
esophagitis, or if these were diagnosed during EGD prior to FLIP.
Patients with erosive esophagitis without peptic stricture, presence
of hiatal hernia of any size, achalasia, and whom had prior history
of foregut surgery underwent FLIP and were included. Our
institutional protocol is to perform a proximal esophageal sequence
for all FLIP studies which includes measurements of the UES.
Patients who underwent EGD with FLIP under general anesthesia
(per anesthesiologist discretion) were excluded as the endotracheal
tube alters FLIP distensibility measurements of the UES. Patients
who experienced significant discomfort during UES-FLIP
sequence despite propofol sedation, such that the protocol could not
be completed, were excluded.

Diagnostic Testing: Upper Endoscopy and Functional
Lumen Imaging Probe
All diagnostic testing was performed by a single esophageal
specialist. Upper endoscopy procedure was done in the left lateral
position under administration of propofol-based sedation by
an anesthesiologist. Deep sedation was achieved in accordance
with parameters recommended by the American Society of
Gastrointestinal Endoscopy (ASGE). 20 After endoscopic
visualization was completed, gastroscope was removed and FLIP
studies were performed. FLIP catheter was zeroed to atmospheric
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CSA at 1-cm levels along the
length of the catheter (16 cm)
UES

UES

Figure 1. Placement of functional lumen

imaging probe (FLIP) catheter across
upper esophageal sphincter (UES) and
real-time data output is shown. CSA,
cross-sectional area.

FLIP catheter

pressure prior to insertion. All studies were performed with 16cm FLIP (EndoFLIP EF-322N; Medtronic, Inc, Shoreview,
MN, USA). Distal esophageal and EGJ assessment of FLIP
was performed per established protocol, as previously described
in literature.21 After completion of the distal esophageal ramp, the
FLIP balloon was deflated to 30 mL.

Protocol for Functional Lumen Imaging Probe
Assessment of the Upper Esophageal Sphincter
The UES-FLIP protocol performed at our institution was
derived by a single esophageal specialist with expertise in FLIP
(A.S.J.) and an otolaryngologist with expertise in oropharyngeal
dysphagia and UES-spectrum disorders (A.T.T.). Key points
discussed were (1) length of FLIP probe to be used (8-cm vs 16cm), (2) maximum pressure allowed, (3) maximum volume, and
(4) inflation increments (5 mL vs 10 mL). As the expected UES
responses on FLIP are largely unknown in a patient population, we
decided on a protocol which would test UES behavior under the
full range of FLIP volumes, while maintaining the manufacturerspecified maximum pressure threshold of 100 mmHg for safety.
After completion of the EGJ ramp and deflation to 30 mL,
the probe was pulled back until a waist marking the UES was
visualized at the top of the FLIP 2.0 topography screen (Fig. 1).
Then, the FLIP was inflated in increments of 10 mL in a stepwise
fashion to a maximum of 70 mL. Each distension volume was
maintained for 15 seconds prior to increasing to the next increment.
If, at a given volume, intrabag pressure exceeded 100 mmHg,
further measurement at that volume was ceased. At that time, FLIP
was deflated down to the previous 10 mL incremental volume.
Provided the pressure dropped to < 100 mmHg, a second attempt
at measurement at the desired volume was made. If the pressure
remained > 100 mmHg, the FLIP study was ceased and balloon

Table 1. Patient Characteristics (N = 111)

Characteristics
Age (yr)
Female
Ethnicity
White, non-Hispanic
Black
Asian
Hispanic
Not available
BMI (kg/m2)
GerdQ
RSI
Indication for referral
Dysphagia
Heartburn and/or regurgitation
Laryngeal symptoms
Non-cardiac chest pain
Endoscopic findings
LA-A or LA-B esophagitis
LA-C or LA-D esophagitis
Hiatal hernia ≤ 3 cm
Hiatal hernia > 3 cm

55.0 ± 15.8
77 (69.4)
65 (58.6)
35 (31.5)
4 (3.6)
1 (0.9)
5 (4.5)
28.15 ± 6.37
8.71 ± 3.44
19.75 ± 10.61
36 (32.4)
24 (21.6)
36 (32.4)
15 (13.5)
16 (14.4)
1 (0.9)
32 (28.8)
3 (2.7)

BMI, body mass index; GerdQ, gastroesophageal reflux disease questionnaire;
RSI, reflux symptom index; LA, Los Angeles classification.
Data are presented as mean ± SD or n (%).

deflated. In all patients, direct visualization of the entire esophagus
was performed to note any trauma related to FLIP inflation.
FLIP studies were exported after each procedure and analyzed
retrospectively using a customized MATLAB software code
(Mathworks, Natick, MA, USA) which outputs median volume,
cross-sectional area, pressure, and distensibility at each 10-mL
incremental fill volume. The DI (mm2/mmHg) of the UES was
calculated by the software by dividing by the cross-sectional area by
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the intraballoon pressure. At volumes where the maximum pressure
threshold was reached, distensibility measurements were still
recorded and analyzed.

ing the Gastroesophageal Reflux Disease Questionnaire and Reflux
Symptom Index (RSI), available in Supplementary Tables 1 and 2
respectively.

Symptom Questionnaires

Statistical Methods

Patients completed a series of standardized esophageal questionnaires at the initial clinic visit to assess symptom burden, includ-

Descriptive statistics are given for the entire sample as counts
(percentage), mean, and standard deviation (SD) as relevant.

Table 2. Correlation of Upper Esophageal Sphincter–Distensibility Index With Symptoms

40 mL

Symptom
1- Hoarseness
2- Throat clearing
3- Postnasal drip or throat mucus
4- Dysphagia
5- Coughing after eating or lying down
6- Breathing difficulty or choking
7- Troublesome or annoying cough
8- Globus
9- Heartburn, regurgitation, chest pain, or dyspepsia
Total RSI

50 mL

R

P -value

0.136
0.118
0.133
0.077
0.166
0.244
0.276
0.112
0.056
0.234

0.153
0.216
0.163
0.422
0.081
0.010
0.003
0.242
0.562
0.013

60 mL

P -value

R
0.128
0.081
0.148
–0.026
0.205
0.300
0.339
0.095
0.016
0.227

P -value

R

0.182
0.400
0.122
0.786
0.031
0.001
< 0.001
0.322
0.865
0.017

70 mL

0.027
0.037
0.152
–0.192
0.182
0.260
0.253
0.010
–0.026
0.121

0.778
0.702
0.111
0.043
0.056
0.006
0.007
0.921
0.783
0.207

P -value

R
–0.071
0.001
0.103
–0.104
0.127
0.163
0.114
–0.043
–0.047
0.040

0.458
0.994
0.281
0.276
0.185
0.088
0.232
0.655
0.625
0.966

Pearson R-values and P -values correlating upper esophageal sphincter–distensibility index with symptom categories from the reflux symptom index (RSI) questionnaire are demonstrated above.
P < 0.05 is considered statistically significant.
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Figure 2. Distribution of upper esophageal sphincter–distensibility index (UES-DI) at 40, 50, 60, and 70 mL fill volumes based on age less than

or greater than 60 years (A-D), and body mass index (BMI, kg/m2) characterization as healthy (< 25), overweight (25-30), or obese (> 30) (E-H)
are shown. P -values (two-sided t test for age groups, one-way ANOVA for BMI groups) for comparisons groups are shown.
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Hoarseness

P = 0.578

3

P = 0.428 P = 0.942
1.7

1.7

0.22

0.38

Score (0-5)

Score (0-5)

4

1.4

Table 1 summarizes the demographic and clinical data for the
111 included subjects (ages 21-86, 69.4% female).

Safety and Tolerability of Upper Esophageal
Sphincter-Functional Lumen Imaging Probe Studies
Twelve patients experienced agitation during distension of the
FLIP probe across the UES despite being under deep sedation.
The procedure was aborted in these patients, and they are not
Post-nasal drip
or throat mucus

P-value for ANOVA = 0.623

5

0.31

Patient Characteristics

0

4

P = 0.320 P = 0.892

3

2.5

2

2.1

0.22
0.34

2.4
0.39

1

Dysphagia

P-value for ANOVA = 0.416

5

P = 0.512

Score (0-5)

P-value for ANOVA = 0.739

1

Results

Throat clearing

5

2

groups using two-tailed t test or one-way ANOVA. Categorical
analyses were performed using Fisher’s exact test. A P < 0.05 was
considered statistically significant. Graphpad Prism version 9.0.2
(GraphPad Software, San Diego, CA, USA) was used for statistical
analysis.

0

4
3
2

P-value for ANOVA = 0.352

P = 0.313
P = 0.963

P = 0.201
2.5

2.0

2.0
0.34

0.33

0.21

1

Score (0-5)

We derived Pearson’s R for the UES-DI (mm2/mmHg) at each
FLIP volume––40, 50, 60, and 70 mL in association with each
individual item score (1-9) from the RSI as well as the total RSI
score. Based on results from that correlation analysis, we further
studied the 50 mL and 60 mL volumes. As there was no control
group, we divided the sample into 3 groups (at each FLIP volume
of 50 mL and 60 mL) based on the UES-DI: (1) low (UESDI in the lowest 25% of the sample), (2) middle (UES-DI in the
middle 50% of the sample), and (3) high (UES-DI in the top
25% of the sample). Then we studied the primary outcome of the
association of the UES-DI with the presence of elevated (score 4 or
5) individual symptom item score taken from the RSI using logistic
regression and receiver-operative characteristic curve analysis. Age,
biological sex, and body mass index (BMI) were used as additional
independent variables for logistic regression. Associations with an
area under the curve (AUC) of 0.70 or greater were selected for
analysis of specific UES-DI thresholds, which were chosen using
Youden’s index. Descriptive measures were compared between
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3
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0

4
3
2
1
0
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3
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2

1.1
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1.4
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Total RSI
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P = 0.049 P = 0.059
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2.2
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5
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P = 0.049
P = 0.839 P = 0.026
23.0
17.3

17.7

1.74
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Figure 3. Reflux symptom index (RSI) item scores based on the up-

per esophageal sphincter–distensibility index (UES-DI) grouping
at low, middle, or high at the 50 mL volume. Mean (above bar) and
standard-error of mean (below bar) are shown. P -values for pairwise
comparisons and one-way ANOVA are shown.
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P = 0.790

3

P = 0.555 P = 0.801

1

0.32

1.6
0.36

Score (0-5)

Score (0-5)

4

0.23

Table 2 shows Pearson’s R for the UES-DI (mm2/mmHg) at
all volumes 40-70 mL with individual item scores and total RSI
score. Significant correlations were noted between UES-DI and
items 6 (breathing difficulty or choking) and item 7 (troublesome
or annoying cough), with a range of R values from 0.24-0.34
(P -values of 0.01 or lower) at the 40, 50, and 60 mL volumes. Item
Post-nasal drip
or throat mucus

P-value for ANOVA = 0.736

5

1.7

The Upper Esophageal Sphincter–Distensibility
Index at 50-mL and 60-mL Volumes Correlates With
Symptom Indices for Cough and Choking Sensation

0

P = 0.701

4

P = 0.428 P = 0.754
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0.23

0.36
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2.1
0.34

1

Dysphagia

P-value for ANOVA = 0.318

5

Score (0-5)

P-value for ANOVA = 0.844

1.5

The UES-DI (mm2/mmHg) at 40, 50, 60, and 70 mL FLIP
volumes based on age less than or greater than 60 years, and based
on BMI in 3 groups: < 25, 25-30, ≥ 30 kg/m2 is shown in Figure
2. There were no differences in the UES-DI based on these groupings.

Throat clearing

5

2

Association of Upper Esophageal SphincterDistensibility Index With Age and Body Mass Index

0

4

P = 0.162
P = 0.222

3
2
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2.4
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Score (0-5)

included in the final analysis. Otherwise, inflation of the FLIP
balloon across the UES was well tolerated in the included sample
of 111 patients. No studies were aborted due to deterioration of
respiratory parameters. Upon direct endoscopic visualization
after FLIP, no patients had mucosal disruption or bleeding in
the hypopharynx or proximal esophagus. Mean ± SD pressures
at each volume in the sample were as follows: 40 mL: 20.5 ±
12.5 mmHg, 50 mL: 27.6 ± 14.6 mmHg, 60 mL: 39.9 ± 17.2
mmHg, and 70 mL: 56.6 ± 20.0 mmHg. No patients reached
the maximum pressure threshold of 100 mmHg at 40 mL or 50
mL volumes. FLIP intrabag pressure exceeded 100 mmHg at
the 60 mL volume in 1 patient during first attempt but not second
attempt; the pressure maximum was exceeded on both attempts at
the 70 mL volume in this patient. In 2 additional patients, intrabag
pressure exceeded 100 mmHg at the 70 mL volume during both
first and second attempt.
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Figure 4. Reflux symptom index (RSI) item scores based on the up-

2.36

per esophageal sphincter–distensibility index (UES-DI) grouping at
low, middle, or high at the 60 mL volume. P -values for pairwise comparisons and one-way ANOVA are shown.
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0.004]; 60 mL volume score 2.2 vs 1.7 for middle [P = 0.233]
and 1.2 for low [P = 0.024]). High UES-DI was also associated
with higher scores for troublesome or annoying cough (50 mL volume score 2.7 vs 1.5 for middle [P = 0.009] and 0.9 for
low [P < 0.001] UES-DI; 60 mL volume score 2.3 vs 1.6 for
middle [P = 0.115] and 1.1 for low [P = 0.019]). Total RSI
score was also higher in patients with high UES-DI (50 mL volume score 23 vs 17.7 for middle [P = 0.026] and 17.3 for low
[P = 0.049]).
A low UES distensibility was associated with higher scores for
item 4 (dysphagia) at the 60 mL volume. Dysphagia score was 3.0
in the low UES-DI group compared to 2.2 in the middle (P =
0.059) and 1.6 in the high (P = 0.007) groups.
Figure 5 shows an example of the software output from a
patient with low and high UES distensibility.

5 (coughing after eating or lying down) correlated with the UESDI at the 50 mL volume (R-value = 0.21 [P = 0.031]). Notably,
item 4 (dysphagia), correlated with the UES-DI at the 60 mL
volume (R-value = –0.19 [P = 0.043]). Total RSI correlated at
40 mL and 50 mL volumes (R-value = 0.23 for both [P = 0.013
and 0.017, respectively]).
Based on these correlations, we chose to further study the
UES-DI at the 50 mL and 60 mL volumes.

High Upper Esophageal Sphincter–Distensibility
Index Is Associated With Symptom Profiles
Suggestive of Aspiration
To account for the lack of a control group, the sample was divided into 3 groups at each studied volume (50 mL and 60 mL)
based on the distribution of the UES-DI. These were (1) low
(UES-DI in the lowest 25% of the sample), (2) middle (UES-DI
in the middle 50% of the sample), and (3) high distensibility (UESDI in the highest 25% of the sample). Mean (SEM) symptom
scores for RSI items 1-9 and total RSI based score on this grouping
is shown in Figures 3 and 4.
A high UES distensibility was associated with higher scores for
item 5, item 6, and total RSI. High UES-DI was associated with
higher scores for breathing difficulty or choking (50 mL volume
score 2.8 vs 1.4 for middle [P < 0.001] and 1.1 for low [P =

We tested the accuracy of the UES-DI in predicting severe
symptoms defined as an individual RSI symptom item score of 4 or
5, or total RSI score ≥ 30. Of individual symptom items, we tested
item 5 (coughing after eating or lying down), item 6 (breathing
difficulty or choking), and item 7 (troublesome or annoying cough).
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A

Multivariate Analysis Shows That a Upper Esophageal
Sphincter–Distensibility Index Higher Than 3-4 mm2/
mmHg Is Associated With Symptoms of Aspiration

Figure 5. Example of upper esophageal
sphincter–distensibility index (UES-DI)
calculated using customized software.
(A) Shows an example of a patient with
predominant symptom of dysphagia and
low UES distensibility. (B) Shows an
example of a patient with cough and a
high UES distensibility.
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Figure 6. Receiver operating characteristic curves showing the asso-

20 40 60 80 100
100% - Specificity%

ciation of the upper esophageal sphincter–distensibility index (UESDI) at 50 mL and 60 mL volumes and symptom score items from the
reflux symptom index (RSI) are shown.

Logistic regression analysis using age, sex, BMI, presence of hiatal
hernia, and the UES-DI measurements at 50 mL and 60 mL
showed the following: (1) UES-DI at 60 mL was associated with
severe cough after eating or lying down (P = 0.047) and (2) UESDI at 50 mL was associated with severe breathing difficulty or
choking (P = 0.015). Age, sex, BMI, or presence of hiatal hernia
were not associated with higher scores for cough-predominant
symptoms or total RSI score.
We constructed receiver-operative characteristic curves of the
UES-DI at 50 mL and 60 mL volumes in association with the
same symptom score outcomes (Fig. 6). AUC was > 0.70 for item
6 (breathing difficulty or choking) at both 50 mL and 60 mL volumes and for item 7 (troublesome or annoying cough) at the 50 mL
volume. These curves were selected for further analysis with cutoff
thresholds chosen based on Youden’s index. At the 50 mL volume,
a UES-DI of > 3.45 mm2/mmHg had a sensitivity of 70% and

specificity of 58% in association with a score of 4 or 5 for breathing
difficulty or choking (P = 0.021); and a UES-DI of > 3.83 mm2/
mmHg had a sensitivity of 92% and specificity of 48% in association with troublesome or annoying cough (P = 0.023). At the 60
mL volume, a UES-DI of > 3.03 mm2/mmHg had a sensitivity of
83% and specificity of 45% in association with breathing difficulty
or choking (P = 0.017).
Although the AUC for item 4 (dysphagia) curves was < 0.70
at both 50 mL and 60 mL volumes, we did perform a threshold
analysis for the UES-DI at the 60 mL volume given the differences
in scores we noted based on the distensibility groupings in Figure
3. At the 60 mL volume, a UES-DI of < 1.96 mm2/mmHg had
a sensitivity of 80% and specificity of 49% in association with a
dysphagia score of 4 or 5 (P = 0.007).
In summary, a higher UES-DI (in the 3-4 mm2/mmHg
or higher) was associated with symptoms of cough and choking

0
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sensation. Conversely, a lower UES-DI (less than ~2 mm2/mmHg
as measured at the 60 mL volume) was associated with dysphagia.

The Upper Esophageal Sphincter–Distensibility
Index Does Not Correlate With Manometric Resting
and Residual Upper Esophageal Sphincter Pressure
HRM was available in 32 patients. Mean resting UES pressure on HRM and residual pressure were correlated with UES-DI
at all volumes 40-70 mL. Pearson R values for UES resting pressure with the UES-DI were (1) 40 mL: –0.062 (P = 0.735), (2)
50 mL: –0.120 (P = 0.513), (3) 60 mL: –0.012 (P = 0.948), and
(4) 70 mL: 0.108 (P = 0.557). Pearson R-values for UES residual
pressure with the UES-DI were (1) 40 mL: 0.156 (P = 0.393), (2)
50 mL: 0.136 (P = 0.457), (3) 60 mL: 0.269 (P = 0.136), and
(4) 70 mL: 0.093 (P = 0.615). Thus, there was no correlation of
UES-DI with manometric UES pressure.

Discussion
This was a retrospective descriptive pilot study in over 100
patients in which we studied a novel application of FLIP in assessing properties of the UES. We examined the association of the
UES–DI on FLIP topography with supra-esophageal symptoms
suggesting aspiration of esophageal contents measured by the RSI
score. We found that patients with higher UES-DI at 50 mL and
60 mL volumes have higher scores for the cough and choking
sensation. On multivariate analysis, we found that a UES-DI in the
3-4 mm2/mmHg range or higher was associated with cough and
choking symptoms, whereas a UES-DI of < 2 mm2/mmHg was
weakly associated with dysphagia.
Patients with supra-esophageal symptoms are a complex and
heterogenous group who unfortunately often struggle with a high
symptom burden. Defective barrier function of the UES has been
theorized as an important mechanism for the genesis of chronic
cough and supra-esophageal symptoms.16 Unfortunately, no technique has proven to be reliable towards measuring UES barrier
function in the clinical setting. Our results show that a higher UESDI measured on FLIP is associated with higher scores for the
cough and choking sensation items from the RSI, suggesting that
these patients have more aspiration and micro-aspiration related
to a defective UES barrier. We favor the mechanism of increased
distensibility of the UES in this setting to be an impaired esophagoUES sensory reflex; however, variations in the elastic properties of
the cricopharyngeus and/or other changes in neural signaling are
also possibilities. Identifying a UES which is defective in its bar-

rier function has therapeutic relevance as it can be augmented with
existing therapies such as the upper-esophageal sphincter assist
device.22 Our data also shows a weak correlation of dysphagia with
a low UES-DI. This could be explained by cricopharyngeal bar
type physiology, which may be primary or adaptive in response to
an esophageal motor disorder or GERD.23 Importantly, our study
shows that UES assessment using a FLIP protocol very similar to
the established protocol for the distal esophagus is very safe and well
tolerated during propofol-based endoscopy. However, the ideal protocol for FLIP assessment of the UES remains to be determined.
Results from our study are consistent with the physiological
profile of the UES linked to supra-esophageal symptoms in prior
studies. Nadaleto et al15 found a shorter UES length and greater
percentage of UES hypotonicity on HRM in patients with extraesophageal symptoms versus typical GERD symptoms. In another
elegant study, Babaei et al16 studied UES responses measured on
HRM to rapid saline injection and slow acid infusion in healthy
controls, typical GERD patients, and those with supra-esophageal
symptoms. The authors found that patients with supra-esophageal
symptoms had diminished UES contraction in response to slow
acid infusion and abnormal UES relaxation in response to saline
injection.16 Manomeric assessment of the UES is limited due to
variability in normative data and confounding effect of UES reactivity.12,24-26 In our study, HRM UES pressures did not correlate
with FLIP UES-DI in our sample. FLIP is performed during sedated upper endoscopy when UES reactivity is diminished. FLIP
is also ideal for assessing UES behavior in response to proximal
esophageal contents, as the inflation port on the FLIP bag is in the
distal portion.
The feasibility of the FLIP technique in assessing the UES
during deglutition has already been demonstrated previously.
Regan et al27 measured changes from rest in the UES with dry
and liquid swallows using the 8-cm endoFLIP catheter. They
found a resting UES diameter of 4.9 mm which increased to 8-10
mm with 5 mL and 10 mL swallows.27 Since then, 2 studies have
used sedated FLIP assessment of the UES – the first to diagnose
pharyngeoesophageal junction stricture in head and neck cancer
patients, and the second to guide cricopharyngeal myotomy for
Zenker’s physiology,18,19 Our study is the first to assess UES
distensibility in patients with presumed laryngopharyngeal reflux.
Future studies will need to generate high quality normative data of
the UES using FLIP and ideally control for depth of sedation.
Our study has several key limitations. A critical limitation is
that we do not have data in asymptomatic controls. Despite our
systematic protocol using EGD and FLIP for all patients who war-
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ranted evaluation for non-obstructive dysphagia, non-cardiac chest
pain, or proton pump inhibitor-unresponsive symptoms, there is a
risk of selection bias in this retrospective study. As patients who receive general anesthesia did not undergo UES-FLIP (due to effect
of the endotracheal tube on measurements), patients with organic
upper GI tract disease are likely underrepresented. Although all sedation was propofol-based, depth of sedation was not standardized
beyond use of ASGE guidelines. We did not test the association of
symptoms or UES-DI measurements with pH data or esophageal
motility diagnoses. Strengths of our study are the large sample size,
uniform FLIP protocol performed by a single endoscopist, and
software-based calculation of the UES-DI at multiple volumes.
In conclusion, FLIP is a novel application in assessing barrier
function of the UES. A high UES-DI correlates with symptoms
suggestive of a defective UES barrier against aspiration of esophageal contents. Normative data and future prospective studies will be
needed to support these findings.
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Background/Aims
We evaluated the clinical significance and prognostic power of functional luminal imaging probe (FLIP) panometry in patients with
achalasia treated with peroral endoscopic myotomy (POEM), and examined the clinical parameters associated with symptomatic
improvement and the presence of contractility (POC) following POEM.
Methods
We reviewed the electronic medical records of patients with achalasia treated with FLIP panometry and POEM at a tertiary teaching
hospital in Seoul, Republic of Korea. Follow-up examination was composed of esophageal manometry and questionnaires on
symptoms. We analyzed the FLIP data by interpolating using the cubic spline method in MATLAB.
Results
We retrospectively analyzed 33 men and 35 women (mean age: 52 ± 17 years), of whom 14, 39, and 15 patients were diagnosed
with achalasia types I, II, and III, respectively. The FLIP panometry diagnoses were reduced esophagogastric junction opening (REO)
with a retrograde contractile response (n = 43); REO with an absent contractile response (n = 5); REO with a normal contractile
response (n = 11); and a retrograde contractile response (n = 9). Overall, the patients showed improvements in Eckardt scores
following POEM from 6.48 ± 2.20 to 1.16 ± 1.15 (P < 0.01). Post-POEM symptomatic improvement was not significantly associated
with any of the clinical parameters, including panometry diagnosis. Conversely, post-POEM POC was significantly associated with the
presence of repetitive antegrade contractions and achalasia subtypes (both P < 0.01).
Conclusion
While FLIP panometry was not significantly associated with the clinical course of achalasia, FLIP panometry was associated with POC
following POEM and may complement manometry in the functional evaluation of esophageal motility disorders.
(J Neurogastroenterol Motil 2022;28:474-482)
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Materials and Methods

Introduction
Achalasia is an esophageal motility disorder characterized by the
inability of the lower esophageal sphincter (LES) to relax and a lack
of esophageal body peristalsis. Treatment methods include medication, endoscopic treatment, and surgical treatment. Among them,
peroral endoscopic myotomy (POEM) has become the mainstay
of endoscopic treatment for achalasia.1-3 POEM is currently being
highlighted as a new treatment.
High-resolution manometry (HRM) based on a spatiotemporal plot can help diagnose esophageal motor disorders; the Chicago
classification based on HRM showed a higher diagnostic yield than
the previously used conventional criteria based on linear waves.4-7
However, the Chicago classification has its limitations, including
inconsistent measurements of the adequacy of the esophagogastric
junction (EGJ) with integrated relaxation pressure (IRP).
As research on achalasia has increased, interest in the functional
luminal imaging probe (FLIP) has also increased.8-10 The FLIP
showed a higher diagnostic yield compared to the previously used
IRP in the measurement of the function of EGJ using the EGJdistensibility index (EGJ-DI).11-13 Moreover, FLIP panometry
can mimic secondary peristalsis, and new diagnostic criteria based
on panometry showed a better diagnostic yield compared to the
Chicago classification.14 However, its usefulness before POEM
treatment is yet unproven, except in a small number of cases.15
Moreover, it is unclear which parameters can predict symptomatic improvement and the presence of esophageal peristalsis after
POEM treatment.16,17 The aim of this study is to investigate the
clinical significance of panometry before POEM and determine the
predictive parameters of symptomatic improvement and presence of
esophageal peristalsis after POEM.

Patients
We reviewed the clinical records of adult patients (age >18
years) with achalasia who had undergone FLIP panometry after
induction of general anesthesia and POEM at a tertiary referral
center in Seoul, South Korea, from October 2017 to March 2020.
The following clinical data were collected: age, sex, HRM, FLIP
data, and pre- and post-POEM Eckardt scores. This study was
approved by the institutional review board of the treating institute
(Approval No. S2019-1634).

Peroral Endoscopic Myotomy Operative Technique
POEM was performed by 3 expert endoscopists (H.Y.J.,
K.D.C., and D.H.K.) while the patient was under general anesthesia. All of the procedures were performed using an upper gastrointestinal endoscope with a plastic cap and carbon dioxide insufflation.
Landmarks, such as the LES, gastroesophageal junction, and site
of incision in the mid-esophagus, were identified by endoscopy before POEM. After injecting a starch-based or saline solution into
the submucosal layer to create a submucosal bleb, a mucosal incision of approximately 3 cm was made using a hook knife (Olympus,
Tokyo, Japan) using the dry cut mode at 60 W with effect 5 (ERBE,
Tübingen, Germany). Myotomy was performed in the posterior (5
o’clock) position with an insulated-tip knife nano (Olympus, Tokyo,
Japan) using the mode at 80 W with effect 7 at the discretion of the
endoscopist; the myotomy was intended to be of selective/partial
thickness in all of the cases. Following the completion of myotomy,
the mucosal incision site was closed with endoclips.3
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High-resolution Manometry With Esophageal
Pressure Topography

Interpretation of Functional Luminal Imaging Probe
Panometry

Esophageal pressure topography studies of all patients were
performed using a solid-state, high-resolution impedance manometry (HRIM) catheter with 32 circumferential sensors and 16 impedance sensors (InSight Ultima; Diversatek, Highlands Ranch,
CO, USA). Manometry profiles were analyzed using the Zvu
Advanced GI Diagnostic Software (Diversatek).
Manometry sensors were positioned to record data from the
terminal portion of the proximal esophageal segment through the
distal esophagus and into the proximal stomach. The HRIM
assembly was fixed in place by taping it to the patient’s nose.
Esophageal HRM was performed before and after POEM. The
esophageal HRM protocol included a 30-second interval without
swallowing to assess the basal EGJ pressure and morphology, followed by ten 5-mL swallows of normal saline solution in the supine
position.18 Manometric data were analyzed using Zvu Advanced
GI Diagnostic Software by 1 investigator (K.W.J.).19 Achalasia subtypes were determined based on the Chicago classification. IRP and
LES resting pressure data were analyzed. The presence of contractility (POC) using esophageal HRM after POEM was defined by
2 investigators (K.W.J. and L.C.H.) after discussion.16

Continuous data measured using the FLIP obtained through
the 16 sensors were extracted as ASCII files and analyzed using
MATLAB (The Math Works, Natick, MA, USA). The customized program for data analysis was used to construct a topography
plot based on the ASCII data extracted from each sensor. For better
resolution, topography plot data were interpolated with 2-mm accuracy, and volume and pressure changes were displayed to aid in the
intuitive understanding of the correlation between topography plots
over time. The color in the topography plot indicates the diameter.
When evaluating FLIP motility, the volume was increased by
10 mL. We evaluated each data point from 30 mL to 70 mL using
the EGJ-DI. To obtain the EGJ-DI, the median narrowest CSA
was divided by the median intra-balloon pressure. The radius was
obtained using the minimum diameter for each volume, and each
CSA was derived using the radius. To evaluate the EGJ-DI, the
median CSA for each volume was used.20
Each patient’s FLIP panometry data were evaluated by 2 investigators (K.W.J. and L.C.H.). The contraction that was induced
by the distension pattern was evaluated for all patients in the study.
Esophageal contractions were defined when an esophageal body
diameter decreased by ≥ 5 mm in 2 or more adjacent impedance
planimetry channels.
FLIP data were converted to 3-dimensional panometry data.
We measured the diameter from the probe. Three-dimensional
contour plots were constructed based on the measured diameter to
which the color contour was applied. We painted the surface with
color according to the colored 3-dimensional contour plots. Finally,
3-dimensional panometry was compared with 2-dimensional panometry (Fig. 1).
Contractions were assessed based on 3-dimensional panometry
plots according to the diameter or direction of repetitive contractions. Occluding or non-occluding contractions were defined as
those that were > 6 or ≤ 6 mm from the nadir diameter, respectively. A repetitive contraction was defined when 3 or more contractions occurred in a single direction (Fig. 2).8,21
Flip tomography motility classification was based on the study
by Carlson et al.8 Reduced EGJ opening (REO) was defined as
EGJ-DI < 3.0 mm2/mmHg.

Functional Luminal Imaging Probe Measurement
Protocol
The FLIP assembly was 240 cm long, with a 16-cm-long cylindrical bag mounted on the distal end of the catheter (EndoFLIP;
Crospon, Galway, Ireland). The infinitely compliant bag housed
16 impedance planimetry electrodes spaced at 1-cm intervals and a
solid-state pressure transducer positioned at the distal end. Impedance planimetry electrodes were used to generate cross-sectional
areas (CSAs), and the intra-bag pressure was extracted from the
solid-state pressure transducer.
Patients underwent general anesthesia during endoscopic intervention in the left lateral decubitus position. The FLIP catheter
was inserted trans-orally and positioned under the direct endoscopic
view, with 1 or 2 sensors placed distal to the EGJ. The proper
placement was confirmed based on a visualized hourglass-like shape
on the FLIP display; the narrowed area of the hourglass indicated
the EGJ. The bag was gradually filled with normal saline from 30
mL to 70 mL with 10-mL intervals, with pauses for approximately
30 seconds to 60 seconds at each volume. FLIP measurements
were gathered before POEM during general anesthesia.
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Outcomes
The primary outcome was treatment success defined as a postPOEM symptom score (Eckardt symptom score) ≤ 3 (reference
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Figure 1. Process for the conversion of functional luminal imaging probe (FLIP) data to 3-dimensional panometry data. (A) Based on FLIP data
obtained from each channel of the probe, the values of each channel are shown in a 2-dimensional plot. The x-axis shows the procedure time (second),
and the y-axis shows the diameter (mm) of each channel. (B) The measured diameter data were used to convert FLIP data to 3-dimensional panometry data, and the diameter between each channel was interpolated by the spline method. The spline interpolation method performs interpolation
by making interpolation functions of neighboring regions match not only the functional but also the differential value. The 3-dimensional contour
plot was created using diameter values obtained through interpolation. (C) The 3-dimensional contour plot is colored according to the diameter.
Depending on the diameter, the color changes from red to blue, and a few of the measured diameters less than 5 mm is set to black. (D) Creating
3-dimensional panometry data using the colored 3-dimensional contour plot from Figure 2A. (E) Dimension reduction of 3-dimensional panometry data into the 2-dimensional plot helps check the patient’s condition. (B to E) In each 3-dimensional plot, the x-axis represents the procedure
time (second), the y-axis represents the probe channel, and the z-axis represents the diameter (mm) measured at the probe.
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Figure 2. An example of the contrac-

tion types in functional luminal imaging
probe (FLIP) panometry produced
using the algorithm used to convert
FLIP data to 3-dimensional panometry
data developed in this study. The x-axis
represents the procedure time (second),
the y-axis represents the probe channel,
and the z-axis represents the diameter
(mm) measured at the probe. (A) Repetitive antegrade contraction 3-dimensional panometry data. (B) Repetitive
retrograde contraction 3-dimensional
panometry data. (C) Other contractility 3-dimensional panometry data. (D)
Contractility-absent 3-dimensional panometry data.
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Eckardt score).22
Secondary outcomes assessed before and after POEM included the following: the gastroesophageal reflux disease questionnaire
(GerdQ), basal LES pressure, IRP, POC based on HRM findings, procedure time, length of myotomy, EGJ-DI, and follow-up
panometry.16

cm) integrity of the 20-mmHg isobaric contour distal to the proximal pressure trough; a weak contractility was defined based on a
large (> 5 cm in length) or small (2-5 cm in length) break in the
20-mmHg isobaric contour. A premature contractility was defined
as weak peristalsis with a small break and distal latency < 4.5 seconds (Supplementary Figure).

Definition of Presence of Contractility After Peroral
Endoscopic Myotomy

Statistical Methods

Post-POEM peristalsis was classified as a weak contractility,
premature contractility, or failed contractility according to a previous study based on the Chicago classification.7,16 POC was defined
when weak and premature contractility were observed in follow-up
HRM. The definition of a failed contractility was minimal (< 3
Table 1. General Characteristics According to the High-resolution

Manometry Motility Diagnosis
Variables
Number
Age (yr)
Male
BMI (kg/m2)
Median IRP
(mmHg)
Basal EGJ pressure
(mmHg)
Eckardt score
EGJ-DI
(mm2/mmHg)
Myotomy length
(cm)
Procedure time
(min)

Type I
achalasia

Type II
achalasia

Type III
P -value
achalasia

14
39
15
50.0 ± 14.8 49.8 ± 17.5 61.8 ± 13.1
6 (43)
21 (55)
6 (40)
21.2 ± 4.3 22.2 ± 3.5 21.4 ± 3.1
20.0 ± 0.0 34.2 ± 13.9 33.2 ± 10.9

0.045
0.594
0.355
0.011

14.0 ± 1.0 42.0 ± 19.4 53.1 ± 32.9 0.008
6.4 ± 1.9
2.3 ± 1.6

6.8 ± 2.4
1.4 ± 0.9

5.8 ± 2.0
1.6 ± 1.1

0.369
0.278

11.6 ± 2.5 11.5 ± 2.8

12 ± 2.2

0.811

78.3 ± 22.9 75.4 ± 26.1

75 ± 20.5 0.804

Descriptive statistics were expressed as mean ± standard deviation for continuous variables and as number (proportion) for
categorical variables. The Kruskal–Wallis test was used to compare
continuous variables between the subtypes of achalasia or the FLIP
topography classification. Fisher’s exact test was used to compare
categorical variables between the subtypes of achalasia or the FLIP
topography classification. The t test was used to compare variables
between the “with POC” and “without POC” groups. A P -value
< 0.05 (two-tailed) was considered to be statistically significant.
All statistical analyses were performed using SPSS version 21.0
(IBM Corp, Armonk, NY, USA).

Results
General Characteristics of Patients
A total of 68 patients, including 33 men and 35 women, with a
mean age of 52 ± 17 years, who had undergone POEM and had
follow-up Eckardt score data were included in the analysis. Table
1 summarizes the patient characteristics at baseline. Table 2 summarizes FLIP topography and the motility classification as per the
manometric motility diagnosis. Thirty-six of 68 patients attended
follow-up HRM after POEM (Fig. 3). The median follow-up
length of HRM and surveys after POEM was 205 days (interquartile range: 25th-75th percentile, 34-304 days).

BMI, body mass index; IRP, integrated relaxation pressure; EGJ, esophagogastric junction; EGJ-DI, EGJ-distensibility index.
Data are presented as mean ± SD or n (%).

Table 2. Functional Luminal Imaging Probe Topography Motility Classification According to the Manometric Motility Diagnosis

FLIP topography motility classification
HRM motility diagnosis
Type I achalasia
Type II achalasia
Type III achalasia

No. of cases
14
39
15

REO with retrograde
contractile response
7 (50.0)
28 (71.8)
8 (53.3)

REO with absent
contractile response
0 (0.0)
2 (5.1)
3 (20.0)

REO with normal
contractile response
2 (14.3)
6 (15.4)
3 (20.0)

HRM, high-resolution manometry; FLIP, functional luminal imaging probe; REO, reduced esophagogastric junction opening.
Data are presented as n (%).
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Retrograde contractile
response
5 (35.7)
3 (7.7)
1 (6.7)

Usefulness of FLIP Panometry in Achalasia

Primary Outcome

Secondary Outcome

Of the 68 patients with achalasia, 14 (20.6%) had type I, 39
(57.4%) had type II, and 15 (22.1%) had type III. However, the
mean baseline Eckardt score was 6.48 ± 2.20. Two of the 68 patients showed improvement of symptoms in terms of the Eckardt
score, although the scores did not fall below a cutoff value of 3
despite POEM. There was no statistically significant difference
between the pre- and post-Eckardt scores according to the achalasia
subtypes (P = 0.605, Table 3). Moreover, there was no statistical
significance between the Eckardt score and types of FLIP panometry diagnoses (P = 0.854, Table 3). There were significant differences between pre- and post-POEM EGJ-DI values (1.6 ± 1.1 vs
8.8 ± 5.0, P < 0.01).
68 Achalasia patients candidates for POEM
(N = 68)
Esophageal
manometry
Eckardt score

Type 1 achalasia
(n = 14)

Raw data were
converted into
panometry data
using MATLAB

Type 2 achalasia
(n = 39)

Type 3 achalasia
(n = 15)

Functional lumen
imaging probe
POEM

Esophageal manometry
(n = 36)

Eckardt score
(n = 68)

Figure 3. Flow diagram of the patient allocation process. POEM,

peroral endoscopic myotomy.

Presence of contractility after peroral endoscopic myotomy
A total of 36 patients, comprised of 18 men and 18 women,
with a mean age of 53 ± 15 years, underwent follow-up HRM
to determine the presence/absence of contractility after POEM.
Twenty-four patients showed contractility after POEM, whereas 12
patients did not.
Supplementary Figure illustrates the patterns of POC after
POEM. A total of 24 patients who had POC after POEM also
had repetitive antegrade contractions (RACs). However, among the
12 patients without POC after POEM, 8 patients showed RACs.
The prevalence of POC was significantly higher in patients with
RAC than in those without RAC (with POC group: 24/24 patients
showed RACs; without POC group: 8/12 patients showed RACs,
P = 0.008, Table 4 and Fig. 4). Repetitive retrograde contractions
(RRCs) were observed in 18 of 24 patients with POC and in 11
of 12 patients without POC. There was no significant relationship
between RRCs and contractility (with POC group: 18/24 patients
with RRCs; without POC group: 11/12 patients with RRCs, P =
0.384, Table 4 and Fig. 4).
Among the patients who had POC after POEM, 2 (8.0%)
had type I, 16 (67.0%) had type II, and 6 (25.0%) had type III.
Among those without POC after POEM, 6 (50.0%) had type
I and 6 (50.0%) had type II. There were significant differences
among the types of achalasia in POC (P = 0.007, Table 4 and Fig.
4). The panometry analysis based on the 2019 criteria did not show
clinical significance with respect to POC (P = 0.128, Table 4).
After POEM, FLIP panometry was measured. However, no

Table 3. Functional Luminal Imaging Probe Panometry, Achalasia Subtypes, and Eckardt Scores Before and After Peroral Endoscopic Myotomy

Variables
Achalasia subtypes
Type I achalasia
Type II achalasia
Type III achalasia
FLIP topography classification
REO with retrograde contractile response
REO with absent contractile response
REO with normal contractile response
Retrograde contractile response

No. of cases

Pre-POEM
Eckardt score

Post-POEM
Eckardt score

14
39
15

6.43 ± 1.95
6.77 ± 2.34
5.80 ± 1.97

1.57 ± 1.28
1.21 ± 1.17
0.67 ± 0.82

43
5
11
9

6.32 ± 2.37
6.80 ± 2.86
6.82 ± 2.13
6.67 ± 1.00

0.90 ± 1.01
1.60 ± 1.14
1.36 ± 1.57
1.89 ± 0.92

P -value
0.605

0.854

POEM, peroral endoscopic myotomy; FLIP, functional luminal imaging probe; REO, reduced esophagogastric junction opening.
Data are presented as mean ± SD.
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Table 4. Comparison of Variables Between the “Without Presence of

Contractility” and “With Presence of Contractility” Groups
Variables

Without POC
group
(n = 12)

LES pressure (mmHg) 38.2 ± 16.6
IRP pressure (mmHg)
29.1 ± 14.0
Myotomy length (cm)
10.7 ± 4.5
Procedure time (min)
84.7 ±32.4
Achalasia type
Type I achalasia
6
Type II achalasia
6
Type III achalasia
0
RAC
RAC (–)
4
RAC (+)
8
RRC
RRC (–)
1
RRC (+)
11
FLIP topography classification
REO with retrograde
7
contractile response
REO with absent
0
contractile response
REO with normal
1
contractile response
Retrograde contractile
4
response
Pre-POEM Eckardt
6.00 ± 2.30
score
Post-POEM Eckardt
1.08 ± 0.10
score

With POC
group
(n = 24)
40.7 ± 14.0
32.3 ± 10.5
15.8 ± 9.0
71.8 ± 21.5

P -value
0.638
0.446
0.281
0.165
0.007

2
16
6
0.008
0
24
0.384
6
18
0.128
17
2
4
1
6.88 ± 2.58

0.327

1.29 ± 1.43

0.654

POC, presence of contractility; LES, lower esophageal sphincter; IRP, integrated relaxation pressure; RAC, repetitive antegrade contraction; RRC, repetitive retrograde contraction; FLIP, functional luminal imaging probe; EGJDI, esophagogastric junction–distensibility index; POEM, peroral endoscopic
myotomy.
Data are presented as mean ± SD or n.

significant repetitive pattern of contraction was observed.
Peroral endoscopic myotomy procedure-related parameters
We investigated the relationship between clinical outcomes
and procedure-related parameters (myotomy length and procedure
time). There was no significant association between Eckardt scores
and myotomy length (11.6 ± 2.6 cm with symptomatic improvement vs 11.5 ± 2.1 cm without symptomatic improvement; P =
0.897) or between Eckardt scores and procedure time (75.9 ± 24.1
minutes with symptomatic improvement vs 81.2 ± 31.7 minutes
480

without symptomatic improvement; P = 0.401).
As for POC, there was no significant association between POC
and the myotomy length (15.8 ± 9.0 cm with POC vs 10.7 ± 4.5
cm without POC; P = 0.281) or between POC and procedure
time (84.7 ± 32.4 vs 71.8 ± 21.5 minutes; P = 0.165).
Gastroesophageal reflux disease questionnaire
The follow-up GerdQ was completed by 32 patients. Most
patients scored less than 8, and 1 patient scored 8. There were no
significant differences among achalasia subtypes in the number of
patients who completed the GerdQ (7 in type I, 19 in type II, and 6
in type III; P = 0.878). Moreover, there were no significant differences between the panometry pattern and GerdQ (20 in REO with
retrograde contractile response, 2 in REO with absent contractile
response, 5 in REO with normal contractile response, and 5 in retrograde contractile response; P = 0.599).

Discussion
All of the patients with achalasia who had undergone POEM
showed significant symptomatic improvement. POC was significantly higher in those with RAC and achalasia type II.
All manometric subtypes of achalasia in our study showed
symptomatic improvement, in line with a previous report by Kim
et al.3 In previous studies, achalasia was effectively identified using
real-time FLIP panometry to evaluate esophageal motility.8,14,21
However, the predictive value of FLIP panometry had no statistical
significance.21 In contrast, our results showed an association with
FLIP panometry pattern in the clinical course after POEM in patients with achalasia.
RACs obtained using panometry showed a predictive value for
the presence of contractility after POEM in patients with achalasia.
RAC is a normal physiological secondary peristalsis of the esophagus, and its presence in achalasia indicates remaining esophageal
function in patients with achalasia.
In patients with achalasia, functional recovery was observed
in the distal esophagus after POEM; this suggests that impaired
neuronal function limited to the LES may be prominent in some
patients with achalasia.16 In our study, the presence of RAC, and
achalasia subtypes had an association with POC after POEM in
patients with achalasia.
Other papers reported POC in some patients with achalasia
after myotomy. Roman et al16 reported that weak peristalsis after
myotomy was usually characterized by a large (> 5 cm in length) or
small (2-5 cm in length) break in the 20-mmHg isobaric contour,
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P = 0.007

20
15
10
5
0

35
30

P = 0.008

25
20
15
10
5
0

1

2
Achalasia type

3

35

Failed contraction
Premature contraction
Weak contraction

30

P = 0.384

C
Number of patients

Number of patients

25

Failed contraction
Premature contraction
Weak contraction

B
Number of patients

Failed contraction
Premature contraction
Weak contraction

A

25
20
15
10
5
0

RAC (+)

RAC ( )

RRC (+)

RRC ( )

Figure 4. (A) Number of patients with the presence of contractility after peroral endoscopic myotomy (POEM) in achalasia subtypes. (B) The

number of patients with presence of contractility (POC) after POEM in the repetitive antegrade contractions (RACs) group. (C) The number of
patients with POC after POEM in the repetitive retrograde contractions group.

and premature contractions were characterized as distal latency
< 4.5 seconds.
As the presence of peristalsis was associated with improved
symptomatic and radiographic outcomes,23 Carlson et al14 mentioned that patients with achalasia with RACs before POEM may
be more likely to show presence of peristalsis. Our study concluded
that RACs were associated with presence of contractility after
POEM.
Other intraoperative EndoFLIP studies on panometry included fewer than 50 patients and were conducted in the same hospital
that invented panometery.24-26 However, our study is meaningful
as it included the largest number of patients among intraoperative
EndoFLIP panometry studies to date.
This study had a limitation. We analyzed topography using
specialized software, which is not widely available. However, the
data and profile obtained from this panometry pattern are technically comparable to those from other studies.8,20
In conclusion, this study demonstrated that the presence of
RACs and the panometry pattern have an association with POC
after POEM. These parameters may reflect pathogenic features or
the degree of neurodegeneration.
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Background/Aims
Chagasic megacolon is caused by Trypanosoma cruzi , which promotes in several cases, irreversible segmental colonic dilation. This
alteration is the major anatomic-clinical disorder, characterized by the enteric nervous system and muscle wall structural damage.
Herein, we investigate how T. cruzi -induced progressive colonic structural changes modulate the colonic contractile pattern activity.
Methods
We developed a murine model of T. cruzi -infection that reproduced long-term modifications of the enlarged colon. We evaluated
colonic and total intestinal transit time in animals. The patterns of motor response at several time intervals between the acute and
chronic phases were evaluated using the organ bath assays. Enteric motor neurons were stimulated by electric field stimulation.
The responses were analyzed in the presence of the nicotinic and muscarinic acetylcholine receptor antagonists. Western blot was
performed to evaluate the expression of nicotinic and muscarinic receptors. The neurotransmitter expression was analyzed by real-time
polymerase chain reaction.
Results
In the chronic phase of infection, there was decreased intestinal motility associated with decreased amplitude and rhythmicity of
intestinal contractility. Pharmacological tests suggested a defective response mediated by acetylcholine receptors. The contractile
response induced by acetylcholine was decreased by atropine in the acute phase while the lack of its action in the chronic phase was
associated with tissue damage, and decreased expression of choline acetyltransferase, nicotinic subunits of acetylcholine receptors,
and neurotransmitters.
Conclusions
T. cruzi -induced damage of smooth muscles was accompanied by motility disorders such as decreased intestinal peristalsis and
cholinergic system response impairment. This study allows integration of the natural history of Chagasic megacolon motility disorders
and opens new perspectives for the design of effective therapeutic.
(J Neurogastroenterol Motil 2022;28:483-500)
Key Words
Acetylcholine; Enteric nervous system; Gastrointestinal motility; Megacolon; Trypanosoma cruzi
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Introduction
The intestinal Chagas disease (CD) pathogenesis includes
damage to the enteric nervous system (ENS) possibly associated
with yet not well-comprehended changes in intestinal motility and
enteric neurons’ neurotransmitters culminating with the formation
of megacolon, it is characterized by an increase in the thickness,
dilation, and sometimes elongation, of the intestinal wall. The ENS
damage causes subsequent ganglionic and intramuscular denervation.1-3
The main symptom associated with Chagasic megacolon is
chronic constipation.4-7 By manometry studies, it was demonstrated
that colonic basal motility is lower in Chagasic patients when compared to normal subjects. Some studies, in the Chagasic patients,
showed a reduced relaxation of the internal anal sphincter.6,8-11 However, the mechanisms involved in intestinal dysmotility related to
CD are poorly understood.
The mechanism of colonic motility involves activation of the autonomic nervous system which includes extrinsic parasympathetic,
sympathetic nerves, and interneurons, that coordinate excitatory and
inhibitory response of the enteric motor neurons.12 The two main
components responsible for peristalsis are acetylcholine, which promotes muscular contraction, and nitric oxide (NO), which induces
intestinal smooth muscle relaxation.13 Previously, we observed selective preservation of neuronal nitric oxide synthase (nNOS)-positive
neurons to detriment of cholinergic neurons in the same model.3
Also, some authors described evidence for enhanced inhibitory neurotransmission in the human.14,15 So, the structural elements in the
tunica muscularis are affected by Trypanosoma cruzi that induces
potential alterations in the pattern of the intestinal motility seen on
megacolon development.
Even though the advanced studies analyzing enteric neural
circuits,16-19 the integration between the structural events and motor components is still poorly understood during CD, and it is
difficult to study even in experimental models. Altered levels of
acetylcholine (Ach) or modified receptors expression and function
in the ENS could explain dysfunction of the cholinergic system in
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the Chagasic megacolon.20
Here we studied the effects of T. cruzi -induced inflammation
and denervation in these circuits, using a long-term animal model
that reproduced the colonic changes’ progression culminating in
megacolon formation.21 We performed studies of motility in vivo
and correlated with pharmacological tests ex vivo to evaluate how
CD progressive intestinal structural changes in ENS, neurotransmitters expression, intestinal smooth muscle phenotype, and contractile machinery may correlate to dysmotility disorders.
Our goal is to investigate how experimental T. cruzi -induced
intestinal lesions interfere with peristalsis and gastrointestinal (GI)
motility and possible dysfunction of muscarinic and nicotinic receptors in the morbid symptoms of human megacolon.8,22

Materials and Methods
In vivo and ex vivo animal experiments complied with the principles established by guidelines and the Brazilian Practice Directive
for the Care and Use of Animals for Scientific and Didactic Purposes (Notice MCTI No. 1 - CONCEA/MCTI). Animal studies comply with the ARRIVE guidelines under protocol number
262/2016 and 31/2017.23,24

Mice
Female Swiss mice, 4-week old, with approximately 30 g weight
were used. The animals were euthanized by cervical dislocation performed by trained individuals, as pharmacological methods would
interfere with the aims of the present study.

Trypanosoma cruzi Infection Experimental Protocols
Mice infection was performed by intraperitoneal injection with
50 000 blood trypomastigotes of T. cruzi strain Y, as described
before.25 All animals were inoculated at the Laboratory of Parasitic
Diseases. The efficacy of infection was evaluated by the presence of
parasites in fresh blood 4 days after inoculation. At 15 months postinfection (m.p.i), parasite DNA by real-time polymerase chain reaction (PCR) was detected in infected mice used in the experiments.
Female Swiss mice were randomly and blindly divided into 2
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groups.3 The non-infected control group was composed of a control
acute phase (CAP) and a control chronic phase (CCP) groups.
Following Ricci and collaborators’ protocols,3 the infected group
was composed of the infected acute phase (IAP) and chronic phase
(ICP). IAP group euthanized at 11 days post-infection (d.p.i)
before manifestating signals of the disease. ICP group was treated
orally with a single dose of 500 mg/kg body weight of benznidazole
(Pharmaceutical Laboratory of the State of Pernambuco, Lafepe,
Brazil) at 11 d.p.i. and maintained up to 15 months post-infection
(m.p.i.). The animals of ICP were euthanized at 3, 7, 12, and 15
m.p.i. (ICP3, ICP7, ICP12, and ICP15 groups, respectively);
thus, the motility measures and electrophysiology assays were carried out throughout the development of megacolon. The noninfected age-matched chronic control groups were maintained in
the same condition and euthanized at appropriate months indicated
as CCP3, CCP7, CCP12, and CCP15. Two independent experiments were performed.
Aiming for the rational use of animals, we use the same group
of animals for in vivo motility studies and histopathological analysis.
Another group of animals was used for PCR and Western blot assays, and for evaluating the patterns of responses induced by electrical field stimulation (EFS, Hz) and the amplitude of contractility
induced by inhibition of muscarinic, neural, and nicotinic pathways
in organ bath ex vivo, and for Western blot analysis.

In Vivo Motility Studies
Total gastrointestinal transit assay
The solution with 300 μL of 6% carmine red dye solution (in
distilled water containing 0.5% methylcellulose) (Merck, New
York, NY, USA) was administrated by intragastric gavage in mice.
After that, the animals were placed into individual cages. To facilitate the detection of carmine dye in the fecal pellets, a white sheet of
paper covered the cage bottom. The gavage was recorded as time
0. After gavage, we monitored fecal pellets every 10 minutes for
the presence of carmine red. The total GI transit time (total transit
time) represents the interval between time 0 and the time of the first
observance of carmine red dye in the stool.
Colon motility assay
Adult mice were anesthetized with isoflurane (BioChimico,
Rio de Janeiro, Brazil) a lubricated (glycerin [G1005.01.BJ]; LabSynth, Diadema, SP, Brazil) glass rod was used to insert glass bead (3
mm in diameter; Z143928; Sigma-Aldrich, St. Louis, MO, USA)
into the rectum, 2 cm from the anal verge. The time in seconds

required to eject the bead was measured as an estimate of colonic
transit time.26-28
We also evaluated the colonic and total intestinal motility in
mice previously treated with the cholinesterase inhibitor pyridostigmine administered through intragastric gavage (1 mg/kg; SigmaAldrich).
Histopathological analysis and semi-quantitative score
The animals were euthanized by cervical dislocation performed by trained individuals. The histopathological analysis was
performed by the technique as previously described.29 The rolls
were then fixed in formaldehyde (10%), prepared for paraffinembedding, and submitted to microtomy and H&E staining. The
score was plotted on a blue color scale, where lighter colors indicate
less severity and darker colors indicate greater severity. Samples of
5 representative animals from all infected groups were evaluated at
all time intervals. We graphically represented the attributed score
based on the intensity of the changes as 0-absence (white), 1-small
changes (light blue), 2-intermediate changes (blue), and 3-intense
changes (navy blue).
Under a bright-field microscope, the colon extension (H&E
stained) was subjected to analysis of inflammatory foci/area: absent, score 0; 32-35 foci/area, score 2; 36-84 foci/area, score 3. The
smooth muscle degenerative changes were classified as absent, score
0; slight changes, score 1; moderate changes, score 2; severe changes, score 3; by examining 8-10 fields under 20× objective (each
field measured 79 265.56 μm2). We also attributed values for parasitism (parasite DNA/25 μg of colon tissue): < 174, score 1; 174329, score 2; 330-131 000, score 3; and the wall thickness (inner
layer thickness): 5-6 mm, score 1; 7-8 mm, score 2 (please refer to
Fig. 1A-E, for histopathology). In Figure 1G each row represents a
time point and each column indicates the parameters for the group
in question.
Imaging
Photographic documentation and morphometric analysis were
obtained using the Olympus BX51 direct light optical microscope
equipped with Image-Pro Express 4.0 software (Media Cybernetics, Rockville, MD, USA) with a resolution of 1392 × 1040 pixels.
Images were transferred via a Cool SNAP-Proof Color camcorder
to a computer-attached video system using Image-Pro Express version 4.0 for Windows (Media Cybernetics).
Morphometric analysis
Images were obtained with 10 × objective, of the full length of
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Figure 1. Natural history and pathological anatomy of the murine megacolon. Control and infected groups were evaluated in the acute phase (AP;
11 days) and chronic phases (CP; 3, 7, 12, and 15 months post-infection [m.p.i]) of Trypanosoma cruzi infection. (A) control acute phase (CAP),
(B) infected acute phase (IAP), (C) infected chronic phase 3 m.p.i. (ICP3), (D) infected chronic phase 7 m.p.i. (ICP7), (E) control chronic phase
12 m.p.i. (ICP12), (F) control chronic phase 15 m.p.i. (ICP15). For images (A) to (F), arrows: inflammatory infiltrate; asterisk: muscle degeneration; dashed line: thickness of the circular smooth muscle layer. Bar: 50 µm (10×) A, B, C, D, E, and F; 20 µm (20×) insert F. (G) Clinical score
of the histopathological aspects of the control and the infected acute and chronic phases groups. (H) For each animal, the thickness of the muscular
layer value was calculated from the average of 10 images in H&E (10× objective) (n = 5, for each group). For (H), statistical analysis: two-way
ANOVA and Student–Newman–Keuls. Control (○); Infected (●). For (H), the symbols (*) represent differences to the group (control vs infected) and the letters represent the difference in the time, regarding the same group. aDifferent from AP (ie, ICP3, ICP7, ICP12, and ICP15 were
different from IAP). P ≤ 0.05. Data presented as mean ± SD. (I) Macroscopic aspects of the megacolon of mice infected (ICP15) compared to
control mice (CCP).
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the colon (control and infected mice), at all time intervals studied.
For each image (covering 316 629 μm2), 3 measurements (µm)
of the inner muscle layer thickness were obtained using the Image
J 1.52 software (NIH, Bethesda, MD, USA). The inner muscle
layer was defined by the boundaries of the submucosal layer and the
outer muscle layer.3 We expressed the data as mean ± SD. All the
morphometric analyses were blinded.

Ex Vivo Organ Chamber Experiments
Preparation of circular muscle strips and isometric tension recordings
To perform ex vivo organ chamber experiments after the euthanasia, the colon was collected, separated from the mesentery,
and washed in Krebs solution (in mM: 110.8 NaCl, 5.9 KCl, 25.0
NaHCO3, 1.07 MgSO4, 2.49 CaCl2, 2.33 NaH2PO4, and 11.51
glucose, pH 7.4) to remove the fecal contents.27 The colon was
cut into rings (approximately 3 mm long) and 2 metal rods were
pierced at the borders of the segments. In each experiment, 4 strips
(obtained randomly from the distal and median portions) from the
same specimen were simultaneously studied. One metal rod was
fixed in the organ bath and the other rod was affixed to an isometric
transducer (World Precision Instruments, Inc, Sarasota, FL, USA)
connected to an amplifier (TBM4M; World Precision Instruments, Inc) and coupled to a computer equipped with an analog-todigital converter board (Dataq Instruments, Akron, OH, USA).
Preparations were placed in 10 mL organ baths filled with Krebs
solution (37ºC, bubbled with a mixture of 5% CO2/95% O2, pH
7.4). After mounting, segments were subjected to a resting tension
of 0.5 g, over 1 hour to stabilize the preparation. After an equilibration period of 1 hour,30 strips developed spontaneous phasic contractions. After the stabilization period, the preparations were challenged electrically or pharmacologically for contractility assays. This
technical replicate was used to ensure the reliability of single values
and prevent distortions caused by anatomic location.
Experimental design
The experiments included (1) the assessment of mechanical
responses induced by the stimulation of enteric motor neurons
(EMN)s by EFS, and (2) the study of contractile responses induced after drug exposure. Voltage rectangular pulses were applied
by an electrical stimulator (Model SD9; Grass Technologies, AstroMed, Inc, West Warwick, RI, USA). Control and infected colons
were subjected to increasing electrical stimuli frequency: 0.5, 1, 5,
10, and 20 Hz.31 Each stimulus was delivered by placing 2 plati-

num electrodes close to the segments. We have applied 10-second
trains of pulses of 0.4 milliseconds duration at 1-40 Hz and 26 V
(~100 mA) delivered to the platinum electrodes. Changes in tension were recorded simultaneously to electrical stimulation. The
ON time was the same time used for stimulation (10 seconds).
OFF time was immediately after ON time up to 1:30-2:00 minutes. ON contractions were evaluated during the 10 seconds stimulation and OFF contractions were evaluated after 10 seconds and
up to 1:30-2:00 minutes. Finally, the stimulus used in our protocols
resulted higher than usual since the response in Chagasic mice is
very low. However, we tested the viability of all our preparations
after the electrical stimulation, and all kept viable, as tested by KCl
or ACh stimulation. Moreover, Barth et al32 used 50 V, 20 pulses/
second, to stimulate the intestine without tissue damage.33 Simultaneously, ON and OFF-contraction waves were recorded through a
synchronized transistor-transistor logic electrical signal Grass S88
and the Biopac system. ON-contractions waves were characterized as the contractile responses developed during the application
of voltage pulses. OFF-contractions waves were characterized as
the contractile responses developed immediately after the end of
the stimulation protocol. The latency (time in seconds between the
application of electrical stimuli and the beginning of the contractile
response) of the ON- and OFF-contraction waves and the amplitude for the OFF-contraction waves (characterized by the peak of
contraction in g/mg) were measured.
For pharmacological tests, the strips were exposed to muscarinic agonist acetylcholine (Ach; 10 μM; A6625; Sigma-Aldrich).
The preparations were then washed and stabilized for 15 minutes
followed by incubation with the NO synthase enzyme inhibitor
(Nω-nitro-L-arginine methyl ester [L-NAME] 300 μM; N5751;
Sigma-Aldrich) for another 15 minutes. In the presence of LNAME, the preparations were again stimulated with acetylcholine
(ACh, 10 μM). The contractile response to the stimuli listed above
was measured and expressed as amplitude (g/mg of dry tissue).
To evaluate the possible contraction induced neural component
by acetylcholine, the protocols described below were used in the
presence of tetrodotoxin or d-tubocurarine chloride. Tetrodotoxin
(TTX; 100 nM; T8024; Sigma-Aldrich) was added to block
the neuronal action potential by blocking voltage-dependent Na+
channels. Thus, incubation with TTX excludes the participation of
enteric innervation in the contractile response induced by ACh. To
inhibit the activity of nicotinic receptors, we used d-tubocurarine
chloride (50 μM; T-2379; Sigma-Aldrich). Atropine was used (1
μM; A0132; Sigma-Aldrich) to inhibit the activity of muscarinic
receptors and assess whether the contractile effect of ACh is due
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to direct stimulation of nicotinic receptors on intestinal smooth
muscle. We evaluated the amplitudes related to the combined pharmacological stimuli described below: ACh + TTX + atropine;
ACh + TTX + d-tubocurarine; ACh + TTX + L-NAME.
To avoid possible intervening effects on the test results, the data of
ex vivo contractility was plotted as the difference of contraction between the basal state and in response to ACh. After carrying out the
experiments, the colons were carefully removed and left in an airy
environment to allow complete tissue drying (48 hours), followed
by weighting. To avoid variations in the data due to the difference
in mass of the evaluated tissues, the contractility amplitude values
(expressed in g) were normalized by the dry tissue mass (expressed
in mg).34
Evaluation of cholinergic receptor expression in colon
fragments by Western blot
The expressions of muscarinic acetylcholine receptor M3
subtype (mAChR M3; sc-9108; Santa Cruz Biotechnology, Santa
Cruz, CA, USA; RRID: Addgene_114189) and acetylcholine receptor α7 subunit (AChRα7; sc-5544; Santa Cruz Biotechnology;
RRID: AB_384861) receptors in the infected colon were evaluated
and compared to the control. The colon tissue fragment was homogenized in a lysis buffer of (in mmol/L) 150 NaCl, 50 Tris HCl,
5 EDTA.2Na, and 1 MgCl2 containing 1% Triton X-100 and 0.5%
SDS plus protease inhibitors (SigmaFast; Sigma-Aldrich).31 The
lysate was centrifuged at 14 000 rpm for 20 minutes to separate the
protein fraction. The amount of protein in the samples was determined by measuring the absorbance by spectrophotometry (260 nm
in Nanodrop; ThermoScientific, Waltham, MA, USA). The samples were diluted in sample buffer (4 × 0.25 M tris HCl, pH 6.8,
3% Glycerol, 1% SDS, 0.6% beta-mercaptoethanol, 0.25% Bromophenol blue) and heated at 100ºC for 5 minutes.31 For separation,
60 μg of protein was applied on 10% sodium dodecyl [lauryl]
sulfate-polyacrylamide (SDS-PAGE) gel using the Mini-Protean
Tetra Cell system (Biorad, Hercules, CA, USA). After the proteins
were separated on the polyacrylamide gel (100 V; 90 minutes), they
were transferred (100 V; 100 minutes) to a nitrocellulose membrane
with a 0.45 μm pore (Millipore, Burlington, MA, USA). The
membrane was first washed in distilled water and then placed for 1
hour in a blocking solution (3% albumin and 0.1% Tween-20, in
Tris-buffered saline [TBS]). After blocking, the membrane was
incubated overnight at 4ºC with the specific primary antibody diluted in blocking solution. The following primary antibodies were
used: anti-mAChR M3 and anti-AChRα7. Then, the membrane
was washed with TBS containing 0.3% Tween 20 (TBS-T) for 5
488

minutes (3 times) and incubated for 2 hours with secondary antibodies conjugated to Alexa Fluor 488 fluorescent probes (1:1000)
diluted in 1% albumin in TBS-T. After the incubation period, the
membrane was washed again in TBS-T for 5 minutes (3 times).35
The bands were detected by a fluorescence reaction and their intensity was evaluated by densitometry analysis using the ImageJ 1.52
software.
Neurokinin 1 receptor, choline acetyltransferase, vasoactive intestinal polypeptide, and neuronal nitric oxide
synthase detection by real-time reverse transcription–
polymerase chain reaction
Colon samples were prepared for RNA extraction by adding
500 μL of RNA extraction reagent (15596; Trizol Reagent; Fisher
Scientific, Hampton, NH, USA). After that, 100 μL of chloroform
were added followed by homogenization for 15 seconds, incubation
for 3 minutes on ice, and centrifugation at 12 000 g for 15 minutes
at 4ºC. The supernatant was collected and isopropanol was added,
with subsequent incubation on ice for 15 minutes and centrifugation at 12 000 g for 15 minutes at 4ºC. The pellet was washed with
75% chilled ethanol, followed by homogenization in the vortex and
centrifugation at 7500 g for 5 minutes at 4ºC. The pellet was resuspended in 30 µL of RNase and DNase-free water and followed
by a dry bath at 55ºC for 10 minutes. The quantification of the extracted RNA was performed using the Nanodrop equipment (Nano
Vue Plus Spectrometer; GE Healthcare, Chicago, IL, USA) in ng.
Complementary DNA was obtained and real-time reverse
transcription–polymerase chain reaction (RT-PCR) was performed
as described previously using Real-Time PCR Detection System
(CFX Manager version 3.1; Bio-Rad Laboratories, Inc, Hercules,
CA, USA).36 PCR amplifications were carried out using SYBR
Green PCR Core Reagents Kit and performed as recommended
by the manufacturer in a total volume of 20 μL containing 6 μL of
cDNA. Each PCR amplification was performed in duplicate wells,
using the following conditions: 2 minutes at 50°C and 10 minutes
at 95°C, followed by a total of 45 two-temperature cycles (15 seconds at 95°C and 1 minute at 60°C) followed by a dissociation stage
for detecting unspecific product formation. No unspecific PCR
product was detected. Relative quantification was evaluated using
2-ΔΔCT using the uninfected groups as reference.32 Primers (Applied
Biosystems, Waltham, MA, USA) for the target genes are listed
below: NK1-forward: GGTCTGACCGCAAAATCGAAC;
NK1-reverse: AGAGCCTTTAACAGGGCCAC; ChATforward: AGGGCAGCCTCTCTGTATGA ChAT-reverse:
ATCCTCGTTGGACGCCATTT; VIP-forward: GCAAGAT-
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GTGGGACAACCTC VIP-reverse: CAGTCTGTTGCTGCTCATCC; nNOS-forward: ATGAAGTGACCAACCGCCTT
and nNOS-reverse: AGCTGAAAACCTCATCTGTGTC. Data
were normalized using glyceraldehyde-3-phosphate dehydrogenase
(GAPDH)-forward: GACACCTTTGGCATTGTGG; GAPDH-reverse: ATGCAGGGATGATGTTCTG, amplified in the
same assay plate.
Real-time polymerase chain reaction for parasite DNA
Tissue parasitism was evaluated in frozen samples submitted to
the detection of parasite DNA by RT-PCR as described by Ricci
et al.3 Briefly, colon samples were prepared for DNA extraction by
Promega Wizard Genomic DNA Purification kit, following the
manufacturers’ instructions. PCR reaction was performed in 10
μL containing 50 ng of genomic DNA (2 μL), 5 μL of SYBR
Green PCR Mastermix (Applied Biosystems) and either 0.35 μM
for T. cruzi DNA-specific primers or 0.35 μM of murine-specific
TNFα primers and water. The primers for T. cruzi DNA (TCZ-F
5’-GCTCTTGCCCACAMGGGTGC-3’, where M = A or C
and TCZ R 5’-CCAAGCAGCGGATAGTTCAGG-3’) amplify
a 182-bp. Primers for murine TNFα (TNF-5241 5’-TCCCTCTCATCAGTTCTATGGCCCA-3’ and TNF5411 5’-CAGCAAGCATCTATGCACTTAGACCCC-3’) amplify a 170-bp
product.37
Cycles of amplification were carried out in a 7500 Fast RealTime PCR System (Applied Biosystems). Amplification was immediately followed by a melt program with an initial denaturation
of 15 seconds at 95°C, cooling to 60°C for 1 minute and then a
stepwise temperature increases of 0.3°C/second from 60°C to 95°C.
Each 96-well reaction plate contained a standard curve and 2 negative controls. Standard curves were produced from a 10-fold DNA
dilution of epimastigotes of T. cruzi Y strain and DNA from colon
tissue of non-infected mouse, ranging from 1 × 106 to 1 parasites
and equivalent/25 μg of tissue DNA. Negative controls consisted
of a reaction with T. cruzi -specific or murine-specific primers without DNA and also with non-infected mouse tissue DNA. Each
DNA sample was quantified in duplicate. The efficiencies of amplification were determined automatically by the 7500 Fast Real-Time
PCR Software. Quantitative PCR showed amplification efficiencies
> 90% and a regression coefficient (r 2) of 0.98.

Statistical Methods
Normalization for contractility experiments was performed to
control the variations in the contractility amplitude values. Colon
dry weight was used to normalize the records obtained in contractil-

ity experiments. The contractility amplitude values expressed in g
were normalized by the colon dry weight in mg.
The Shapiro-Wilk test revealed that the parameters evaluated
did not show a significant departure from a normal distribution.
Two-way analysis of variance (ANOVA) was used to compare the
thickness of the inner muscular layer, total, and colon transit time,
amplitude and latency of contraction and expression of neurotransmitters between treatments (ie, control vs infected) and across time
points (ie, AP, CP3, CP7, CP12, and CP15). Paired Student’s t
tests were used to compare motility in vivo assays with pyridostigmine treatment and muscarinic and nicotinic between groups (ie,
control vs infected). In the presence of L-arginine analogs such as
L-NAME, NG-nitro-L-arginine modifies the basal contraction
justifying the normalization.31
When a significant F value was found, we performed post hoc
analyses according to the coefficient of variation (CV): Student–
Newman–Keuls’ tests (CV between 15-30%) or Duncan (CV >
30%). Statistical analyses were performed using the GraphPad
Prism program (version 7.0) (GraphPad Software Inc., La Jolla,
CA, USA). The α level was set at 0.05. Data are shown as mean ±
SD.

Drugs
Isoflurane (BioChimico, Itatiaia, Brazil) was used for general
inhalation anesthesia. Carmine red (Merck) stock solution was suspended in 0.5% methylcellulose (Merck). Pyridostigmine, ACh,
TTX, L-NAME, atropine, and d-tubocurarine chloride were obtained from (Sigma-Aldrich), and dissolved in Krebs solution.

Results
Alongside the development of the murine megacolon, we
evaluated the impairment of muscle contractility and its impact
on colonic motility and investigated the molecular mechanisms
involved in the impairment of neuronal, muscarinic, and nicotinic
pathways.

Murine Chagasic Megacolon
Histopathological changes in infected animals were assessed
during acute and various chronic time points. As described before,
we analyzed the entire extension of the colon at 3, 7, 12, and 15
m.p.i.29 Acute infection (IAP) was associated with increased inflammatory infiltration which presented a progressive attenuation or
modification along the time paralleled to decreased tissue parasitism
(Fig. 1A-F). From 7 m.p.i., the chronic inflammation persistent
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with an associated was increased of the muscular layer by 12 and 15
m.p.i. (Fig. 1E and 1F).
The histopathological findings (Fig. 1G) show acute inflammation, cellular damage, and parasitism decreased over time,
chronic inflammation persisted associated with increasing muscular
wall thickness (Fig. 1H). There was macroscopic evidence of an
increase in the length of the intestine (mega dolichocolon) in the infected mice by 15 m.p.i. compared to non-infected (Fig. 1I). Also,
all animals used for the motility in vivo assays and ex vivo organ
chamber experiments were positive for T. cruzi DNA. The average
quantities of DNA detected by 25 µg of colon tissue were mean
± SD at acute phase (131 294.2000 ± 150 482.9000), which was

Peristalsis was estimated by the colonic transit time and total
transit time; thus, the longer the transit time, the lower intestinal
motility. Colonic transit time increased in ICP15 compared to all
other infected groups (ie, IAP, ICP3, ICP 7, and ICP12) indicating that colon motility decreased in 15 months of chronic infection
(Fig. 2A).
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Figure 2. Colonic and total gastrointestinal (GI) tract motility are delayed throughout the experimental times. Control and infected groups were
evaluated in the acute phase (AP; 11 days) and chronic phases (CP; 3, 7, 12, and 15 months post-infection [m.p.i.]) of Trypanosoma cruzi infection (A) Colonic transit time estimated by measuring the time required to release a glass bead. (B) Total transit time, estimated by measuring the
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The total transit time was higher to IAP, ICP3, ICP7, and
ICP15 compared to respective non-infected controls. Altogether,
our results indicate an intestinal impairment in the peristalsis, reducing whole intestinal motility.
At 15 m.p.i., we treated the animals with pyridostigmine, an
inhibitor of acetylcholinesterase that increases the bioavailability of
acetylcholine at the synaptic clefts. Regarding pyridostigmine-treat-

ed animals, the infected group presented increased colonic transit
time compared to the control (Fig. 2C). Also, pyridostigmine administration induced a longer total transit time of the infected group
(ICP15) in comparison to the control group (CCP15) (Fig. 2D).
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es (latency and amplitude of contractility) were obtained by stimulation of
* colon tissue circular strips. Control and
ab
infected groups were evaluated in the
acute phase (AP; 11 days) and chronic
phase (CP; 15 months post-infection
[m.p.i.]) of Trypanosoma cruzi infec20 tion. Electrical stimuli of 0.5, 1, 5, 10,
and 20 Hz were applied to colon tissue
fragments in an organ bath system. (A
and B) Latency in OFF-contractions. (C
and D) Amplitude in OFF-contractions.
(E and F) Latency in ON-contractions.
n = 5, for each group. For (A) to (F),
statistical analysis: two-way ANOVA
and Duncan. Control (○); Infected (●).
c
The symbols (*) represent differences
in the relation to the group (control vs
infected) and the letters (a, b, and c)
20 represent the difference in the frequency,
regarding the same group. aDifferent
from 0.5 Hz. bDifferent from 1.0 Hz.
c
Different from 5.0 Hz. P ≤ 0.05. Data
presented as mean ± SD. (G) Schematic drawing indicating the ON- and
the OFF-latencies and the highest peak
amplitude of the off contraction. CAP,
control acute phase; IAP, infected acute
phase; CCP, control chronic phase; ICP,
infected chronic phase.

491

Mayra F Ricci, et al

increasing stimulation frequency above 5 Hz (Fig. 3).
There were no differences in the latency of OFF-contraction
between CAP and IAP nor between CCP and ICP (Fig. 3A and
3B). Moreover, increasing stimuli intensity did not change the
latency of off-contractions in both CAP and CCP groups (Fig. 3A
and 3B). However, increasing stimuli induced a higher amplitude
of contractions in CAP compared to the CCP group (Fig. 3C and
3D and Supplementary Figure), a mechanism possibly associated
with aging. Importantly, the CCP group poorly responded to the
increase in electrical stimulation (Fig. 3D). Both infected groups
(IAP and ICP) presented a lower response compared to their respective controls, especially after 5 Hz stimulation (Fig. 3C and
3D).
ON-contractions latency was higher in infected mice during
the acute phase (IAP), compared to the respective control group
(CAP) (Fig. 3E). However, there were no differences under in-

Infection Decreases the Electrically-stimulated
Elicited Contractile Responses
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CP15

sponses (amplitude of contractility) were
obtained by stimulation of colon tissue
circular strips in the presence of acetylcholine (ACh), L-NAME, and LNAME + ACh. Control and infected
groups were evaluated in the acute phase
(AP) [11 days] and chronic phase (CP)
[3, 7, 12, and 15 months post-infection
(m.p.i)] of Trypanosoma cruzi infection.
To the colon tissue fragments in an organ
bath system was added (A) Acetylcholine
(ACh), followed by inhibition with (B)
Nω-nitro-L-arginine methyl ester (LNAME) and then (C) ACh. Statistical
analysis: two-way ANOVA and Student–Newman–Keuls. n = 5, for each
group, except for control CP12, CP15,
and infected CP3 and CP12, n = 4.
Control (○); Infected (●). The symbols
(*) represent differences in the relation
to the group (control vs infected) and
the letters (a, b) represent the difference
in the frequency, regarding the same
group. aDifferent from AP. bDifferent
from CP3. P ≤ 0.05. Data presented as
mean ± SD. In the schematic drawing
next to the graphs, the arrows indicate
the ACh time point administration.

Cholinergic Dysfunction in Chagasic Megacolon

Control
Infected

#

0.4

*

0.3
0.2
0.1
0
AP

CP
ACh

C
Amplitude
off-contractions (g/mg)

Control
Infected
#

0.3
0.2
0.1
0
AP
CP
Neuronal blocker

Muscarinic M3r/-actin

E

Control
Infected
#

8

0.4
0.3

*

6
4
2

*

#

0.2
0.1

*

0
AP
CP
AP
CP
Neuronal blocker Muscarinic blocker

D

0.5

Control
Infected

0.4
0.3

#
#

0.2
0.1
0

AP
CP
Nicotinic blocker

10

Control
Infected

0.5

AP
CP
Muscarinic blocker

0.5
0.4

B
Amplitude
off-contractions (g/mg)

#

Amplitude
off-contractions (g/mg)

Amplitude
off-contractions (g/mg)

0.5

AP
CP
Neuronal blocker

F
Nicotinic receptor 7
subunity/-actin

A

AP
CP
NO blocker

Control
Infected

10
8
6

*

4
2

*

0

0

AP

CP

AP

M3r

7

-actin

-actin

CP

Figure 5. Electrophysiological responses (amplitude of contractility) obtained by stimulation of colon tissue circular strips with inhibition of mus-

carinic, neural, and nicotinic pathways; and expression of nicotinic and muscarinic receptors. Control and infected groups were evaluated in the
acute phase (AP; 11 days) and chronic phase (CP; 15 months post-infection [m.p.i]) of Trypanosoma cruzi . Colon fragments were incubated with
acetylcholine (ACh; 10 μM), atropine (muscarinic blocker; 1 μM), tetrodotoxin (neuronal blocker; 100nM), d-tubocurarine chloride (nicotinic
blocker; 50 μM) methyl ester of N (ω) -nitro-L-arginine (L-NAME, nitric oxide [NO] blocker; 300 μM). (A) ACh + Muscarinic receptor
block. (B) Neural block + Muscarinic receptor block. (C) Neural block + Nicotinic receptor block. (D) Neural block + NO block. n = 4 for
contraction amplitude. (E and F) The colon tissue expression of proteins of muscarinic type 3 receptor (anti-M3r) and nicotinic alpha 7 receptor
(anti-α-7) of the control and the infected groups of the AP and the CP15 m.p.i. were measured by Western blot. β-actin was used as a control protein. n = 5 for Western blot analysis. Statistical analysis: Student’s t tests. Control (○); Infected (●). The symbols (*) represent differences between
the groups (control vs infected). The symbols (#) represent differences between the groups infected. P ≤ 0.05. Data presented as mean ± SD.
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creasing the frequency of electrical stimulation in control compared
to infected (Fig. 3E). On the other hand, in the chronically infected
mice (15 m.p.i.) the latency period was significantly shorter compared to their paired control at the 5 Hz frequency (Fig. 3F). See
the graphic representation of the patterns of electric field stimulation
in Figure 3G.

Smooth Muscle Hyperresponsivity to Acetylcholine
and Involvement of Nitric Oxide Synthase in the
Acute Phase
ACh is one of the main neurotransmitters that induce intestinal
muscle activity13 while NO is associated with muscle relaxation. We
tested the intestinal contractility response upon exposure to ACh.
Ach significantly increased the amplitude of contractions in the
acute-phase infected group (IAP) and infected 3-month chronic
phase (CP3) compared to the respective controls (Fig. 4A). Interestingly, there were no differences in the amplitude of ACh-induced
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To better investigate the pathways involved in intestinal muscle
activity during T. cruzi infection, we used ACh receptors (AChR)
blockers targeting nicotinic and muscarinic receptors. The amplitude of ACh-induced contraction did not differ in acute and
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contractions between infected and control groups after 7, 12, or 15
months (Fig. 4A).
NOS inhibition with L-NAME increased the amplitude
of contractions only in the acute-phase infected group (IAP),
compared to control (Fig. 4B). However, pre-incubation with LNAME previously to ACh stimulation did not change the effects
of ACh stimulation in acutely infected mice but abolished the increase in contraction in CCP3 infected mice, compared to control
(Fig. 4C).
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Figure 6. Expression of excitatory (neurokinin 1 [NK1] and choline-acetyltransferase [ChAT]), and inhibitory (vasoactive intestinal polypeptide

[VIP] and neuronal nitric oxide synthase [nNOS]) receptors in colon tissue. Control and the infected group were evaluated in the acute phase
(AP; 11 days) and chronic phase (CP; 15 months post-infection [m.p.i.]) of Trypanosoma cruzi infection. The colon tissue gene expression of the
neurotransmitter receptors was measured by the real-time polymerase chain reaction assay. (A) NK1, (B) ChAT, (C) VIP, and (D) nNOS. Statistical analysis: two-way ANOVA and Student–Newman–Keuls. n = 5, except for control AP, CP3, CP7, CP12, and infected CP3, n = 4; and for
control CP15, n = 3. Control (○); Infected (●). The symbols (*) represent differences in the relation to the group (control vs infected) and letters (a,
b, and c) represent the difference in the time, regarding the same group. aDifferent from AP. bDifferent from CP3. cDifferent from CP7. P ≤ 0.05.
Data presented as mean ± SD.
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chronic controls (Fig. 5). ACh administration resulted in a higher
amplitude of contraction only in the acute phase of infection (IAP),
compared to the control (CAP) (Fig. 5A). Consequently, ICP15
presented a lower amplitude of contraction than IAP.
Atropine, a muscarinic antagonist, significantly decreased the
amplitude of contraction previously induced by ACh in the IAP,
suggesting a role of smooth muscle muscarinic receptors in increased contraction during the acute phase of infection (Fig. 5A).
However, the residual response to ACh under atropine treatment
suggested the involvement of smooth muscle nicotinic receptors.
To exclude the possible release of neuronal ACh by nicotinic receptors stimulation, we used the neuronal blocker TTX. TTX did not
induce any difference in contractility between control and infected
groups (Fig. 5B-D). In the presence of TTX, the addition of
atropine resulted in decreased amplitude in the IAP group compared to the neural block only. Muscarinic receptor antagonism in
neuronal-blocked preparations with TTX abolished the contraction
in CCP15 but not in ICP15, suggesting the involvement of smooth
muscle nicotinic receptors during the chronic phase of infection (Fig.
5B). Nicotinic receptor antagonism with d-tubocurarine increased
the contraction in IAP, suggesting downregulation of nicotinic receptors in the smooth muscle (Fig. 5C).
NOS inhibition in neuronal-blocked preparations reduced the
amplitude of contractions but without any difference between the
groups (Fig. 5D).

Expression of Muscarinic Type 3 Receptors and
Nicotinic Alpha 7 Subunits of Nicotinic Receptors
in Animals in the Acute and Chronic Stages of
Infection
We investigated if differences observed in AChR activities were
associated with protein regulation. So, we investigated the protein
content of AChR by Western blot in the intestines. For both the
M3r and α-7 subunits of nicotinic receptors (Fig. 5E and 5F),
IAP animals presented a higher expression of receptors compared
to their controls (CAP). Conversely, animals in the chronic phase of
infection (ICP15) showed a reduction in both receptors compared
to their respective control groups (CCP15). Animals of ICP15
showed a lower expression in these receptors (M3r and α-7 subunits of nicotinic receptors) compared to IAP.

Expression of mRNA for Excitatory and Inhibitory
Neurotransmitters
We also evaluated the expression of the receptor NK1, which
showed a significant reduction in the ICP3, ICP12, and ICP15

compared to their controls (Fig. 6A). The expression of the enzyme
choline acetyltransferase (ChAT) was significantly lower in ICP15
compared to CCP15 (Fig. 6B).
There was a significant decrease in the mRNA expression for
VIP in ICP12 and ICP15 groups compared to their controls. VIP
mRNA expression reduced over time. ICP12 and ICP15 differ
from IAP, and ICP15 also differs from ICP3 and ICP7 (Fig. 6C).
For the nNOS, ICP15 showed a significant decrease in mRNA
enzyme expression compared to their respective controls (Fig. 6D).

Discussion
The present study is the first to report patterns of stimulation and latency in a murine model of Chagasic megacolon. Our
group and others previously described intestinal histopathological
changes in the acute phase of T. cruzi infection.2,6,40-42 Our recently
described model induced the chronic phase of Chagasic disease in
all mice infected with Y T. cruzi strain that survives by administering a single oral dose of benznidazole (500 mg/kg) at 11 d.p.i.21
This treatment scheme prevents the acute death of around 50%
of animals and guarantees that the circulating parasites reach the
intestinal wall and trigger the local pathology.3,21 At the acute phase,
all animals presented colonic inflammation associated with parasitism. We confirmed that 20% to 30% percent of treated animals
that reached the chronic phase of the disease (15 m.p.i.) presented
progressive intestinal and ENS structural changes, associated with
the persistence of chronic inflammation and smooth muscle hypertrophy reproducing the natural history of Chagas disease.3,21 The
treated surviving animals were followed through the chronic phase
to study the inflammation, parasitism ganglionic neuronal damage,
intramuscular denervation, and phenotype changes of intestinal
muscularis propria denervation (smooth muscle hypertrophy) associated with megacolon development. Ricci et al,3 also confirmed
the persistence of parasites by immunolabelling with antibody antiT. cruzi by 15 m.p.i. In addition, all animals included in the in vivo
and in vitro assays here reported tested positive by quantitative RTPCR for parasite DNA.
In this follow-up study, we confirmed the intense parasitism and
inflammation in the acute phase that was followed by progressive
colon wall thickening, which becomes significantly evident from 7
m.p.i. (Fig. 1H). Although the intensity of inflammation decreased
from acute towards the chronic phase of infection, it persisted
along with the development of Chagasic megacolon. The Chagasic
megacolon is much associated with intestinal motility dysfunction.
However, the origin, regulation, and timeline of intestinal wall con-
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tractions are not yet fully understood,43 limiting the comprehension
of intrinsic mechanism(s).
The time required to eject the bead was measured as an estimate of colonic motility. Our in vivo studies showed increased colon
transit time in the infected chronic group (ICP15) compared to all
the infected groups (IAP, ICP3, ICP7, and ICP12). Chronically
infected animals showed a progressive impairment of colonic motility compared to their controls (Fig. 2A). So the bead propulsion
test resulted in a delayed bead propulsion time, as an estimate of
uncoordinated motor activity of distal colon including the impaired
relaxation of the anal sphincter (the distal 1 mm of the colon), which
also can be identified in some patients with Chagas disease.2,26,44
The thickness of the inner muscular layer and the electrophysiological responses were systematically studied only in the colon,
with significant functional impairment detected at 15 m.p.i. comparatively to earlier times.
The total GI transit time of the red dye indicates the function of
the entire GI tract: small intestine and colon (Fig. 2B). Indeed, the
total transit time indicated motility impairment from the early time
points (acute phase), probably indicating that the small intestine is
also affected by the infection (inflammation, edema, and parasitism)
contributing to the intestinal motility disorder. Due to methodological limitations, we did not study systematically the small intestine by
histology to make direct correlations. Total motility was more sensitive to detect early dysfunction, probably because the entire extension of the small intestine was evaluated in contrast with the small
length of the distal colon (2-3 cm) assessed by colonic motility.
Both the colonic and total motility with pyridostigmine was not
improved by increasing the availability of ACh to the infected animals, which kept presenting decreased motility parameters (significantly increased colonic and total motility time at IAP15) compared
to their controls (Fig. 2C and 2D), and corroborating our previous
impression of progressive structural impairment of the intestine
from 7 m.p.i.3
One of the limitations of this work is the difficulty of performing structural and correlated functional analyzes in the various intervals between 11 d.p.i and 15 m.p.i. We did not perform the pyridostigmine test before 15 m.p.i, but data from our previous work
using the same model indicate that the onset of structural changes
occurs from 7 m.p.i. with increasing colonic wall thickness, and
denervation from 12 m.p.i.3 Herein, functional repercussions were
studied at 15 m.p.i. These data indicate that at later time points
there is structural and definitive damage to the enteric circuits involving the ACh, indicating that therapeutic intervention must be
introduced earlier than the functional impairment is installed.
496

The organ chamber experiments may not reproduce the same
pattern of contractions in vivo, but it is a good tool to compare the
dynamics in the presence of the intervention (such as the T. cruzi
long-term infection). In our experiments, we removed all the external modulation of colonic contractilities such as the central nervous
system and possible humoral factors such as circulating catecholamines and other peptides and hormones. Even though, a few
works showed the amplitude of in vivo contractions similar to our
findings (lower than 0.5 g or 5 mN).45,46
The circular strips of the human colon commonly develop
2 distinct patterns of contractile responses of neural origin under
EFS stimulation in ex vivo experiments: (1) a phasic contraction,
which begins during EFS (so-called ON-contractions) or (2) a
phasic contraction, which appears after EFS (OFF-contractions).
We observed the same pattern of contraction in our model. Excitatory stimulation in the EMNs is related to the amplitude of EFSinduced ON- and OFF-contractions, which release ACh and
tachykinins, mainly acting, respectively, on muscarinic and NK1/
NK2 receptors, located on smooth muscle cells.31,47,48
In the infected chronic group, the amplitude did not increase
with the increase of the stimulus frequency. Notice that the CCP
group also did not respond to the increased stimulus. Several authors have previously described the cholinergic excitatory component of contraction in humans.12,49,50 OFF-contractions latency did
not change significantly between infected and control groups both
at the acute and chronic phase (Fig. 3A and 3B). Also, we observed
that the amplitude of contractile responses (Fig. 3C and 3D) to the
electrical stimulus (OFF-contractions) in the infected groups of
both acute and chronic phases was decreased in comparison to their
controls.
ON-contraction latencies in the IAP group were increased in
comparison to the CAP (Fig. 3E and 3F). Although not significantly, this could be related to edema and interstitial infiltration of
the acutely inflamed wall. ON-contractions are practically abolished
through the addition of atropine and tachykinin receptor antagonists.51 The amplitude of ON-contractions was not measured in this
work.
We analyzed the OFF-contraction amplitude under diverse
modalities of intervention (Fig. 4). Acute infection caused hyperresponsiveness to ACh on colonic musculature which was probably
associated with inflammatory-induced necrosis, collagen deposition,
and disorganization, predominantly, of the circular smooth muscle
layer. As a diffuse inflammatory process in the acute phase becomes
more focal and gradual over time, with the development of muscular layer hypertrophy, there was a progressive reduction of muscle
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hyper-responsiveness between 3 m.p.i. and 15 m.p.i.; however, the
assays did not detect differences when comparing infected with control groups.
To evaluate if the intense and diffuse inflammatory infiltrate
could be regulating the contractile response to ACh, we analyzed
the role of NO produced in response to infection and the constitutive nNOS-derived NO. NO is an important neurotransmitter and
mediator of the acute inflammatory process, participating actively
in the defense process against pathogens. We used pharmacological
tools to assess the contractile response pattern to ACh in colon fragments pre-incubated with NOS inhibitor and observed an increase
in the basal contractile responses. However, contractile responses to
ACh do not differ when comparing control vs infected mice from 3
m.p.i. after inhibition of NOS, indicating that the probable source
of NO was blocked during the acute inflammation.40 These data
corroborate with the literature demonstrating that increase in NO
production is directly associated with a reduction in smooth muscle
contractility in various inflammatory bowel conditions such as inflammatory colitis and Chron’s disease.52,53 Although not addressed
in this study, the calcium-activated K channels such as ATP or a
related purine may have participated in the inhibitory component of
EMNs.54,55
The production of excitatory and inhibitory neurotransmitters
is of great importance for the balance of intestinal function. The
studies performed with individuals and animals models presenting megacolon have shown that neuronal NO is preserved15,56 and
that, there is evidence of ACh loss.15 Based on the importance of
the cholinergic system in the control of colonic contractility, we
evaluated the effect of peripheral cholinesterase inhibition by using
pyridostigmine (reversible inhibitor). When animals orally received
pyridostigmine, we observed a significant increase in colonic transit
time in the ICP15 compared to their controls. The infection reduces the sensitivity to ACh since the increased bioavailability of ACh
resulted in reduced colonic motility for infected animals when compared to controls. Altogether our in vivo and ex-vivo assays suggest
a possible downregulation of the cholinergic system so explaining
the increased colonic transit time present in CD.
At the chronic phase (Fig. 5B), the amplitude of contractile
waves in control mice was almost zero in presence of TTX and
atropine, indicating that the observed basal contractions are mostly
induced by muscarinic receptors under ACh activation in the musculature. Fifteen months post-infection, mice exhibited increased
amplitude when compared to their controls which indicates possible pathways other than muscarinic receptor-dependent to control
contraction in infected intestinal smooth muscle. Although not yet

studied in Chagasic megacolon, molecular and functional plasticity of the GI gamma-aminobutyric acid type A receptor system
was implicated in the age-induced colonic inflammation associated with healthy aging.57 A reduction in the sensibility to ACh
indicated by our data with pyridostigmine could also be associated
with decreased expression of M3 and α-7 receptors in chronically
infected tissues when compared to controls. In this line, the increase
in the amplitude of contraction in ICP15 could be explained by the
loss of intramuscular fibers, observed histologically in the infected
mice in the chronic phase.21 Altogether, our data indicate some
degree of plasticity of the excitatory pathway along with the longterm infection. Smooth muscle cells hyperplasia and hypertrophy
and the plasticity of smooth muscle affecting force production were
demonstrated in the inflamed intestine,58,59 however, the modulation
of neurotransmitters and their receptors were not investigated. Our
results also point that acute infection also alters the pathways of the
excitatory motor reflex, including higher expression of subunits of
ACh receptors. However, we need more tests to fully characterizing
electrophysiological remodeling in the experimental and human
colons. The amplitude of contraction was probably affected by
atropine leading to (1) changes in the smooth muscle cell´s basal
tone, (2) excitability of interstitial cells of Cajal, or even (3) inhibition of neurotransmitter release by EMNs through action potentialindependent mechanisms.28
Muscarinic antagonism with atropine reduced but did not
abolish contractile responses to ACh in both control and infected
mice. Based on these data, we investigated the possible activation
of nicotinic receptors in enteric neurons. Simultaneous neuronal
blockade and atropine incubation reduced ACh-induced contraction in acutely infected mice, abolished the contraction in control
of chronic mice, and did not change the contraction in chronically
infected mice. These data support the hypothesis that nicotinic receptors could be physiologically expressed in colonic smooth muscle
and could be modulated by aging and by infection.60-64 Surprisingly, the use of the nicotinic receptor’s antagonist increased AChinduced contraction in the neuronal blocked colon. This data suggested that nicotinic receptors could lead to colonic smooth muscle
relaxation and could be down-regulated during the chronic phase of
Chagas disease. This hypothesis is also supported by Aulí and collaborators31 in 2008, which showed a relaxant effect of nicotinic receptors in the colon. On the other hand, we also tested the possible
modulatory effect of NO on ACh-induced contraction in the colon
in CD. Our data suggested that neuronal NO could down-regulate
the contraction in the acute phase but not in the chronic phase. In
the chronic phase, despite the reduction of contraction after the
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neuronal blockade and L-NAME incubation, there were no differences between control and infected groups. This data reinforces
that nNOS is not the only neurotransmitter that could be involved
in NO production in the colon during the development of CD.
The expression pattern of NK1, ChAT, VIP, and nNOS was
examined along with the development of Chagasic megacolon. We
detected a reduction in NK1 expression throughout time, which resulted in differences against the control groups at 3 and 7 months of
infection, suggesting that excitatory mechanisms regulating colonic
contractions in Chagasic megacolon may be impaired. The expression of ChAT, an indirect indicator of cholinergic activity, decreased
in the ICP15 group compared to its non-infected control and also
corroborates a role for cholinergic dysfunction in our model. VIP
expression was also decreased by 15 m.p.i. compared to controls.
Also, the infected animals presented a progressive reduction of
VIP expression along the course of the disease. nNOS expression
decreased by 15 m.p.i. compared to controls, reflecting possible
damage or modification of the nitrergic system, even at the submucosal enteric plexus.65 That contrasts with our finding of a relative
increase of nNOS in Chagasic megacolon by immunohistochemistry myenteric ganglia,56 which could also indicate that the preserved
neurons at myenteric plexus at 15 m.p.i. changed its phenotype to
inhibitory neurons.
In conclusion, our results described a colonic-derived impairment in the peristalsis associated with acute inflammation in the
acute phase of CD and damage to EMNs and muscularis propria
at chronic phases of infection. In this study, GI rhythmicity was
affected in a murine model of Chagasic megacolon involving the
lack of response of infected chronic animals related to changes in
the cholinergic and SP components of excitatory response modified
by the installation of the megacolon. The model will be valuable to
the further characterization of the ENS impairment mechanisms of
intestinal Chagas’ disease with an emphasis on cholinergic dysfunction as a pathogenic mechanism.
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Comment to the Description of a Novel Cohesinopathy
in Chronic Intestinal Pseudo Obstruction
TO THE EDITOR: We read with great interest the article “A novel
cohesinopathy causing chronic intestinal pseudo obstruction in 2
siblings and literature review” by Venkatesh et al1 reporting on a
gene mutation in 2 patients with a clinical phenotype of chronic
intestinal pseudo-obstruction (CIPO). The topic of the genetic
analysis in rare forms of severe gut dysmotility is extremely cogent
in the neurogastroenterology area especially because the management of CIPO is still largely ineffective and mainly centered on
general measures (hydro-electrolyte balance and adequate caloric
support often via parenteral nutrition). Thus, investigating genetic
and molecular mechanisms may unveil novel therapeutic approaches for this orphan disorder. In any affected patient, either adult or
pediatric, CIPO is characterized by a marked derangement of gut
propulsion, mimicking a mechanical sub-occlusion, in the absence
of any anatomical cause of obstruction. The severity of the clinical
presentation is typically associated with disabling digestive symptoms, which contribute to poor quality of life and increased mortality. In the last years, several genetic causes have been identified in
different subsets of CIPO patients. Heterozygous mutations in the
ACTG2 gene were found in patients with CIPO characterized by
degeneration of enteric smooth muscle, as well as in the “megacystis,
microcolon, and intestinal hypoperistalsis” syndrome.2-5 X-linked
CIPO has been ascribed to filamin A gene mutations.6,7 TYMP,
POLG , and LIG3 genes have been demonstrated in recessive
forms of mitochondrial CIPO.8-10 Finally, homozygous mutations in
SGOL1 and RAD21 genes, encoding for members of the cohesin
complex, have been identified in another subset of CIPO in association with additional clinical manifestations, ie, chronic atrial and
intestinal dysrhythmia (CAID),11 or cardiac defect and long Barrett
esophagus in Mungan’s syndrome,12,13 respectively. Both SGOL1
and RAD21 mutations are known to be causative of these 2 forms

of “cohesinopathy” underlying CIPO.
In this context, Venkatesh et al1 identified a homozygous variant
in SGOL1 in 2 siblings using next-generation sequencing analysis.
The mutation was correctly interpreted to be causative, although
the authors did not inform whether a target gene panel analysis,
whole exome or whole genome sequencing was performed. These
methodological approaches are of critical importance to exclude
the presence of other putative variants of interest. Moreover, the
identified variant (p.Lys23Glu) is exactly the same of that reported
by Chetaille et al11 who showed a causative homozygous variant
in several Canadian pedigrees with patients affected by CIPO
and atrial dysrhythmia (hence CAID, as previously mentioned).
We address this in order to avoid possible misinterpretation by
the reader. It would be always important to report the genomic
coordinates and the dbSNP ID of a variant, as in the current case
(rs199815268). This finding facilitates comparison between studies and can help identifying clinical convergence and/or differences
among CIPO patients. Furthermore, the segregation of the selected
variants should be pursued when possible in order to confirm that
the pattern(s) of inheritance is/are correct. Since there was no report
of consanguinity in the family reported by Venkatesh et al,1 it would
be very important to prove that both parents were heterozygous
carriers, maybe again due to a founder effect in the corresponding
geographical area, as observed in the original paper by Chetaille et
al11 in the described Canadian families.
In conclusion, we commend Venkatesh et al1 for their effort
aimed at identifying CIPO-causative variants, which is a pivotal
approach to better understand the molecular defects underlying this
difficult and highly challenging condition. However, data regarding
mutations of any detected variants should be carefully detailed to
provide a clear-cut understanding for all readers.
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Estimating the Self-reported Prevalence of Non-celiac
Gluten Sensitivity in the Korean Population
TO THE EDITOR: We have read with interest the study by Cha
et al,1 2022. The authors inform about the prevalence of nonceliac gluten sensitivity (NCGS) in a Korean population. However,
there are some issues that we believe are worthwhile to address to
further clarify key points of the research. First, the third section of
the questionnaire was extracted from another non-Korean language
questionnaire and the fourth section was designed by the authors,
but a methodological approach to validate these sections was not
reported. Translation/back translation from a different language is
essential to ensure both the quality of the translated questionnaire
and the correct interpretation of the questions by participants. The
questionnaire should also be validated to determine how well the
translated questions measure what they are supposed to measure.2
We believe that questionnaires translated into a different language
or new sections designed should be evaluated at least for clarity and
comprehension to ensure the correct interpretation of the questionnaire.3,4 Second, the authors define self-reported NCGS as the
reporting of symptoms at least once a week after gluten intake and
a visual analog scale score of symptom discomfort ≥ 8. However,
the rationale for an undemanding NCGS definition should be
given since, from some studies,5,6 some questions could be raised:
why not consider the triggering of the symptoms always or most of
the time after gluten ingestion? How do the authors discriminate
between NCGS and a potential wheat allergy? How many participants already have a physician’s diagnosis of celiac disease/wheat
allergy? Third, the main conclusions are the prevalence rates (PRs)
of NCGS in the non-irritable bowel syndrome (IBS) population
(5.8%) and in IBS patients (33.6%). However, these and other
PRs given throughout the manuscript lack confidence intervals
(CIs). CIs indicate with some certainty the range of possible values
within which the statistical measure of a population can be found;
“the narrower the margins of the CIs are, the higher the estimate
accuracy is.”7 Furthermore, the sample size needed for the study
was not declared, although the authors claimed that the “study had
a large enough sample size to estimate NCGS prevalence.” The
sample sizes inferred from the study are around 147 (IBS) and 223

(non-IBS), which would hardly be enough to properly estimate the
NCGS PRs (expected PRs of 20.0%/3.9% [IBS patients/non-IBS
population]).8 Proportioning information related to the issues addressed above could help to better interpret the results of Cha et al.1
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Non-celiac Gluten Sensitivity or Celiac Disease,
This Is Still the Question
TO THE EDITOR: We read with interest the article by Cha et al,1
showing the prevalence of non-celiac gluten sensitivity (NCGS)
of 20.7% in a Korean population aged 18-80 years, referred to
gastroenterology outpatient clinics and recruited through public
advertising, according to the diagnostic criteria based on the presence of gluten-related symptoms (at least once a week) with a visual
analogue scale score > 8. In the period from March to September
2019, we have conducted a similar study in Southern Italy to assess
the prevalence of NCGS in the general population (> 6 years) in
Primary care, using a validated self-administered questionnaire.2
Overall, we analyzed 2301 questionnaires (51.0% of the total), and
we found a prevalence of self-reported NCGS of 8.4% (95% CI,
5.6-9.9). Our prevalence figure is lower than the one reported by
Cha et al,1 and the different setting of analysis could explain this dif-

Table. Symptoms, Reported by Children With Self-reported Non-

celiac Gluten Sensitivity
Extraintestinal symptoms
(40.0%)
Oral ulcers 10.5% (n = 29)
Anemia 20.0% (n = 55)
Anxiety 29.0% (n = 80)
Depression 3.0% (n = 7)
Joint pain 19.6% (n = 54)
Weight loss 10.2% (n = 28)
Headache 24.4% (n = 67)
Chronic fatigue 41.0%
(n = 112)
Muscle pain 26.5% (n = 73)
Foggy mind 9.5% (n = 26)
Skin rush 4.0% (n = 10)
Itching 12.0% (n = 33)

Gastrointestinal symptoms
(60.0%)
Alternate bowel 36.0% (n = 100)
Diarrhea 18.5% (n = 51)
Epigastric pain 41.5% (n = 114)
Belching 20.0% (n = 55)
Flatus 26.0% (n = 71)
Bloating 60.0% (n = 165)
Nausea 36.0% (n = 100)
Gastro esophageal reflux 69.0%
(n = 189)
Constipated bowel 9.0% (n = 24)

ference.
The Korean study has been performed in Gastroenterology
clinics of tertiary referral centers, therefore more likely to receive
patients with gluten-related symptoms than in general practitioners’
clinics. In support of this hypothesis is the finding of a prevalence
of NCGS in the general Korean population identified by the same
authors of 5.8%. The analysis of symptoms revealed a similar clinical presentation of this condition in both experiences, suggesting
that NCGS patients present as irritable bowel syndrome most of the
time.3
In detail, we found both intestinal (60.0%) and extraintestinal
(40.0%) symptoms, primarily associated with bloating, acid reflux
and/or headache or anxious-depressive disorders (Table). Similar
to the Korean study, gluten-related symptoms occurred mainly in
females (59.0%; median age 49 years), with rapid onset after meals
(39.0% within 6 hours) and lasted at least 6 months (74.0% of
cases).4
The central bias of the Korean study is that, before the diagnosis of NCGS, patients had not been tested for celiac serology, while
in Italy, where celiac disease (CD) is frequent, we found that 55.0%
of patients had been already tested for CD, 42.0% underwent upper
endoscopy and a final diagnosis of CD was reached in 34 children
(1.5%). Considering that the actual prevalence of CD in Korea is
missing and there is an underutilization of diagnostic assays for this
condition,5 we strongly suggest testing patients with gluten-related
symptoms for CD before considering the possible diagnosis of
NCGS.
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Microbial Dysbiosis in Achalasia: Insights on
How to Prevent Cancer
TO THE EDITOR: With great interest, we read the article of Jung
et al.1 The authors made a well-designed study, producing the first
to show the esophageal microbiota in patients with achalasia using
16S ribosomal RNA sequencing. The authors showed that the microbial composition did not significantly change after the per-oral
endoscopic myotomy (POEM), despite a significant improvement
in the nutritional intake.
The microorganisms benefit the human host in many ways,
such as digestion, assisting certain vitamin synthesis, developing the
gastrointestinal and immune system, regulating metabolism, and
preventing invasion by some pathogens.2 On the other hand, microbial dysbiosis may lead to tissue damage and play significant roles in
various diseases, including inflammatory disorders and cancers.3
Some studies have already shown the role of microbiota in
cancer development. The mechanisms by which the microbiota
affects the pathogenesis of achalasia and esophageal carcinoma are
unclear. However, it is well known that microbiota alteration may
result in inflammation, and persistent chronic inflammation may
promote carcinogenesis.4 Furthermore, bacteria may generate toxins
that could induce DNA damage and genomic instability,5 and some
bacterial products have tumor-promoting effects.6
POEM is a highly successful minimally invasive treatment for
achalasia,7 with over 90% improvement in dysphagia.8 An intuitive
presumption is that correcting the food stasis would normalize the
esophageal microbiota and, finally, would reduce the cancer transformation risk in achalasia. A previously published meta-analysis
suggested that achalasia treatment would not reduce the risk of
malignization in achalasia.9 The study by Jung et al1 showed that
POEM might not be able to transform the microbiota and bring it
back to normality. This finding could explain why cardia treatment
methods for achalasia cannot reduce the cancer risk.

Findings by Jung et al1 lead to medical and scientific implications. Firstly, the carcinogenesis mechanisms remain after POEM,
and consequently, endoscopic periodic surveillance exams are still
necessary after achalasia treatment. Secondly, future studies should
investigate the role of esophageal microbiota in achalasia cancer
screening and prevention. Future studies should focus on how
to change achalasia microbiota to prevent cancer. Proton pump
inhibitors, reflux, and diet influence the esophageal microbiota,10
and consequently, topical and systemic antibiotics, pH alterations,
and diets should be investigated. Besides, the oral and esophageal
microbiome could act as a screening tool, and future studies should
investigate the capacity of microbiota as a complementation to the
endoscopy surveillance.
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MHC
MRI
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TGF
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hepatitis C virus
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hematoxylin and eosin
human immunodeficiency virus
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interleukin
interferon
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major histocompatibility complex
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transforming growth factor
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A
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cal
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o
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F
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G
g
t1/2
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J
K
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L
×
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mol/L
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farad
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hertz
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inch(es)
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micrometers (do not use microns)
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milliliter(s)
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molar
mole(s)
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Ω
osm
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Pa
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psi
rpm
rps
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U
V
W
wk
yr
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revolutions per second
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unit(s)
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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
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n
odds ratio
OR
probability
p
standard deviation
SD
standard error
SE
standard error of the mean
SEM
variance ratio
F
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