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ABSTRACT

Background: Increased intestinal permeability (IP) may play an important role in
health and disease. Clinicians treating people with IP use a combination of
therapeutic interventions, with many interventions having little evidence. This
thesis aims to improve the management of IP by clinicians in primary care
settings in Australia by developing an evidence-based clinical practice guideline
that considers the views and preferences of people with IP in the developed
recommendations.

Methods: A cross-sectional survey design was employed to explore the views
and preferences of Australian adults with suspected IP (Phase One n=589). A
clinical practice guideline was developed based on the National Health and
Medical Research Council (NHMRC) guidelines for guidelines (Phase Two). The
level of evidence for each recommendation was determined based on the
NHMRC grades for recommendations and the NHMRC Evaluation of Evidence
process. Eight stakeholders participated in a cross-sectional survey to explore
each recommendation’s understanding, agreement, importance, and
appropriateness.

Results: Phase One found that most Australian adults with suspected IP (56.2%)
are self-diagnosing their condition, with many of these individuals (56.7%)
preferring to be assessed using an accurate method by a general practitioner or
naturopath. Regarding the treatment of IP, participants reported using dietary
products (87.9%), dietary supplements (72.9%) and lifestyle therapies (54.6%)
for managing IP. The out-of-pocket cost associated with managing IP suggests a

financial burden; participants that struggle financially spend significantly more

XX



(mean=%$2963) on dietary supplements compared to participants who find it easy
to live on their available income ($1918) (p=0.015). Participants had worse
subjective well-being (SWB) compared to the Australian population (p <0.001).
Self-reported improvement in I[P was a significant predictor of SWB and health-
related quality of life (HRQoL) (8=10.70, p <0.001). Furthermore, the number of
days IP affects daily living correlated with SWB and HRQoL (p <0.001). Phase
Two produced a total of 38 recommendations consisting of 27 evidence-based
recommendations, seven practice points and four consensus-based
recommendations. These recommendations provide clinicians with beneficial
dietary choices and dietary supplements while suggesting interventions that are
ineffective and should be avoided. Furthermore, according to key stakeholders,
most of the developed recommendations were accepted and acknowledged as
important and appropriate for clinicians to follow.

Conclusion: The research findings presented in this thesis may optimise patient
care, improve health outcomes, and reduce variation in care by clinicians in
primary care settings in Australia. The recommendations align with consumer and
stakeholder views and values, enabling clinicians to follow confidently. This thesis
provides a comprehensive insight into the needs of this under-investigated
population group while laying the foundations for multiple research opportunities,
especially in exploring disease burden and IP. Ultimately, these results can be
used to inform the design of clinical trials to explore the IP treatment strategies

used by clinicians and consumers which has limited supporting evidence.
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1. INTRODUCTION

1.1 INCREASED INTESTINAL PERMEABILITY

Impairment of the intestinal barrier function may be an early event in the
pathogenesis of numerous systemic and intestinal health conditions.! As such,
increased intestinal permeability (IP), which involves the loss of integrity between
the epithelial cells within the small intestines, plays a vital role in health and
disease.? The full extent of the impact caused by the loss of intestinal integrity
continues to evolve with the advancement of the scientific understanding of IP. In
the previous two decades, extensive evidence centred on animal and in vitro
models has emerged to describe the sequence of events involved in IP and has
illustrated the negative effect small intestinal permeability can have on systemic
health and disease.® Within private practice, clinicians consider IP to contribute
to several health conditions.* During treating IP, a whole system approach is often
used, with clinicians frequently using dietary modifications, lifestyle alterations
and dietary supplementation as their preferred treatment methods.>® However,
many of these treatment methods do not have appropriate evidence to support
their use.® Therefore, providing clinicians with guidance on the treatment
strategies with the most significant clinical impact and evidence aims to enhance

patient care and improve health outcomes.



1.2 AIMS AND SCOPE OF THESIS

1.2.1 RESEARCH AIM

This thesis aims to identify evidence-based treatment recommendations that
align with patients' views and preferences to improve clinicians management of

IP in clinical practice.

1.2.2 RESEARCH QUESTIONS

1. What are the known risk factors associated with altered IP in adults?

2. Which views and preferences of patients with suspected IP should be
considered during the management of IP?

3. What are the health-seeking behaviours of adults with suspected IP?

4. Do people with suspected IP experience a worsened subjective
wellbeing compared to the Australian population?

5. Can health-seeking behaviours of people with suspected IP influence
health-related quality of life and subjective wellbeing?

6. What are the evidence-based management options available for IP?

7. How can evidence-based management options also consider patients

views and preferences towards treatment?

1.2.3 RESEARCH OBJECTIVES

1. Identify known risk factors associated with altered IP in adults.

2. Explore the views, preferences, and health-seeking behaviours of adults
with suspected IP.

3. Examine the subjective wellbeing and health-related quality of life of

adults with suspected IP.
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4. Determine the management options available for IP.
5. Develop an evidence-based clinical practice guideline for the

management of IP which considers patients’ views and preferences.

1.2.4 SIGNIFICANCE AND SCOPE

Altered IP is estimated to have a prevalence of 10-87%" in diseases with a known
association with IP, compared to about 5% in healthy individuals.®” This original
research project is the first to collectively consider the published literature and
consumers' views and preferences for developing a clinical practice guideline in
managing IP. Understanding the risk factors associated with IP in clinical practice
may indicate the treatment interventions most appropriate for managing IP.
Despite the involvement of IP in many health conditions, there is no guidance for
the management in clinical practice. With over 80% of naturopaths and
nutritionists identifying digestive health as a major practice interest area, the
absence of any guidelines has resulted in clinicians having inconsistencies in
managing IP.>8 Furthermore, given the community’s interest in digestive health,
other clinicians such as general practitioners, gastroenterologists and dieticians
may require further guidance in managing IP.* Therefore, developing a clinical
practice guideline for the management of IP may provide a foundation for
addressing these gaps in knowledge. This guideline would need to consider the
patient’'s preferred treatment methods and whether any of these treatment
methods may affect the quality of life. Creating a transparent, evidence-based
clinical practice guideline for managing IP may help inform clinical practice,
optimise patient care, improve health outcomes, and reduce variation in care for

clinicians while informing policymakers and researchers. A clinical practice
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guideline aims to guide clinicians in their recommendations and inform their
treatment strategies. Future research can also build on the gaps identified in the

recommendations and use the results to inform intervention studies.

1.3 THESIS STRUCTURE

This body of work is structured in the format of Thesis by Compilation. It presents
a single body of work comprised of traditional thesis chapters, published articles
and documents involved in developing a clinical practice guideline.

Chapter 1 provides background knowledge to understand the research project
and the following chapters. Key details on the function of the gastrointestinal
system are provided with a comprehensive explanation of IP. The different
assessment methods are discussed to provide context and understanding for the
thesis.

Chapter 2 reviews the literature on the known risk factors associated with the
development and exacerbation of IP. The identification of pathology markers,
demographics, anthropometric measurements, disease status and dietary intake
are explored. The results of this chapter have been published in the International
Journal of Clinical Practice.

Chapter 3 describes the methodology of this research project, providing details
on the study design, data collection and analysis. This chapter is comprised of
one traditional methods section and presents the Guideline Development
Process as part of the clinical practice guideline.

Chapter 4 presents the first section of the results from the cross-sectional survey

of Australian adults with suspected IP. This chapter explores the health-seeking
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behaviours of Australian adults with suspected IP considering the type of
healthcare this population would prefer to receive, especially regarding the
diagnosis of IP. Additionally, this chapter explores the length of time between first
suspecting IP and receiving a diagnosis of IP. Finally, the out-of-pocket
expenditure associated with the assessment and management of IP are
described. The results of this chapter have been published in Integrative
Medicine Research.

Chapter 5 further expands on Chapter 4, by describing the preferred treatment
methods people with IP want to use and whether any applied treatment methods
affect quality of life. This chapter draws links between the treatment methods
patients use and the effect they may have on quality of life. The results of this
chapter have been published in The Journal of Alternative and Complementary
Medicine (now referred to as The Journal of Integrative and Complementary
Medicine).

Chapter 6 provides detailed results of the IP Guideline with a comprehensive
description of the evidence, risk of bias and drafted recommendations. This
chapter presents the Technical Report as part of the clinical practice guideline.
Chapter 7 summarises stakeholders’ views and preferences surrounding the
implementation of the IP Guideline into clinical practice. A detailed description of
their agreement of each recommendation and suggested changes to each
recommendation is provided.

Chapter 8 summarises the clinical need for each clinical question and provide
the evidence and justification for each recommendation. The final

recommendations based on stakeholder feedback are included in this chapter.
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Collectively, this chapter contains the Clinical practice guideline for the
management of increased intestinal permeability: IP Guideline.

Chapter 9 provides a discussion on the findings of this thesis. Results are
contextualised with previous research around patient care and IP management.
This chapter identifies the clinical relevance of the results to clinicians in clinical
practice, describes the limitation of the results and suggests a research agenda
based on the findings of this thesis.

Chapter 10 summarises the thesis, provides a conclusion on the findings and

relates the results back to the aim and objective of this thesis.

1.4 BACKGROUND

1.4.1 THE GASTROINTESTINAL TRACT

The gastrointestinal tract is estimated to have a surface area of 400m? and is the
most extensive interface between the internal and external environment in the
human body.® The small intestine contains four cell types: enterocytes,
enteroendocrine cells, goblet cells and Paneth cells. The paracellular pathway
forms the interconnection between enterocytes and is composed of tight
junctions, desmosomes and adherens junctions.' The tight junctions consist of
membrane proteins, mainly occluding and claudins, that act as a selective
paracellular barrier."" The gastrointestinal tract, consisting of a physical and
biochemical barrier, requires a stable interaction of all elements, including the
mucus layers, microbiome, and intestinal cells, to maintain intestinal mucosal

homeostasis.'?
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1.4.2 INTESTINAL MUCUS LAYERS

The gastrointestinal tract contains a mucus layer that acts as the first line of
immune defence. Goblet cells produce glycoprotein, which forms the mucin in the
mucus layer."® The mucin within the mucus layer provides an environment and
energy source for the microbiome.'* The thickness of the mucus layer can reduce
in some disease states, health conditions and ageing, thereby exposing the
microbiome to the intestinal epithelium.'™ A reduced mucus layer is thought to

contribute to a cascade of events involved in the development of IP."2

1.4.3 INTESTINAL MICROBIOME

The microbiome may play a fundamental role in modulating the presence and
severity of IP.3 The complexity of the microbiome involves a bidirectional
relationship between the colonocyte and intestinal microbiome, which may
influence the balance of bacteria in the intestinal tract.'® The microbiome is the
collective genome of the microbiota, while the microbiota is the sum population
of microbes found in the gastrointestinal system.!” The gastrointestinal tract is
estimated to contain 200g of bacteria belonging to more than 500 different
species.'®'® Furthermore, it has been reported that there are as many bacteria
cells in the gastrointestinal system as human cells in the whole body.'® The
microbiome in the gastrointestinal tract is estimated to contain 150-fold more
genetic material than all the genes in the human body.?° A decrease in overall
gene richness in the gastrointestinal system is associated with many health

conditions such as obesity and systemic inflammation.?'
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The microbiome may influence metabolic, hormonal, neurological, and immune
biochemical pathways, resulting in therapeutic and protective outcomes for
particular health conditions.??> This ecosystem found in the gastrointestinal
system can change and modulate the immune system, playing an essential part
in health and disease.?®> Any change to the intestinal microbiome composition
relative to healthy individuals is collectively referred to as dysbiosis.?* The three
main categories for intestinal dysbiosis are (1) loss of beneficial microbial
organisms; (2) expansion of potentially harmful microbial organisms; and (3)
reduced biodiversity.?* Any change to the microbiome’s diversity has been
suggested to influence the pathogenesis of inflammatory diseases.?® Dysbiosis
plays a fundamental role in the development and exacerbation of many health

conditions, with the microbiome also capable of influencing IP.3

1.4.4 GASTROINTESTINAL HEALTH AND DISEASE

Intestinal integrity may influence many aspects of the gastrointestinal system. A
disruption to the homeostasis of the gastrointestinal tract, especially the intestinal
mucosa, may contribute to alterations in the mucus layer leading to intestinal
inflammation, dysbiosis and IP.'22¢ A dysbiotic microbiome can alter short-chain
fatty acid production,?” stimulate IP,%® and influence inflammatory expression.?°:3
The health and function of the gastrointestinal tract are suggested to be a
contributing element in the aetiology of a growing number of health conditions.3'
Some health conditions linked with gastrointestinal health are obesity,*? Crohn’s

disease,® type-1 diabetes,** mental health,3® and multiple sclerosis.3®
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1.5 INCREASED INTESTINAL PERMEABILITY

1.5.1 DEFINING INCREASED INTESTINAL PERMEABILITY

The exact definition of IP remains poorly understood. The evidence suggests two
subtypes of IP: acute IP and low-grade chronic IP. Acute IP is more common
within a hospital setting and is primarily triggered by pathogenic bacteria,
resulting in sepsis.3” Acute IP is more prevalent in conditions such as pancreatitis
and burn injuries.3® Low-grade chronic IP appears to be more prominent in
primary care settings, with naturopaths, nutritionists, herbalists and integrative
medicine practitioners frequently treating this subtype.* There is no defined
nomenclature for IP with many possible terms commonly used including intestinal
permeability, increased intestinal permeability, leaky gut, leaky gut syndrome,
hyperpermeability, intestinal integrity, increased gut permeability, small intestinal
permeability and endotoxemia. Throughout this thesis, IP will refer to the low-
grade chronic IP where there is a loss of integrity between the small intestines'

epithelial cells, leading to IP.2

1.5.2 INTESTINAL PERMEABILITY IS NORMAL

The permeability of the small intestine is a natural and homeostatic mechanism
required for human survival and homeostasis equilibrium. For instance, IP is
considered a normal defence mechanism to wash out unwanted microorganisms
colonising the small intestine.3® During conditions like gastroenteritis, an increase
in IP facilitates the removal of pathogenic bacteria by attracting fluid into the
gastrointestinal tract.>®* Another time when IP is considered normal is during

pregnancy. IP naturally occurs during pregnancy and is suggested to contribute
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to neonate mucosal immune system development.*® In addition to the
involvement of IP during pregnancy, it has been suggested that altered intestinal
integrity and changes in the microbiota in early life may impact metabolic health
later in life.*° These examples of IP naturally occurring throughout life provide the

understanding that IP plays an important role in homeostasis.

1.5.3 EXOGENOUS FACTORS AFFECTING INTESTINAL PERMEABILITY
Exogenous and genetic elements may contribute to the aetiology of IP. These

elements may influence IP by stimulating the release of zonulin, the only
physiological mediator known to regulate IP.2 Paracellular IP is controlled by
intercellular junctions that regulate the space between the intestinal epithelial
cells. One of the most prominent junctions are the tight junctions that regulate
over 50 proteins, with zonulin being the most measured marker for tight junction
dysfunction.*' Zonulin has a direct action in the intestine, where it is responsible
for the cascade of events resulting in the disassembling of the tight junctions.?
The exogenous factors that affect IP are numerous in quantity and variety. These
factors may include, but are not limited to, dietary components such as alcohol*?
and fructose consumption*® and exposure to the gliadin protein found in gluten.*
Other physical and psychological exogenous factors include acute psychological
stress by releasing corticotropin-releasing hormone activating mast cells within
the small intestine,*> physical stress*® and strenuous exercise.*” Some
medications are known to adversely impact IP, with most evidence identifying the
negative consequences of nonsteroidal anti-inflammatory drugs.*® These
collective groups of exogenous environmental factors provide an example of the
diversity of factors that may influence IP.
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1.5.4 GENETIC AND EPIGENETIC FACTORS AFFECTING INTESTINAL

PERMEABILITY

The influence of genetics in developing IP is a growing area of research. For
example, healthy family members of people with Crohn’s disease may have a
higher IP prevalence than unrelated household members they live with.4° The
difference in IP prevalence may be due to genetic and epigenetic factors. Claudin
proteins may contribute to IP's pathogenesis, with gene expression and gene
mutation playing a role.*>% Growing evidence suggests epigenetics, which is the
influence the environment has on gene expression, may also be a factor involved
in IP.>" An example of epigenetics involvement in IP is seen with an over-
expression of the occludin proteins in tight junctions.' Two factors that may
influence an epigenetic change in tight junction proteins that lead to IP are alcohol
and oestrogen.5253 While probiotics such as Lactobacillus plantarum MB452 may

change the expression of the tight junction, thereby reducing permeability.>*

1.5.5 INTESTINAL PERMEABILITY IN HEALTH AND DISEASE

The prevalence of IP is difficult to quantify and estimate. However, studies
involving a healthy control group generally observe IP in about 5% of
participants.®7%% A diverse range of conditions seen in primary care practice,
including autoimmune conditions, liver-related conditions, metabolic conditions,
digestive conditions and neurological conditions, are associated with IP with an
estimated prevalence of 10 to 87% (Table 1.1)." It has also been associated with

disease severity and particular clinical symptoms.”
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Research has speculated that IP may play a role in the pathogenesis of chronic
disease. From the health conditions explored, altered intestinal integrity may
precede the clinical onset of Crohn’s disease,’®%” type 1 diabetes,%® coeliac
disease,*® and gestational diabetes®® with IP involved in the pathogenesis of
chronic liver disease,®’ IgA nephropathy®? and intrahepatic cholestasis of

pregnancy.53

Table 1.1 The prevalence of increased intestinal permeability

Conditions Increased Intestinal Permeability
Autoimmune Conditions
Dermatitis herpetiformis 87%
Ulcerative colitis 10-43%
Crohn’s disease 36%
Systemic sclerosis 34%
Type 1 diabetes 30%
Primary biliary cirrhosis 25%

Liver Related Conditions
Chronic liver disease with type 2

diabetes 65%
Liver cirrhosis 35%
Chronic liver disease 15-35%
Non-alcoholic fatty liver disease 31%
Diabetic Conditions

Qhronlc liver disease with type 2 65%
diabetes

Gestational diabetes 37%
Type 1 diabetes 30%

Neurological Conditions
Autism 36%
Gastrointestinal Conditions

Irritable bowel syndrome 35%

Source: Table from Leech et al., 2019’
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1.5.6 CLINICAL PRESENTATION OF INTESTINAL PERMEABILITY

In the current literature, there is limited evidence on the clinical presentation of
|P.6465 Clinicians report that people with IP present with food sensitivities,
intestinal dysbiosis, abdominal pain, bloating, parasitic infection, brain fog,
flatulence, inflammation, stress and obesity in addition to having IP.* These signs
and symptoms are associated with numerous other conditions and are not
specific to IP.%6 The clinical presentation with the greatest area of evidence
appears to be disease association rather than clinical signs and symptoms.
Clinicians that frequently treat patients with IP report the conditions most
associated with |IP as gastrointestinal, autoimmune, skin, neurological,
respiratory and liver-related conditions.! The reported association between
disease and IP appears to reflect the published literature with substantial
research confirming an association between IP and autoimmune conditions, liver-
related conditions, metabolic conditions, digestive conditions and neurological

conditions.’

1.5.7 MEASURING INTESTINAL PERMEABILITY

The measurement and assessment of IP remain a highly controversial and
debated area of research as there is no recognised gold standard.®” There are
five common techniques available for the assessment of intestinal integrity:

1) Measurement of an introduced medium: dual sugar test;

2) Measurement of a released biomarker: serum and stool zonulin;

3) Measurement of a consequence of IP: serum LPS;

4) Measurement of contributing factors: mucus barrier; and

5) Biopsy of intestinal cells: claudin.
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In a research setting, there are four tests frequently used all of which have a

diverse degree of strength, weakness and applicability (Table 1.2).

Table 1.2 Frequently used methods to measure intestinal permeability

Test Method  Strength Weakness Application
used
Dual sugar test Urine ¢ Validated ¢ Collection time o Identification
collection across validity of well-
for 6 multiple e Lengthy established
hours population collection intestinal
groups process permeability
e Controls for o Diet may impact e Identification
confounding results of disease
factors severity
Zonulin, plasma Blood e Easy e Limited e Used in
collection collection validation research when
process studies confounding
e Suggestedto e Influenced by factors can be
reflect weight controlled
intestinal e Zonulin released e Should not be
permeability from many used in clinic
tissues
Zonulin, stool Stool ¢ |dentification e Limited o Early-stage
collection of tight validation intestinal
junction studies permeability
permeability e Unable to o Intestinal
e Limited identify intestinal permeability
confounding permeability actively being
variables when not stimulated
stimulated o Identification
of disease
severity
Lipopolysaccharides Blood e Easy ¢ Not available in e Used in late-
collection collection clinical practice stage disease
process e Diet may impact e Prolonged
¢ Suggested to results intestinal
reflect permeability

intestinal
permeability
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1.5.7.1 DUAL SUGAR

The primary pathology test currently used in clinical practice and research to
assess IP appears to be the dual sugar test.#%8 The dual sugar test has been
validated across multiple population groups and is considered an accurate and
reliable measure of intestinal integrity.®%-72 The dual sugar test corresponds with
biopsy-confirmed abnormalities in the small intestine and abnormal mucosa in
people with organic and functional gastrointestinal conditions.”®7374 The
repeatability of the dual sugar test has demonstrated a good to excellent linear
relationship for the dual sugar tests laboratory assay.®® The dual sugar test best
identifies well-established IP, compared to early-stage IP.” This test has been
shown to distinguish disease severity in patients with irritable bowel syndrome.”®
Furthermore, the dual sugar test correlates with disease severity in patients with
liver steatosis, with a greater degree of permeability seen in patients with

moderate or severe steatosis.”®

There is a significant difference in the lactulose:mannitol ratio between healthy
control and coeliac disease or Crohn’s disease patients.”” The dual suagr test
controls for many confounding factors such as gastric emptying, renal function
and intestinal transit time compared to using a disaccharide test alone.”® The dual
sugar ratio has been demonstrated to have higher specificity and sensitivity in
identifying disease compared to the disaccharide.”® Although there are conflicting
ideas around the optimal duration of urine collection, the current consensus
suggests that <5 hours of collection, not including the first-morning void, is the
most accurate collection time.®° The dual sugar test involves the oral

consumption of two sugars, lactulose and mannitol, in roughly 100-300ml of water
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after an overnight fast. The principle behind the lactulose and mannitol test is the
different molecule sizes of the two sugars. When the intestinal integrity is healthy,
the monosaccharide mannitol is readily absorbed, while lactulose being a
disaccharide, remains within the intestine and is poorly absorbed. However,
during a loss of intestinal integrity, the ratio of lactulose to mannitol is increased,
as lactulose can permeate the intestinal mucosa and become present in the

urine.80

1.5.7.2 STOOL ZONULIN

Stool zonulin as a marker for IP has been shown to be a marker of disease
severity in several health conditions. Stool zonulin measures the amount of
zonulin protein found in the faecal matter. The ability to measure stool zonulin in
clinical practice is only a recent advancement, with stool zonulin first used in
clinical studies around 15 years ago. Although a limited number of studies are
available, there is some evidence of a relationship between stool zonulin in
gastrointestinal and autoimmune health conditions. Firstly, IBS patients with a
greater degree of disease severity have also been found to have higher levels of
stool zonulin compared to IBS patients with less disease severity.”® When
considering autoimmune conditions, stool zonulin has been found to have a
moderate positive correlation with Th17 cells, an immune cell implicated in the
pathogenesis of many inflammatory and autoimmune diseases.?' Additionally,
stool zonulin has a high positive correlation with the severity of psoriatic arthritis.?’
The severity of stool zonulin appears synergistic with many factors, including
medication and the microbiome influencing the level of zonulin. For instance,

proton pump inhibitors in people with diagnosed intestinal dysbiosis appear to
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have a greater impact on zonulin levels than in those not using proton pump
inhibitors.82 The relationship between stool zonulin and disease severity provides

a piece of important case information in addition to the identification of IP.

The correlation between stool zonulin and the dual sugar test is poorly
established, with many studies finding conflicting results.”>#8 The current
understanding in the literature is that the two tests identify different stages of IP.
As zonulin is an acute-phase protein, elevation occurs when actively stimulated
due to the relatively short half-life.8%8¢ Thus, stool zonulin can identify early-stage
IP or when a stimulus is present in the environment.8 Late-stage disease with
established permeability is best identified using the dual sugar test.”®
Understanding the most appropriate method and time to assess IP is essential

for clinicians.

1.5.7.3 SERUM ZONULIN

Early understanding of serum zonulin suggested that this serological integrity
marker was an accurate indicator for IP.8” However, the validity of serum zonulin
as a marker of IP has recently been questioned.®¢ The inaccuracy of serum
zonulin may stem from where this protein is released throughout the body. The
release of zonulin comes from the liver, enterocytes, adipose tissue, heart,
kidney, brain, skin and immune cells.2%%° With multiple sites capable of releasing
zonulin, determining the origin remains a continued area of investigation. Some
research suggests that zonulin released from the adipose tissue can influence

serum levels of zonulin, thereby contributing to a false negative result for 1P.88
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The potential of a false negative only appears to impact overweight and obese

people.88

Another factor to consider in using serum zonulin as a marker of intestinal
integrity is the consequence of zonulin being a protein. An individual’s nucleotide
sequence ultimately determines the synthesis of zonulin. Someone with a
homozygous Hp1-1 polymorphism cannot produce zonulin. However, this
polymorphism remains low in the population (8-15%), regardless of their disease
state.®’2 The consequence of zonulin being a protein continues, as the
commercial assay available to clinicians in Australia has recently been found not
to detect actual zonulin.®'%? The protein(s) in which the commercial zonulin assay
detects are unknown yet are within the zonulin family peptides. °'-°2 These zonulin
family peptides have been demonstrated to reflect IP in some health conditions,
as indicated in the association with the dual sugar test.®#% The same protein(s)
collectively referred to as serum zonulin have been used extensively in the
literature, with many disease states and biochemical reactions associated with

elevated levels.'

With these limitations of serum zonulin, there are factors to consider when
interpreting serum zonulin as a marker for IP. As adipose tissue can release
zonulin, the use of serum zonulin in clinical practice, especially in overweight
patients, should be used with a high degree of caution. However, the accuracy of
serum zonulin as an IP indicator in research studies depends on the analysis.
Specifically, if studies control for participant’s body mass index in the analysis,

serum zonulin may be considered a suggestive marker of 1P.88
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1.5.7.4 LIPOPOLYSACCHARIDE

Lipopolysaccharides (LPS), also referred to as endotoxins, are derived from the
cell wall of gram-negative bacteria.®® LPS and dead bacteria are major
contributors to endotoxins circulating through the portal vein and systemic
circulation.®” Under normal conditions, a healthy intestinal lining only absorbs a
small amount of LPS into portal circulation, where Kupffer cells in the liver can
process the endotoxins.®® High-density lipoproteins (HDL) can also clear LPS by
binding and neutralising the LPS in circulation.®® However, during prolonged LPS
exposure or increased absorption of endotoxins from the small intestine, the
normal processes cannot mitigate the LPS leading to cytokine-mediated systemic
inflammation and oxidative stress.®® A major factor determining the end
consequence of LPS absorption dramatically depends on the microbiome. The
microbiome can produce multiple types of LPS such as hepta-, hexa-, penta-,
and tetra-acylated LPS.'® Although this area of research is in its infancy, hexa-

LPS appears to be responsible for a more significant inflammatory response. '

There remains uncertainty surrounding whether LPS is a cause or consequence
of IP. For instance, some research suggests serum LPS may be an indicator for
prolonged IP or when there is a high degree of permeability.’°!1°2 Other research
identifies LPS as a catalyst for IP due to the pro-inflammatory action.'®® Although
LPS may be associated with several health conditions and disease severity, there
remains a large body of conflicting evidence surrounding LPS and disease

association.?6.104
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There is a lack of research on the association between IP and LPS. The evidence
suggests LPS does not reflect mild IP, however, it indicates severe IP.37:1% This
lack of association in mild IP and more so in severe |IP may be due to a few
confounding variables affecting LPS as a marker of IP. Two primary confounding
variables to consider in the interpretation of serum LPS are the amount of dietary
fat and the half-life of LPS.'%¢ Firstly, when LPS is present in the lumen of the
intestine, saturated fatty acids and chylomicrons facilitate the absorption of LPS
into circulation.'®” Therefore, a high-fat diet may provide a false-positive result.
The other confounding variable is the relatively short half-life of LPS."%® As a
result of the short half-life, serum LPS may be considered a marker for IP in late-
stage disease or when there is prolonged severe IP, as LPS is continuously high

in these situations.3”

1.5.8 INTESTINAL PERMEABILITY IN CLINICAL PRACTICE

While biomedicine places little emphasis on digestive health in managing chronic
disease, modulating gastrointestinal health is a fundamental principle of
naturopathic care.'® The vast majority of complementary medicine practitioners
in Australia report that digestive disorders are a special interest in their clinical
practice.® Previous research has explored the management of IP from the
clinician’s perspective, where they acknowledge the involvement of IP in many
health conditions seen in clinical practice. In Australia, approximately two-thirds
of naturopaths and nutritionists would often or always treat IP in their clinical
practice but only 20% of practitioners reported testing for IP in their patients.* The
pathology tests available in clinical practice are invasive, require patients to pay

out-of-pocket, and involve a long time to perform. Many naturopaths and
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nutritionists report the avoidance of validated pathology tests due to the financial

cost to the patient and utilise case history to identify patients with IP.4

1.5.9 TREATMENT OF INCREASED INTESTINAL PERMEABILITY

Currently, there are no guidelines for clinicians to follow regarding the
management of IP in clinical practice. As many clinicians treat patients with
digestive disorders, the absence of any guidelines has resulted in some
inconsistencies by clinicians.5® The clinicians that frequently treat patients with
IP have reported using diverse treatment strategies.® These treatment
interventions include dietary modifications, lifestyle alterations and dietary
supplements.® Providing clinicians with guidance on the treatment strategies with

the greatest clinical impact and evidence aims to enhance patient care.

Normalising IP through treatment interventions or reducing known risk factors for
the development and exacerbation of IP has been suggested to improve disease
severity.”>6 Currently, there are no pharmacological agents developed for the
treatment of IP however, early evidence suggests a drug known as larazotide
acetate may temporarily reduce zonulin-induced permeability by acting as a tight
junction regulator.’® Although larazotide acetate is a pharmaceutical
advancement for the treatment of IP, this drug is still in phase Il clinical trials and
has the limitation of only lasting 2-3 hours.'" Beyond this recent progress in the
pharmaceutical management of IP, environmental and genetic factors are

important elements identified through research to influence the risk of IP.
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1.5.10 CLINICAL PRACTICE GUIDELINES IN CLINICAL PRACTICE

Clinical practice guidelines are defined as “statements that include
recommendations intended to optimise patient care that are informed by a
systematic review of evidence and an assessment of the benefits and harms of
alternative care options”."'? These guidelines are designed to support clinicians
in their decision making for the management of specific health conditions in
clinical practice. Clinical practice guidelines are considered one of the best ways
to present evidence-based recommendations to clinicians while reducing
inappropriate care and supporting new knowledge to the clinician.!'31'% However,
clinical practice guidelines are not intended to supersede professional judgement,
with clinicians always advised to act with the patients’ best interest and needs
first.’® Many clinical practice guidelines have been developed for a diverse range
of gastrointestinal conditions, including irritable bowel syndrome,''® Barrett's
oesophagus,’” small intestinal bacterial overgrowth,’® ulcerative colitis,"®
Crohn’s disease,’® dyspepsia,’?' constipation,’?? infectious diarrhoea,’??
diarrhoea'® and acute abdominal pain'?® Integrative medicine practitioners and
general practitioners frequently use these guidelines to inform disease
management.’?® Conversely, naturopaths and nutritionists rely less on clinical
practice guidelines, with their use mainly informing care rather than treatment
interventions.'?” This may be due to multiple factors such as the lack of guidelines
that involve these clinicians as key stakeholders, the shortage of naturopathic
specific treatment interventions or the perception of conflict between
individualised care and clinical practice guidelines.'?” Therefore, a clinical
practice guideline for the management of IP ought to consider the values of key

stakeholders in the guideline development.
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1.6 CHAPTER SUMMARY

This introduction has provided an overview of IP and the implication dysfunction
of the intestinal barrier may have on health and disease. Key details of the
gastrointestinal system and its relationship with |IP have been described.
Furthermore, a fundamental discussion on the assessment methods was also
explained, providing important context for the following chapters. The
pathogenesis and aetiology of IP have been briefly discussed in this chapter
however, a comprehensive understanding of the potential risk factors associated
with IP is lacking in the existing published literature. Understanding any potential
risk factors associated with IP may direct potential interventions that are indicated

for people with IP.
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2. LITERATURE REVIEW

The concept of IP and its implication for health and disease has been briefly
discussed in the preceding chapter. This research project seeks to develop
evidence-based treatment recommendations to improve clinicians’ management
of IP in clinical practice. However, to establish context for this research project, a
literature review was undertaken to explore the most significant risk factors
associated with IP. Understanding the risk factors associated with IP in clinical
practice may indicate the treatment interventions most appropriate for managing
IP, including the context in which those treatments may be employed. This
chapter presents the methods used to search the literature and the literature

review results.

2.1 PUBLICATION OF REVIEW

This chapter contains a systematic review, which has been published (see
Appendix 1.1) with details as follows:
Leech, B, Mclntyre, E, Steel, A, Sibbritt, D (2019) “Risk factors associated
with intestinal permeability in an adult population: A systematic review", The

International Journal of Clinical Practice, Vol 73, 10.
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2.2 RISKFACTORS ASSOCIATED WITH INTESTINAL

PERMEABILITY IN AN ADULT POPULATION: A

SYSTEMATIC REVIEW

2.2.1 INTRODUCTION & BACKGROUND

Increased intestinal permeability (IP) involves the loss of integrity between the
cells of the small intestine.? The prevalence of altered IP is estimated to be 10-
87%" in diseases with a known association compared to about 5% in healthy
subjects.®” Furthermore, approximately 1 in 3 individuals are suggested to
experience IP when diagnosed with a disease associated with IP." Although the
concept of IP was first mentioned in the literature during the 1960s'2® and further
explored in relation to disease during the 1970s'?° it was not until the 2000s that
the mechanism of action for IP development was discovered, providing further
clarification into the role IP plays in health and disease.’™® While IP may be
considered an emerging health condition that clinicians should be aware of, the

consequence of impaired barrier function remains underexamined.'"

The loss of intestinal integrity occurs when the transmembrane proteins
connecting the cells of the small intestine disassemble in response to a cascade
of events involving the protein zonulin.?2 As a result of altered IP, particular
aspects of disease such as clinical symptoms, severity and activity have been
found to be exacerbated in the presence of IP.'32133 |n addition, preliminary
evidence suggests that IP may be involved in the pathogenesis of type 1
diabetes, 34135 Crohn’s disease, 3¢ coeliac disease®® and diarrhoea-predominant

irritable bowel syndrome (IBS-D)."37:138 Altered IP has also been associated with
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many autoimmune conditions, liver diseases, gastrointestinal conditions and
metabolic conditions.” Although the pathogenesis is not clearly defined,
inflammation appears to be involved both as a driving factor for and consequence
of altered IP." Furthermore, the aetiology of IP is poorly understood, with early
research indicating that two aspects, namely pathogenic bacteria and gliadin from
gluten, are responsible for triggering 1P."3° Although, recent research suggests

that the pathogenesis of IP is multifactorial and different for each individual.'#°

There are two tests primarily used for the clinical diagnosis of IP, namely the dual
sugar test and serum zonulin; with many others used in a research setting.
However, there remains controversy surrounding the gold standard of IP testing
and the consistency between measurement methods.'' The dual sugar test
involves the oral consumption of two sugars after an overnight fast followed by
the collection of urine for a given period of time. The fundamental principle behind
the dual sugar test is the different molecule size of monosaccharide and
disaccharide. When the integrity of the intestine is healthy the monosaccharide
(mannitol) is easily absorbed whereas the disaccharide (lactulose) is poorly
absorbed and remains in the intestine. During altered IP the disaccharide is
readily absorbed resulting in an increased ratio between lactulose and mannitol
in the urine.®% Whereas zonulin, the protein responsible for the disassembling of
the tight junctions, can be measured in either the serum or stool.? Zonulin is
considered to be the only measurable biomarker that reflects an impairment of
the intestinal barrier.>% However, zonulin has been reported to be released from
many tissues including adipose tissue and proposed to be a biomarker of

metabolic syndrome, obesity, inflammation and poor health more so than 1P.88
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Nevertheless, zonulin is recognised as an accurate measurement of IP.58 Another
method of measuring IP is the level of lipopolysaccharide (LPS) found within the
blood. LPS is suggested to be an exacerbator and marker of IP and is mostly
increased at the later stage of disease or in advanced IP.'42143 Collectively, these
markers of IP provide healthcare practitioners with a method to measure and

assess IP in clinical practice.

Correctly identifying patients at risk of IP may allow for timely testing to determine
the potential severity of IP and facilitate access to appropriate treatment
interventions if required. Although the full extent of untreated IP remains
underexamined, there is a considerable amount of research linking the health
and integrity of the intestine to chronic disease.'® The purpose of this review is
to summarise the known risk factors for IP and identify the most significant of

these risk factors.

2.2.2 METHODS

The reporting of this systematic review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)'#* statement and the Meta-
analysis Of Observational Studies in Epidemiology (MOOSE) checklist.'® The
protocol was registered with the International Prospective Register of Systematic

Reviews (PROSPERO) (#CRD42018109384).
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2.2.2.1 SEARCH STRATEGY

The databases PubMed, EMBASE, CINAHL, and Scopus were searched for
articles published up until September 2018 by the lead researcher (BL). The
single-arm search terms used were: ‘intestinal permeability’ OR ‘intestinal
integrity’ OR ‘intestinal barrier dysfunction’ OR ‘gastrointestinal permeability’ OR
‘gut permeability’ OR ‘zonulin’ OR ‘dual sugar’ OR ‘lactulose AND mannitol’ OR
‘lactulose AND rhamnose’ OR ‘cellobiose AND mannitol’. A hand search of the

reference list from the included articles was also carried out.

2.2.2.2 ELIGIBILITY CRITERIA

Included articles were original observational studies reporting on risk factors
associated with IP in an adult population. These risk factors are in relation to low-
grade chronic IP rather than acutely induced IP caused by sepsis in critically ill
patients. Articles were excluded if subjects were under the age of 18, were
critically ill (i.e. in intensive care or palliative care), involved an experimental
design or used a method of diagnosing IP other than zonulin (serum, plasma,
stool), dual sugar urinary test (lactulose/mannitol, lactulose/rhamnose,
cellobiose/mannitol) and serum LPS. These methods were selected to ensure
clinical relevance of the review. There was no exclusion based on language,

geographical location or publication date.

2.2.2.3 STUDY SELECTION AND DATA EXTRACTION
All identified citations were imported to Endnote (Version X9) and duplicates

removed. The citations were independently screened for eligibility by the lead
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author (BL). A sample (20%) of the eligibility citations were reviewed by a second
author (EM). When uncertainty of eligibility criteria arose the corresponding

author of the article in question was contacted for clarification.

2.2.2.4 CRITICAL APPRAISAL ANALYSIS AND RISK OF BIAS
ASSESSMENT

The quality of the included articles was assessed (by BL) and reviewed (by EM)
using the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement.’#® In addition, the included articles were assessed for risk
of bias using a previously established tool for prevalence studies. The
assessment tool is composed of 10 items covering four main domains of bias
including external validity, internal validity, measurement bias, and bias relating

to analysis.’#’

2.2.2.5 STATISTICAL ANALYSIS

A thematic synthesis of the association between risk factors of IP and altered IP
was carried out. Three categories of association namely odds ratio (OR), beta
coefficient and correlation coefficient were collectively assessed for associated
risk factors with IP. Only statistically significant risk factors were extracted from
the included articles, along with the confidence interval (Cl). Furthermore, only
ORs and beta coefficients that adjusted for confounders were extracted.
Unadjusted correlation coefficients were extracted; however, precedence was
given to adjusted correlation coefficients when available. Interpretation of both

Spearman’s (p) and Pearson’s (r) correlation coefficient were as followed: little
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(0.00 to 0.29), weak (0.30 to 0.49), moderate (0.50 to 0.69), high (0.70 to 0.89),
and very high (0.90 to 1.00) correlation'®. Variables with a little correlation
coefficient were omitted from the results to minimise misinterpretation where
results remain uncertain. However, these variables were still reported in study
characteristics and considered in the discussion as the articles met the inclusion
criteria. When associations were determined by a coefficient of determination
(R?), this value was converted to a correlation coefficient by taking the square

root of the R? value.

2.2.3 RESULTS

A total of 22,118 articles were identified through the key database searches, of
which 10,914 duplicates were removed. After title and abstract screening 149
potentially relevant full-text articles were reviewed, of which 42 articles were
considered eligible. Hand searching the reference list of the 42 eligible articles
identified an additional five articles. A total of 47 articles were included in this
systematic review (Figure 2.1). From the sample of eligible studies reviewed (by

EM), a strong agreement (Kappa score 0.90) was achieved.
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Figure 2.1 PRISMA flow diagram of study selection. Starting with 22 118 identified
citations, 47 articles were included in the final systematic review

The sample size of each study varied from 21 to 1,015'%6.14° (mean=155) with the
majority of the studies carried out in Europe (n=34) followed by Asia (n=5),
America (n=5), Africa (n=2), and Australia (n=1). The laboratory markers of IP
used in each study were zonulin (n=24), dual sugar (n=13), LPS (n=10) and stool
zonulin (n=3). A total of 30 different study populations were measured for IP with
findings suggesting 101 statistically significant risk factors associated with IP.

Risk factors were identified in study populations with glucose metabolism




disorders (n=57), body mass index (BMI) >29 (n=42), pregnancy (n=39), liver
conditions (n=34), general population (n=29), polycystic ovarian syndrome
(PCOS) (n=14), digestive conditions (n=13), kidney disease (n=12), obstructive
sleep apnoea (n=12), respiratory conditions (n=6), pain conditions (n=4), alcohol
use disorder (n=2), Parkinson’s disease (n=2), ankylosing spondylitis (n=1), and
systemic sclerosis (n=1). These risk factors were grouped into five major
domains; medical history and disease, dietary factors, anthropometric

measurements, biomarkers, and demographic factors.

2.2.3.1 CRITICAL APPRAISAL AND RISK OF BIAS ASSESSMENT

STROBE evaluation identified that the majority of the included articles provided
an inadequate indication of study design, methods of addressing bias, study size
calculation or consider the use of a flowchart (Table 2.1). Three articles were
recognised as low-quality."5%-152 During risk of bias assessment, no articles were
identified as high risk of bias; although, 27 of the 47 articles were classified as
having a moderate risk of bias. This moderate risk of bias was primarily due to
the articles demonstrating large gaps in the external validity criteria. Internal
validity assessment showed a low risk of bias with a large degree of consistency
between articles. Results from the risk of bias assessment are presented in Table

2.2.
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Amar et al.,

2008 X X X X X X X / X X - - X X X X X X X X - x x [/ X x x [/ X X X X X X
Barcelo et al.,

2016 X X X X X X X X X X X - X X X - X X X x - x x [/ X x x [/ X X X X X X
Cangemi et

al., 2016 X X X X X X X X X X - - X X x x / x - - - X X - X x x [/ X X X X X X
Cariello et al.,

2010"° X X X X X X X X X X - - X X X X X X X X - x x [/ X x x [/ X X - X X X

Carnevale et

al, 2017  x x X X X x x|/ X X - X X X X X X X x - - x x /I x x x /| x X X X X X
Caserta et al.,
2003%7 - X X X X X X X X X - X - X X X X X X x - x x [/ x x x /I x X - X X -
Caviglia et al.,
20185 X X X X x x - - X X - - - X X - - X x x - x x /I x x x /| x X X X X X
Ciccia et al.,
2017'%° - X X X X x x|/ X x - - X X X X X X x x - x x /I x x x [/ x X - X - X
DilLeoetal.,
200360 X X X X X x x|/ X X X - X X X X - X X X - X X X X X X X X X - X X X
Donnadieu-
Rigole et al.,
2018761 - X X X x x x - X x - - X X X - - X X X X X X x x x x [/ x X - X X X
Du Plessis et
al., 2013 . x X X X X X X X X - - X X X X X x - - - x x / x x x [/ x X X X X X

Duerksen et

al, 2010 - x X X X X X X X X X - X X - - - - X x - x x /I x x x /I x X X X X X
Ficek et al.,
201763 - X X X X - x X X x - - X X X X X X x x x x x [/ x x x [/ x X X X X X
Goebel et al.,
200864 - X X X X X X X X X - - X X X X X X x x - x x /I x x x /| x X X X X X
Hendy et al.,
201768 - X X X X X X X X x - - X X X X X X x x - x x /I x x x /| x X - X X X
Hilsden et al.,

1999168 X X X X X X x X X X X X X X X - X X X X - X X x x x x [/ x X - X X X



Jayashree et

al., 201417 - X X X X X X X X X - - X X X X X X X X - x x [/ X x x [/ X X - X X X
Johnston et
al., 200076 X X X X X X X X X X X - X X - X X X X - - - X - X x x |/ X X - X X X

Karthikeyan et

al., 201816 - X X X X X X / X X - - X X X X - X X X - x x [/ X x x |/ X X - X X X
Kim et al.,
2018 - X X X X X X / X X - - X X X - - X X x - x x [/ X X X X X X X X X X

Kvehaugen et
al, 2017 x x X X X x x| X X X - X X X X X X X x x x x [/ x x x X X X X X X X

Lassenius et

al, 2011 - x X X X X X X X X X - X X X X X X X x - x x [/ x x x [/ x X - X X X
Lindheim et

al, 2017  x x X X X X X X X x - - X X - X X X x x - x x [/ x x x [/ x X X X X X
Lukaszyk et

al, 2018 - x X X X - x| X X - - X X - - X X - - - x x /I x x x I x X X X X X
Malickova et

al, 2017 - «x X X X X X X X x - - X X X X X X X x - x x [/ x x x [/ x X X X X X
Malyszko et

al, 2014 - x X X X x x| X X - - X X X X - X x - - x x [/ x x x /I x X - X X -
Mokkala et al.,

2017'7® X X X X X x x|/ X X X X X X X X X X x x - - x [ x x x x X X X X X X
Mokkala et al.,

2016"7 X X X X X x x X X X X X X X X X X X X - - x [/ x X x X X X X X X X
Mokkala et al.,

2017%° X X X X X x x|/ X X X X X X - - X X x x - x x /I x x x /I x X X X X X
Moreno-

Navarrete et

al., 2012'7® - X X X X X X / X X X - X X X X X X X X - x x [/ X x x [/ X X X X X X
Morkl et al.,
2018'° - X X X X X X / X X - - X X X X X X X X - x x [/ X x x [/ X X X X X X
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Mujagic et al.,

2014'% - X X X X X X / X X X - X X X X X X X X - x x [/ X x x [/ X X X X X X
Nymark et al.,

200981 X X X X X X X X X X - - X X X X X X X X - X X - X X X X X X - X X X
Ohlsson et al.,

2017%8 - X X X X X X / X X X X X X X X X X X X - x x [/ X x x [/ X X X X X X
Qietal.,

201782 - X X X X X X / X X - - X X X - - X X - - x x [/ X x x |/ X X X X X X
Raparelli et

al., 2017102 X X X X X X X / X X - - X X X X X X X X - x x [/ X x x |/ X X X X - X
Riordan et al.,

19975 - X X X X - X / X X - - X X - - - X X x - - x [/ X x x / X X - X X X
Rutten et al.,

20148 - X X X X X X X X X X X X X - - - X X x x x x [/ X x x [/ X X X X X X
Schwiertz et

al., 2018'® X X X X X X - X X X X - X X X X - X X x - x x [/ X x x [/ X X X X X X
Swanson et

al., 2015 - X X X X X X X X X X X X X - - X X X x x x x [/ X x x [/ X X - X X X
Teixeira et al.,

20128 - X X X X X X / X X - X X X X X - X X x - x x [/ X x x [/ X X - X X X
Troseid et al.,

201387 X X X X X X X X X X - - X X - X X X X - - x x [/ X X X - X X X X X X
Volynets et

al., 2012™ - X X X X X X / X X - - X X X - X X X X - x x [/ X x x |/ X X - X X X
Wyatt et al.,

19935 X - - X X X X X X X - - X X - - - X X X X X - X X X X X X - - X X -
Zak-Golab et

al., 201318 - X X X X X X / X X - - X X X - X X X X X x x [/ X x x |/ X X X X X X
Zhang et al.,

2015 X X X X X X X X X X X X X X X X X X X X - x x [/ X x x [/ X X X X X X
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Zhang et al.,

2014'® - X X X X X X / X X -

X

X

X

X

X

X

X

X

X

/

Table 2.1 Results from critical appraisal according to STROBE guidelines for included articles

‘x’, found within study; ‘-, not found within study; ‘/’, not applicable.

Table 2.2 Risk of bias assessment of the included articles

Amar et al., - - - X
20081%

Barcelo et al., X X X X
20165

Cangemi et al., X - X X
20165

Cariello et al., X X X X
2010

Carnevale et X X X X
al., 20175

Caserta et al., X X X X
200357
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Caviglia et al., X X X X - - - X - X 6
20181

Ciccia et al., X X X X - - - - - - 4
2017

DiLeo et al., X - X X - - - - - - 3
200319

Donnadieu- X - X X - - - - - - 3
Rigole et al.,

20181

Du Plessis et X X X X - - - - - - 4
al., 2013162

Duerksen et al., X - X X - - - - - x 4
2010

Ficek et al., X X X X - - - - - - 4
2017'%

Goebel et al., X - X X - - - - R X 4
200815

Hendy et al., X - X X - - - - ~ - 3
20171

Hilsden et al., X - X X - - - - - - 3
19991

Jayashree et - - - X - - - - R R 1
al., 2014¢7

Johnston et al., - - - X - - - - - X 2
2000

Karthikeyan et X X X X - - - - - - 4
al., 2018'%°

Kim et al., X - X X - - - - - - 3
201817

Kvehaugen et X - X X - - - - - - 3
al., 2017'7
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Lassenius et
al., 201172
Lindheim et al.,
2017'7
Lukaszyk et al.,
2018152
Malickova et
al., 20177
Malyszko et al.,
2014'7%
Mokkala et al.,
20177
Mokkala et al.,
2016"7
Mokkala et al.,
2017%°
Moreno-
Navarrete et al.,
2012'7

Morkl et al.,
201817
Mujagic et al.,
20148
Nymark et al.,
2009
Ohlsson et al.,
2017%
Qietal.,
201782
Raparelli et al.,
201702
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Riordan et al., X

19975

Rutten et al., X
20148
Schwiertzetal., x
2018184

Swanson et al., X
2015

Teixeira et al., X
20128

Troseid et al., X
2013187

Volynets et al., X
2012

Wyatt et al., X
1993150

Zak-Golab et X
al., 2013%®

Zhang et al., X
2015

Zhang et al., X
2014'®

‘X', risk of bias; *-’, low risk of bias.
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2.2.3.2 MEDICAL HISTORY AND DISEASE RISK FACTORS

Twenty studies reported a statistically significant association between IP and 19
reported medical history attributes. The diagnosis of particular health conditions
such as diabetes,5%17218 Jiver disease,'31%%170 and gastrointestinal
conditions'59.160.166,180 \were reported to be associated with altered IP. First, the
likelihood of altered IP in type 2 diabetes ranges from OR=1.080 (95% CI: 1.005,
1.161; p=0.037) to OR=2.888 (95% Cl: 1.553, 5.370; p<0.001) with the severity
of IP associated with the odds of type 2 diabetes'® (Table 2.3). Gestational
diabetes was also reported to have a similar association with altered IP
(OR=1.08; 95% CI: 1.02, 1.15; p=0.009).6° Furthermore, the age of type 1
diabetes onset was reported to correlate with IP (8= -0.14; p<0.001)'"? (Table
2.4). The degree of liver damage in non-alcoholic fatty liver disease (NAFLD) was
reported to have a moderate positive correlation with IP (r=0.69; p=0.01)"43 while
the diagnosis of moderate-to-severe fatty liver was associated with altered IP (OR
=1.77;95% Cl: 1.13, 2.76; p=0.015)."7° Altered IP was reported to be associated
with underlying organic digestive diseases (OR=1.56; 95% CI: 1.32, 1.85;
p<0.0001);'8% although, altered IP was also reported to be an independent risk
factors for diarrhoea-predominant irritable bowel syndrome (IBS-D) (8=0.63; 95%
Cl: 0.09, 1.16; p=0.022)'® and has a moderate positive correlation with Crohn’s
disease relapse (r=0.48; p=0.008) (Table 2.5).'%® The association between
disease duration of Parkinson’s disease, inflammatory bowel disease and
systemic sclerosis and IP were reported to have a weak to high correlation in
three studies (r=0.73; p<0.011) with altered IP reported in the early stages of

disease manifestation.157.158.184



Table 2.3 Risk factors associated with intestinal permeability according to adjusted odds ratio

Author Study Sample Age Country Test Cut-off Risk factor Odds 95% Cl  p value
population size (range) ratio
Medical history and disease
1.076,
1.208
1.1408 p<0.001
Zhang et i . b6+4 i 1.051,
Type 2 diabetes 102 47412 China Zonulin Type 2 diabetes 1.117" p<0.001
al., 2014189 ng/mL _ 1.187
1.080' p=0.037
1.005,
1.161
Zhang et Various glucose i . 43-76 i _ 1.068,
130 47412 China Zonulin Type 2 diabetes 1.966' p<0.001
al., 2014'®  tolerance ng/mL 3.618
Zhang et Various glucose i . 71.6-27.2 i _ 1.553,
120 47412 China Zonulin Type 2 diabetes 2.888 p<0.001
al., 2014'®  tolerance ng/mL 5.370
Cariello et Chronic liver 54.1 (28- i
83 Italy L/M 0.030% Type 2 diabetes 2.78 0.8,3.0 p<0.01
al.,, 2010'®  disease 78)
Mokkala et ] ~ 45110 ) ] 1.02,
Pregnancy 88 30.1+4.9 Finland Zonulin Gestational diabetes 1.08f p=0.009
al., 201780 ng/mL 1.15
1.18,
Kim et al., Moderate-to- 34 44.7+9.2 South z i 6-21 Moderate-to-severe fatty 1.83P 2.84 p=0.007
onulin
201870 severe fatty liver (30-60) Korea ng/mL liver 1.77° 1.13, p=0.015

2.76




Author Study Sample Age Country Test Cut-off Risk factor Odds 95% Cl  p value
population size (range) ratio
Portal hypertension degree
Cariello et Chronic liver 54.1 (28- 1 2.02 0.7,26 p<0.01
) 83 Italy L/M 0.030% ]
al., 2010™°  disease 78) Portal hypertension degree  3.12 11,42 p<0.01
2-3
Ohlsson et General . 34x14 Diastolic blood pressure 66- 1.43,
] 363 43 (28-53) Sweden  Zonulin 2.82¢ p=0.003
al., 201788 population ng/mL 72 mm Hg 5.58
Di Leo et Chronic 37115 (18- _ 1.32,
] 261 Italy L/M 0.030% Underlying organic disease  1.56! p<0.0001
al., 2003'%°  diarrhoea 83) 1.85
Dietary factors
Cariello et Chronic liver 54.1 (28-
83 Italy L/M 0.030% Alcohol use 212 0.6,2.8 p<0.01
al., 2010 disease 78)
<14 standard drinks per
1.01,
week
Kim et al., Moderate-to- 44.7+9.2 South 6-21 1.91¢ 3.95 p=0.05
. 34 Zonulin >15 standard drinks per
201870 severe fatty liver (30-60) Korea ng/mL 1.56° 1.02, p=0.05
week/>5 standard drinks in
2.67
one setting
Anthropometric measurements
Ohlssonet  General . 54-64 ) 1.07,
] 363 43 (28-53) Sweden  Zonulin Overweight, BMI >25 2.36° p=0.033°
al., 201788 population ng/mL 5.21°
Ohlsson et General . >64 Overweight, BMI >25 4.10° 1.87, p<0.001b
. 363 43 (28-53) Sweden  Zonulin ]
al., 201788 population ng/mL Obesity, BMI >30 4.90° 8.97° p=0.047°
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1.49,
31.65°
Ohlsson et  General . 34+14 o 1.97,
] 363 43 (28-53) Sweden  Zonulin Waist circumference >97cm  7.03¢ p=0.003
al., 20178 population ng/mL 25.11
Ohlssonet  General 34114 Plasma glucose levels 1.05,
] 363 43 (28-53) Sweden  Zonulin 2.09¢ p=0.036
al., 2017%  population ng/mL (mmol/L) >5.7 4.18
Cariello et Chronic liver 54.1 (28-
) 83 Italy L/M 0.030% Age > 50 years 1.92 1.1,2.3 p<0.001
al., 2010  disease 78)

BMI, body mass index; Cl, confidence interval; L/M, lactulose/mannitol.

a Adjusted for age, alcohol use, associated diabetes, and degree of portal hypertension; ® Adjusted for HbA1c, LDL, HDL, and BMI; ¢ Adjusted for HbA1c, LDL, HDL, BMI, age, smoking status, alcohol
consumption, physical activity and the use of diabetes, and dyslipidemia medication; ¢ Adjusted for weight, BMI, waist and hip circumference, systolic and diastolic blood pressure, and fasting
glucose levels; © Adjusted for systolic and diastolic blood pressure, and fasting glucose levels; f Adjusted for BMI, previous gestational diabetes, original intervention group; ¢ Adjusted for age and
gender; " Adjusted for age, gender, BMI and waist to hip ratio; ' Adjusted for age, gender, BMI, waist to hip ratio, LDL, HDL, triglycerides and total cholesterol; | Adjusted for age.

Table 2.4 Risk factors associated with intestinal permeability according to beta correlation coefficient

Mujagic et al., 44 .4+1.6
IBS 91 Netherlands L/R IBS-D 0.63f 0.09,1.16 p=0.022
2014180 (18-75)
) ) Crohn’s disease
Wyatt et al., 1993'°  Crohn’s disease 72 37 (>18) Austria L/M 3.54" - p<0.0001

relapse



Author Study population Sample Age (range) Country Test Risk factor B 95% CI p value
size
Lassenius et al., ) ) Age of type 1
Type 1 diabetes 911 46 (36-56) Finland LPS -0.149 - p<0.001
2011172 diabetes onset
Lassenius et al., ) ) Diastolic blood
Type 1 diabetes 911 46 (36-56) Finland LPS 0.109 - p=0.004
2011172 pressure
Dietary factors
] 53.916.1 ) 132.2" 62.7 (SE) p=0.04
Amar et al., 2008"% General population 201 France LPS Total energy intake
(45-64) 121.8° 57.7(SE) p=0.04
Mokkala et al., 29.4+4.9 ] ) ) ) - -0.247,
Pregnancy (BMI 30) 100 Finland Zonulin  Dietary protein p=0.01
201677 (18-45) 0.139¢ 0.031
Zak-Golab et al., . _ Fat percentage in _
Various BMI 80 48 (32-63) Poland Zonulin 0.23 10.11 p<0.05
2013188 diet
Anthropometric factors
Zak-Golab et al., . )
2013128 Various BMI 80 48 (32-63) Poland Zonulin  BMI 0.26" +0.10 p<0.05
Donnadieu-Rigole et ) 48.2+8.7 ) 0.34
Alcohol use disorder 41 France Zonulin  BMI 1.507™ p<0.01
al., 20181 (>18) (SEM)
Biomarkers
Kvehaugen et al., ) ]
201717 Obesity (BMI 35-55) 140 43.1 (>18) Norway Zonulin CRP 3.28° 1.10,5.46 p<0.01
Mokkala et al., 29.44+4.9 ) ] 0.003,
Pregnancy (BMI 30) 100 Finland Zonulin  hsCRP 0.013° p=0.015
2017176 (18-45) 0.023
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Author Study population Sample Age (range) Country Test Risk factor B 95% CI p value
size
Barcelo et al., Obstructive sleep 5012 (18- ) ] 0.008,
38 Spain Zonulin  hsCRP 0.075" p=0.046
20161%3 apnoea 74) 0.158
Moreno-Navarrete et Various glucose ) ] ) )
123 52+11.7 Spain Zonulin  Circulating IL-6 0.23' - p=0.04
al., 201278 tolerance
Haemodialysis ) )
Ficek et al., 2017163 . 150 62 (59-64) Poland LPS Circulating IL-6 0171 - p=0.04
patients
Mokkala et al., 29.4+49 ) ) 0.002,
Pregnancy (BMI 30) 100 Finland Zonulin  GlycA 0.004° p<.001
2017176 (18-45) 0.006
Mokkala et al., 29.4+49 ) ] . 0.007,
Pregnancy (BMI 30) 100 Finland Zonulin  Insulin 0.015° p<0.001
2017176 (18-45) 0.022
Mokkala et al., 29.4+49 ) . Insulin resistance 0.007,
Pregnancy (BMI 30) 100 Finland Zonulin 0.015° p<0.001
2017176 (18-45) (HOMA) 0.022
Insulin resistance 0.009
Zhang et al., 20148  Type 2 diabetes 102 47412 China Zonulin 0.024¢ p=0.005
(HOMA) (SE)
Mokkala et al., 29.4+49 ) _Insulin sensitivity - - 0.003, -
Pregnancy (BMI 30) 100 Finland Zonulin p<0.001
2017176 (18-45) (QUICKI) 0.002°> 0.001
Moreno-Navarrete et Various glucose ) ] . o -
123 52+11.7 Spain Zonulin  Insulin sensitivity - p=0.004
al., 201278 tolerance 0.263%
Zak-Golab et al., ] _
2013158 Various BMI 80 48 (32-63) Poland Zonulin  Glucose 0.38 +0.12 p<0.05
Mokkala et al., 29.4+49 ) ] ) ] 0.003,
Pregnancy (BMI 30) 100 Finland Zonulin  Triglycerides 0.009° p=0.003
2017176 (18-45) 0.015
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Author Study population Sample Age (range) Country Test Risk factor B 95% CI p value
size
Lassenius et al., ] ) ]
2011172 Type 1 diabetes 911 46 (36-56) Finland LPS Triglycerides 0.69¢ - p<0.001
Mokkala et al., 29.4+49 ) ) 0.000,
Pregnancy (BMI 30) 100 Finland Zonulin  Total cholesterol 0.004° p=0.032
2017176 (18-45) 0.007
Barcelo et al., Obstructive sleep 50+12 (18- ) . Alanine 0.001,
38 Spain Zonulin ) 0.014" p=0.04
20161%3 apnoea 74) transaminase 0.028
Barcelo et al., Obstructive sleep 50+12 (18- ) . Aspartate 0.002,
38 Spain Zonulin ) 0.02 p=0.04
20161%3 apnoea 74) transaminase 0.037
Cangemi et al., ] ]
Pneumonia 278 70+16 Italy LPS sP-selection 0.415° - p<0.001
20164
Raparelli et al., i ) .
2017102 Liver cirrhosis 69 62.6+13.5 Italy LPS sCD40L 0.432 - p<0.0001
Mokkala et al., 29.4+49 ) ) 0.001,
Pregnancy (BMI 30) 100 Finland LPS Zonulin 0.002° p=0.002
2017176 (18-45) 0.003
Malyszko et al., Kidney transplant ] )
72 455+12.2 Poland Zonulin  Total serum protein -0.519 - p=0.014
201417 recipients
Malyszko et al., Kidney transplant ~ Thyroglobulin-
72 45.5+12.2 Poland Zonulin . 0.47¢ - p=0.03
201417 recipients binding protein
Zak-Golab et al., Microbiota bacteria
Various BMI 80 48 (32-63) Poland Zonulin 0.33" 1+0.13 p<0.05
2013188 count
Lassenius et al., i ) uMCP1/ creatinine
Type 1 diabetes 911 46 (36-56) Finland LPS ) 0.109 - p=0.003
2011172 ratio
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Author

2013188

Study population Sample Age (range) Country Test Risk factor B 95% CI p value
size
Demographic factors
Zak-Golab et al.,
Various BMI 80 48 (32-63) Poland Zonulin  Age 0.31" +0.06 p<0.05

BMI, body mass index; Cl, confidence interval; GlycA, glycoprotein acetylation; hsCRP, high sensitivity C-reactive protein; HOMA-IR, homeostatic model assessment; IBS-D, diarrhoea predominant
irritable bowel syndrome; IBS, irritable bowel syndrome; IL-6, interleukin 6; L/M, lactulose/mannitol; LPS, lipopolysaccharides; L/R, lactulose/rhamnose; QUICKI, quantitative insulin-sensitivity check
index; SE, standard error; sP-selectin, plasma soluble P-selectin; SEM, structural equation modelling; sCD40L, soluble cluster of differentiation 40 ligand; uMCP1, urinary monocyte chemoattractant
protein-1.

aMultivariate analysis adjusted for sex, age, Child Pugh score and LPS; ® Multiple linear regression analysis adjusted for log-transformed BMI and gestational weeks; © Linear regression adjusting for
age, sex, and BMI; ¢ Multiple linear regression analysis model including protein and polyunsaturated fatty acids; ® Multiple stepwise linear regression analysis adjusted for age, BMI, waist to hip ratio,
triglycerides, total cholesterol, HbA1c, HDL, LDL, IL-6, TNF-a, uric acid and zonulin; fLinear regression analysis model including demographical factors, medication, psychological symptoms and
lifestyle; 9 Multiple regression analysis model including systolic and diastolic blood pressure, hemoglobin, erythrocyte count, fasting glucose, thyroglobulin-binding protein, total protein, and treatment
with angiotensin-converting enzyme inhibitors; " Multiple regression analysis model including age, BMI, total bacterial, Bacteroides and Firmicutes counts; "Multiple regression analysis model
including energy intake and macronutrients content; ! Multiple regression analysis model including parameters of carbohydrate and lipid metabolism; Multiple regression analysis model including
age, BMI, log insulin sensitivity and log fasting triglycerides; ' Multiple regression analysis model including age, BMI, log insulin sensitivity, log fasting triglycerides and IL-6; ™ Multiple regression
analysis model including factors known to influence bacteria translocation and associated factors; " Multivariate analysis adjusted for age, physical activity, BMI, and residuals from linear regression
of energy on protein, carbohydrates and alcohol in subjects with LPS >39 U/L; © Multivariate analysis adjusted for age, physical activity, BMI, and residuals from linear regression of energy on protein
carbohydrates and alcohol in subjects with LPS >39 U/L excluding energy from alcohol; P Multivariable regression analysis adjusting for clinical characteristics; 9 Multivariate linear regression analysis
adjusted for clinical variables; " Multiple regression analysis adjusted for age, sex, BMI, and metabolic syndrome components; * Multivariable regression analysis adjusting for zonulin, LPS, D-
lactates.

Table 2.5 Risk factors associated with intestinal permeability according to correlation coefficient

Author Study Sample Age (range) Country Test Risk factor Correlation p value
population size

Medical history and disease

Casertaetal.,, Systemic 32 45.7£10.9 Italy C/M Disease duration r=0.73 p<0.011

20037 sclerosis

Caviglia et al.,, Inflammatory 118 49 (18-77) Italy Zonulin Disease duration p=-0.30 p=0.001

20181%8 bowel disease
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Schwiertz et
al., 20188
Hilsden et al.,
1999166
Mujagic et al.,
2014180
Mujagic et al.,
2014180
Goebel et al.,
2008164
Goebel et al.,
2008164

Du Plessis et
al., 2013162
Malyszko et
al., 20147

Ohlsson et
al., 20178
Troseid et al.,
201387

Parkinson’s
disease

Crohn’s disease

IBS

IBS

Fibromyalgia

Complex
regional pain
syndrome

Liver cirrhosis

Kidney
transplant
recipients
General
population
Obesity (BMI 45)

61

91

91

40

17

29

72

363

49

65.5 (44-78)

36 (18-66)

44.4+1.6 (18-75)

44.4+1.6 (18-75)

4811 (18-65)

43413 (18-65)

60£10 (44-63)

45.5+12.2

43 (28-53)

42.949.2 (28-55)

Germany

Canada

Netherlands

Netherlands

Germany

Germany

South Africa

Poland

Sweden

Norway

69

Stool
zonulin
L/M

L/R

L/R

L/'M

L/'M

LPS

Zonulin

Zonulin

LPS

Disease duration

Crohn’s disease
relapse
Diarrhoea

Indigestion syndrome

Pain (NRS)

Pain (NRS)

Child-Pugh score

Systolic blood

pressure

Systolic blood
pressure
Systolic blood

pressure

r=0.48

p=0.17

p=0.17

r=-0.3

r=0.19

r=0.292

r=-0.33

p=0.120

r=0.40

0=0.042

p=0.008

p<0.05

p<0.05

p<0.05

p<0.05

p=0.03

p<0.05

p=0.024

p=0.009



Author Study Sample Age (range) Country Test Risk factor Correlation p value
population size

Ohlsson et General 363 43 (28-53) Sweden Zonulin Diastolic blood p=0.178 p=0.001

al., 201788 population pressure

Rutten et al., COPD 18 63.6£1.3 Netherlands L/R COPD r=0.67 p<0.01

2014183

Riordan etal., SIBO 34 64 (22-95) Australia L/M SIBO r=0.61 p<0.0005

1997151

Zhang et al., PCOS 78 2915 China Zonulin Number of menstrual p=-0.4012 p<0.001

20153 cycles

Schwiertz et Parkinson’s 36 65.5 (44-78) Germany Zonulin Levodopa dose r=-0.39 p=0.019

al., 201818 disease

Volynets et NAFLD 20 41.9+2.3 Germany LPS Degree of liver r=0.69 p=0.01

al., 201243 damage

Dietary factors

Morkl et al., Women (BMI 13- 102 24.614.6 Austria Zonulin Total energy intake p=0.230 p=0.036

2018'7° 46)

Zak-Golab et  Various BMI 80 48 (32-63) Poland Zonulin Total energy intake p=0.27 p<0.05

al., 2013188

Zak-Golab et  Various BMI 80 48 (32-63) Poland Zonulin Protein intake p=-0.23 p<0.05

al., 2013188

Mokkala et Pregnancy (BMI 95 29.414.9 (18-45) Finland Zonulin Protein intake p=-0.291 p=0.004

al., 20167 30)
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Author Study Sample Age (range) Country Test Risk factor Correlation p value
population size

Morkl et al., Women (BMI 13- 102 24.6+4.6 Austria Zonulin Protein intake p=0.208 p=0.036

2018'7° 46)

Volynets et NAFLD 20 41.9+2.3 Germany LPS Protein intake p=0.59 p=0.001

al., 201213

Volynets et NAFLD 20 41.9+2.3 Germany LPS Animal-derived protein  p=0.54 p=0.002

al., 201243 intake

Morkl et al., Women (BMI 13- 102 24.614.6 Austria Zonulin Carbohydrate intake p=0.221 p=0.025

2018'7° 46)

Mokkala et Pregnancy (BMI 95 29.414.9 (18-45) Finland Zonulin PUFAs intake p=-0.224 p=0.03

al., 20167 30)

Mokkala et Pregnancy (BMI 95 29.414.9 (18-45) Finland Zonulin PUFAs n-6 intake p=-0.247 p=0.01

al., 20167 30)

Mokkala et Pregnancy (BMI 95 29.414.9 (18-45) Finland Zonulin Vitamin E intake p=-0.228 p=0.02

al., 20167 30)

Mokkala et Pregnancy (BMI 95 29.414.9 (18-45) Finland Zonulin Magnesium intake p=-0.291 p=0.004

al., 20167 30)

Mokkala et Pregnancy (BMI 95 29.414.9 (18-45) Finland Zonulin Niacin intake p=-0.291 p=0.004

al., 20167 30)

Mokkala et Pregnancy (BMI 95 29.414.9 (18-45) Finland Zonulin Iron intake p=-0.228 p=0.02

al., 20167 30)

Mokkala et Pregnancy (BMI 95 29.414.9 (18-45) Finland Zonulin Potassium intake p=-0.343 p=0.001

al., 20167 30)
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Author Study Sample Age (range) Country Test Risk factor Correlation p value
population size

Morkl et al., Women (BMI 13- 102 24.614.6 Austria Zonulin Sodium intake p=0.207 p=0.037

2018'7° 46)

Morkl et al., Women (BMI 13- 102 24.614.6 Austria Zonulin Vitamin B12 intake p=0.198 p=0.046

2018'7° 46)

Anthropometric measurements

Barcelo etal.,, Overweight (BMI 38 49+12 (18-73) Spain Zonulin Waist circumference p=0.382 p=0.04

2016'%3 29)

Barcelo et al., Obstructive 38 50112 (18-74) Spain Zonulin Waist circumference p=0.442 p=0.004

201693 sleep apnoea

Morkl et al., Women (BMI 13- 102 24.614.6 Austria Zonulin Waist circumference p=0.263 p=0.007

2018'7° 46)

Ohlsson et General 363 43 (28-53) Sweden Zonulin Waist circumference p=0.271 p<0.001

al., 201788 population

Morkl et al., Women (BMI 13- 102 24.614.6 Austria Zonulin Hip circumference p=0.231 p=0.202

2018'7° 46)

Ohlsson et General 363 43 (28-53) Sweden Zonulin Hip circumference p=0.173 p=0.001

al., 201788 population

Moreno- Various glucose 123 52+11.7 Spain Zonulin Waist to hip ratio r=0.2 p=0.025

Navarrete et tolerance

al., 2012178

Zhang et al., PCOS 78 2915 China Zonulin Waist-to-hip ratio r=0.401 p=0.015

20153
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Zhang et al.,
201418°
Zhang et al.,
201418°
Teixeira et al.,
2012186
Hendy et al.,
201716°
Zak-Golab et
al., 2013188
Moreno-
Navarrete et
al., 201278
Moreno-
Navarrete et
al., 201278
Morkl et al.,
2018'7°
Zhang et al.,
2015
Zhang et al.,
201418°

General
population
Various glucose
tolerance
Various BMI

NAFLD

Various BMI

Various glucose

tolerance

Glucose

intolerance

Women (BMI 13-
46)
PCOS

Various glucose
tolerance

290

40

56

80

123

41

102

78

290

28.5+7.6/30.7+6.5

37.246.8 (29-46)

48 (32-63)

52+11.7

55.9+10.3

24.6+4.6

295

China

China

Brazil

Egypt

Poland

Spain

Spain

Austria

China

China

73

Zonulin

Zonulin

L/'M

Zonulin

Zonulin

Zonulin

Zonulin

Zonulin

Zonulin

Zonulin

Waist-to-hip ratio

Waist-to-hip ratio

Abdomen

circumference

BMI

BMI

BMI

BMI

BMI

BMI

BMI

r=0.200°

p=0.30

r=0.378

p=0.41

r=0.28

r=0.42

p=0.235

r=0.535

r=0.201

p=0.011

p=0.022

p=0.05

p<0.05

p<0.001

p=0.002

p=0.007

p=0.017

p<0.05

p=0.020



Ohlsson et
al., 20178
Troseid et al.,
201387
Zak-Golab et
al., 2013188
Ohlsson et
al., 20178
Zak-Golab et
al., 2013188
Zak-Golab et
al., 2013188
Morkl et al.,
2018'7°
Morkl et al.,
2018'7°
Troseid et al.,
201387
Zhang et al.,
201533
Troseid et al.,
201387

General
population
Obesity (BMI 45)

Various BMI
General
population
Various BMI
Various BMI
Women (BMI 13-
46)

Women (BMI 13-
46)

Obesity (BMI 45)

PCOS

Obesity (BMI 45)

80

363

80

80

102

102

49

78

49

43 (28-53)

42.949.2 (28-55)

48 (32-63)

43 (28-53)

48 (32-63)

48 (32-63)

24.6+4.6

24.6+4.6

42.949.2 (28-55)

295

42.949.2 (28-55)

Sweden

Norway

Poland

Sweden

Poland

Poland

Austria

Austria

Norway

China

Norway

74

Zonulin

LPS

Zonulin

Zonulin

Zonulin

Zonulin

Zonulin

Zonulin

LPS

Zonulin

LPS

BMI

BMI

Weight

Weight

Fat mass

Fat percentage

Fat percentage

Subcutaneous fat

Subcutaneous fat

Visceral adiposity

index

Intra-abdominal fat

p=0.213

r=0.37

p=0.34

p=0.193

p=0.42

0=0.40

p=0.205

p=0.244

r=0.33

r=0.432

r=0.61

p<0.001

p=0.017

p<0.01

p<0.001

p<0.001

p<0.001

p=0.039

p=0.013

p=0.038

p=0.011

p<0.001



Author Study Sample Age (range) Country Test Risk factor Correlation p value

population size
Qietal., General 37 23.1+£3.9/76.7£5.2 America Zonulin Muscle strength r=-0.332 p=0.048
2018182 population (18->70)
Qi et al., General 37 23.1+£3.9/76.7+5.2 America Zonulin Steps per day r=-0.410 p=0.016
2018182 population (18->70)
Biomarkers
Glucose metabolism
Barcelo et al., Obstructive 38 50112 (18-74) Spain Zonulin Fasting glucose p=0.321 p=0.04
2016153 sleep apnoea
Barcelo etal.,, Overweight (BMI 38 49+12 (18-73) Spain Zonulin Fasting glucose p=0.343 p=0.035
2016'%3 29)
Ohlsson et General 363 43 (28-53) Sweden Zonulin Fasting glucose p=0.138 p=0.009
al., 201788 population
Malyszko et Kidney 72 45.5+12.2 Poland Zonulin Fasting glucose r=-0.25 p<0.05
al., 2014'7° transplant

recipients
Zhang et al., Various glucose 290 4019 China Zonulin Fasting glucose r=0.300° p=0.001
201418 tolerance
Zhang et al., Type 2 diabetes 102 47112 China Zonulin Fasting glucose r=0.299° p=0.010
201418
Zak-Golab et  Various BMI 80 48 (32-63) Poland Zonulin Fasting glucose p=0.18 p<0.05
al., 2013188
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Jayashree et
al., 2014'%7
Zhang et al.,
201533
Zhang et al.,
201533
Zhang et al.,
201418
Zhang et al.,
201418
Zhang et al.,
201418
Jayashree et
al., 2014%7
Jayashree et
al., 2014'%7
Troseid et al.,
201387
Moreno-
Navarrete et
al., 201278

Type 2 diabetes
PCOS

PCOS

Various glucose
tolerance
Glucose
intolerance
Type 2 diabetes
Type 2 diabetes
Type 2 diabetes

Obesity (BMI 45)

General

population

45

78

78

290

92

102

45

45

49

82

5116 (30-60)

3913

47412

5116 (30-60)

5116 (30-60)

42.949.2 (28-55)

48.3x11.7

China

China

China

China

China

India

India

Norway

Spain

76

LPS

Zonulin

Zonulin

Zonulin

Zonulin

Zonulin

LPS

LPS

LPS

Zonulin

Fasting glucose

Glucose tolerance at 0
min

Glucose tolerance at
120 min

Glucose tolerance at
120 min

Glucose tolerance at
120 min

Glucose tolerance at
120 min

Glucose tolerance at
120 min

HbA1c

HbA1c

HbA1c

r=0.229

r=0.351°

r=0.347°

r=0.213°

r=0.325°

r=0.342°

r=0.341

r=0.334

r=0.56

r=0.24

p=0.026

p=0.045

p=0.045

p=0.016

p<0.05

p<0.05

p<0.001

p<0.001

p=0.001

p=0.03



Zhang et al., Various glucose 290 t China Zonulin HbA1c p=0.002
201418 tolerance

Zhang et al., Type 2 diabetes 102 47112 China Zonulin HbA1c r=0.231° p=0.048
201418°

Barcelo et al., Obstructive 38 50112 (18-74) Spain Zonulin Fasting insulin p=0.351 p=0.03
201698 sleep apnoea

Barcelo etal.,, Overweight (BMI 38 49+12 (18-73) Spain Zonulin Fasting insulin p=0.328 p=0.041
201653 29)

Hendy et al., NAFLD 56 37.2+6.8 (29-46) Egypt Zonulin Fasting insulin r=0.305 p<0.05
201716°

Zhang et al., Glucose 92 39+13 China Zonulin Fasting insulin r=0.267° p=0.004
201418 intolerance

Zhang et al., Type 2 diabetes 102 47112 China Zonulin Fasting insulin r=0.325° p=0.005
201418°

Mokkala et Pregnancy (BMI 75 29.414.9 (18-45) Finland Zonulin Fasting insulin p=0.616° p<0.001
al., 2017'7® 30)

Mokkala et Pregnancy (BMI 75 29.414.9 (18-45) Finland LPS Fasting insulin p=0.2644 p=0.02
al., 2017'7® 30)

Zhang et al., PCOS 78 2915 China Zonulin Insulin sensitivity r=0.605 p<0.05
201533 (OGTT at 0 min)

Zhang et al., PCOS 78 2915 China Zonulin Insulin sensitivity r=0.527 p=0.001
201533 (OGTT at 120 min)
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Zhang et al.,
201533
Moreno-
Navarrete et
al., 201278
Moreno-
Navarrete et
al., 201278
Moreno-
Navarrete et
al., 201278
Mokkala et
al., 2017'7®
Mokkala et
al., 2017'7®
Zhang et al.,
201418
Zhang et al.,
201418
Zhang et al.,
201418

PCOS

Various glucose

tolerance

General
population

Glucose

intolerance

Pregnancy (BMI
30)

Pregnancy (BMI
30)

Glucose
intolerance
Various glucose
tolerance

Type 2 diabetes

123

82

41

75

75

92

290

102

295

52+11.7

48.3x11.7

55.9+10.3

29.4+4.9 (18-45)

29.4+4.9 (18-45)

3913

Spain

Spain

Spain

Finland

Finland

China

China

China

78

Zonulin

Zonulin

Zonulin

Zonulin

LPS

Zonulin

Zonulin

Zonulin

Zonulin

Insulin sensitivity
index

Insulin sensitivity

Insulin sensitivity

Insulin sensitivity

Insulin sensitivity
(QUICKTI)
Insulin sensitivity
(QUICKTI)
Insulin sensitivity
(QUICKTI)
Insulin sensitivity
(QUICKTI)
Insulin sensitivity
(QUICKTI)

r=0.262°

r=-0.28

r=-0.22

r=-0.36

p=-0.245¢

p=-0.600°

r=-0.311°

r=-0.214b

r=-0.295°

p=0.019

p=0.002

p=0.045

p=0.02

p=0.03

p<0.001

p=0.001

p=0.016

p=0.001



Author Study Sample Age (range) Country Test Risk factor Correlation p value
population size

Teixeira et al., Various BMI 40 28.51£7.6/30.7+6.5 Brazil L/M Insulin resistance p=0.3 p=0.014

2012186 (HOMA)

Hendy et al., NAFLD 56 37.2+6.8 (29-46) Egypt Zonulin Insulin resistance r=0.413 p<0.01

201716 (HOMA)

Mokkala et Pregnancy (BMI 75 29.414.9 (18-45) Finland Zonulin Insulin resistance p=0.616° p<0.001

al., 201717¢ 30) (HOMA)

Zhang et al., PCOS 78 295 China Zonulin Insulin resistance r=0.315° p=0.044

20153 (HOMA)

Zhang et al., Various glucose 290 4019 China Zonulin Insulin resistance r=0.281° p=0.001

201418 tolerance (HOMA)

Zhang et al., Glucose 92 39+13 China Zonulin Insulin resistance r=0.274° p=0.003

201418 intolerance (HOMA)

Zhang et al., Type 2 diabetes 102 47112 China Zonulin Insulin resistance r=0.434° p<0.05

201418 (HOMA)

Mokkala et Pregnancy (BMI 75 29.414.9 (18-45) Finland LPS Insulin resistance p=0.2644 p=0.02

al., 2017176 30) (HOMA)

Cholesterol and triglycerides

Barcelo et al., Obstructive 38 50112 (18-74) Spain Zonulin Total cholesterol p=0.397 p=0.011

201693 sleep apnoea

Mokkala et Pregnancy (BMI 75 29.414.9 (18-45) Finland Zonulin Total cholesterol p=0.566° p<0.001

al., 201717¢ 30)
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Zhang et al.,
201418
Zhang et al.,
201418
Nymark et al.,
200918
Mokkala et
al., 2017'7®
Mokkala et
al., 2017'7®
Zhang et al.,
201418
Mokkala et
al., 2017'7®
Moreno-
Navarrete et
al., 201278
Moreno-
Navarrete et
al., 201278
Zhang et al.,
201418

Various glucose
tolerance

Type 2 diabetes

Type one
diabetes
Pregnancy (BMI
30)

Pregnancy (BMI
30)

Type 2 diabetes

Pregnancy (BMI
30)
General

population

Various glucose

tolerance

Various glucose
tolerance

290

102

477

75

75

102

75

82

123

290

36.5+11

29.4+4.9 (18-45)

29.4+4.9 (18-45)

47412

29.4+4.9 (18-45)

48.3x11.7

52+11.7

China

China

Finland

Finland

Finland

China

Finland

Spain

Spain

China

80

Zonulin

Zonulin

LPS

LPS

Zonulin

Zonulin

LPS

Zonulin

Zonulin

Zonulin

Total cholesterol

Total cholesterol

Total cholesterol

Total cholesterol

LDL cholesterol

LDL cholesterol

LDL cholesterol

HDL cholesterol

HDL cholesterol

HDL cholesterol

r=0.333°

r=0.245°

r=0.34

p=0.374¢

p=0.458¢

r=0.362°

p=0.264

r=-0.27

r=-0.21

r=-0.342°

p<0.05

p=0.018

p<0.001

p=0.001

p=0.001

p=0.002

p=0.01

p=0.01

p=0.02

p<0.05



Zhang et al.,
201533
Zhang et al.,
201418
Hendy et al.,
2017165
Nymark et al.,
20098
Troseid et al.,
201387
Mokkala et
al., 2017'7®
Jayashree et
al., 2014%7
Teixeira et al.,
2012186
Hendy et al.,
2017165
Mokkala et
al., 2017'7®
Morkl et al.,
2018'7°

PCOS

General
population
NAFLD

Type one
diabetes
Obesity (BMI 45)

Pregnancy (BMI
30)
Type 2 diabetes

Various BMI
NAFLD
Pregnancy (BMI
30)

Women (BMI 13-
46)

95

56

477

49

75

45

40

56

75

102

37.246.8 (29-46)

36.5+11

42.949.2 (28-55)

29.4+4.9 (18-45)

5116 (30-60)

28.5+7.6/30.7+6.5

37.246.8 (29-46)

29.4+4.9 (18-45)

24.6+4.6

China

China

Egypt

Finland

Norway

Finland

India

Brazil

Egypt

Finland

Austria

81

Zonulin

Zonulin

Zonulin

LPS

LPS

LPS

LPS

L/'M

Zonulin

Zonulin

Zonulin

HDL cholesterol

HDL cholesterol

HDL cholesterol

HDL cholesterol

HDL cholesterol

HDL cholesterol

HDL cholesterol

HDL cholesterol

Triglycerides

Triglycerides

Triglycerides

r=-0.390°

r=-0.397

r=-0.24

r=-0.43

p=0.240°

r=0.531

p=-0.39

r=0.296

p=0.529°¢

p=0.283

p=0.031

p<0.05

p<0.01

p<0.001

p=0.006

p=0.03

p<0.001

p=0.01

p<0.05

p<0.001

p=0.004



Moreno-
Navarrete et
al., 2012'78
Moreno-
Navarrete et
al., 201278
Zhang et al.,
201533
Zhang et al.,
201418°
Zhang et al.,
201418°
Zhang et al.,
201418°
Lassenius et
al., 2011172
Troseid et al.,
201387
Nymark et al.,
200918
Jayashree et
al., 20147

Various glucose
tolerance

General
population

PCOS

Various glucose
tolerance
General
population
Glucose
intolerance

Type one
diabetes

Obesity (BMI 45)

Type one
diabetes
Type 2 diabetes

123

82

78

290

95

92

904

49

477

45

52+11.7

48.3x11.7

295

40+19

34+11

39+13

46 (36-56)

42.949.2 (28-55)

36.5+11

5116 (30-60)

Spain

Spain

China

China

China

China

Finland

Norway

Finland

India

82

Zonulin

Zonulin

Zonulin

Zonulin

Zonulin

Zonulin

LPS

LPS

LPS

LPS

Triglycerides

Triglycerides

Triglycerides

Triglycerides

Triglycerides

Triglycerides

Triglycerides

Triglycerides

Triglycerides

Triglycerides

r=0.22

r=0.422

r=0.449°

r=0.329°

r=0.501°

r=0.73

r=0.52

r=0.61

r=0.353

p=0.02

p=0.045

p=0.031

p<0.05

p=0.002

p<0.05

p<0.001

p=0.001

p<0.001

p<0.001



Mokkala et Pregnancy (BMI
al., 2017'7® 30)

Nymark et al., Type one
20098 diabetes
Inflammatory markers

Barcelo et al., Obstructive
201698 sleep apnoea
Karthikeyan Liver cirrhosis
etal., 2018'%°

Mokkala et Pregnancy (BMI
al., 2017'7® 30)

Morkl et al., Women (BMI 13-
2018'7° 46)

Hendy et al., NAFLD

2017165

Moreno- Various glucose
Navarrete et tolerance

al., 201278

Moreno- General
Navarrete et population

al., 2012'78

75

477

38

30

75

102

56

123

82

29.4+4.9 (18-45)

36.5+11

50112 (18-74)

47.7+1.4 (18-60)

29.4+4.9 (18-45)

24.6+4.6

37.2+6.8 (29-46)

52+11.7

48.3x11.7

Finland

Finland

Spain

India

Finland

Austria

Egypt

Spain

Spain

83

LPS

Zonulin

Zonulin

Zonulin

Zonulin

Zonulin

Zonulin

Zonulin

Triglycerides

ApoB

hsCRP

hsCRP

hsCRP

CRP

Circulating IL-6

Circulating IL-6

Circulating IL-6

p=0.245¢

r=0.34

p=0.372

p=0.482

p=0.412¢

p=0.293

r=0.288

r=0.29

r=0.31

p<0.001

p<0.001

p=0.02

p=0.0063

p=0.004

P=0.003

p<0.05

p=0.008

p=0.01



Morkl et al.,
2018'7°
Qietal,
2018182
Ficek et al.,
2017163
Jayashree et
al., 2014'%7
Qietal,
2018182
Zhang et al.,
201418
Zhang et al.,
201418
Zhang et al.,
201418
Zhang et al.,
201418
Jayashree et
al., 2014'%7
Zak-Golab et
al., 2013188

Women (BMI 13-
46)

General
population
Haemodialysis
patients

Type 2 diabetes

General
population
Various glucose
tolerance
General
population
Glucose
intolerance

Type 2 diabetes

Type 2 diabetes

Various BMI

102

37

150

45

37

290

95

92

102

45

80

24.6+4.6

23.1+3.9/76.7£5.2

(18->70)
62 (59-64)

5116 (30-60)

23.1+3.9/76.7£5.2

(18->70)
4019

34+11

3913

47412

5116 (30-60)

48 (32-63)

Austria

America

Poland

India

America

China

China

China

China

India

Poland

84

Zonulin

Zonulin

LPS

LPS

Zonulin

Zonulin

Zonulin

Zonulin

Zonulin

LPS

Zonulin

Circulating IL-6

Circulating IL-6

Circulating IL-6

Circulating IL-6

TNF-a

TNF-a

TNF-a

TNF-a

TNF-a

TNF-a

sTNFR1

p=0.317

r=0.345

p=0.241

r=0.542

r=0.357

r=0.296°

r=0.623°

r=0.647°

r=0.352°

r=0.407

p=0.34

p=0.001

p=0.043

p=0.003

p<0.001

p=0.032

p=0.010

p<0.05

p<0.05

p=0.001

p<0.001

p<0.001



Mokkala et
al., 2017'7®
Mokkala et
al., 2017'7®
Malickova et
al., 201717

Pregnancy (BMI
30)

Pregnancy (BMI
30)
Inflammatory
bowel disease

Markers of intestinal permeability

Ciccia et al.,
20171%°
Duerksen et
al., 2010™°
Jayashree et
al., 2014'%7
Carnevale et
al., 2017156
Raparelli et
al., 201702

Mokkala et
al., 2017'7®
Cangemi et
al., 2016'%

Ankylosing
spondylitis
Coeliac disease
(Marsh type 3)
Type 2 diabetes

Glucose
intolerance
Liver cirrhosis
(Child-Pugh
B+C)
Pregnancy (BMI
30)

Pneumonia

75

75

40

20

45

70

34

75

278

29.4+4.9 (18-45)

29.4+4.9 (18-45)

(18-65)

47 (23-58)

53.5

5116 (30-60)

62.5£13.2

62.5£13.4

Finland

Finland

Czech
Republic

Italy

Canada

India

Italy

Italy

Finland

Italy

85

LPS

Zonulin

Stool

zonulin

L/'M

Zonulin

Zonulin

Zonulin

Zonulin

Zonulin

Zonulin

GlycA

GlycA

Stool calprotectin

Serum zonulin

L/'M

LPS

LPS

LPS

LPS

LPS

p=0.3871

p=0.616°

p=0.430

0=0.851

0=0.891

r=0.252

r=0.529

p=0.48

p=0.458¢

p=0.545

p=0.001

p<0.001

p=0.006

p=0.0177

p=0.05

p<0.01

p=0.001

p<0.05

p=0.001

p<0.001



Author Study Sample Age (range) Country Test Risk factor Correlation p value
population size
Goebel et al.,  Fibromyalgia 40 48+11 (18-65) Germany L/M Gastroduodenal r=0.68 p<0.0001
2008164 permeability
Goebel etal., Complex 17 43+13 (18-65) Germany L/M Gastroduodenal r=0.88 p<0.0001
2008164 regional pain permeability
syndrome
Liver pathology
Barcelo et al., Obstructive 38 50112 (18-74) Spain Zonulin Alanine transaminase = p=0.484 p=0.002
201693 sleep apnoea
Hendy et al., NAFLD 56 37.2+6.8 (29-46) Egypt Zonulin Alanine transaminase  r=0.312 p<0.05
201716
Volynets et NAFLD 20 41.9+2.3 Germany LPS Alanine transaminase  p=0.50 p=0.005
al., 20123
Barcelo et al., Obstructive 38 50+12 (18-74) Spain Zonulin Aspartate p=0.426 p=0.006
2016153 sleep apnoea transaminase
Barcelo et al., Obstructive 38 50112 (18-74) Spain Zonulin Gamma p=0.444 p=0.004
2016'%3 sleep apnoea glutamyltransferase
Hendy et al., NAFLD 56 37.2+6.8 (29-46) Egypt Zonulin Liver histopathology r=0.518 p<0.001
201716
Intestinal microbiome markers
Lindheim et PCOS 24 27 Austria Zonulin Microbial diversity r=-0.334 p=0.029
al., 2017173
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Lindheim et PCOS 27 Austria Stool Microbial diversity p=-0.366 p=0.016
al., 201773 zonulin
Zak-Golab et  Various BMI 80 48 (32-63) Poland Zonulin Total bacteria count p=0.26 p<0.05
al., 2013188
Mokkala et Pregnancy (BMI 95 29.414.9 (18-45) Finland Zonulin Faecalibacterium p=0.29 p=0.004
al., 2016'"7 30) (genus)
Mokkala et Pregnancy (BMI 95 29.414.9 (18-45) Finland Zonulin Blautia (genus) p=-0.25 p=0.018
al., 2016""7 30)
Mokkala et Pregnancy (BMI 95 29.414.9 (18-45) Finland Zonulin F. prausnitzii (species) p=0.29 p=0.005
al., 2016""7 30)
Mokkala et Pregnancy (BMI 95 29.414.9 (18-45) Finland Zonulin Blautia (species) p=-0.25 p=0.018
al., 2016""7 30)
Other biomarkers
Barcelo et al., Obstructive 38 50112 (18-74) Spain Zonulin Mean oxygen p=-0.378 p=0.019
201658 sleep apnoea saturation
Lukaszyk et Chronic kidney 35 73.9+10.9 Poland Zonulin Hepcidin with hsCRP ~ r=-0.37 p<0.05
al., 201852 disease >10mg/dL
Malyszko et Kidney 72 455+12.2 Poland Zonulin Thyroglobulin-binding  r=0.24 p<0.05
al., 2014'7° transplant protein

recipients
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Malyszko et
al., 20147

Malyszko et
al., 20147

Malyszko et
al., 20147

Malyszko et
al., 20147

Moreno-
Navarrete et
al., 201278
Moreno-
Navarrete et
al., 201278
Raparelli et
al., 201702
Rutten et al.,
2014183

Kidney
transplant
recipients
Kidney

transplant
recipients
Kidney

transplant
recipients
Kidney

transplant

recipients

Various glucose

tolerance

General

population

Liver cirrhosis

COPD

72

72

72

123

82

69

18

45.5+12.2

45.5+12.2

45.5+12.2

45.5+12.2

52+11.7

48.3x11.7

62.6£13.5

63.6+1.3

Poland

Poland

Poland

Poland

Spain

Spain

Italy

Netherlands

88

Zonulin

Zonulin

Zonulin

Zonulin

Zonulin

Zonulin

LPS

L/R

Haematocrit

Haemoglobin

Total protein

Erythrocyte count

Uric acid

Uric acid

Platelet activation

Plasma lactic acid

r=0.32

r=-0.33

r=0.26

r=0.2

r=0.24

p=0.55

r=0.66

p<0.05

p<0.01

p<0.05

p<0.05

p=0.025

p=0.03

p<0.001

p=0.01



Author Study Sample Age (range) Country Test Risk factor Correlation p value
population size

Swanson et Alcohol use 20 45.9+12.2 America L/M Plasma melatonin r=-0.39 p=0.03

al., 201518 disorder

Volynets et NAFLD 20 41.9+2.3 Germany LPS Plasminogen activator  p=0.46 p=0.01

al., 201213 inhibitor — 1

Raparelli et Liver cirrhosis 69 62.6x13.5 Italy LPS sP-Selectin p=0.32 p=0.008

al., 2017102

Cangemi et Pneumonia 278 7016 (>18) Italy LPS sP-selectin p=0.362 p<0.001

al., 2016

Cangemi et Pneumonia 278 7016 (>18) Italy LPS sNOX2-dp p=0.455 p<0.001

al., 2016

Demographic factors

Johnston et Coeliac disease 77 35.0 (25-64) Ireland L/M Age r=0.34 p=0.001

al., 2000168

Moreno- General 82 48.3+11.7 Spain Zonulin Age r=0.22 p=0.045

Navarrete et population

al., 2012178

Zak-Golab et  Various BMI 80 48 (32-63) Poland Zonulin Age p=0.43 p<0.001

al., 2013188

ApoB, apolipoprotein; C/M, cellobiose/mannitol; COPD, chronic obstructive pulmonary disease; GlycA, glycoprotein acetylation; HbA1c, glycated haemoglobin A1c; HDL, high-density lipoprotein;
hsCRP, high sensitivity C-reactive protein; HOMA, homeostatic model assessment; IBS-D, diarrhoea predominant irritable bowel syndrome; IBS, irritable bowel syndrome; IL-6, interleukin 6; LDL,
low-density lipoprotein; L/M, lactulose/mannitol; LPS, lipopolysaccharides; L/R, lactulose/rhamnose; n-6, omega-6 fatty acid; NAFLD, non-alcoholic fatty liver disease; NRS, numeric rating scale;
OGTT, oral glucose tolerance test; p, Spearman’s correlation coefficient; PCOS, polycystic ovarian syndrome; PUFA, polyunsaturated fatty acids; QUICKI, quantitative insulin-sensitivity check index;
r, Pearson’s correlation coefficient for the sample; sSNOX2-dp, soluble NOX2-deriver peptide; sP-selectin, plasma soluble P-selectin; SIBO, small intestine bacteria overgrowth; sTNFR1, soluble
tumour necrosis factor receptor-1; TNF-a, tumor necrosis factor alpha.
2 Adjusted for BMI; ® Adjusted for BMI and age; ° Multiple linear regression adjusted for log-transformed BMI and gestational weeks in subjects with hs-CRP> 3mg/L; ¢ Only including subjects with

hsCRP >3mg]/L.
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The strength of association between IP and disease severity varied depending
on the study population and the nature of disease severity classification. Pain, as
measured by numeric rating scale, was reported to have a weak positive
correlation with IP."® Whereas conflicting evidence was reported for blood
pressure and the strength of association with altered IP. The association between
portal hypertension and altered IP was only reported for second and third-degree
portal hypertension (OR=3.1; 95% ClI: 1.1, 4.2; p<0.01)."%5 A moderate positive
correlation was reported between IP and systolic blood pressure in obesity
(r=0.40; p=0.009)."®" Whereas diastolic blood pressure (66-72 mmHg) was
reported to be an independent risk factor for altered IP (OR=2.82; 95% CI: 1.43,

5.58; p=0.003) in the general population.8

2.2.3.3 DIETARY RISK FACTORS

Five studies reported nine statistically significant dietary factors that were
associated with |P,106:143.170,177.188 |ntake of >2616 kcal/day was reported as an
independent risk factor for altered IP (=121.8; p=0.04) as measured by LPS"%¢
(Table 2.4). Total fat percentage in the diet was also reported as an independent
risk factor for altered IP ($=0.23; 95% CI: £0.11; p<0.05).'8 One study reported
protein intake as an independent risk factor for altered IP ($=-0.139; 95% CI: -
0.247, -0.031; p=0.01).""7 While one other study'4® reported a moderate positive
correlation between total protein intake and IP (p=0.59; p=0.001) with sub-
analysis on protein source reporting that animal-derived protein intake had a
moderate positive correlation with altered IP (p=0.54; p=0.002)'** (Table 2.5).
One study reported alcohol consumption to be a predictive risk factor for altered

IP, with <14 standard drinks per week (OR=1.91; 95% CI: 1.01, 3.95; p=0.05)



and above >15 standard drinks per week (OR=1.56; 95% CI: 1.02, 2.67; p=0.05)

associated with altered IP.170

2.2.3.4 ANTHROPOMETRIC RISK FACTORS

Ten studies reported a statistically significant association between 12
anthropometric measurements and |P.88:133,153,161,165,178,182,186-188 Theg correlation
between BMI and IP ranged from a weak to moderate positive correlation, of
which most were reported to have a weak positive correlation8165.178,179,188,189
(Table 2.5). Two studies report BMI as an independent risk factor for altered IP
as measured by zonulin levels (=0.26; £0.10; p<0.05, =1.507; 0.34 SEM;
p<0.01)'61.188 (Table 2.4). Furthermore, it was reported in the general population
that a BMI of >25.0 and BMI of >30.0 were associated with altered IP OR=4.10
(95% CI: 1.87, 8.97; p<0.001) and OR=4.90 (95% CI: 1.49, 31.65; p=0.047)
respectively as measured by zonulin (>64 ng/mL)% (Table 2.3). Two studies
reported the strength of association between IP and both waist circumference
and waist to hip ratio.’33153 Although only a weak positive correlation was
reported between waist circumference and IP'3 one study reported an
association between altered IP and waist circumference >97cm (OR=7.03; 95%

Cl: 1.97, 25.11; p=0.003).88

2.2.3.5 BIOMARKER RISK FACTORS

Twenty-four studies reported on 29 statistically significant biomarkers and

association with altered IP 88,102,133,143,149,152-154,156,159,163-165,167,169,171-179,181-183,185-

189 Two studies reported that fasting glucose had a weak positive correlation with
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|P153.189 (Table 2.5). Moreover, an additional study reported that a plasma glucose
level >5.7 nmol/L is associated with a greater odds of having altered IP (OR=2.09;
95% Cl: 2.09, 4.18; p=0.036) in the general population® (Table 2.3). In addition,
fasting glucose was reported to be an independent risk factor associated with
altered IP as measured by zonulin (8=0.38; +0.12; p<0.05)'® (Table 2.4). In
contrast, a 120-minute glucose tolerance test was reported in three studies to
have a weak positive correlation with I1P.133.167.18 Three studies reported a weak

positive correlation between glycated haemoglobin A1c (HbA1c) and |P.167.187.189

From the four studies that reported a statistically significant association between
fasting insulin and IP a weak to moderate positive correlation was reported
(p=0.616; p<0.001)153.165,176,189 (Tgple 2.5). Furthermore, one study reported
fasting insulin to be associated with IP as measured by zonulin levels (=0.015;
95% CI: 0.007, 0.022; p<0.001).'7¢ Four slightly different methods were used to
measure insulin sensitivity with the strength of association varying from a weak
to moderate correlation between insulin sensitivity and I[P (r=0.605;
p<0.05).133.176.178,189 \oreover, insulin sensitivity was reported to be associated
with IP as measured by zonulin ($=-0.263; p=0.004, 5=-0.002; 95% CI: -0.003, -
0.001; p<0.001)'76178 (Table 2.4). Five studies found a similar strength of
association between markers of insulin resistance and altered IP; with a weak to

moderate positive correlation reported (p=0.616; p<0.001).133.165.176,186,189

Serum lipids and lipoproteins were measured in ten studies with a varying degree
of strength of association with |P.133.153,165,167,172,176,181,186,187.189 Totg| cholesterol

was reported to have a statistically significant association with IP in four studies,
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these studies report a weak to moderate positive correlation between total
cholesterol and IP (p=0.566; p<0.001)'53176.181.189 (Table 2.5). Furthermore, total
cholesterol was reported to correlate with IP as measured by zonulin (£=0.004;
95% CI: 0.000, 0.007; p=0.032)"7 (Table 2.4); whereas, low-density lipoprotein
(LDL) cholesterol was reported to have a weak positive correlation with |P.176.189
Five studies reported high-density lipoprotein (HDL) cholesterol to have a weak
negative correlation with zonulin and the dual sugar test.'33.165.167.186,187.189 Sayen
studies reported triglycerides to have a weak to high positive correlation with IP
(r=0.73; p<0.001).133.167,172,176,181,187,189 Triglycerides were further reported as an
independent risk factor for IP as measured by zonulin (£=0.009; 95% CI: 0.003,

0.015; p=0.003).176

Numerous inflammatory markers were measured in a total of 11 studies and were
reported to have an association with |P,153.167.169,171,175,176,178,179,182,188,189 Hjgh
sensitivity C-Reactive protein (hsCRP) were reported to have a weak positive
correlation 1P153.169.176 (Taple 2.5) with two studies also reporting that hsCRP
correlates with IP as measured by zonulin (=0.013; 95% CI: 0.003, 0.023;
p=0.015, 5=0.075; 95% CI: 0.008, 0.158; p=0.046)"%3176 (Table 2.4). In contrast,
another study reported CRP to be an independent risk factor for IP (8=3.28; 95%
Cl: 1.28, 5.46; p<0.01).""" Circulating interleukin-6 (IL-6) was reported to have a
weak to moderate positive correlation with IP according to four studies (r=0.542;
p<0.001).767.178,179,182  Fyrthermore, two studies reported circulating IL-6 to
independently correlate with levels of zonulin (8=0.23; p=0.04)'"% and LPS

(=0.171; p=0.04);'%® whereas, tumor necrosis factor alpha (TNF-a)—the other
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major inflammatory marker measured in the included studies—was reported to

have a weak to moderate positive correlation with IP (r=0.647; p<0.05).167.182,189

Three studies report the liver enzyme alanine transaminase (ALT) to have a
statistically significant weak to moderate positive correlation with IP (p=0.50;
p=0.005)"43.153.165 (Table 2.5), with one study reporting ALT to correlate with IP
as measured by zonulin (8=0.014; 95% CI: 0.001, 0.028; p=0.04)'3 (Table 2.4).
Two other liver enzymes aspartate transaminase (AST) and gamma
glutamyltransferase (GGT) were reported to have a weak positive correlation with
IP, with only AST reported as an independent risk factor for IP (£=0.02; 95% CI:
0.002, 0.037; p=0.04)."%® One study reported that microbial diversity had a weak

negative correlation with serum zonulin and stool zonulin.'”3

The strongest association among biomarkers and IP were markers of IP
themselves. Two studies used both zonulin and the dual sugar test and reported
a high positive correlation between the two tests (p=0.891; p=0.05)"4%1%° (Table
2.5). However, mixed evidence was reported for the strength of association
between zonulin and LPS with a weak to moderate positive correlation reported
(p=0.545; p<0.001);102.154.1%6,176  glthough, one study reported LPS to
independently correlate with zonulin levels (£=0.002; 95% CI: 0.001, 0.003;
p=0.002)'"® (Table 2.4). The dual sugar test was also reported to have a
moderate to high positive correlation with gastroduodenal permeability according

to one study (r=0.68; p<0.0001, r=0.88; p<0.0001).64
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2.2.3.6 DEMOGRAPHIC RISK FACTORS

Although most studies evaluated basic demographic characteristics only age was
reported to have a statistically significant association with IP in three
studies. 55168188 Study populations that were diagnosed with a health condition
reported a weak positive correlation between age and IP according to both
zonulin and the dual sugar test'5168.188 (Tgple 2.5). Age was reported an
independent risk factor for altered IP'® with the increase of IP more likely over

the age of 50 (OR=1.9; 95% CI: 1.1, 2.3; p<0.001)'55 (Table 2.3).

2.2.4 DISCUSSION

This is the first systematic review to explore the potential risk factors associated
with IP in an adult population. This review identified over 100 potential risk factors
associated with IP that had a varying degree of strength of association. The
majority of the identified risk factors were only found to have a weak association
with IP; however, there were similarities with many of the risk factors measured
and reported to be associated with IP in numerous instances. This similarity
further strengthens the identified risk factors as valuable clinical features
healthcare professionals may consider as part of their differential diagnosis.
Many of the risk factors identified have previously been reported as major risk
factors for morbidity and mortality in chronic diseases worldwide.'®%:1®" Therefore,
IP may be considered a feature of chronic disease rather than merely a digestive

health issue.
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2.2.4.1 STRONGEST RISK FACTORS FOR ALTERED INTESTINAL
PERMEABILITY

Elevated levels of proinflammatory markers, dyslipidaemia, hyperglycaemia,
anthropometric measurements resembling obesity, advanced disease severity
with comorbidity and the consumption of a Western-style diet were identified as
the strongest risk factors for altered IP (Figure 2.2). An unexpected finding of our
review was the paucity of digestive health symptoms reported to be associated
with IP alongside the magnitude of risk factors that resemble a metabolic-like
condition. Although digestive health symptoms such as bloating, abdominal
cramps and pain, heartburn, reflux, nausea and flatulent were measured in a few
of the included studies, none were reported to be significantly correlated with the
risk of 1P.88.164.180 The digestive health issues that were reported to be associated
with IP were diseases situated primarily within the gastrointestinal system such
as inflammatory bowel disease,!'%® diarrhoea predominant irritable bowel
syndrome (IBS-D),'8 intestinal dysbiosis,'”®77.18 symptoms like diarrhoea
(especially from an organic disease)'®® and indigestion syndrome.'® However,
these digestive health symptoms were not found to be associated with IP in the
general population.88 Although digestive health symptoms appear to lack
association with [P, this should not undermine the association between
gastrointestinal conditions and IP, especially provided the high correlation
between the improvement of altered IP and a reduction in postinfectious IBS
disease severity purported in the literature.'®> Conversely, many of the risk
factors that resemble a metabolic-like condition were found to be associated with
IP in the general population.88178.18 However, risk factors such as waist-to-hip

ratio, waist circumference, and elevated triglycerides, were less associated with
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IP in the general population when compared to a disease state. It appears that
the identified risk factors have a stronger association with altered IP within a

disease state rather than in the general population.

Dyslipidaemia Hyperglycaemia
TLDL, TCH, triglyceride T Glucose, Hbd g, insulin
- e, e b A -
Inflammation ,ﬁn,t.h.r.ﬁ?'.}n:?"!_c. X
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_ ‘ Risk of
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severity and intestinal
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- permeability
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Figure 2.2 The strongest identified risk factors identified to be associated with intestinal
permeability

Many hypotheses exist detailing the mechanism of action linking the health and
integrity of the digestive system to inflammation, obesity, poor glycaemic control
and dyslipidaemia.'¢”-170.177 One of the most prominent theories suggests IP is
both a cause and consequence of LPS absorption. The translocation of LPS as
the result of IP may contribute to the cascade of events that is responsible for the
metabolic-like risk factors.'931%4 First, LPS have been demonstrated to trigger
inflammation that may alter glucose metabolism resulting in poor glycaemic
control and insulin resistance.'®® The occurrence of dyslipidaemia may contribute

to the loss of intestinal integrity as HDL is in part responsible for neutralising LPS,
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whereby low levels of HDL may result in inflammation and LPS exacerbating
IP.1%% The link between metabolic factors and altered IP is further strengthened
as improvement in some of the identified risk factors such as BMI,”® HbA1c,'®’
and inflammation'®® have been shown to be associated with the improvement of

IP.

2.2.4.2 CHRONIC DISEASE AND MULTIPLE RISK FACTORS

Comorbidity of chronic diseases such as diabetes, liver disease, metabolic
syndrome, kidney disease, and obesity were identified to increase the risk of
|P.155.170,172,181 Moreover, the severity and activity of chronic health conditions
including liver disease,92:143.155.162170 metabolic syndrome,'”?2 PCOS,'*3 coeliac
disease'® and BMI'®" were reported to correlate with the degree of IP. The notion
that IP correlates with disease severity is further supported as the severity of
particular risk factors also increase alongside the degree of |P.88.172.176,177,179,189
The involvement of IP in chronic disease, especially with advanced disease
severity, highlights the potential importance of intestinal integrity in health and
disease. This review also suggests a synergistic effect is possible when more
than one risk factor is experienced. In particular, BMI, age, alcohol consumption
and inflammation were all identified as having some degree of synergistic
effect;170.176.178,182,188 gl|though, inflammation appears to be the driving factor in

many of the risk factors.'®®
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2.2.4.3 DIETARY AND LIFESTYLE HABITS AND INTESTINAL
PERMEABILITY

It appears that a high energy, nutrient-depleted diet with either inadequate protein
intake or excess animal-derived protein in combination with alcohol consumption
is a potential risk factor for IP. This dietary pattern closely resembles that of the
Western diet, which has been suggested to increase the risk of chronic disease'®”
and metabolic disease such as obesity."®" Dietary intervention studies are limited;
however, one study suggests an increase in dietary protein is associated with
elevated zonulin and inflammation.'®® Furthermore, it has been demonstrated
that an increase in dietary fibre reduces zonulin.'®® While alcohol withdrawal is
associated with a reduction of IP with a greater result seen in patients with a high
BMI.'®" Based on these findings, dietary and lifestyle habits may present a key
clinical feature that healthcare professionals may utilise in identifying patients at

risk of altered IP.

2.2.4.4 SIMILARITIES AND DIFFERENCES BETWEEN MARKERS OF
INTESTINAL PERMEABILITY

Both zonulin and the dual sugar test were reported to highly correlated with each
other. However, only two risk factors namely HDL cholesterol and insulin
resistance were shown to be associated with both zonulin and the dual sugar.
This finding may be due to the limited number of studies using the dual sugar test
included in this review. Previous research has suggested that zonulin is a
biomarker of metabolic syndrome, obesity, inflammation and poor health rather
than an indicator of IP;® although, zonulin is associated with many of the risk

factors that resemble a metabolic-like condition after adjusting for metabolic
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syndrome, obesity and inflammation, implicating zonulin as a true marker of IP.
However, the mixed evidence surrounding the association between serum and
stool zonulin could be explained by zonulin being described as an acute phase
biomarker of coeliac disease?®° and IBD.?°' This feature of zonulin being an acute
phase biomarker may also explain the lack of consistency between the dual sugar
test and zonulin. For example, IBS-D is a condition known to be related to IP and
has recently been shown to be associated with the dual sugar test but not
zonulin.'%* Another potential factor influencing the results is the accuracy of the
commercial zonulin assay; with recent research advocating caution in using the
commercial zonulin assay as a means of evaluating intestinal integrity.®’ Limited
studies have used both the zonulin and dual sugar test; however, our review
found that these two tests have the highest association with each other compared
to all the risk factors identified. Whether zonulin is a more sensitive marker of |IP
for particular risk factors compared to the dual sugar test is yet to be investigated.
Moreover, the ideal test for specific disease diagnosis and the stage and activity
of the disease requires further investigation. Healthcare professionals may find
clinical benefit from using both the serum zonulin and dual sugar test for an

accurate diagnosis of IP when patients present with the risk factors for IP.

2.2.4.5 LIMITATIONS

This systematic review has some limitations worth mentioning. As a result of
limited research examining risk factors associated with IP, this review consisted
of a heterogeneous range of health conditions, preventing cumulative statistical
meta-analysis. The target population for our review were adults 18 years and

over; however, many large cohort studies involved adolescents. A number of
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articles were included when age range was unknown yet evaluated to be adults
18 years and over. Future similar reviews are suggested to incorporate
adolescents into the target population. Numerous studies were excluded as they
did not use measurable and comparable analysis of IP risk factors. In addition,
risk factors that were not statically significant were not included potentially
increasing selection bias. Other potential risk factors may have been missed due
to the nature of the risk factor only being included in experimental research

designs.

2.2.4.6 CLINICAL SIGNIFICANCE

The clinical relevance of the identified risk factors warrants the attention of
healthcare practitioners in their differential diagnosis. IP has previously been
recognised by healthcare practitioners to be associated with gastrointestinal
conditions more so than any other group of diseases, including metabolic
conditions.* In our review digestive health symptoms were not identified as a
maijor risk factor for IP. In contrast, many conditions such as food sensitivities'3?
and histamine intolerance,?®> were found to be clinically relevant in the
identification of patients at risk of IP. Lastly, until there is a comprehensive
understanding of the clinical diagnosis of IP healthcare professionals are advised
to consider multiple methods of IP testing, and to account for the identified risk

factors to ensure the most accurate diagnosis of intestinal integrity.
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2.2.4.7 FURTHER RESEARCH

Further research needs to examine whether the identified risk factors are solely
linked with the diagnosis of IP or whether the disease state influences the
association. Further evidence is necessary to distinguish which marker of IP is
most appropriate and accurate for measuring IP in different conditions and at
different stages of disease manifestation. Longitudinal studies measuring the
identified risk factors may provide increased understanding of the cause or
consequence of IP. Lastly, the validation of serum zonulin, stool zonulin and the
dual sugar test as markers for altered |IP are necessary to be undertaken for the

advancement of IP research.

2.2.4.8 CONCLUSION

Dyslipidaemia, poor glycaemic control, inflammation, anthropometric
measurements that resemble obesity, and Western-style dietary habits have the
strongest association with altered IP—which amplify when combined. In addition,
comorbidity of chronic diseases and advanced disease severity are also strong
risk factors of altered IP. These risk factors warrant the attention of clinicians and
other healthcare providers to aid in the identification of potential patients at risk

of altered IP.
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2.3 CHAPTER SUMMARY

This was the first systematic review to explore the known risk factors associated
with IP. Several risk factors associated with IP were identified, including
biomarkers, anthropometric measurements, demographics, dietary intake and
chronic diseases. These risk factors warrant the attention of clinicians and other
healthcare providers to aid the identification of potential patients at risk of altered
IP. These identified risk factors further direct the type of interventions and
therapeutic action that may be required to have a beneficial impact in people with
IP. Although some risk factors may have been missed due to the inclusion criteria
and searched databases, this review provides a comprehensive summary of the
possible risk factors associated with IP. The results from this chapter provide
direction for the clinical questions the IP Guideline may consider exploring. With
many known risk factors, there remains uncertainty surrounding the evidence-

based treatment interventions for managing IP in clinical practice.

103



3. METHODOLOGY

This research project employs the most appropriate methodology to answer the
objectives outlined in Chapter 1. To achieve the research aim, this project was
conducted over two phases: Phase One, a cross-sectional survey of Australian
adults with suspected IP; and Phase Two, the developing a clinical practice
guideline for the management of IP. The findings from Phase One directly inform
Phase Two by facilitating the developed recommendations that consider the
views and values of people with IP. Phase Two also included a cross-sectional
survey of key stakeholders involved in the management of IP. This chapter

describes the rationale and methods used to address the research objectives.

3.1 RESEARCH METHODOLOGY AND DESIGN FRAMEWORK

The Leaky Gut Survey aimed to explore and describe the health-seeking
behaviours of Australian adults with suspected IP. Secondly, after the IP
Guideline had been drafted, stakeholder feedback was required to assess the
agreement with each recommendation. Therefore, a quantitative methodology
approach that employed an observational, cross-sectional, self-administered
online questionnaire was adopted for Phase One and Phase Two of this research
project. Phase One and Phase Two intended to understand the participants’
views and perspectives thus, an observational rather than experimental
framework was most suitable for this research project.?®® Utilising an
observational framework allowed for greater external validity, allowing the results

to be generalised across Australia.?%
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3.2 PHASE ONE: THE LEAKY GUT SURVEY

3.2.1 PHASE ONE (LEAKY GUT SURVEY) OVERVIEW
Phase One, also referred to as the Leaky Gut Survey, involved a cross-sectional

survey of Australian adults with suspected IP. This was the first survey to
investigate this population group nationally or internationally. Collectively, Phase
One aimed to address Research Objectives 2, 3 and 5. Specifically, the findings
found from the Leaky Gut Survey described the views, preferences, and health-
seeking behaviours of adults with suspected IP (Objective 2) (see Chapter 4),
quantify the subjective wellbeing and health-related quality of life of adults with
suspected IP (Objective 3) (see Chapter 5). In addition, Phase One provided
input for the development of a clinical practice guideline for the management of
IP, which considered patients’ views and preferences (Objective 5) (see Chapter

6 and 8).

3.2.2 LEAKY GUT SURVEY DESIGN FRAMEWORK

A survey is a single snapshot in time which is a cost-effective method that can
gather the necessary data across a large geographical area in a short time.2%°
The use of an online questionnaire may reduce the risk of non-completion rates
and user fatigue by employing logic formatting where the questionnaire only
showed relevant questions to the participants.?°> A cross-sectional observational
survey design has been used in health services research investigating treatment
methods for the management of IP.°> The disadvantage of a cross-sectional study

design, is that no causation can be anticipated, only associations.?®* However,
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this limitation does not impact the current research objectives due to the
exploratory aim of the research project. Therefore, a cross-sectional
observational survey design was an appropriate method of data collection to

address the research objectives.?%

3.2.3 SETTING AND SAMPLING

The target population of Phase One are Australian adults with IP. To accurately
represent the target population, the inclusion criteria were individuals that either
suspected or know they have altered IP, were over the age of 18 years, were
living in Australia and had internet access. The target population represents an
under-examined group, with the study designed to sample people with suspected
IP or confirmed IP. Including participants who self-diagnosed their IP best reflects
the target population as IP is suggested to be under-diagnosed in clinical
practice.* A snowball sampling method was used to best sample the target
population. This method involved the development of a purpose-built webpage
that could be shared via social media platforms. The link to the questionnaire was
initially shared on known social media sites, including Leaky Gut and Microbiome
Support Group Australia (600 members), Leaky Gut Research (5,681 followers),
Leaky Gut Syndrome/ Food Allergies/Candida (8,719 members) and Gut Healing:
Exploring diets/food sensitivities/leaky gut/root causes/etc (6,552 members). This
wide survey distribution allowed the greatest possibility of capturing eligible
participants. Furthermore, the survey was open for two months, between

September 2019 and November 2019.
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3.2.4 DATA COLLECTION

Data collection was undertaken by a cross-sectional, self-administered, online
questionnaire through SurveyGizmo. SurveyGizmo is a commercial platform for
building online surveys. After data collection, complete and incomplete data were
transferred to a spreadsheet where it was cleaned and checked for duplicates
before analysis. The full questionnaire has been included in Appendix 3.1. The
questionnaire was composed of 51 to 62 questions, with the number of questions
being dependent on the participant's answers to piping questions. The
questionnaire utilised items that were previously used in published literature and
were modified to suit Australians with suspected IP.#% The types of questions
utilised in the survey were Likert scales, multi-choice questions and open-ended
questions. The use of Five-point Likert scales was chosen to accurately gauge
participants’ views and perspectives throughout the survey.?®” The survey
included seven main domains: demographic characteristics, diagnosis of IP,
treatment methods for altered IP, financial expenditure related to IP, self-reported

outcome of IP, subjective wellbeing and Health-related quality of life.

3.2.4.1 DEMOGRAPHIC CHARACTERISTICS

The participants were asked about their gender, age, height, and weight. Body
mass index (BMI) was calculated from height and weight measurements. BMI
was then categorised as underweight, healthy weight, overweight, and obese.?’
The participants were further asked about their country of birth, the state or
territory where they live and whether this was in an urban, rural, or remote

location.

107



3.2.4.2 DIAGNOSIS OF INCREASED INTESTINAL PERMEABILITY

To better understand the way people with suspected IP are diagnosed,
participants were asked questions relating to how they were assessed and how
they would like to be assessed. Firstly, participants were asked to report the year
they believed their IP started, the year their IP was diagnosed, at what point their
IP was assessed, the method used to confirm their IP, the number of times their
IP was assessed, and the qualifications of the practitioner involved in the
assessment of their IP. These questions were used to better understand the
accuracy of self-diagnosis of IP. Secondly, 5-point Likert scales were used to
explore participants’ views and perspectives surrounding IP. To understand the
importance participants’ place on clinicians’ ability to measure them for IP in
clinical practice, a 5-point Likert scale ranging from “not important” to “very
important” was used. Other areas where the 5-point Likert scales were used
included participants’ preference for IP testing method characteristics and the

likelihood of treatment adherence after a positive result.

3.2.4.3 TREATMENT OF INCREASED INTESTINAL PERMEABILITY

A series of questions were asked about dietary products, lifestyle therapies,
dietary supplements and medications that may influence IP. The selection of
prepopulated answers was based on pre-existing literature.> A six-point scale
(‘never’, ‘less than once a month’, ‘“1-3 times a month’, ‘once a week’, ‘2-6 times
a week’, ‘every day’) was used to evaluate the frequency that dietary products,
lifestyle therapies, dietary supplements and medications were used. To explore
participants’ preferred treatment method, a 5-point Likert scales ranging from “no

preference” to “very strongly prefer’” was used in relation to the four treatment
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categories: dietary products, lifestyle therapies, dietary supplements and

medications.

3.2.4.4 FINANCIAL EXPENDITURE AND MANAGEABILITY

Financial expenditures relating to the management of IP were also explored.
Participants were asked to report the out-of-pocket expenditure for the treatment
of IP and practitioner consultation fees in the previous 12 months. One question
on the amount spent on the assessment of IP was also asked. To determine
participant’s income manageability, they were asked to select how well they
manage their household income: ‘difficult all the time’, ‘difficult some of the time’,

‘not too bad’ or ‘easy’. All amounts were reported in Australian dollars (AUD).

3.2.4.5 SELF-REPORTED OUTCOME OF INTESTINAL PERMEABILITY

To gain a deeper understanding for the potential severity of participants IP, two
questions were asked. Firstly, participants were asked how many days a week
their IP affects their daily living (0 days - 7 days). Participants were then asked
whether they believed their IP had become ‘better’, ‘worse’ or ‘no change’ over

the previous 12 months.

3.2.4.6 SUBJECTIVE WELLBEING

Subjective wellbeing also referred to as life satisfaction, is comprised of cognitive
and affective components that can suggest an individual’s appraisal of their
satisfaction with their life.2°829° A widely used assessment method is the Personal
Wellbeing Index - Adult (PWI-A) scale - an instrument validated in Australian

109



population samples.?’® This scale is made up of seven domains evaluating
satisfaction including; standard of living, personal health, achieving in life,
personal relationships, personal safety, community-connectedness and future
security.?'® Each domain is reported on a 0-10 scale, with 0 indicating no

satisfaction at all and 10 being completely satisfied.

3.2.4.7 QUALITY OF LIFE

The 20-ltem Short Form Health Survey is a measure of health-related quality of
life which measures the impact of health status on quality of life.?!" This includes
mental, physical, emotional, and social functioning.?'?> Therefore, the 20-ltem
Short Form Health Survey was used in this study. A total of six health domains
are assessed in this validated patient reported outcome measure. These domains
include physical functioning (6 questions), role functioning (2 questions), social
functioning (1 question), mental health (5 questions), current health perceptions

(5 questions), and bodily pain (1 question).

3.2.5 STATISTICAL ANALYSIS

Data obtained from the survey was exported to STATA® 16 for statistical
analyses. Missing data was excluded from analysis. Responses to questionnaire
items were reported as means, standard deviations, 95% confidence intervals
(Cls) or frequencies and percentages, where appropriate. Displaying the
variables in this format is the most appropriate method for an exploratory survey.
Chi-square analysis was used to examine the association between two

categorical variables with Student’s t-tests used for continuous variables across
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a binary variable. Chi-square analysis only reports the existence of relationships,
but cannot provide explanation for the strength or direction and is unable to
account for confounding variables.?'®> Spearman’s rank-order correlation
coefficient analysis was used to measure the correlation between the number of
days IP affects daily living, subjective wellbeing and health-related quality of life.
Ordinal variables including those based on Likert scales were analysed with non-
parametric tests, including the Wilcoxon signed ranks test and Mann-Whitney U
test, where appropriate. Analysis of variance (ANOVA) was used to measure the
difference between a continuous variable across a categorical variable. Variables
found to be associated with subjective wellbeing, health-related quality of life or
the number of days IP affects daily living - with a bivariate p-value < 0.25%'* -
were entered into the respective multivariate logistic or linear regression models,
to adjust for potential confounders. Independent predictors were identified by a

stepwise backward elimination process.

3.2.6 ETHICAL CONSIDERATIONS LEAKY GUT SURVEY
This thesis involved two ethics applications for Phase One and Phase Two. The

Leaky Gut Survey received ethical approval from Human Research Ethics
Committees (HREC) of the University of Technology Sydney (#ETH19-4012)
(see Appendix 3.2). No funding was received for this project. Partaking in the
survey had a minimal risk to participants, as the discomfort anticipated from their
involvement does not exceed any ordinarily daily task. Discomfort may have
occurred as the time required for participants to complete the survey was 30
minutes in length. To reduce discomfort, the survey was available online to allow
participants enough time to participate at a time most convenient to them.
Furthermore, using logic, the survey only showed relevant questions to the
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participants to reduce fatigue. No pressure was placed on the applicants to
participate in this survey. Completing the survey was completely voluntary and
there was no consequence for choosing not to participate, as described in the
participation information sheet, located at the beginning of the survey (see
Appendix 3.3). Consent was obtained before the participants were able to
commence the survey (see Appendix 3.4). No personal information that may
identify the participants was gathered throughout the survey. However, at the
completion of the survey, participants were asked if they wished to be sent a copy
of the results/research findings. They had the option of entering their email
address in a separate link, which would subscribe them to the email list. This
sign-up list was separate from the main survey and was not linked to their results
to ensure the results of the survey were anonymous. Participants were not
identified within the publication of the research nor in conference presentations.
Data was securely stored in Office 365 documents on CloudStor on a password
protected computer while the project was in progress. At the end of the project,
data was archived by creating an Archival Data Record through the University of

Technology Sydney.

3.3 PHASE TWO: IP GUIDELINE
3.3.1 PHASE TWO (IP GUIDELINE) OVERVIEW

Phase Two, also referred to as the IP Guideline, involved developing a clinical

practice guideline for managing IP. This guideline provides clinicians with
evidence-based recommendations for managing IP in clinical practice. Phase
Two was based on the NHMRC Guidelines for Guidelines Handbook to meet the

2016 NHMRC Standards for Guidelines.?'® This structured approach is
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considered a leader in guideline development process and was used as a guide
rather than a checklist for guideline submission to the NHMRC.''3 Phase Two
has been developed to answer Research Objectives 4 and 5. Specifically, a
systematic approach was followed to identify the treatment options available for
patients with IP (Objective 4) with the development of an evidence-based clinical
practice guideline for the management of IP which considers patients’ views and
preferences to follow (Objective 5) (see Chapter 6 and 8). A complete description
of the methods used in Phase Two are outlined in the report: Clinical practice
guideline for the management of increased intestinal permeability: Guideline
Development Process found below in section 3.4. As part of the IP Guideline
development process, a cross-sectional survey of stakeholders was undertaken
to evaluate the developed recommendations with the results provided in Chapter

7. The methods involved in this survey are described in section 3.5.

3.3.2 CLINICAL PRACTICE GUIDELINE DESIGN FRAMEWORK
A clinical practice guideline is designed to support clinicians in their decision-

making for the diagnosis and management of specific areas of healthcare.
Clinical practice guidelines are considered one of the best ways to present
evidence-based recommendations to clinicians while reducing inappropriate care
and supporting new knowledge to the clinician.''®'"* However, clinical practice
guidelines are not intended to supersede professional judgement, with clinicians
always advised to act in the patients’ best interest.''® A potential disadvantage of
clinical practice guidelines is that if they are formulated without a structured
approach, inconsistent recommendations can be produced.''* However, this
limitation can be addressed by following an evidence-based and structured
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approach to guideline development. The NHMRC Guideline is considered one of
the world leaders in developing and supporting the development of clinical
practice guidelines.’? Other clinical practice guidelines have used the NHMRC
Guidelines for Guidelines Handbook in recent years.?'® Therefore, a clinical
practice guideline that follows the NHMRC Guidelines for Guidelines Handbook
to meet the 2016 NHMRC Standards for Guidelines was the most appropriate

method to address the research objectives.?'s

3.3.3 ETHICAL CONSIDERATIONS IP GUIDELINE
The HREC approved the IP Guideline of the University of Technology Sydney

(#ETH20-5291) (see Appendix 3.5). Funding was acquired through the Australian
Research Centre in Complementary and Integrative Medicine. The Working
Group identified participants as suitable and appropriate participants based on
their clinical experience and research interest. Participating in the survey was
completely voluntary and there was no consequence for choosing not to
participate as described in the participation information sheet, located at the
beginning of the survey (see Appendix 3.6). Before the start of the survey, a
declaration of consent was obtained (see Appendix 3.7). Participant’s contact
details were obtained via publicly available websites. Participants are recognised
within the published IP Guideline. Participants were provided with a printed and
PDF copy of the final IP Guideline. Furthermore, participants were reimbursed
with a $100 Visa card upon completing their Terms of Reference. The
reimbursement of $100 is to cover the 2 hours involved in participating in this

study.
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3.4 CLINICAL PRACTICE GUIDELINE FOR THE MANAGEMENT
OF INCREASED INTESTINAL PERMEABILITY: GUIDELINE

DEVELOPMENT PROCESS

The following section contains the Guideline Development Process, a document
that forms part of the IP Guideline. The Guideline Development Process has been
formatted based on the NHMRC Guidelines for Guidelines Handbook to meet the
2016 NHMRC Standards for Guidelines.?' Details are as follows:
Leech, B, Mclntyre, E, Steel, A, Sibbritt, D (2022) “Clinical practice guideline
for the management of increased intestinal permeability: Guideline

Development Process”, University of Technology Sydney.

3.4.1 INTRODUCTION

The need to develop a clinical practice guideline for the management of
increased intestinal permeability (IP Guideline) was identified after health
services research revealed gaps in both the published literature and clinical
practice.*® Upon searching grey literature, published literature and the Guidelines
International Network Library, this clinical practice guideline was identified as the
first guideline for increased intestinal permeability (IP) as no guideline
surrounding any part of the management of IP has been developed in Australia

or internationally.
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3.4.2 AIM AND OBJECTIVE

The IP Guideline aims to improve the management of altered IP by clinicians in

private practice of Australia. The IP Guideline provides clinicians with evidence-

based recommendations for the management of IP.

The objectives are:

1.

to identify any dietary choices available for the management of altered IP

in Australian adults;

. to identify any probiotic, prebiotic and synbiotic supplementation available

for the management of altered IP in Australian adults;

to identify any amino acid supplementation available for the management
of altered IP in Australian adults,;

to identify any plant-based medicine supplementation available for the
management of altered IP in Australian adults;

to identify any essential fatty acid supplementation available for the
management of altered IP in Australian adults;

to identify any mineral supplementation available for the management of
altered IP in Australian adults;

to identify any vitamin supplementation available for the management of
altered IP in Australian adults; and

to identify any colostrum supplementation available for the management

of altered IP in Australian adults.

3.4.3 RESPONSIBLE ORGANISATION

The development of the IP Guideline was coordinated by the University of

Technology Sydney (UTS), Faculty of Health, Australian Research Centre in
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Complementary and Integrative Medicine (ARCCIM) as part of the PhD
candidature for Bradley Leech. The Society of Intestinal Permeability Research

(SIP Research) was involved in the dissemination and implementation.

3.4.4 SOURCE OF FUNDING

The development of the IP Guideline was funded by ARCCIM, providing a total
of $4470 in support of guideline development, publication, and dissemination.
The Australian Government Research Training Program Scholarship provided
Bradley Leech with a scholarship. The scholarship funding did not influence the

development or content of the guidelines.

3.4.5 STEPS IN PREPARING CLINICAL PRACTICE GUIDELINES

The IP Guideline followed the NHMRC Guidelines for Guidelines Handbook to
meet the 2016 NHMRC Standards for Guidelines.?'> The level of evidence for
each recommendation was determined based on the NHMRC grades for
recommendations and the NHMRC Evaluation of Evidence process.?'” The
reporting of the IP Guideline followed the RIGHT statement.?'® Six steps were
undertaken to develop the recommendations:

1) Develop a structured clinical question;

2) Perform a systematic review;

3) Summarise the relevant data;

4) Risk of bias assessment;

5) Assess the body of evidence and formulate recommendations; and

6) Write the content narrative.
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3.4.5.1 STEP 1: DEVELOP A STRUCTURED CLINICAL QUESTION

The first draft of the clinical questions was comprised from scoping the literature.
To help inform the clinical questions, the views, preferences and experiences of
both consumers and clinicians were drawn upon from published
literature.#5219220 The Working Group was responsible for prioritising the
questions based on the purpose, scope and clinical importance, taking into
account the views, preferences and experiences of both consumers and
clinicians. When appropriate, the clinical questions were structured to the PICO
(patient/population/problem, interventions, comparison/control, outcome)
framework. When the PICO framework was not applicable, a structured question

was formulated. The complete list of questions is as follows:

3.4.6 CLINICAL QUESTION LIST
CQ.1).In Australian adults with increased intestinal permeability, what are the

benefits of dietary choices for the treatment of increased IP?

CQ.2).In Australian adults with increased intestinal permeability, what are the
harms, cautions and contraindications for dietary choices?

CQ.3).In Australian adults with increased intestinal permeability, what are the
benefits of oral probiotic, prebiotic or synbiotic supplementation for the treatment
of increased intestinal permeability?

CQ.4).In Australian adults with increased intestinal permeability, what are the
harms, cautions and contraindications for oral probiotic, prebiotic or synbiotic

supplementation use?
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CQ.5).In Australian adults with increased intestinal permeability, what are the
benefits of oral amino acid supplementation for the treatment of increased
intestinal permeability?

CQ.6).In Australian adults with increased intestinal permeability, what are the
harms, cautions and contraindications for oral amino acid supplementation use?
CQ.7).In Australian adults with increased intestinal permeability, what are the
benefits of oral plant-based medicine supplementation for the treatment of
increased intestinal permeability?

CQ.8).In Australian adults with increased intestinal permeability, what are the
harms, cautions and contraindications for oral plant-based medicines use?
CQ.9).In Australian adults with increased intestinal permeability, what are the
benefits of oral essential fatty acid supplementation for the treatment of increased
intestinal permeability?

CQ.10). In Australian adults with increased intestinal permeability, what are the
harms, cautions and contraindications for oral essential fatty acid
supplementation use?

CQ.11). In Australian adults with increased intestinal permeability, what are the
benefits of oral mineral supplementation for the treatment of increased intestinal
permeability?

CQ.12). In Australian adults with increased intestinal permeability, what are the
harms, cautions and contraindications for oral mineral supplementation use?
CQ.13). In Australian adults with increased intestinal permeability, what are the
benefits of oral vitamin supplementation for the treatment of increased intestinal

permeability?
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CQ.14). In Australian adults with increased intestinal permeability, what are the
harms, cautions and contraindications for oral vitamin supplementation use?
CQ.15). In Australian adults with increased intestinal permeability, what are the
benefits of oral colostrum supplementation for the treatment of increased
intestinal permeability?

CQ.16). In Australian adults with increased intestinal permeability, what are the

harms, cautions and contraindications for oral colostrum use?

3.4.6.1 STEP 2: PERFORM A SYSTEMATIC REVIEW
3.4.7 SEARCH METHODS

A single literature search was carried out to identify the relevant articles for each
clinical question. All related articles were identified and grouped according to
clinical questions. Target searching was carried out when needed during the

write-up of the guideline.

3.4.8 SEARCH STRATEGY

The databases PubMed, Embase, CINAHL, and Scopus were searched for
articles published between January 2000 up until July 2020 by the Working
Group. A single-arm search strategy was used: ‘intestinal permeability’ OR
‘intestinal integrity’ OR ‘intestinal barrier dysfunction’” OR ‘intestinal epithelial
barrier dysfunction’ OR ‘gastrointestinal permeability’ OR ‘gut permeability’ OR
‘gut barrier OR ‘zonulin’ OR ‘dual sugar OR f‘lactulose AND mannitol’ OR
‘lactulose AND rhamnose’ OR ‘cellobiose AND mannitol’ OR ‘Intestinal fatty acid

binding protein’. The human filter was applied to the search. A hand search of the
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reference list from the included articles and web search for any recently published

articles was carried out.

3.4.9 ARTICLE CRITERIA FOR CLINICAL PRACTICE GUIDELINE

Included systematic reviews were original research articles exploring topics
relevant to the clinical questions published between January 2000 and July 2020.
The primary focus of the included systematic reviews were adults; however,
systematic reviews were excluded if articles included participants under 18 years
of age. However, including young adults has been suggested as a method to
improve the search strategy for IP.22' Therefore, at least 80% of the enrolled
study population must be over 18 years of age. Included systematic reviews were
also required to clearly illustrate a search strategy and use valid data extraction
methods. Systematic reviews were excluded if the primary focus was on critically
ill patients (i.e., in intensive care or palliative care) or includes patients with HIV,
acute appendicitis, receiving chemotherapy, undergoing dialysis or abdominal
surgery as the IP Guideline is focused on private practice in the community.
Articles were also excluded if the primary focus was on genetic testing,
polymorphism research or involve the treatment of exercise induced IP. When
inaccurate testing method were used, these articles were excluded. Examples of
inaccurate testing methods includes the dual sugar urinary test where the
collection is over 6 hours or measured in the serum. Furthermore, in studies
assessing the effectiveness of an intervention for IP management where clear
evidence suggest that the patients do not have IP, these studies were excluded.

Articles may include animal studies as supporting evidence for human research;
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however, must not be the focus of the systematic review. There was no exclusion

based on geographical location. Only articles published in English were included.

When a comprehensive systematic review was not available additional original
research articles were included to fill the gaps. These articles were subject to the
same inclusion and exclusion criteria as the systematic reviews and consist of
both experimental and observational studies. Case studies and case series were

excluded.

3.4.9.1 STEP 3: SUMMARISE THE RELEVANT DATA

For each article used to answer one of the clinical questions, the level of evidence
was determined according to NHMRC (Table 3.1). The applicable articles for
each clinical question were reported in a systematic review format located in the

Technical Report (Section 6).

After the systematic review process, relevant articles were grouped according to
the specific topic or clinical question. At least one article for each clinical question
was required to have a level of evidence of | or Il according the NHMRC. In the
event no relevant article has sufficient evidence, these articles were excluded

from the clinical practice guideline.
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Table 3.1 Designations of levels of evidence according to type of research question

Level Intervention Diagnosis Prognosis Aetiology Screening
) ) ) A systematic )
A systematic A systematic A systematic . A systematic
review of
I review of level review of level Il review of level ovel I review of level
eve
Il studies studies I studies . Il studies
studies
A study of test
accuracy with:
an independent,
blinded
] comparison with ] A ]
A randomised . A prospective . A randomised
Il ] a valid reference prospective ]
controlled trial cohort study controlled trial
standard, among cohort study
consecutive
patients with a
defined clinical
presentation
A study of test
accuracy with:
A pseudo- an independent, A pseudo-
randomised blinded randomised
controlled trial comparison with controlled trial
-1 (i.e. alternate  a valid reference  All or none All or none (i.e. alternate
allocation or standard, among allocation or
some other non-consecutive some other
method) patients with a method)
defined clinical
presentation
A comparative A comparative
study with ) Analysis of study with
A comparison )
concurrent ) prognostic concurrent
with reference
controls: factors controls:
standard that
Non- amongst A Non-
does not meet
-2 randomised, o untreated retrospective  randomised,
) the criteria )
experimental ] control cohort study  experimental
) required for . ) )
trial patients in a trial
Level Il and IlI-1 )
Cohort study randomised Cohort study

Case-control

study

evidence

controlled trial
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Interrupted
time series
with a control

group
A comparative

study without
concurrent )
A comparative
controls: )
o study without
Historical
concurrent
control study
) ] ] controls:
Two or more Diagnostic case- A retrospective A case- o
-3 . Historical
single arm control study cohort study control study
control study
study
Two or more
Interrupted .
) ) single arm
time series
) study
without a
parallel control
group
] Case series,
Case series
o Study of or cohort study
with either ] o ) A cross-
diagnostic yield of patients at ) ]
ost-test or sectiona ase series
v post-test ] t [ C
(no reference different
pre-test/post- study
standard) stages of
test outcomes )
disease
Source???

3.4.9.2 STEP 4: RISK OF BIAS ASSESSMENT

Allincluded articles were assessed for risk of bias using the most appropriate tool

identified by the Working Group. The risk of bias assessment for each included

article is included in the Technical Report (Section 6).

3.4.10 SYSTEMATIC REVIEWS

Risk Of Bias In Systematic reviews (ROBIS) assesses the risk of bias in

systematic reviews and covers research questions relevant to interventions,

124



diagnosis, prognosis and aetiology.??® The ROBIS tool is composed of 3 phases:
1) assess relevance; 2) identify concerns with the review process; and 3) judge
risk of bias. The overall risk of bias of a systematic review using the ROBIS tool
provides a risk of bias rating of “High”, “Low” or “Unclear”. The corresponding

rating of risk of bias was used in the evidence base section of the NHMRC body

of evidence matrix to grade the potential recommendation.

3.4.11 RANDOMISED TRIALS

The Cochrane tool for assessing risk of bias in randomised trials (Cochrane RoB
2.0) is the most appropriate and widely used tool for assessing randomised trials
for risk of bias.??* The updated Cochrane RoB 2.0 tool is structured into five
domains: 1) bias arising from the randomization process, 2) bias due to deviations
from intended interventions, 3) bias due to missing outcome data, 4) bias in
measurement of the outcome, and 5) bias in selection of the reported result. The
risk of bias judgment for the previous domains and the overall risk of bias uses a
rating of “high risk of bias”, “some concerns” and “low risk of bias”. The
corresponding rating of risk of bias was used in the evidence base section of the

HNMRC body of evidence matrix to grade the potential recommendation.

3.4.12 NON-RANDOMISED STUDIES OF INTERVENTIONS

The Risk Of Bias In Non-randomised Studies - of Interventions (ROBINS-I) was
used to evaluate the risk of bias in intervention studies that are not randomised.?2°
The ROBINS-I tool is structured into seven domains: 1) bias due to confounding;

2) bias in selection of participants into the study; 3) bias in classification of
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interventions; 4) bias due to deviations from intended interventions; 5) bias due
to missing data; 6) bias in measurement of outcomes; and 7) bias in selection of
the report results. The risk of bias judgment for the previous domains and the

overall risk of bias uses a rating of “low risk of bias”, “moderate risk of bias”,
“serious risk of bias”, “critical risk of bias” and “no information”. The corresponding
rating of risk of bias was used in the evidence base section of the HNMRC body

of evidence matrix to grade the potential recommendation.

3.4.13 OBSERVATIONAL STUDIES

Risk of bias of observational studies was assessed by a previously established
tool for prevalence studies.'” The assessment tool is composed of 10 items
covering four main domains of bias including external validity, internal validity,
measurement bias and bias relating to analysis. Each risk of bias item will receive
a binary response (score) of “low risk” (0) or “high risk” (1). Bias will be calculated
by combining the score of all 10 items and classified as “high risk” (7-9),
“‘moderate risk” (4-6) or “low risk” (0-3) according to the established checklist. The
corresponding rating of risk of bias was used in the evidence base section of the

NHMRC body of evidence matrix to grade the potential recommendation.

3.4.13.1 STEP 5: ASSESS THE BODY OF EVIDENCE AND
FORMULATE RECOMMENDATIONS

Formulating and grading recommendations followed the NHMRC FORM

(Australian method for formulating and grading recommendations)

methodology."® The Working Group assessed the body of evidence by
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completing the NHMRC Evidence Statement (see Appendix 3.8) which was used

to evaluate the volume of evidence, the consistency, clinical impact,
generalisability, applicability and an evidence statement (Table 3.2). To facilitate
this process, the Working Group communicated via emails, teleconferences, and
face-to-face meetings. After the completion of the NHMRC Evidence Statement,
an evidence-based recommendation relating to the body of evidence was formed.
The overall grade of the recommendation was reported according to the NHMRC
levels of evidence and grades for the recommendations for developers of
guidelines (Table 3.3). In situations where there was insufficient evidence, the
Working Group developed consensus-based recommendations or practice points
(Table 3.4). The recommendations became final once all members of the
Working Group reached a consensus on the wording and content of each
recommendation. The IP Guideline adapted the National Institute for Health and
Care Excellence methodology when developing the wording of the

recommendations (Table 3.5).226

Table 3.2 NHMRC body of evidence matrix

Recommendation Grade
Component of

A -
Recommendation B - Good C - Satisfactory D - Poor
Excellent
One ormore One or two

level |

level Il studies

One or two level

studies with  with a low risk Il studies witha Level IV studies,

alowrisk of  of bias or a low risk of bias, orlevel | to lll
Evidence base' bias or systematic orlevel | or i studies/systematic

several level review/several studies with a reviews with a

Il studies level 11l studies moderate risk of  high risk of bias

with a low with a low risk  bias

risk of bias of bias
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Consistency ?2

Clinical impact

Generalisability

Applicability

All studies

consistent

Very large

Population/s
studied in
body of
evidence
are the
same as the
target
population
for the

guideline

Directly
applicable to
Australian
healthcare

context

Most studies

consistent and

inconsistency
may be

explained

Substantial

Population/s
studied in the
body of
evidence are
similar to the
target
population for

the guideline

Applicable to
Australian
healthcare
context with

few caveats

Some
inconsistency
reflecting
genuine
uncertainty
around clinical
question
Moderate
Population/s
studied in body
of evidence
differ to target
population for
guideline but it is
clinically
sensible to apply
this evidence to
target
population®
Probably
applicable to
Australian
healthcare
context with

some caveats

Evidence is

inconsistent

Slight or restricted

Population/s
studied in body of
evidence different
to target
population and
hard to judge
whether it is
sensible to
generalise to

target population

Not applicable to
Australian
healthcare

context

" Level of evidence determined from the NHMRC Evidence Hirerarchy level of evidence criteria

2 |f there is only one study, rank this component as ‘not applicable’

3 For example, results in adults that are clinically sensible to apply children OR psychosocial outcomes for one cancer

that may be applicable to patients with another cancer.

Source”
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Table 3.3 Definition of NHMRC grade of recommendations

Grade of recommendation Description

A Body of evidence can be trusted to guide practice

B Body of evidence can be trusted to guide practice in most
situations
Body of evidence provides some support for

¢ recommendation(s), but care should be taken in its application

b Body of evidence is weak, and recommendation must be
applied with caution

Source®

Table 3.4 NHMRC approved recommendation types and definitions

Type of recommendation Definition

Evidence-based A recommendation formulated after a systematic review of the

recommendation evidence, indicating supporting references

A recommendation formulated in the absence of quality
Consensus-based evidence, after a systematic review of the evidence was
recommendation conducted and failed to identify admissible evidence on the
clinical question

A recommendation on a subject that is outside the scope of
Practice point the search strategy for the systematic review, based on expert

opinion and formulated by a consensus process

Source?”’

Table 3.5 Guideline definitions for evidence-based statements and wording

Statement Definition Implication Wording

Strong A strong recommendation Clinicians Recommendations

Recommendation means the benefits of the should follow a should contain the
recommended approach strong term “offer”,
clearly exceed the harms (or recommendation “advise”, “do NOT

that the harms clearly exceed
the benefits in the case of a

strong negative

unless a clear
and compelling

rationale for an

recommendation), and that the alternative
quality of the supporting approach is
evidence is excellent (Grade A  present.

or B). In some clearly identified
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offer”, or “do NOT

advise”.



Recommendation

Option

circumstances, strong
recommendations may be
made based on lesser
evidence when high-quality
evidence is impossible to
obtain, and the anticipated
benefits strongly outweigh the
harms

A recommendation means the
benefits exceed the harms (or
that the harms exceed the
benefits in the case of a
negative recommendation),
but the quality of evidence is
not as strong (Grade B or C).
In some clearly identified
circumstances,
recommendations may be
made based on lesser
evidence when high-quality
evidence is impossible to
obtain, and the anticipated
benefits outweigh the harms.
An option means that either
the quality of evidence that
exists is suspect (Grade D) or
that well-done studies (Grade

A, B, or C) show little clear.
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Clinicians
should also
generally follow
a
recommendation
but should
remain alert to
new information
and sensitive to
patient

preferences.

Clinicians
should be
flexible in their
decision making
regarding
appropriate
practice,
although they
may set bounds
on alternatives;
patient
preference
should have a
substantial

influencing role.

Recommendations
should contain the
term “consider” or

“consider NOT”.

Recommendations
should contain the
term “may

consider”.



No

No recommendation means

Recommendation there is both a lack of pertinent

evidence (Grade D) and an
unclear balance between

benefits and harms.

Clinicians Clearly state no

should feel little recommendation
constraint in can be made.
their decision

making and be

alert to new
published
evidence that
clarifies the
balance of
benefit versus
harm; patient
preference
should have a
substantial

influencing role.

Source??®

3.4.13.2 STEP 5: WRITE THE CONTENT NARRATIVE
Each member of the Working Group reviewed and revised the content and
structure of the guideline. An online meeting with all Working Group members

was held to finalise the draft guideline before stakeholder consultation. During

the meeting, each recommendation was reviewed and approved by consensus.

3.4.14 STAKEHOLDER ENGAGEMENT

In accordance with the NHMRC guideline, key stakeholders are required to be a
part of the development of a clinical practice guideline to ensure their values and
preferences have been considered. Essential stakeholders include patients with
suspected or diagnosed IP (target population), clinicians (target users), lecturers
and subject coordinators at educational institutions, members of professional

associations and societies, and commercial companies dealing with pathology
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and supplementation. The early and continuous involvement of stakeholders was
incorporated throughout the guideline development according to strategies
recommended by the NHMRC (Table 3.6). The values, preferences, health-
seeking behaviours, and experience of stakeholders were acquired through
appropriate methods to capture the necessary information. Below are the

methods that were used to involve stakeholders.

3.4.15 TARGET USER GROUP INVOLVEMENT

Target users of the IP Guideline are clinicians within a private practice in
Australia, identifying as diagnosing and treating patients with altered IP. Pre-
existing research that investigated the experience of clinicians in the diagnosis
and management of IP informed the scoping of the guideline development.
Target users also form part of the Stakeholder Group; therefore, directly
contribute to reviewing the IP Guideline. These target users are clinicians with a

diverse degree of clinical experience in the diagnosis and treatment of IP.

3.4.16 CONSUMER INVOLVEMENT

The target population are Australian adults with suspected or diagnosed altered
IP. The views and preferences of consumers/target population were continuously
integrated into the development of the IP Guideline from the initial scoping and
planning through to the implementation of the IP Guideline according to the
NHMRC requirement A.4. The views and preferences of Australian adults with
suspected IP were drawn upon by undertaking a cross-sectional survey of the

target population, ensuring the IP Guideline is both relevant and appropriate. This
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survey informed the Working Group as to the needs, priorities, gaps, and scope
within clinical practice. Although the Stakeholder Group did not include a
representative from Aboriginal and Torres Strait Islander Peoples, the views and
preferences of the community were incorporated during The Leaky Gut Survey
as participants included in this study identified as Aboriginal and Torres Strait

Islander.

3.4.17 STAKEHOLDER GROUP INVOLVEMENT

The Stakeholder Group was comprised from clinicians, lecturers and subject
coordinators at educational institutions, members of professional associations
and societies, commercial companies dealing with pathology and
supplementation. This group was formed after the initial scoping of the guideline.
The specific clinicians were identified after investigating the health-seeking
behaviours the target population. A survey was used during the guideline
development to gain an understanding of the stakeholders’ values and
preferences towards the developed recommendations. Stakeholders were asked
whether they foresee any barriers to the implementation of these

recommendations.

Table 3.6 Methods used to include views and preferences of stakeholders in guideline
development

Stakeholder Group
Target Other
Target user _
population stakeholders™
Scoping the guideline Survey Survey -
Planning the evidence review Survey Survey -
Conducting the evidence review Survey Survey -
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Reviewing draft recommendations Survey - Survey
Develop consumer or companion resources  Survey Survey Survey

Planning implementation of the guideline Survey Survey Survey

*Other stakeholders include lecturers and subject coordinators from leading educational institutions, members of

professional associations and societies, commercial companies dealing with pathology and supplementation.

3.4.18 GUIDELINE DEVELOPMENT GROUP

The IP Guideline was intended for use by clinicians in Australian private practice.
The Guideline Development Group was comprised of two main groups: the
Working Group and Stakeholder Group. The Working Group was involved in the
development of the IP Guideline. Whereas the Stakeholder Group was included
in providing their views and feedback on the developed recommendations. These
groups were formulated from a multidisciplinary background of health
professionals representing all potential clinicians which may see patients with IP,
content experts and other major stakeholders. Bradley Leech chaired the

Guideline Development Group.

3.4.18.1 WORKING GROUP

The multidiscipline Working Group initiated the IP Guideline after identifying gaps
in both the published literature and clinical practice for the management of IP
(Table 3.7). The role of the Working Group was to conduct, coordinate and
collaborate on all aspects of the development and implementation, ensuring the

completion of the IP Guideline.
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Table 3.7 The Working Group members

Name Discipline/Role Affiliation

Bradley Leech Project lead (Chair) University of Technology Sydney
Prof David Sibbritt Professor of Epidemiology University of Technology Sydney
Dr Amie Steel Senior Research Fellow University of Technology Sydney

Dr Erica McIntyre  Postdoctoral Research Fellow University of Technology Sydney

3.4.18.2 STAKEHOLDER GROUP

During the planning stages of the IP Guideline, the Working Group identified key
stakeholders who should be involved in the development of the IP Guideline. The
relevant stakeholders include content experts, health professionals, lecturers and
subject coordinators from leading educational institutions, members of
professional associations and societies, commercial companies dealing with
pathology and supplementation (Table 3.8). Members for the Stakeholder Group
were put forward by the Working Group as potential candidates. A consensus
agreement between all members of the Working Group was reached for inviting
each member of the Stakeholder Group to participate in the IP Guideline
development. Stakeholder Group members were invited as representatives of
their field or discipline, and not necessary content experts. Members of the
Stakeholder Group were either nominated by the Working Group or their relevant
professional organisations to represent the discipline. The Working Group
worked closely with the Stakeholder Group to support the active feedback on the
developed recommendations. The views, preferences and involvement of

stakeholders were acquired through survey design (Table 3.6).
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Table 3.8 The Stakeholder Group members

Name

Discipline/Role

Affiliation(s)

Dr Jason Hawrelak

Dr Nirala Jacobi

Dr Michael Osiecki

Dr Christine Houghton

Dr Ronald Goedeke

Benedict Freudenmann
Kirsty Wirth

Naturopath, gastrointestinal
health research
Naturopath, pathology
company

Professional association,
supplement company
Supplement company,
nutritionist

GP, Integrative medical
practitioner

Clinical nutritionist

Food company, health

University of Tasmania

The SIBO Doctor

Bio Concepts Pty Ltd,
Complementary Medicine Australia
Cell-Logic Pty Ltd, University of
Queensland

Appearance Medicine and
Wellness Centre

Learn to Nourish

Kultured Wellness

clinic
Vanita Dahia Pharmacist, pathology Alchemy of Health, NutriPATH
company
3.4.18.3 MANAGING CONFLICTS OF INTEREST

All members of the Stakeholder Group were required to declare any or actual
conflicts of interest before the development of the IP Guideline. The Working
Group modelled a disclosure of interest form in accordance with the NHMRC,
which all members in the Stakeholder Groups were required to fill out (see
Appendix 3.9). The register of disclosures of interest for each member and the
required methods used to manage conflict of interest are detailed in Appendix
3.10. Any identified conflict of interest were managed by following the conflict-of-
interest management plan (see Appendix 3.11) (Figure 3.1). Where a member
declared any direct or indirect conflict of interest that could not be managed, the
members response to the survey question(s) were excluded. All Disclosure of
Interests form were reviewed by the chair when a conflict of interest was reported

and identified, the Working Group discussed the appropriate management plan.
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[ Chair invites prospective members to complete the disclosure of interest form J

Disclosure of interest Disclosure of interest
form completed form not completed

L 4 L J

Chair reviews disclosure ) N int t
of interest form O appaintmen

! '

Mo conflict of interest Conflict of interest
identified identified
Chair determines
appropriate management

Conflict of interest is Conflict of interest
managed unable to be managed

— 1

[ Conflict of interest is published and accessible via a website ] [ No appointment ]

Figure 3.1 Disclosure of interest process flow chart

3.4.19 TERMS OF REFERENCE

All members were supplied with a Terms of Reference document (adopted from
NHMRC 2019) that outlines the purpose of the group, expectations and
responsibilities (see Appendix 3.12). Below are the responsibilities for each

member of the Guideline Development Group.
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3.4.19.1 RESPONSIBILITIES OF THE WORKING GROUP

The responsibilities of the Working Group are as follows:

Develop the formation of the guideline development group,
Overseeing the development of the IP Guideline,

Agree on the scope and clinical questions based on consideration of the
research-evidence,

Collaborate in Working Group meetings,

Manage all conflicts of interests in the Stakeholder Group,
Identify, critically appraise and synthesise evidence for developing
recommendations,

Formulate recommendations based on evidence,

Ensure effective consumer involvement

Develop a dissemination and implementation plan,

Evaluate the acceptability and feasibility of each recommendation,
Assess the risks and benefits of treatment recommendations,

Organise and manage the Stakeholder Group.

3.4.19.2 RESPONSIBILITIES OF THE STAKEHOLDER GROUP

The responsibilities of the Stakeholder Group are as follows:

Participate in the Stakeholder Group survey,

Report all relevant conflicts of interests,

Evaluate the acceptability and feasibility of each recommendation,
Provide insight on the extent published evidence reflects outcomes,
Provide feedback on guideline wording to ensure recommendations are

understandable.
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3.4.20 DISSEMINATION AND IMPLEMENTATION

The IP Guideline was publicly available online via a purpose-built website for the
guideline dissemination. A link to SIP Research (www.sipresearch.org) was

shared on social media and sent directly to relevant stakeholders.

3.5 STAKEHOLDER SURVEY METHODOLOGY

3.5.1 AIM AND OBJECTIVES

This survey aims to assess whether the developed recommendations are clear
and suitable for clinicians to follow in the management of IP by addressing the
following objectives:
1. Evaluate the level understanding of each recommendation;
2. Assess the appropriateness of each recommendation for clinicians to
follow in the management of IP; and
3. Evaluate the importance of each recommendation for clinicians to follow

in the management of IP.

3.5.2 SETTING AND SAMPLING

The target population of this survey are stakeholders that have expertise,
experience or involved in some area of IP management. To accurately represent
the target population, a diverse range of stakeholders where included. This
includes content experts, health professionals, lecturers and subject coordinators
from leading educational institutions, members of professional associations and

societies, commercial companies dealing with pathology and supplementation. In
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accordance with the NHMRC Guidelines for Guidelines Handbook, a total of 8
stakeholders with a multidisciplinary approach were included in the Stakeholder
Group.2'® A group of 8-12 members with a multidisciplinary background is ideal
to reduce bias and increase efficiency in guideline development.?'S To capture
the most appropriate stakeholders, the Working Group put forward potential
members with a consensus agreement reached by the Working Group for the
involvement of each member of the Stakeholder Group. Targeting the individuals
involved in the survey allowed the greatest possibility to capture a diverse range
of expertise, views and values towards the treatment of IP. The survey was open

for 1 month between April 2022 and May 2022.

3.5.3 DATA COLLECTION

Data collection was undertaken by a cross-sectional, self-administered, online
questionnaire through Qualtrics software. After data collection, complete and
incomplete data was transferred to Microsoft Excel for analysis. The full
questionnaire has been included in Appendix 3.13. The questionnaire was
composed of 191 to 229 questions which was dependent on the participants
answers to piping questions. A series of five to six questions were asked for each
of the 38 different recommendations. The use of Five-point Likert scales were
chosen to accurately gauge participants’ level of understanding, agreement for
the appropriateness and importance for the recommendations throughout the
survey.?%” 207 The responses ranged from “strongly disagree” to “strongly agree”.
In the event the participant was not familiar with the content or wanted to abstain
from providing feedback, the middle response of the Likert scale was “natural”.

One additional question was asked providing stakeholders with the binary option
140



(“yes” or “n0”) to indicate if they would change anything to the recommendation.
If changes were suggested, an additional open-ended space became available

for participants to describe the required changes.

3.5.4 STATISTICAL ANALYSIS

Data obtained from the questionnaire was exported to Microsoft Excel for
statistical analyses. Responses to questionnaire items were reported as

frequencies and percentages, where appropriate.

3.6 CHAPTER SUMMARY

In order to develop evidence-based recommendations for the management of IP
in clinical practice, a two-phase approach is required. By first exploring the views
and perspectives of Australian adults with suspected IP via a cross-sectional
survey and then applying the findings to guide recommendation development,
ensures the IP Guideline is relevant and appropriate for the target population.
Following the NHMRC guidelines for guideline development, a structured and
evidence-based approach is used in the development of the IP Guideline. The
methods described in this chapter provides the best possibility to address the

objectives of this research project.
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4. VIEWS AND PREFERENCES OF AUSTRALIAN

ADULTS WITH SUSPECTED INCREASED

INTESTINAL PERMEABILITY

The most significant risk factors associated with IP have been extensively
explored in Chapter 2. This research project seeks to develop evidence-based
treatment recommendations to improve clinicians’ management of IP in clinical
practice. However, to create appropriate recommendations for people with IP, an
understanding of their health-seeking behaviour is required. Therefore, to provide
essential knowledge for this research project, a cross-sectional survey of
Australian adults with suspected IP was undertaken to explore their health-
seeking behaviour towards the management of IP. This chapter presents the

methods undertaken to survey the target population and the results of this study.

4.1 PUBLICATION OF RESULTS

The results presented within this chapter have been published (see Appendix
4.1) as follows:
Leech, B, Mcintyre, E, Steel, A, Sibbritt, D (2019) “Health-seeking
behaviour, views and preferences of adults with suspected increased
intestinal permeability: A cross-sectional survey of Australian adults”,

Integrative Medicine Research, 2022, Vol 11, 1.
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4.2 HEALTH-SEEKING BEHAVIOUR, VIEWS AND
PREFERENCES OF ADULTS WITH SUSPECTED
INCREASED INTESTINAL PERMEABILITY: A CROSS-

SECTIONAL SURVEY OF AUSTRALIAN ADULTS

4.2.1 INTRODUCTION AND BACKGROUND

The single layer of epithelial cells that separate the internal and external
environment of the small intestine is renewed every four to five days, playing an
essential role in maintaining intestinal homeostasis.??® Increased intestinal
permeability (IP) involves the disassembling of tight junction proteins between
the cells of the small intestine, resulting in a loss of intestinal barrier integrity.?
With an estimated prevalence of 10-87% in health conditions with a known
association," altered IP has been suggested to play an important role in health

and disease in both public and private healthcare.?

The clinical relevance and consequence of altered IP remain a controversial topic
within conventional medicine.®” Yet, published literature continues to identify IP
as a target for disease prevention and therapeutic intervention.® IP has been
suggested to precede the onset of a number of chronic health conditions such as
Crohn’s disease,?® liver disease,?®! type 1 diabetes,>859.134232 cogliac disease,®
rheumatoid arthritis,>®® gestational diabetes,®®© and diarrhoea-predominant
irritable bowel syndrome.'37:138 Altered IP is also associated with autoimmune
conditions, metabolic conditions, liver diseases, and gastrointestinal

conditions."?2! Although IP is a reaction within the small intestine, many of the
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measurable and clinically relevant risk factors are systemic, suggesting that IP is

more than a digestive health issue and a possible feature of disease.??’

Previous research has investigated the assessment and management of IP from
the practitioner standpoint, where practitioners acknowledge the involvement of
IP in many health conditions found in clinical practice.*® Within clinical practice,
the pathology tests available are invasive, require patients to pay out-of-pocket,
and involve a substantial amount of time to perform.* Practitioners that frequently
treat IP in clinical practice are reported to avoid using validated pathology tests
due to the financial cost to the patient and prioritise case history to diagnose IP.#
While the frequency of methods used by patients, including the accuracy of self-
diagnosis remains unknown, the self-diagnosis of other chronic illnesses such as
diabetes is considered to be somewhat accurate.?3* Furthermore, no research to
date has considered patients views and preferences towards the assessment and
management of IP, resulting in knowledge gaps for evidence-based practice.
Incorporating patients views and preferences in the decision-making process is
often overlooked however, a positive impact on the outcome of healthcare is
observed when patients views and preferences are considered.?®® As such, this
study aims to describe the health-seeking behaviour of Australian adults with
suspected IP while also exploring the views and preferences surrounding the

assessment and management of IP.
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4.2.2 METHODS

4.2.2.1 STUDY DESIGN AND SETTING
A cross-sectional study design using an online self-reported survey was utilised
with approval from the Human Research Ethics Committees (HREC) of the

University of Technology Sydney (#ETH19-4012).

4.2.2.2 PARTICIPANTS AND RECRUITMENT

Participants were recruited via social media platforms and a purpose-built
webpage, with snowball sampling methods also used. The survey was open for
two months between September 2019 and November 2019. Eligibility to
participate in this study required participants to either suspect or know they have
altered IP, be aged 18 years or more, living in Australia and have internet access.
Survey responders with incomplete demographic characteristics, accounting for
<5% of total data were excluded from analysis. This study was designed to
capture people that may have suspected IP or confirmed IP, to best reflect the

type of patients that present to clinical practice for the treatment of IP.4

4.2.2.3 SURVEY INSTRUMENT

The developed online survey utilised the questionnaire items which were
obtained from published literature and modified to suit Australians with suspected
IP.45 To improve the survey’s reliability, standardised five-point Likert scales
were used for scaling questions. The survey included three main domains:
demographic characteristics, diagnosis of IP, and the financial expenditure

related to IP. The questionnaire was first pilot tested using lay people to assess
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the time required to complete the survey and language clarity, with corrections

made accordingly.

4.2.3 DEMOGRAPHIC CHARACTERISTICS

The participants were asked about their gender, age, height, and weight. Body
mass index (BMI) was calculated from height and weight measurements. BMI
was then categorised to underweight, healthy weight, overweight, and obese.?%¢
The participants were also asked their country of birth, the state or territory where

they live, and whether they live in an urban, rural or remote location.

4.2.4 DIAGNOSIS OF INCREASED INTESTINAL PERMEABILITY

Participants were asked a number of questions in relation to the assessment of
IP including: the year they believed their IP started, the year their IP was
diagnosed, the method used to confirm their IP, at what point their IP was
assessed, the number of times their IP was assessed, and the qualifications of
the practitioner involved in the assessment of their IP. In addition, participants
preference for IP testing method characteristics, the preferred method and time
point for IP assessment, and the qualifications of their preferred practitioner were
all asked. To gauge the preference and importance towards being assessed for
IP and the likelihood of treatment adherence if results returned a positive test of
altered IP, 5-point Likert scales were used. The term ‘assessed’ and ‘assessment’
are used throughout this article to describe the action participants used for

measuring, evaluating or identifying IP.
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4.2.5 FINANCIAL EXPENDITURE

A number of items participants were asked to report: the out-of-pocket
expenditure of treating IP, practitioner consultation fees, and cost of measuring
IP. Participant’s income manageability was determined by how well they manage
their household income, categorised as ‘difficult all the time’, ‘difficult some of the
time’, ‘not too bad’, or ‘easy’. The amounts are reported in Australian dollars

(AUD).

4.2.5.1 DATA COLLECTION
The survey was administered through the online platform SurveyGizmo. After
data collection, data was exported to a statistical software program STATA® 16

for data checking and statistical analyses.

4.2.5.2 STATISTICAL ANALYSES

Responses to questionnaire items were reported as means, standard deviations,
95% confidence intervals (Cls) or frequencies and percentages. Chi-square
analysis was used for tests of association between categorical variables and
Student’s t-tests were used for continuous variables across a binary variable.
Ordinal variables such as those on Likert scales were assessed with non-
parametric tests, including Mann-Whitney U test and the Wilcoxon signed ranks
test, where appropriate. Analysis of variance (ANOVA) was used to measure the

difference between a continuous variable across a categorical variable.
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4.2.6 RESULTS

4.2.6.1 DEMOGRAPHIC CHARACTERISTICS

A total of 982 people responded to the survey, of which 393 responses did not
meet the eligibility criteria or were classified as having too much incomplete data,
leaving a total of 589 participants. Most participants were female (n=548, 93%),
living within an urban area (n=416, 70.6%) in either New South Wales (n=175,
29.7%) or Queensland (n=161, 27.3%) (Table 4.1). The mean age of the
participants was 45.0 (SD=12.1) with a mean BMI of 27.0 (SD=6.9). The income
manageability of participants was described most commonly as ‘easy or not too
bad’ (n=209, 46.5%) and ‘difficult some of the time’ (n=145, 32.3%). Half the
surveyed population reported altered IP as their primary health concern (n=300,
50.9%) with a range of other autoimmune, inflammatory gastrointestinal, and

metabolic conditions reported for the other half (Table 4.1).

Table 4.1 Demographic characteristics of study participants (n=589)

Demographics Distribution of responses
n %
Gender
Female 548 93.0
Male 41 7.0
BMI classification
Underweight 19 3.3
Healthy weight 268 46.1
Overweight 138 23.8
Obese 156 26.9
Country of birth
Australia 476 81.0
Other 112 19.0
State or territory
New South Wales 175 29.7
Queensland 161 27.3
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Victoria 103 17.5

Western Australia 63 10.7
South Australia 36 6.1
Australian Capital Territory 23 3.9
Tasmania 18 3.1
Northern Territory 10 1.7
Area of residence
Urban 416 70.6
Rural 161 27.3
Remote 12 2.0
Income manageability
Easy or not too bad 209 46.5
Difficult some of the time 145 32.3
Difficult all the time 95 21.2
Primary health concern
Increased intestinal permeability 300 50.9
Other autoimmune diseases 40 6.8
Hashimoto’s thyroiditis 28 4.8
Gastrointestinal issues 24 4.1
Chronic fatigue syndrome 21 3.6
Rheumatoid arthritis 18 3.1
Obesity 15 2.6
Mental health 13 2.2
Hormonal issues 10 1.7
Fibromyalgia 9 1.5
Gastrointestinal Candida albicans 8 1.4
Psoriatic arthritis 7 1.2
Mould exposure 7 1.2
Irritable bowel syndrome 6 1.0
Ankylosing spondylitis 6 1.0
Asthma 6 1.0
Food intolerances 6 1.0
Cardiovascular disease 6 1.0
Mast cell activation syndrome 6 1.0
Other health conditions 53 9.0
Mean SD (range)
Age in years 45.0 12.1 (18-82)
Body Mass Index (BMI) 27.0 6.9 (15.4-64.5)

149



4.2.6.2 DIAGNOSIS OF INCREASED INTESTINAL PERMEABILITY

The most frequently used methods to diagnose IP were self-diagnoses (n=330,
56.2%) and case history, according to a healthcare practitioner (n=130, 22.2%)
(Table 4.2). From the participants that were assessed for IP, 17.3% (n=102) were
assessed before receiving treatment, 4.1% (n=24) during the treatment phase,
and only 1.4% (n==8) after treatment was completed. Of the participants who were
diagnosed with IP, 59.1% (n=140) reported being diagnosed within the last three
years. However, on average, participants with suspected IP spent 11.1 (95% CI:
9.5, 12.8) years between first suspecting IP and receiving a diagnosis. No
statistically significant difference was found between the length of time between
when participants first suspected IP to the year they were diagnosed and whether
they were diagnosed by a medical practitioner or another healthcare practitioner
(p=0.120). The vast majority of participants were not assessed for IP (n=459,
77.9%) with only 17.7% (n=104) assessed once, and 4.4% (n=26) assessed
more than twice. For the participants that were assessed two or more times, the
second assessment of IP typically took place between 6 and 12 months (n=11,
42.3%). A significant association between the number of times IP was assessed
and the person (practitioner or self) who diagnosed IP was found (p<0.001).
Specifically, healthcare practitioners and medical practitioners more frequently
assessed IP (n=74, 33.9%; n=39, 33.6%, respectively) compared to those who

self-diagnosed (n=4, 1.9%).
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Table 4.2 Health seeking behaviour for the assessment and management of increased
intestinal permeability by Australian adults (n=589)

Health Seeking Behaviour Distribution of Response

n %

Method of assessment (n=587)

Self-diagnosed 330 56.2
Case history according to a practitioner 130 22.2
IgG food sensitivity test 29 4.9
Hemaview - live blood analysis 23 3.9
Stool zonulin 22 3.8
Lactulose/mannitol urine test 17 29
| don’t know 16 2.7
Iridology 12 2.0
Serum zonulin 4 0.7
Kinesiology 4 0.7
Stage that IP was measured (n=134)
Before treatment 102 17.3
During the treatment phase 24 4.1
After treatment was completed 8 1.4

Number of times measured for IP (n=589)

0 459 77.9
1 104 17.7
2+ 26 4.4
Time between initial and second assessment (n=26)
Between 1 and 6 months 2 7.7
Between 6 and 12 months 11 42.3
Between 12 and 24 months 6 23.1
Over 2 years 7 26.9
Year IP was diagnosed (n=237)
< 3 years 140 59.1
4-6 years 46 19.4
7-9 years 22 9.3
> 10 years 29 12.2
Year participant believe IP started (n=498)
< 3 years 84 16.9
4-6 years 82 16.5
7-9 years 77 15.5
> 10 years 255 51.2

IP: increased intestinal permeability
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4.2.6.3 PRACTITIONERS INVOLVED IN THE DIAGNOSIS OF INCREASED
INTESTINAL PERMEABILITY

Most participants (n=374, 67.4%) first suspected they had IP, whereas 32.6%
(n=181) had a practitioner first suggest IP as a possible diagnosis. Participants
were most frequently diagnosed with IP by self-diagnosing (n=274, 47.9%),
followed by a naturopath (n=207, 36.2%), integrative medicine practitioner (n=82,
14.3%), nutritionist (n=53, 9.3%), and general practitioner (n=50, 8.7%) (Table
4.3). Most participants preferred their IP to be assessed by a naturopath (n=363,
63.5%), followed by a general practitioner (n=310, 54.2%), integrative medicine
practitioner (n=259, 45.3%), nutritionist (n=225, 39.3%), gastroenterologist
(n=221, 38.6%) or a dietitian (n=162, 28.3%). From the participants that self-
diagnosed, their preferred practitioner for the assessment of IP was a general

practitioner (n=118, 56.7%) or a naturopath (n=118, 56.7%).

Table 4.3 Practitioners involved in the diagnosis of increased intestinal permeability
(n=572)

Diagnosis of increased intestinal permeability

Who diagnosed increased Preferred
Initial Total preferred
intestinal permeability practitioner for
diagnosis practitioner
self-diagnosed

n % n % n %
Naturopath 207 36.2 363 63.5 118 56.7
Integrative medicine

82 14.3 259 453 75 36.1
practitioner
Nutritionist 53 9.3 225 39.3 69 33.2
General practitioner 50 8.7 310 54.2 118 56.7
Herbalist 19 3.3 101 17.7 31 14.9
Kinesiologist 19 3.3 86 15.0 22 10.6
Dietitian 17 3.0 162 28.3 60 28.9
Chinese medicine practitioner 15 2.6 110 19.2 35 16.8
Homeopath 13 2.3 77 13.5 24 11.5
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Acupuncturist 11 1.9 78 13.6 26 12.5

Chiropractor 11 1.9 58 10.1 18 8.7
Gastroenterologist 10 1.8 221 38.6 90 43.3
Ayurvedic practitioner 6 1.1 73 12.8 25 12.0
Osteopath 4 0.7 40 7.0 13 6.3
Nurse 3 0.5 53 9.3 19 9.1

Nurse practitioner 3 0.5 52 9.1 18 8.7
Pharmacist 1 0.2 54 9.4 14 6.7
Self-diagnosed 274 47.9 - - - -

4.2.6.4 EXPENDITURES RELATED TO THE ASSESSMENT AND
MANAGEMENT OF INTESTINAL PERMEABILITY

On average, participants reported spending $698.78 on consultation fees and
$2175.96 on dietary supplements over the previous 12 months (Table 4.4). There
was a statistically significant difference between income manageability and the
average amount spent on dietary supplements. Specifically, participants who find
it ‘difficult all the time’ to live on their available household income spend
significantly more (mean=$2963.28) on dietary supplements over 12 months
compared to participants who described their income manageability as ‘easy or
not too bad’ ($1918.56; p=0.015). No significant differences were found between
who diagnosed their IP and the average amount spent on dietary supplements in
the previous 12 months (p=0.167). However, participants that were diagnosed by
a medical practitioner spent on average $2309.16 on dietary supplements over
the previous 12 months, whereas those who were self-diagnosed spent on
average of $1793.40. Participants on average spent $286.76 on the assessment
of IP with no significant difference found with either income manageability or the

source of diagnosis.
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Table 4.4 Expenditures related to the assessment and management of increased intestinal permeability and association with income
manageability (n=447)

Income manageability

Expenditures Mean expenses per Difficult all the Difficult some of the Easy or not too BeiG
person time time bad
n Mean n Mean n Mean n Mean
Expenses for the management of IP in the
previous 12 months
Consultation fees 424 $698.78 91 $903.49 136 $745.99 197 $571.62 0.057
Dietary supplements 309 $2175.96 67 $2963.28 96 $2019.36 146  $1918.56 0.015
Expenses for the assessment of IP
All assessment methods 74 $286.76 13 $238.46 24 $315.21 37 $285.27 0.847
Food sensitives - IgG 19 $515.53 4 $385.00 4 $738.75 11 $481.81 0.746
Stool zonulin 16 $329.38 4 $252.50 4 $500.00 8 $282.50 0.089
Hemaview - live blood analysis 15 $204.33 1 $120.00 8 $243.13 6 $166.66 0.620
Iridology 10 $167.50 3 $110.00 2 $100.00 5 $229.00 0.515
Lactulose/mannitol urine test 9 $115.00 - - 4 $63.75 5 $156.00 0.030
Kinesiology 4 $77.50 1 $100.00 2 $105.00 1 $0.00 0.484
Serum zonulin 1 $70.00 - - - - 1 $70.00 -
n % n % n % n % p-value
Importance of cost in the decision to be tested
Very important 260 58.8 72 75.8 94 65.3 94 46.3
Important 112 25.3 13 13.7 37 25.7 62 30.5 <0.001
Not important 70 15.8 10 10.5 13 9.0 47 23.2
Amount willing to spend on IP assessment
$0-$50 107 23.9 43 45.3 38 26.2 26 12.6
$51-$150 218 48.8 41 43.2 67 46.2 110 53.1 <0.001
$151 or over 122 27.3 11 11.6 40 27.6 71 34.3
Preference towards expense allocation to:
Dietary treatments

Very important 309 70.6 65 70.7 101 70.1 143 70.8 0.953



Important

Not important
Dietary supplements

Very important

Important

Not important
The assessment of IP

Very important

Important

Not important
Lifestyle treatments

Very important

Important

Not important
Medications

Very important

Important

Not important

101
28

265
107
63

248
117
74

240
135
58

56
61
295

23.1
6.4

60.9
246
14.5

56.5
26.7
16.9

55.4
31.2
13.4

13.6
14.8
71.6

20

53
22
13

46
18
25

58
22
10

13
11
61

21.7
7.6

60.2
25.0
14.8

51.7
20.2
28.1

64.4
244
11.1

15.3
12.9
71.8

33
10

90
33
19

88
39
17

78
43
20

18
17
96

22.9
6.9

63.4
23.2
13.4

61.1
271
11.8

55.3
30.5
14.2

13.7
13.0
73.3

48
11

122
52
31

114
60
32

104
70
28

25
33
138

23.8
55

59.5
254
15.1

55.3
29.1
15.5

51.5
34.6
13.9

12.8
16.8
70.4

0.968

0.018

0.349

0.841

IP: increased intestinal permeability
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There is a statistically significant difference between who diagnosed their IP and
the average amount spent on consultation fees in the previous 12 months
(p<0.001). Specifically, those who were diagnosed by a medical practitioner, or
another kind of healthcare practitioner spent significantly more (mean=$980.63
and $996.29 respectively) on consultation fees compared to participants who
self-diagnosed IP ($226.45). No difference was found for the average amount
spent on consultation fees between a medical practitioner or healthcare

practitioners.

4.2.6.5 VIEWS AND PREFERENCES TOWARDS THE COSTS INVOLVED
WITH INTESTINAL PERMEABILITY

Participants reported that the cost involved in testing IP is ‘very important’ in their
decision to be tested (n=260, 58.8%), with many participants (n=218, 48.8%)
indicating they are willing to spend between $51 and $150 on the testing
procedure for IP (Table 4.4). However, the importance of cost in the decision to
be tested decreased as income manageability increased (p<0.001). Furthermore,
as income manageability increased, so did the amount participants were willing

to spend on the testing procedure for IP (p<0.001).

Regardless of income manageability, participants reported a preference towards
allocating finances to dietary treatment interventions (n=309, 70.6%) for the
management of IP followed by dietary supplements (n=265, 60.9%) and lifestyle
treatments (n=240, 55.4%) (Table 4.4). Although half the participants (n=248,
56.5%) reported the financial allocation for the assessment of IP to be ‘very

important’, increased income manageability was associated with the preference



towards allocating finances to the assessment of IP (p=0.018). Irrespective of
income manageability, participants reported medication use to be ‘not important’

for financial allocation (n=296, 71.6%).

4.2.6.6 VIEWS AND PREFERENCES TOWARDS THE ASSESSMENT AND
MANAGEMENT OF INTESTINAL PERMEABILITY

The majority of participants (n=527, 89.6%) would prefer to be assessed for IP
regardless of income manageability (p=0.054) with 75.0% (n=442) reporting the
assessment of IP to be ‘very important’ (Table 4.5). Accuracy (n=554, 94.9%),
accessibility (n=476, 81.4%), and affordability (n=408, 69.5%) were all commonly
reported to be ‘very important’ characteristics for the assessment of IP; whereas
non-invasive methods (n=470, 80.6%) and length of time involved to perform the
assessment (n=352, 61.1%) were both commonly reported to be ‘not important’
characteristics for the assessment of IP. Participants further commonly reported
the preference to be assessed for IP using blood pathology (n=459, 78.1%)
followed by urine collection (n=354, 60.2%) and a stool test (n=325, 44.3%), with
a case history assessment by a practitioner (n=242, 41.2%) to be the least
preferred method of IP assessment. The time point that participants commonly
prefer to be assessed for IP were; before receiving treatment for IP (n=354,
60.1%), for monitoring disease (n=231, 39.2%), when asked by the patient
(n=213, 36.2%), for monitoring IP (n=204, 34.6%), after receiving treatment for
IP (n=169, 28.7%), when advised by the practitioner (=160, 27.2%), and during

the treatment of IP (n=117, 19.9%).
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The majority of participants (n=549, 93.2%) reported they would be ‘very likely’
to adhere to a treatment protocol if assessed and diagnosed with altered IP
(Table 5). In terms of the preferred method of treating IP, participants ‘strongly
prefer’ the use of dietary products (n=392, 82.2%), followed by lifestyle habits
(n=357, 76.5%), and dietary supplements (n=324, 68.6%). On the contrary,
82.8% (n=351) of participants ‘slightly prefer’ the use of medications to treat IP,

representing the least preferred method of IP treatment.

Table 4.5 Views and preferences towards the assessment and management of
increased intestinal permeability by Australian adults (n=589)

Views and preferences Distribution of
Responses

n %

Preference to be assessed for IP
Prefer to be assessed 527 89.6

Prefer not to be assessed 61 104

Importance to be assessed for IP

Very important 442 75.0
Important 78 13.2
Not important 69 11.7

Likelihood of adhering to treatment if assessed and

positive for IP

Very likely 549 93.2
Neutral 23 3.9
Very unlikely 17 29
Importance of various assessment characteristics for IP:
Accuracy
Very important 554 94.9
Important 25 4.3
Not important 5 0.9
Accessibility
Very important 476 81.4
Important 78 13.3
Not important 31 5.3
Affordability
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Very important 408 69.5
Important 122 20.8
Not important 57 9.7
Time involved
Very important 113 19.6
Important 111 19.3
Not important 352 61.1
Non-invasive method
Very important 56 9.6
Important 57 9.8
Not important 470 80.6
Preference of assessment method
Blood test 459 78.1
Urine collection 354 60.2
Stool test 325 55.3
Case history 242 41.2
Preference for assessment time point
Before treatment 354 60.1
For monitoring disease 231 39.2
When asked by the patient 213 36.2
For monitoring IP 204 34.6
After treatment 169 28.7
When advised by the practitioner 160 27.2
During treatment 117 19.9
Preference for treatment method:
Dietary products
Strongly prefer 392 82.2
Prefer 50 10.5
Slightly prefer 35 7.3
Lifestyle habits
Strongly prefer 357 76.5
Prefer 73 15.6
Slightly prefer 37 7.9
Dietary supplements
Strongly prefer 324 68.6
Prefer 88 18.6
Slightly prefer 60 12.7
Medication
Strongly prefer 46 10.9
Prefer 27 6.4
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Slightly prefer 351 82.8
Important areas for practitioners to comprehend:
Dietary treatments for IP

Very important 395 95.2

Important 18 4.3

Not important 2 0.5
Lifestyle treatments for IP

Very important 389 94.0

Important 23 5.6

Not important 2 0.5
Signs and symptoms of IP

Very important 390 93.8

Important 25 6.0

Not important 1 0.2
Biomarkers associated with IP

Very important 378 91.5

Important 28 6.8

Not important 7 1.7
Risk factors for IP

Very important 373 90.8

Important 34 8.3

Not important 4 1.0
Methods to accurately assess IP

Very important 376 90.4

Important 31 7.5

Not important 9 2.2
Conditions associated with IP

Very important 376 90.2

Important 36 8.6

Not important 5 1.2
Dietary supplements for IP

Very important 366 89.1

Important 33 8.0

Not important 12 2.9
Time point that IP should be assessed

Very important 362 87.4

Important 45 10.9

Not important 7 1.7
Individuals that require to be assessed for IP

Very important 354 85.1



Important 53 12.7

Not important 9 2.2
Medications for IP

Very important 215 52.4

Important 85 20.7

Not important 110 26.8

IP: increased intestinal permeability

4.2.7 DISCUSSION

This is the first study to describe the health-seeking behaviours and explore the
views and preferences of adults with suspected or diagnosed IP. The results of
this study suggest inconsistencies between the healthcare provided to Australian
adults with suspected IP and the healthcare this patient population would prefer
to receive. Most notably, the maijority of participants experienced a considerable
length of time between first suspecting IP and receiving a diagnosis of IP. They
also reported challenges involved in the accurate diagnosis of IP and the out-of-

pocket expenditure associated with IP.

4.2.7.1 DIAGNOSIS OF INCREASED INTESTINAL PERMEABILITY

Our results indicate that those participants without a formal diagnosis of IP are
self-diagnosing; however, have a desire to be assessed using an accurate
method by a healthcare practitioner. This discrepancy in the assessment of IP
may be contributed in part to the common practices of healthcare practitioners.
Practitioners that frequently treat IP in clinical practice avoid measuring IP due to
the financial cost to the patient and prioritise case history assessment for
diagnosing IP.# However, the results of this study suggest that Australian adults

with suspected IP are willing to allocate finances to an accurate and accessible
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method of IP assessment before receiving treatment. The inconsistencies
between the healthcare provided to Australian adults with suspected IP and their
preferred healthcare suggest the preferences of the consumer may not always

be considered.

As with other health-related conditions, IP is subject to under-diagnosis, over-
diagnosis and misdiagnosis within clinical practice.?®”-2% Of particular concern
from our findings is the high rate of self-diagnosis of IP. This high self-diagnosis
rate may result in a misdiagnosis, causing potential anxiety to the patient,
unnecessary treatment burden when not required or result in other more serious
health conditions being undiagnosed. The high self-diagnosis rate may also have
an overall negative effect on practitioner-patient relationship with the potential
utilisation of inaccurate or inappropriate treatments.?® Our study also revealed
that Australian adults with suspected IP would prefer a general practitioner or
naturopath to assess them for IP. However, the lack of acknowledgement of IP
by medical practitioners®” may be a driving factor for the large number of
Australian adults with suspected IP not receiving a formal diagnosis and a
contributing factor as to why it takes 11 years for IP to be diagnosed. Whether
the length of time for a formal diagnosis of altered IP is contributed to behaviours
of the patient or the practitioner is unknown; however, the shortage of validated
testing methods and no gold standard testing method are factors influencing

healthcare practitioners not to measure IP and to treat regardless.*

A common practice for practitioners is the use of case history in the diagnosis of

a number of health conditions, especially functional bowel disorders.?4%-24! Even
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with the extensive algorithms of patients case history, there is still a poor
agreement between practitioners and the diagnostic criteria of functional bowel
disorders.?*2 A concern when applying an algorithmic model of diagnosis to IP is
that there is no validated algorithm and the associated case history features of |IP
remain uncertain, especially as previously perceived symptoms of IP are not
associated with diagnostic markers of IP.4?2' The clinical similarities between
gastrointestinal conditions?#' and the under examined clinical features of IP, limits

the accuracy of case history as a diagnostic method for IP.

4.2.7.2 FINANCIAL EXPENDITURE OF INCREASED INTESTINAL
PERMEABILITY

The out-of-pocket expenditure associated with the assessment and management
of IP suggests a financial burden for Australian adults with suspected IP.
Although a financial burden calculation is not possible with the data collected in
this study, other Australian based studies provide further support for a potential
financial burden. For instance, the mean out-of-pocket expenditure for the
assessment and management of suspected IP is similar to the amount spent on
chronic health conditions in Australia.?#3-?4> Furthermore, the out-of-pocket
expenditure for consultation fees and dietary supplements over a 12 month
period is greater than the mean annual expense for Australian adults with
gastrointestinal disorders.?*® As Australia has one of the highest out-of-pocket
expenditure for medication in the world,?#3247 healthcare practitioners should
consider the out-of-pocket expenses related to IP management, especially

people with a low income manageability.
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The results of this study suggest a significant difference between the income
manageability and the average amount spent on dietary supplements, with those
who find it ‘difficult all the time’ to live on their available household income
spending significantly more on dietary supplements compared to the ‘easy or not
too bad’ income groups. Other studies suggest people with poor financial status
are more likely to face a financial burden in relation to the out-of-pocket
expenditure.?44248 \Whether a person’s income manageability is a cause or
consequence for the out-of-pocket expenditure on IP remains unknown; however,

is a worthy area for further investigation.

4.2.7.3 VIEWS AND PREFERENCES OF INCREASED INTESTINAL
PERMEABILITY

The results of this study suggest that Australian adults with suspected IP place
little importance or value on medication use for the treatment of IP. The strong
aversion towards medication use highlights a potential barrier for future
pharmacological treatments under development.''"24° Whether Australian adults
with suspected IP will use such medication remains an area for future research.
However, what this study does suggest is dietary products (dietary interventions)
are the preferred method for the treatment of IP. Dietary interventions are also
the most frequently used type of treatment for IP by practitioners in Australia,®
highlighting agreement between the preferred treatment method for IP and the
care given by healthcare practitioners. Utilising the results of this study, patients’
views and preferences can help inform the development of a clinical practice

guideline for the assessment and management of IP.
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4.2.8 LIMITATIONS

There are a number of potential limitations of our study that need to be considered
when interpreting our findings. Our sample has a greater percentage of females
than the Australian general population, hence caution is required if generalising
findings to the Australian population. Although this study aimed to explore
Australian adults with suspected IP, whether or not participants have diagnosed
IP is unknown. Therefore, these results are more relevant to those who suspect
they have IP rather than those with a confirmed diagnosis. Self-reported data
collection has the potential for recall bias. However, as this was the first survey
to describe the health-seeking behaviours of Australian adults with suspected IP,
this study does provide new and important information, thus advancing the

research agenda on this topic.

4.2.9 CONCLUSION

The investigation of Australian adults with suspected IP has highlighted major
inconsistencies between the healthcare provided and the healthcare this patient
population would prefer to receive, especially regarding the diagnosis of IP. Most
notably, the majority of participants experienced a considerable length of time
between first suspecting IP and receiving a diagnosis of IP. The out-of-pocket
expenditure associated with the assessment and management of IP suggests a
financial burden for people with suspected IP. The results of this study provide
novel patient-centred considerations that can be used to inform a clinical practice
guideline for the assessment and management of IP as an important public health

initiative.
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4.3 CHAPTER SUMMARY

This cross-sectional survey was the first study to explore any aspect of patient-
centred care in individuals with suspected IP. The results presented in this
chapter provide a preliminary overview of the health-seeking behaviours of
people with suspected IP. In response to the research question outlined in this
thesis, most participants with suspected IP reported self-diagnosing their
condition, with the majority of these participants preferring to be assessed using
an accurate method by a general practitioner or naturopath. Furthermore, there
is a considerable length of time between first suspecting IP and receiving a
diagnosis of IP with Australian adults with suspected IP spending over 11 years
between first suspecting IP and receiving a formal diagnosis. Our results also
suggest the out-of-pocket expenditure associated with the management of IP
were on average $699 for consultation fees, $2176 for dietary supplements, and
$287 for the assessment of IP. Collectively, these findings provide valuable
insight that can be used when developing treatment recommendations for the
management of IP. Further investigation is needed to understand the treatment

methods used by this population group.
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5. QUALITY OF LIFE AND TREATMENT METHODS OF
AUSTRALIAN ADULTS WITH SUSPECTED

INCREASED INTESTINAL PERMEABILITY

The health-seeking behaviour towards the management of IP has been explored
in the previous chapter. This project seeks to develop evidence-based treatment
recommendations for the management of IP in clinical practice. However, to
create recommendations that apply to people with IP, understanding their
preferred treatment methods is required. Furthermore, identifying any treatment
methods known to have a relationship with patient quality of life may provide
direction for appropriate recommendations as part of the IP Guideline. To provide
essential understanding for this research project, further analysis was undertaken
to explore the management methods used and the association with subjective
wellbeing and health-related quality of life. This chapter presents the methods

undertaken to survey the target population and the results of this study.

5.1 PUBLICATION OF RESULTS

The results presented within this chapter have been published (see Appendix
5.1) as follows:
Leech, B, Mcintyre, E, Steel, A, Sibbritt, D (2019) “The Subjective Well-
being and Health-Related Quality of Life of Australian Adults with Increased
Intestinal Permeability and Associations with Treatment Interventions”, The

Journal of Alternative and Complementary Medicine, 2021, Vol 27, 12.
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5.2 THE SUBJECTIVE WELLBEING AND HEALTH-RELATED
QUALITY OF LIFE OF AUSTRALIAN ADULTS WITH
INCREASED INTESTINAL PERMEABILITY AND

ASSOCIATIONS WITH TREATMENT INTERVENTIONS

5.2.1 INTRODUCTION AND BACKGROUND

The health of the gastrointestinal system has become a target of interest for
disease prevention.?®® One specific gastrointestinal target area is the integrity of
the intestinal barrier of the small intestine. During increased intestinal
permeability (IP), the tight junction proteins between the cells of the small
intestine disassemble in response to the protein zonulin.?2 The single layer of
epithelium cells in the small intestine contributes to the biochemical and physical
barrier to the array of foreign pathogens, allergens and other toxins.?%" The
prevalence of altered IP has been suggested to be 10%-87% in health conditions
with a known association.” During a loss of intestinal integrity, a cascade of
reactions contributes to systemic symptoms and disease progression with the
mitigation of zonulin suggested to inhibit or reduce disease onset.??! Although no
defined symptoms of IP have been identified,??! a range of risk factors are known
to be associated with altered IP.22" The clinical risk factors associated with IP
provide a potential platform for treatment interventions and areas for further

investigation.

The management of altered IP may involve the use or avoidance of dietary
products (e.g. increasing dietary fibre, avoidance of gluten and alcohol), lifestyle

therapies (e.g. stress management, vagus nerve stimulation), dietary
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supplements (e.g. vitamin A, probiotics, Curcuma longa, fish oil) and medication
evaluation (e.g. avoidance of nonsteroidal anti-inflammatory drugs and antibiotics
or the use of larazotide acetate).2332%2-254 These methods are proposed to have
multiple direct and indirect modulatory actions that regulate intestinal
integrity.252:253 Many of the treatments used by practitioners for the management
of IP have previously been shown to align with preclinical research.2%® Although
these treatment methods are frequently used in clinical practice, there still
remains limited evidence for the effective management of altered IP. A broad
health services research-based study may help identify the potential areas for

further clinical trials.220

The clinical relevance and consequence of altered IP in clinical practice have
recently been questioned'' despite identified associations between IP and a
wide range of health conditions.! Questions regarding the clinical relevance and
consequence of altered IP may stem from a low level of awareness and
understanding regarding the potential effect of altered IP on individuals,
especially their quality of life (QoL) and subjective wellbeing (SWB). QoL is an
important contributor to overall disease burden alongside financial burden,
mortality and morbidity.?%52% Health-related quality of life (HRQoL) is a multi-
dimensional concept that measures the impact of health status on QoL and
includes mental, physical, emotional, and social functioning.?'? In addition to
HRQoL, a person’s SWB—also referred to as life satisfaction—can be a
determinant in quantifying the clinical relevance and consequence of ill health.
SWB is a multidimensional construct comprised of cognitive and affective

components that reflect an individual's appraisal of their satisfaction with their
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life.208209 Understanding the SWB of individuals with particular health conditions
may help identify populations with greater mortality risk?®’ and guide the

development of targeted supportive interventions.

The impact of altered IP on individuals’ HRQoL and SWB, and the treatments
used in the management of IP, remains under-examined. As such, this study has
two primary aims: to describe the SWB and HRQoL of Australian adults with

suspected IP and explore the treatment methods used by this population group.

5.2.2 MATERIALS AND METHODS

5.2.2.1 STUDY DESIGN AND SETTING

A cross-sectional study design using an online self-reported survey was
deployed. Approval for the study was obtained from the Human Research Ethics
Committees (HREC) of the University of Technology Sydney (ETH19-4012). The
health-seeking behaviour, views and preferences of this study cohort have

previously been published.??°

5.2.2.2 PARTICIPANTS AND RECRUITMENT

Participants were recruited via social media platforms and a purpose-built
webpage, with snowball sampling methods used. The authors shared the survey
on their social media and known Facebook groups such as Leaky Gut and
Microbiome Support Group Australia. The survey was open for two months
between September 2019 and November 2019. Eligibility questions asked

participants whether they believe they have IP (self-diagnosed) or have been
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diagnosed with IP. To participate in the study, participants were also required to
be 18 years of age or older, living in Australia and have Internet access. The
target population although broad, represents an under examined population
group; as such, this study was designed to capture people with suspected IP or
confirmed IP. As IP is suggested to be under diagnosed, including participants
who self-diagnose IP best reflect the target population and the patients that
present to clinical practice for the treatment of IP.* Survey responders with
incomplete demographic characteristics, accounting for <5% of total data were

excluded from analysis.

5.2.2.3 SURVEY AND DATA COLLECTION

The online survey administered through the online platform SurveyGizmo utilised
questionnaire items previously developed to investigate IP in Australia.*2%® The
survey was pilot tested by four lay individuals to assess language clarity, with the
required corrections made. The survey included four main domains: demographic

characteristics, treatment methods for altered IP, SWB and HRQoL.

5.2.3 DEMOGRAPHIC CHARACTERISTICS

The participants were asked about their gender, age, height and weight from
which body mass index (BMI) was calculated and categorised to underweight,
healthy weight, overweight, and obese.?%® The participants were further asked
about their country of birth, the state or territory where they reside and whether

this was in an urban, rural or remote location. Participant’'s income manageability
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was determined by how well they manage their household income, categorised

as ‘difficult all the time’, ‘difficult some of the time’, ‘not too bad’ or ‘easy’.

5.2.4 SELF-REPORTED OUTCOME OF INCREASED INTESTINAL

PERMEABILITY

Two questions were asked to explore the potential severity of IP. Firstly,
participants were asked whether they believed their IP has become ‘better’,
‘worse’ or ‘no change’ over the previous 12 months. Participants were then asked
how many days a week does their IP affects their daily living with the option of 0-

7 days.

5.2.5 TREATMENT OF INCREASED INTESTINAL PERMEABILITY

A selection of survey items involving dietary products, lifestyle therapies, dietary
supplements and medications that may either improve or exacerbate IP along
with open-ended questions were used to document how frequently these
methods were used. The frequency of use for dietary products, lifestyle therapies,
dietary supplements and medications were measured using a six-point scale
(‘never’, ‘less than once a month’, ‘“1-3 times a month’, ‘once a week’, ‘2-6 times
a week’, ‘every day’). These treatment methods were further explored in relation
to the person who prescribed the treatment, mainly the qualification of the

practitioner or whether the treatment was self-prescribed.
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5.2.6 SUBJECTIVE WELLBEING

Participants’ SWB was measured using the Personal Wellbeing Index - Adult
(PWI-A) scale - an instrument validated in Australian population samples.?'® The
PWI scale consisted of seven domains of satisfaction: standard of living, personal
health, achieving in life, personal relationships, personal safety, community-
connectedness and future security.?'° The PWI scoring system of each domain
is reported on a 0-10 scale, with O representing no satisfaction at all and 10 being

completely satisfied.

5.2.7 QUALITY OF LIFE

The 20-Item Short Form Health Survey (SF-20) was used to measure participants
HRQoL.2"" The SF-20 assesses six health domains: physical functioning (6
questions), role functioning (2 questions), social functioning (1 question), mental
health (5 questions), current health perceptions (5 questions), and bodily pain (1

question).

5.2.7.1 STATISTICAL ANALYSES

Data were exported to STATA® 16 for statistical analyses. Variables were
reported as means, standard deviations, 95% confidence intervals (Cls) or
frequencies and percentages, where appropriate. Chi-square analysis was used
to examine the association between two categorical variables with Student’s t-
tests used for continuous variables across a binary variable. Analysis of variance
(ANOVA) was used to measure the difference between a continuous variable

across a categorical variable. Spearman’s correlation analysis was used to
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measure the correlation between the number of days IP affects daily living, SWB
and HRQoL. Logistic and linear regression models were used when considering
multiple factors. Variables associated with SWB, HRQoL, or the number of days
IP affects daily living—with a bivariate p-value < 0.25%'*—were entered into the
respective multivariate logistic or linear regression models, to adjust for potential
confounders. A stepwise backward elimination process was then used to identify

the most important independent predictors.

For analysis, participants use of dietary products, lifestyle therapies, dietary
supplements and medications were grouped as frequently (‘once a week’, ‘2-6
times a week’ and ‘every day’) and infrequently (‘less than once a month’, “1-3
times a month’ and ‘never’). Although participants were able to select either
‘exacerbation’, ‘improvement’ or ‘no change’ for the self-reported outcome of IP
in the previous 12 months only data from exacerbation and improvement were
used during analysis. Practitioners were categorised as ‘medical practitioners’
(integrative medicine practitioners, general practitioners, and

gastroenterologists) and ‘healthcare practitioners’ (all practitioners).

Analysis and interpretation of the data collected from the PWI-A scale were
undertaken according to previously published work.2®® Participants who
answered consistently 0/10 or 10/10 across all PWI domains were excluded due
to risk of response bias.?% For analysis, the raw scores were transformed to a 0-
100 scale. The combined mean score from the seven domains represents the
participants overall SWB. A two-sample t-test was used to compare the normative

mean of the surveyed sample and the Australian population.?%®
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The analysis and interpretation of the SF-20 were undertaken according to
previously published work.2"" For analysis, the SF-20 item scores were
transformed to a scale of 0 to 100, with O representing the worst perceived health-
related outcome. Item scores for each domain were combined and averaged to
produce the final domain score (0-100). Higher scores reflect better perceived
health-related outcomes, except for bodily pain where a higher score indicates

more bodily pain.

5.2.8 RESULTS

5.2.8.1 DEMOGRAPHIC CHARACTERISTICS

There were 982 responses to the survey, of which 393 responses were excluded
as the initial eligibility questions were not answered and thereby classified as not
meeting the eligibility criteria; this left a total of 589 participants. Most participants
were female (93%) with a mean age of 45.0 years (SD=12.1; range 18-82) and a
mean body mass index (BMI) of 27.0 (SD=6.9). Participants’ BMI were classified
as healthy weight (46.1%), obese (26.9%), overweight (23.8%), and underweight
(3.3%). Most participants were born in Australia (81.0%) and resided in New
South Wales (29.7%), Queensland (27.3%), Victoria (17.5%), or Western
Australia (10.7%); in an urban (70.6%), rural (27.3%) or remote area (2.0%). Most
participants described their income manageability as ‘easy or not too bad’
(46.5%), followed by ‘difficult some of the time’ (32.3%) or ‘difficult all the time’
(21.2%). The major health concerns reported by participants were IP (n=300,

50.9%), autoimmune conditions (n=40, 6.8%), Hashimoto’s thyroiditis (n=28,
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4.8%), gastrointestinal issues (n=24, 4.1%), chronic fatigue syndrome (n=21,

3.6%) and rheumatoid arthritis (n=18, 3.1%).

5.2.8.2 PRACTITIONERS CONSULTED WITH, AND TREATMENTS USED,
FOR MANAGING INCREASED INTESTINAL PERMEABILITY

Participants most frequently reported using dietary products (87.9%), dietary
supplements (72.9%) and lifestyle therapies (54.6%) for the management of IP.
Medications were infrequently used by participants for the treatment of IP (8.5%).
Self-prescribing of treatment methods for the management of IP was most
frequently reported (59.6%), followed by prescription from a naturopath (43.1%),
integrative medicine practitioner (19.3%), general practitioner (16.8%), and
nutritionist (12.4%) (Table 5.1). Dietary products (53.0%) and lifestyle therapies
(33.8%) were both frequently self-prescribed. Whereas, dietary supplements and
medications were most frequently prescribed by a naturopath (37.3%) and

general practitioner (4.4%), respectively.
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Table 5.1 Frequency of treatment methods used for increased intestinal permeability
(n=483)

Treatment methods used for increased intestinal permeability®

Who prescribed Dietary Lifestyle Dietary
Total Medications
treatment products therapies supplements
n % n % n % n % n %

Self-prescribed 288 596 256 53.0 163 338 156 323 11 2.3
Naturopath 208 431 175 36.2 104 215 180 373 0 0.0
Integrative
medicine 93 193 77 159 47 9.7 84 17.4 11 2.3
practitioner
General

- 81 168 60 124 30 6.2 34 7.0 21 4.4
practitioner
Nutritionist 60 124 57 11.8 28 5.8 47 9.7 0 0.0
Dietitian 37 7.7 34 7.0 12 2.5 15 3.1 0 0.0

Chinese medicine
28 5.8 17 3.5 12 25 24 5.0 0 0.0

practitioner

Chiropractor 28 5.8 16 3.3 22 4.6 15 3.1 0 0.0
Acupuncturist 24 5.0 12 25 11 2.3 18 3.7 0 0.0
Herbalist 24 5.0 15 3.1 14 29 22 4.6 0 0.0
Gastroenterologist 20 4.1 13 2.7 5 1.0 8 1.7 3 0.6
Kinesiologist 20 4.1 14 2.9 12 25 12 25 0 0.0
Ayurvedic

oracitioner 12 2.5 10 2.1 5 1.0 9 1.9 0 0.0
Homeopath 12 2.5 8 1.7 7 1.5 9 1.9 0 0.0
Osteopath 7 1.5 6 1.2 5 1.0 5 1.0 0 0.0
Pharmacist 5 1.0 1 0.2 1 0.2 5 1.0 1 0.2
Nurse 4 0.8 4 0.8 2 0.4 2 0.4 2 0.4
Nurse practitioner 2 0.4 2 0.4 2 0.4 1 0.2 1 0.2

2 Participants were able to select multiple treatment methods.

5.2.8.3 SELF-REPORTED OUTCOME OF INCREASED INTESTINAL
PERMEABILITY

In the previous 12 months, more participants reported that their IP had improved

(55.8%). Half of the participants (50.0%) reported IP affected their daily living

seven days a week. Furthermore, participants who described an improvement in
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their IP during the previous 12 months reported IP affected their daily life 4.0 days
a week (95% CI: 3.6, 4.4); whereas, participants that described exacerbation of
their IP in the previous 12 months reported IP affected their daily life 6.0 days a

week (95% CI: 5.7, 6.3; p<0.001).

A self-reported improvement in IP was associated with participants who were
treated by a practitioner compared to those who were not treated by a practitioner
(76.1% vs. 23.9%; p<0.001). Participants who reported their IP had worsened in
the previous 12 months had a significantly higher mean BMI compared to those
who reported an improvement in their IP in the last 12 months (28.4 vs. 25.5;
p<0.001). Multivariate logistic regression analysis found the use of nonsteroidal
anti-inflammatory drugs (NSAIDs) (8= 1.08; 95% CI: 0.17, 1.98; p=0.021),
lifestyle therapies (8= 1.08; 95% CI: 0.46, 1.70; p=0.001) and Saccharomyces
boulardii (8= 1.56; 95% CI: 0.46, 2.67; p=0.006) were predictors of a greater
number of days each week that IP was reported to affect daily living. Whereas,
reporting an improvement of their IP in the previous 12 months (8= -1.78; 95%
Cl: -2.39, -1.17; p<0.001), and infrequently (8= -0.90; 95% CI: -1.64, -0.16;
p=0.017) or frequently (g=-0.82; 95% CI: -1.49, -0.16; p=0.016) practicing yoga
were found to be predictors for a fewer number of days affecting daily living each

week.

5.2.8.4 TREATMENT RELATED CHARACTERISTICS OF INCREASED
INTESTINAL PERMEABILITY IMPROVEMENT
Participants who reported an improvement in their IP in the previous 12 months

were more likely to be treated by a healthcare practitioner (OR=2.04, p=0.015),
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use dietary supplements (OR=2.66, p=0.003), participate in vigorous exercise

(OR=2.99, p<0.001) and employ vagus nerve stimulation (OR=3.10, p=0.010)

(Table 5.2). Furthermore, participants that reported an improvement in their IP

during the previous 12 months were also less likely to consume gluten (OR=0.35,

p<0.001) or use NSAIDs (OR=0.35, p=0.022).

Table 5.2 Treatment related characteristics and the improvement of increased

intestinal permeadbility in the previous 12 months (n=287)

Characteristics Odds Ratio (95% CI) p value
Treating person

Self 1.00

Healthcare practitioner 2.04 (1.1510 3.61) 0.015
Gluten

Never 1.00

Frequently 0.35 (0.20 to 0.61) <0.001
Vigorous exercise

Never 1.00

Frequently 2.99 (1.61 to 5.53) <0.001
Vagus nerve stimulation

Never 1.00

Frequently 3.10(1.311t0 7.31) 0.010
Nonsteroidal anti-inflammatory
drugs

Never 1.00

Infrequently 0.48 (0.26 to 0.86) 0.014

Frequently 0.35 (0.15 10 0.86) 0.022
Using dietary supplements

No 1.00

Yes 2.66 (1.40 to 5.05) 0.003
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5.2.8.5 ASSOCIATIONS BETWEEN COMMON DIETARY PRODUCTS,
LIFESTYLE THERAPIES, MEDICATIONS AND THE SELF-
REPORTED OUTCOME OF INCREASED INTESTINAL
PERMEABILITY
Participants who reported frequently consuming organic foods (p<0.001),
fermented foods (p=0.004), bone broth (p=0.001), collagen (p<0.001), or apple
cider vinegar (p=0.026) described an improvement in their IP in the previous 12
months compared to those who infrequently consumed these dietary products
(Table 5.3). Furthermore, participants who reported infrequently consuming dairy
products (p=0.012), refined sugar (p<0.001), or gluten-containing products
(p<0.001) described an improvement in their IP in the previous 12 months
compared to participants who reported frequently consuming these dietary
products. Participants who reported frequently practising breathing exercises
(p<0.001), stress management (p<0.001), meditation (p=0.037), vigorous
exercise (p<0.001), yoga (p=0.001), or vagus nerve stimulation (p<0.001) more
commonly described an improvement in their IP in the previous 12 months
compared to participants who infrequently reported practising these lifestyle
therapies. Participants who infrequently used NSAIDs (p=0.001) more commonly
described an improvement in their IP in the previous 12 months compared to

participants who frequently used NSAIDs.
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Table 5.3 Associations between common dietary products, lifestyle therapies,
medications and the self-reported outcome of intestinal permeability in the previous 12
months (n=483)

Self-reported outcome of increased
intestinal permeability in the previous 12

months
Total Exacerbation Improvement
Dietary products n % % % p value
Red meat Frequently 357 74.2 44.6 55.4 0.909
Infrequently 124 25.8 43.9 56.1
Organic foods Frequently 331 69.4 37.6 62.4 <0.001
Infrequently 146 30.6 58.8 41.2
Dairy Frequently 279 57.9 50.6 49.4 0.012
Infrequently 203 42.1 36.4 63.6
Refined sugar Frequently 239 49.8 59.6 40.4 <0.001
Infrequently 241 50.2 30.8 69.2
Fermented foods Frequently 220 46.2 36.1 63.9 0.004
Infrequently 256 53.8 52.3 47.7
Gluten Frequently 213 444 64.1 35.9 <0.001
Infrequently 267 55.6 30.3 69.7
Apple cider Frequently 179 37.3 36.1 63.9 0.026
vinegar Infrequently 301 62.7 49.0 51.0
Bone broth  Frequently 173 36.1 32.5 67.5 0.001
Infrequently 306 63.9 51.3 48.7
Collagen Frequently 166 35.0 31.1 68.9 <0.001
Infrequently 308 65.0 51.3 48.7
Alcohol Frequently 148 30.9 47.4 52.6 0.472
Infrequently 331 69.1 431 56.9
Lifestyle
therapies
Breathing Frequently 212 45.5 34.4 65.6 <0.001
exercises Infrequently 254 54.5 55.3 44.7
Stress Frequently 210 45.2 34.0 66.0 <0.001
management Infrequently 255 54.8 57.1 42.9
Meditation Frequently 191 40.8 38.7 61.3 0.037
Infrequently 277 59.2 50.6 49.4
Vigorous exercise Frequently 146 30.9 28.4 71.6 <0.001
Infrequently 327 69.1 51.4 48.6
Yoga Frequently 133 28.5 31.3 68.8 0.001
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Infrequently 333 71.5 50.7 49.3

Vagus nerve Frequently 61 13.3 20.5 79.6 <0.001
stimulation Infrequently 399 86.7 48.8 51.2

Medications

Nonsteroidal anti- Frequently 63 134 69.2 30.8 0.001

inflammatory Infrequently 407 86.6 40.2 59.8
drugs

Prednisone Frequently 16 3.5 41.7 58.3 0.827
Infrequently 447 96.5 44.9 55.1

Methotrexate Frequently 11 24 57.1 42.9 0.704
Infrequently 448 97.6 43.9 56.1

Antibiotics  Frequently 6 1.3 60.0 40.0 0.657
Infrequently 460 98.7 43.6 56.4

5.2.8.6 FREQUENCY OF DIETARY SUPPLEMENTS USE FOR THE
TREATMENT OF INCREASED INTESTINAL PERMEABILITY

The most frequently used dietary supplements for the management of IP were
probiotics (36.1%), herbal mixtures (26.6%), prebiotics (21.7%), zinc (21.7%),
glutamine (19.4%), magnesium (19.1%), and vitamin D (15.6%) (Table 5.4).
Dietary supplements were most frequently used by participants who described
an improvement in their IP during the previous 12 months compared to those who
described exacerbation of their IP (63.3-86.8% vs 13.2-36.7%). Participants
frequently reported using dietary supplements as prescribed by a practitioner
rather than self-prescribed (66.7-87.8% vs 12.2-33.3%) (Table 5.4). There was a
statistically significant association between the use of dietary supplements and
the self-reported outcome of IP. Specifically, participants who used zinc (p=0.05),
glutamine (p=0.02), magnesium (p=0.006), vitamin C (p=0.03), or vitamin B
complex (p=0.001) described an improvement in their IP during the previous 12

months.
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Table 5.4 Associations between dietary supplements and self-reported outcome of increased intestinal permeability in the previous 12 months
and percentage for person prescribing each treatment (n=346)

Probiotic
Herbal mixtures 92 26.6 284 71.6 0.111 26.4 73.6
Prebiotic 75 21.7 27.6 72.4 0.113 23.0 77.0
Zinc 75 21.7 254 746 0.05 20.0 80.0
Glutamine 67 194 22.5 77.6 0.02 258 74.2
Magnesium 66 19.1 19.2 80.9 0.006 29.2 70.8
Vitamin D 54 15.6 35.9 64.1 0.956 30.2 69.8
Vitamin C 50 14.5 18.8 81.3 0.03 204 79.6
Vitamin B complex 49 14.2 13.2 86.8 0.001 12.2 87.8
Omega3 48 13.9 33.3 66.7 0.689 33.3 66.7
Curcuma longa 42 121 23.3 76.7 0.114 30.9 69.1
Slippery elm 41 11.9 28.6 71.4 0.366 171 82.9
Aloe vera 39 11.3 241 75.9 0.146 237 76.3
Digestive enzyme 37 10.7 36.7 63.3 0.963 13.5 86.5
Multivitamin 37 10.7 20.7 79.3 0.062 243 75.7
Amino acid mix 31 9.0 32.0 68.0 0.637 29.0 71.0
Saccharomyces boulardii 21 6.1 18.8 81.3 0.131 14.3 85.7

Vitamin A 19 55 33.3 66.7 0.806 26.3 73.7




5.2.8.7 SUBJECTIVE WELLBEING AND HEALTH-RELATED QUALITY OF
LIFE

There was a statistically significant difference in overall SWB and each domain
of SWB between Australian adults with suspected IP and the Australian
population (p<0.001). Specifically, Australian adults with suspected IP had lower
(i.e. worse) average scores for all domains compared to the Australian
population. A t-test showed that participants who described exacerbation of their
IP had a worse (M=54.7, SD=20.3) SWB than those reporting an improvement
(M=66.1, SD=19.6) in their IP (p<0.001). Spearman’s correlation analysis
revealed that the number of days IP affects daily life had a negative correlation
with  SWB and HRQoL (p<0.001). Results for correlation analyses are

summarised in Table 5.5.



Table 5.5 Spearman’s correlation between quality of life and subjective wellbeing with
the number of days increased intestinal permeability affects daily life each week (0-7
days).

n Mean SD Correlation coefficient p value

Subjective wellbeing

Personal wellbeing index 422 603 20.3 -0.402 <0.001
Standard of living 422 650 255 -0.313 <0.001
Health 422 434 246 -0.453 <0.001
Achieving in life 422 561 25.6 -0.377 <0.001
Personal relationship 422 642 26.3 -0.261 <0.001
Personal safety 422 753 243 -0.193 <0.001
Community connectedness 422 59.3 27.2 -0.277 <0.001
Future security 422 588 27.9 -0.273 <0.001
Quality of life
Physical functioning 423 619 338 -0.275 <0.001
Role functioning 423 57.3 425 -0.335 <0.001
Social functioning 423 60.5 323 -0.388 <0.001
Mental health 423 550 216 -0.294 <0.001
Health perception 423 372 285 -0.474 <0.001
Bodily pain 423 504 251 0.316 <0.001
Note: Scor‘e ranges from 0-100. A high score indicates better health except for pain, where a high score indicates more
pain.

5.2.8.8 SUBJECTIVE WELLBEING AND COMMON DIETARY PRODUCTS,
LIFESTYLE THERAPIES AND MEDICATIONS

Pairwise comparison found a statistically significant difference between the
overall SWB of participants, and the frequency of common dietary products,
lifestyle therapies and medications use. Participants who used any form of dietary
products (M=61.0, SD=20.4) for the treatment of IP were found to have better
SWB compared to those that never used dietary products (M=54.6, SD=18.7)
(p=0.023). Furthermore, participants who never consumed gluten-containing
foods (M=65.2, SD=21.5) were found to have better SWB compared to
participants that frequently consumed gluten (M=59.1, SD=19.8) (p=0.037).

Whereas, participants who frequently consumed alcohol (M=64.9, SD=18.7)
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were found to have better SWB compared to those who never consumed alcohol
(M=54.0, SD=22.4) (p<0.001). Furthermore, participants who frequently
practiced breathing exercises (M=63.0, SD=19.4; M=56.2, SD=21.5) (p=0.014),
stress management (M=62.4, SD=19.0; M=56.1, SD=23.7) (p=0.036), vigorous
exercise (M=66.2, SD=18.4; M=55.3, SD=20.9) (p<0.001), or yoga (M=68.0,
SD=17.0; M=56.0, SD=20.9) (p<0.001) were found to have better SWB
compared to participants that never participated in these lifestyle therapies.
Lastly, participants that never used NSAIDs (M=62.5, SD=21.5) were found to
have better SWB compared to those that frequently used them (M=54.3,

SD=19.5) (p=0.026).

5.2.8.9 MULTIPLE REGRESSION PREDICTING SWB AND HRQOL

Seven regression models predicting overall SWB, and each HRQoL domain were
undertaken. The results of these regression models found the outcome of IP in
the previous 12 months, BMI, the treating person and the use of dietary products
and lifestyle therapies were all statistically significant predictors of overall SWB
and each HRQoL domain (Table 5.6). Specifically, improvement of IP (= 10.70,
p<0.001) and using dietary products (= 12.12, p=0.008) were predictors of better
SWB whereas being obese (= -5.70, p=0.035), treated by a medical practitioner
(B= -6.35, p=0.016) and using lifestyle therapies (= -6.30, p=0.010) were
predictors of worse SWB. Regarding HRQoL, all domains except physical
functioning saw improvement in |IP as a statistically significant predictor for higher

HRQoL (Table 5.6).
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Table 5.6 Multiple regression predicting subjective wellbeing and health-related quality of life

Health-related quality of life

Physical

Role

Social

Mental

Health

_ unctioning unctioning unctioning ealt perception _
Subjec(trl]v_% (\;\{]e)llbemg , e £ . . f . health . Bc(ygl_lgo;:‘a)m
B (95% Cl) (n=417) (n=306) (n=306) (n=304) (n=302) B (95% Cl)
value B (95% CI) B (95% CI) B (95% ClI) B (95% CI) B (95% CI) value
P p value p value p value p value p value P
Improvement of 10.70 21.06 18.83 10.57 21.88 -11.74
IPin previous 12 4 54 1539) <0001 (11.60, 30.51) (11.72,25.94)  (5.56,15.58) (15.76,27.99)  (-17.53, -5.94)
months T ) <0.001 <0.001 <0.001 <0.001 <0.001
Using dietary 12.12 6 2115'2759 33)
products (3.21, 21.03) 0.008 ) 0’001'
-7.30
N -14.97 -9.30 -7.45 5.86
:f;':‘agp!gisw'e 11 05'6_'3% 40010 (-24.59,-5.35)  (-16.53, -2.07) ('122'2336;’ " (1358,-133)  (0.07, 11.64)
T ’ 0.002 0.012 ’ 0.017 0.047
0.005
BMI
Normal 1.00 1.00 1.00 1.00 1.00
weight
570 15.51 (_1'?'2; ] -12.89 12.69
Obese ' (-22.59, -8.43) A (-19.88,-5.91)  (6.05, 19.33)
(-10.99, -0.41) 0.035 0.24)
<0.001 0.041 <0.001 <0.001
Treating person
Self 1.00 1.00 1.00
, -13.06 -9.76
Medical -6.35
practitioner  (-11.52, -1.18), 0.016 ('20'3%’0'1566) ('16'876652)'95)




5.2.9 DISCUSSION

This study is the first to explore the HRQoL and SWB of Australian adults with
suspected IP. Our results suggest that altered IP may pose a greater health
burden than previously thought, providing the first indication that Australian adults
with altered IP are susceptible to poor SWB and HRQoL. Furthermore, several
participant characteristics were found to be associated with the improvement or

exacerbation of IP (Figure 5.1).
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Figure 5.1 Participant’s characteristics found to be associated with the improvement and
exacerbation of increased intestinal permeability.



5.2.9.1 INCREASED INTESTINAL PERMEABILITY AND SWB AND HRQOL

Our results suggest that Australian adults with suspected IP have a lower SWB
compared to the Australian population. Furthermore, improvement in IP is
suggested to be a significant predictor of SWB and HRQoL. These results provide
the first indication that a relationship between both SWB and HRQoL and altered
IP exists in a diverse range of health conditions. In support of this relationship,
Australian adults with gastrointestinal disorders (many of which are associated
with altered IP)," have been found to have a lower HRQoL compared to Australian
adults without gastrointestinal disorders.?*¢ Furthermore, a lower QoL has been
reported in diarrhoea-predominant irritable bowel syndrome patients with IP
compared to those with a normal intestinal integrity.?° The association between
altered IP and both SWB and HRQoL contributes to a much needed clinical
understanding of altered IP, especially as the consequence and clinical relevance
of altered IP in clinical practice have recently been questioned.'¥' Furthermore,
the correlation found between both SWB and HRQoL and the number of days IP
affects daily living suggests the previously reported symptoms* and
biomarkers??! of altered IP are not the only clinical consequence of altered IP

with both SWB and HRQoL now suggested to be involved.

5.2.9.2 HEALTHCARE AND INCREASED INTESTINAL PERMEABILITY
The care provided by a healthcare practitioners compared to self-care differs not
only in the treatments used but the reported outcomes. First, this study identified

a high prevalence of self-prescription of treatment interventions, primarily dietary
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products, and lifestyle therapies, for the management of IP. Dietary supplements
and medication were most frequently prescribed by a healthcare practitioner.
These findings coincide with existing research that suggests complementary and
integrative medicine practitioners frequently use dietary supplements while also
using a multimodal and personalised approach for the management of altered
IP.2%% Working alongside a healthcare practitioner has also been suggested to
provide greater health outcomes compared with no clinic-based support.261-263
This may explain why in this study Australian adults that report an improvement
in their IP are two times more likely to be treated by a healthcare practitioner.
Second, our study found only 24% of self-treated participants reported an
improvement in their IP compared to 76% of practitioner treated participants.
These findings suggest the care provided by healthcare practitioners to
Australian adults with suspected IP may have beneficial effects on the outcomes
of altered IP. Furthermore, healthcare practitioners, especially those with limited
experience in the management of altered IP may draw upon the findings of this
study to gain a deeper understanding as to the treatment methods used by

Australian adults with IP.

5.2.9.3 FEATURES ASSOCIATED WITH INCREASED INTESTINAL
PERMEABILITY IMPROVEMENT

Participants who reported an improvement in their IP were 35% less likely to

consume gluten or use NSAIDs. Our results also found that participants who

indicated they avoided consuming gluten-containing foods and never used

NSAIDs were associated with a better SWB. These results concur with clinical

studies that show the consumption of gluten-containing products and the use of
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NSAIDs induce |P.264265 Practitioners that treat IP also advocate for their patients

with IP to avoid gluten and NSAIDs.2%3

The finding that vitamin C and vigorous exercise is associated with improvement
of IP conflicts with existing research. First, preliminary research suggests that
500 mg of vitamin C (ascorbic acid) may induce a rearrangement of the actin
cytoskeleton and thereby an exacerbation of |P.264.266 Potentially, the association
between vitamin C intake and improvement of IP may be the result of the frequent
use in dietary supplements, especially as participants who reported an
improvement in their IP were 2.7 times more likely to use dietary supplements.
Research has demonstrated a causative link between vigorous exercise and
altered IP.#” As a result of redistribution of blood flow and splanchnic
hypoperfusion during vigorous exercise damage to mucosal and epithelial cells
may occur, thereby pathing the path for exacerbation of IP.4” The improvement
associated with vigorous exercise in our study may be the result of improved
health; for example, as health and wellbeing improve so does the ability to
participate in exercise.?®” Further large-scale trials and epidemiological research

is needed to confirm both of these hypotheses.

5.2.9.4 RESEARCH AGENDA

Our study provides useful information where further research can draw upon the
findings to inform clinical trials and clinical practice guidelines. The identified
characteristics found to be associated with the improvement and exacerbation of
IP warrant further investigation (Figure 5.1). Many of these associated features

are yet to be investigated for their effect on IP, with clinical research focusing
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primarily on dietary supplements and dietary products for the treatment of IP. Yet,
there has been limited investigation exploring the effectiveness of lifestyle
therapies in the management of IP.253 Nevertheless, many of these lifestyle
therapies are reported to have beneficial health outcomes in health conditions
with a known association with altered |P.25826° These results provide a foundation
for future clinical trials where a study exclusively conducted in primary care
ensuring a homogenous study population and standardised diagnostic criteria

may confirm the results of this study.

The findings from this study may also help to inform the development of a clinical
practice guideline for the management of altered IP. By understanding the
treatment methods used the development of recommendations can incorporate
the views and preferences of Australian adults with suspected IP to enable

relevant and appropriate recommendations for this patient group.

5.2.10 LIMITATIONS

Although this study involved participants with self-reported suspected IP, whether
there was a confirmed diagnosis of IP is unknown. However, previous research
has shown that people with self-reported IBS have similar health care utilization
and QoL as those with diagnosed IBS.?’® Many of the health conditions
participants report experiencing are known to be more prevalent in females and
are suggested to be associated with IP, which may explain why 93% of
participants were female.! Therefore, these results are considered relevant to
females who suspect they have IP rather than Australian adults with a confirmed

diagnosis of altered IP. The self-reported outcome of IP has the potential for recall
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bias and may not reflect improvement or exacerbation of IP. Therefore, to confirm
the relationship between both SWB and HRQoL and altered IP, a clinical study
that measures IP and evaluates both SWB and HRQoL is required. However, this
study provides important and novel information, advancing the research agenda
on the clinical consequence of altered IP and suggest potential treatment

strategies worth investigating.

5.2.11 CONCLUSION

The integrity of the small intestine may pose a greater health burden than
previously thought, with susceptibility to poor SWB and HRQoL reported in
Australian adults with altered IP. Our results strengthen the clinical relevance and
consequence of altered IP, providing the first indication that a relationship
between both SWB and HRQoL and altered IP exists. Clinical trials may use
these findings to further explore the potential use of the treatment interventions

used by Australian adults with suspected IP.
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5.3 CHAPTER SUMMARY

The results presented in this chapter provide a preliminary overview of the
preferred treatment methods people with IP want to use and the impact they may
have on quality of life. In response to the research question outlined in this thesis,
most participants with suspected IP reported using dietary products, dietary
supplements and lifestyle therapies for managing IP. Furthermore, the use of
some products and participating in certain activities were identified by participants
as contributing to a change in IP status. The results also suggest IP may pose a
greater health burden than previously thought, with poor SWB and HRQoL
reported in Australian adults with self-reported IP. Collectively, these findings
provide the core foundations needed to develop a clinical practice guideline for
the management of IP that incorporates the views and preferences of Australian

adults with suspected IP.
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6. CLINICAL PRACTICE GUIDELINE FOR THE
MANAGEMENT OF INCREASED INTESTINAL

PERMEABILITY: TECHNICAL REPORT

In the preceding two chapters, the health-seeking behaviour towards the
management of IP and the association with subjective wellbeing and health-
related quality of life were explored. As this thesis seeks to develop evidence-
based treatment recommendations for the management of IP in clinical practice,
the results from Chapter 4 and 5 inform the work presented in the following
chapter to provide novel patient-centred considerations that can be used to
inform a clinical practice guideline for the management of IP as an important
public health initiative. This chapter provides a comprehensive summary of the
evidence used in the IP Guideline. The chapter also presents the complete risk

of bias assessment and data extraction for each study used in the IP Guideline.

6.1 IP GUIDELINE: TECHNICAL REPORT

The following section contains the Technical Report, a document that forms part
of the IP Guideline. The Technical Report has been formatted based on the
NHMRC Guidelines for Guidelines Handbook to meet the 2016 NHMRC

Standards for Guidelines.?'> Details are as followed:
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Leech, B, Mclntyre, E, Steel, A, Sibbritt, D (2022) “Clinical practice guideline
for the management of increased intestinal permeability: Technical Report”,

University of Technology Sydney.

6.1.1 INTRODUCTION

The need to develop a clinical practice guideline for the management of
increased intestinal permeability (IP Guideline) was identified after health
services research revealed gaps in both the published literature and clinical
practice.*® To date, no clinical practice guideline has been developed in Australia
or internationally that addresses any area of IP management. This Technical
Report details the information required by the NHMRC in accordance with the

requirements of the NHMRC Standards for Clinical Practice Guidelines 2011.2'°

6.1.2 GUIDELINE PURPOSE

The purpose of the IP Guideline is to utilise the best available evidence while
considering the views and preferences from a multidisciplinary group of
stakeholders and consumers. The IP Guideline aims to provide clinicians and
consumers with a transparent evidence-based guidance for the management of
altered IP to optimise patient care, improve health outcomes and reduce variation

in care for Australian practitioners in private practice.
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6.1.3 CLINICAL QUESTION LIST

The Working Group developed the following clinical questions while considering
the clinical importance, the views, preferences and experiences of both

consumers and clinicians.*5219.220

CQ.1).In Australian adults with increased intestinal permeability, what are the
benefits of dietary choices for the treatment of increased IP?

CQ.2).In Australian adults with increased intestinal permeability, what are the
harms, cautions and contraindications for dietary choices?

CQ.3).In Australian adults with increased intestinal permeability, what are the
benefits of oral probiotic, prebiotic or synbiotic supplementation for the treatment
of increased intestinal permeability?

CQ.4).In Australian adults with increased intestinal permeability, what are the
harms, cautions and contraindications for oral probiotic, prebiotic or synbiotic
supplementation use?

CQ.5).In Australian adults with increased intestinal permeability, what are the
benefits of oral amino acid supplementation for the treatment of increased
intestinal permeability?

CQ.6).In Australian adults with increased intestinal permeability, what are the
harms, cautions and contraindications for oral amino acid supplementation use?
CQ.7).In Australian adults with increased intestinal permeability, what are the
benefits of oral plant-based medicine supplementation for the treatment of
increased intestinal permeability?

CQ.8).In Australian adults with increased intestinal permeability, what are the

harms, cautions and contraindications for oral plant-based medicines use?
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CQ.9).In Australian adults with increased intestinal permeability, what are the
benefits of oral essential fatty acid supplementation for the treatment of increased
intestinal permeability?

CQ.10). In Australian adults with increased intestinal permeability, what are the
harms, cautions and contraindications for oral essential fatty acid
supplementation use?

CQ.11). In Australian adults with increased intestinal permeability, what are the
benefits of oral mineral supplementation for the treatment of increased intestinal
permeability?

CQ.12). In Australian adults with increased intestinal permeability, what are the
harms, cautions and contraindications for oral mineral supplementation use?
CQ.13). In Australian adults with increased intestinal permeability, what are the
benefits of oral vitamin supplementation for the treatment of increased intestinal
permeability?

CQ.14). In Australian adults with increased intestinal permeability, what are the
harms, cautions and contraindications for oral vitamin supplementation use?
CQ.15). In Australian adults with increased intestinal permeability, what are the
benefits of oral colostrum supplementation for the treatment of increased
intestinal permeability?

CQ.16). In Australian adults with increased intestinal permeability, what are the

harms, cautions and contraindications for oral colostrum use?

6.1.4 SEARCH METHODS

A single literature search was carried out by one researcher (BL) to identify the

relevant articles for each of the clinical questions. All related articles were
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identified and grouped according to clinical questions. Targeted searching was

carried out when needed during the write up of the guideline.

6.1.5 SEARCH STRATEGY

The databases PubMed, Embase, CINAHL, and Scopus were searched for
articles published between January 2000 up until July 2020 by the Working
Group. A single-arm search strategy was used: ‘intestinal permeability’ OR
‘intestinal integrity’ OR ‘intestinal barrier dysfunction’” OR ‘intestinal epithelial
barrier dysfunction’ OR ‘gastrointestinal permeability’ OR ‘gut permeability’ OR
‘gut barrier’ OR ‘zonulin’ OR ‘dual sugar’ OR ‘lactulose AND mannitol’ OR
‘lactulose AND rhamnose’ OR ‘cellobiose AND mannitol’ OR ‘Intestinal fatty acid
binding protein’. The human filter was applied to the search. A hand search of the
reference list from the included articles and web search for any recently published

articles was also be carried out.

6.1.6 INCLUSION AND EXCLUSION CRITERIA

Included articles were original research exploring topics relevant to the clinical
questions published between January 2000 and July 2020. The primary focus of
the included articles must be on adults; however, systematic reviews were not
excluded if articles included involved participants under 18 years of age. Including
young adults has been suggested as a method to improve the search strategy for
IP.22" Therefore, at least 80% of the enrolled study population must be over 18
years of age. Articles were excluded if the primary focus was on critically ill

patients (i.e., in intensive care or palliative care) or includes patients with HIV,
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acute appendicitis, receiving chemotherapy, undergoing dialysis or abdominal
surgery as the IP Guideline is focused on private practice in the community.
Articles were excluded if the primary focus is on genetic testing, polymorphism
research or involve the treatment of exercise induced IP. Articles were included
if participants had IP assessed using the dual sugar test, stool zonulin, serum
zonulin, serum LPS or serum endotoxin. When inaccurate testing method are
used, these articles were excluded. Examples of inaccurate testing methods
includes the dual sugar urinary test where the collection is over 6 hours or
measured in the serum. Furthermore, in studies assessing the effectiveness of
an intervention for IP management where clear evidence suggest that the
patients do not have IP, these studies were excluded. Case studies and case
series were excluded. There was no exclusion based on geographical location.

Only articles published in English were included.

6.1.7 RISK OF BIAS ASSESSMENT

All included articles were assessed for risk of bias by one researcher (BL) using
the most appropriate tool identified by the Working Group. A full description of
the risk of bias tools are detailed in the Guideline Development Process. Briefly,
four different tools were used depending on study design: Risk Of Bias In
Systematic reviews (ROBIS) assesses the risk of bias in systematic reviews and
covers research questions relevant to interventions, diagnosis, prognosis and
aetiology.??® The Cochrane tool for assessing risk of bias in randomised trials
(Cochrane RoB 2.0) was used for assessing randomised trials for risk of bias.?4

The Risk Of Bias In Non-randomised Studies—of Interventions (ROBINS-I) was

200



used to evaluate the risk of bias in intervention studies that are not randomised.?2%

Risk of bias of observational studies were used to assess prevalence studies.'’

6.1.8 SYSTEMATIC SEARCH RESULTS

A total of 18,011 articles were identified through the database searches, of which
7850 duplicates were removed. After title and abstract screening, 385 potentially
relevant full-text articles were reviewed, of which 60 articles met the inclusion
criteria. Hand searching the literature found an additional one article. A total of

61 articles were included (Figure 6.1).
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Figure 6.1 PRISMA flow diagram of study selection. Starting with 18,011 identified
citations, 61 articles were included

6.1.9 FORMULATION OF RECOMMENDATIONS

6.1.9.1 DIETARY CHOICES
6.1.9.1.1 CLINICAL QUESTIONS

Clinical Question 1: In Australian adults with increased intestinal permeability,
what are the benefits of dietary choices for the treatment of increased intestinal

permeability?

202



Clinical Question 2: In Australian adults with increased intestinal permeability,

what are the harms, cautions and contraindications for dietary choices?

6.1.9.1.2 EVIDENCE SUMMARY AND OVERALL QUALITY OF EVIDENCE

6.1.9.1.2.1ALCOHOL

There is limited (n = 4) low-quality evidence that alcohol consumption causes or
contributes to the worsening of IP (Table 6.1 and Table 6.2).22":271-273 There were
no randomised controlled trials (RCT) on the impact of alcohol consumption on
IP. One systematic review of observational studies evaluated the effect of alcohol
on IP.22' All included studies assessed short-term alcohol consumption on IP
(0.5h — 1 week). Two studies saw mixed results, where 2 ml of vodka (40%
ethanol)/kg body weight was given at one timepoint and assessed over 24h.271:272
The consumption of <14 standard drinks per week of alcohol (OR=1.91; 95% CI:
1.01, 3.95; p=0.05) and above >15 standard drinks per week of alcohol
(OR=1.56; 95% CI: 1.02, 2.67; p=0.05) were found to be associated with IP.
Furthermore, two out of the four included studies were conducted in healthy
adults.?’1272 The other studies assessed the effects of alcohol on individuals with
inflammatory bowel disease (IBD) and moderate-to-severe fatty liver.22':2”3 These
studies suggest alcohol consumption may contribute to IP in people with Crohn’s
disease and fatty liver and not patients with ulcerative colitis. The impact of
limiting or excluding alcohol consumption in the management of patients with IP

remains unclear with a possible disease-specific effect.
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6.1.9.1.2.2DIETARY FIBRE

There is (n = 5) moderate-quality evidence that dietary fibre consumption
supports healthy intestinal integrity and improves IP.199274-277 No systematic
reviews evaluating the effects of dietary fibre on IP were identified during the
literature search. Three of the five identified articles were RCT,?74276 with the
other two studies’®27” examining the impact of dietary fibre and IP. The included
studies assessed the effects of dietary fibre for between one and six months. The
type of dietary fibre used, the amount consumed, and the inclusion of gluten-
containing products may influence the results. A diverse range of insoluble and
soluble dietary fibre with prebiotic properties appears to benefit intestinal
integrity.199.275277 The fortification of wheat-based products with prebiotics
provides mixed results.?’527® Two studies assessed prebiotic (inulin or beta-
glucan) fortification with either wheat-based pasta or cake.?’>27¢ Inulin (11%)
fortification was found to provide beneficial results,?’> whereas beta-glucan

fortification was not.276

6.1.9.1.2.3MACRONUTRIENT RATIO AND ENERGY INTAKE

A total of 11 articles were included, with many being assessed as low-quality
evidence.?’’-286 Only one systematic review of observational studies evaluating
the effect of energy intake and macronutrient distribution on intestinal integrity
was found.??' There were two RCT,?78280 two cross-over clinical trials?82-283 and
six non-randomised clinical ftrials included.?77279.281.284-286  These articles
assessed the effect of acute (<3 h) modified macronutrient distribution (n =

2),281283 and a combination of restricted energy intake (n = 2),277282 overfeeding
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(n = 2)?89.286 and modified macronutrient distribution range (n = 6)?78-280,282,284,286

over a short-term study period (5 days — 3 months).

Increased energy intake (>10,945 kJ) per day (8=121.8; p=0.04) was found to be
an independent risk factor for IP.?2! Kilojoule restriction (3,350kJ/day) in obese
females over four weeks saw a significant decrease in serum zonulin compared
to baseline, with zonulin levels returning to baseline values after two weeks on a
balanced diet (7,500kJ/day).?®5 Furthermore, a high fibre kilojoule restricted diet
(4180-6700kJ/day) in overweight and obese adults saw a significant
improvement in IP after nine and 23 weeks.?’” However, short-term overfeeding
(116% of estimated energy requirements) with 25% estimated energy
requirements from either fructose-sweetened beverages, high-fructose corn
syrup-sweetened beverages or glucose-sweetened beverages lacked consistent
results across IP markers.?®° Furthermore, a seven-day non-randomised clinical
trial assessed the effects of overfeeding (estimated energy requirements plus
4,180kJ/day) in healthy men; results found no significant difference in intestinal

integrity compared to baseline.®

Considering the literature on macronutrient distribution range, total fat percentage
($=0.23%0.11; p<0.05) was an independent risk factor for IP.22' However, a high-
fat diet saw mixed results, with the possibility of a detrimental effect on intestinal
integrity. Two studies??':283 assessed the effects of acute (<3 h) fat consumption.
A slightly high fat breakfast (39%) saw no impact on serum zonulin in healthy
adults,?®3 while the consumption of 50g of fat (30% saturated) in morbid obesity

adults found a significant increase in serum zonulin.?8" A further four studies
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investigated the effects of a high-fat diet on IP.278.279.284.286 Three of these studies
found a high-fat diet consisting of 41-55% of estimated energy requirements from
fats has no significant effect on lactulose/mannitol ratio and serum zonulin after
5-15 days.?78279.286 However, a 12-week non-randomised clinical trial found that
after a slightly high-fat diet (35% of estimated energy requirements from fats)
serum and stool zonulin were significantly elevated compared to baseline.?®*
Lastly, a significant increase in endotoxins was seen at five days after consuming
a high-fat diet (55% of estimated energy requirements from fats).2”°

Mixed results were also seen in two studies investigating the effects of increased
simple carbohydrate intake on intestinal integrity while remaining in normal
macronutrient distribution range.?®%282 Both studies involved participants
consuming 25% of their estimated energy requirements from fructose or glucose
with one study also using high-fructose corn syrup.?®® Results showed the
greatest impact on intestinal integrity was the consequence of fructose
consumption rather than other simple carbohydrates. However, this was only
seen with lactulose/mannitol ratio and endotoxin levels and not with serum

zonulin.280.282

6.1.9.1.2.4GLUTEN-FREE DIET

There is limited (n = 4) low to moderate-quality evidence that patients with
confirmed IP should follow a gluten-free diet during IP treatment;?87-2%0 two
RCTs,287:28 one non-randomised clinical trial,?®® one case-control trial?®® and no
systematic reviews. The included studies assessed the effects of dietary gluten
on intestinal integrity. A gluten-containing diet for four weeks in individuals with

positive and negative HLA-DQ2/8 genes and diarrhoea-predominant irritable
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bowel syndrome found a significant increase in IP, especially patients with
positive HLA-DQ2/8 compared to a gluten-free diet.?%¢ However, individuals with
irritable bowel syndrome reported improvement in symptoms after the avoidance
of gluten but found that the consumption of 16g of gluten daily for six weeks had
no significant impact on IP compared to control or baseline.??” Two of the
studies?8%2% involved individuals diagnosed with coeliac disease, and therefore,
results may not be transferable across other health conditions. These two studies
demonstrated a gluten-free diet significantly decreased IP after two months with

continued benefits to intestinal integrity after two years.289.2%0
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Table 6.1 Evidence summary table for review articles

Leech, Systematic review; Summarise
2019221 I the known risk
factors

associated
with IP

Observational

Increased energy intake (>10,945
kilojoule) per day ($=121.8; p=0.04) and
total fat percentage ($=0.23+£0.11;
p<0.05) were both reported to be
independent risk factors for IP.

Protein intake was found to be an

independent risk factor ($=-0.139; 95%
Cl: -0.247, -0.031; p=0.01) for IP with a
positive correlation reported for animal-

deriver protein and IP (p=0.59; p=0.001).

The consumption of <14 standard drinks
per week of alcohol (OR=1.91; 95% CI:
1.01, 3.95; p=0.05) and above >15
standard drinks per week of alcohol
(OR=1.56; 95% ClI: 1.02, 2.67; p=0.05)
were found to be associated with IP.

A high energy, nutrient-
depleted diet with either
inadequate protein
intake or excess animal-
derived protein in
combination and
excessive alcohol
consumption are
potential risk factors for
IP.

The consumption of a
Western-style diet may

increase the risk of IP.

Abbreviations: IP, increased intestinal permeability.



Table 6.2 Evidence summary table for clinical trials

Bala, 20142 Non- USA; n = 25; age range 21-56; Intervention: 2 ml of vodka Serum Binge drinking in
randomised, university 56% female; healthy (40% ethanol)/kg body weight ~ endotoxin at health individuals’
control clinical ~ research adults in total volume of 300 ml 0.5h, 1h, 1.5h, significantly increases
trial; I11-2 centre orange or strawberry juice 2h, 2.5h, 3h, endotoxin levels within

Control: 300 ml of orange juice  3.5h, 4h and 30 minutes to 3 hours
24h after alcohol

consumption (p<0.05).
Females were found to
have a higher level of
endotoxin compared to
men with a significant
difference reported at

4 hours (p<0.05)
Stadlbauer, Cohort study; Austria; n = 15; 26x4; 27% Intervention: 2 ml of vodka Serum zonulin  Serum zonulin and
2019272 -2 university female; healthy adults (40% ethanol)/kg body weight ~ and endotoxin  endotoxin: n.s between
research in total volume of 300 ml at 1h, 2h, 3h timepoints

centre orange or strawberry juice and 4h
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Faecal Faecal zonulin and
zonulin and LMR: n.s compared to
LMR at 24h baseline
Swanson, Cohort study; USA; n =23 (n=21analysed) Intervention: 0.4 g of alcohol LMR at 1 LMR: significantly
2011273 -2 outpatient Intervention: n = 8; (red wine)/kg of body weight week increased in Crohn’s
clinic median years 45; 50% daily, 1 week disease compared to
female; ulcerative colitis;  Control: No intervention baseline (p=0.028)
n = 6; median years 31; however, n.s in
34% female; Crohn’s ulcerative colitis and
disease healthy control
Control: n = 7; median compared to baseline.
years 24; 57% female;
healthy adults
Dietary fibre
Machado, Randomised Brazil; n =26 (N =24 analysed) Intervention: breakfast drink LMR at 6 LMR: n.s between
20202 placebo- university Intervention: n = 13; containing yacon flour (25g) weeks intervention and
controlled, research 31.348.8; 58% female; plus an energy restricted diet (- control or compared to
double-blinded  centre overweight or obese 500 kcal/day) consisting of baseline at 6 weeks

trial; 1l

adults (BMI 31.3+8.5
kg/m?)

Control: n =13;
31.348.8; 58% female;

overweight or obese

carbohydrate 51%; fat 28%;
protein 21% for 6 weeks
Control: breakfast drink plus an
energy restricted diet (-500

kcal/day) consisting of

(p>0.05)
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adults (BMI 31.34+8.5
kg/m?)

carbohydrate 51%; fat 28%;

protein 21% for 6 weeks

Russo, 2012?27 Randomised Italy; n=20; 18.840.7; 100% Intervention: 100g of pasta LMR at 5 LMR: significant
controlled, university male; healthy adults containing wheat and fortified weeks decrease in fortified
double-blinded  research with inulin (11%), daily for 5 Serum and inulin pasta compared
crossover trial;  centre weeks faecal zonulin  to control pasta group
-1 Control: 100g of pasta at 5 weeks (p=0.001)

containing wheat daily for 5 Serum zonulin:

weeks significant decrease in
fortified inulin pasta
compared to control
pasta group (p=0.013)
Faecal zonulin: n.s
between intervention
and control (p>0.05)

Skouroliakou, Randomised Greece; n=23 Intervention: One portion of LMR at 1 LMR: n.s between

201627 controlled, university Intervention: n = 12; cake containing wheat and month fortified beta-glucan
double-blinded research 48.5+8.8; 67% female; fortified with 0.75g beta-glucan cake consumption and
trial; 111-1 centre healthy adults from Barley, daily at breakfast control cake

Control: n = 11;
49.1+4.6; 82% female;
healthy adults

for 1 month
Control: One portion of cake
containing wheat, daily at

breakfast for 1 month

consumption at 1
month (p=0.95)

211



Xiao, 2014277 Non- China; n=123(n=76 Intervention: High prebiotic LMR at9and LMR significantly
randomised, outpatient analysed); age range 25- (oat, buckwheat, guar gum, 23 weeks decreased compared
clinical trial; Ill-  clinic 55; 64% female; pectin, konjac flour, resistant to baseline (0.026
2 overweight and obese starch, oligosaccharides), low (0.020-0.031 IQR)) at
adults (BMI >28 kg/m?) meat (< 50 g/day), kilojoule 9 weeks 0.022 (0.019—-
restricted diet, 23 weeks. 0.026 1QR; p<0.01)
and 23 weeks 0.023
(0.019-0.026 IQR;
p<0.05)
Krawczyk, Non- Poland; n=166 (n=110 Intervention: NIOR diet Serum zonulin  Serum zonulin:
20181%° randomised, university completed study with N consisting of carbohydrate 55-  at 6 months significant decrease
clinical trial; Ill-  research = 32 analysed); 65%; fat 20-30%; protein 15%; compared to baseline
2 centre 48.0£13.1; 31% female;  fibre 29.2+10.9 g/day (dietary at 6 months (p=0.001)

NAFLD

sources included wheat-based

products) for 6 months

Negative correlation
between fibre intake
and serum zonulin -
0.30 p (p=0.043)

Macronutrient ratio and energy intake

Kuzma, 20162 Randomised USA;
controlled, research
double-blinded centre

crossover ftrial;
Il

n=24

Intervention: n = 12;
33.0+11.0; 25% female;
normal weight healthy
adults (BMI 23.7+1.0); n
=12; 39.0+£12.0; 50%

Intervention A: 4 servings of Serum zonulin
fructose-sweetened beverages
daily (25% of EER) plus 116%
standard USA diet consisting

of carbohydrate 50%; fat 34%;

protein 16%, 8 days

atday 9
LMR at day 9

Serum zonulin: n.s
between each
sweetened beverage
at day 9 (p=0.366)
LMR: significant

increase in glucose
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female;
overweight/obese adults
(BMI 31.044.3)

Intervention B: 4 servings of
high-fructose corn syrup-
sweetened beverages daily
(25% of EER) plus 116%
standard USA diet consisting
of carbohydrate 50%; fat 34%;
protein 16%, 8 days
Intervention C: 4 servings of
glucose-sweetened beverages
daily (25% of EER) plus 116%
standard USA diet consisting
of carbohydrate 50%; fat 34%;
protein 16%, 8 days

and fructose
sweetened beverage
groups compared to
high-fructose corn
syrup group at day 9
(p<0.05)

LMR: n.s between
glucose and fructose
sweetened beverage

groups (p>0.05)

Boers, 2014278

Randomised
controlled,
single-blinded

trial; 1l

Netherlands;
university
research

centre

n=34

Intervention: n = 18;
52.0+10.2; 72% female;
metabolic syndrome
Control: n = 16;
55.449.0; 75% female;

metabolic syndrome

Intervention: Palaeolithic diet
consisting of carbohydrate
32%; fat 41% (10% saturated
fat); protein 24%, 2 weeks
Control: healthy reference diet
consisting of carbohydrate
50%; fat 29% (9% saturated
fat); protein 17% based on the
Dutch Health Council

guidelines, 2 weeks

LMR at 2

weeks

LMR: n.s between
palaeolithic diet and
control diet at 2 weeks
(p=0.35)
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Ohlsson, 2016282 Non- Sweden; n =20 (n=10 analysed); Intervention: breakfast based Serum zonulin  Serum zonulin: n.s

randomised, Hospital 46.0+14.5; 60% female;  on Okinawan diet consisting of  at 0.5h, 1h, between intervention
clinical healthy adults carbohydrate 34%; fat 39%; 1.5h, 2h, 2.5h  and control (p=0.211)
crossover trial; protein 23%; fibre 3% and 3h

-2 Control: breakfast based on

Swedish National Nutrition
Recommendations consisting
of carbohydrate 54%; fat 27%;
protein 15%; fibre 2%

Ohlsson, 2017?84 Non- Sweden; n =30 (n =28 analysed); Intervention: Okinawan style Serum and Serum zonulin:
randomised, hospital 57.548.2; 57% female; diet consisting of carbohydrate  faecal zonulin  significant increase
clinical trial; Il1- type 2 diabetes 42%; fat 35%; protein 23%, 12 at 12 and 28 compared to baseline
2 weeks weeks at 12 weeks (p=0.019)

remained elevated at
28 weeks compared to
baseline (p=0.014)
Faecal zonulin:
significant increase
compared to baseline
at 12 weeks (p<0.001)

Molina-Vega, Non- Spain; n=239; 43.449.2; 67% Intervention: 50g fat consisting  Serum zonulin  Serum zonulin:

2020%1 randomised, hospital female; morbid obesity of 30% saturated, 49% at 3h significant increase
clinical trial; IlI- adults (BMI >40 kg/m?) monounsaturated, and 21% compared to baseline
2 awaiting bariatric surgery polyunsaturated fatty acids, 3h at 3h (p=0.040)
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Bowser, 2020%"°  Non- USA; n=13;22.2+0.4; 100% Intervention: A high fat diet LMR and Endotoxin: significantly

randomised, university male; healthy adults consisting of carbohydrate endotoxin at5 increased after 5 days

clinical trial; Ill-  research 30%; fat 55% (25% saturated days of high fat diet

2 centre fat); protein 15%, 5 days compared to control
Control: A lead-in diet diet (p=0.04)
consisting of carbohydrate LMR: n.s between high
55%; fat 30% (9% saturated fat and control diet at 5
fat); protein 15%, 2 weeks days (p=0.084)

Ott, 2018%8 Non- Germany; n=24;23.0+2.8; 100% Intervention: A high fat diet LMRat7and LMR: n.s between
randomised, university male; healthy adults consisting of carbohydrate 15 days baseline and day 7 or
clinical trial; Ill-  research 34%; fat 48%; protein 18% Serum zonulin  day 15 (p>0.05)

2 centre plus 1000kcal/d of whipping at7 and 15 Serum zonulin: n.s
cream, 7 days days between baseline and

day 7 or day 15

(p>0.05)

Ott, 201725 Non- Germany; n=20; 46.8411.5; 100% Intervention: Caloric restricted Serum zonulin  Serum zonulin:
randomised, university female; obesity with BMI  diet consisting of 800kcal/day, at4 and 6 significant decrease at
clinical trial; Ill-  research >30kg/m? 4 weeks. Balanced diet of weeks 4 weeks compared to
2 centre 1800kcal/day, 2 weeks baseline (p<0.01).

Returned to baseline
values after 2 weeks

on balanced diet.
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Nier, 201922 Non- Germany; n =15 (n =12 analysed); Intervention 1: fructose- Plasma Plasma endotoxin:
randomised, university 26.311.2; 58% female; enriched diet (25% of EER) endotoxin at significant increase
crossover research healthy adults consisting of carbohydrate day 3 (+1.3-fold) in fructose-
clinical trial; Ill-  centre 54%; fat 30%; protein 16%, 3 enriched diet
2 days compared to baseline

Intervention 2: glucose- (p<0.05). N.s change
enriched diet (25% of EER) in glucose-enriched
consisting of carbohydrate diet compared to
54%; fat 30%; protein 16%, 3 baseline (p>0.05).
days

Gluten-free diet

Biesiekierski, Randomised Australia; n =239 (n =34 analysed) Intervention: gluten-free diet LRR at6 LRR: n.s compared to

2011287 placebo- university Intervention: n = 19; and 16g of gluten (1 muffin and weeks baseline at 6 weeks
controlled, research median years 40 (29-55 2 slices of bread) daily for 6 (p>0.05)
double-blinded  centre range); 84% female; IBS  weeks LRR: n.s between
trial; 1l with improved symptoms  Control: gluten-free diet plus intervention and

on a gluten-free diet gluten-free muffin and 2 slices control at 6 weeks
of bread daily for 6 weeks (p>0.05)

Vazquez-Roque,  Randomised USA; n=45 Intervention: gluten containing  LMR at 28 LMR: significant

2013288 controlled, outpatient Intervention: n = 23; diet consisting of carbohydrate  days increase in gluten
single-blinded clinic 41.8+2.5; 95% female; 50%; fat 30%; protein 20% for containing diet
trial; 11 positive and negative 28 day compared to gluten-

HLA-DQ2/8 with IBS-D

Control: gluten-free diet

consisting of carbohydrate

free diet (p<0.05).

Significant increase in
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Control: n = 22;
43.4+2.7; 95% female;
positive and negative
HLA-DQ2/8 with IBS-D

50%; fat 30%; protein 20% for
28 days

HLA-DQZ2/8 positive
patients consuming a
gluten containing diet
compared to HLA-
DQ2/8 negative
patients (p=0.006)

Cummins, Non- Australia; n =36 (n =26 analysed), Intervention: gluten-free diet for LRR at 0.25, LRR: significant
20012 randomised, hospital 18-80 range; 55% 24 months 0.5,1,2,3,6, decrease compared to
clinical trial; Ill- female; newly diagnosed 12 and 24 baseline at 2 months
2 coeliac disease months (p<0.001)
Duerksen, Case-control; Canada; n=73 Intervention: gluten-free diet LMR: at 4-12 LMR: significant
20052 -2 university Intervention A: n = 3; weeks increase in newly
research median years 54.3 (30- diagnosed coeliac
centre 70 range); 67% female; disease and in those

coeliac disease on a
gluten-free diet for less
than 1 month
Intervention B: n = 9;
median years 50.9 (33-
74 range); 78% female;
coeliac disease on a
gluten-free diet for 1

month to 1 year

consuming a gluten-
free diet for less than 1
year compared to
control (P<0.05)
Trace gluten
consumption is
associated with
increased LMR in
coeliac disease
(p=0.048)
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Intervention C: n = 42;
median years 49.9 (27-
78 range); 90% female;
coeliac disease on a
gluten free diet for over 1
year

Control: n = 19; median
years 48.6 (24-72
range); 68% female;

healthy adults

Abbreviations: BMI, body mass index; EER, estimated energy requirement; h, hour; IBS-D, diarrhoea-predominant irritable bowel syndrome; IQR, interquartile range; LMR, lactulose/mannitol ratio;
LRR, lactulose/rhamnose ratio n, number of participants; n.s, not statistically significant; NAFLD, non-alcoholic fatty liver disease; NHMRC, National Health and Medical Research Council; NIOR,
nutrient-induced insulin output ratio; USA, United States of America.

6.1.9.1.2.5 RISK OF BIAS ASSESSMENT
The following are the results from a risk of bias assessment (Table 6.3, Table 6.4 and Table 6.5). A summary of the results is found

in the IP Guideline (Section 8.11).

218



Table 6.3 Risk of bias assessment in randomised trials

Biesiekierski, 2011287 Low Low Low Low

Boers, 2014278 Some Low Low Some Low Some
Kuzma, 2016%° Low Low Some Low Low Some
Machado, 2020774 Low Low Low Low Low Low

Russo, 2012275 Some Low Some Low Some Some
Skouroliakou, 2016276 Some Low Low Low Some Some
Vazquez-Roque, 2013%88 Low Low Low Low Low Low

Low risk 57% 100% 71% 86% 57% 29%
Some concerns 43% 0% 29% 14% 43% 71%
High risk 0% 0% 0% 0% 0% 0%

Abbreviations: Low = low risk of bias; Some = some concerns for risk of bias; High = high risk of bias.

Table 6.4 Risk of bias in systematic reviews assessment

Leech, 2019 221 Low High Low High High

Abbreviations: Low = low risk; High = high risk; Unclear = unclear risk.
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Table 6.5 Risk of bias in non-randomised studies

Study Confounding Selection of Classification of Deviations from  Missing Measurement Selection of Overall
participants interventions intended data of outcome reported
interventions results

Bala, 20142 Moderate Low Moderate Low Serious Moderate Moderate Serious
Bowser, 2020%7° Moderate Low Low Low Low Moderate Low Moderate
Cummins, 200128° Serious Serious Moderate Moderate Critical Serious Critical Critical
Duerksen, 2005%% Serious Critical Serious Serious Serious Moderate Critical Critical
Krawczyk, 2018"%° Serious Serious Moderate Critical Critical Moderate Serious Critical
Molina-Vega, 2020%' Moderate Low Low Low Low Low Low Moderate
Nier, 2019%%2 Moderate Low Moderate Moderate Moderate Moderate Moderate Moderate
Ohlsson, 2016283 Moderate Moderate Low Low Low Moderate Moderate Moderate
Ohlsson, 201724 Moderate Low Low Low Low Moderate Moderate Moderate
Ott, 201725 Serious Moderate Moderate Low Low Moderate Low Serious
Ott, 2018%8 Serious Moderate Moderate Low Serious Serious Moderate Serious
Stadlbauer, 2019?72 Moderate Moderate Low Low Moderate Moderate Moderate Moderate
Swanson, 2011273 Moderate Serious Low Moderate Serious Moderate Moderate Serious
Xiao, 2014277 Moderate Low Low Low Moderate Moderate Low Moderate

Abbreviations: Low = low risk of bias; Moderate = moderate risk of bias; Serious = serious risk of bias; Critical = critical risk of bias.
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6.1.9.1.2.6 NHMRC EVIDENCE STATEMENT

The following are the results from completing the NHMRC Evidence Statement
(Table 6.6). Individual grade for each of the five domains are provided along
with the overall grade for the evidence-based recommendation. Furthermore,

consensus-based recommendations are listed below (Table 6.7).

Table 6.6 Summary of the NHMRC evidence statement for evidence-based
recommendations: Dietary recommendations

Recommendations Grade

Alcohol

Recommendation 1.1: People with intestinal permeability should consider

consuming no more than 10 standard drinks a week and no more than 4

standard drinks on any one day in accordance with the Australian Dietary Grade: C
Guidelines during the treatment of intestinal permeability.
Evidence base — number of studies, level of evidence, risk of bias in b
the included studies
Consistency — between studies if more than one study C
Clinical impact — of the intervention, diagnosis, prognosis, B
aetiology, screening
Generalisability — how well the body of evidence matches the B
population and clinical setting
Applicability — relevance to Australian health care context in terms B
of services, delivery and cultural factors
Dietary fibre
Recommendation 1.3: People with intestinal permeability should consider Grade: C
consuming a diet high in dietary fibre from a diverse range of sources.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies ¢
Consistency — between studies if more than one study B
Clinical impact — of the intervention, diagnosis, prognosis,
aetiology, screening ¢
Generalisability — how well the body of evidence matches the B
population and clinical setting
Applicability — relevance to Australian health care context in terms B

of services, delivery and cultural factors

Macronutrient ratio




Recommendation 1.6: People with intestinal permeability should consider

consuming the Acceptable Macronutrient Distribution Range of protein (15-

25%), fats (20-35%) and carbohydrates (45-65%) in accordance with the Grade: C
Australian Dietary Guidelines.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies ¢
Consistency — between studies if more than one study B
Clinical impact — of the intervention, diagnosis, prognosis, c
aetiology, screening
Generalisability — how well the body of evidence matches the B
population and clinical setting
Applicability — relevance to Australian health care context in terms A
of services, delivery and cultural factors
Recommendation 1.7: People with intestinal permeability should consider Grade: C
NOT consuming a diet high in fat.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies ¢
Consistency — between studies if more than one study C
Clinical impact — of the intervention, diagnosis, prognosis, B
aetiology, screening
Generalisability — how well the body of evidence matches the B
population and clinical setting
Applicability — relevance to Australian health care context in terms A
of services, delivery and cultural factors
Recommendation 1.8: People with intestinal permeability should consider Grade: C
NOT consuming a diet high in fructose.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies ¢
Consistency — between studies if more than one study A
Clinical impact — of the intervention, diagnosis, prognosis, B
aetiology, screening
Generalisability — how well the body of evidence matches the B
population and clinical setting
Applicability — relevance to Australian health care context in terms A
of services, delivery and cultural factors
Energy intake
Recommendation 1.9: People with intestinal permeability may consider
consuming the estimated energy requirements in accordance with the Grade: D

Australian Dietary Guidelines.
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Evidence base — number of studies, level of evidence, risk of bias in

the included studies P
Consistency — between studies if more than one study C
Clinical impact — of the intervention, diagnosis, prognosis, B
aetiology, screening
Generalisability — how well the body of evidence matches the B
population and clinical setting
Applicability — relevance to Australian health care context in terms B
of services, delivery and cultural factors

Recommendation 1.10: Clinicians may consider using a kilojoule restricted

diet in the short-term treatment of people with confirmed intestinal Grade: D

permeability.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies P
Consistency — between studies if more than one study C
Clinical impact — of the intervention, diagnosis, prognosis, B
aetiology, screening
Generalisability — how well the body of evidence matches the B
population and clinical setting
Applicability — relevance to Australian health care context in terms B
of services, delivery and cultural factors

Gluten-free diet

Recommendation 1.11: Clinicians should only advise a strict gluten-free diet

if clinical symptoms or pathology indicate a gluten intolerance, sensitivity or Grade: B

allergy.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies 8
Consistency — between studies if more than one study B
Clinical impact — of the intervention, diagnosis, prognosis, A
aetiology, screening
Generalisability — how well the body of evidence matches the A
population and clinical setting
Applicability — relevance to Australian health care context in terms A
of services, delivery and cultural factors

Recommendation 1.12: Clinicians should only advise a gluten-free diet

during the short-term treatment of people with confirmed intestinal

permeability that report clinical symptoms in response to the consumption of Grade: B

gluten after the investigation for gluten intolerance, sensitivity or allergy has

been carried out.
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Evidence base — number of studies, level of evidence, risk of bias in

the included studies 8
Consistency — between studies if more than one study B
Clinical impact — of the intervention, diagnosis, prognosis, A
aetiology, screening
Generalisability — how well the body of evidence matches the A
population and clinical setting
Applicability — relevance to Australian health care context in terms A
of services, delivery and cultural factors

Recommendation 1.13: Clinicians should offer a low gluten diet for the

management of people with confirmed intestinal permeability that report no Grade: B

clinical symptoms or pathology indicating a gluten intolerance, sensitivity or

allergy.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies 8
Consistency — between studies if more than one study B
Clinical impact — of the intervention, diagnosis, prognosis, A
aetiology, screening
Generalisability — how well the body of evidence matches the A
population and clinical setting
Applicability — relevance to Australian health care context in terms A

of services, delivery and cultural factors

Table 6.7 Summary of consensus-based recommendations and practice points: Dietary
recommendations

No. Recommendation

1.2 People with intestinal permeability may consider limiting or avoiding alcohol
consumption during the short-term treatment of intestinal permeability.
People with intestinal permeability may consider consuming 38g for men and

1.4 28g for female of dietary fibre daily in accordance with the Australian Dietary
Guidelines during the treatment of intestinal permeability.

15 People with intestinal permeability may consider prioritising for low gluten

sources of dietary fibre during the treatment of intestinal permeability.
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6.1.9.2 PROBIOTIC, PREBIOTIC AND SYNBIOTIC SUPPLEMENTATION

6.1.9.2.1 CLINICAL QUESTIONS

Clinical Question 3: In Australian adults with increased intestinal permeability, what
are the benefits of oral probiotic, prebiotic or synbiotic supplementation for the
treatment of increased intestinal permeability?

Clinical Question 4: In Australian adults with increased intestinal permeability, what
are the harms, cautions and contraindications for oral probiotic, prebiotic or

synbiotic supplementation use?

6.1.9.2.2 EVIDENCE SUMMARY AND OVERALL QUALITY OF EVIDENCE

6.1.9.2.2.1PROBIOTIC

There are high quality research articles (n = 19) investigating the effects of
probiotics on intestinal integrity (Table 6.8 and 6.9).842°1-308 Two systematic
reviews?°>3%1 and 16 randomised controlled trials84-291-294,296-300,302-308 (RCT) were
identified during the literature search with two2°13%" of these identified from hand
searching the literature. One study was reported across two articles.?%62% The
included studies assessed the effects of probiotics on intestinal integrity for
between two weeks and three months with most conducted over 12 weeks.
Participants involved in the included articles were diagnosed with
overweight/obesity (n = 7),291292296,298,289,302,303307 fynctional gastrointestinal
disorders (n = 3),300304.308 inflammatory bowel disease (IBD) (n = 2),842% liver
disease (n = 2)?%306 and migraine (n = 1).3% Most studies (n =
11)84,291,293,294,299,300,303-307 ysed a diverse range of multi-strain probiotics with no
study using the same combination of probiotic strains. Two studies used single-
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strains (Saccharomyces boulard®®” and Akkermansia muciniphila®®?). Four
studies investigated fermented dairy-based drinks (kefir,3%2 fermented milk3°® and

Yakult light®296.298:306).

Multi-strain probiotics were found to have mixed results on intestinal integrity, with
most studies finding no significant difference in stool zonulin, serum zonulin and
dual sugar after probiotic supplementation. Although a trend for improvement in
IP was seen in many studies, results were non-significant. A meta-analysis found
probiotic and synbiotic supplementation significantly reduced serum zonulin
compared to placebo (WMD = -10.55 [95% CI: -17.76, -3.34]; p=0.004), with a
significant reduction in serum zonulin observed in probiotic supplementation
compared to symbiotic supplementation.3’ One study that reported an
improvement in IP also found that increasing the amount of multi-strain probiotic
from 1x10'° CFU twice daily to 2.5x10° CFU twice daily saw a significant decrease
in LPS (-0.99, standardised mean difference; p=0.001) with a 20.1% decrease
seen in the high dose multi-strain probiotic compared to baseline after 12 weeks

(13.0¢5.2 vs 10.4+5.5; p=0.0008).37

The two single-strain probiotics were found to have a beneficial effect on
intestinal integrity. Supplementation with 200mg of Saccharomyces boulard-17
for 12 weeks significantly improves LMR at four weeks (0.004+0.004; p=0.005)
and 12 weeks (0.008+0.006; p=0.005) with IP decreasing by 33.33% at 12 weeks
(p>0.001).2°7 Heat-killed Akkermansia muciniphila (10'° CFU) taken for three
months was found to have a significant effect on IP compared with baseline, with

a decrease in IP (mean change -0.28+0.09; p=0.044) whereas no difference was
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seen in alive Akkermansia muciniphila (10'°© CFU) (mean change -0.24+0.47;

p=0.29).2%2

Fermented dairy-based drinks were found to have mixed results, with the type of
probiotic drink appearing to influence the effect on intestinal integrity. Kefir milk
and fermented milk were both found to have a beneficial effect on IP.392:308 Kefir
consumption of 300 ml daily for three weeks had a significant effect on IP
(p=0.018).392 Furthermore, 200g of fermented milk twice daily for four weeks
significantly decreased LMR from 0.038 at baseline to 0.023 at four weeks
(p=0.004).3%8 The consumption of fermented milk further results in a significant
decrease in the total number of patients with |IP before and after study intervention
(64.3% vs 28.6%; p=0.023).3%® On the other hand, 65ml of milk drink (Yakult
light®) containing Lactobacillus casei Shirota 108/ml (6.5 x 10° CFU) three times
daily was found to have no significant effect on 1P.2%:298.306 These were consistent
across multiple assessment methods (stool zonulin, serum zonulin and dual
sugar), time points (12 weeks and six months) and disease states (metabolic

syndrome and liver cirrhosis).296.298,306

6.1.9.2.2.2PREBIOTIC

There is a limited number (n = 6) of studies exploring the effects of prebiotics on
altered IP.295:309-313 Many of the included articles were of high quality with one
systematic review,?%® four RCT309310312313 gnd one non-randomised clinical
trial®'" found to meet the inclusion criteria. The included studies assessed the
effects of prebiotics for between one and six months. Participants involved in the

included studies were overweight or obese (n = 3),2%5309313 had a functional
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gastrointestinal disorder (n = 2),3'":312 diagnosed with type two diabetes (n = 1)?%
or were healthy adults (n = 1).3'° The prebiotics used were pectin (n = 2),310311
arabinoxylan (n = 2),3°%312 inulin (n = 1),2 inulin-type fructans (n = 1),2%
polydextrose (n = 1),*'3 slippery elm (n = 1)*'" and guar gum (n = 1).3"" A
systematic review found prebiotics containing inulin or inulin-type fructans
decreased either LPS or exotoxin levels.?®> However, this beneficial effect does
not appear to apply to all prebiotics, with some prebiotics suggested to have a
negative effect of IP. The effects of polydextrose at 12g daily saw a non-
significant increase in serum zonulin after six months (55.5+9.1 vs 58.4+12.0).313
Two studies investigating the effect of arabinoxylan on IP found the use of 7.5g
to 15g of arabinoxylan daily had no effect of IP after six or 12 weeks.309312
Another study investigated 7.5g of pectin twice daily for four weeks found no
significant effect of IP in healthy adults or the elderly (p=0.861).2'° Furthermore,
an Australian based study explored the effects of a mix of prebiotics (slippery elm
500mg, guar gum 100mg, pectin 100mg) and other intestinal supportive herbal
medicine and nutrients on IP.3"! This study found a significant decrease between

baseline and 12 weeks in LMR (0.04+0.004 vs 0.03+0.001; p<0.0001).3"

6.1.9.2.2.3SYNBIOTIC

A total of eight articles, with a moderate quality of evidence were included.301313-
319 One systematic review,3' four RCTs3'3317-319 gnd three non-randomised
clinical trials??4315316 were identified including one article located through hand
searching the literature.®®! The included studies assessed the effects of synbiotic
supplementation on intestinal integrity for between one and six months. The

included studies involved participants that were overweight or obese (n = 2),313:317
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had a functional gastrointestinal disorder (n = 1),*'® diagnosed with Alzheimer
disease (n = 1),2°* non-alcoholic steatohepatitis (n = 1),3'® had a history of proton
pump inhibitor use (n = 1)*'® or were healthy adults (n = 1).3'® Most studies (n =
5)301.313317-319 ysed a diverse range of probiotics and prebiotics, with only three

studies identified as having the same or similar ingredients.294:315.316

A meta-analysis found probiotic and synbiotic supplementation significantly
reduced serum zonulin compared to placebo (WMD = -10.55 [95% CI: -17.76, -
3.34]; p=0.004), with a study duration of below 3 months identified to have a
significant impact on the effects of synbiotic on serum zonulin, having the greatest
outcome on IP (coefficient = 33.23 [95% CI: 0.30, 66.16]; p=0.048). The three
studies identified as having the same or similar ingredients used a combination
of inulin, corn starch and fructooligosaccharides with a multi-strain probiotic (7.5
x 10° CFU).2%4315316 Al three studies demonstrated a beneficial effect of
symbiotic therapy on intestinal integrity. Specifically, synbiotic therapy had a
significant effect on stool zonulin, with two studies reporting a significant
decrease from baseline to 4 weeks (67 [38-92] vs 36 [20-48] ng/ml; p=0.035)31°
and (93.1+56.3ug/L vs 66.6+54.2ug/L; p=0.01).2%* Furthermore, a six month
study using a similar symbiotic formula found a significant decrease after three
months in participants with elevated (>50ng/mg) stool zonulin at baseline (-46.3
ng/mg; 95% CI: =71.4; -21.2; p<0.001).3'6 Other synbiotic combinations such as
250mg of tara gum and Streptococcus thermophilus (1 x 107 CFU) over four
weeks resulted in a significant difference between synbiotic and placebo
(0.014£0.004 vs 0.019£0.007; p=0.045).3'® However, one study found no

difference in IP after three months treatment with 2.4g of partially hydrolysed guar
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gum and 1.6g of inulin, Lactobacillus reuteri (1 x 108 CFU) twice daily
(p=0.737).2"® Furthermore, one study identified synbiotic supplementation
containing 12g of polydextrose and Bifidobacterium animalis ssp. lactis 420 (1010
CFU) resulted in a significant increase in serum lipopolysaccharide compared to

placebo after six months (+9.1+40 vs —26+108; p=0.007).3"3

6.1.9.2.2.4PROBIOTIC, PREBIOTIC AND SYNBIOTIC ON NSAIDS INDUCED
IP
There is a moderate level (n = 4) of evidence investigating the effects of probiotic
(n = 2), prebiotic (n = 1) and synbiotic (n = 1) supplementation on nonsteroidal
anti-inflammatory drugs (NSAIDs)-induced IP.314:320-322 AJ| included articles were
RCTs314320-322 with no systematic reviews identified from the literature search.
The studies investigated the effectiveness of probiotics, prebiotics and synbiotics
on preventing NSAIDs induced IP over five days to six weeks. Participants
involved in these studies were all healthy adults, with one study also including
healthy elderly adults.3?° Included studies used the same designs to induce IP
with NSAIDs. This design involved participants taking 75mg of a NSAID nine

hours before measuring IP and another 50mg one hour prior to measuring IP.

Two short-term studies investigating the effect of five probiotic formulations on
NSAID induced IP found no significant change between each probiotic formula
or compared to baseline.??":322 A six-week trial of two different prebiotics (12g of
arabinoxylan or 12g of oat B-glucan) found no significant difference in the
arabinoxylan group or oat B-glucan in preventing NSAID induced IP at six-

weeks.3?0 Synbiotic supplement containing fructooligosaccharides and a multi-
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strain probiotic resulted in similar outcomes as prebiotic and probiotic.3'* One
study found no significant difference in the dual sugar results between baseline
with NSAIDs compared with synbiotic treatment (0.064; 0.046—-0.106 IQR vs
0.055; 0.037-0.072 IQR; p=0.203).3'* Furthermore, no significant difference in
serum zonulin was found between symbiotic and control after NSAIDs use at two

weeks (13.2ng/ml vs 14.7ng/ml; p=0.650).3™4
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Table 6.8 Evidence summary table for review articles

Ramezani Systematic review Influence of n=9 2013-2018 Probiotic/synbiotic supplementation The use of

Ahmadi, and meta- probiotics and significantly reduced serum zonulin probiotic/synbiotic has

20203 analysis; | synbiotic on Randomised compared to placebo (WMD = -10.55 beneficial effects on
serum zonulin clinical trials [95% CI: -17.76, -3.34]; p=0.004). reducing serum zonulin.

The results should be

2-24 weeks Study duration (<3 months) was the only  interpreted with caution
variable found to have a significant due to a single study
impact on the effects of influencing the pooled
probiotic/synbiotic on serum zonulin effect size.

(coefficient = 33.23 [95% CI: 0.30, 66.16];
p=0.048).

A significant reduction in serum zonulin
was observed in studies less than 3
months in length (compared to more than
3 months), with participants > 45y
(compared to < 45y), probiotic
supplementation (compared to synbiotic

supplementation), and in participants with



Moludi, Systematic Role of

2020%% review; | prebiotic/probiotic
in modulating the
gut microbiota
and host
metabolism in
metabolic

endotoxemia

n=16

Randomised

clinical trials

1-28 weeks

2007-2019

a health condition (compared to healthy
participants).

Probiotics containing one or a
combination of Bifidobacterium bifidum,
Bifidobacterium lactis, L. subtilis, L.
acidophilus, L. casei, L. brevis, L.
salivarius, Lactococcus lactis,
Streptococcus faecium, E. coli Nissle,
Bacillus indicus, Bacillus subtilis, Bacillus
coagulans, Bacillus licheniformis, Bacillus
clausii or VSL#3 were found to decrease

either LPS or exotoxin levels.

Prebiotics containing inulin and inulin-
type fructans were found to decrease

either LPS or exotoxin levels.

The use of
prebiotics/probiotics
have potential benefits
for reducing metabolic

endotoxemia.

Abbreviations: Cl, confidence interval; Escherichia coli, E. coli; LPS, lipopolysaccharide; n, number of participants; WMD, weighted mean difference; y, years.
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Table 6.9 Evidence summary table for clinical trials

Garcia Vilela, Randomised, Brazil; outpatient n =34 (n=31 Intervention: 200mg of LMR at 4 and LMR intervention:
2008%7 placebo clinic analysed); mean 37 lyophilized 12 weeks significantly improved
controlled, single- years; 42% female Saccharomyces by 0.004+0.004 at 4
blind trial; I Intervention: n = 15; boulard-17 (4 x 108 weeks and 0.008+0.006
Crohn'’s disease CFU), 6mg sucrose and at 12 weeks (p=0.005).
(CDAI 50.7+36.9) 2.4mg magnesium Saccharomyces
Control: n=19; stearate (Floratil®) boulard decreased LMR
Crohn'’s disease every 8h, 12 weeks by 33.33% at 12 weeks
(CDAI 62.8+44.6) Control: placebo (p>0.001).
capsule containing LMR control: n.s
200mg cellulose, 6mg increase by
sucrose and 2.4mg 0.004+0.010 at 12
magnesium stearate weeks (p=0.12).
every 8h, 12 weeks
Szulinska, 2018%”  Randomised, Poland; n=81(n="71 Intervention high dose:  LPS at 12 LPS: significantly
placebo outpatient clinic analysed) 2g of multi-strain weeks decreased by 20.1% in
controlled, Intervention high probiotic (Ecologic® high dose probiotic

dose: n = 23;

compared with baseline
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double-blind trial;
Il

55.2+6.9 years;
obese
postmenopausal
women (BMI 36.6+5.9
kg/m?)

Intervention low dose:
n=24;56.416.5
years; obese
postmenopausal
women (BMI 36.0+5.2
kg/m?)

Control: n = 24;
58.7+7.2 years;
obese
postmenopausal
women (BMI 36.1+4.4
kg/m?)

Barrier) (1x10'° CFU)
2x/day, 12 weeks
Intervention low dose:
2g of multi-strain
probiotic (Ecologic®
Barrier) (2.5x10° CFU)
2x/day, 12 weeks
Control: placebo sachet
containing maize starch
and maltodextrins
2x/day, 12 weeks
Ecologic® Barrier
contains equal amounts
of Bifidobacterium
bifidum W23,
Bifidobacterium lactis
W51, Bifidobacterium
lactis W52, L.
acidophilus W37,
Lactobacillus brevis
W63, L. casei W56, L.
salivarius W24,

Lactococcus lactis

(13.015.2 vs 10.415.5)
at 12 weeks (p=0.0008)
LPS: significantly
decreased in the high
dose probiotic group
decreased compared to
control (-0.99, SMD;
p=0.001)

LPS: n.s decrease in
low dose probiotic
compared with baseline
(12.316.7 vs 11.946.8)
at 12 weeks (p=0.241).
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W19, and Lactococcus

lactis W58
Wegh, 201984 Randomised, Netherlands; n=25 Intervention: Stool zonulin, Stool zonulin: n.s
placebo hospital Intervention: n = 13; Bifidobacterium bifidum  serum zonulin between probiotic group
controlled, 51.8+13.3 years; 54% W23, Bifidobacterium and LRR at 6 and placebo at 12
double-blind trial; female; UC or lactis W51, and 12 weeks weeks (89.6+64.7 vs
Il pancolitis in clinical Bifidobacterium lactis 118.4+91.9; p>0.05).
remission W52, L. acidophilus Serum zonulin: n.s
Control: n =12; W22, L. casei W56, L. between probiotic group
51.1+11.9 years; 42% paracasei W20, L. and placebo at 12
female; UC or plantarum W62, L. weeks (49.6+23.6 vs
pancolitis in clinical salivarius W24, and 51.8+17.9; p>0.005).
remission Lactococcus lactis W19 LRR: n.s between
(Ecologic®825) probiotic group and
1.5x10'° CFU, 1x/day, placebo at 12 weeks
12 weeks (0.04+0.04 vs
Control: placebo 0.04+0.03; p>0.05).
containing maize starch
and maltodextrins,
1x/day, 12 weeks.
Kwak, 2014%% Randomised, Republic of n=53(n=50 Intervention: LMR at 4 LMR: n.s difference in
placebo Korea; Hospital analysed) Bifidobacterium bifidum, weeks the improvement of
controlled, Intervention: n = 25; Bifidobacterium lactis, LMR between

54.4+8.4 years; 28%

Bifidobacterium

intervention (50%) and
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double-blind trial;
Il

female; chronic liver
disease.

Control: n = 25;
53.319.8 years; 28%

female; chronic liver

longum, L. acidophilus,
L. rhamnosus, and
Streptococcus
thermophilus (Duolac
Gold probiotic, Cell

placebo (31%) at 4
weeks (p=0.248).

disease. Biotech Co) 5x10° CFU,

2x/day, 4 weeks

Control: placebo

capsule, 2x/day, 4

weeks

de Roos, 2017305 Randomised, Netherlands; n=63(n=60 Intervention: Stool zonulin, Stool zonulin: n.s

placebo hospital and analysed) Bifidobacterium bifidum  serum zonulin  difference between
controlled, outpatient clinic Intervention: n = 31; W23, Bifidobacterium and LMR at 12  baseline and 12 weeks

double-blind trial;
Il

42 mean years; 90%
female; migraine
patients

Control: n = 29; 38
mean years; 96%
female; migraine

patients

lactis W52, L.
acidophilus W37, L.
brevis W63, L. casei
W56, L. salivarius W24,
L. salivarius W24,
Lactococcus lactis
W19, L. lactis W58
5x10° CFU, 1x/day, 12
weeks

Control: placebo

containing maize starch

weeks

in intervention group
(44.6ng/ml vs
44.0ng/ml; p=0.243).
Serum zonulin: n.s
difference between
intervention and
placebo at 12 weeks
(9.1 [95% CI, 2.2-
16.0ng/ml] vs 10.1
[95% CI, 1.7-18.6];
p=0.084).
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and maltodextrins,
1x/day, 12 weeks

LMR: n.s difference
between baseline and
12 weeks in
intervention group
(0.035 vs 0.034;
p=0.748).

Palacios, 20202

Randomised,
placebo
controlled,
double-blind, trial;
Il

Australia;

research centre

n =60

Intervention: n = 30;
61.418.9 years; 43%
female; overweight
and obese adults with
prediabetes or T2D
(BMI 35.516.2 kg/m?)
Control: n = 30;
56.1+12.3 years; 63%
female; overweight
and obese adults with
prediabetes or T2D
(BMI 35.516.2 kg/m?)

Intervention: L. Serum zonulin

plantarum Lp-115, L. at 12 weeks
bulgaricus Lb-64, L.
gasseri Lg-36,
Bifidobacterium breve
Bb-03, Bifidobacterium
animalis sbsp. lactis Bi-
07, Bifidobacterium
bifidum Bb-06,
Streptococcus
thermophilus St-21,
Saccharomyces
boulardii DBVPG 6763
5x10'° CFU, 4x/day, 12
weeks

Control: Microcrystalline

cellulose, silica, and

Serum zonulin: n.s
difference between
intervention and
placebo at 12 weeks
(p>0.05). In participants
taking metformin,
zonulin significantly
decreased at 12 weeks
(p=0.048).
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magnesium stearate,
4x/day, 12 weeks

Kim, 2006°%°

Randomised,
placebo
controlled,
double-blind trial;
Il

USA; research

centre

n=72

Intervention 1: n = 12;
46.8+13.9 years; 67%
female; functional
gastrointestinal
disorder

Intervention 2: n = 12;
48.6+18.1 years; 75%
female; functional
gastrointestinal
disorder

Intervention 3: n = 12;
41.1+12.5 years; 75%
female; functional
gastrointestinal
disorder

Intervention 4: n = 12;
43.8+13.6 years; 75%
female; functional
gastrointestinal

disorder

LMR at 12

weeks

Intervention 1: L.
acidophilus,
Bifidobacterium bifidum,
Bacillus subtilis, L.
bulgaricus, L. lactis,
and Bacillus
lichenformis (5 x 107
CFU), 820mg of barley
grass and oat grass
juice and 180 mg of
ionic plant-based
minerals.

Intervention 2: L.
acidophilus,
Bifidobacterium bifidum,
L. bulgaricus, L. lactis,
L. brevis, L. caucasicus,
L. fermenti, L.
leichmannii, L. caseii, L.
plantarum, L.
helveticus, and

Saccharomyces

LMR: n.s difference
between baseline and
12 weeks in
intervention groups
(p>0.05). Mean change
at 12 weeks for
probiotic group -
0.01+0.03.
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Intervention 5: n = 12;
47.4+17.3 years; 67%
female; functional
gastrointestinal
disorder

Control: n =12;
41.5+15.8 years; 67%
female; functional
gastrointestinal

disorder

boulardii (5 x 10" CFU),
820mg of barley grass
and oat grass juice and
180 mg of ionic plant-
based minerals.
Intervention 3: L.
acidophilus,
Bifidobacterium bifidum,
Bacillus subtilis, L.
bulgaricus, L. lactis,
and Bacillus
lichenformis (5 x 107
CFU).

Intervention 4: 820mg
of barley grass and oat
grass juice and 180 mg
of ionic plant-based
minerals.

Intervention 5: Bacillus
coagulans,
Saccharomyces
boulardii, Bacillus

subtilis, L. salivarius,
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and L. plantarum (5 x
107 CFU), Lentinula
edodes, Grifola
frondosa, Agaricus
Blazei Murrill, Trametes
versicolor, Chlorella
Pyrensoida, Ptilota
plumosa, Spirulina
maxima, and
Aphanizomenon flos-
aquae.

Control: Inert
ingredients

Stepwise dosage: week
1: 1x/day, week 2:
3x/day, week 3: 6x/day,
week 4: 9x/day, week 5
for 8 weeks: 12x/day.

Lee, 2014303

Randomised,
placebo
controlled,
double-blind trial;
Il

Republic of
Korea; outpatient

clinic

n=250

Intervention: n = 25;
19-65 years;
overweight females
(BMI 28.3+1.3 kg/m?)

Intervention:
Bofutsushosan (3g) and
Streptococcus
thermophiles (KCTC
11870BP), L. plantarum
(KCTC 10782BP), L.

LMR at 5

weeks

LMR: n.s difference
between baseline and 5
weeks in intervention
groups (2.7£1.9 vs
2.2+1.5; p=0.391).
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Control: n = 25; 19-65
years; overweight
females (BMI
28.5+1.7 kg/m?)

acidophilus
(KCTC11906BP), L.
rhamnosus (KCTC
12202BP),
Bifidobacterium lactis
(KCTC 11904BP),
Bifidobacterium longum
(KCTC 12200BP), and
Bifidobacterium breve
(KCTC 12201BP)
(Duolac 7) 5x10” CFU,
2x/day, 8 weeks
Control: Bofutsushosan
(3g) and placebo,
2x/day, 8 weeks

Bonfrate, 202034

Randomised,
placebo
controlled,
double-blind,

cross-over trial; Il

Italy; outpatient

clinic

n=30(n=25
analysed)
Intervention: n = 15;
50.0+11.0 years; 80%
female; IBS.

Control: n =10;
46.0£10.0 years; 60%

female; IBS.

Intervention:
Bifidobacterium longum
BB536 and L.
rhamnosus HNOO1
5x107” CFU, 1x/day, 30
days.

Control: placebo

containing maize starch

LMR at 30
days

LMR: n.s difference
between intervention
and placebo at 30 days
(p>0.05).
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and maltodextrins,
1x/day, 30 days.
Wash-out of 15 days.

Mokkala, 20182%°

Randomised,
placebo
controlled,
double-blind trial;
Il

Finland;

outpatient clinic

n =200 (n=199
analysed)
Intervention 1: n = 51;
30.5+4.9 years;
overweight and obese
pregnant woman

(BMI 30.315.1 kg/m?)
Intervention 2: n = 49;
30.7+5.5 years;
overweight and obese
pregnant woman

(BMI 30.3%4.4 kg/m?)
Intervention 3: n = 49;
30.1+5.3 years;
overweight and obese
pregnant woman

(BMI 30.0+4.1 kg/m?)
Control: n = 51;
30.2+3.9 years;

overweight and obese

Intervention 1: B420 Serum zonulin
10" CFU and L.

rhamnosus HNOO1 100

at late

pregnancy, 21

CFU 1x/day, 21.84+2.6 weeks
weeks
Intervention 2: 1.2g of LPS at late

omega 3 consisting of
79.6% DHA and 9.7%
EPA 2x/day, 21.5+2.5
weeks

Intervention 3: B420
10" CFU and L.
rhamnosus HNOO1 100
CFU 1x/day and 1.2g of
omega 3 consisting of
79.6% DHA and 9.7%
EPA 2x/day, 21.3+2.5

weeks

pregnancy, 21

weeks

Control: placebo
containing

microcrystalline

Serum zonulin: n.s
difference between
early and late
pregnancy with
probiotic (mean
change:
+6.5+12.3ng/ml; 95%CI
+3.0, +10.0; p>0.05)
LPS: n.s difference
between early and late
pregnancy with
probiotic (mean
change:
+0.03+0.05EU/ml;
95%Cl +0.018, +0.041;
p>0.05).

243



pregnant woman
(BMI 29.8+4.5 kg/m?)

cellulose 1x/day and
capric acid and caprylic
2x/day, 21.31+2.3 weeks

Depommier,
2019%%2

Randomised,
placebo
controlled,
double-blind trial;
Il

Belgium;

research centre

n=40(n=32
analysed)
Intervention 1: n = 12;
52.7+7.2 years; 67%
female; overweight
and obese adults with
insulin-resistance
(BMI 39.8+4.8 kg/m?)
Intervention 2: n = 9;
52.9+8.6 years; 33%
female; overweight
and obese adults with
insulin-resistance
(BMI 36.8+3.7 kg/m?)
Control: n = 11;
49.5+9.7 years; 55%
female; overweight
and obese adults with
insulin-resistance
(BMI 37.6%5.8 kg/m?)

LPS at3

months

Intervention 1: Heat-
killed Akkermansia
muciniphila 10'° CFU,
1x/day, 3 months
Intervention 2: Alive
Akkermansia
muciniphila 10'° CFU,
1x/day, 3 months

Control: placebo

LPS: significant
decrease between
baseline and 3 months
in heat-killed group
(mean change -
0.28+0.09; p=0.044).
n.s difference between
baseline and 3 months
in the alive group
(mean change -
0.24+0.47; p=0.29).

Probiotic drinks
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Praznikar, 2020392

Randomised, Slovenia;

placebo hospital
controlled, cross-

over ftrial; Il

n=28(n=27
analysed); 46.0+8.4
years; 54% female;
overweight adults
(BMI 29.1+4.6 kg/m?)

Intervention: 300 mlof ~ Serum zonulin
kefir milk 1x/day, 3
weeks

Control: 300 ml of

unfermented milk,

at 3 weeks

1x/day, 3 weeks
between intervention
and control phase
1-week washout period
Kefir culture:
commercially available
kefir containing L.
parakefiri, L. kefiri, L.
kefiranofaciens,
Kluyveromyces
marxianus,
Kazachstania exigua,
Rhodosporidium

kratochvilovae

Serum zonulin:
significantly decreased
compared to baseline in
the kefir group after 3
weeks (p=0.018).

Zeng, 2008308

Randomised, China; outpatient

placebo clinic
controlled, single-

blind trial; Il

n=30(n=29
analysed)
Intervention: n = 14;
44.6+12.4 years; 29%
female; IBS-D

LMR at 4

weeks

Intervention: 200g of
fermented milk 2x/day

before meals, 4 weeks

LMR: significantly
decreased from 0.038
at baseline to 0.023

after 4 weeks in the
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Control: n = 15;
45.8+9.2 years; 40%

Control: 200ml of milk
2x/day before meals, 4

fermented milk group
(p=0.004).

female; IBS-D weeks The proportion of
Fermented milk culture: patients with IP
Streptococcus significantly decreased
thermophilus, L. from 64.3% at baseline
bulgaricus, L. to 28.6% after 4 weeks
acidophilus and in the fermented milk
Bifidobacterium group (p=0.023).
longum. No comparison with
placebo group,
however, no significant
change in placebo
group between baseline
and 4 weeks.
Stadlbauer, Randomised, Austria; n=30(n=28 Intervention: 65ml of Serum and Serum and stool
2015%% controlled, trial; Il outpatient clinic analysed) milk drink (Yakult light®) stool zonulin at  zonulin: n.s difference

Leber, 20122%

Intervention: n = 13;
51.5+11.4 years; 30%
female; metabolic
syndrome

Control: n = 15;
54.5+8.9 years; 40%

containing L. casei
Shirota 108/ml (6.5 x
10° CFU) 3x/day, 12
weeks

Control: standard

therapy

12 weeks.
LMR at 12

weeks

between baseline and
12 weeks (p>0.05).
LMR: n.s difference
between probiotic drink
and standard therapy

after 12 weeks
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female; metabolic

(0.030+0.016 vs

syndrome 0.037+0.029; p=0.522).
Macnaughtan, Randomised, United Kingdom; n =87 (N=68 Intervention: 65ml of LRR at 6 LRR: n.s difference
20203% placebo hospital analysed) milk drink (Yakult light®) months between probiotic drink
controlled, Intervention: n = 44; containing L. casei and placebo after 6
double-blind, trial; 56.2+8.5 years; 27% Shirota 108/ml (6.5 x months (0.03 [0.02-
Il female; liver cirrhosis  10° CFU) 3x/day, 6 0.05] vs 0.03 [0.03-
Control: n =43; months. 0.03]; p=0.76).
58.2+9.2 years; 30% Control: placebo drink
female; liver cirrhosis  without bacteria
Prebiotic
Wilms, 2019310 Randomised, Netherlands; n=100 Intervention: Pectin LMR at 4 LMR: n.s difference
placebo research centre Intervention 1: n = 25; derived from sugar beet weeks between prebiotic and
controlled, 23.414.5 years; 68%  (GENU® BETA pectin) placebo in young adults

double-blind trial;
Il

female; healthy young
adults.

Control 1: n = 27;
22.844.1 years; 48%
female; healthy young
adults.

Intervention 2: n = 24;
69.5+3.1 years; 38%
female; healthy

elderly adults.

7.5g 2x/day, 4 weeks.
Control: placebo
containing 7.5g of
maltodextrin 2x/day, 4

weeks.

or the elderly adults
after 4 weeks
(p=0.861).

247



Control 2: n = 24;
69.8+2.4 years; 50%
female; healthy

elderly adults.

Salden, 20183%%°

Randomised, Netherlands;
placebo research centre
controlled,

double-blind trial;
Il

n=47

Intervention 1: n = 16;
49.0£17.0 years; 38%
female; overweight
and obese adults
(BMI 30.2+1.9 kg/m?).
Intervention 2: n = 17;
47.0+15.0 years; 59%
female; overweight
and obese adults
(BMI 31.5£2.2 kg/m?).
Control: n = 14;
49.0+17.0 years; 43%
female; overweight
and obese adults
(BMI 31.4£3.1 kg/m?).

Intervention 1: 3.75g of
arabinoxylan and 3.75g
of maltodextrin 2x/day,
6 weeks.

Intervention 2: 7.5g of
arabinoxylan 2x/day, 6
weeks.

Control: placebo
containing 7.5g of
maltodextrin 2x/day, 6

weeks.

LRR at 6

weeks

LRR: n.s difference
between low dose
(0.060 vs 0.065;
p=0.464) or high dose
(0.065 vs 0.065;
p=0.219) of
arabinoxylan compared

to placebo at 6 weeks.

Miiller, 202032

Randomised, Netherlands;
placebo research centre
controlled,

n=48
Intervention: n = 24;
36.1+12.9 years; 75%

female; slow transit

Intervention: 5g of
arabinoxylan 3x/day, 12

weeks.

LRR at 12

weeks

LRR: n.s difference
between prebiotic and
placebo after 12 weeks
(p>0.05).
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double-blind trial;
Il

time without
constipation.

Control: n = 24;
35.7+11.0 years; 75%
female; slow transit
time without

constipation.

Control: placebo
containing 5g of
maltodextrin 3x/day, 12

weeks.

Ried, 20203"

Non-randomised

clinical trial; 111-3

Australia;

outpatient clinic

n=50 (n=42
analysed); mean age
of 50 years; 76%
female; moderate
gastrointestinal

problems

LMR at 12

weeks

Intervention: curcumin
6.38mg, glutamine
2.5g, quercetin 200mg,
glucosamine 415mg,
aloe vera 2.5mg,
slippery elm 500mg,
guar gum 100mg,
pectin 100mg,
peppermint oil 3mg,
dibasic sodium
diphosphate 260mg
(Nutrition Care Gut
Relief Formula) 5g/day
for 4 weeks followed by
10g/day for 4 weeks
followed by either 5g

LMR: significantly
decreased between
baseline and 12 weeks
(0.04+0.004 vs
0.03+0.001; p<0.0001).
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(30%) or 10g (65%) per
day.

Synbiotic

Stenman, 2016313

Randomised,
placebo
controlled,
double-blind trial;
Il

Finland; research n=225(n=134

centre

analysed)
Intervention 1: n = 25;
49.1+11.9 years; 72%
female; overweight
and obese adults
(BMI 30.9+1.9 kg/m?)
Intervention 2: n = 36;
48.6+£10.9 years; 77%
female; overweight
and obese adults
(BMI 31.2+1.6 kg/m?)
Intervention 3: n = 37;
47.1+£10.9 years; 84%
female; overweight
and obese adults
(BMI 31.2+2.0 kg/m?)
Control: n = 36;
48.348.6 years; 72%

female; overweight

Intervention 1: B420
10'° CFU in 12g of
microcrystalline
cellulose 1x/day, 6
months

Intervention 2: 12g of
polydextrose 1x/day, 6
months

Intervention 3: B420
10'° CFU in 12g of
polydextrose 1x/day, 6
months

Control: placebo
containing 12g of
microcrystalline
cellulose 1x/day, 6

months

Serum zonulin
and LPS at 2,
4,6and7

months

Serum zonulin: n.s
difference between
baseline and 6 months
in B420 group
(58.4+11.4 vs
57.1+8.3), polydextrose
group (55.5+9.1 vs
58.4+12.0) or B420 +
polydextrose group
(64.6£14.2 vs
63.4+13.0) (p=0.10).

Serum LPS: significant
increase in B420 +
polydextrose group
compared to placebo
(+9.1£40 vs -26+108)
at 6 months (p=0.007).
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and obese adults
(BMI 31.0£2.2 kg/m?)

Del Piano, 2014%'®  Randomised, Italy; research n=25 Intervention: 250mg of LMR at4 and 6 LMR: significant
placebo centre Intervention: n = 13; tara gum and weeks. difference between
controlled, 37.7+11.2 years; 56%  Streptococcus symbiotic and placebo
double-blind trial; female; healthy thermophilus 1 x 107 at 4 weeks
Il adults. CFU 1x/day, 4 weeks. (0.014£0.004 vs

Control: n =12; Control: placebo 0.01940.007; p=0.045)
37.7+11.2 years; 56% containing 2.5g of and 6 weeks

female; healthy maltodextrin 1x/day, 4 (0.015+0.006 vs
adults. weeks. 0.021+0.007; p=0.033).

Horvath, 2019317 Randomised, Austria; n=41(n=26 Intervention: Serum zonulin  Serum zonulin:
placebo outpatient clinic analysed) Bifidobacterium bifidum at 3 and 6 significant difference
controlled, Intervention: n = 12; W23, Bifidobacterium months between symbiotic and

double-blind trial;
Il

61 mean years (95%
Cl: 56-65); 8%
female; diabesity
(BMI 33 mean; 95%
Cl: 31-34 kg/m?).
Control: n = 14; 59
mean years (95% ClI:
54-63); 43% female;
diabesity (BMI 34

lactis W51,
Bifidobacterium lactis
W52, L. acidophilus
W37, Lactobacillus
brevis W63, L. casei
W56, L. salivarius W24,
Lactococcus lactis
W19, and Lactococcus
lactis W58 (Ecologic®
Barrier) 1.5x10"° CFU

placebo at 3 months (-
0.04 [-0.2; 0.1] vs +0.3
[-0.05; 0.6] ng/ml;
p=0.004).
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mean; 95% CI: 32-36
kg/m?).

and FOS 3.46g, GOS
2.544, konjac 2g,
vitamin D 0.66mcg,
vitamin B2 0.18mg,
calcium 106.66mg, zinc
1.34mg (Omnilogic
Plus) 1x/day, 6 months.
Control: placebo
containing maize
starch, maltodextrins,
vegetable protein,
potassium chloride,
magnesium sulphate,
amylases, and
manganese sulphate

1x/day. 6 months.

Ferolla, 201638

Randomised,
controlled, trial;
-1

Brazil; outpatient n =50 (n=49
clinic analysed); 57 median
years (25-74); 76%

female; NASH

LMR at 3

months

Intervention: 2.4g of
PHGG and 1.6g of
inulin, L. reuteri 1 x 108
CFU, 2x/day, plus
healthy diet, 3 months.
Control: healthy diet

LMR: n.s difference
between baseline and 3
months (p=0.737).

252



Moser, 2019315

Non-randomised

clinical trial; 111-3

n=10; 46 (37-53)
median years; 50%
female; IBS-D

Austria;

outpatient clinic

Intervention: L. casei
W56, Lactococcus
lactis W19, L.
acidophilus W22,
Bifidobacterium lactis
W52, L. paracasei W20,
L. plantarum W62,
Bifidobacterium lactis
W51, Bifidobacterium
bifidum W23 and L.
salivarius W24 (7.5 x
10° CFU), corn starch,
inulin, and FOS (Omni-
biotic® Stress Repair)
2x/day, 4 weeks.

Stool zonulin at

4 weeks

Stool zonulin:
significantly decreased
between baseline and 4
weeks (67 [38-92] vs 36
[20-48] ng/ml; p=0.035).

Leblhuber, 20182%

Non-randomised

clinical trial; 111-3

n=20;76.79.7

years; 45% female;

Austria;
outpatient clinic

Alzheimer’s disease

Intervention: L. casei
W56, Lactococcus
lactis W19, L.
acidophilus W22,
Bifidobacterium lactis
W52, L. paracasei W20,
L. plantarum W62,
Bifidobacterium lactis
W51, Bifidobacterium

Stool zonulin at

4 weeks

Stool zonulin:
significantly decreased
between baseline and 4
weeks (93.1+56.3ug/L
vs 66.61£54.2ug/L;
p=0.01).
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bifidum W23 and L.
salivarius W24 (7.5 x
10° CFU), corn starch,
inulin, and FOS (Omni-
biotic® Stress Repair)
1x/day, 4 weeks.

Horvath, 2020316

Non-randomised

clinical trial; 111-3

Austria;

outpatient clinic

n=49 (n=236
analysed); 63 mean
years (95% ClI: 59-
67); 47% female;
history of PPI use (63
mean months (95%
Cl: 44-82).

Intervention: corn Stool zonulin at

starch, maltodextrin, 3 and 6 months
FOS, inulin, Bacillus
coagulans W183,
Bacillus subtilis W201,
Bifidobacterium bifidum
W23, Bifidobacterium
lactis W52,
Bifidobacterium lactis
W51, L. acidophilus
W37, L. acidophilus
W22, L. casei W56, L.
rhamnosus W71, L.
salivarius W24,
Lactococcus lactis

W19, Propionibacterium
freudenreichii W200 2 x

Stool zonulin:
significant decrease
after 3 months in
participants with
elevated (>50ng/mg)
zonulin at baseline
(-46.3 ng/mg; 95% CI:
-71.4; -21.2; p<0.001).
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10° CFU/g, 4g 1x/day, 3

months.

Probiotic and
prebiotic on
NSAIDs induced
IP

Mujagic, 2017321

Randomised,
placebo
controlled, cross-
over, double-blind

trial; 1l

Netherlands;

research centre

n=10; 26.3%10.1
years; 70% female;

healthy adults

Intervention 1: L.
plantarum WCFS1 2.6 x
10'° CFU 2x/day, 7
days

Intervention 2: L.
plantarum CIP48 2.4 x
10'° CFU 2x/day, 7
days

Intervention 3: L.
plantarum TIFN101 5.9
x 10'° CFU 2x/day, 7
days

Control: Maltodextrin
and glucose 2x/day, 7
days

NSAIDs: 75mg 9h prior
and 50mg 1h prior to
LRR

LRR at 7 days

LRR: n.s difference
between baseline with
NSAIDs compared with
any L. plantarum at 7
days (WCFS1: 0.047 vs
0.076; CIP48: 0.069 vs
0.075; TIFN101: 0.057
vs 0.065; p>0.05).
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Washout of 4 weeks
between each test

period

Gotteland, 2001322

Randomised,
controlled, trial;
-1

Chile; research

centre

n=18;23.1+4.3
years; 61% female;

healthy adults

Intervention 1: Dairy LMR at 5 days
based product
containing alive L.
rhamnosus GG (> 107
CFU/mL), L. helveticus
(> 107 CFU/mL), and L.
acidophilus (> 107
CFU/mL) 80ml 3x/day,
5 days

Intervention 2: Dairy
based product
containing heat-killed L.
rhamnosus GG (> 107
CFU/mL), L. helveticus
(> 107 CFU/mL), and L.
acidophilus (> 107
CFU/mL) 80ml 3x/day,
5 days

Control: NSAID only

LMR: n.s difference
between baseline with
NSAIDs (2.93%; 1.96-
3.90) compared with
either alive (2.43%;
1.25-3.61) or heat-killed
(2.02%; 1.53-2.51)
probiotics (p>0.05).
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NSAIDs: 75mg 9h prior
and 50mg 1h prior to
LRR

Washout of 3 weeks

between each test

period
Ganda Mall, Randomised, Sweden; n=51(n=49 Intervention 1: 12g of LRR at 6 LRR: n.s between
2020320 placebo research centre analysed) arabinoxylan 1x/day, 6  weeks baseline and 6 weeks
controlled, trial; Il Intervention 1: n=17; weeks. arabinoxylan (0.055;
69.0 mean years; Intervention 2: 12g of 0.045-0.125 IQR) or oat
47% female; healthy  oat B-glucan 1x/day, 6 B-glucan (0.057; 0.042-
elderly adults. weeks. 0.090 IQR) and placebo
Intervention 2: n = 15; Control: placebo (0.064; 0.028-0.098)
69.0 mean years; containing 12g of (p>0.05).
40% female; healthy =~ maltodextrin 1x/day, 6
elderly adults. weeks.
Control: n=17; 70.5 NSAIDs: 75mg 9h prior
mean years; 44% and 50mg 1h prior to
female; healthy LRR
elderly adults.
Wilms, 201634 Randomised, Netherlands; n=20 Intervention: 10g of LRR at 2 LRR: n.s difference
controlled, research centre Intervention: n = 10; FOS and weeks between baseline with

double-blind ftrial;
Il

19.7 median years;

Bifidobacterium bifidum
W23, Bifidobacterium

NSAIDs compared with

synbiotic treatment and
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20% female; healthy
adults.

Control: n=10; 21.7
median years; 70%
female; healthy

adults.

lactis W51,
Bifidobacterium lactis
W52, L. acidophilus
W22, L. casei W56, L.
paracasei W20, L.
plantarum W62, L.
salivarius W24, and
Lactococcus lactis W19
(Ecologic®825)
1.5x10'° CFU, 2x/day, 2
weeks.

Control: 10g of
maltodextrin 2x/day, 2
weeks.

NSAIDs: 75mg 9h prior
and 50mg 1h prior to
LRR

Serum zonulin

at 2 weeks

NSAIDs at 2 weeks
(0.064; 0.046-0.106
IQR vs 0.055; 0.037—
0.072 IQR; p=0.203).

Serum zonulin: n.s
difference between
symbiotic and control
after NSAIDs use at 2
weeks (13.2ng/ml vs
14.7ng/ml; p=0.650).

Abbreviations: B420, Bifidobacterium animalis ssp. lactis 420; BMI, body mass index; CDAI, Crohn’s disease activity index; CFU, colony forming units; Cl, confidence interval; DHA,
docosahexaenoic acid; EPA, eicosapentaenoic acid; FOS, fructooligosaccharides; GOS, galactooligosaccharides; h, hour; IBS-D, diarrhoea-predominant irritable bowel syndrome; IBS, irritable
bowel syndrome; IP, increased intestinal permeability; IQR, median interquartile range; L, Lactobacillus; LMR, lactulose/mannitol ratio; LPS, lipopolysaccharide; LRR, lactulose/rhamnose ratio; n,
number of participants; n.s, not statistically significant; NASH, nonalcoholic steatohepatitis; NSAIDs, nonsteroidal anti-inflammatory drugs; PHGG, partially hydrolyzed guar gum; PPI, proton pump

inhibitor; SMD, standardised mean difference; T2D, type 2 diabetes; UC, ulcerative colitis.
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6.1.9.2.2.5RISK OF BIAS ASSESSMENT
The following are the results from a risk of bias assessment (Table 6.10, Table 6.11 and Table 6.12). A summary of the results is

found in the IP Guideline (Section 8.12).

Table 6.10 Risk of bias assessment in randomised trials

Bonfrate, 20203%4 Some Low High High Low High
de Roos, 20173% Low Low Low Low Low Low
Del Piano, 20143'° Low Low Low Low Low Low
Depommier, 20192%2 Some Low High High Some High
Ferolla, 201638 High High Some Low Low High
Ganda Mall, 2020%2° Some Low Low Low Low Some
Garcia Vilela, 20082%7 Low Low Low Some Some Some
Gotteland, 2001322 Some High Low Low High High
Horvath, 201937 Some Low High High High High
Kim, 200630 Low Low Low Low Low Low
Kwak, 2014293 Low Low Low Low Some Some
Leber, 2012298 Some Some High High Some High
Lee, 20143% Low High Low Low Low High
Macnaughtan, 20203 Low Low High Low Low High
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Mokkala, 20182%° Low Low Low High Low High
Mujagic, 2017321 Low Low Low Low Low Low
Mdller, 2020312 Low Low Low Low Low Low
Palacios, 2020%°' Low Low High High High High
Praznikar, 2020392 Some Some Low Low Some Some
Salden, 20183%%° Low Low Low Low Low Low
Stadlbauer, 20152 Some Some High High Some High
Stenman, 2016313 Some Low High High Low High
Szulinska, 201837 Low Low Low High Low High
Wegh, 20198 Some High Low Some Low High
Wilms, 2019310 Low Some High Low Low High
Wilms, 201634 Some Low Low Low Low Some
Zeng, 2008308 Low Some Low Low Low Some
Percentages

Low risk 55.6% 70.4% 63% 59.3% 66.9% 22.2%
Some concerns 40.7% 14.8% 3.7% 7.4% 22.6% 22.2%
High risk 3.7% 14.8% 33.3% 33.3% 10.5% 55.6%

Abbreviations: Low = low risk of bias; Some = some concerns for risk of bias; High = high risk of bias.
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Table 6.11 Risk of bias in systematic reviews assessment

Moludi, 2020%%° Low Unclear High High High
Ramezani

Ahmadi, Low Low Low Low Low
20203

Abbreviations: Low = low risk; High = high risk; Unclear = unclear risk.

Table 6.12 Risk of bias in hon-randomised studies

Horvath, 202036 Moderate Serious Low Low Serious Moderate Serious Serious

Leblhuber, 20182% Moderate Moderate Low Low Low Moderate Low Moderate
Moser, 201931 Moderate Low Low Low Low Moderate Low Moderate
Ried, 20203" Moderate Moderate Moderate Low Moderate Moderate Moderate ~ Moderate

Abbreviations: Low = low risk of bias; Moderate = moderate risk of bias; Serious = serious risk of bias; critical = Critical risk of bias.

261



6.1.9.2.3 NHMRC EVIDENCE STATEMENT

The following are the results from completing the NHMRC Evidence Statement
(Table 6.13). Individual grade for each of the five domains are provided along
with the overall grade for the evidence-based recommendation. Furthermore,

consensus-based recommendations are listed below (Table 6.14).

Table 6.13 Summary of the NHMRC evidence statement for evidence-based
recommendations: Probiotic, prebiotic and synbiotic

Recommendations Grade

Probiotic

Recommendation 2.1: There is insufficient evidence to form a
recommendation on the use of probiotics as a collective group for the Grade: D
treatment of people with intestinal permeability.

Evidence base — number of studies, level of evidence, risk of bias in

the included studies P
Consistency — between studies if more than one study D
Clinical impact — of the intervention, diagnosis, prognosis,
aetiology, screening ¢
Generalisability — how well the body of evidence matches the
population and clinical setting ¢
Applicability — relevance to Australian health care context in terms
of services, delivery and cultural factors c
Recommendation 2.2: Clinicians may consider using Saccharomyces
boulardii supplementation in the treatment of people with intestinal Grade: C
permeability.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies ¢
Consistency — between studies if more than one study N/A
Clinical impact — of the intervention, diagnosis, prognosis, B
aetiology, screening
Generalisability — how well the body of evidence matches the c
population and clinical setting
Applicability — relevance to Australian health care context in terms B

of services, delivery and cultural factors




Recommendation 2.3: Clinicians may consider the use of effective

probiotics for a period of 3 months when treating people with intestinal Grade: C
permeability.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies A
Consistency — between studies if more than one study N/A
Clinical impact — of the intervention, diagnosis, prognosis, B
aetiology, screening
Generalisability — how well the body of evidence matches the A
population and clinical setting
Applicability — relevance to Australian health care context in terms B
of services, delivery and cultural factors
Probiotic drinks
Recommendation 2.6: People with intestinal permeability should consider Grade: B
the consumption of fermented milk products such as kefir.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies ¢
Consistency — between studies if more than one study A
Clinical impact — of the intervention, diagnosis, prognosis, B
aetiology, screening
Generalisability — how well the body of evidence matches the B
population and clinical setting
Applicability — relevance to Australian health care context in terms A
of services, delivery and cultural factors
Recommendation 2.7: People with intestinal permeability may consider Grade: C
NOT consuming Yakult light®.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies P
Consistency — between studies if more than one study A
Clinical impact — of the intervention, diagnosis, prognosis,
aetiology, screening ¢
Generalisability — how well the body of evidence matches the B
population and clinical setting
Applicability — relevance to Australian health care context in terms A
of services, delivery and cultural factors
Prebiotic
Recommendation 2.8: There is insufficient evidence to form a
recommendation on the use of prebiotics as a collective group for the Grade: D

treatment of people with intestinal permeability.
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Evidence base — number of studies, level of evidence, risk of bias in

the included studies P
Consistency — between studies if more than one study D
Clinical impact — of the intervention, diagnosis, prognosis,
aetiology, screening ¢
Generalisability — how well the body of evidence matches the
population and clinical setting ¢
Applicability — relevance to Australian health care context in terms
of services, delivery and cultural factors c
Synbiotic
Recommendation 2.12: Clinicians may consider the use of effective Grade: C
synbiotic in the treatment of people with intestinal permeability.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies P
Consistency — between studies if more than one study B
Clinical impact — of the intervention, diagnosis, prognosis,
aetiology, screening ¢
Generalisability — how well the body of evidence matches the B
population and clinical setting
Applicability — relevance to Australian health care context in terms B
of services, delivery and cultural factors
Recommendation 2.13: Clinicians may consider the use of effective
synbiotic for a period of 3 months when treating people with intestinal Grade: C
permeability.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies A
Consistency — between studies if more than one study N/A
Clinical impact — of the intervention, diagnosis, prognosis, B
aetiology, screening
Generalisability — how well the body of evidence matches the A
population and clinical setting
Applicability — relevance to Australian health care context in terms B
of services, delivery and cultural factors
Recommendation 2.14: Clinicians may consider NOT using polydextrose
and Bifidobacterium animalis ssp. lactis 420 in the treatment of people with Grade: C
intestinal permeability.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies P
Consistency — between studies if more than one study B
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Clinical impact — of the intervention, diagnosis, prognosis,

aetiology, screening ¢
Generalisability — how well the body of evidence matches the
population and clinical setting ¢
Applicability — relevance to Australian health care context in terms
of services, delivery and cultural factors c
NSAID induced intestinal permeability
Recommendation 2.16: Clinicians should consider NOT using probiotics for
the treatment of people with nonsteroidal anti-inflammatory drug induced Grade: C
intestinal permeability.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies ¢
Consistency — between studies if more than one study A
Clinical impact — of the intervention, diagnosis, prognosis, B
aetiology, screening
Generalisability — how well the body of evidence matches the B
population and clinical setting
Applicability — relevance to Australian health care context in terms A
of services, delivery and cultural factors
Recommendation 2.17: Clinicians should consider NOT using prebiotics for
the treatment of people with nonsteroidal anti-inflammatory drug induced Grade: C
intestinal permeability.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies ¢
Consistency — between studies if more than one study N/A
Clinical impact — of the intervention, diagnosis, prognosis, B
aetiology, screening
Generalisability — how well the body of evidence matches the B
population and clinical setting
Applicability — relevance to Australian health care context in terms A
of services, delivery and cultural factors
Recommendation 2.18: Clinicians should consider NOT using synbiotics for
the treatment of people with nonsteroidal anti-inflammatory drug induced Grade: C
intestinal permeability.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies ¢
Consistency — between studies if more than one study N/A
Clinical impact — of the intervention, diagnosis, prognosis, B

aetiology, screening
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Generalisability — how well the body of evidence matches the
population and clinical setting
Applicability — relevance to Australian health care context in terms

of services, delivery and cultural factors

Table 6.14 Summary of consensus-based recommendations and practice points:
Dietary recommendations

No. Recommendation

24 Clinicians may consider researching probiotic strains for their effectiveness
before using them to treat people with intestinal permeability.
Clinicians may consider the use of probiotics which are supported by pre-

25 clinical research in conjunction with other treatment interventions for the
management people with intestinal permeability.

29 Clinicians may consider researching prebiotic for their effectiveness before
using them in the treatment of people with intestinal permeability.
Clinicians may consider the use of prebiotic which are supported by pre-clinical

210 research in conjunction with other treatment interventions for the management
people with intestinal permeability.

211 Clinicians may consider NOT using polydextrose in the treatment of people with
intestinal permeability.
Clinicians may consider the use of synbiotic which are supported by pre-clinical

215 research in conjunction with other treatment interventions for the management

people with intestinal permeability.
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6.1.9.3 AMINO ACID SUPPLEMENTATION

6.1.9.3.1 CLINICAL QUESTIONS

Clinical Question 5: In Australian adults with increased intestinal permeability, what
are the benefits of oral amino acid supplementation for the treatment of increased
intestinal permeability?

Clinical Question 6: In Australian adults with increased intestinal permeability, what
are the harms, cautions and contraindications for oral amino acid supplementation

use?

6.1.9.3.2 EVIDENCE SUMMARY AND OVERALL QUALITY OF EVIDENCE

6.1.9.3.2.1GLUTAMINE

There is a limited number (n = 3) of studies exploring the effects of glutamine on
altered IP (Table 6.15).192:311.323 Two RCT'92323 and one non-randomised clinical
trial®"" met the inclusion criteria and were included. The included studies
assessed the effect of glutamine on intestinal integrity for between two and three
months. Participants involved in the articles were diagnosed with IBS-D (n = 1),
Crohn’s disease in remission (n = 1)322 or had a functional gastrointestinal
disorder (n = 1).3" The dosage of glutamine varied between 2.5g to 15g per day,

with one study using 0.5g/kg of glutamine of ideal body weight per day.'92311.323

The use of glutamine supplementation in people with IP resulted in consistently
beneficial effects on intestinal integrity. A randomised, placebo-controlled,
double-blind trial used 5g of glutamine three times daily in people with IBS-D."°2
After two months, IP had a significant decrease compared to baseline (0.11+£0.03
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vs. 0.04%0.01; p<0.0001)."°2 Furthermore, in people taking the glutamine
supplement, there was a significant correlation between irritable bowel syndrome
severity and improvement of IP (=0.72; p<0.001)."9? Another RCT investigated
the effect of 0.5g/kg of glutamine on ideal body weight per day in Crohn’s disease
patients in remission.3?3 The two-month study found both the glutamine and
control group (whey protein) significantly improved IP.32® Specifically, glutamine
supplementation reduced the median value of LMR from 0.071 (0.041-0.254,
range) to 0.029 (0.006-0.090, range) after two months, and whey protein also
reduced the median value of LMR from 0.067 (0.040-0.136, range) to 0.033
(0.009-0.077, range) in the same period.3?3 No significant difference was found
between the glutamine group and whey protein group after two months (0.029
vs. 0.033; p>0.05).32® An Australian based study of patients with a functional
gastrointestinal disorder explored the effects of 2.5g of glutamine in combination
with prebiotics, other intestinal supportive herbal medicine, and nutrients on IP.3"
This study found a significant decrease between baseline and 12 weeks in LMR

(0.04£0.004 vs. 0.03+0.001; p<0.0001).3™

6.1.9.3.2.2LACTOFERRIN

One article investigated the effects of lactoferrin on NSAID induced intestinal
integrity. This RCT induced IP in healthy, non-smoking males consuming 75mg
NSAID 9 hours prior and 50mg one hour before undertaking the dual sugar test.
The intervention involved participants consuming 5g of recombinant human
lactoferrin three times (24, 9 and 1 hour before the dual sugar test). Lactoferrin
supplementation was found to significantly decrease NSAID-induced IP

compared to NSAIDs and placebo (0.028 vs. 0.036; p<0.05).
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Table 6.15 Evidence summary table for clinical trials

Zhou,
2019192

Randomised,
placebo
controlled,
double-blind trial;
Il

USA;
university
research

centre

n=115(n =106
analysed)
Intervention: n = 54;
32.419.5 years; 68%
female; IBS-D (Rome
1l criteria) patients
with IP

Control: n = 52;
30.9+7.1 years; 71%
female; IBS-D (Rome
Il criteria) patients
with IP

Intervention: 5g of glutamine 3x/day, 2
months.

Control: placebo containing 5g of whey
protein 3x/day, 2 months.

LMR at 2

months

LMR: significant
decrease in mean per-
post change in
intervention compared
to control at 8 weeks (-
0.06+0.03 vs. -
0.0004+0.03;
p<0.0001).

LMR: significant
decrease between
baseline and 2 months
(0.11£0.03 vs.
0.04+0.01; p<0.0001).
Intervention group:
IBS-SS correlates with




improvement of LMR
(r=0.72; p<0.001).

Benjamin, Randomised, India; n=30(n=28 Intervention: 0.5g/kg of glutamine of LMR at 2 LMR: n.s between
201233 controlled, open-  university analysed) ideal body weight/day, 2 months. months intervention and
label trial; Il research Intervention: n = 14;  Control: 0.5g/kg of whey protein of ideal control after 2 months
centre 35.1£10.8 years; body weight/day, 2 months. (0.029 vs. 0.033;
33% female; Crohn’s p>0.05).
disease patients in LMR: significant
remission. difference between
Control: n = 14; baseline and 2 months
33.9+10.4 years; in the intervention
33% female; Crohn’s group (0.071 vs.
disease patients in 0.029; p=0.001).
remission. LMR: significant
difference between
baseline and 2 months
in the control group
(0.067 vs. 0.033;
p=0.006).
Ried, Non-randomised  Australia; n=50(n=42 Intervention: curcumin 6.38mg, LMR at 3 LMR: significantly
20203 clinical trial; 11I-3  outpatient analysed); mean age glutamine 2.5g, quercetin 200mg, months decreased between
clinic of 50 years; 76% glucosamine 415mg, aloe vera 2.5mg, baseline and 3 months

female; moderate

slippery elm 500mg, guar gum 100mg,
pectin 100mg, peppermint oil 3mg,

(0.04+0.004 vs.
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gastrointestinal dibasic sodium diphosphate 260mg 0.03+0.001;
problems (Nutrition Care Gut Relief Formula) p<0.0001).
5g/day for 4 weeks followed by 10g/day
for 4 weeks followed by either 5g (30%)
or 10g (65%) per day.
Lactoferrin
Troost, Randomised, Netherlands; n=15;23.912.2 Intervention: 5g recombinant human LRR at 1 LRR: significantly
200334 placebo hospital years; 100% male; lactoferrin three times (24, 9 and 1 hour day decrease between
controlled, healthy non-smoking  before the LRR) and NSAIDs. NSAIDs and
double-blind, males. Control: placebo drink three times (24, intervention compared

cross-over trial;
Il

9 and 1 hour before the LRR) and
NSAIDs.

Wash-out: 2 weeks

NSAIDs: 75mg 9h prior and 50mg 1h
prior to LRR

to NSAIDs and
placebo (0.028 vs.
0.036; p<0.05).

Abbreviations: IBS-D, diarrhoea-predominant irritable bowel syndrome; IBS-SS, irritable bowel syndrome severity scoring system; IP, increased intestinal permeability; LMR, lactulose/mannitol
ratio; LRR, lactulose/rhamnose ratio; n, number of participants; n.s, not statistically significant; NSAIDs, nonsteroidal anti-inflammatory drugs.

6.1.9.3.2.3RISK OF BIAS ASSESSMENT

The following are the results from a risk of bias assessment (Table 6.16 and Table 6.17). A summary of the results is found in the IP

Guideline (Section 8.13).
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Table 6.16 Risk of bias assessment in randomised trials

Zhou, 201992 Low Low Low Low Low Low
Benjamin,

20123 Low Low Low Low Low Low
Troost, 2003524 Low Low Low Low Low Low

Low risk 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Some concerns 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
High risk 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Abbreviations: Low = low risk of bias; Some = some concerns for risk of bias; High = high risk of bias.

Table 6.17 Risk of bias in hon-randomised studies

Ried, 2020%" Moderate Moderate Moderate Low Moderate Moderate Moderate Moderate

Abbreviations: Low = low risk of bias; Moderate = moderate risk of bias.
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6.1.9.3.3 NHMRC EVIDENCE STATEMENT
The following are the results from completing the NHMRC Evidence Statement

(Table 6.18). Individual grade for each of the five domains are provided along
with the overall grade for the evidence-based recommendation. Furthermore,

consensus-based recommendations are listed below (Table 6.19).

Table 6.18 Summary of the NHMRC evidence statement for evidence-based
recommendations: Amino Acid

Recommendations Grade

Glutamine

Recommendation 3.1: Clinicians should offer glutamine supplementation for Grade: B
the treatment of people with intestinal permeability.

Evidence base — number of studies, level of evidence, risk of bias in

the included studies

Consistency — between studies if more than one study B

Clinical impact — of the intervention, diagnosis, prognosis,

aetiology, screening

Generalisability — how well the body of evidence matches the

population and clinical setting

Applicability — relevance to Australian health care context in terms

of services, delivery and cultural factors

NSAID induced intestinal permeability

Recommendation 3.3: Clinicians should consider the use of short-term
lactoferrin supplementation for the treatment of people with nonsteroidal anti- Grade: B
inflammatory drug induced intestinal permeability.
Evidence base — number of studies, level of evidence, risk of bias in
the included studies
Consistency — between studies if more than one study N/A
Clinical impact — of the intervention, diagnosis, prognosis,
aetiology, screening
Generalisability — how well the body of evidence matches the
population and clinical setting
Applicability — relevance to Australian health care context in terms

of services, delivery and cultural factors




Table 6.19 Summary of consensus-based recommendations and practice points:
Amino Acid

Clinicians may consider the use of glutamine supplementation in conjunction

3.2 with other treatment interventions for the management people with intestinal
permeability.
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6.1.9.4 PLANT-BASED MEDICINE SUPPLEMENTATION

6.1.9.4.1 CLINICAL QUESTIONS

Clinical Question 7: In Australian adults with increased intestinal permeability, what
are the benefits of oral plant-based medicine supplementation for the treatment of
increased intestinal permeability?

Clinical Question 8: In Australian adults with increased intestinal permeability, what

are the harms, cautions and contraindications for oral plant-based medicines use?

6.1.9.4.2 EVIDENCE SUMMARY AND OVERALL QUALITY OF EVIDENCE

6.1.9.4.2.1PLANT-BASED MEDICINE

There is a limited number (n = 5) of studies exploring the effects of plant-based
medicine supplementation on altered IP (Table 6.20).300:303311325326 Fqyr
RCTs300.303.325.326 gnd one non-randomised clinical trial®'" were identified and
included. The included studies assessed the effects of herbal medicine for
between three and 12 weeks. Participants involved in the included studies were
overweight (n = 2),30332% had a functional gastrointestinal disorder (n = 2)3%0:3'1 or
were healthy adults (n = 1).3%6 All studies used a diverse range of plant-based

medicines, with no studies using a similar combination of herbal medicines.

The use of plant-based medicines in people with IP resulted in mixed outcomes
with three out of the five studies reporting no significant effect. Of the two studies
that found a potential positive impact of plant-based therapies, one study used
pomegranate extract’?® and the other used a combination of gastrointestinal
supporting herbs and amino acids.3!" Firstly, a randomised, placebo-controlled,
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double-blind, crossover trial assessed the effect of two dosages of the
pomegranate extract (450mg and 1.8g) in overweight and obese adults.3?5 After
three weeks, only the higher dosage of pomegranate extract significantly reduced
lipopolysaccharide-binding protein compared to placebo (p<0.001).325 The other
study reporting a beneficial effect of a plant-based therapy was an Australian
based study that explored the effects of a mix of herbal medicines (aloe vera
2.5mg, slippery elm 500mg, guar gum 100mg, pectin 100mg and peppermint oil
3mg) and amino acids in patients with a functional gastrointestinal disorder.3"!
This study found a significant decrease between baseline and 12 weeks in
lactulose/mannitol ratio (0.04+0.004 vs 0.03+0.001; p<0.0001).3"" Considering
the three studies that report no significant effect of plant-based medicines on IP,
a randomised, placebo-controlled, double-blind trial investigated the effects of a
multi-herbal formula, with aloe vera as the main ingredient in healthy adults.326
After eight weeks there were no significant difference in serum zonulin between
placebo and the intervention group.3?® Similar results were seen in randomised,
placebo controlled, double-blind trial of patients with a functional gastrointestinal
disorder.3%° The supplementation containing 820mg of barley grass and oat grass
juice over a 12 week period was found to have no significant effect on
lactulose/mannitol ratio between baseline and 12 weeks (p>0.05).3% The last
study used a randomised, placebo-controlled, double-blind study design to
explore the effects of a traditional Japanese formula known as Bofutsushosan.303
The study found no significant effect between baseline and five week in

lactulose/mannitol ratio (2.7+1.9 vs 2.2+1.5; p=0.391).3%3
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Table 6.20 Evidence summary table for clinical trials

Bloomer, 2020326

Randomised,
placebo
controlled,
double-blind
trial; I

USA;
research

centre

n=75

Intervention 1: n = 15;
26.915.4 years; healthy
adults.

Intervention 2: n = 15;
26.315.7 years; healthy
adults.

Intervention 3: n = 15;
30.2+11.4 years; healthy
adults.

Intervention 4: n = 15;
28.117.4 years; healthy
adults.

Control: n = 15;
29.5+£11.6 years; healthy
adults.

Intervention 1: 2g of Advanced
Ambrotose® containing aloe
vera extract inner leaf gel
(containing acemannan),
arabinogalactan, ghatti gum,
glucosamine HCL, gum
tragacanth, vitamin A, beta
carotene, wakame algae
extract, and rice starch 1x/day,
8 weeks.

Intervention 2: 4g Advanced
Ambrotose® containing of aloe
vera extract inner leaf gel
(containing acemannan),
arabinogalactan, ghatti gum,
glucosamine HCL, gum
tragacanth, vitamin A, beta

carotene, wakame algae

Serum zonulin
at4and 8

weeks

Serum zonulin: n.s
difference between
placebo and any
intervention group.
Serum zonulin:
significantly increased
between baseline and
4 weeks in intervention
4 group (p=0.04),
returned to baseline
levels at 8 weeks.




extract, and rice starch 1x/day,
8 weeks.

Intervention 3: 4g of
Ambrotose LIFE® containing
aloe vera extract inner leaf gel
(containing acemannan),
arabinogalactan, ghatti gum,
glucosamine HCL, gum
tragacanth, vitamin A, beta
carotene, wakame algae
extract, rice starch, RiFiber
(rice bran) and modified citrus
pectin with sodium Alginate
1x/day, 8 weeks.

Intervention 4: 2g Ambrotose
LIFE® containing of aloe vera
extract inner leaf gel
(containing acemannan),
arabinogalactan, ghatti gum,
glucosamine HCL, gum
tragacanth, vitamin A, beta
carotene, wakame algae
extract, rice starch, RiFiber

(rice bran) and modified citrus
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pectin with sodium Alginate
1x/day, 8 weeks.
Control: placebo containing

maltodextrin 1x/day, 8 weeks.

Kim, 2006°%°

Randomised,
placebo
controlled,
double-blind

trial; 1l

America;
research

centre

n=72

Intervention 1: n =12;
46.8+13.9 years; 67%
female; functional
gastrointestinal disorder
Intervention 2: n = 12;
48.6+18.1 years; 75%
female; functional
gastrointestinal disorder
Intervention 3: n = 12;
41.1+12.5 years; 75%
female; functional
gastrointestinal disorder
Intervention 4: n = 12;
43.8+13.6 years; 75%
female; functional
gastrointestinal disorder
Intervention 5: n = 12;
47.4+17.3 years; 67%

LMR at 12

weeks

Intervention 1: L. acidophilus,
Bifidobacterium bifidum,
Bacillus subtilis, L. bulgaricus,
L. lactis, and Bacillus
lichenformis (5 x 10’ CFU),
820mg of barley grass and oat
grass juice and 180 mg of ionic
plant-based minerals.
Intervention 2: L. acidophilus,
Bifidobacterium bifidum, L.
bulgaricus, L. lactis, L. brevis,
L. caucasicus, L. fermenti, L.
leichmannii, L. caseii, L.
plantarum, L. helveticus, and
Saccharomyces boulardii (5 x
107 CFU), 820mg of barley
grass and oat grass juice and
180 mg of ionic plant-based

minerals.

LMR: n.s difference
between baseline and
12 weeks in
intervention groups
(p>0.05). Mean
change at 12 weeks
for plant-based group
0.00+0.05.
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female; functional
gastrointestinal disorder
Control: n =12;
41.5+15.8 years; 67%
female; functional

gastrointestinal disorder

Intervention 3: L. acidophilus,
Bifidobacterium bifidum,
Bacillus subtilis, L. bulgaricus,
L. lactis, and Bacillus
lichenformis (5 x 10" CFU).
Intervention 4: 820mg of barley
grass and oat grass juice and
180 mg of ionic plant-based
minerals.

Intervention 5: Bacillus
coagulans, Saccharomyces
boulardii, Bacillus subtilis, L.
salivarius, and L. plantarum (5
x 107 CFU), Lentinula
edodes, Grifola frondosa,
Agaricus Blazei Murrill,
Trametes versicolor, Chlorella
Pyrensoida, Ptilota plumosa,
Spirulina maxima, and
Aphanizomenon flos-aquae.
Control: Inert ingredients
Stepwise dosage: week 1:
1x/day, week 2: 3x/day, week
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3: 6x/day, week 4: 9x/day,
week 5 for 8 weeks: 12x/day.

Lee, 2014303

Randomised,
placebo
controlled,
double-blind

trial; 1l

Republic of
Korea;
outpatient

clinic

n=250

Intervention: n = 25; 19-
65 years; overweight
females (BMI 28.3+1.3
kg/m?)

Control: n = 25; 19-65
years; overweight
females (BMI 28.5+1.7
kg/m?)

Intervention:

Bofutsushosan containing 3g
of Scutellaria baicalensis,
Glycyrrhiza uralensis,
Platycodon grandiflorum,
Gypsum Fibrosum,
Atractylodes japonica, Rheum
palmatum, Schizonepeta
tenuifolia, Gardenia
Jasminoides, Paeonia lactiflora,
Cnidium officinale, Angelica
acutiloba, Mentha arvensis,
Ledebouriella seseloides,
Ephedra sinica, Forsythia
suspensa, Zingiber officinale,
Talcum Crystallinum, Natrii
Sulfas and probiotic containing
Streptococcus thermophiles
(KCTC 11870BP), L. plantarum
(KCTC 10782BP), L.
acidophilus (KCTC11906BP),
L. rhamnosus (KCTC

LMR at 5

weeks

LMR: n.s difference
between baseline and
5 weeks in intervention
groups (2.7£1.9 vs.
2.2+1.5; p=0.391) or
the control group
(2.8£1.9 vs. 3.412.5;
p=0.555).
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12202BP), Bifidobacterium
lactis (KCTC 11904BP),
Bifidobacterium longum (KCTC
12200BP), and Bifidobacterium
breve (KCTC 12201BP)
(Duolac 7) 5x107 CFU, 2x/day,
8 weeks

Control: Bofutsushosan (3g)
and placebo, 2x/day, 8 weeks

Gonzalez-
Sarrias, 201832

Randomised,
placebo
controlled,
double-blind,
crossover ftrial;
Il

n=50(n=49
analysed)

Overweight group: n =
29; 43.7+3.4 years; 31%
female; healthy
overweight adults (BMI
28.5+1.1 kg/m?)
Obese group: n = 20;
48.617 .4 years; 40%
female; healthy
overweight adults (BMI
33.2+3.3 kg/m?)

LBP before

and after each

Study arm 1: 450mg of
pomegranate extract 1x/day, 3
weeks; 3 weeks washout; 3-week study
placebo 1x/day, 3 weeks; 3 period.
weeks washout; 450mg of

pomegranate extract 4x/day, 3

weeks; 3 weeks washout;

placebo 4x/day, 3 weeks.

Study arm 2: placebo 1x/day, 3

weeks; 3 weeks washout;

450mg of pomegranate extract

1x/day, 3 weeks; 3 weeks

washout; placebo 4x/day, 3

weeks; 3 weeks washout;

LBP: significant
decrease between
placebo and
pomegranate extract
taken 4x/day
(p<0.001).
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450mg of pomegranate extract
4x/day, 3 weeks.

Ried, 20203" Non- Australia; n =50 (n =42 analysed); Intervention: curcumin 6.38mg, LMR at 12 LMR: significantly
randomised outpatient mean age of 50 years; glutamine 2.5g, quercetin weeks decreased between
clinical trial; Ill-  clinic 76% female; moderate 200mg, glucosamine 415mg, baseline and 12 weeks
3 gastrointestinal problems aloe vera 2.5mg, slippery elm (0.04+0.004 vs.

500mg, guar gum 100mg, 0.03+0.001;
pectin 100mg, peppermint oil p<0.0001).

3mg, dibasic sodium
diphosphate 260mg (Nutrition
Care Gut Relief Formula)
5g/day for 4 weeks followed by
10g/day for 4 weeks followed
by either 5g (30%) or 10g
(65%) per day.

Abbreviations: BMI, body mass index; CFU, colony forming units; L, Lactobacillus; LMR, lactulose/mannitol ratio; LBP, lipopolysaccharide-binding protein; n, number of participants; n.s, not
statistically significant.

6.1.9.4.2.2RISK OF BIAS ASSESSMENT
The following are the results from a risk of bias assessment (Table 6.21 and Table 6.22). A summary of the results is found in the IP

Guideline (Section 8.14).
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Table 6.21 Risk of bias assessment in randomised trials

Bloomer, 2020326 Some High High Low Low High
Gonzalez-Sarrias, 20183%2° Some Low Low High High High
Kim, 20063 Low Low Low Low Low Low
Lee, 20143% Low High Low Low Low High
Low risk 50.0% 50.0% 75.0% 75.0% 75.0% 25.0%
Some concerns 50.0% 0.0% 0.0% 0.0% 0.0% 0.0%
High risk 0.0% 50.0% 25.0% 25.0% 25.0% 75.0%

Abbreviations: Low = low risk of bias; Some = some concerns for risk of bias; High = high risk of bias.

Table 6.22 Risk of bias in hon-randomised studies

Ried, 2020%" Moderate Moderate Moderate Low Moderate Moderate Moderate Moderate

Abbreviations: Low = low risk of bias; Moderate = moderate risk of bias.
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6.1.9.4.3 NHMRC EVIDENCE STATEMENT

The following are the results from completing the NHMRC Evidence Statement
(Table 6.23). Individual grade for each of the five domains are provided along
with the overall grade for the evidence-based recommendation. Furthermore,

consensus-based recommendations are listed below (Table 6.24).

Table 6.23 Summary of the NHMRC evidence statement for evidence-based
recommendations: Plant-based medicine supplementation

Recommendation Grade

Recommendation 4.1: There is insufficient evidence to form a
recommendation on the use of plant-based medicines as a collective group Grade: D
for the treatment of people with intestinal permeability.

Evidence base — number of studies, level of evidence, risk of bias in

the included studies P
Consistency — between studies if more than one study C
Clinical impact — of the intervention, diagnosis, prognosis, b
aetiology, screening

Generalisability — how well the body of evidence matches the

population and clinical setting ¢
Applicability — relevance to Australian health care context in terms B

of services, delivery and cultural factors

Table 6.24 Summary of consensus-based recommendations and practice points: Plant-
based medicine supplementation

NO Recommendation

Clinicians may consider the use of plant-based medicines which are supported
4.2 by pre-clinical research in conjunction with other treatment interventions for the

management people with intestinal permeability.




6.1.9.5 ESSENTIAL FATTY ACID SUPPLEMENTATION

6.1.9.5.1 CLINICAL QUESTIONS

Clinical Question 9: In Australian adults with increased intestinal permeability, what
are the benefits of oral essential fatty acid supplementation for the treatment of
increased intestinal permeability?

Clinical Question 10: In Australian adults with increased intestinal permeability,

what are the harms, cautions and contraindications for oral essential fatty acid use?

6.1.9.5.2 EVIDENCE SUMMARY AND OVERALL QUALITY OF EVIDENCE

6.1.9.5.2.1ESSENTIAL FATTY ACID

There is a limited number (n = 1)?° of studies exploring the effects of essential
fatty acid supplementation on altered IP (Table 6.25). This randomised, double-
blind placebo-controlled trial assessed the effects of four study arms: omega-3,
probiotic, omega-3 and probiotic or placebo over 21 weeks in pregnant women.2%°
The omega-3 supplement contained 2g of omega-3 (79.6% DHA and 9.7% EPA)
twice daily. The study found no significant effect in serum zonulin between early
and late pregnancy with omega-3 supplementation (mean change:
+5.2+11.2ng/ml; 95%CI +2.0, +8.5; p>0.05). Furthermore, LPS had no significant
change between early and late pregnancy with omega-3 supplementation (mean

change: +0.06+0.11EU/ml; 95%Cl +0.023, +0.088; p>0.05).
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Table 6.25 Evidence summary table for clinical trials

Mokkala, 20182%°

Randomised,
placebo
controlled,
double-blind
trial; Il

Finland;
outpatient
clinic

n =200 (n=199
analysed)
Intervention 1: n = 51;
30.5%4.9 years;
overweight and obese
pregnant woman (BMI
30.315.1 kg/m?)
Intervention 2: n = 49;
30.745.5 years;
overweight and obese
pregnant woman (BMI
30.3+4.4 kg/m?)
Intervention 3: n = 49;
30.145.3 years;
overweight and obese
pregnant woman (BMI
30.0+4.1 kg/m?)

Intervention 1: B420 10"° CFU
and L. rhamnosus HNOO1 10'°
CFU 1x/day, 21.81+2.6 weeks
Intervention 2: 1.2g of omega 3
consisting of 79.6% DHA and
9.7% EPA 2x/day, 21.54+2.5
weeks

Intervention 3: B420 10"° CFU
and L. rhamnosus HNOO1 10'°
CFU 1x/day and 1.2g of omega
3 consisting of 79.6% DHA and
9.7% EPA 2x/day, 21.31+2.5
weeks

Control: placebo containing
microcrystalline cellulose
1x/day and capric acid and

Serum zonulin
at late
pregnancy, 21

weeks

LPS at late
pregnancy, 21
weeks

Serum zonulin: n.s
difference between
early and late
pregnancy with omega
3 (mean change:
+5.2+11.2ng/ml;
95%Cl +2.0, +8.5;
p>0.05)

LPS: n.s difference
between early and late
pregnancy with omega
3 (mean change:
+0.0610.11EU/m;
95%ClI +0.023, +0.088;
p>0.05).




Control: n = 51; 30.2+3.9 caprylic 2x/day, 21.3+2.3
years; overweight and weeks

obese pregnant woman

(BMI 29.8+4.5 kg/m?)

Abbreviations: B420, Bifidobacterium animalis ssp. lactis 420; BMI, body mass index; CFU, colony forming units; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; L, Lactobacillus; LPS,
lipopolysaccharide; n, number of participants; n.s, not statistically significant.

6.1.9.5.2.2RISK OF BIAS ASSESSMENT
The following are the results from a risk of bias assessment (Table 6.26). A summary of the results is found in the IP Guideline

(Section 8.15).

Table 6.26 Risk of bias assessment in randomised trials

Mokkala, 20182%° Low Low Low High Low High
Percentages
Low risk 100.0% 100.0% 100.0% 0.0% 100.0% 0.0%
Some concerns 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
High risk 0.0% 0.0% 0.0% 100.0% 0.0% 100.0%

Abbreviations: Low = low risk of bias; High = high risk of bias.
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6.1.9.56.3 NHMRC EVIDENCE STATEMENT

The following are the results from completing the NHMRC Evidence Statement
(Table 6.27). Individual grade for each of the five domains are provided along

with the overall grade for the evidence-based recommendation.

Table 6.27 Summary of the NHMRC evidence statement for evidence-based
recommendations: Essential fatty acid supplementation

Recommendation Grade

Recommendation 4.1: There is insufficient evidence to form a
recommendation on the use of essential fatty acid supplementation for the Grade: D
treatment of people with intestinal permeability.

Evidence base — number of studies, level of evidence, risk of bias in

the included studies P
Consistency — between studies if more than one study N/A
Clinical impact — of the intervention, diagnosis, prognosis, b
aetiology, screening

Generalisability — how well the body of evidence matches the

population and clinical setting ¢
Applicability — relevance to Australian health care context in terms c

of services, delivery and cultural factors




6.1.9.6 MINERAL SUPPLEMENTATION

6.1.9.6.1 CLINICAL QUESTIONS

Clinical Question 11: In Australian adults with increased intestinal permeability,
what are the benefits of oral mineral supplementation for the treatment of increased
intestinal permeability?

Clinical Question 12: In Australian adults with increased intestinal permeability,
what are the harms, cautions and contraindications for oral mineral

supplementation use?

6.1.9.6.2 EVIDENCE SUMMARY AND OVERALL QUALITY OF EVIDENCE

6.1.9.6.2.1MINERAL

After systematically searching the literature, only one non-randomised clinical
trial met the inclusion criteria and was included (Table 6.28).327 This study
explored the effects of zinc supplementation in 12 Crohn’s disease patients in
remission with a lactulose mannitol ratio >0.035. The study involved zinc
supplementation containing 25mg of elemental zinc three times daily for eight
weeks. After the study period, there was a significant decrease in |IP from baseline
to eight weeks (0.0411£0.003 vs. 0.026+0.005; p= 0.0028). Furthermore, at the
end of the eight weeks, the lactulose mannitol ratio normalised in 75% of

participants.
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Table 6.28 Evidence summary table for clinical trials

Sturniolo, 2001327 Non- Italy, n=12; 33.0+11.0 years; Intervention: zinc sulfate LMR at 8 LMR: Significantly
randomised outpatient 33% female; Crohn’s containing 25mg of elemental weeks decreased from
clinical trial; 1ll-  clinic disease patients in zinc taken 3x/day, 8 weeks. baseline to 8 weeks
2 remission with IP (0.041+0.003 vs.

0.026+0.005; p=
0.0028).

Abbreviations: IP, increased intestinal permeability; LMR, lactulose mannitol ratio; n, number of participants.



6.1.9.6.2.2RISK OF BIAS ASSESSMENT
The following are the results from a risk of bias assessment (Table 6.29). A summary of the results is found in the IP Guideline

(Section 8.16).

Table 6.29 Risk of bias in hon-randomised studies

Sturniolo,
2001327

Moderate Moderate Moderate Low Moderate Moderate Moderate Moderate

Abbreviations: Low = low risk of bias; Moderate = moderate risk of bias.
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6.1.9.6.3 NHMRC EVIDENCE STATEMENT

The following are the results from completing the NHMRC Evidence Statement
(Table 6.30). Individual grade for each of the five domains are provided along

with the overall grade for the evidence-based recommendation.

Table 6.30 Summary of the NHMRC evidence statement for evidence-based
recommendations: Mineral supplementation

Recommendation Grade
Recommendation 6.1: Clinicians may consider using zinc supplementation Grade: C
in the treatment of people with intestinal permeability
Evidence base — number of studies, level of evidence, risk of bias in
the included studies ¢
Consistency — between studies if more than one study N/A
Clinical impact — of the intervention, diagnosis, prognosis, B
aetiology, screening
Generalisability — how well the body of evidence matches the B
population and clinical setting
Applicability — relevance to Australian health care context in terms B

of services, delivery and cultural factors




6.1.9.7 VITAMIN SUPPLEMENTATION

6.1.9.7.1 CLINICAL QUESTIONS

Clinical Question 13: In Australian adults with increased intestinal permeability,
what are the benefits of oral vitamin supplementation for the treatment of increased
intestinal permeability?

Clinical Question 14: In Australian adults with increased intestinal permeability,
what are the harms, cautions and contraindications for oral vitamin

supplementation use?

6.1.9.7.2 EVIDENCE SUMMARY AND OVERALL QUALITY OF EVIDENCE

6.1.9.7.2.1VITAMINS
No research was found exploring the effects of vitamin supplementation on

altered IP. Therefore, no recommendation was developed.
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6.1.9.8 COLOSTRUM SUPPLEMENTATION

6.1.9.8.1 CLINICAL QUESTIONS

Clinical Question 15: In Australian adults with increased intestinal permeability,
what are the benefits of oral colostrum supplementation for the treatment of
increased intestinal permeability?

Clinical Question 16: In Australian adults with increased intestinal permeability,
what are the harms, cautions and contraindications for oral colostrum

supplementation use?

6.1.9.8.2 EVIDENCE SUMMARY AND OVERALL QUALITY OF EVIDENCE

6.1.9.8.2.1COLOSTRUM
No research was found exploring the effects of colostrum supplementation on

altered IP. Therefore, no recommendation was developed.
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6.2 CHAPTER SUMMARY

This chapter provides the Technical Report for the IP Guideline, a comprehensive
evaluation of the literature and data extraction of the relevant information for each
study used in the IP Guideline. A total of 61 principal articles were identified and
used in the IP Guideline. The identified evidence can direct the development of
clinical recommendations to support clinicians in managing patients with IP. The
views of the individuals with suspected IP and the available literature were both
considered when drafting the recommendations. However, whether these
recommendations are clinically relevant or applicable to the end-users remain
unknown. Obtaining stakeholder feedback on these recommendations would

ensure they align with their views and preferences.
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7. CLINICAL PRACTICE GUIDELINE FOR THE

MANAGEMENT OF INCREASED INTESTINAL

PERMEABILITY: STAKEHOLDER SURVEY

A comprehensive summary of the evidence, risk of bias assessment and a
summary of the NHMRC evidence statement was discussed in the preceding
chapter. It presents 38 recommendations based on the combined evidence and
experience of the Working Group. The aim of this project is to develop evidence-
based treatment recommendations that are consistent with the views and
preferences of Australian adults with IP as well as key stakeholders. Therefore,
this chapter provides stakeholders (n=8) views and feedback on the developed
recommendations. Section 3.5 presents the methods used to evaluate

stakeholders’ agreement with each recommendation.

7.1 COLLECTIVE SUMMARY OF STAKEHOLDER FEEDBACK

7.1.1 Understanding

The developed recommendations were well understood, with 73.7% of the
recommendations receiving a ‘good’ understanding and only 18.4% indicating a
‘poor’ understanding. The recommendations with the highest agreement rate
were recommendations 2.4 (researching probiotics), 2.9 (researching prebiotics),
2.10 (use prebiotic with pre-clinical research), 3.3 (lactoferrin in NSAID-induced
IP) and 6.1 (zinc supplementation), which received a 100% agreement from all

stakeholders. Recommendations 1.1 (alcohol consumption pre the Australian
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Dietary Guidelines), 2.16 (not to use probiotics in NSAID-induced IP), 2.17 (not
to use prebiotics in NSAID-induced IP) and 2.18 (not to use synbiotics in NSAID-

induced IP) only had a 20% agreement rate from stakeholders.

7.1.2 Appropriateness

Recommendations 1.2 (avoid or limit alcohol consumption), 2.9 (researching
prebiotics), 2.10 (use prebiotic with pre-clinical research), and 6.1 (zinc
supplementation) were identified as the most appropriate with an in-unison
agreement between stakeholders. While the appropriateness of recommendation

2.17 (not to use prebiotics in NSAID-induced IP) saw a disagreement rate of 50%.

7.1.3 Importance
Recommendations 1.2 (avoid or limit alcohol consumption), 2.4 (researching

probiotics), and 6.1 (zinc supplementation) were identified to have the highest
importance, with these recommendations receiving 100% agreement from the
stakeholders. On the contrary, the importance of four recommendations, namely
2.8 (insufficient evidence for prebiotic use), 2.16 (not to use probiotics in NSAID-
induced IP), 2.17 (not to use prebiotics in NSAID-induced IP) and 5.1 (insufficient

evidence for essential fatty acid use), saw a disagreement rate of 37.5%.

7.1.4 Overall consensus

Collectively, the recommendations with the highest consensus (>80%) for
understanding, agreement, appropriateness, and importance were
recommendations 1.2 (avoid or limit alcohol consumption), 2.4 (researching

probiotics), 2.9 (researching prebiotics), 2.10 (use prebiotic with pre-clinical
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research), 3.1 (use glutamine supplementation), 3.2 (use glutamine with other
interventions), 3.3 (lactoferrin in NSAID-induced IP), 4.2 (use plant-based
medicines with pre-clinical research) and 6.1 (zinc supplementation). While the
recommendation with the lowest agreement rate (<25%) for agreement,
appropriateness, and importance were recommendations 2.16 (not to use
probiotics in NSAID-induced IP), 2.17 (not to use prebiotics in NSAID-induced IP)

and 2.18 (not to use synbiotics in NSAID-induced IP).

7.2 STAKEHOLDERS’ VIEWS AND PREFERENCES TOWARDS

DIETARY RECOMMENDATIONS

Considering the individual dietary recommendations for managing patients with
IP, stakeholders reported consensus among some recommendations and a
disagreement with others (Table 7.1). Specifically, although well understood,
stakeholders report a lack of consensus on the agreement, appropriateness, and
importance of recommendation 1.1 (alcohol consumption pre the Australian
Dietary Guidelines), with a disagreement rate of 62.5% found for the agreement
with the recommendation. However, stakeholders were found to have a
consensus on the agreement, appropriateness, and importance for

recommendations 1.2 (avoid or limit alcohol consumption).

All fibre related recommendations (1.3, 1.4, 1.5) were understood by the
stakeholder group and found to have a consensus (>75%) on the agreement,
appropriateness, and importance of the recommendations to be followed when

treating patients with IP (Table 7.1). Recommendation 1.6 had no consensus,
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with stakeholders expressing mixed views towards the acceptable macronutrient
distribution range for people to follow during IP treatment. The lack of consensus
was also seen in recommendations 1.9 and 1.10, with diverse opinions from
stakeholders on whether people with IP should follow the estimated energy
requirements per the Australian Dietary Guidelines or follow a kilojoule restricted
diet. Most stakeholders (>62.5%) agreed that recommendations 1.7 (avoiding a
high-fat diet) and 1.8 (limiting fructose consumption) were understandable,

appropriate, and important for clinicians to follow in clinical practice.

The stakeholders understood the gluten-related recommendations yet not all
recommendations had a consensus. Recommendation 1.11 (not to use
polydextrose) was found to have a consensus (>75%) on the recommendation’s
agreement, appropriateness, and importance to be followed when treating
patients with IP. At the same time, most stakeholders (>62.5%) agreed that
recommendations 1.12 (use synbiotics) and 1.13 (use synbiotics for 3 months)
were understandable, appropriate, and important for clinicians to follow in clinical

practice.

Table 7.1 Stakeholders’ views and preferences towards dietary recommendations
(n=8)

Recommendation Response %

Recommendation 1.1 People with intestinal permeability should consider
consuming no more than 10 standard drinks a week and no more than 4
standard drinks on any one day in accordance with the Australian Dietary
Guidelines during the treatment of intestinal permeability.

Understanding of recommendation

Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
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Agreement with recommendation

Agree/strongly agree 25.0
Neutral 12.5
Disagree/strongly disagree 62.5
Appropriateness of recommendation
Agree/strongly agree 62.5
Neutral 0.0
Disagree/strongly disagree 37.5
Importance of recommendation
Agree/strongly agree 75.0
Neutral 0.0
Disagree/strongly disagree 25.0
Change anything about the recommendation
Yes 75.0
No 25.0
Recommendation 1.2 People with intestinal permeability may consider
limiting or avoiding alcohol consumption during the short-term treatment of
intestinal permeability.
Understanding of recommendation
Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 87.5
Neutral 12.5
Disagree/strongly disagree 0.0
Appropriateness of recommendation
Agree/strongly agree 100.0
Neutral 0.0
Disagree/strongly disagree 0.0
Importance of recommendation
Agree/strongly agree 100.0
Neutral 0.0
Disagree/strongly disagree 0.0
Change anything about the recommendation
Yes 50.0
No 50.0

Recommendation 1.3 People with intestinal permeability should consider
consuming a diet high in dietary fibre from a diverse range of sources.

Understanding of recommendation
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Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 75.0
Neutral 0.0
Disagree/strongly disagree 25.0
Appropriateness of recommendation
Agree/strongly agree 75.0
Neutral 0.0
Disagree/strongly disagree 25.0
Importance of recommendation
Agree/strongly agree 87.5
Neutral 0.0
Disagree/strongly disagree 12.5
Change anything about the recommendation
Yes 37.5
No 62.5
Recommendation 1.4 Clinicians are advised to recommend patients to
consume 38g for men and 28g for female of dietary fibre daily while
treating patients with intestinal permeability.
Understanding of recommendation
Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 75.0
Neutral 0.0
Disagree/strongly disagree 25.0
Appropriateness of recommendation
Agree/strongly agree 75.0
Neutral 0.0
Disagree/strongly disagree 25.0
Importance of recommendation
Agree/strongly agree 75.0
Neutral 0.0
Disagree/strongly disagree 25.0
Change anything about the recommendation
Yes 50.0
No 50.0




Recommendation 1.5 Clinicians are encouraged to recommend gluten-
free sources of dietary fibre to patients with confirmed intestinal
permeability.

Understanding of recommendation

Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 75.0
Neutral 0.0
Disagree/strongly disagree 25.0
Appropriateness of recommendation
Agree/strongly agree 75.0
Neutral 0.0
Disagree/strongly disagree 25.0
Importance of recommendation
Agree/strongly agree 75.0
Neutral 0.0
Disagree/strongly disagree 25.0
Change anything about the recommendation
Yes 25.0
No 75.0
Recommendation 1.6 People with intestinal permeability should consider
consuming the Acceptable Macronutrient Distribution Range of protein
(15-25%), fats (20-35%) and carbohydrates (45-65%) in accordance with
the Australian Dietary Guidelines.
Understanding of recommendation
Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 50.0
Neutral 25.0
Disagree/strongly disagree 25.0
Appropriateness of recommendation
Agree/strongly agree 50.0
Neutral 25.0
Disagree/strongly disagree 25.0
Importance of recommendation
Agree/strongly agree 37.5
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Neutral 37.5
Disagree/strongly disagree 25.0
Change anything about the recommendation
Yes 25.0
No 75.0
Recommendation 1.7 People with intestinal permeability should consider
NOT consuming a diet high in fat.
Understanding of recommendation
Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 75.0
Neutral 0.0
Disagree/strongly disagree 25.0
Appropriateness of recommendation
Agree/strongly agree 62.5
Neutral 12.5
Disagree/strongly disagree 25.0
Importance of recommendation
Agree/strongly agree 62.5
Neutral 25.0
Disagree/strongly disagree 12.5
Change anything about the recommendation
Yes 62.5
No 37.5
Recommendation 1.8 People with intestinal permeability should consider
NOT consuming a diet high in fructose.
Understanding of recommendation
Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 75.0
Neutral 12.5
Disagree/strongly disagree 12.5
Appropriateness of recommendation
Agree/strongly agree 75.0
Neutral 12.5
Disagree/strongly disagree 12.5
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Importance of recommendation

Agree/strongly agree 62.5
Neutral 25.0
Disagree/strongly disagree 12.5
Change anything about the recommendation
Yes 37.5
No 62.5
Recommendation 1.9 People with intestinal permeability may consider
consuming the estimated energy requirements in accordance with the
Australian Dietary Guidelines.
Understanding of recommendation
Good/very good 87.5
Neutral 0.0
Poor/very poor 12.5
Agreement with recommendation
Agree/strongly agree 37.5
Neutral 50.0
Disagree/strongly disagree 12.5
Appropriateness of recommendation
Agree/strongly agree 25.0
Neutral 50.0
Disagree/strongly disagree 25.0
Importance of recommendation
Agree/strongly agree 25.0
Neutral 62.5
Disagree/strongly disagree 12.5
Change anything about the recommendation
Yes 25.0
No 75.0
Recommendation 1.10 Clinicians may consider using a kilojoule
restricted diet in the short-term treatment of people with confirmed
intestinal permeability.
Understanding of recommendation
Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 62.5
Neutral 12.5
Disagree/strongly disagree 25.0
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Appropriateness of recommendation

Agree/strongly agree 62.5
Neutral 12.5
Disagree/strongly disagree 25.0
Importance of recommendation
Agree/strongly agree 50.0
Neutral 25.0
Disagree/strongly disagree 25.0
Change anything about the recommendation
Yes 37.5
No 62.5
Recommendation 1.11 Clinicians should only advise a strict gluten-free
diet if clinical symptoms or pathology indicate a gluten intolerance,
sensitivity or allergy.
Understanding of recommendation
Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 75.0
Neutral 0.0
Disagree/strongly disagree 25.0
Appropriateness of recommendation
Agree/strongly agree 75.0
Neutral 0.0
Disagree/strongly disagree 25.0
Importance of recommendation
Agree/strongly agree 87.5
Neutral 0.0
Disagree/strongly disagree 12.5
Change anything about the recommendation
Yes 25.0
No 75.0
Recommendation 1.12 Clinicians should only advise a gluten-free diet
during the short-term treatment of people with confirmed intestinal
permeability that report clinical symptoms in response to the consumption
of gluten after the investigation for gluten intolerance, sensitivity or allergy
has been carried out.
Understanding of recommendation
Good/very good 100.0



Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 50.0
Neutral 12.5
Disagree/strongly disagree 37.5
Appropriateness of recommendation
Agree/strongly agree 62.5
Neutral 12.5
Disagree/strongly disagree 25.0
Importance of recommendation
Agree/strongly agree 62.5
Neutral 12.5
Disagree/strongly disagree 25.0
Change anything about the recommendation
Yes 25.0
No 75.0
Recommendation 1.13 Clinicians should offer a low gluten diet for the
management of people with confirmed intestinal permeability that report
no clinical symptoms or pathology indicating a gluten intolerance,
sensitivity or allergy.
Understanding of recommendation
Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 62.5
Neutral 0.0
Disagree/strongly disagree 37.5
Appropriateness of recommendation
Agree/strongly agree 62.5
Neutral 0.0
Disagree/strongly disagree 37.5
Importance of recommendation
Agree/strongly agree 62.5
Neutral 12.5
Disagree/strongly disagree 25.0
Change anything about the recommendation
Yes 12.5
No 87.5
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7.3 STAKEHOLDERS’ VIEWS AND PREFERENCES TOWARDS
PROBIOTIC, PREBIOTIC AND SYNBIOTIC

SUPPLEMENTATION RECOMMENDATIONS

7.3.1 Probiotic

Stakeholders reported consensus among some probiotic recommendations and
disagreement with others (Table 7.2). Specifically, although well understood,
stakeholders report a lack of consensus on the agreement, appropriateness, and
importance of recommendation 2.1 (insufficient evidence for probiotic use), with
a disagreement rate of 62.5% for the appropriateness of the recommendation. In
contrast, the recommendation for a single probiotic supplement Saccharomyces
boulardii (recommendation 2.2), was understood by the stakeholders and found
to have a consensus (>75%) for the agreement, appropriateness, and importance
of the recommendation to be followed when treating patients with IP.
Recommendations regarding the length of use, pre-clinical research and
researching specific strains of probiotics (2.3, 2.4, 2.5) were understood by the
stakeholders and found to have a consensus (>75%) for the agreement,
appropriateness, and importance. While recommendations for probiotic drinks
were understood, stakeholders reported a lack of consensus for the agreement,
appropriateness, and importance of recommendations 2.6 and 2.7, with a neutral

response (>25%) frequently reported by stakeholders.
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7.3.2 Prebiotic

Stakeholders reported consensus among some recommendations while
disagreeing with others (Table 7.2). Stakeholders report a lack of consensus on
the agreement, appropriateness, and importance of recommendation 2.8
(insufficient evidence for prebiotic use), with a disagreement rate of 37.5% for
each domain. However, recommendations regarding the use of pre-clinical
research and researching specific prebiotics (recommendations 2.9 and 2.10)
were understood by the stakeholders and found to have a consensus (>87.5%)
for the agreement, appropriateness, and importance of the recommendations.
Most stakeholders (>62.5%) agreed that recommendation 2.1 (avoid
polydextrose) was understandable, appropriate, and important for clinicians to

follow in clinical practice.

7.3.3 Synbiotic
Recommendations regarding the length of use, pre-clinical research and using

specific synbiotics (2.12, 2.13, 1.15) were understood by the stakeholders, with
most (>62.5%) agreeing that the recommendations were appropriate and
important for clinical practice. While recommendation 2.14 for a specific synbiotic,
was found to lack a consensus on the agreement, appropriateness, and
importance for the recommendation with a neutral response rate (>50%) was
reported by stakeholders. Although well understood, stakeholders report a lack
of consensus on the agreement, appropriateness, and importance of
recommendations 2.16 (not to use probiotics in NSAID-induced IP), 2.17 (not to
use prebiotics in NSAID-induced IP) and 2.18 (not to use synbiotics in NSAID-

induced IP) with a low agreement rate (25%) found for each domain.
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Table 7.2 Stakeholders’ views and preferences towards the probiotic, prebiotic and

synbiotic supplementation recommendations (n=8)

Recommendations

Response %

Recommendation 2.1 There is insufficient evidence to form a
recommendation on the use of probiotics as a collective group for the
treatment of people with intestinal permeability.

Understanding of recommendation

Good/very good 87.5
Neutral 0.0
Poor/very poor 12.5
Agreement with recommendation
Agree/strongly agree 62.5
Neutral 12.5
Disagree/strongly disagree 25.0
Appropriateness of recommendation
Agree/strongly agree 50.0
Neutral 12.5
Disagree/strongly disagree 37.5
Importance of recommendation
Agree/strongly agree 62.5
Neutral 12.5
Disagree/strongly disagree 25.0
Change anything about the recommendation
Yes 25.0
No 75.0
Recommendation 2.2 Clinicians may consider using Saccharomyces
boulardii supplementation in the treatment of people with intestinal
permeability.
Understanding of recommendation
Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 87.5
Neutral 12.5
Disagree/strongly disagree 0.0
Appropriateness of recommendation
Agree/strongly agree 87.5
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Neutral 12.5
Disagree/strongly disagree 0.0
Importance of recommendation
Agree/strongly agree 75.0
Neutral 25.0
Disagree/strongly disagree 0.0
Change anything about the recommendation
Yes 50.0
No 50.0
Recommendation 2.3 Clinicians may consider the use of effective
probiotics for a period of 3 months when treating people with intestinal
permeability.
Understanding of recommendation
Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 75.0
Neutral 25.0
Disagree/strongly disagree 0.0
Appropriateness of recommendation
Agree/strongly agree 87.5
Neutral 12.5
Disagree/strongly disagree 0.0
Importance of recommendation
Agree/strongly agree 87.5
Neutral 12.5
Disagree/strongly disagree 0.0
Change anything about the recommendation
Yes 37.5
No 62.5
Recommendation 2.4 Clinicians may consider researching probiotic
strains for their effectiveness before using them to treat people with
intestinal permeability.
Understanding of recommendation
Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 100.0
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Neutral 0.0
Disagree/strongly disagree 0.0
Appropriateness of recommendation
Agree/strongly agree 87.5
Neutral 12.5
Disagree/strongly disagree 0.0
Importance of recommendation
Agree/strongly agree 100.0
Neutral 0.0
Disagree/strongly disagree 0.0
Change anything about the recommendation
Yes 12.5
No 87.5
Recommendation 2.5 Clinicians may consider the use of probiotics which
are supported by pre-clinical research in conjunction with other treatment
interventions for the management people with intestinal permeability.
Understanding of recommendation
Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 75.0
Neutral 12.5
Disagree/strongly disagree 12.5
Appropriateness of recommendation
Agree/strongly agree 75.0
Neutral 12.5
Disagree/strongly disagree 12.5
Importance of recommendation
Agree/strongly agree 75.0
Neutral 25.0
Disagree/strongly disagree 0.0
Change anything about the recommendation
Yes 37.5
No 62.5
Recommendation 2.6 People with intestinal permeability should consider
the consumption of fermented milk products such as kefir.
Understanding of recommendation
Good/very good 100.0
Neutral 0.0



Poor/very poor 0.0
Agreement with recommendation

Agree/strongly agree 50.0

Neutral 25.0

Disagree/strongly disagree 25.0
Appropriateness of recommendation

Agree/strongly agree 50.0

Neutral 25.0

Disagree/strongly disagree 25.0
Importance of recommendation

Agree/strongly agree 50.0

Neutral 37.5

Disagree/strongly disagree 12.5
Change anything about the recommendation

Yes 50.0

No 50.0
Recommendation 2.7 People with intestinal permeability may consider
NOT consuming Yakult light®.
Understanding of recommendation

Good/very good 75.0

Neutral 12.5

Poor/very poor 12.5
Agreement with recommendation

Agree/strongly agree 75.0

Neutral 25.0

Disagree/strongly disagree 0.0
Appropriateness of recommendation

Agree/strongly agree 75.0

Neutral 25.0

Disagree/strongly disagree 0.0
Importance of recommendation

Agree/strongly agree 50.0

Neutral 50.0

Disagree/strongly disagree 0.0
Change anything about the recommendation

Yes 12.5

No 87.5

Recommendation 2.8 There is insufficient evidence to form a
recommendation on the use of prebiotics as a collective group for the

treatment of people with intestinal permeability.
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Understanding of recommendation

Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 50.0
Neutral 12.5
Disagree/strongly disagree 37.5
Appropriateness of recommendation
Agree/strongly agree 50.0
Neutral 12.5
Disagree/strongly disagree 37.5
Importance of recommendation
Agree/strongly agree 50.0
Neutral 12.5
Disagree/strongly disagree 37.5
Change anything about the recommendation
Yes 25.0
No 75.0
Recommendation 2.9 Clinicians may consider researching prebiotic for
their effectiveness before using them in the treat of people with intestinal
permeability.
Understanding of recommendation
Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 100.0
Neutral 0.0
Disagree/strongly disagree 0.0
Appropriateness of recommendation
Agree/strongly agree 100.0
Neutral 0.0
Disagree/strongly disagree 0.0
Importance of recommendation
Agree/strongly agree 87.5
Neutral 12.5
Disagree/strongly disagree 0.0
Change anything about the recommendation
Yes 37.5
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No 62.5

Recommendation 2.10 Clinicians may consider the use of prebiotic which
are supported by pre-clinical research in conjunction with other treatment
interventions for the management people with intestinal permeability.

Understanding of recommendation

Good/very good 100.0

Neutral 0.0

Poor/very poor 0.0
Agreement with recommendation

Agree/strongly agree 100.0

Neutral 0.0

Disagree/strongly disagree 0.0
Appropriateness of recommendation

Agree/strongly agree 100.0

Neutral 0.0

Disagree/strongly disagree 0.0
Importance of recommendation

Agree/strongly agree 87.5

Neutral 12.5

Disagree/strongly disagree 0.0
Change anything about the recommendation

Yes 0.0

No 100.00

Recommendation 2.11 Clinicians may consider NOT using polydextrose
in the treatment of people with intestinal permeability.

Understanding of recommendation

Good/very good 75.0

Neutral 12.5

Poor/very poor 12.5
Agreement with recommendation

Agree/strongly agree 62.5

Neutral 25.0

Disagree/strongly disagree 12.5
Appropriateness of recommendation

Agree/strongly agree 62.5

Neutral 25.0

Disagree/strongly disagree 12.5
Importance of recommendation

Agree/strongly agree 62.5

Neutral 37.5
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Disagree/strongly disagree 0.0
Change anything about the recommendation
Yes 25.0
No 75.0
Recommendation 2.12 Clinicians may consider the use of effective
synbiotic in the treatment of people with intestinal permeability.
Understanding of recommendation
Good/very good 87.5
Neutral 12.5
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 62.5
Neutral 37.5
Disagree/strongly disagree 0.0
Appropriateness of recommendation
Agree/strongly agree 62.5
Neutral 37.5
Disagree/strongly disagree 0.0
Importance of recommendation
Agree/strongly agree 62.5
Neutral 37.5
Disagree/strongly disagree 0.0
Change anything about the recommendation
Yes 12.5
No 87.5
Recommendation 2.13 Clinicians may consider the use of effective
synbiotic for a period of 3 months when treating people with intestinal
permeability.
Understanding of recommendation
Good/very good 75.0
Neutral 25.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 87.5
Neutral 12.5
Disagree/strongly disagree 0.0
Appropriateness of recommendation
Agree/strongly agree 62.5
Neutral 37.5
Disagree/strongly disagree 0.0
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Importance of recommendation

Agree/strongly agree 62.5
Neutral 37.5
Disagree/strongly disagree 0.0
Change anything about the recommendation
Yes 37.5
No 62.5
Recommendation 2.14 Clinicians may consider NOT using polydextrose
and Bifidobacterium animalis ssp. lactis 420 in the treatment of people
with intestinal permeability.
Understanding of recommendation
Good/very good 62.5
Neutral 12.5
Poor/very poor 25.0
Agreement with recommendation
Agree/strongly agree 50.0
Neutral 50.0
Disagree/strongly disagree 0.0
Appropriateness of recommendation
Agree/strongly agree 37.5
Neutral 62.5
Disagree/strongly disagree 0.0
Importance of recommendation
Agree/strongly agree 37.5
Neutral 62.5
Disagree/strongly disagree 0.0
Change anything about the recommendation
Yes 25.0
No 75.0
Recommendation 2.15 Clinicians may consider the use of synbiotic
which are supported by pre-clinical research in conjunction with other
treatment interventions for the management people with intestinal
permeability.
Understanding of recommendation
Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 75.0
Neutral 25.0
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Disagree/strongly disagree 0.0
Appropriateness of recommendation
Agree/strongly agree 75.0
Neutral 25.0
Disagree/strongly disagree 0.0
Importance of recommendation
Agree/strongly agree 75.0
Neutral 12.5
Disagree/strongly disagree 12.5
Change anything about the recommendation
Yes 37.5
No 62.5
Recommendation 2.16 Clinicians should consider NOT using probiotics
for the treatment of people with nonsteroidal anti-inflammatory drug
induced intestinal permeability.
Understanding of recommendation
Good/very good 75.0
Neutral 12.5
Poor/very poor 12.5
Agreement with recommendation
Agree/strongly agree 25.0
Neutral 25.0
Disagree/strongly disagree 50.0
Appropriateness of recommendation
Agree/strongly agree 25.0
Neutral 37.5
Disagree/strongly disagree 37.5
Importance of recommendation
Agree/strongly agree 25.0
Neutral 37.5
Disagree/strongly disagree 37.5
Change anything about the recommendation
Yes 25.0
No 75.0
Recommendation 2.17 Clinicians should consider NOT using prebiotics
for the treatment of people with nonsteroidal anti-inflammatory drug
induced intestinal permeability.
Understanding of recommendation
Good/very good 87.5
Neutral 0.0
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Poor/very poor 12.5
Agreement with recommendation
Agree/strongly agree 25.0
Neutral 12.5
Disagree/strongly disagree 62.5
Appropriateness of recommendation
Agree/strongly agree 25.0
Neutral 25.0
Disagree/strongly disagree 50.0
Importance of recommendation
Agree/strongly agree 25.0
Neutral 25.0
Disagree/strongly disagree 50.0
Change anything about the recommendation
Yes 12.5
No 87.5
Recommendation 2.18 Clinicians should consider NOT using synbiotics
for the treatment of people with nonsteroidal anti-inflammatory drug
induced intestinal permeability.
Understanding of recommendation
Good/very good 75.0
Neutral 12.5
Poor/very poor 12.5
Agreement with recommendation
Agree/strongly agree 25.0
Neutral 37.5
Disagree/strongly disagree 37.5
Appropriateness of recommendation
Agree/strongly agree 25.0
Neutral 50.0
Disagree/strongly disagree 25.0
Importance of recommendation
Agree/strongly agree 25.0
Neutral 50.0
Disagree/strongly disagree 25.0
Change anything about the recommendation
Yes 12.5
No 87.5
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7.4 STAKEHOLDERS’ VIEWS AND PREFERENCES TOWARDS

AMINO ACID SUPPLEMENTATION RECOMMENDATIONS

All amino acid recommendations (3.1, 3.2, 3.3) were understood by the
stakeholders and found to have a consensus on the agreement, appropriateness,
and importance of the recommendations to be followed when treating patients

with IP (Table 7.3).

Table 7.3 Stakeholders’ views and preferences towards amino acid supplementation
recommendations (n=8)

Recommendations Response %

Recommendation 3.1 Clinicians should offer glutamine supplementation
for the treatment of people with intestinal permeability.

Understanding of recommendation

Good/very good 100.0

Neutral 0.0

Poor/very poor 0.0
Agreement with recommendation

Agree/strongly agree 87.5

Neutral 12.5

Disagree/strongly disagree 0.0
Appropriateness of recommendation

Agree/strongly agree 87.5

Neutral 12.5

Disagree/strongly disagree 0.0
Importance of recommendation

Agree/strongly agree 87.5

Neutral 12.5

Disagree/strongly disagree 0.0
Change anything about the recommendation

Yes 25.0

No 75.0
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Recommendation 3.2 Clinicians may consider the use of glutamine
supplementation in conjunction with other treatment interventions for the
management of people with intestinal permeability.

Understanding of recommendation

Good/very good 100.0

Neutral 0.0

Poor/very poor 0.0
Agreement with recommendation

Agree/strongly agree 87.5

Neutral 12.5

Disagree/strongly disagree 0.0
Appropriateness of recommendation

Agree/strongly agree 87.5

Neutral 12.5

Disagree/strongly disagree 0.0
Importance of recommendation

Agree/strongly agree 87.5

Neutral 12.5

Disagree/strongly disagree 0.0
Change anything about the recommendation

Yes 12.5

No 87.5
Recommendation 3.3 Clinicians should consider the use of short-term
lactoferrin supplementation for the treatment of people with nonsteroidal
anti-inflammatory drug induced intestinal permeability.
Understanding of recommendation

Good/very good 100.0

Neutral 0.0

Poor/very poor 0.0
Agreement with recommendation

Agree/strongly agree 100.0

Neutral 0.0

Disagree/strongly disagree 0.0
Appropriateness of recommendation

Agree/strongly agree 87.5

Neutral 12.5

Disagree/strongly disagree 0.0
Importance of recommendation

Agree/strongly agree 87.5

Neutral 12.5
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Disagree/strongly disagree 0.0
Change anything about the recommendation

Yes 12.5

No 87.5

7.5 STAKEHOLDERS’ VIEWS AND PREFERENCES TOWARDS
PLANT-BASED MEDICINE SUPPLEMENTATION

RECOMMENDATIONS

Although well understood, stakeholders report a lack of consensus on the
agreement, appropriateness, and importance of recommendation 4.1 (insufficient
evidence for plant-based medicine use) (Table 7.4). While recommendation 4.2
(use plant-based medicines with pre-clinical research) received an agreed
consensus for the agreement, appropriateness, and importance of the

recommendation to be followed in clinical practice.

Table 7.4 Stakeholders’ views and preferences towards plant-based medicine
supplementation recommendations (n=8)

Recommendations Response %

Recommendation 4.1 There is insufficient evidence to form a
recommendation on the use of plant-based medicines as a collective
group for the treatment of people with intestinal permeability.

Understanding of recommendation

Good/very good 100.0

Neutral 0.0

Poor/very poor 0.0
Agreement with recommendation

Agree/strongly agree 37.5

Neutral 37.5

Disagree/strongly disagree 25.0

Appropriateness of recommendation

Agree/strongly agree 37.5
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Neutral 37.5
Disagree/strongly disagree 25.0
Importance of recommendation
Agree/strongly agree 25.0
Neutral 50.0
Disagree/strongly disagree 25.0
Change anything about the recommendation
Yes 37.5
No 62.5
Recommendation 4.2 Clinicians may consider the use of plant-based
medicines which are supported by pre-clinical research in conjunction with
other treatment interventions for the management people with intestinal
permeability.
Understanding of recommendation
Good/very good 100.0
Neutral 0.0
Poor/very poor 0.0
Agreement with recommendation
Agree/strongly agree 87.5
Neutral 12.5
Disagree/strongly disagree 0.0
Appropriateness of recommendation
Agree/strongly agree 87.5
Neutral 12.5
Disagree/strongly disagree 0.0
Importance of recommendation
Agree/strongly agree 87.5
Neutral 12.5
Disagree/strongly disagree 0.0
Change anything about the recommendation
Yes 12.5
No 87.5
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7.6 STAKEHOLDERS’ VIEWS AND PREFERENCES TOWARDS
ESSENTIAL FATTY ACID SUPPLEMENTATION

RECOMMENDATIONS

Although well understood, stakeholders report a lack of consensus on the
agreement, appropriateness, and importance of recommendation 5.1 (insufficient
evidence for essential fatty acid use), with a disagreement rate of 37.5% found in

all three domains (Table 7.5).

Table 7.5 Stakeholders’ views and preferences towards essential fatty acid
supplementation recommendations (n=8)

Recommendations Response %

Recommendation 5.1 There is insufficient evidence to form a
recommendation on the use of essential fatty acid supplementation for the
treatment of people with intestinal permeability.

Understanding of recommendation

Good/very good 100.0

Neutral 0.0

Poor/very poor 0.0
Agreement with recommendation

Agree/strongly agree 50.0

Neutral 12.5

Disagree/strongly disagree 37.5
Appropriateness of recommendation

Agree/strongly agree 50.0

Neutral 12.5

Disagree/strongly disagree 37.5
Importance of recommendation

Agree/strongly agree 50.0

Neutral 12.5

Disagree/strongly disagree 37.5
Change anything about the recommendation

Yes 25.0

No 75.0
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7.7 STAKEHOLDERS’ VIEWS AND PREFERENCES TOWARDS

MINERAL SUPPLEMENTATION RECOMMENDATIONS

Stakeholders had a consensus on the understanding, agreement,
appropriateness, and importance of zinc supplementation for IP management,
with recommendation 6.1 identified as the most agreed-upon recommendation

(Table 7.6).

Table 7.6 Stakeholders’ views and preferences towards mineral supplementation
recommendations (n=8)

Recommendations Response %

Recommendation 6.1 Clinicians may consider using zinc
supplementation in the treatment of people with intestinal permeability.

Understanding of recommendation

Good/very good 100.0

Neutral 0.0

Poor/very poor 0.0
Agreement with recommendation

Agree/strongly agree 100.0

Neutral 0.0

Disagree/strongly disagree 0.0
Appropriateness of recommendation

Agree/strongly agree 100.0

Neutral 0.0

Disagree/strongly disagree 0.0
Importance of recommendation

Agree/strongly agree 100.0

Neutral 0.0

Disagree/strongly disagree 0.0
Change anything about the recommendation

Yes 12.5

No 87.5
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7.8 RECOMMENDATION WORDING AND STRENGTH

From the 38 recommendations, stakeholder feedback resulted in modification of
19 recommendations. Table 7.7 provides the changes made based on
stakeholders’ feedback. Three recommendations 2.16 (not to use probiotics in
NSAID-induced IP), 2.17 (not to use prebiotics in NSAID-induced IP) and 2.18
(not to use synbiotics in NSAID-induced IP) had the strength reduced from
recommendation to option as stakeholder feedback suggested the number of
explored prebiotics, probiotics and synbiotic were limited and the results may not
be applicable to all therapies. Furthermore, recommendation 2.11 (avoid
polydextrose) was downgraded from a consensus-based recommendation to a
practice point as stakeholder feedback suggested the strength of

recommendation was too strong to reflect the level of evidence.

The feedback on four recommendations 1.3 (consume high fibre diet), 1.4 (meet
suggested dietary intake for dietary fibre), 2.6 (consume kefir) and 2.10 (use
prebiotic with pre-clinical research), was to indicate a trial of the intervention
before continued use. Therefore, these recommendations were modified to

include “trialling and if tolerated, consume”.

Further clarification on nine recommendations (1.1, 1.7, 1.8, 1.10, 1.11, 1.12,
1.13, 2.9, 2.15) was suggested by stakeholders. These clarifications included
specifying the term ‘alcoholic’ drinks (recommendation 1.1), the type of fat

(recommendation 1.7) and fructose (recommendation 1.8). While others were
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regarding the clarification on when the recommendations should be followed; in
patients with obesity (recommendation 1.10), during the treatment of IP
(recommendation 1.11), as a treatment aim (recommendations 1.12 and 1.13).
Clarification was further suggested to indicate specific treatment rather than
broad intervention in recommendations 2.9 and 2.15. Changes to
recommendations 2.3 (probiotic use for 3 months) and 2.13 (synbiotic use for 3
months) were suggested with feedback from stakeholders indicating a longer
period would be required for clinical effectiveness. The wording of one
recommendation (2.2) was modified to reflect the correct scientific naming of

Saccharomyces boulardii.
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Table 7.7 Changes to recommendations based on stakeholder feedback

No. Recommendation Strength Recommendation Strength
Dietary based recommendations
Alcohol recommendations
1.1 People with intestinal permeability should consider People with intestinal permeability should consider
consuming no more than 10 standard drinks a week and consuming no more than 10 standard alcoholic drinks a
no more than 4 standard drinks on any one day in DDDD week and no more than 4 standard alcoholic drinks on DDDD
accordance with the Australian Dietary Guidelines during any one day in accordance with the Australian Dietary
the treatment of intestinal permeability. Guidelines during the treatment of intestinal permeability.
1.2 People with intestinal permeability may consider limiting People with intestinal permeability may consider limiting or
or avoiding alcohol consumption during the short-term DD avoiding alcohol consumption during the short-term ®D
treatment of intestinal permeability. treatment of intestinal permeability.
Dietary fibre recommendations
1.3 People with intestinal permeability should consider People with intestinal permeability should consider
consuming a diet high in dietary fibre from a diverse DDDD trialling and if tolerated, consume a diet high in dietary DDDD
range of sources. fibre from a diverse range of sources.
1.4 Clinicians are advised to trial and if tolerated,
Clinicians are advised to recommend patients to
recommend patients to consume 38g for men and 28g for
consume 38g for men and 289 for female of dietary fibre DD SS)

daily while treating patients with intestinal permeability.

female of dietary fibre daily while treating patients with

intestinal permeability.




1.5 Clinicians are encouraged to recommend gluten-free

Clinicians are encouraged to recommend gluten-free

sources of dietary fibre to patients with confirmed DD sources of dietary fibre to patients with confirmed oD
intestinal permeability. intestinal permeability.
Macronutrient ratio recommendations
1.6 People with intestinal permeability should consider People with intestinal permeability should consider
consuming the Acceptable Macronutrient Distribution consuming the Acceptable Macronutrient Distribution
Range of protein (15-25%), fats (20-35%) and DODD Range of protein (15-25%), fats (20-35%) and DODD
carbohydrates (45-65%) in accordance with the carbohydrates (45-65%) in accordance with the Australian
Australian Dietary Guidelines. Dietary Guidelines.
1.7 o ] N ] People with intestinal permeability should consider
People with intestinal permeability should consider NOT
. L SSPSS) consuming a diet moderate in fat and limit high DDDD
consuming a diet high in fat.
consumption of long-chain saturated fatty acids.
1.8 People with intestinal permeability should consider NOT People with intestinal permeability should consider NOT
. . DODD . o ST
consuming a diet high in fructose. consuming a diet high in free fructose.
Energy intake recommendations
1.9 People with intestinal permeability may consider People with intestinal permeability may consider
consuming the estimated energy requirements in DDD consuming the estimated energy requirements in DD
accordance with the Australian Dietary Guidelines. accordance with the Australian Dietary Guidelines.
1.10 o i i o ) o Clinicians may consider using a kilojoule restricted diet in
Clinicians may consider using a kilojoule restricted diet in ) .
) . the short-term treatment of people with confirmed
the short-term treatment of people with confirmed DDD DD

intestinal permeability.

intestinal permeability when clinically appropriate (e.g.,

obesity).

Gluten-free diet recommendations
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Clinicians should only advise a strict gluten-free diet if

Clinicians should only advise a strict gluten-free diet

during the treatment of people with confirmed

clinical symptoms or pathology indicate a gluten OPDDD | . o DOODD
i . intestinal permeability if clinical symptoms or pathology
intolerance, sensitivity or allergy. o . o
indicate a gluten intolerance, sensitivity or allergy.
1.12  Clinicians should only advise a gluten-free diet during Clinicians should aim to advise a gluten-free diet during
the short-term treatment of people with confirmed the short-term treatment of people with confirmed
intestinal permeability that report clinical symptoms in intestinal permeability that report clinical symptoms in
p y . p ymp POOOD p y . p ymp POOOD
response to the consumption of gluten after the response to the consumption of gluten after the
investigation for gluten intolerance, sensitivity or allergy investigation for gluten intolerance, sensitivity or allergy
has been carried out. has been carried out
1.13  Clinicians should offer a low gluten diet for the Clinicians should aim to offer a low gluten diet for the
management of people with confirmed intestinal management of people with confirmed intestinal
permeability that report no clinical symptoms or DDODD permeability that report no clinical symptoms or pathology DDEDD
pathology indicating a gluten intolerance, sensitivity or indicating a gluten intolerance, sensitivity or allergy.
allergy.
Probiotic, prebiotic and synbiotic supplementation recommendations
Probiotics
2.1 There is insufficient evidence to form a recommendation There is insufficient evidence to form a recommendation
on the use of probiotics as a collective group for the %) on the use of probiotics as a collective group for the %)
treatment of people with intestinal permeability. treatment of people with intestinal permeability.
2.2 o ] ) . Clinicians may consider using Saccharomyces
Clinicians may consider using Saccharomyces boulardii L . .
o . cerevisiae var boulardii (Saccharomyces boulardii)
supplementation in the treatment of people with DDD DD

intestinal permeability.

supplementation in the treatment of people with intestinal

permeability.
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2.3 Clinicians may consider the use of effective probiotics for Clinicians may consider the use of effective probiotics for
a period of 3 months when treating people with intestinal DD a minimum of 3 months when treating people with DD
permeability. intestinal permeability.
24 Clinicians may consider researching probiotic strains for Clinicians may consider researching probiotic strains for
their effectiveness before using them to treat people with @ their effectiveness before using them to treat people with @
intestinal permeability. intestinal permeability.
2.5 Clinicians may consider the use of probiotics which are Clinicians may consider the use of probiotics which are
supported by pre-clinical research in conjunction with supported by pre-clinical research in conjunction with
other treatment interventions for the management ® other treatment interventions for the management people ®
people with intestinal permeability. with intestinal permeability.
Probiotic drink
2.6 People with intestinal permeability should consider
People with intestinal permeability should consider the
DODD trialling and if tolerated, consume fermented milk ST
consumption of fermented milk products such as kefir.
products such as kefir.
2.7 People with intestinal permeability may consider NOT People with intestinal permeability may consider NOT
consuming Yakult light®. ooe consuming Yakult light®. ooe
Prebiotics
2.8 There is insufficient evidence to form a recommendation There is insufficient evidence to form a recommendation
on the use of prebiotics as a collective group for the %) on the use of prebiotics as a collective group for the %)
treatment of people with intestinal permeability. treatment of people with intestinal permeability.
29 Clinicians may consider researching prebiotic for their Clinicians may consider researching specific prebiotic for
effectiveness before using them in the treatment of S their effectiveness before using them in the treatment of S

people with intestinal permeability.

people with intestinal permeability.
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210
Clinicians may consider the use of prebiotic which are

supported by pre-clinical research in conjunction with

Clinicians may consider trialling and if tolerated,

recommend patients to use prebiotic which are

@ supported by pre-clinical research in conjunction with @
other treatment interventions for the management
other treatment interventions for the management people
people with intestinal permeability.
with intestinal permeability.
211  Clinicians may consider NOT using polydextrose in the o Clinicians may consider NOT using polydextrose in the ®
treatment of people with intestinal permeability. treatment of people with intestinal permeability.
Synbiotic
212  Clinicians may consider the use of effective synbiotic in Clinicians may consider the use of effective synbiotic in
the treatment of people with intestinal permeability. ooe the treatment of people with intestinal permeability. ooe
213  Clinicians may consider the use of effective synbiotic for Clinicians may consider the use of effective synbiotic for a
a period of 3 months when treating people with intestinal DD minimum of 3 months when treating people with intestinal DD
permeability. permeability.
214  Clinicians may consider NOT using polydextrose and Clinicians may consider NOT using polydextrose and
Bifidobacterium animalis ssp. lactis 420 in the treatment DDD Bifidobacterium animalis ssp. lactis 420 in the treatment of DD
of people with intestinal permeability. people with intestinal permeability.
2.15 Clinicians may consider the use of synbiotic which are Clinicians may consider the use of specific synbiotic
supported by pre-clinical research in conjunction with which are supported by pre-clinical research in
other treatment interventions for the management ® conjunction with other treatment interventions for the ®
people with intestinal permeability. management people with intestinal permeability.
NSAID induced intestinal permeability
2.16  Clinicians should consider NOT using probiotics for the Clinicians may consider NOT using probiotics for the
treatment of people with nonsteroidal anti-inflammatory DDED treatment of people with nonsteroidal anti-inflammatory DD

drug induced intestinal permeability.

drug induced intestinal permeability.
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217  Clinicians should consider NOT using prebiotics for the

Clinicians may consider NOT using prebiotics for the

treatment of people with nonsteroidal anti-inflammatory DDED treatment of people with nonsteroidal anti-inflammatory DD
drug induced intestinal permeability. drug induced intestinal permeability.
2.18 Clinicians should consider NOT using synbiotics for the Clinicians may consider NOT using synbiotics for the
treatment of people with nonsteroidal anti-inflammatory DDED treatment of people with nonsteroidal anti-inflammatory DD
drug induced intestinal permeability. drug induced intestinal permeability.
Amino acid supplementation recommendations
Glutamine
3.1 Clinicians should offer glutamine supplementation for the Clinicians should offer glutamine supplementation for the
treatment of people with intestinal permeability. POOe® treatment of people with intestinal permeability. POOe®
3.2 Clinicians may consider the use of glutamine Clinicians may consider the use of glutamine
supplementation in conjunction with other treatment supplementation in conjunction with other treatment
interventions for the management of people with o® interventions for the management of people with intestinal o®
intestinal permeability. permeability.
NSAID-induced intestinal permeability
3.3 Clinicians should consider the use of short-term Clinicians should consider the use of short-term lactoferrin
lactoferrin supplementation for the treatment of people supplementation for the treatment of people with
with nonsteroidal anti-inflammatory drug induced Oee nonsteroidal anti-inflammatory drug induced intestinal OOe®
intestinal permeability. permeability.
Plant-based medicine supplementation recommendations
4.1 There is insufficient evidence to form a recommendation o o ) )
on the use of plant-based medicines as a collective There is insufficient evidence to form a recommendation
%) on the use of plant-based medicines as a collective group %)

group for the treatment of people with intestinal

permeability.

for the treatment of people with intestinal permeability.
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4.2 Clinicians may consider the use of plant-based

medicines which are supported by pre-clinical research

Clinicians may consider the use of plant-based medicines

which are supported by pre-clinical research in

in conjunction with other treatment interventions for the ® conjunction with other treatment interventions for the ®
management people with intestinal permeability. management people with intestinal permeability.

Essential fatty acid supplementation recommendations

5.1 There is insufficient evidence to form a recommendation There is insufficient evidence to form a recommendation
on the use of essential fatty acid supplementation for the %) on the use of essential fatty acid supplementation for the %)
treatment of people with intestinal permeability. treatment of people with intestinal permeability.

Mineral supplement recommendations

6.1 Clinicians may consider using zinc supplementation in oD Clinicians may consider using zinc supplementation in the .

the treatment of people with intestinal permeability.

treatment of people with intestinal permeability.
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7.9 CHAPTER SUMMARY

This chapter explored the views and preferences of key stakeholders known to
represent users of the IP Guideline. As a result, the 38 recommendations were
revised to reflect the necessary changes to ensure the IP Guideline was based
on evidence and were clinically relevant. The recommendations identified as
having a low agreement rate or suggested a change was required were modified
to ensure they are relevant and reflect clinical practice. Collectively, the IP
Guideline, with the input from stakeholders, is suggested to align with the views

and practices of clinicians supporting patients with IP in clinical practice.



8. CLINICAL PRACTICE GUIDELINE FOR THE

MANAGEMENT OF INCREASED INTESTINAL

PERMEABILITY: IP GUIDELINE

In the preceding chapter, views and preferences of stakeholders were explored
to gain feedback on the recommendations in the IP Guideline. This project aims
to develop evidence-based treatment recommendations that align with the views
and preferences of Australian adults with IP and essential stakeholders.
Therefore, this chapter provides the IP Guideline and presents the clinical need
for the clinical question, a summary of the evidence and justification for the

recommendations.

8.1 REPORTING OF IP GUIDELINE
The following section contains the IP Guideline, which has been formatted based
on the NHMRC Guidelines for Guidelines Handbook to meet the 2016 NHMRC
Standards for Guidelines.?'® Details are as followed:
Leech, B, Mclntyre, E, Steel, A, Sibbritt, D (2022) “Clinical practice guideline
for the management of increased intestinal permeability: IP Guideline”,

University of Technology Sydney.
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8.2 EXECUTIVE SUMMARY

Increased intestinal permeability (IP), also known as ‘leaky gut’, has gained
researchers attention in recent years, with research linking the integrity of the
intestine to health and disease.®?® IP can be defined as the loss of integrity
between the cells of the small intestine caused by the disassembling of the
proteins holding the cells together. The idea of IP was first mentioned in the
literature during the 1960s"'2® however, it was not until the 2000s where evidence
emerged describing the potential mechanism of action.’3® Although the
consequence of IP remains unclear, preliminary evidence suggest Australian
adults with suspected IP experience disease burden.??° This disease burden
includes increased healthcare costs associated with the management of IP, lower
subjective wellbeing compared to the Australian population and poor health

related quality of life.220

The need to develop a clinical practice guideline for the management of
increased intestinal permeability (IP Guideline) was identified after health
services research revealed gaps in both the published literature and clinical
practice*® with discrepancy between what practitioners are using and what
patients desire.#%219220 This clinical practice guideline serves as the first
guideline for IP as no guideline surrounding any part of the management of IP

has been developed in Australia or internationally.

The Working Group undertook a structured and evidence-based approach based
on the NHMRC Guidelines for Guidelines Handbook to meet the 2016 NHMRC
Standards for Guidelines in the development of the IP Guideline.?' A total of 16
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clinical questions were addressed, producing 38 recommendations: 27 evidence

based recommendations, seven practice points and four consensus based

recommendations. Each recommendation was reviewed and assessed by key

stakeholders.

8.3 GUIDELINE PURPOSE AND AIM

The purpose of the IP Guideline is to utilise the best available evidence while

considering the views and preferences from a multidisciplinary group of

stakeholders and consumers. The IP Guideline aims to provide practitioners and

consumers with a transparent evidence-based guidance for the management of

altered IP to optimise patient care, improve health outcomes and reduce variation

in care for Australian practitioners in private practice.

The IP Guideline aims to ensure Australian adults with IP receive, optimal

evidence-based care by:

1.

identifying any dietary choices available for the management of altered IP
in Australian adults;

identifying any probiotic, prebiotic and synbiotic supplementation available
for the management of altered IP in Australian adults;

identifying any amino acid supplementation available for the management
of altered IP in Australian adults;

identifying any plant-based medicine supplementation available for the
management of altered IP in Australian adults;

identifying any essential fatty acid supplementation available for the

management of altered IP in Australian adults;
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6. identifying any mineral supplementation available for the management of
altered IP in Australian adults;

7. identifying any vitamin supplementation available for the management of
altered IP in Australian adults;

8. identifying any colostrum supplementation available for the management

of altered IP in Australian adults.

8.4 SETTING AND AUDIENCE

The IP Guideline and recommendations are designed to inform the care provided
by clinicians in private clinical practice to Australian adults with suspected or
confirmed IP. Confirmed IP is classified as an elevation in the commercially

available lactulose/mannitol ratio urine test or elevation of stool zonulin.

8.5 GUIDELINE DEVELOPMENT GROUP

The Guideline Development Group was comprised of two sub-groups: the
Working Group and Stakeholder Group. These groups were formed from a
multidisciplinary background of health professionals representing all potential
clinicians which may see patients with IP, content experts, consumers and other
major stakeholders. The Working was involved in the development of the IP
Guideline. Whereas the Stakeholder Group provided their views and preferences
on the drafted recommendations. A detailed description of the recruitment
strategy, responsibilities of each member, and the method used to assess the
conflict of interest of each member are in the Guideline Development Process

(Section 3.4).
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8.6 GUIDELINE DEVELOPMENT METHODS

The IP Guideline was based on the NHMRC Guidelines for Guidelines Handbook

to meet the 2016 NHMRC Standards for Guidelines.?'® The level of evidence for

each recommendation was determined based on both the NHMRC grades for

recommendations and NHMRC Evaluation of Evidence process.?'” The reporting

of the IP Guideline followed the RIGHT statement.?'® A total of 12 steps were

undertaken to develop the IP Guideline:

1.

2.

9.

Create multidisciplinary guideline development group;

Identify scope and topics for guideline;

Develop a structured clinical question;

Perform a systematic review;

Summarise the relevant data;

Risk of bias assessment;

Assess the body of evidence and formulate recommendations;
Grade recommendation according to NHMRC;

Write the content narrative;

10. Stakeholders review recommendations;

11.Finalise guideline content;

12.Disseminate and implement IP Guideline.

8.7 CONSUMER INVOLVEMENT

The views and preferences of consumers were continuously integrated into the

development of the IP Guideline from the initial scoping and planning through to
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the implementation of the IP Guideline according to the NHMRC requirement A.4.
A survey study design was used to involve the consumers (target population) in
the development of the IP Guideline. This method ensured the views and
preference of the target population were incorporated in the IP Guideline,

ensuring it is both relevant and appropriate.

A cross-sectional survey (The Leaky Gut Survey) of 589 Australian adults with
suspected IP was undertaken during the initial stages of the IP Guideline
development process.?'%220 The Leaky Gut Survey was designed to capture the
health-seeking behaviours, views and preference of Australian adults identifying
as having suspected or confirmed IP concerning the management and
assessment of IP. Although the Stakeholder Group did not include a
representative from Aboriginal and Torres Strait Islander Peoples, the views and
preferences of the community were incorporated during The Leaky Gut Survey
as participants included in this study identified as Aboriginal and Torres Strait

Islander.

8.8 FUNDING

The development of the IP Guideline was funded by the Australian Research
Centre in Complementary and Integrative Medicine (ARCCIM), providing a total
of $4470 in support of guideline development, publication and dissemination. The
Australian Government Research Training Program Scholarship provided
Bradley Leech with a scholarship. The scholarship funding had no influence on

the development or content of the guidelines.
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8.9 INTEROPERATING THE RECOMMENDATIONS

A detailed method of guideline development including the process used to

evaluate and form the recommendations can be found

in the Guideline

Development Process (Section 3.4). To assist in interpreting the IP Guideline

each recommendation has been categorised according to the type of available

evidence (Table 8.1) and classified according to the strength of the

recommendation (Table 8.2).

Table 8.1 Categories of the IP Guideline recommendations

Evidence-based recommendations: A recommendation formulated after a

EBR systematic review of the evidence, with supporting references.
Consensus-based recommendations: A recommendation formulated in the
CBR absence of quality evidence, with the guideline development group forming a
consensus.
Practice points: A recommendation on a subject that is outside the scope of the
PP search strategy for the systematic review, based on expert opinion and formulated

by a consensus process

Table 8.2 Strength of recommendations

Strong CODDD Clinicians should follow a strong recommendation

recommendation unless a clear and compelling rationale for an
alternative approach is present.

Recommendation DDDD Clinicians should also generally follow a
recommendation but should remain alert to new
information and sensitive to patient preferences.

Option DD Clinicians should be flexible in their decision making

Consensus-based oD regarding appropriate practice, although they may set

recommendation bounds on alternatives; patient preference should have

Practice point ® a substantial influencing role.

No recommendation & Clinicians should feel little constraint in their decision

making and be alert to new published evidence that
clarifies the balance of benefit versus harm; patient

preference should have a substantial influencing role.
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8.9.1 RECOMMENDATION WORDING ACCORDING TO STRENGTH OF

EVIDENCE
The IP Guideline utilises the National Institute for Health and Care Excellence
methodology for the wording of the recommendations.??® Wording for a strong
recommendation uses terms such as “offer”, “advise”, “do NOT offer”, or “do NOT
advise”, while the wording for a recommendation contains “consider” or “consider
NOT”. For options, consensus-based recommendations and practice points, the
key terminology contains “may consider” to reflect the strength of the

recommendation and evidence.

8.10RECOMMENDATION SUMMARY

Table 8.3 Recommendation Summary

No. Category Recommendation Strength

Dietary based recommendations

Alcohol recommendations

People with intestinal permeability should consider
consuming no more than 10 standard alcoholic drinks
a week and no more than 4 standard alcoholic drinks
1.1 EBR DODD
on any one day in accordance with the Australian
Dietary Guidelines during the treatment of intestinal

permeability.

People with intestinal permeability may consider
1.2 CBR limiting or avoiding alcohol consumption during the ®D

short-term treatment of intestinal permeability.

Dietary fibre recommendations

People with intestinal permeability should consider
1.3 EBR trialling and if tolerated, consume a diet high in dietary DDDD

fibre from a diverse range of sources.

Clinicians are advised to trial and if tolerated,
1.4 CBR oD
recommend patients to consume 38g for men and 28g
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for female of dietary fibre daily while treating patients

with intestinal permeability.

Clinicians are encouraged to recommend gluten-free
1.5 CBR sources of dietary fibre to patients with confirmed oD

intestinal permeability.

Macronutrient ratio recommendations

People with intestinal permeability should consider
consuming the Acceptable Macronutrient Distribution

1.6 EBR Range of protein (15-25%), fats (20-35%) and DODD
carbohydrates (45-65%) in accordance with the

Australian Dietary Guidelines.

People with intestinal permeability should consider
1.7 EBR consuming a diet moderate in fat and limit high DODD

consumption of long-chain saturated fatty acids.

People with intestinal permeability should consider
1.8 EBR ] o DODD
NOT consuming a diet high in free fructose.

Energy intake recommendations

People with intestinal permeability may consider
1.9 EBR consuming the estimated energy requirements in DD

accordance with the Australian Dietary Guidelines.

Clinicians may consider using a kilojoule restricted diet
in the short-term treatment of people with confirmed

110 EBR DD
intestinal permeability when clinically appropriate (e.g.,

obesity).

Gluten-free diet recommendations

Clinicians should only advise a strict gluten-free diet
during the treatment of people with confirmed intestinal

1.11  EBR DOODD
permeability if clinical symptoms or pathology indicate

a gluten intolerance, sensitivity or allergy.

Clinicians should aim to advise a gluten-free diet
during the short-term treatment of people with
confirmed intestinal permeability that report clinical
112 EBR CODDD
symptoms in response to the consumption of gluten
after the investigation for gluten intolerance, sensitivity

or allergy has been carried out

Clinicians should aim to offer a low gluten diet for the
1.13 EBR management of people with confirmed intestinal DDEDD

permeability that report no clinical symptoms or
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pathology indicating a gluten intolerance, sensitivity or

allergy.

Probiotic, prebiotic and synbiotic supplementation recommendations

Probiotics

2.1 EBR

There is insufficient evidence to form a
recommendation on the use of probiotics as a
collective group for the treatment of people with

intestinal permeability.

22 EBR

Clinicians may consider using Saccharomyces
cerevisiae var boulardii (Saccharomyces boulardii)
supplementation in the treatment of people with

intestinal permeability.

L)

23 EBR

Clinicians may consider the use of effective probiotics
for a minimum of 3 months when treating people with

intestinal permeability.

SLL)

24 PP

Clinicians may consider researching probiotic strains
for their effectiveness before using them to treat people

with intestinal permeability.

25 PP

Clinicians may consider the use of probiotics which are
supported by pre-clinical research in conjunction with
other treatment interventions for the management

people with intestinal permeability.

Probiotic drink

26 EBR

People with intestinal permeability should consider
trialling and if tolerated, consume fermented milk

products such as kefir.

S

2.7 EBR

People with intestinal permeability may consider NOT

consuming Yakult light®.

SLL)

Prebiotics

2.8 EBR

There is insufficient evidence to form a
recommendation on the use of prebiotics as a
collective group for the treatment of people with

intestinal permeability.

29 PP

Clinicians may consider researching specific prebiotic
for their effectiveness before using them in the

treatment of people with intestinal permeability.

210 PP

Clinicians may consider trialling and if tolerated,
recommend patients to use prebiotic which are

supported by pre-clinical research in conjunction with
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other treatment interventions for the management

people with intestinal permeability.

Clinicians may consider NOT using polydextrose in the

211 PP @
treatment of people with intestinal permeability.

Synbiotic
Clinicians may consider the use of effective synbiotic in

212 EBR DD
the treatment of people with intestinal permeability.
Clinicians may consider the use of effective synbiotic

213 EBR for a minimum of 3 months when treating people with DD
intestinal permeability.
Clinicians may consider NOT using polydextrose and

214 EBR Bifidobacterium animalis ssp. lactis 420 in the DD
treatment of people with intestinal permeability.
Clinicians may consider the use of specific synbiotic
which are supported by pre-clinical research in

215 PP @
conjunction with other treatment interventions for the
management people with intestinal permeability.

NSAID induced intestinal permeability
Clinicians may consider NOT using probiotics for the

2.16 EBR treatment of people with nonsteroidal anti-inflammatory DD
drug induced intestinal permeability.
Clinicians may consider NOT using prebiotics for the

217 EBR treatment of people with nonsteroidal anti-inflammatory DD
drug induced intestinal permeability.
Clinicians may consider NOT using synbiotics for the

218 EBR treatment of people with nonsteroidal anti-inflammatory DD
drug induced intestinal permeability.

Amino acid supplementation recommendations

Glutamine
Clinicians should offer glutamine supplementation for

3.1 EBR o ) - CODDD
the treatment of people with intestinal permeability.
Clinicians may consider the use of glutamine
supplementation in conjunction with other treatment

32 CBR , _ . D
interventions for the management of people with
intestinal permeability.

NSAID-induced intestinal permeability
Clinicians should consider the use of short-term

3.3 EBR DODD

lactoferrin supplementation for the treatment of people
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with nonsteroidal anti-inflammatory drug induced

intestinal permeability.

Plant-based medicine supplementation recommendations

There is insufficient evidence to form a
recommendation on the use of plant-based medicines

4.1 EBR ] . %)
as a collective group for the treatment of people with

intestinal permeability.

Clinicians may consider the use of plant-based
40 PP medicines which are supported by pre-clinical research
' in conjunction with other treatment interventions for the

management people with intestinal permeability.

Essential fatty acid supplementation recommendations

There is insufficient evidence to form a
recommendation on the use of essential fatty acid

51 EBR ] ) %)
supplementation for the treatment of people with

intestinal permeability.

Mineral supplement recommendations

Clinicians may consider using zinc supplementation in
6.1 EBR DD
the treatment of people with intestinal permeability.

Abbreviations: CBR = Consensus-based recommendation; EBR = evidence-based recommendation; NSAID =

nonsteroidal anti-inflammatory drug; PP = practice point.
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8.11DIETARY CHOICES

8.11.1 CLINICAL QUESTIONS

Clinical Question 1: In Australian adults with increased intestinal permeability,
what are the benefits of dietary choices for the treatment of increased intestinal
permeability?

Clinical Question 2: In Australian adults with increased intestinal permeability,

what are the harms, cautions and contraindications for dietary choices?

8.11.2 CLINICAL NEED FOR THE QUESTION

The consumption of some food products such as alcohol,52:329-331 gluten,2332-334
and dairy33%3% are suggested to negatively affect intestinal integrity. In contrast,
other food products such as dietary fibre, including prebiotics, display a beneficial
action on intestinal integrity.33” Considering the opinions of clinicians that
commonly treat patients with IP, dietary modification is the most frequently used
treatment intervention used in the management of IP.> These clinicians were
found to employ diverse dietary interventions while treating patients with IP,
including the reduced consumption of alcohol, gluten, dairy while incorporating
organic foods, apple cider vinegar, bone broth, lemon water and fermented foods.
The opinions of clinicians appear to align with opinions of Australian adults with
suspected IP. Dietary products are the preferred method for treating IP; over 80%
of Australian adults with suspected IP report they prefer to be treated using
dietary modification.??° This population also choose to allocate their finances to
dietary interventions regardless of their income manageability, with many of them

prescribing the dietary change themselves. To further support the need for dietary
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recommendations, patients expect that clinicians should have a comprehensive

understanding of dietary treatment interventions to manage IP.?19

8.11.3 SUMMARY OF EVIDENCE

A review of the literature found 22 studies addressing the two clinical questions
(CQ.1 and CQ.2) regarding the impact of dietary intake on intestinal integrity. The
risk of bias (RoB) assessment found the identified systematic review had a high
RoB (n = 1),22" while the seven randomised control trials were found to have
some RoB; n = 5 with moderate RoB275276.278,280.287 gnd n = 2 with low RoB.274288
The 14 non-randomised clinical trials had moderate (n = 7),27%:277,279.281-284 ggrious
(n = 4),271272,285286 or critical (n = 3) RoB.199289.2%0 A summary of the evidence is

provided here with a full review of the literature found in the Technical Report.

Four studies reported on the impact of alcohol consumption on IP, five studies
explored the effect of dietary fibre on intestinal integrity, ten studies were included
evaluating energy intake and macronutrient distribution on intestinal integrity, and
four studies evaluating the effects of a gluten-free diet on IP. There is sufficient
evidence to suggest dietary modifications can influence intestinal integrity, with
some changes supporting health and integrity and others causing a detrimental
effect to IP. However, a major limitation is the lack of high-quality research, even
though the included articles utilising a non-randomised clinical trial study design.
Studies on alcohol consumption most notably saw a lack of high-quality research,
as such there is insufficient evidence to suggest complete avoidance of alcohol
is necessary during the treatment of IP.22.271-273 There is potential benefit in

limiting alcohol consumption in specific health conditions, however the
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combination of low-quality evidence and mixed results suggests further
randomised controlled trials and longitudinal research is required before

evidence-based recommendations can be made.?21.271-273

There is moderate-quality evidence to suggest the consumption of dietary fibre
supports intestinal integrity and improves 1P.199274-277 Although limited evidence
is available on the type and amount of dietary fibre, consuming a diverse range
of dietary fibre with prebiotic properties appears to benefit intestinal
integrity. 199275277 However, the fortification of wheat-based products with
prebiotics (inulin or beta-glucan) results in mixed effects on IP.275276 There is
limited low to moderate-quality evidence that patients at risk of IP or have
confirmed IP should follow a gluten-free diet during IP treatment.?87-2%0 |nstead,
evidence suggests that patients at risk of IP could tolerate a low amount of gluten
(<16g/day).?®” However, patients with positive HLA-DQ2/8, the genetic
predisposition for coeliac disease, may not tolerate the consumption of gluten-
containing products with a more significant impact on IP found in patients with
positive HLA-DQ2/8 compared to negative HLA-DQ2/8 after the consumption of

a gluten-containing diet.?%8

The evidence evaluating energy intake and macronutrient distribution was of low-
quality.?’7-28 |n terms of energy intake, kilojoule restriction of 3,350-6700kJ/day
has been found to improve IP?77:285 while overfeeding with either estimated
energy requirements plus 4,180kJ/day?®® or 116% estimated energy
requirements saw no significant effect on IP.28 In contrast with this latter finding,

increased energy intake (>10,945 kJ/day) was found to be an independent risk

350



factor for IP.22" Although the distribution of macronutrients was found to have
mixed results, a trend suggests a high-fat diet may have a detrimental effect on
intestinal integrity. Total fat percentage was found to be an independent risk
factor for IP.22" Although short-term (<15 days) consumption of a high-fat diet (41-
55% of estimated energy requirements from fats) does not appear to significantly
impact intestinal integrity,?78279.286 g glightly high-fat diet (35% of estimated
energy requirements from fats) over a longer period (12 weeks) saw a significant
impact on IP.284 The only other macronutrient distribution ratio identified to
influence intestinal integrity potentially was simple carbohydrates.?8%-282 Although
increased simple carbohydrate consumption saw mixed results, the most
significant impact on intestinal integrity was the consequence of fructose

consumption rather than other simple carbohydrates.?80282

Table 8.4 Recommendations: Dietary Based

No. Category Recommendation Strength

Alcohol recommendations

People with intestinal permeability should
consider consuming no more than 10
standard alcoholic drinks a week and no
1.1 EBR more than 4 standard alcoholic drinks on DODD
any one day in accordance with the
Australian Dietary Guidelines during the
treatment of intestinal permeability.

People with intestinal permeability may
consider limiting or avoiding alcohol

1.2 CBR . . DD
consumption during the short-term

treatment of intestinal permeability.

Dietary fibre recommendations
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People with intestinal permeability should
consider trialling and if tolerated,

1.3 EBR
consume a diet high in dietary fibre from

a diverse range of sources.

DOPD

Clinicians are advised to trial and if
tolerated, recommend patients to

14 CBR consume 38g for men and 28g for female
of dietary fibre daily while treating
patients with intestinal permeability.

SIS

Clinicians are encouraged to recommend
gluten-free sources of dietary fibre to

1.5 CBR
patients with confirmed intestinal

permeability.

SIS

Macronutrient ratio recommendations

People with intestinal permeability should
consider consuming the Acceptable
Macronutrient Distribution Range of
protein (15-25%), fats (20-35%) and
carbohydrates (45-65%) in accordance

1.6 EBR

with the Australian Dietary Guidelines.

DOPD

People with intestinal permeability should

consider consuming a diet moderate in
1.7 EBR

fat and limit high consumption of long-

chain saturated fatty acids.

DOPD

People with intestinal permeability should
1.8 EBR consider NOT consuming a diet high in
free fructose.

DOPD

Energy intake recommendations

People with intestinal permeability may
consider consuming the estimated

1.9 EBR . . .
energy requirements in accordance with

the Australian Dietary Guidelines.

DDD
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Clinicians may consider using a kilojoule
restricted diet in the short-term treatment
1.10 EBR of people with confirmed intestinal DD
permeability when clinically appropriate
(e.g., obesity).

Gluten-free diet recommendations

Clinicians should only advise a strict
gluten-free diet during the treatment of
people with confirmed intestinal
1.11 EBR o DODDD
permeability if clinical symptoms or
pathology indicate a gluten intolerance,

sensitivity or allergy.

Clinicians should aim to advise a gluten-
free diet during the short-term treatment
of people with confirmed intestinal
112 EBR permeability that report clinical symptoms COOOD
in response to the consumption of gluten
after the investigation for gluten
intolerance, sensitivity or allergy has

been carried out

Clinicians should aim to offer a low gluten
diet for the management of people with
confirmed intestinal permeability that
1.13 EBR o DODDD
report no clinical symptoms or pathology
indicating a gluten intolerance, sensitivity

or allergy.

Abbreviations: CBR = Consensus-based recommendation; EBR = evidence-based recommendation; PP = practice

point.

8.11.4 JUSTIFICATION

Recommendations were informed by the best available evidence on the impact

dietary intake can have on intestinal integrity. The guideline development group
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carefully considered the available literature and the importance patients with IP
place of dietary treatments for the management of IP while forming each
recommendation. As Australian adults with suspected IP report the desire to use
dietary modifications as the primary treatment interventions in the management
of IP, recommendations were formulated regardless of the low grade identified.
As diet is not a short-term fix but rather a long-term solution, recommendations
considered the length of included studies and the possible long-term health
outcomes. While many studies involved healthy adults without IP or associated
conditions, the recommendations also considered the potential effect diet might

have on population groups with IP or disease associated with impaired IP.

With the available evidence and the current advice clinicians are currently
providing patients with IP, the recommendation regarding alcohol consumption
should follow the Australian Dietary Guidelines. However, to align with clinician’s
current views and preclinical research, a consensus-based recommendation was
developed whereby patients with IP may limit or avoid alcohol consumption

during the treatment period for IP.

Whilst limited evidence was found on the precise amount of dietary fibre required
to provide a beneficial effect, the available evidence supports the consumption of
a diverse range of dietary fibre. There is moderate-quality evidence indicating no
harmful effects after the consumption of dietary fibore among individuals with
suspected |IP. Therefore, the best available recommendation is to follow the
suggested dietary target for dietary fibre according to the Australian Dietary

Guidelines. Prioritising the consumption of low gluten sources of dietary fibre was
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included to complement the recommendations related to gluten consumption.
Guiding patients to consume a strict gluten-free diet limits the consumption of
major food groups and increases social stress involved in gluten avoidance.
Therefore, evidence and consensus suggest a low gluten diet rather than a strict

gluten-free diet may provide the best outcomes for individuals with IP.

The recommendation to follow the Acceptable Macronutrient Distribution Range
in accordance with the Australian Dietary Guidelines is based on the findings that
deviations from these reference ranges may results in worsening of IP.
Furthermore, many of the included studies used a variation of the Acceptable
Macronutrient Distribution Range as the control diet while exploring
macronutrients ratio. Although there is conflicting evidence on the effect of a high-
fat diet in the short-term (<15 days), the advice not to follow a high-fat diet is
supported by the long-term (>12 weeks) effect of a slightly high-fat diet on both
serum and stool zonulin. Limiting the consumption of excess fructose is
supported by the available literature and the Australian Dietary Guidelines.
Although total kilojoule intake is suggested to influence intestinal integrity,
following the Australian Dietary Guidelines regarding kilojoule intake remains the
best option for people with IP. However, while under the care of a clinician, there

may be benefits for a short-term kilojoule restricted diet.
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8.12PROBIOTIC, PREBIOTIC AND SYNBIOTIC

SUPPLEMENTATION

8.12.1 CLINICAL QUESTIONS

Clinical Question 3: In Australian adults with increased intestinal permeability, what
are the benefits of oral probiotic, prebiotic or synbiotic supplementation for the
treatment of increased intestinal permeability?

Clinical Question 4: In Australian adults with increased intestinal permeability, what
are the harms, cautions and contraindications for oral probiotic, prebiotic or

synbiotic supplementation use?

8.12.2 CLINICAL NEED FOR THE QUESTION

Probiotics and prebiotics may influence intestinal integrity by changing the
environment of the gastrointestinal system.338339 Mechanistic research indicate
probiotics may increase gene expression of ZO-1, Z0O-2, claudin-1, occluding,
which are involved in tight junction modulation in the small intestine.33® Other
probiotics may stabilise the mucosal barrier by increasing mucin expression.33°
While gliadin-induced IP has been suggested to be reduced by the use of
probiotics increasing ZO-1, claudin-1, and occluding gene expression.34° Some
probiotics can produce bacteriocins, antimicrobial peptides that inhibit pathogenic
bacteria, thereby modifying the microbiome so that pathogenic bacteria are
unable to stimulate IP.34' While less is known about prebiotic effect on intestinal

integrity, mechanistic research suggests prebiotics may mitigate the impact of
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lipopolysaccharide on intestinal integrity and protect the mucosa from

inflammation.338

Australian adults with suspected IP preferred the use of dietary supplements such
as probiotics and prebiotics managing IP.?'° Specifically, the use of dietary
supplements is the third most preferred treatment method for IP, with many
people with IP frequently using dietary supplements (73%) for the management
of 1P.219.220 Dietary supplements are most frequently prescribed by a naturopath,
with over 70% of probiotic and prebiotic supplementation prescribed by a
clinician.??® This population group reports spending an average of AUD $2,175
on dietary supplements annually.?'® The economic burden of using dietary
supplements does not appear to prohibit this populations’ use of dietary
supplements.?'® Almost 90% of Australian adults with suspected IP perceive that
it is important for clinicians to be knowledgeable about dietary supplements.?'?
The most frequently used dietary supplement in people with IP are probiotics,
with prebiotics as a close third.?2° Saccharomyces boulardii is the most frequently
prescribed probiotic for IP management by clinicians.® From the Saccharomyces
boulardii supplements used by this population group, 85% is reported to be
prescribed by a clinician.??® Supplementation with Saccharomyces boulardii is
reported as an independent predictor of a greater number of days each week that
IP affects daily living, suggesting patients with more severe IP use
Saccharomyces boulardii.?*® At the same time, Australian adults with suspected
IP that report an improved IP are more likely to use dietary supplements.?2°
Clinicians frequently to treat IP, with almost 80% of clinicians reporting they

always prescribe probiotics to patients with IP.5 Although limited evidence is
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available on the type of probiotics clinicians use, multi-strain probiotics are more
frequently used than single-strain probiotics.® Clinicians also use prebiotic fibres
such as resistant starch, pectin and slippery elm in the treatment of patients with
IP.°> The use of synbiotic (a combination of prebiotic and probiotic) by individuals

with IP have not been investigated in the literature.

The mechanistic evidence suggests potential benefits of probiotic and prebiotic
supplementations and a collective summary of the available literature is required.
Furthermore, as both clinicians and individuals with suspected IP report the
frequent use of probiotics and prebiotics, structured recommendations are

necessary to ensure optimal care is provided.

8.12.3 SUMMARY OF EVIDENCE

A literature review found 33 studies addressing the two clinical questions (CQ.3
and CQ.4) regarding the effect of probiotic, prebiotic and synbiotic on intestinal
integrity. The risk of bias (RoB) assessment found the identified systematic
reviews had a high RoB (n = 1)?°® and low RoB (n = 1),3°! while the 27 randomised
control trials were found to have high (n =
15),84,291,292,296,298,299,303,304,306,307,310,313,317,318,322 some (n - 6)293,297,302,308,314,320
and low (n = 6)300.305,309,312319,321 RoB. The four non-randomised clinical trials had
moderate RoB (n = 3)?*311315 and serious RoB (n = 1).3'® A summary of the
evidence is provided here with a full review of the literature found in the Technical

Report.
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Although there is substantial evidence (n = 19)84.291-308 jnyestigating the effect of
probiotics on intestinal integrity, the heterogeneity of these studies presents
difficulties synthesising the research. The research on multi-strain probiotics their
effect on intestinal integrity was mixed. Most studies found no significant
difference in stool zonulin, serum zonulin, and dual sugar test after probiotic
supplementation. The quantity of each probiotic strain may influence the
effectiveness of supporting IP; however, further studies are required.3®” One
commercially available probiotic, Saccharomyces boulardii was found to
decrease IP by 33.33% at 12 weeks.?%” Furthermore, intervention duration of less
than three months had a significant impact on the effects of probiotics on serum
zonulin, with greater improvement seen in studies lasting for three months then
any longer (coefficient = 33.23 [95% CI: 0.30, 66.16]; p=0.048). One type of
probiotic with a sufficient amount of studies with similar designs was probiotic
drinks. Kefir milk and fermented milk were both found to have a beneficial effect
on |P.302308 Three further studies examined 65ml of milk drink (Yakult light®)
containing Lactobacillus casei Shirota 108/ml (6.5 x 10° CFU) three times daily
and found no significant effect on IP.2%6.298.306 These results were consistent
across multiple assessment methods (stool zonulin, serum zonulin and dual
sugar), time points (12 weeks and six months) and disease states (metabolic

syndrome and liver cirrhosis).296.298,306

The use of prebiotics in the treatment of IP was met with mixed evidence in the
limited studies found (n = 6).295:309-313 Synthesis of the available evidence was
not possible due to the diverse prebiotics fibres used in the identified studies,

including pectin (n = 2),21%3" arabinoxylan (n = 2),39312 inulin (n = 1),2® inulin-
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type fructans (n = 1),2% polydextrose (n = 1),3'3 slippery elm (n = 1)3'" and guar
gum (n = 1).3" However, the effect of prebiotics on intestinal integrity appears to
be influenced by the type of prebiotic used. For instance, inulin or inulin-type
fructans were found to decreased either LPS or exotoxin levels?®® while others

such as arabinoxylan3%312 and pectin®'® were found to have no effect on IP.

The evidence evaluating synbiotic supplementation found moderate quality of
evidence.301:313-319 Most studies (n = 5)301:313317-319 ysed a diverse range of
probiotics and prebiotics with only three studies identified as having the same or
similar ingredients.?%4315316 The variety of synbiotic combinations used in the
included studies made synthesising the evidence difficult. a meta-analysis found
synbiotic supplementation significantly reduced serum zonulin compared to
placebo (weighted mean difference = -10.55 [95% CI: -17.76, -3.34]; p=0.004),
with a study duration of less than three months identified to have a significant
impact on the effects of synbiotic on serum zonulin (coefficient = 33.23 [95% CI:
0.30, 66.16]; p=0.048). The three studies identified as having the same or similar
ingredients used a combination of inulin, corn starch and fructooligosaccharides
with a multi-strain probiotic (7.5 x 10° CFU).294315316 A|l three studies
demonstrated a beneficial effect of symbiotic therapy on intestinal integrity. Mixed
results were found for other synbiotic combinations, with some such as 250mg of
tara gum and Streptococcus thermophilus (1 x 107 CFU) found to improve IP after
4 weeks?'® while other combinations of 2.4g of partially hydrolysed guar gum and
1.6g of inulin, Lactobacillus reuteri (1 x 108 CFU) twice daily round to have no
effect after 3 months (p=0.737).3'® Furthermore, one study identified synbiotic

supplementation containing 12g of polydextrose and Bifidobacterium animalis
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ssp. lactis 420 (10'© CFU) resulted in a significant increase in serum
lipopolysaccharide compared to placebo after six months (+9.1+40 vs —26+108;
p=0.007).313

Four high-quality studies investigated the effects of probiotic (n = 2), prebiotic (n
= 1) and synbiotic (n = 1) supplementation on nonsteroidal anti-inflammatory
drugs (NSAIDs) induced IP.314.320-322 A|| included studies used the same designs
to induce IP with NSAIDs. This study design involved participants taking 75mg of
a NSAID nine hours before measuring IP and another 50mg one hour prior to
measuring |IP. Five probiotic formulations measured across two short-term
studies found no significant change in NSAID induced IP.321322 A six-week trial
of two different prebiotics (12g of arabinoxylan or 12g of oat 3-glucan) found no
significant difference in arabinoxylan group or oat B-glucan in preventing NSAID
induced IP.320 Synbiotic supplement containing fructooligosaccharides and a
multi-strain probiotic resulted in similar outcomes as prebiotic and probiotic with

no significant difference.3'4

Table 8.5 Recommendations: Probiotic, prebiotic and synbiotic supplementation

No. Category Recommendation Strength

Probiotics

There is insufficient evidence to form a
recommendation on the use of probiotics as a

2.1 EBR ) %)
collective group for the treatment of people

with intestinal permeability.

Clinicians may consider using Saccharomyces
cerevisiae var boulardii (Saccharomyces

2.2 EBR DD
boulardii) supplementation in the treatment of

people with intestinal permeability.

Clinicians may consider the use of effective
2.3 EBR probiotics for a minimum of 3 months when DDD

treating people with intestinal permeability.
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2.4 PP

Clinicians may consider researching probiotic
strains for their effectiveness before using
them to treat people with intestinal

permeability.

25 PP

Clinicians may consider the use of probiotics
which are supported by pre-clinical research in
conjunction with other treatment interventions
for the management people with intestinal

permeability.

Probiotic drink

26 EBR

People with intestinal permeability should
consider trialling and if tolerated, consume

fermented milk products such as kefir.

S

2.7 EBR

People with intestinal permeability may

consider NOT consuming Yakult light®.

SLL)

Prebiotics

2.8 EBR

There is insufficient evidence to form a
recommendation on the use of prebiotics as a
collective group for the treatment of people

with intestinal permeability.

29 PP

Clinicians may consider researching specific
prebiotic for their effectiveness before using
them in the treatment of people with intestinal

permeability.

2.10 PP

Clinicians may consider trialling and if
tolerated, recommend patients to use prebiotic
which are supported by pre-clinical research in
conjunction with other treatment interventions
for the management people with intestinal

permeability.

2.1 PP

Clinicians may consider NOT using
polydextrose in the treatment of people with

intestinal permeability.

Synbiotic

212 EBR

Clinicians may consider the use of effective
synbiotic in the treatment of people with

intestinal permeability.

SL)
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213 EBR

Clinicians may consider the use of effective
synbiotic for a minimum of 3 months when

treating people with intestinal permeability.

SLL)

2.14 EBR

Clinicians may consider NOT using
polydextrose and Bifidobacterium animalis ssp.
lactis 420 in the treatment of people with

intestinal permeability.

SL)

2.15 PP

Clinicians may consider the use of specific
synbiotic which are supported by pre-clinical
research in conjunction with other treatment
interventions for the management people with

intestinal permeability.

NSAID induced intestinal permeability

2.16 EBR

Clinicians may consider NOT using probiotics
for the treatment of people with nonsteroidal
anti-inflammatory drug induced intestinal

permeability.

SL)

217 EBR

Clinicians may consider NOT using prebiotics
for the treatment of people with nonsteroidal
anti-inflammatory drug induced intestinal

permeability.

SL)

2.18 EBR

Clinicians may consider NOT using synbiotics
for the treatment of people with nonsteroidal
anti-inflammatory drug induced intestinal

permeability.

SL)

Abbreviations: CBR = Consensus-based recommendation; EBR = evidence-based recommendation; NSAID =

nonsteroidal anti-inflammatory drug; PP = practice point.

8.12.4 JUSTIFICATION

Recommendations were informed by the best available evidence on the impact
probiotics, prebiotics and synbiotics may have on intestinal integrity. The
guideline development group carefully considered the available literature and the
importance patients with IP place on supplementation for the management of IP
while forming each recommendation. The heterogeneity of the available evidence

impacted the grade and the ability to form evidence-based recommendations.
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As probiotics are unique, with each strain able to have a different clinical and
physiological effect, no collective recommendation was formed for all probiotics.
Instead, two practice points were developed to provide clinicians with direction
when prescribing probiotics in treating IP. As the evidence on probiotics is an
expanding area of research, the two practice points were designed to safeguard
the longevity of the IP Guideline. The focus of these two recommendations were
for clinicians to undertake their own research for beneficial strains and use pre-
clinical research when choosing a probiotic. In response to the evidence
supporting the use of Saccharomyces boulardii and clinicians frequently
prescribing this probiotic, an evidence-based recommendation was developed.
Another single-strain probiotic Akkermansia muciniphila demonstrated promising
results, however, no recommendation was developed as this strain is not

available in the Australian market.

Each type of prebiotic has a unique structure and associated action; therefore,
no collective recommendation was formed for all prebiotics as a collective group.
As prebiotics are known to have a beneficial effect on many health conditions
associated with IP, advising practitioners not to prescribe a prebiotic supplement
could be met with resistance. Therefore, three practice points were created to
provide clinicians with direction for the prescription of prebiotics in the treatment
of IP. Two of these practice points encourage clinicians to research beneficial
types of prebiotics and use pre-clinical research where necessary. As the
evidence on prebiotics and the effect on the microbiome is an expanding area of

research, these two practice points can ensure the IP Guideline is relevant for
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clinicians. The other practice point was developed to address the potential
adverse effects of supplementing with polydextrose. Although polydextrose is not
a frequently prescribed prebiotic, this recommendation may further direct

clinicians until further research confirms the safety in people with IP.

Unlike probiotic and prebiotic supplementation, the evidence supporting the use
of synbiotic therapy for the treatment of IP suggests a beneficial effect. Therefore,
an evidence-based recommendation was created to reflect the evidence.
Furthermore, like probiotic and prebiotic supplementation, a practice point was
developed, endorsing clinicians to prescribe synbiotic supplementation based on
pre-clinical research if they were to use synbiotic in clinical practice. According to
the research, a synbiotic formula containing polydextrose and Bifidobacterium
animalis ssp. lactis 420 has the potential to exacerbate IP. This led to the
recommendation for clinicians to avoid this combination until further research

confirms the safety in people with IP.

Regarding NSAID induced IP, there is consistent research across different
probiotics and prebiotics intervention studies providing evidence to recommend
clinicians not to use probiotics, prebiotics, or synbiotics to prevent NSAID induced
IP. Therefore, this resulted in three practice points to support clinicians and reflect

the level of research.
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8.13AMINO ACID

8.13.1 CLINICAL QUESTIONS

Clinical Question 5: In Australian adults with increased intestinal permeability, what
are the benefits of oral amino acid supplementation for the treatment of increased
intestinal permeability?

Clinical Question 6: In Australian adults with increased intestinal permeability, what
are the harms, cautions and contraindications for oral amino acid supplementation

use?

8.13.2 CLINICAL NEED FOR THE QUESTION

Amino acids, especially glutamine, may have potential benefits on the intestinal
integrity.2*? Glutamine is a major energy source for intestinal epithelial, promoting
enterocyte proliferation and protects the epithelium from apoptosis.3*? Glutamine
may increase the expression of zonula occludens-1 (ZO-1), ZO-2, ZO-3, and
claudin-1, therefore, enhancing tight junction integrity.343344 Caco-2 cell
monolayer in vitro study design suggests glutamine may prevent alcohol-induced
IP.331 Glutamine has been suggested to enhances the transactivation of heat
shock factor-1 and induces heat shock factor-1 expression, therefore protect the
intestinal epithelium against oxidative stress and inflammation.3*®> Another amino
acid with potential clinical application is lactoferrin is an iron-binding glycoprotein
that is naturally found in human breast milk.>*¢ Mechanistic research on
lactoferrin indicates a potential antibacterial and anti-inflammatory action with the

supplementation used an adjuvant therapy in gastrointestinal disorders.34¢
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Australian adults with suspected IP report preferring dietary supplements
including amino acids such as glutamine managing IP.2'° Specifically, the use of
dietary supplements is the third most preferred treatment method for IP, with
many people with IP frequently using dietary supplements (73%) for the
management of 1P.219220 Dietary supplements are most frequently prescribed by
a naturopath, with over 70% of glutamine supplementation prescribed by a
clinician and the other 30% self-prescribed.??° In addition, almost 90% of
Australian adults with suspected IP perceive that it is important for clinicians to
be knowledgeable about dietary supplement.?’® This population group reports
spending an average of AUD $2,175 on dietary supplements annually.?'® The
economic burden of using dietary supplements does not appear to prohibit this
populations’ use of dietary supplements.?'® Glutamine is the fifth most frequently
used dietary supplement in people with IP, with amino acid complex also used to
a lesser extent.?2 While clinicians frequently use glutamine in the management

of patients with IP, with 73% of clinicians always using glutamine.®

The mechanistic evidence indicates a potential benefit of amino acids, especially
glutamine.34? As both clinicians and people with suspected IP report the frequent
use of amino acids, a collective summary of the available literature and structured

recommendations are necessary to ensure optimal care is provided.

8.13.3 SUMMARY OF EVIDENCE

A literature review found four studies addressing the two clinical questions (CQ.5
and CQ.6) regarding the effect of amino acids on intestinal integrity. The risk of

bias (RoB) assessment found the three randomised control trials to have low RoB
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(n = 3).192:323.324 The one non-randomised clinical trials had moderate RoB.3'" A
summary of the evidence is provided here with a full review of the literature found

in the Technical Report.

A total of three studies exploring the effects of glutamine on altered IP were
included.'2311:323 The use of glutamine supplementation in people with IP saw
consistent beneficial effects on intestinal integrity. All studies involved
participants with a gastrointestinal disorder, and they were assessed for IP
through the dual sugar test. The supplementation of glutamine in people with
diarrhoea-predominant irritable bowel syndrome demonstrated a significant
decrease in IP compared to baseline after two months (0.11+0.03 vs. 0.04+0.01;
p<0.0001)."°2 Furthermore, there is a significant correlation between irritable
bowel syndrome severity and improvement of IP in people taking glutamine
(r=0.72; p<0.001)."°? Another RCT investigated the effect of 0.5g/kg of glutamine
on ideal body weight per day in Crohn’s disease patients currently in remission.323
This study found glutamine supplementation reduced lactulose/mannitol ratio
(LMR) median value from 0.071 (0.041-0.254, range) to 0.029 (0.006-0.090,
range) after two months.322 Furthermore, the control group also had a significant
improvement in IP from a median value of 0.067 (0.040-0.136, range) to 0.033
(0.009-0.077, range), possibly influenced by the placebo supplement containing
a large amount of whey protein. No significant difference was found between the
glutamine group and whey protein group after two months (median value 0.029
vs. 0.033; p>0.05).3%* An Australian based study explored the effects of 2.5g of

glutamine in combination with prebiotics, other intestinal supportive herbal
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medicine, and nutrients on IP.3"" This study found a significant decrease between

baseline and 12 weeks in LMR (0.04+0.004 vs. 0.03+0.001; p<0.0001).3"

One article investigated the effects of lactoferrin on NSAID induced intestinal
integrity. Healthy males had IP induced by consuming 75mg NSAID 9 hours prior
and 50mg 1 hour prior to undertaking the dual sugar test. The intervention
involved participants consuming 5g of lactoferrin three times (24, 9 and 1 hour
before the dual sugar test). Lactoferrin supplementation was found to significantly
decrease NSAID-induced IP compared to NSAIDs and placebo (0.028 vs. 0.036;

p<0.05).

Table 8.6 Recommendations: Amino acid supplementation

No. Category Recommendation Strength

Glutamine

Clinicians should offer glutamine
3.1 EBR supplementation for the treatment of people DDDDD

with intestinal permeability.

Clinicians may consider the use of glutamine
supplementation in conjunction with other

3.2 CBR ] ] S5
treatment interventions for the management of

people with intestinal permeability.

NSAID-induced intestinal permeability

Clinicians should consider the use of short-
term lactoferrin supplementation for the

3.3 EBR treatment of people with nonsteroidal anti- DDDD
inflammatory drug induced intestinal

permeability.

Abbreviations: CBR = Consensus-based recommendation; EBR = evidence-based recommendation; NSAID =

nonsteroidal anti-inflammatory drug.
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8.13.4 JUSTIFICATION

Recommendations were informed by the best available evidence on the impact
amino acids may have on IP. The guideline development group carefully
considered the available literature and the importance patients with IP place on

supplementation for the management of IP while forming each recommendation.

There is consistent evidence supporting the use of glutamine in people with IP.
Although one study found a significant improvement in the glutamine group from
baseline to two months, this same study found no significant difference between
the control and glutamine supplementation. Key characteristics in the study
design such as demographic and control supplement (a large amount of whey
protein) could potentially explain this finding and therefore did not affect the
grading of the recommendation. Although whey protein, a complex source of
amino acids, could be considered as a potential therapeutic intervention based
on this study,??® the conflicting result seen with Zhou et al,'®? resulted in no
recommendation considered. A consensus-based recommendation was
developed considering the whole system approach clinicians follow in managing
people with IP. This recommendation suggests glutamine be considered as a part
of other treatment interventions rather than the sole ingredient. Although the
grade for the recommendation for lactoferrin was allocated a B, the Working
Group downgraded the strength of the recommendation from a strong
recommendation to a recommendation considering this intervention is less used

in clinical practice, and only one study was included.
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8.14PLANT-BASED MEDICINE

8.14.1 CLINICAL QUESTIONS

Clinical Question 7: In Australian adults with increased intestinal permeability, what
are the benefits of oral plant-based medicine supplementation for the treatment of
increased intestinal permeability?

Clinical Question 8: In Australian adults with increased intestinal permeability, what

are the harms, cautions and contraindications for oral plant-based medicines use?

8.14.2 CLINICAL NEED FOR THE QUESTION

Plant-based medicines are reported to influence the function of the
gastrointestinal system and may modulate the integrity of the small intestine.34”
Herbal therapy is suggested to support IP by reducing the effect of endotoxins,
changing the expression of tight junction proteins and contributing to the mucus
layer of the gastrointestinal tract.3*8:34° Mechanistic research on individual herbal
therapies such as Aloe barbadensis Mill (aloe vera) suggest that it may potentially
enhance the expression of intestinal zonula occludens (Z0)-1.3%° While other
herbal medicines, including Curcuma longa (turmeric) is reported to regulate the

expression of ZO-1 and claudin-1.35%"

Australian adults with suspected IP report preferring dietary supplements such
as herbal medicine for managing IP.2"® Specifically, the use of dietary
supplements is the third most preferred treatment method for IP, with many
people with IP frequently using dietary supplements (73%) for the management

of 1P.219.220 Dietary supplements are most frequently prescribed by a naturopath,
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with over 70% of herbal mixtures prescribed by a clinician.??° Clinicians frequently
prescribe herbal medicine to treat IP, with many reporting they always prescribe
Curcuma longa (73%), Allium sativum (52%), Ulmus rubra (51%), Zingiber
officinale (50%), Aloe barbadensis Mill (48%), Althaea officinalis (44%) and
Gentiana lutea (44%) in patients with IP.® Clinicians treating people with IP will
generally use a combination of herbal products as part of a whole system

treatment approach.®

People with IP report spending an average of $2,175 AUD on dietary
supplements annually.?'® The financial cost of dietary supplements and peoples
financial status, does not appear to affect this populations’ decision in using
dietary supplements.?'® The second most frequently used dietary supplement in
people with IP are herbal mixtures.??° The herbal products most commonly used
by people with IP are Curcuma longa, Ulmus rubra (slippery elm) and Aloe
barbadensis Mill.??° Australian adults with suspected IP that report an improved
IP are more likely to use dietary supplements.??° AlImost 90% of Australian adults
with suspected IP report that the knowledge and understanding of dietary
supplements are important for clinicians to understand.?'® The mechanistic
evidence indicates a potential benefit of herbal medicine.3*7-3%° As clinicians and
individuals with suspected IP report the frequent use of herbal medicine, a
collective summary of the available literature and structured recommendations

are necessary to the provision of optimal care.
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8.14.3 SUMMARY OF EVIDENCE

A literature review found five studies addressing the two clinical questions (CQ.7
and CQ.8) regarding the effect of plant-based medicines on intestinal integrity.
The risk of bias (RoB) assessment found the four randomised control trials to
have high (n = 3)303325326 gnd Jow (n = 1)3%° RoB. The one non-randomised
clinical trials had moderate RoB.3'" A summary of the evidence is provided here

with a full review of the literature found in the Technical Report.

A total of five studies exploring the effects of a diverse range of plant-based
medicines on intestinal integrity were included.300.303.311.325326 The yse of plant-
based medicines in people with IP resulted in mixed outcomes with three out of
the five studies reporting no significant effect. One study exploring the effects of
pomegranate extract in overweight and obese adults found after three weeks,
pomegranate extract significantly reduced lipopolysaccharide-binding protein
compared to placebo (p<0.001).32° While an Australian based study exploring the
effects of a mix of herbal medicines (aloe vera 2.5mg, slippery elm 500mg, guar
gum 100mg, pectin 100mg and peppermint oil 3mg) and amino acids in patients
with a functional gastrointestinal disorder found a significant decrease between
baseline and 12 weeks in lactulose/mannitol ratio (0.04+0.004 vs 0.03+0.001;
p<0.0001).3"" Three other studies investigating the effects of plant-based
medicines on IP found no significant impact. These studies used a combination
of herbal ingredients. One of these studies used multi-herbal formula in healthy
adults over eight weeks and found a significant difference in serum zonulin
between placebo and the intervention group.3?® Another herbal combination

containing barley grass and oat grass juice had no significant impact on
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lactulose/mannitol ratio between baseline and 12 weeks (p>0.05).3%° Similar
results were seen with a traditional Japanese formula known as
Bofutsushosan.?%® The study found no significant effect between baseline and

five week in lactulose/mannitol ratio (2.7+1.9 vs 2.2+1.5; p=0.391).303

Table 8.7 Recommendations: Plant-based medicine supplementation

No. Category Recommendation Strength

There is insufficient evidence to form a
recommendation on the use of plant-based

4.1 EBR %)
medicines as a collective group for the

treatment of people with intestinal permeability.

Clinicians may consider the use of plant-based
medicines which are supported by pre-clinical

4.2 PP research in conjunction with other treatment S
interventions for the management people with

intestinal permeability.

Abbreviations: EBR = evidence-based recommendation; PP = practice point.

8.14.4 JUSTIFICATION

Recommendations were informed by the best available evidence on the impact
plant-based medicine may have on intestinal integrity. The guideline
development group carefully considered the available literature and the
importance patients with IP place on supplementation for the management of IP
while forming each recommendation. The limited available literature and
heterogeneity of the available evidence impacted the grade and the ability to

develop evidence-based recommendations.

Plant-based medicines are unique, with every herbal ingredient able to have a

different clinical and physiological effect. Therefore, no collective
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recommendation was developed for all herbal therapies. Instead, the
development of one practice point to provide clinicians with direction when
prescribing plant-based medicines in treating IP was formulated. This practice
point was developed as plant-based medicines are frequently used in clinical
practice and no safety concerns were identified. Furthermore, as the evidence on
herbal therapies is an expanding area of research, the practice point was
designed to provide confidence in the IP Guideline. The focus of this practice
point is for clinicians to undertake their own research for beneficial herbal
therapies and use pre-clinical research when prescribing to patients with IP.
Although one research study identified pomegranate extract as a potential
therapy for the management of IP, important characteristics such as the high RoB
and only using lipopolysaccharide-binding protein as a marker for IP, no

recommendation could be developed.
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8.15ESSENTIAL FATTY ACID

8.15.1 CLINICAL QUESTIONS

Clinical Question 9: In Australian adults with increased intestinal permeability, what
are the benefits of oral essential fatty acid supplementation for the treatment of
increased intestinal permeability?

Clinical Question 10: In Australian adults with increased intestinal permeability,

what are the harms, cautions and contraindications for oral essential fatty acid use?

8.15.2 CLINICAL NEED FOR THE QUESTION

Essential fatty acids are a group of polyunsaturated fatty acids, including two
types of omega-3 docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA)
with the other being omega-6. These essential fatty acids, especially omega-3,
are thought to prevent changes to IP by inhibiting the production of pro-
inflammatory cytokines.3®? Mechanistic research suggests omega-3 may
normalise the expression of zonula occludens (ZO)-1 and occluding in the
intestine.3%3 Australian adults with suspected IP report preferring dietary
supplements such as omega 3 for managing IP.?'° Specifically, the use of dietary
supplements is the third most preferred treatment method for IP, with many
people with IP frequently using dietary supplements (73%) for the management
of 1P.219220 Dietary supplements are most frequently prescribed by a naturopath,
with over 66% of omega-3 prescribed by a clinician.??® People with IP report
spending an average of $2,175 AUD on dietary supplements annually.?'® The
financial cost of dietary supplements and peoples financial status, does not

appear to affect this populations’ decision in using dietary supplements.?'® One
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third of people with IP report using omega-3 in the treatment of IP.?2° Australian
adults with suspected IP that report an improved IP are more likely to use dietary
supplements.??° Almost 90% of Australian adults with suspected IP report that it
is important for clinicians to understand dietary supplements in the context of IP
management and treatment.?'® Due to this early mechanistic evidence and the
frequent use of omega-3 supplements reported by both patients and clinicians,
exploration of the evidence regarding essential fatty acid supplementation for

people with IP is needed.

8.15.3 SUMMARY OF EVIDENCE

A literature review found one study addressing the two clinical questions (CQ.9
and CQ.10) regarding the effect of essential fatty acid supplementation on
intestinal integrity. The risk of bias (RoB) assessment found this trial to have high
RoB.??® A summary of the evidence is provided here with a full review of the

literature found in the Technical Report.

A total of one study exploring the effects of essential fatty acid supplementation
on intestinal integrity was included.?®® This randomised, double-blind placebo-
controlled trial assessed the effects of four study arms: omega-3, probiotic,
omega-3 and probiotic or placebo over 21 weeks in pregnant women.?*® The
omega-3 supplement contained 2g of omega-3 (79.6% DHA and 9.7% EPA)
twice daily. The study found no significant effect in serum zonulin between early
and late pregnancy with omega-3 supplementation (mean change:
+5.2+11.2ng/ml; 95%CI +2.0, +8.5; p>0.05). Furthermore, lipopolysaccharide

(LPS) had no significant change between early and late pregnancy with omega-
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3 supplementation (mean change: +0.06+0.11EU/mI; 95%CIl +0.023, +0.088;

p>0.05).

Table 8.8 Recommendations: Essential fatty acid supplementation

No. Category Recommendation Strength

There is insufficient evidence to form a
recommendation on the use of essential fatty

5.1 EBR . ) %)
acid supplementation for the treatment of

people with intestinal permeability.

Abbreviations: EBR = evidence-based recommendation.

8.15.4 JUSTIFICATION

Recommendations were informed by the best available evidence on the impact
essential fatty acid supplementation may have on intestinal integrity. The
guideline development group carefully considered the available literature and the
importance patients with IP place on supplementation for the management of IP
while forming the recommendation. There is insufficient evidence to recommend
the use of essential fatty acid supplementation in people with IP, with only

included study finding no significant change in markers of IP.
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8.16 MINERAL SUPPLEMENTATION

8.16.1 CLINICAL QUESTIONS

Clinical Question 11: In Australian adults with increased intestinal permeability,
what are the benefits of oral mineral supplementation for the treatment of increased
intestinal permeability?

Clinical Question 12: In Australian adults with increased intestinal permeability,
what are the harms, cautions and contraindications for oral mineral

supplementation use?

8.16.2 CLINICAL NEED FOR THE QUESTION

Minerals, especially zinc, are essential for tight junction maintenance, with
mechanistic research suggesting zinc may prevent the breakdown of tight
junction proteins and enhance the expression of zonula occludens (ZO)-1.354-3%6
Australian adults with suspected IP report preferring dietary supplements such
as minerals, including zinc and magnesium for managing IP.2'° Specifically, the
use of dietary supplements is the third most preferred treatment method for IP,
with many people with IP frequently using dietary supplements (73%) for the
management of 1P.219220 Dietary supplements are most frequently prescribed by
a naturopath, with over 80% of zinc prescribed by a clinician.??° Furthermore, zinc
is the most prescribed dietary supplement in the treatment of people with IP.°
People with IP report spending an average of $2,175 AUD on dietary
supplements annually.?'® The financial cost of dietary supplements and peoples
financial status, does not appear to affect this populations’ decision in using

dietary supplements.?’® Over 20% of people with IP report using zinc in the
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treatment of IP.220 Australian adults with suspected IP that report an improved IP
are more likely to use dietary supplements.??° Aimost 90% of Australian adults
with suspected IP report that it is important for clinicians to understand dietary
supplements in the context of IP management and treatment.2'® Due to this early
mechanistic evidence and the frequent use of zinc supplementation reported by
both patients and clinicians, exploration of the evidence regarding mineral

supplementation for people with IP is needed.

8.16.3 SUMMARY OF EVIDENCE

A literature review found two studies addressing the two clinical questions (CQ.11
and CQ.12) regarding the effect of oral mineral supplementation on intestinal
integrity. The risk of bias (RoB) assessment found the one non-randomised
clinical trial to have a moderate RoB.?*® A summary of the evidence is provided

here with a full review of the literature found in the Technical Report.

Only one non-randomised clinical trial met the inclusion criteria and was
included.®?” This study explored the effects of zinc supplementation in 12 Crohn’s
disease patients currently in remission with a lactulose mannitol ratio >0.035. The
study involved zinc supplementation containing 25mg of elemental zinc three
times daily for eight weeks. After the study period, there was a significant
decrease in IP from baseline to eight weeks (0.041+0.003 vs. 0.026+0.005; p=
0.0028). Furthermore, at the end of the eight weeks, the lactulose-mannitol ratio

normalised in 75% of participants.
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Table 8.9 Recommendations: Mineral supplementation

No. Category Recommendation Strength

Clinicians may consider using zinc
6.1 EBR supplementation in the treatment of people with DD

intestinal permeability.

Abbreviations: EBR = evidence-based recommendation.

8.16.4 JUSTIFICATION

Recommendations were informed by the best available evidence on the impact
mineral supplementation may have on intestinal integrity. The guideline
development group carefully considered the available literature and the
importance patients with IP place on supplementation for the management of IP
while forming the recommendation. One evidence-based recommendation was
developed to reflect the available literature and the importance clinicians place

on zinc supplementation.
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8.17VITAMIN SUPPLEMENTATION

8.17.1 CLINICAL QUESTIONS

Clinical Question 13: In Australian adults with increased intestinal permeability,
what are the benefits of oral vitamin supplementation for the treatment of increased
intestinal permeability?

Clinical Question 14: In Australian adults with increased intestinal permeability,
what are the harms, cautions and contraindications for oral vitamin

supplementation use?

8.17.2 SUMMARY OF EVIDENCE

A literature review found no studies addressing the two clinical questions (CQ.13
and CQ.14) regarding the effect of vitamin supplementation on intestinal integrity.

Therefore, no recommendation was developed.
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8.18 COLOSTRUM SUPPLEMENTATION

8.18.1 CLINICAL QUESTIONS

Clinical Question 15: In Australian adults with increased intestinal permeability,
what are the benefits of oral colostrum supplementation for the treatment of
increased intestinal permeability?

Clinical Question 16: In Australian adults with increased intestinal permeability,
what are the harms, cautions and contraindications for oral colostrum

supplementation use?

8.18.2 SUMMARY OF EVIDENCE

A literature review found no studies addressing the two clinical questions (CQ.15
and CQ.16) regarding the effect of colostrum supplementation on intestinal

integrity. Therefore, no recommendation was developed
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8.19CHAPTER SUMMARY

This clinical practice guideline for the management of IP serves as the first
guideline for IP both nationally and internationally. The recommendations
developed utilised the best available evidence while considering the views and
preferences of consumers and clinicians. In response to the research question
outlined in this thesis, 38 recommendations consisting of 27 evidence-based
recommendations, seven practice points and four consensus-based
recommendations were created to optimise patient care, improve health
outcomes and reduce variation in care for Australian practitioners in private

practice.
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9. DISCUSSION

This thesis is the first body of work to develop a clinical practice guideline for
managing IP, which also considers the views and preferences of Australian adults
with suspected IP. This project provides a foundation for clinicians to follow for
treating IP in their clinical practice. Recommendations developed as part of the
IP Guideline may offer a foundation for future clinical research in this emerging
area of research. Major findings briefly discussed in Chapters 4, 5, 6, 7 and 8 will
be further discussed in detail throughout this chapter, along with other important

findings reported in this body of work.

9.1 STAKEHOLDERS VIEWS ON RECOMMENDATIONS

The IP Guideline, with the involvement of stakeholders, is suggested to align with
the views and practices of clinicians that treat patients with IP in clinical practice.
The 38 recommendations were revised based on stakeholders’ feedback to
ensure the IP Guideline was clinically appropriate and based on evidence. The
views and perspectives of stakeholders provided clinical and industry feedback
on the developed recommendations. Stakeholders’ feedback directly influenced

the recommendations to align with the target users of the IP Guideline.

Nine recommendations (1.2, 2.4, 2.9, 2.10, 3.1, 3.2, 3.3, 4.2 and 6.1) had a high
consensus rate (>80%) among all three domains (agreement, appropriateness,
and importance) and thereby acknowledged by stakeholders as well accepted

recommendations. An explanation for consistent consensus may be multifaceted.
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It may involve alignment seen in clinical practice, the frequency of use by
clinicians and patients or consistent with clinical perspectives, regardless of
whether there is substantial supportive research. For instance, in
recommendation 6.1, the use of zinc supplementation in people with IP was found
to have the highest consensus among stakeholders, with all members reporting
they agree with the use in clinical practice. This agreement is most likely
contributed to zinc supplementation being the most prescribed dietary
supplement when treating people with IP.> The alignment between published
evidence and clinicians use of zinc supplementation strengthens the acceptance
in clinical practice. Another example of where stakeholders had consistently high
consensus was with the prebiotic recommendations 2.9 and 2.10 (research
specific prebiotics and use of pre-clinical evidence). Pre-clinical research
suggests prebiotics may mitigate the impact of lipopolysaccharide on intestinal
integrity and protect the mucosa from inflammation.33® Stakeholders appear to
support the concepts of researching specific prebiotics while also using pre-

clinical research to guide treatment interventions.

On the contrary, recommendations surrounding alcohol consumption had
conflicting results. Stakeholders disagreed with recommendation 1.1 (consume
alcohol as per the Australian dietary guidelines), while recommendation 1.2 (limit
or avoid alcohol consumption) had a consistent agreement. The inconsistency
results from developing a recommendation (1.1) according to the available
literature compared to forming a consensus-based recommendation that aligns

with clinical practice (recommendation 1.2). This inconsistency highlights the
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importance of stakeholder involvement in developing clinical practice guidelines

and indicates that further research is required to confirm clinicians’ notions.

The recommendations identified as having a low agreement rate or stakeholders
suggesting a change were modified to ensure they reflect clinical practice. The
feedback from stakeholders resulted in 19 recommendations obtaining some
level of modification. A common theme noted throughout the feedback was the
concept of personalised medicine or individualising the treatment interventions,
where stakeholders expressed that some patients may not tolerate the treatment
interventions. Following the notion that the target users of the IP Guideline
frequently use personalised medicine, modifications were made to the
recommendations to reflect this critical consideratio.?%-3%” Such changes applied
to some fermented foods and prebiotics recommendations, as a small
percentage of people with IP may have additional health conditions that may have
adverse reactions, such as bloating to some prebiotics and fermented
foods.3%83%9 To overcome the possibility of consumers not tolerating such
interventions, the concept of trialling the recommendation and, if tolerated, follow

was incorporated into the identified recommendations.

By making the changes suggested by the stakeholders, it is expected that the
recommendations will better align with clinicians. Incorporating stakeholder’s
feedback and modifying the recommendations is suggested to increase uptake
of guideline use in practice.®®® Obtaining stakeholder's feedback on drafted
recommendations has previously been demonstrated to balance the scientific

process and provide practical insight, translating to more appropriate
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recommendations.®8" Although some recommendations were initially identified as
a lack of agreement, these changes to the strength and wording allowed the

recommendations to be more clinically relevant when treating people with IP.

9.2 |IP GUIDELINE IN CLINICAL PRACTICE

The IP Guideline in clinical practice is expected to influence how clinicians
manage people with suspected IP. Specifically, the IP Guideline provides
clinicians with new treatment interventions and directions for managing IP, while
highlighting the treatment methods without sufficient evidence. The clinicians who
most frequently treat IP in clinical practice include naturopaths, integrative
medicine practitioners, nutritionists and general practitioners.?'® These clinicians,
especially integrative medicine practitioners and general practitioners, use and
follow clinical practice guidelines to inform disease management.’?6 On the other
hand, naturopaths and nutritionists rely less on clinical practice guidelines with
their use mainly informing care rather than treatment interventions.'?” This may
be due to multiple factors such as the lack of guidelines that involve these
clinicians as key stakeholders and the shortage of naturopathic specific treatment
interventions.’?” To overcome these barriers, the IP Guideline followed a
structured process to ensure the view and perspectives of clinicians that treat
people with IP were considered during the development of the recommendations.
Therefore, the IP Guideline is expected to be utilised by these clinicians in

managing IP.
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The IP Guideline provides a new direction for clinicians in prescribing a gluten-
free diet to manage IP. The recommendations surrounding the use of a gluten-
free diet have the strongest level of evidence from all the diet-related
recommendations in the IP Guideline. Clinicians frequently recommend that
people with IP follow a strictly gluten-free diet.®° However, three strong evidence-
based recommendations were developed to guide the clinical prescription of a
gluten-free diet in people with suspected IP (recommendations 1.1, 1.12 and
1.13). Correctly identifying patients with gluten intolerance, sensitivity or allergy
is essential as to not miss a more serious health condition. Many gluten-related
conditions go undiagnosed partly due to people avoiding gluten before the proper
investigation has taken place.3¢2:3¢3 Avoiding gluten in some individuals may
prolong the diagnosis as gluten consumption is required as part of a gluten
challenge to diagnose coeliac disease.’®? The emphasis of the developed
recommendation is for clinicians to assess the patient for gluten intolerance,
sensitivity or allergy before recommending they follow a low gluten diet.
Furthermore, a change of mindset is required for clinicians as a gluten-free diet
is not advised for people with IP but rather a low gluten diet. A driving factor that
may increase the uptake of the gluten relating dietary recommendations is that
these recommendations are the strongest with the highest level of evidence and
that clinicians pride themselves on evidence-based practice with the greatest

barrier being a lack of clinical evidence in their profession.364
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9.3 CONSUMERS AND THE IP GUIDELINE

Many of the dietary habits that people with IP follow, such as the consumption of
red meat, organic foods, and dairy products while avoiding gluten-containing
products and alcohol, conflict with the evidence-based recommendations created
in the IP Guideline.??° The IP Guideline provides consumers with evidence-based
recommendations to follow in regards to macronutrient distribution range,
estimated energy requirements and suggested dietary target for dietary fibre
while advising the avoidance of high fat (long-chain saturated fatty acids) or high
free fructose diets (recommendations 1.3, 1.6, 1.7, 1.8 and 1.9). These
recommendations suggest consumers should follow the macronutrient
distribution range, energy intake and dietary fibre target in accordance with the
Australian Dietary Guidelines. Although no direct recommendations were created
for red meat or dairy products, these five recommendations can be used to
quantify the amount of food products and energy intake. Many other clinical
practice guidelines for digestive related conditions are centred on general dietary
advice rather than specific interventions.3®® The IP Guideline provides consumers
with directions for dietary intake which aligns with the advice from the Australian

Dietary Guidelines.

There is mixed evidence on the dietary supplements that people with IP use to
manage their IP and the developed recommendations in the IP Guideline.??°
Specifically, some of the most used dietary supplements such as probiotics,
plant-based medicines and prebiotics are frequently used by consumers, yet no
evidence-based recommendations were developed to support their use. For each
of these dietary supplements, an evidence-based recommendation advised
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clinicians that there is insufficient evidence to support their clinical use
(recommendations 2.1, 2.8 and 4.1). However, other frequently used dietary
supplements such as zinc and glutamine both have evidence-based
recommendations for their use in managing IP (recommendations 3.1 and 6.1).
Alternatively, Saccharomyces boulardii is not often used by people with IP yet is
supported by evidence. The research resulted in an evidence-based
recommendation for the use of Saccharomyces boulardii supplementation in
managing people with IP (recommendation 2.2). Collectively, the IP Guideline
recommendations for dietary supplements may be different from what consumers

are currently using, however align with clinicians’ treatment methods.®

The IP Guideline brings new treatment strategies, many of which people with IP
are currently not following. Although these recommendations are different to their
current methods, the acceptance and utilisation is anticipated to be well received.
By incorporating consumers in the development of the IP Guideline, the
developed recommendations align with their views and perspectives. The early
involvement of consumers is shown to produce more patient-centric
recommendations, thereby increasing consumer uptake of recommendations.36¢
Furthermore, as the IP Guideline involved the consumers’ views and
perspectives, the recommendations are more likely to be relevant, readable and
understandable to this population group.®®> Especially as many of the
recommendations are centred on dietary interventions and this population group

reports the use of dietary interventions as the preferred method of managing IP.
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9.4 IP RISKFACTORS AND TREATMENT INTERVENTIONS

The systematic review in Chapter 2 identified several risk factors associated with
IP. These were dyslipidaemia, poor glycaemic control, inflammation,
anthropometric measurements that resemble obesity, the consumption of a
Western-style diet, comorbidity of chronic diseases and advanced disease
severity. Correcting many of these risk factors is suggested to improve IP. For
instance, reducing BMI from 43 to 36 has been demonstrated to significantly
improve IP.”®> Furthermore, a recent systematic review and meta-analysis
explored the pooled standardised mean differences in IP after a weight loss
intervention.3®” The review found weight loss was associated with a significant
reduction in IP, with each kg of body weight loss associated with a 0.017
reduction in IP. Some of the recommendations developed in this thesis may
further support weight management in patients with |IP. For instance,
recommendations 1.3 and 1.4 promote the consumption of a high fibre diet which
has been demonstrated to reduce body weight.2%8 Other recommendations that
may reduce I[P through supporting weight management include
recommendations 1.6, 1.7 and 1.8, which promote clinicians to prescribe a
macronutrient balanced diet while limiting the consumption of a high fat and free
fructose diet, both of which play a contributing factor in weight gain.369370 The last
set of recommendations that may have a beneficial action on IP via weight
management are recommendations 1.9 and 1.10. These recommendations
advise clinicians to prescribe an energy-balanced diet for the long-term
management of IP with the option of short-term energy restriction also advised.
The use of a hypocaloric diet is widely used as an effective method of weight
reduction.?”!
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Glycaemic control is another area where the improvement of IP may be
influenced by glycaemic status. For instance, the improvement of IP has been
shown to have a strong correlation with the reduction of HbA1c.'®” The IP
Guideline may support glycaemic control via several recommendations intended
to treat IP. Recommendation 2.6 suggests clinicians use fermented milk products
such as kefir in managing IP. Kefir consumption has been demonstrated to
decrease fasting insulin and improve insulin resistance.’’? Furthermore,
recommendation 6.1 may also improve IP via glycaemic control, with zinc
supplementation also known to reduce blood glucose and insulin resistance while
improving B-cell function.3”® The previous mentioned dietary recommendations
are also suggested to influence metabolic status with dietary fibre
(recommendations 1.3 and 1.4),3* macronutrient balance (recommendations
1.6, 1.7 and 1.8),%"4 and energy balanced diet (recommendations 1.9 and 1.10)3"°

are all treatment interventions indicated for balancing metabolic status.

Given the relationship between the identified risk factors and the developed
recommendations, further treatment objectives may be proposed. Clinicians may
consider addressing the risk factors identified in Section 2, in addition to following
the recommendations developed in the IP Guideline. Using risk factors as
treatment objectives is frequently seen in clinical practice, especially by
integrative medicine practitioners.3”® Therefore, clinicians may consider
prescribing treatment interventions that are anti-inflammatory, controls serum
glucose, improve lipid profile, supports healthy weight and reduce disease

severity. Essentially, a whole system approach where clinicians treat the whole
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person rather than an isolated reaction or condition, may have additional benefits

for managing IP.

9.5 INSUFFICIENT RESEARCH

Through the development of the IP Guideline, several clinical questions could not
be answered or provide an evidence-based recommendation due to insufficient
research. The clinical questions were based on the treatment interventions
currently used in clinical practice by clinicians or self-prescribed by people with
IP. The lack of evidence found may reduce the strength of recommendations.
Based on previous research, clinicians may be relying on pre-clinical research to
inform their clinical practice rather than conclusive clinical trials.> However, a
possible explanation may involve clinicians using research that does not directly
relate to IP but rather indirectly addressing the risk factors for IP. For instance,
there is substantial evidence indicating the use of curcuma longa in the treatment
of inflammatory conditions.3””:378 Clinicians may be addressing inflammation as a
treatment objective known to amend a risk factor for IP, thereby indirectly
supporting IP via an anti-inflammatory action. Another explanation as to why
clinicians may be using curcuma longa in treating IP and why the IP Guideline
was unable to identify relevant studies may be due to the tight inclusion criteria
of the IP Guideline. Specifically, studies that involved exercise-induced IP were
excluded as the results of these studies are not applicable to general clinical
practice. Thereby, clinicians may be utilising research that may not directly apply
to their patient population group. Further understanding of these interventions,

especially colostrum, vitamin D, omega 3, Ulmus rubra, curcuma longa and Aloe
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barbadensis Mill is required to determine whether they are therapeutic in people

with IP.

9.6 STUDY LIMITATIONS

This thesis is the first clinical practice guideline for managing IP, which also
considers the views and preferences of Australian adults with suspected IP. The
creation of the IP Guideline employed multiple study designs to develop

recommendations that were the most accurate and relevant for managing IP.

As there is a lack of gold standards in the assessment of IP, this thesis has
several limitations. Firstly, the results of this thesis are most applicable to people
with suspected IP. Furthermore, the systematic review in Chapter 2 included
studies that used LPS as the marker for IP, these results require considerations
in the application of IP in clinical practice. Most notably, LPS is suggested to be
an exacerbator of IP, and is increased in late-stage disease or advanced IP.142.143
However, less weighting was given to studies that used LPS alone when
interpreting the results. Furthermore, as discussed in section 2.2.4.4, the most
significant risk factors for IP had multiple markers confirming the association. This

strengthens the association as the correlation is not dependent on LPS alone.

Considering the results from the cross-sectional survey of Australian adults with
suspected IP, a few limitations need to be considered when interpreting the
results. The study employed a cross-sectional survey design, which prevents any

causation or etiological relationships, only associations can be made.?%*
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However, this limitation does not impact the current research objectives due to
the exploratory aim of the research project. The sample group had a larger
percentage (93%) of females than the Australian population. This may be due to
the vast majority of health conditions associated with IP being more prevalent in
females.! Nonetheless, some caution is required when generalising the findings
to the wider Australian community, with the results more relevant to females who
suspect they have IP. The other limitation of surveying this population group is
the accuracy of reporting their IP status and the reported symptoms correlating
to poor health rather than IP alone. Participants were asked to report if they have
IP, with many self-diagnosing their IP. As a result, the conformation of IP status
is unknown, and some symptoms may be the result of poor health. This limitation
was addressed by referring to the population group as having suspected IP rather
than diagnosed IP. This reporting method does not appear to affect the accuracy
of reported health-seeking behaviours as previous research has shown that
people with self-reported IBS have similar health care utilisation and QoL as

those with diagnosed IBS.27

The IP Guideline was developed based on the NHMRC Guidelines for
Guidelines Handbook to meet the 2016 NHMRC Standards for Guidelines.?'® As
outlined in the NHMRC guidelines, HMRC standard 6.2 requires guidelines to be
appropriately peer-reviewed. Other guidelines have the guideline appraised by
two independent reviewers using the Appraisal of Guidelines for Research and
Evaluation 1l (AGREE IlI) instrument. This process was not undertaken as the
guideline was not intended to be submitted to the NHMRC for approval or to be

registered on the Australian Clinical Practice Guideline Register. However, to
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ensure agreement with major stakeholders, after the completion of the
recommendations, the stakeholder survey served as a method to capture the

agreement and public opinion on the developed recommendations.

Due to the inclusion and exclusion criteria in the literature search, some potential
treatment interventions were missed. Articles were excluded if they involved
participants undertaking some form of physical activity. Excluding these studies
was on the basis that exercise-induced IP may have a different aetiology than the
IP seen in clinical practice. However, upon evaluating the literature, a few
possible treatment interventions were identified as having a beneficial impact on
intestinal integrity in patients with exercise-induced IP. Of note, there were six
studies using colostrum that were identified.3”®-3% As described in the IP
Guideline, no evidence was found on the use of colostrum in patients with IP as
all were excluded as they were performed in exercise-induced IP. Therefore,
there may be other treatment interventions clinicians may consider using that

were not mentioned in this thesis.

9.7 FUTURE DIRECTION IN RESEARCH

The results of this study provide novel information and understanding for the
growing area of IP research. This thesis has identified critical areas where further
research should focus its attention. Attending to the following areas of research
is thought to address major knowledge gaps, advance the understanding of IP

and improve the management of IP in clinical practice.
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9.7.1 CLINICAL TRIALS FOR THE MANAGEMENT OF IP

Ultimately, further research can use the results of this thesis as the basis and
justification for the development of clinical trials to explore the treatment
strategies used by clinicians and consumers that has limited evidence. There are
several possible treatment interventions that have no high-level evidence, or the
study designs are inadequate to answer the research question. These
interventions included vitamin D, Curcuma longa, omega-3 fatty acid and
colostrum supplementation. Alternatively, some treatment options had a large
body of evidence yet still produced a lack of clarity in treatment
recommendations. This was most notable for prebiotics and probiotics as many
interventions used multi-strain probiotics or a mix of prebiotic fibres. One area
where future research can draw on our results is the use of strain-specific
probiotics and intervention studies using a single prebiotic. This would enable the

development of more targeted treatment interventions.

One area where future research may consider changing the study design is
alcohol consumption. All studies used to create the recommendations in the IP
Guideline were between 30 minutes and one week in length. Designing an
observation or clinical trial with a study length of four weeks or more may provide
the evidence to change the recommendation associated with alcohol
consumption. Other considerations surrounding study design that future clinical
trials should consider following are the method of evaluating IP and inclusion
criteria. Specifically, combined use of stool zonulin and the dual sugar test should

be used to produce the most accurate assessment of IP. Secondly, participants
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should be screened for IP before entering the study to ensure the population has

confirmed IP.

9.7.2 DISEASE BURDEN ASSOCIATED WITH IP

This thesis provides the first indication that a relationship exists between IP and
disease burden, namely SWB and HRQoL. The results of this research project
offer only a preliminary understanding due to the inability to confirm the diagnosis
of IP. Future research should expand on our findings by undertaking a cross-
sectional study that employs a validated method of IP assessment to confirm the
presence of IP and explore the relationship with the same patient report outcome
measures (PROMSs) used in this thesis. This would allow other research to
confirm our findings or give an indication of any significance. Other preliminary
studies may consider investigating extra types of disease burden in people with
suspected IP. Specifically, are mortality and morbidity associated with the
diagnosis of IP? This type of research may shed light on the long-term impact of

IP and quantify the rate of disability-adjusted life years (DALY's) in this population

group.

9.7.3 CLINICAL PRACTICE GUIDELINE FOR THE ASSESSMENT OF IP

This thesis has focused on the treatment of IP in clinical practice. However, in
our survey of Australian adults with suspected IP, the exploration of health-
seeking behaviours for the assessment of IP was also undertaken. These results
highlighted major inconsistency in the diagnosis of IP in clinical practice. In

conjunction with the vast number of assessment methods available to clinicians
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in clinical practice, further guidance is needed to address these knowledge gaps.
The development of a clinical practice guideline for the assessment of IP would
provide clinicians with the guidance to improve the identification of IP. This
guideline should focus on the following objectives: (1) explore the circumstances
and health conditions that clinicians should measure patients for IP; and (2)
identify the most accurate, accessible, and affordable methods to measure
altered IP. The combination of this proposed guideline and the developed
guideline as part of this thesis provides clinicians with the best available evidence

for the assessment and management of IP in clinical practice.

9.7.4 DISSEMINATION AND IMPLEMENTATION OF THE IP GUIDELINE

The dissemination and implementation of the IP Guideline remain an area for
further consideration. Applying new knowledge to clinical decision-making is
faced with many barriers, including access to information and time required to
implement effectively.3® Furthermore, the methodology used to inform clinicians
of new treatment recommendations can impact adherence and utilisation of
guidelines.®®  Therefore, correctly informing clinicians of the new
recommendations and implementing them into clinical practice is an additional
step required to increase the utilisation of the IP Guideline in clinical practice.
Researchers can employ knowledge mobilisation frameworks involving clinicians
and patients to effectively disseminate and implement the IP Guideline into
clinical practice.®®” The most appropriate methods of disseminating and
implementing the IP Guideline may involve a multi-strategy knowledge translation
approach involving educational materials, seminars, podcasts and

publications.38 This implementation research would benefit from following
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previously established checklists such as the Guideline Implementation Planning
Checklist to ensure the most appropriate methods are applied.?®® After the
implementation of the IP Guideline, further updates for this guideline should take
place every five years to ensure the recommendation reflect the latest evidence
and support clinicians in clinical practice. As emerging evidence becomes
available for lifestyle and pharmaceutical interventions, updates of the IP
Guideline should consider incorporating these treatment options. Future updates
should also consider registering and submitting the guideline with the NHMRC to

further support with the implementation and dissemination.
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10. CONCLUSION

This thesis presents a clinical practice guideline for managing Australian adults
with IP, which considers the views and preferences of major stakeholders and
consumers. This research project incorporates the best available published
literature while considering the health-seeking behaviours of the target population
group. In addition to producing evidence-based recommendations, this thesis
also provides a comprehensive summary of risk factors associated with IP and a
novel understanding of the burden associated with IP. Through analysing both
published literature and the results of two cross-sectional surveys, this thesis
provides an understanding to the research objectives while offering novel insights

into the advancement of IP management.

Principally, in response to Research Objective 1, this thesis identified the most
significant risk factors associated with IP. The strongest risk factors for IP were
elevated levels of pro-inflammatory markers, dyslipidaemia, hyperglycaemia,
insulin resistance, anthropometric measurements resembling obesity, advanced
disease severity, comorbidity, and consuming a Western-style diet. Most notably,
the risk of IP increases when coupled with a multiple disease state or combined

with other environmental risk factors.

Secondly, through exploring the views, preferences, and health-seeking
behaviours of adults with suspected IP, Research Objective 2 was addressed.
Specifically, most Australian adults with suspected IP are self-diagnosing their

condition, with the majority of these individuals preferring to be assessed using
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an accurate method by a general practitioner or naturopath. Most Australian
adults with suspected IP reported using dietary products, dietary supplements
and lifestyle therapies for managing IP. This research project also identified that
most people that believe they have IP experienced a considerable length of time,
approximately 11 years, between first suspecting IP and receiving a diagnosis of
IP. Following on from these findings, the out-of-pocket expenditure associated
with the management of IP suggests a financial burden, especially for Australian

adults with suspected IP that report struggling financially.

In response to Research Objective 3, the findings suggest IP may pose a greater
health burden than previously thought, with poor SWB and HRQoL reported in
Australian adults with self-reported IP. These results have provided the first
known indication that suspected loss of intestinal integrity may be associated with
an increase in disease burden. Especially as our study found self-reported
improvement in IP is suggested to be a significant predictor of SWB and HRQoL
and that there is a correlation between both SWB and HRQoL and the number of
days IP affects daily living. Collectively, these findings contribute to a much-
needed clinical understanding of the consequence and clinical relevance of

altered IP.

Thirdly, the development of the IP Guideline has addressed Research Objective
4 and 5. The IP Guideline serves as the first guideline for the management of IP
here in Australia and internationally. The 38 recommendations created utilised
the best available evidence while considering the views and preferences of

consumers and clinicians. These recommendations provide clinicians with
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beneficial dietary choices and dietary supplements while also suggesting
interventions that are not effective and should be avoided. Furthermore, most of
the developed recommendations were accepted and acknowledged to be
important and appropriate for clinicians to follow according to key stakeholders.
Collectively, the IP Guideline may optimise patient care, improve health
outcomes, and reduce variation in care for clinicians treating IP in a primary care

setting.

Finally, as a collective body of work, this thesis provides a foundation to support
clinicians in the management of IP in clinical practice while directing future
research to expand the current scientific understanding of IP. The created
recommendations align with consumer and stakeholder views and values,
enabling clinicians to follow confidently. This thesis provides a comprehensive
insight into the need of this under-investigated population group while laying the
foundations for multiple research opportunities, especially in the exploration of
disease burden and IP. Ultimately, further research can use these results as the
basis and justification in developing clinical trials to explore the treatment

strategies used by clinicians and consumers yet have no supporting evidence.
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1 | INTRODUCTION

Abstract

Background: Increased intestinal permeability [IP] imvolves the loss of integrity be-
tween the cells of the small intestine. IP has been suggested to contribute to the
pathogenesis and exacerbation of mary chronle diseases. Many potential risk factors
for IP are proposed in contemporary literature, The purpose of this review is to iden-
tify the most significant risk factors for IP,

Muethods: A systematic search of literature published up until September 2018 in the
PubMed, EMBASE, CINAHL, and Scopus databases was conducted.
Results: A total of 47 articles met the inchusion criteria. Elevated levels of proinflam-
matary markers, dyslipidaemia, hyperglycaemia, insulin resistance, anthropometric
measurerents resembling obesity, advanced disease severity, comorbidity and the
comsumption of a Western-style diet were identified as the strongest risk factors
for altered intestinal integrity. The risk of IP increases when coupled with a multiple
disease state or combined with other emdronmental risk factors. Furthermore, many
al the identified risk factors such as anthropometric medsurements and biomarkers
were external from intestinal health and rather resembled a metabolic-like condition,
Conclusions: This review identified a number of potential risk factors for IP, rang-
ing from blomarkers to anthropometric measurements, demographics, deetary intake
and chronic diseases. These risk factors warrant the attention of dlinicians and other
healthcare providers to aid the identification of potential patients at risk of altered IP,
Further research needs to examine whether the identified risk factors are homogene-
ouws with the diagnosis of 1P or whether the disease state influences the association.

and disease,” While IP may be considered an emerging health condi-
tian that chiriciand should be sware of, the corseguence of impasned

Incregsed intestinal permeability 1P} involoes the less of mbegrity
between the cells of the small intestine.” The prevalence of altered
WP s estimated (o by 10%-87%° in dseasas with 8 known asscdiation
compared 1o about 5% in healthy subjects.™ Furthermore, apgraxi-
mately cne in three individuals are suggested to experience IP when
cliagnioted with & disease sssocisted with IP7 Althaugh thi contet
af P was first mentioned in the Berature during the 100" and Fur-
theer eaplored in relathon to disease during the 19705" it was not wntil
ke 20005 that the mechaniim of acticn for 1P development was dis-
cowvered, providing further clarification into the role 1P plays in health

harrier function remadns undercaamined.®

Thie lerss of intestingl integrity otcurs whan the transmembeans
profeing conmecting the cells of the small intestine disassemble
i response b0 a cascade of cvents involving the protein zomulin®
A% a result af altered |P. particulsr sspects of dsease such as clin-
ical yympioms, severity and activity have been found to be exac-
erbated in the presence of 1R In addstion, preliminary evidence
sugpests that IPF may be irvolved in the pathogenesis of type 1 di-
abetes, )1 Crohe's disease.)? coeliac disease® and diarrhoea-pre-
doeminant irritable bewel syndrame [1B5-01"* Altered 1P has alsa

int ) Clin Pract. 20719000 13385
Bt M delatg 10,1191 a1 3385
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besen associated withi many autolmmune conditions, liver diseases,
pastreatestingl conditions and methboks conditions,” AMRousEh thi
pathogenesis is not clearly defined, inflammation appears 1o be in-
volbaed both as a driving factor for and consequenc of altered 1217
Furthermane, the seticlogy of IP is poorly understood, with sarly
research indicating that two aspects, namely pathogenic bacteria
and gladsn froem ghuten, ane responsibbe for triggering IR Althcugh.
recent research suggests that the pathogenesia of IP i multifsctorial
and dif ferent for each individual ™"

Thaere are twe tests primarily used Tor (he clinezal diagnasis of
I, namety the dual sugar test and serum zonuling with many oth-
ers used in a research sefting. However, there remaing controversy
surraursding the gold standard of P testing and the consistency be-
tween measurement methods. ™ The dual sugar test involves the
oral consumption of wa SUgars after an overnight Tast follovwed by
the collection of wine for a given period of time. The fundamental
principle behind the dual sugar test is the different molecule size
of monossicharide and disacharide. When the imegrity of the in-
testine is healthy the charide ) o] is easily absorbed
whireas the disaccharide (leciulose) i poorly absorbed and re-
maird in the testine. Durng altered P the dascchanide is read-
ity atisorbed resulting in an increased ratio between lactulose and
marnibal in the urine.™ Whereas zonulin, the protein responsible for
the disassembling of the tight junctions, can be measwred in either
the serum or stool” Tonubn is considered to be the snly measurable
bigmarker that reflects an impairment of the intestinal barrier.!
Howewver, ronulin hus been reported to be released from many tis-
sars inchading adip tissue and proposed to b a Bpmarker of
metabolic syndrome. obedity, inflammation and posor health mane so
!hnﬂﬂmﬂ.mlhhmﬂwﬂnmmuﬂrm
surement of IR Anather methed of measuring P is the level of po-
paolysaccharide [LPS) found within the blood. LPS is sugpested to be
an exacerbates and marker of |P and i mestly incroased ot the Later
stage of disease or in sdvanced 1P Coliectively, these markers of
P provide healthcare practitioners with 3 method to measure and
assess IP im clinical practce,

Caorrectly identifying patients at ritk of IP may aliow for timely
testing to determing the potential severity of IP and facltate ac-
cisd 10 Approprlte freatment interventions. i required. Although
the full extent of untreated 1P remains underexamined, there is a
considerable amount of research Bmiing the health and integrity of
the intestine to chronic dsease.’™ The purpose of this review is to
summarise the known risk factors for IP and identity the most signif-
icant of these risk factors.

2 | METHODS

The reporting of this systematic review foliowed the Prefenned Reparting
Ibesns bor Systernatic Reviews and Meta-Anabses™ statement and the
Meta-analysis OF Observational Studies in Epidemiciogy checkiist, ™
Thie predeonl was. registered with the Intereational Prospective Register
of Systematic Reviews [PROSPERC) (SCROM2018109384)

Review criteria

= Observational studies reponting on risk Tactens msaci-
ted with inbestinal permeabdity in an adult population
were identified through a systematic search on Pubhed,
EMBASE, CINAHL and Scopus up umtil Seplember 2018
The reparting of this systematic review followed the
PRISMA satement and MOOSE checklise.

Medsage for the dinic

# This review identified ever 10:0 patential risk factors as-
sociated with imtestinal permeability with the strongest
rizk factors being Inflammation, dysiipidaemia, yper:
ghycaamis, anthropometric medsurements resembling
obesity, advanced diseaie severity with comorbidity
and the consumption of a Western-style diet, These risk
factors warrant the stention of clinicisns ta sid in the
identification of potential patlents at risk of altered in-
tstinal permeability,

21 | Search strategy

The databases PubMed, EMBASE, CINAHL and Scopus were
searched for artiches published up until September J008 by the lead
researcher (BLL The single-arm search terms wsed were: “intestinad
[ bdity™ OR “intestinal integrity” OR “intestinal barrier dys-
function” QR “gastrointestinal permeability” OR “gut permeability”
O “zonulin® OR “dual sugar® OR "lactulcse AMD mannitol® OR Tact-
s AND rh  OR “gellobiose AND itod.” A hand search
of the reference list from the included srticles wad abio canmied oul

2.2 | Eligibility criteria

Inchuded artiches were ariginal observational studies reporting on
risk facices assoclated with 1P in an adult populstion. These risk
factars are in Pelation b low-grade chronic IP rathed thaa Sulely
induced IP caused by sepsis i critically ill patients. Articles were ex-
cluded o subjects were under the age of 18, were critically @ fio in
indersive cane or palliative care), involved an expermental design or
wsed a method of diagnasing 1P other than zonulin (serum, plasma,
whool), dusl sugar urinary test (s tulase/mannicl, lactulese rham:
mose, cellobiose/'mannitol] and serum LPS. Thesse methods were
selected to ensure clirical relevance of the review. There was no ex-
clutian bated on language, peographical location or publicsticn date.

2.3 | Study selection and data extraction

Al identified citations were imported to Endnote [Vierddon X9 and
duplicates removed. The citations were independenily screened for
eligibility by the lead author (BLL A sample (20%] of the elgibibty
citations was reviewed by a second author (EML When uncertaindy
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of eligibiity criteria arose the corresponding author of the article in
quistian was contated for clarification,

24 | Critical appraisal analysis and risk of

bias assessment

The quality of the included artiches was assessed (by BL)and reviewed
(b EM] wsing the Strengthening the Reporting of Observational
Studies in Epidemiclogy (STROBE) statement.™ In addition, the
incheded articles were assexsed for risk of bias using a previously
witablishid tool for prevalence studses, Tha sssessment toel is com-
poded af 10 items covering four main domains of bias including ex-
fermal validity, internal walidity, bias and bias relating
e anabysis,

2.5 | Statistical analysis

A thematic synthesis of the ssotiation bitween ik factar of IP and
albered IF was carried cut. Three categories of association namety odds
ratia [OR), beta coef ficient and comelation coetlacient wine calbid tively
assessed for asaociabed risk factons with IP. Only statistically significant
risk factors were extrached from the included articles, along with the
confidersoe interval (CIL Furthermore, only DRs and bels cosfficients
that adjusted for confounders were extracted. Unadjusted correlation
cosflicionts wery pxtracted; howeswer, precedencs wan ghven (o ad-
justed correlition coeffickents when available, Inberpretation of batk

L WILEY Jdof 24
5 s ] and Py i correlation coeffickent were as fol-

Rerwvinch: litthe (0.00-0.2%), weidle {0.30-4.5), modivabi (0.50-0.6%), high
(0.70-0.8%) and wery high (0.90-1.00] comelation ® Variables with a
Eethe comelation coafficient were omitted from th results to minimice
misinterpretation whene results remain uncertain However, these var-
lables were still reported im stusdy charscteristics and considered in the
discursgion as the artaChes maet thr inclusion critedia, Wihen Jasocisions
were determined by a coefficient of determination [R7L this value was
corveried 1o a comeation cocffickent by taking the square root of the
B valae,

3 | RESULTS

A total of 22 118 artickes wane identified throwagh the by database
searches. of which 10 #14 duplicates were remaowved. After title and
abstract soreening 149 potentially relevant full-text articles were re-
wieweed, of which 42 articles were considered eligible. Hand search-
ng the ref e list of the 42 eligible articles identified an additional
v artiches, A total of 47 anticles wore inchided in this sysiematic
review [Figure 1), From the sample of eligible studies reviewed by
EM}, a strong agreement (Kappa score 00200 was achiewed.

The sample site of esch study varied frem 21 to 10157
pmean = 155) with the majority of the studies carvied out in Europe
(n = 34) foBowed by Asla (n = 5), America (n = 51, Africa in = 2] and
Australia fn = 11 The laboratary markers of IP used in each study

P
-
E Rainiids adenlifesd thitmagh Musmbar of
L5 “;r\:h‘ ICEREE LT
8 ity
Mis”
Tit Yor o Tie ariicle
E EEELF ] nm BE1EY
Abiract sanessed tor Aberact sriche aechaded
algidiny (v = 1386} [LERF=1]
J—
i.‘ A {n = 18Ty
2 Fultan artices o
“ gt b ariatety = indcu s tesling methad
[n= 14ay n=11)
» Critcaly B sbjects in = )
e . WMI::; 13
- o
p— It dulyicts
in =9
FIGURE 1 PRISMA Plow diagram of % Shucheny eciuded in Arsicies found through
study selection. Starting with 22 118 & Y st pearch
identified citations, 47 aeticles were ki 5 47) n =8}
included in the final systematic review

407



Ao 24 I w] LEY Al P T s, e

LEECH i1 21,

TCLINICAL PRACTICE
were ronaulin n = 24), dual sugar (n = 13}, LPS jn = 10) and stool
Taiiighe | = 1A total of 30 diffenent luidy Bopulstiong wine M-
sured for IF with findings suggesting 101 statistically significant
risk factors associated with IP. Risk factors were ientified in study
popaliticns with glucose metabolism disorders [n = 57 body mass
Index (EMI) =29 (n = 42 pregnancy §n = 390, liver conditicns [n = 34
goneral population (n = 291 polyoystic ovarien syndrome (PODS)
In = 14]), digestive conditicns [n = 13), lidney disesse (n = 12), ob-
structive sleep ag in = 121, respiratory corditions (m = &), pain
conditions (m = 4], alcohal use disorder §n = 20 Parkinsom's disise
In = 2, ankylosing sporedylitis (n = 1) and systemic sclerosis (m = 1)
These risk factors were grouped into five major domairs; medical

has a moderate positive correlation with Crohe's disease relapse
[ = 0.48; P = 0.008) (Table 5.7 The sssaciation between disests
duration of Parkinton™s di infk tory bowel di and
wystemic scherosts and 1P were reported bo have a weak to high
confelation in three studies r = 073 P < QU0A1) with sltered IP
reported in the early stages of disease manifestation,

Thae strength of association between P and diseass sevely var
iied depending on the study population and the nature of disease we-
werity classification. Pain, as measured by numerlc rating scale, was
reported b have & weak positive correlation with 1P Whereas con:
flicting evidence was reported for blood pressure and the strength
of assoclation with altered IP. The association between portal by

history and disease, dietary foctor, analfbrop 1, B
markers and cemographic fectors.

3.1 | Critical appraisal and risk of bias assessment

STROBE evaluation identified that the majority of the incuded arti-
ches provided an nadequate indication of study design, methods of
addressing bias, study size calculation or consider the use of a flow-
chart {Table 11 Theee articles were recogrised as low-guality. ™
During risk of b sisiiment, no artickes were identified 34 high
risk of bias; although, 27 of the 47 articles were classified as having
amoderate risk of bixs, This moderate risk of bias was primarily be:
cause of the articles demorstrating large gaps in the extennal validity
criteria. Inermal validity assessment showed a low risk of blas with a
large degree of consmbency between artiches. Results from the risk
of bias assessment are presented in Table 2.

3.2 | Medical history and disease risk factors

Twenty studies reported a statistically significant association be-
twepen IP and 19 medical history attributes. !0 53 23133850 The
diagnosis of particulsr health conditions. such as diabees, “ 445
liver di AT o g I Inai conditions ™48 o
reparted to be assedimed with altered IP. First, the Boelihcod of al-
tered IP in type 2 diabetes ranges from OR = 1.080 (95% Ci: 1.005,
1.144; P = 0.037) to OR = 2888 (95% CI: 1.553, 5,370; P < 0.001)
with the severity of IP associated with the odds of type I disbe-
tes* [Table %), Gestational diabetes was abso reported to have a
similar association with altered IP [OR = 1.08; 95% CI: 1.02. 115
Pe= U.DWL"" Furthermsore, the age of type 1 diabetes onset was
reported to correlate with 1P (= -014; P < O001)* [Table 4).
The degree of liver damage in nen-alcobolic Tatty liver disease was
reported o have a moderate positive correlation with [P {r = 0.49;
P = 0,015 while the diagnosis of moderate-to-severe fatty liver
wiad ausocisted with sitered 1P (DR = 177 5% CI: 1.13. 276
P= -D.Dl!]."' Altered P was reported to be assoclated with un-
derlying argamic digestive diseases (OR = 1,54 75% CI: 1,32, 185
P= nmmr': although. altered IPF was also reported o be an in-
dependent risk factors for diarrhoea-predomsnant irritable bowel
syndrome (IBS-D) (F = 0,43 95% Ck 0,09, L.16& P = 0.0221 and

per gan and altered IP was only reported for secand and thind-
degree portal ypertension (OR = 3.1; #5% CI: 11,42 P <0012 A
EOAErM e positive correlatian was reported Bobween 1P arsd systalic
bilaod pressure in abesity [r = 0L40; P = 0,009 Whereas diastolic
blood pressure (5472 mmHg) was reported to be an independent
risk Facbar for altered 1P (DR = 2.82; 5% CI: 143, 5.58: P = 0003 in
the ‘ﬂmllpnpt.hﬂnn.n

3.3 | Dietary risk factars

Five studies reported nine statistically significant dietary fac-
tors that were associated with IR 75505 niakg of »2616 kealf
day was reported a8 an independent risk factor for altered IP
[ = 121.8; P = 0.04) a3 measured by LP5S™ (Table 4). Total fat per-
comtage i the diet wid also reported a4 an independent risk fac-
tor for altered (P (f = 0.23; 25% Cl- £0.11; P < 0.05)." One study
reported prabein infake as an independent risk Tactor for albered
P = =013%; 75% Cl =0.247. -0.03L P = 0uMLY While one
other :tmhl“' reported a moderate posliive correlation between
ioial prodein infake and IP (o = 059 P = 0.001) with sub-analy-
iis on prodesn sownce reparting that animal-derived protein infake
had a moderate positive corr with altered IP | = 0.54;
P = (U002 (Table 51 One studly reparted sleahal tansumplion e
bie a predictive risk factor for albered P, with <14 standard drinks
per week [OR = 1,91 95% Cl: 1.01, 3.95: P = 0.05) and above =15
standard drinks per week (OR = 1.56; 95% CI: 1.02. 2.47: P = 0.05)
assoclated with altered 1P*"

3.4 | Anthropometric risk factors

Ten studies reported a stathtically significant association between
12 anthraparmitric measurements and 19255558 The copply.
tion between BMI and IP ranged from a weak to moderate positive
corvelation, of which most were reported to have a weak positive
eorrelation™ “ SRS Tt 5] Twe studies repart BMI as an
independent risk factor for altered IF as measured by zonulin bev-
s (F = 0.26: £0.10; P < 005, § = 1.507; 0.34 5EM; P < D1
[Tabsle 4]. Furthermore, it was reported in the general population that
a BMI of *»25.0 and BMI of *30.0 were assoclated with aliered IP
OR = 4.10075% Cl: 1.67. 897 P« 0.O0OY] arsd OR = 4. 90(95% CE 1.45.
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31.45; P = 0,047, respectively az measured by ronlin (=64 ngimLf™
[Table 31 Twe studies repartid the strength of Jssodiation betwoen
P and bath waist tircumference and waist to hip ratio'*** Although
anly & weak positive corelation was reparted betweon walst gie
curmference and 1PV ane study reparted an associstion Between
altered IP and wait circumderence =97 cm (OR = 703 95% C1: 197,
25.11: P = 0.00R™

3.5 | Biomarker risk factors

Toenity-four studies reported on 29 statistically significant biomark-
ers and associstion with allered IR IRTRIRILIRAALER RN T
studies reported that fasting glucose had a weak posithee correlation
with 1P [Table 5) Maoreover, b0 additional study reported thal 5
plasma glucose level =5.7 nmaol/L is associated with a greater odds
al having altered IP (OR = 2.0%:; 95% CI: 208, 4.18; P = 0.035) in
the general population’ [Table 3. In addition, fasting glucose was
reporied o be an Indeperdent risk factor assocated with altered
B 35 measured by zorulin (F = 0.38: £0.12: P < 0.05)™ (Table 4). In
contrast, a 120-minute ghoote toberanoe test was reparted in three
studies 1o have 3 weak positive correlation with P40 Theee
studies reparted a weak positive correlation between ghcated haee-
maglobin Alc [MbAlc) and [piTAee

From the four studies that reported A statistically significant
association between fasting irsulin and IP 3 weak to moderate
positive correlation was reported (¢ = 0618 P < Q0014435540
[Table 5. Furthermare, ene stwdy reponied fasting meubn o be
associated with IP as measured by sonulin levels (5 = 0U015; 95%
C1: 0.007, 0022 P < 0.003).%" Four slighiby different methods were
wied b meature indulin sensitivity with the strength of msocia-
tion warying from a weak to moderate correlation between insulin
sansitivity 3nd IP (r = QUB05; P < 05445 Moreover, insulin
sensitivity was reported to be asiocated with IP a5 measured by
zomulin (@ = -0.243; P = 0.004, 7 = -0.002; 95% CI: -0.003, -0.001:
P < Q0014 (Table 4). Five suties found & similsr strength of
association between markers of insulin resistance and altered 1P
with a weak o moderate positive correlation reparted (e = 0416
[ m:_mus:.ml

Serum lpids and lipoproteing were measvred in 10 studies with a
varying degres of strengih of sssociation with |p!04344 325185 500
“ Total cholesterol was reported to hawe a statistically significant
assoclation with IP in four studies, these studies report a weak 1o
moderste positive correlation between total cholestersd and IP
Ip = 0544 P < 0001 ¥ M4 abie 5) Furthermore, tofal cho-
lesberol was reported to correlabe with IP a5 measuned by rondin
[ = Q.004; 95% C: 0.000, 0.007; P = 0.0323" [Table 4); whereas,
lorev-dlenaity lipoprotein cholesterol was reported to have a weak
positive correlation with IP** Five siudies reparted high-density
lipoprotein (HOL) cholesteral to have a weak negative correlation
with zonulin and the dual sugar test, "8 Counn iudies
reported trigherides to have a weak to high positive correlation
with 1P (r = 0.7 P« QU001), 5248308082 Triphr erides were further

FRACTICE ™
repoeted as an independent risk factor for IF as measured by ronulin
(# = 0.009: 95% Cl 0.003. 0.015; P = 0,003,

Mumerows nflammatory markers were meassured in 3 total
af 11 studies and wore reported 1o Rawe an associstion with
|RARABRLARR AT High-sersitivity  C-Reactive  prolein
(hsCRP) was reported to have a weak positive comelation P28
(Table 51 with two studies also reporting that hsCRP conelates
with IP 35 measured by zonulin (F = 0013; 95% CI: 0.003, 0.023;
P o= 0015, 5 = 0.075; 95% 1 0008, 0158 P = 0.044)°74 (Table 4).
I entrast, asather study reparted CRP to Be an indeperdem itk
factor For IP (4 = 3.28; 95% Ck 1.8, 5.44; P < 0011 Circulating
nberieukined [IL-8) was reporbed o have a weak to moderate
positive correlation with IP sccording to four studies §r = 0.542;
P o< 000117 Fyrthermore, bwo studies reported circulat-
ing L6 to independently correlate with bevels of zonulin (F = 0.23;
P = 0.041* and LPS (F = 0171 P = 0.04)*; whereas, tumour ne-
crosis factor alpha [TMF-al=the cther major inflammatory marker
measured in the included studies—was reported 1o have a weak to
moderate positive correfation with IP [r = QLA4T; P < 0,08 245780

Threa studies repont the lver enayme alaning transaminase [ALT)
ta have a statistically significant weak bo moderate poditive correla-
thon with 1P [ = 0.50; P = Q005 %% [Table 5), with one study
reporiing ALT 1o correlate with IP a5 measured by monulin (@ = 0,004
95% CI: 0,001, 0.028: P = 0.04)* [Tabile 41 Two other liver enzymes
aspartate transaminase (AST) and gamma ghutamyltransferase wone
reported te have & weak positive correlation with I, with anby AST
reported at an independent risk factor for 1P (6= 0.02- 95% Cl: Q.002,
0037, P = 0041 Oner sbuddy reparted thet micrabial dranrsity s
3 weak negative comelation with serum sonulin and stoed sonulin,™

The strongest assoclation among blomarkers and IP were mark-
ers of [P themselves. Two studies ised both zonulin and the dual
sugar test and reported a high positive correlation between the
T bt (o = 0891 P = QU051 (Table 5] However, misod avi-
dinte wid reported for the strength of Jdsociation between omu-
Emn ared LUPS weith a weak to moderate positive correlation reposted
= 0545 P < 00T ™ aithough. cme study reported LPS to in-
dependently comelate with zonulin levels (§ = 0.002; #5% C1: 0.001,
0.003; P = 0,002 (Table 4). The dual sugar test was also reported
o have & moderste to high positive correlation with pastroducdenal
permeability according to one study (r = GUaE; P = OB, r = 0L8S;
P = 0.00011%°

3.6 | Demographic risk factors

Although most studies evalusted basic demographic charactenstics
anky age was reported to have a statistically significant assaciation
with 1P In three studies. ™™ Study populations that were diag-
nesed with a health condition reparted & weak positive comelition
between ape and IP according to both ronulin and the dual sugar
test™*71 [Table 5| Age was reported an independent risk factor
far altered IP™ with the increase in IP more likely over the age of 50
HOR = 1.8 95% CF 1.1, 2.5 P < 0.001) {Table 3.
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TABLE 1 {Continued)
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“x.” found within study; ™= not found within study; *)," not apelicable.

4 | DISCUSSION

This is the first systematic review to explore the potential risk fac-
tors asscciated with IP in an adult population. This review identified
ower 100 potential risk factors smsociated with IP that bad a varying
degres of strength of association. The majority of the identified risk
Iactors were only found to have 3 weak association with IP: however,
there were similarities with mary of the risk factors measured and
reparted (o be assocated with IP in numerous instances. This simé:
larity furither strengthens the dentified risk factors sa valushle clins-
cal features healthcare professionals may consider as part of their
differential diagnasis. Mary of the risk lactors identified have previ-
cansly been reported as major risk factors for morbidity and montality
In checnic diseases worldwide. ™™ Therefare, IP may be considered
& Testure of chronic disease rather than merely & dgestive health
LEETIN

41 | Strongest risk factors for altered intestinal
permeability

Elevated levels of proinflammatory markers, dyslipidaemia, hyper-
glycaemia, anthropometric measurements resembling obesity, ad-
wanced diseie soverily with comorbidity and the consumplicn of
a Western-style diet were identified a5 the strongest risk factors
for altered IP (Figure 2). An unexpected finding of our review was
the paucity of digestive health symptoma reparted to be associ-
ated with IP alongside the magnitude of risk factors that resemble
a metabelic-like condition. Although digestive health symploms
such as bloating, abdominal cramps and pain, heartburn, reflu,
nausea and flatulent were measured In a few of the incdluded stud-
s, none were reparted o be significantly conrelsted with the
risk of IP.74%%% The digestive health isswes that were reported to
b associated with IP were diseases situated primarily within the
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gastrointestinal system such a5 infammatory bowel disease, ™"
disrrhoes predominant irritabile bewel syrdroene (185-00°% intes-
tinal dysbiosis, 4" symptoms like disrhoea [especially from an
arganic disease)™ and indigrstion syrsdreme.'? Howewer, these di-
gestive health symploms were nat Found to be sssociabed with 1P
in the general population. ™ Although digestive health symptoms
appeas b lack associstion with IP. this should not underming the
associstion between gastrointestingl conditions and 1P, especially
provided the high conrelation between the improvement of altered
BP aned & redusction in postinfectious IES disesse severity purparted
in the literature.™ Corversely, many of the risk factors that resem-
ble a metabalic-like condition were found to be associaied with
IP in the general papulation. ™ *** However, risk factors such as
wakst-to-hip ratho, wakst clrcumference and elevated trighcerides,
wene less associated with IP in the general population when com-
pared to a disease state. it appears that the identified ridk factors

have a stronger associatbon with altered IP within a disease state
rather thae in the genersl populstion.

Many hypotheses exist detailing the mechanism of action link-
g thir heeaith amd infegrity of the digestive sysbem bo inflammation,
obesity. poor glycsemic control and dyslipidaemia ™ ** One of
the most prominent theories suggests IP ks both a cause and con-
sequence of LPS absorpition, The transhocation of LFS as the result
af IP may contribute to the cascade of events that is responsible
fior the metabolic- e risk factors, ™" First, LPS have been shown
o trigger inflammation that may alter glecose metabolism resulting
in poor ghycaemic controd and insulin resistance.” The oocurrence
ol dyskipidacmeia may contribute io the loss of intestinal integrity as
HOHL isin part responsible for newtralising LPS, whereby low levels of
HDL may result in infl ion and LPS exacerhating 1P The link
babvenen metabolic factors and stered IP is further strengthened &
improwement in some of the identified ridk factors such as BML™
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Risk of blas Representativeness o Tree representation Ramdom sampling  Likelihood of monre-  Data directly collected
assesamnt rational population of the target population  mathods sponse blas minimal  from participants
Swansor gtal”™  x x ® H .

Teineira et o™ " = ] u

Troaeid et al*? W = K W -

Volynetsetal™® x ¥ M

Wiatt et al™ W x ® H -

Zak-Golab et % X ¥ ¥ .

H:L
Zhang ¢4 8™ % . X % =
Fhang et 2™ M - K N

Note: "x." risk of bdas; *-." low riak of bias.

HbA1c™ and inflammation™ have been shown 1o be associated with
the impravement of IR,

4.2 | Chronic disease and multiple risk factors

Comorbidity of chronic dteases such 3 dishetey, liver dsease,
meetabolic syndrome. kidmey disease and obesity were identified
b increase thae risk of IR0 Mareover, the severity and activ:
ity of chronic beslth conditions including liver diseage, 284547 HA
metabolic syrdrome,™ PCOSY coslac disease™ and BMI™ were
reparted to correlabe with (ke degree of IP. The noficn that P
correlates with disease severity is further supported as the sever-
ity of particular risk Tactors alo increaso alongside the degree of
[P ARSI T ivalvement of IP in chronic disease, especially
with advanced disease severity, highlights the potentlal importance
of imestinal integrity in beslth and disease. This review also sigg-
gests a symengitic effect is possible when more than one risk factor
Is experienced. In particular, BML age, akohod consumption and ine
flammation were all identified &5 having some degree of synergisis:
effect” 144374 Sithough, inflammation appears ta be the driving
tactar in many of the rigk factors.™

4.3 | Dietary and lifestyle habits and intestinal
permeability

It appears that a high erergy. nutrient-depleted diet with either inad-
eguate protein intake or excess animal-derbved protein in combina:
tion with alcohal corsumation is a potential sk factor Tor IP, This
dietary patiern closely resembles that of the Western diet, which
has been suggested to increase the risk of chronic dissase™ and
mestabolic diseaie such a3 abesity.™ Dietary intervention studies are
limited; however, one study suggests an increase in dietary profein s
sssocinlid with levated zeaulin snd inflammation ™ Furthermone,
it has bBeen demonstrabed that an increase in dietary fibre reduces
ranudin™ While alcohol withdrawal & associated with a reduction of

I with a greaber result seen in patients with a high BML* Based on
these findings, dietary and [estyle habits may present 8 key clini-
cal feature that healthcare professionals may utilise in identifying
patients at risk of altered [P

4.4 | Similarities and differences between
markers of intestinal permeability

Bath ponulin and the dual sugar test were reparbed io highly corme-
lated with each other. Howeser, only two risk factors namely HOL
chalestersd and iruln resivtance wene shewn 1o be sssociated
with bath zomulin and the dual sugar. This finding may be because
of thi limited number of sbudees wsing the dual sugar test included
in this review. Previows research has suggested that monulin is &
tsbomarioer of mietabalic syndrome, obesity, inflammation and poor
Fealth rather than an indcator of 1P although, Tomulin is sssoc-
ated with many of the risk factors that resemble a metabolic-ke
condition after adjusting for metabaolic syndrome, obesity and in-
flammation, implicsting ronulin a5 & true masrker of 1P, However.
the mimed evidence surounding the association between serum
ard stocd zonulin could be explaired by monulin being described
a2 an atute phase biomarker of coeliac disease™ and 1B0D.Y This
feature of zonulin being an acute phase biomarker may alsa explain
thir Lick of consistency botween the dusl Sugss test snd romulin
Faor example, |B5-D & a condition known to be related to IP and
s recently been shown to be assoclated with the dual sugar test
bit pat 2eaulin®® Anather pabential facter influencing the redults
Is the acouracy of the commercial zorulin azsay; with recent re-
search adwocating caution in using the commercial 2onulim sy
a3 a means of evaluating intestinal integrity.™ Limited studes have
wsed both the zonulin and dual sugar test: however, our review
foaind that those two DEsts hawe the highest association with sach
other compared to all the risk factors identified. Whether zomulin
Is & more sensithee marker of 1P for particulas risk factors compared
o the dual sugar test is yet to be nvestigabed. Moreover, the ides
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test Tor specific disease diagnosis and the stage and activity of the
disease reguires further investigation. Healthcare professional

[

P v understanding of the clinical dagnosis of IP health-

may find clnical benefit from using both the serum zonulin and
dual sugar test for an accurate diagnosis of IF when patients pee-
sent with the risk factors far IP.

4.5 | Limitations

This systematic review has some limitations worth mentioning. As
a result of lmited research examining risk factors associated with
BP. this ravisw © daf ah g range of health candi-
tions., preventing comulative statistical meta-analysis. The tanget
population for our review was adults 18 years and ower hawower,
many large cohart sudses irvalved adolescents. A rumber of srti-
cles were included when age range was unknown yet evaluated fo
be adults 18 years and over, Fulung similar reviews. ane suggested
o incorporate adolescents into the target population. Mumerous
studies were excluded as they did not use measurable and compa-
ralsle aralysis of IP risk factors. bn addition, risk factors that were
not statically significant were not included potentially increasing
seleciicn bias. Other potantial risk factors may have been missed
because of the nature of the risk factor anly being incheded in ex-
perimental research designs.

4.4 | Clinical significance

The climbcal relevance of the identilied risk factors warrants the ag-

tican of healthcars practitioners i their differentisl diagnesis, IP
has previously been recognised by healthcare practitioners to be
assoclated with gastrointestingd conditions mone 50 than any other
group of diseased, including metabolic conditions.™ In our review
digestive health symptoms were not kdentified as a major risk fac-
noF fog WP b condrmsl, ey Conditions such a5 food sensitivities”
ard histamine intolerance,” were found to be clinically relevant
I thet Identification of patierts at rish of P, Lasthy, until there b a

care prafessianals are advised to conider multiple methods of IP
testing. and to account for the identified risk factors to ensure the
miost aCcurabe diagnosis of intestinal integrity,

4.7 | Further research

Further research needs to examing whether the identified risk
factors are solely Bnked with the diagnosis of IP or whether the
disease state Influemes the assoclation. Further evidence bs nec-
essary bo distinguish which marker of IP is most appropriate snd
sccurate for measuring P in different conditions and at different
stages of discase manifestation, Longitudinal studses measuring
the identified ritk factors may provide incresded understanding
af the cause or consequence of 1P Lastly, the valldation of serum
ronigin, stool ponulin and the dual sugar test &5 markers lor als
tered IP is necesiary to be undertaben for the advancement of 1P
research,

5 | COMCLUSION

[Dvyslipidaemia, poor ghycaemic controd, § lon, anith i
i measuremonts thal resembilo obosity, snd Western -5yl dietary
habits have the strongest association with abtered IP—which am-
plify when cembined, In addition, comarbidity of chronic diseases
S0 sdvanied didesie Leventy Sre Alio Strong fak factord of albened
IP. These risk factors wasvant the attention of cliniclans and other
healthcare providers to aid in the identification of potential patients
a1 risk of altered IP.
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APPENDIX 3.1: LEAKY GUT SURVEY

Page exit logic: Skip / Disqualify Logic

IF: #3 Question "How old are you?" is less than *18” THEN: Disqualify and display:

Sorry, you do not gualify to take this survey. You must be over the age of 18, living in Australia
and think you have leaky gut.

Page exit logic: Skip / Disqualify Logic

IF: #2 Question "Do you believe you have leaky gut?” is one of the following answers ("No")
THEN: Disqualify and display:

Sormy, you do not qualify to take this survey. You must be over the age of 18, living in Australia
and think you have leaky gut.

& 278

Leaky gutinvolves the loss of integrity between the cells of the small intestine. Leaky gut is
also known as ‘intestinal permeability’, leaky gut syndrome’, “intestinal hyperpermeability” and
‘increased intestinal permeability’. Throughout this survey, the term leaky gut will be used.

EEEEShow/hide trigger exists.

[ 2

1. Have you been diagnosed with leaky gut? *
T Yes
© Mo

C  Fm not sura

=T Hidden unless: #1 Question *Have you been diagnosed with leaky gut?* is one of the
following answers ("No","I'm not sure®)

14

2. Do you believe you have leaky gut? *

C Yeas
C Mo

T Fm not sure
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EEEEESED “os format expected Using custom RegEx pattern
300
3. How old are you? *

@7
4. Are you an Australian resident? *

T Yes

C Mo

Demographics

o
5. What is your gender?

© Male
C Female
T Iwould rather not say

~ Other

[HEN %5 format expected Lsing custom RegEx pattem
& 209
6. What is your height in centimetres?

cm
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PR Yes format expected Using custom RegEx pattern
=210
7. How much do you weigh in kilograms?

ka
[0 2
8. In which country were you bom?
©  Australia
C  England

Mew Zealand
€ India

T Haly
\ietnam

T Philippines
r Other

I 383
9. Are you of Aboriginal and/or Torres Strait Islander origin?

C Yes

C Mo
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& 301
10. What state or territory do you live in?

T Australian Capital Territory
©  MNew South Wales

T MNorhem Tarritory
Queensland

T South Ausiralia

" Tasmania

T Vicloria

C  Western Australia

[ RN
11. Where best describes your living location?
C  Urban

C  Rural

"  Remote

Leaky Gut Diagnosis

EEEEShow/hide trigger exists.
@15
12. Is leaky gut your primary health concem?

T Yes

C Mo
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=2E Hidden unless: #12 CQuestion "Is leaky gut your primary health concem?” is one of the
following answers ("No")

B i6

13. What is your primary health concemn?

EEEES how/hide triggar exists.

m17

14. What method was used to confirm you have leaky gut?

-

e

-

My practitioner advised me based on my symptoms and case history
A urine test — lactulose/mannitol

A blood test — zonulin

A blood test - lactulose/rhamnose (from CSIRO)

A stoolffaecal test — zonulin

Food intolerance/sensitivity test - IgG

Looking into eyes - Iridology

Looking at blood under a microscope — Hemaview (live blood analysis)
Kinesiclogy

| have not been diagnosed but think | have leaky gut

| don't know

Other
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EEEEED Yes format expected Using custom RegEx pattern

EEE Hidden unless: #14 Question "What method was used to confirm you have leaky gut?
is one of the following answers ("My practitioner advised me based on my symptoms and
case history™,"A urine test — lactulose/mannitol™,"A blood test — zonulin®,"A blood test -
lactulose/hamnose (from CSIRO)","A stoolfaecal test— zonulin®,"Food intolerance/sensitivity
test - IgG" "Looking into eyes - Iidology”,"Looking at blood under a microscope — Hemaview
(live blood analysis)”,"Kinesiclogy®,"Other”)

E18

15. What year were you diagnosed with leaky gut?

IENEN %55 format expected Using custom RegEx pattern
=19
16. What year do you believe your leaky gut first started?

ETH Hidden unless: #14 Question "What method was used to confirm you have leaky gut?®
is one of the following answers ("A urine tast - lactulose/mannitol®,"A blood test — zonulin®,"A
blood test - lactulose/rhamnose (from CSIRO)","A stool/faecal test — zonulin®,"Food
intolerance/sensitivity test - IgG"."Looking into eyes - Iridology”,"Looking at blood under a
microscope — Hemaview (live blood analysis)®,"Kinesiology™,"Other”)

B 20

17. At what point did you get tested for leaky gut? Select all that apply.
I Before receiving treatment for leaky gut

I During treatment for leaky gut

™ After receiving treatment for leaky gut
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EEEEIShow/hide trigger exists. Hidden unless: #14 Question "What method was used to
confirm you have leaky gui?" is one of the following answers ("A urine test -
lactulose/mannitol”,"A blood test — zonulin®,"A blood test - laclulose/rhamnose (from
CSIRO)","A stoolfaecal test — zonulin®,"Food intolerance/sensitivity test - IgG","Looking into
eyes - Indology”,"Locking at blood under a microscope — Hemaview (live blood
analysis)”,"Kinasiology®,"Other”)

= 21

18. How many times have you been tested for leaky gut?

ol
r 2
C 3
4
5

or mora

IEFE Hidden unless: #18 Question "How many times have you been tested for leaky gut? is
one of the following answers ("2","3","4" "5 or more")

E23

19. How long after the first test did you get tested for leaky gut the second
time?

T Between 1 and 3 months

" Between 3 and & months

T Between 6 and 9 months

T Between 9 and 12 months
C Between 12 and 18 months
C  Between 18 and 24 months

' Owver?2 years
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B 24

20. When would you like your practitioner to test you for leaky gut? Select
all that apply.

Before treatment for leaky gut

During treatment for leaky gut

After treatment for leaky gut

For monitoring of leaky gut

For monitoring diseases related to leaky gut

When | ask

When the healthcare practitioner advises

ml mf m m = = = m

| do not want to be tested for leaky gut
Other

-

B 302
21. Please indicate the extent to which you would prefer to be tested for
leaky gut if your practitioner suspects leaky gut.

Strongly Very strongly
Mo preference  Slightly prefer  Prefer to be prefer to be prefer to be

to be tested for to be tested tested for tested for tested for
leaky gut for leaky gut leaky gut leaky gut leaky gut
r ' r r r
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=l 20

22. How important is it to you that your practitioner tests for leaky gut?

Slightly Moderately Very
Mot important important important Impornant important
r r r (o e

& 27
23. How likely are you to adhere to your practitioner's treatment
prescription if you were tested positive for leaky gut?
Moderately Meither likely Moderately
Very unlikely unlikely nor unlikely likely Very likely

r C C r [ o

I 28
24. What factors are important to you when it comes to testing leaky gut?
Rank the importance of each from 'not important' to 'very important'.

Mot Slightly Moderately Very
important important  important  Important  important

Affordability 'n C r ~ -
Accuracy in measuring - - - = -
leaky gut

Easy to access the lest C (ol (el e (ol
Mot requiring a blood test T - - - r
Time involved in - - pa e s

performing the test
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25. What method would you prefer to be used to test your leaky gut? Select

all that apply.
™ Blood sample at a pathalogy lab

™ Urine collection at home
™ Stooltaecal collection at home

™ Signs and symptoms according to a practitioner

Practitioner Involvement
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26. What type of practitioner first diagnosed you with leaky gut? If your
practitioner has multiple qualifications select all that apply.

™ Self-diagnosed
Acupunciurist

Ayurvedic practitionar
Chinese medicine practitioner
Chiropractor

Dietitian
Gasftroenterologist
General practitioner (GP)
Herbalist

Homeopath

Integrative practitioner
Kinesiclogist
Maturopath

Mutritionist

Murse

Murse Practilioner

Ostleopath

H = ® W = ®W = = = = = = = = =" = ®

Pharmacist

Other

.
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27. What type of practitioner/s would you want o see for the testing and

treatment of leaky gut? Select all that apply.
™ Acupuncturist

Ayurvedic praclitioner

Chinese medicine practitioner

Chiropractor

Dietitian

Gastroenterologist

General practitioner (GP)

Herbalist

Homeopath

Integrative practitioner

Kinesiologist

Maturopath

Mutritionist

Murse

Murse Practitioner

Osteopath

w m m m ®m E = W = = = = W = m =

Pharmacist

Other

9
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28. Who speculated you had leaky gut first?
T | first speculated | had leaky gut
A practiioner first speculated | had leaky gut

EERShowhide tigger exists.

29. To the best of your knowledge are you currently using any of the
following treatments specifically for the management of leaky gut?

Select all that apply.

* Dietary changes: any change to normal eating.

* Lifestyle changes: any activity or routine such as exercise or
breathing techniques that does NOT involve food, supplements or
medicines.

* Health products/dietary supplements: any vitamin, mineral, herbal
medicine, probiotic, prebiotic, fish oil or amino acid.

* Medication any over the counter medication or prescription drug used
within conventional medicine.

™ Dietary changes
™ Lifestyle changes
™ Health products/dietary supplements

" Medications

Treatment for Leaky Gut
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I8 Piped Values From Cuestion 29, (To the best of your knowledge are you currently
using any of the following treatments specifically for the management of leaky gut?
Select all that apply.)

30. What type of practitioner/s prescribed the following treatments?
Select multiple if your practitioner holds more than one qualification.

Self-prescribed
Acupuncturist
Ayurvedic practilioner
Chinese medicine practitioner
Chiropractor

Dietitian
Gastroenterologist
General practitionar
Herbalist

Homeopath
Integrative practiioner
Kinesiologist
Maturopath
Nutritionist

Murse

Nurse Praclitioner
Osteopath
Pharmacist
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30. How often have you consumed the following dietary products? Rank
the frequency of use over the last 12 months.

Less 1-3 2-6
than imes Once ftimes
once a a a a Every

Never month month week week day

Alcohalic drinks (& r r » [ r
Gluten containing foods (o ol i (o (o (o
Red meat (w r - . P pu
Dairy products (a r r r a e
Refined sugar (a r (n - (o r
Crganic foods (s r r r r r
Apple cider vinegar (ol « c c - (ol
Bone brath (o r r I - ~
Collagen products r ' (ol C C C
Fermented foods © r - r r s

[ C > » C C

(a ' r r (s r
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31. How often do you incorporate the following lifestyle habits? Rank the
frequency of use over the last 12 months.

Less 1-3 2.6
than times Once times
once a a a a  Every

Never month month week week day

Vigorous exercise such as

running, cycling or HIT r r - s B =
Meditation - - - - R ;
Ko e c » I c -
Breathing exercises - - = = 5 2
Siress management r . < = = =
Stimulation of the vagus narnve pe - " 5 = z

C r - e e -

X L [ L (a (o
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E=EH Hidden unless: #29 Question "To the best of your knowledge are you currently using
any of the following treatments specifically for the management of leaky gut? Select all
that apply.” is one of the following answers ("Health products/dietary supplements®)

3 304

33. What health products/dietary supplements are you currently taking for
the treatment of leaky gut? Health products/dietary supplements include
any vitamin, mineral, herbal medicine, probiotic, prebiotic, fish oil or amino
acid.

Brand Name Product Name

Supplement 1
Supplement 2
Supplement 3
Supplement 4

Supplement 5
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EEEH Hidden unless: #29 Question "To the best of your knowledge are you currently using
any of the following treatments specifically for the management of leaky gut? Select all
that apply.” is one of the following answers ("Medications")

E312

34. What medications are you currently taking for the treatment of leaky
gut? Medications are any over the counter medication or prescription drug

used within conventional medicine.

Brand Mame Product Name
Medication 1
Medication 2
Medication 3
Medication 4

Medication 5

1193
35. How often have you taken the following medications? Rank the
frequency of use over the last 12 months.

Less 1-3 2-6
than times Once times
once a a a a Every
Mever month month week week day

Antibiotics r r C C - C
MNonsteroidal anti-inflammatory
drugs (NSAIDs) such as aspirin r r r - (o -
and ibuprofen
Methotrexate C r ( (ol r (ol
Prednisone C r « r (ol (ol
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36. Please indicate the extent to which you would prefer to use the following
to treat a leaky gut.

Vary
Mo Slightly Strangly  strongly
preference  prefer  Preler  prefer prefer
Dietary changes r o (o [ "
Lifestyle changes (w C C (o r
Health products/dietary
supplements 2 2 » 2 2
Medications r e r c e

Financial Cost of Leaky Gut

133
37. How well do you manage your household income?

T Always dificult to manage on available income
" Sometimes difficult to manage on available income
©  Managing on available income is not too bad

T Easy lo manage on available income
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RN Yes format expected Using custom RegEx pattern

EEH Hidden unless: #29 Question “To the best of your knowledge are yvou currently using
any of the following treatments specifically for the management of leaky gut? Select all
that apply.” is one of the following answers ("Health products/dietary supplemenis®)

1318

38. On average, how much do you spend each month on health
products/dietary supplements for the treatment of leaky gut? Health
products/dietary supplements include any vitamin, mineral, herbal
medicine, probiotic, prebiotic, fish oil or amino acid).

] .00

%es format expected Using custom RegEx patten

EEFE Hidden unless: #14 Question "What method was used to confirm you have leaky gut?”
is one of the following answers (A urine lesl — lactulose/mannitol®,”A blood test — zonulin®,"A
blood test - lactuloserhamnose (from CSIRO)","A stoolfaecal test — zonulin®,"Food
intolerance/sensitivity test - lgG","Looking into eyes - Iidology”™,"Looking at blood under a
microscope — Hemaview (live blood analysis)®,"Kinesiology™)

EEEE Piped From Question 14. (What method was used to eonfirm you have leaky gut?)
How much did you spend on [question(‘value’), id="17"]to measure leaky

gut?
§ .00

%&s format expected Using custom RegEx pattern

214

39. How much have you spent in the last 12 months on practitioner
consultation fees regarding the treatment of your leaky gut?

3 00
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E 218

40. How important is cost in your decision to get tested for leaky gut?

Slightly Moderately Very
Mot important impaortant important Impornant important
r r r (o r

& 219
41. How much would you be willing to spend on a test to measure leaky
gut?

©  Maothing
r $0-50

C $51-100
T $101-150
© $151-200

C  $201 or more

= 220
42. Which of the following would you rather spend your money on? Please
indicate the importance of each.

Mot Slightly Fairly Very
important important Impontant important  important

Being tested for leaky gut C C (w r C
Dietary freatments r r - r r
Lifestyle treatments (o c (o ' c
Health products/dietary pa pa ~ . r
supplements

Medications C C c C C
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Wellbeing and Quality of Life #1

[ 229
43. Over the last 12 months, do you believe your leaky gut is getting better
or worse?

©  Befter
T Worse

Mo change

= 230
44, How many days a week do you think your leaky gut affects your daily
living?

Li]
O
:

2
3
4

Wellbeing and Quality of Life #2
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45, In general, would you say your health is:

C  Excellent
T Very good
© Good
T Fair

C Poor

3 320
46. For how long (if at all) has your health limited you in each of the
following activities?

Mot
Limited for more Limited for 3 limited at

than 3 months months or less all
The kinds or amounts of
vigorous activities you can do,
like liffing heavy objects, running r c r©
or participating in sirenuous
spons
The kinds or amounts of
moderate activities you can do, - - p
like maoving a table, carrying
groceries, or bowling
Walking uphill or climbing a few - - e
flights of stairs
Bending, lifting, or stooping u (o (s
Walking one block r C C
Eating, dressing, bathing, or - s pe

using the toilet
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47. How much bodily pain have you had during the past 4 weeks:
©  None
T Very mild
C o Mild
T Moderate
© Severe

©  \Very severe

48. Does your health keep you from working at a job, doing work around the
house, or going to school?

C  ¥ES, for more than 3 months
C  ¥ES, for 3 months or less

C NO

= 331
49. Have you been unable to do certain kinds or amounts of work,
housework, or schoolwork because of your health?

C  YES, lor more than 3 months
©  ¥ES, for 3 months or less

C NO
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50. For each of the following guestions, please mark the circle for
the one answer that comes closest to the way you have been
feeling during the past month.

All

of Most Agood Some Alitile
the ofthe bitofthe ofthe ofthe
fime time time fime fime

How much of the time, during the
past month, has your health
limited your social activities (like
visiting with friends or close
ralativas)?

5
3
-
-
-

How much of the time, during the
past month, have you been a
vary nernvous person?

During the past month, how
rauch of the time have you felt C e (ol C c
calm and peaceful?

How much of the time, during the
past month, have you felt r r' r r r
downhearted and blue?

During the past month, how
much of the time have you been C r c r C
a happy person?

How often, during the past
manth, have you felt so down in
the dumps that nothing could
cheer you up?

-
|
-
-
-
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] 341
51. Please mark the circle that best describes whether each of the following
statements is true or false for you.

Definitely  Mostly Maostly Definitaly

frue true false false
| am somewhat ill (a r - pe
L:;nwas healthy as anybody | - o ~ -
My haalth is excellent (w r r r
| have been feeling bad lately [ ' - (o

Wellbeing and Quality of Life #3

Page description:
The following questions ask how satisfied you feel, on a scale from zero to 10. Zero means
you feel no satisfaction at all and 10 means you feel completely satisfied.

[ 349
52. How satisfied are you with your standard of living?
0 1 2 3 4 5 6 7 8 9 10

No
satistaction ¢ ¢ r ¢ © € € € € Completely
satisfied
at all
I 350
53. How satisfied are you with your health?
0 1 2 3 4 5 6 7 B 9 10
No
satisfaction + ¢ ¢ © © © € Completely
at all satisfied
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54. How satisfied are you with what you are achieving in life?
c 1 2 3 4 5 & 7 8 9 10

Mo
satistaction ¢ ¢© ¢ © © © © © Complelely
satisfied
at all
352
55. How satisfied are you with your personal relationships?
6 1+ 2 3 4 5 6 7 B 95 10
No
gatistaction ¢ ¢ ¢ © ¢© ¢ © © © r Snpe
satisfied
at all
353
56. How satisfied are you with how safe you feel?
6 1 2 3 4 5 6 7 B 9 10
No
Completely
salisra::ti:;nl-: L I Y S T A O Y Y N

354
57. How satisfied are you with feeling part of your community?
¢ 1+ 2 3 4 5 6 7 &8 9 10
No

satisfaction ¢« ¢ ¢ © © © © ©
at all

Completely
satistied
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58. How satisfied are you with your future security?

60 1+ 2 3 4 5 & 7 B 9 10

No
satlstaction ¢ © ¢ © © © © © Comp ¥
atall satisfied

Research Topics
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59. In your opinion, which of the following areas are most important for
practitioners to know? Rank the importance of each area.

Mot Slightly Fairly Very
important important Imporant imporant important

Which health conditions

are associated with leaky C r « e C

gut

Who should be checked for

leaky gut L £ = + ¥

How to accurately measure - p. pe p p

leaky gut

When to maasure leaky gut (a r [ r c

Signs and symploms of = - i - -

leaky gut

Risk factors for leaky gut C C ‘- r C

Biomarkers to help idenfify . e e - ~

leaky gut

Diet treatment for leaky gut C r [ r C

Lifestyle treatment for leaky P - F p P

gut

Health products/dietary - = c . =

supplements

Medications for leaky gut - C - C -
C (ol C n C
W L [ £ T
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60. What form of educational material would you prefer to leamn about leaky
gut? Select all that apply.
™ Reading material (e.g. books or articles)
Website
Patient handout
Video content
Visual diagram
Health events

Podcast

H E ® ®E =5 = =

Phone app
Other

1

Understanding of Leaky Gut

243
61. How did you first hear about leaky gut?

T Intamat

T Praclitioner

T Health event

©  Frigndfamily member

¢~ Other
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62. In your opinion, which of the following best describes leaky gut?

A syndrome - “Leaky gut syndrome”
A medical condition — A diagnosed medical condition

T Areaction — A response 1o a stimulus (e.g. inflammation)

(untitled)

3 401
63. By selecting 'l understand’ you acknowledge that the answers you have
provided cannot be withdrawn once submitted and that consent is given.

™ Junderstand

Thank You!

(o §
Thank you for taking our survey.

‘Want to participate in further research?

We are developing a guideline for the management of leaky gut which will guide practitioners
in clinical practice. This guideline will contain recommendations for practitioners to follow on
the assessment and management of leaky gut based on published research and stakeholder
engagement.

We will require members of the public who have been diagnosed with leaky gut 1o help inform
whether the recommendations developed are appropriate.

If you would like more information or would like to participate please fill out your contact
detailz > HERE <.
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mzaiz

If you would like to receive a copy of the published research please enter your email address
= HERE =.

I 400

This survey aims to explore the health-seeking behaviour of adults with suspected leaky gut.
The content of this survey is not intended to provide any medical advice for the assessment,
treatment or managemeant of leaky gut. If you need help or advice regarding the management
of leaky gut it is recommended you speak with your general practitioner. Below are a few
useful resources.

» Clinical Labs and NutriPATH
» The CSIAP Healthy Gut Diet Book
» Leaky Gut Support Group Australia
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APPENDIX 3.2: PHASE ONE UTS HREC ETHICS APPROVAL

Dear Applicant

Thank you for your response to the Committee’s comments for your project titled, "Health-seeking behaviour of
adults with suspectad increased intestinal permeability”. The Commiltea agreed that this application now maets
the requirements of the National Statement on Ethical Conduct in Human Research (2007) and has been
approved on that basis. You are therefore authorised to commence activities as cullined In your application.

You are rerminded that this letter constitutes athics approval only. This research project must also be undertaken in
accordance with all UTS policies and guidelines including the Research Management Policy
(http: v, gau, uls edu awpolicies/research-managemant-policy, himl),

Your approval number is UTS HREC REF NO. ETH19-4012.

Approval will be for a penod of five (5) years from the date of this cormespondence subject to the submission of
annual prograss reports.

The following standard conditions apply to your approval:

* Your approval number must be included in all participant material and adverlisements. Any advertisements on
Staff Connect without an approval number will be remavesd.

= The Principal Investigator will immediately report anything that might warrant review of ethical approval of the
project to the Ethics Secratanal (Research. Elhics@uls. edu.au).

+ The Principal Investigator will notify the UTS HREC of any event that requires a modification to the pratocol or
other p-rqn-cl do{:unmms and submit an':.-I rﬂqmrﬂd amamﬁmnts prior lo implementation. Inslmctlons can be foun-d
i ut huh/Pa arch%20Ethics%20and v

rch%?ﬂe‘mmsﬂposl gppmvalfpuslv@prmal asp:dﬂabz

= The Principal Investigator will promptly report adverse events 1o the Ethics Secretariat

{Research. Ethicsf@uts edu_au). An adverse event is any event (anticipated or otherwise) that has a negative
impact on participants, researchers or the reputation of the University, Adverse events can also include privacy
breaches, loss of data and damage to property.

+ The Principal Investigator will report to the UTS HREC annually and notify tha HREC when the project is
completed at all sites. The Principal Investigator will notify the UTS HREC of any plan to extend the duration of the
project past the approval period listed above through the progress repor.

+ The Principal Investigator will abtain any additional approvals or authorisations as required (e.g. from other ethics
committees, collaborating institutions, supporting organisations).

= The Principal Investigator will notify the LTS HREC of his or her inability to continue as Principal Investigator
including the name of and contact information for a replacemeant.

| also refer you to the AVCC guidelines relating to the storage of data, which require that data be kept for a
minimum of 5 years after publication of research. However, in NSW, longer retention requirements are required for
research on human subjects with potential long-term effects, research with long-term environmental effects, or
research considered of national or international significance, importance, or controversy. If the data from this
research project falls inte one of these categones, contact University Records for advice on long-term retention.

You should consider this your official letter of approval. If you require a hardecopy please
contact Research Ethics@uls edu.ay,

If you hawve any queries about your ethics approval, or require any amendments 1o your research in the future,
please do not hesitate to contact Research. Ethicsfiuls edu.au.

Yours sinceraly,

A/Prof Beala Bajorek

Chairperson

UTS Human Research Ethics Committes
C/- Research Office

University of Technology Sydnay

E: Research.Ethics@uts edu.ay
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APPENDIX 3.3: PARTICIPANT INFORMATION SHEET: LEAKY

GUT SURVEY

PARTICIPANT INFORMATION SHEET
Health-Seeking Behaviour of Adults with Suspected Increased Intestinal Permeability
UTS HREC APPROVAL NUMBER ETH19-4012
WHO IS DOING THE RESEARCH?
My name is Bradley Leech and | am a PhD student at the University of Technology Sydney. My
supervisors are Prof David Sibbritt (David.Sibbritt@uts.edu.au), Dr Amie Steel
(Amie.Steel@uts.edu.au) and Dr Erica MclIntyre (Erica.McIntyre@uts.edu.au).
WHAT IS THIS RESEARCH ABOUT?
This research aims to investigate the health-seeking behaviour, views and preferences for the
assessment and management of adults with suspected or diagnosed leaky gut (intestinal
permeability).
INCLUSION/EXCLUSION CRITERIA
Before you decide to participate in this research study, we need to ensure that you are eligible to
take part. To be eligible to participate you must think or know you have leaky gut, be 18 years or
older and living in Australia.
IF | SAY YES, WHAT WILL IT INVOLVE?
If you decide to participate, we will ask you to complete an online survey that will take approximately
30 minutes to complete. In this survey, you will be asked to provide basic demographic
characteristics and information about your views and preferences for the management, diagnosis
and treatment of leaky gut.
DO | HAVE TO SAY YES?
Participation in this study is voluntary. It is completely up to you whether or not you decide to take
part.
ARE THERE ANY RISKS/INCONVENIENCE?
Yes, there is an inconvenience. This survey will take approximately 30 minutes to complete.
IF I SAY YES, CAN | CHANGE MY MIND LATER?
You can change your mind at any time, and you do not have to say why. We will thank you for your
time so far and won'’t contact you about this research again.
WHAT WILL HAPPEN IF | SAY NO?
Nothing. If you decide not to participate, it will not affect your relationship with the researchers or the
University of Technology Sydney. No further contact will be made by the research team regarding
this survey.
WHAT WILL HAPPEN TO INFORMATION ABOUT ME?
Your information will be treated confidentially, no personal details that could identify you will be
obtained during the survey. We plan to publish the results of this study and use them as the
consumer views and preference for the development of a clinical practice guideline for the
assessment and management of increased intestinal permeability.
At the end of the survey, you will be given the option to be contacted to be a part of future phases of
the clinical practice guidelines project. In all instances, your information will be treated confidentially.
WHAT IF | HAVE CONCERNS OR A COMPLAINT?
If you have concerns about the research that you think | or my supervisor can help you with, please
feel free to contact us on Bradley.Leech@uts.edu.au or 02 9514 4172. If you would like to talk to
someone who is not connected with the research, you may contact the Research Ethics Officer on
02 9514 9772 or Research.ethics@uts.edu.au and quote this number UTS HREC Approval Number
ETH19-4012.
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APPENDIX 3.4: INFORMED CONSENT: LEAKY GUT SURVEY

By selecting ‘NEXT’ you agree to the following:

| agree to participate in the research project Health-Seeking Behaviour of Adults
with Suspected Increased Intestinal Permeability (UTS HREC NO. ETH19-
4012) being conducted by Mr Bradley Leech (Bradley.Leech@uts.edu.au).

| understand that the purpose of this study is to investigate the health-seeking
behaviour, views and preferences for the assessment and management of adults
with suspected or diagnosed leaky gut (intestinal permeability).

| have read the Participant Information Sheet.

| understand that my participation in this research will involve completing an
online survey lasting approximately 30 minutes.

| am aware that | can contact Mr Bradley Leech if | have any concerns about the
research. | also understand that | can stop the survey at any time | wish, without
consequences, and without giving a reason.

| am aware that if | decide not to participate, this will not affect my relationship
with the researchers or the University of Technology Sydney. No further contact
will be made by the research team regarding this survey.

| agree that | have had an opportunity to have all of my questions answered fully
and clearly.

| agree that the research data gathered from this project may be published in a

form that does not identify me in any way.
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APPENDIX 3.5: PHASE TWO UTS HREC ETHICS APPROVAL

Dear Applicant,

Re: ETH20-5291 - "Clinical Practice Guideline for the Assessment and Management of Increased
Intestinal Permeability™

Your local research office has reviewed your application and agreed that it now meets the requirements of the
Mational Statement on Ethical Conduwct in Human Research (2007) and has been approved on that basis. You
are therefore authorised lo commence activities as outlined in your application, subject to any conditions
detailed in this document.

You are reminded that this letter constitules ethics approval only. This research project must also be

Your approval number is UTS HREC REF NO. ETH20-5291

Approval will be for a period of five (5) years from the date of this correspondence subject to the submission
of annual progress reports.

The: following standard conditions apply to your approval:

. Your approval number must be included in all participant material and advertisements.
. Any advertisements on Staff Connect without an approval number will be removed.

. The Principal Investigator will immediately report anything that might warrant review of athical
approval of the projact o the Ethics Secrelariat {(Research Ethicsi@uts. adu.au).

] The Principal Investigator will notify the UTS HREC of any event that requires a modification to the

profdocol or olher project documents, and submit any required amendments prior 1o implementation,
Instructions on how to submit an amendment application can be found here.

' The Principal Investigator will promptly report adverse events to the Ethics Secretarial. An adverse
event Is any event (anticipated or otherwise) that has a negative impact on participants, researchiers of the
reputation of the University. Adverse evenls can also include privacy breaches, loss of data and damage to

property.

* The Principal Investigator will report to the UTS HREC annually and notify the HREC when the project
i5 complatad al all sites.

. The Principal Investigator will notify the UTS HREC of any plan to extend the duration of the project
past the approval pericd listed above through the progress report.

. The Principal Investigator will abtain any additional approvals or authorisations as required (e.g. from
other ethics committees, collaborating institutions, supporting organisations).

. Thi Principal Investigator will notily the UTS HREC of his or hier inability (o contnue as Prncipal

Inveshgator including the name of and contact infarmation for a replacemant.
This research must be undertaken in compliance with the Australian Code for the Responsible Conduct of
Research and National Statement on Ethical Conduct in Human Research,

You should consider this your official letter of approval.

If you have any queries about this approval, or require any amendments to your approval in future, please do
not hegitate 1o contact your local research office or the Ethics Secretarial.
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APPENDIX 3.6: PARTICIPANT INFORMATION SHEET: IP

GUIDELINE
PARTICIPANT INFORMATION SHEET
Clinical Practice Guideline for the Management of Increased Intestinal Permeability
UTS HREC APPROVAL NUMBER ETH20-5291
WHO IS DOING THE RESEARCH?
My name is Bradley Leech and | am a PhD student at the University of Technology Sydney. My
supervisors are Prof David Sibbritt (David.Sibbritt@uts.edu.au), Dr Amie Steel (Amie.Steel@uts.edu.au)
and Dr Erica Mclntyre (Erica.Mclntyre@uts.edu.au).
WHAT IS THIS RESEARCH ABOUT?
This study aims to improve the management of increased intestinal permeability by clinicians in private
practice in Australia by developing a clinical practice guideline for the management of intestinal
permeability (IP Guideline).
INCLUSION/EXCLUSION CRITERIA
You have been identified by the Working Group as a key stakeholder related to the IP Guideline.
IF I SAY YES, WHAT WILL IT INVOLVE?
If you decide to participate, you will be asked to actively participate in the Stakeholder Group. Through a
survey study design, you will be asked to;
e Participate in Stakeholder Group survey,

Report all relevant conflicts of interests,
Evaluate the acceptability and feasibility of each recommendation,
Provide insight on the extent published evidence reflects outcomes,
Provide feedback on guideline wording to ensure recommendations are understandable.
DO | HAVE TO SAY YES?
Participation in this study is voluntary. It is completely up to you whether or not you decide to take part.
ARE THERE ANY RISKS/INCONVENIENCE?
Yes, there is an inconvenience. Involvement in the IP Guideline requires approximately 30 minutes of your
time.
IF | SAY YES, CAN | CHANGE MY MIND LATER?
You can change your mind at any time, and you do not have to say why. If you are unable to participate
you will be required to notify the Mr Bradley Leech at the earliest possible moment.
WHAT WILL HAPPEN IF | SAY NO?
Nothing. If you decide not to participate, it will not affect your relationship with the researchers or the
University of Technology Sydney. No further contact will be made by the research team regarding this
research project.
WHAT WILL HAPPEN TO INFORMATION ABOUT ME?
As a requirement of the National Health and Medical Research Council (NHMRC) Guidelines for
Guidelines Handbook to meet the 2016 NHMRC Standards for Guidelines all members name, profession
or discipline, organisational affiliation and role in the guideline development process is required to be
reported. Additionally, all disclosure of interests or each member will be reported. This information you will
be published in the IP Guideline.
WHAT IF | HAVE CONCERNS OR A COMPLAINT?
If you have concerns about the research that you think | or my supervisor can help you with, please feel
free to contact us on Bradley.Leech@student.uts.edu.au or 02 9514 4172. If you would like to talk to
someone who is not connected with the research, you may contact the Research Ethics Officer on 02
9514 9772 or Research.ethics@uts.edu.au and quote this number [UTS HREC ETH20-5291]
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APPENDIX 3.7: INFORMED CONSENT: STAKEHOLDER SURVEY

INFORMED CONSENT

By signing below, you agree to the following terms and conditions:

1.

| agree to participate in the research project Clinical Practice Guideline
for the Management of Increased Intestinal Permeability (UTS HREC
ETH20-5291) being conducted by Mr Bradley Leech
(Bradley.Leech@uts.edu.au), Prof David Sibbritt
(David.Sibbritt@uts.edu.au), Dr Amie Steel (Amie.Steel@uts.edu.au)
and Dr Erica Mclintyre (Erica.Mclntyre@uts.edu.au).

| understand that the purpose of this study is to improve the management
of increased intestinal permeability by clinicians in private practice in
Australia by developing a clinical practice guideline for the management
of intestinal permeability.

| have read the Participant Information Sheet.

| understand that my participation in this research will require
approximately 30 minutes.

| am aware that | can contact Mr Bradley Leech if | have any concerns
about the research. | also understand that | am free to withdraw my
participation from this research project at any time | wish, without
consequences, and without giving a reason. If | am unable to participate,
| will be required to notify Mr Bradley Leech the at the earliest possible
moment.

| am aware that if | decide not to participate, this will not affect my
relationship with the researchers or the University of Technology Sydney.
No further contact will be made by the research team regarding this
survey.

| agree that | have had an opportunity to have all of my questions answered
fully and clearly.

| agree that the research data gathered from this project including name,
profession or discipline, organisational affiliation and role in the guideline
development process will be published. Additionally, all disclosure of
interests will be reported. This information will be published in the Clinical
Practice Guideline for the Management of Increased Intestinal
Permeability.

Stakeholder Group Member Name Signature

Date

468



APPENDIX 3.8: NHMRC EVIDENCE STATEMENT

Key question(s):

Evide
nce
table

1. Evidence base (nhumber of studies, level of evidence and risk of bias in the included studies)

A

One or more level | studies with a low risk
afhinme Aav coviaval lasial Il cdsselione sasiblh o~ |

B

One or two Level Il studies with a low risk
of bias or SR/several Level lll studies with|

Cc

One or two LeveI ]} studles with a low risk

£ n . CP)

D

Level IV studles or Level I to ]}

PR 1 I7.Y .Y sala Inicela sial £

2. Consistency (if only one study was available, rank this component as ‘not applicable’)

All studies consistent

Most studies consistent and

[ L

|
Some inconsistency, reflecting genuine

PR IS

A
B
Cc
D

Evidence is inconsistent

N

Not applicable (one study only)

3. Clinical impact (indicate in the space below if the study results varied according to some
unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention

A

Very large

B

Substantial

Cc

Moderate

D

Slight/Restricted

4. Generalisability (How well does the body of evi

dence match the population and clinical

Evidence directly generalisable to target

EV|dence dlrectly generallsable to target

EV|dence not dlrectly generallsable to the

L L 4l R 116 N

Evidence not directly generalisable to

5. Applicability (s the body of evidence relevant to

the Australian healthcare context in terms of

Evidence directly applicable to Australian

EV|dence applicable to Australlan

EV|dence probably appllcable to

EV|dence not appllcable to Australlan

Other factors (Indicate here any other factors that you took into account when assessing the
evidence base (for example, issues that might cause the group to downgrade or upgrade the

EVIDENCE STATEMENT MATRIX

question, taking all the above factors into account.

Please summarise the development group’s synthesis of the evidence relating to the key

Component Rating| Description

1. Evidence base

2. Consistency

3. Clinical impact

4. Generalisability|




5. Applicabity | |

Indicate any dissenting opinions

RECOMMENDATION GRADE OF

What recommendation(s) does the guideline RECOMMENDATION
development group draw from this evidence? Use
action statements where possible.

PRACTICE POINT (CONSENSUS-BASED RECOMMENDATION)

If there is no good quality evidence available but there is consensus among Guideline
committee members, a consensus-based recommendation (practice point) can be given.

UNRESOLVED ISSUES

If needed, keep note of specific issues that arise when each recommendation is formulated
and that require follow-up.

IMPLEMENTATION OF RECOMMENDATION

Please indicate yes or no to the following questions. Where the answer is yes please provide
explanatory information about this. This information will be used to develop the implementation
plan for the guidelines.

Will this recommendation result in changes in usual care? NO/YES
Are there any resource implications associated with
. : . ) NO/YES
implementing this recommendation?
Will the implementation of this recommendation require
: : : NO/YES

changes in the way care is currently organised?
Are the guideline development group aware of any

. : . : . NO/YES
barriers to the implementation of this recommendation?
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APPENDIX 3.9: DISCLOSURE OF INTEREST FORM

Disclosure of Interest Form

Before the appointment to the guideline development group, all conflicts of interest need to be
identified, transparently reported and appropriately managed to reduce the risk of bias. The
Chair will review disclosures and determine whether or not a management plan is required.
Question 1

Over the past 12 months, have you or, as far as you are aware, any immediate family members
been employed by an entity having a commercial or other interest in intestinal
permeability? This includes but limited to any employment where the entity is involved in the
development or sale of any nutraceutical or therapy for intestinal permeability or employment

where the entity is involved in the assessment (pathology testing) of intestinal permeability.
] No (go to question 2)

[] Yes: Please provide all relevant details below

Question 2
Over the past 12 months, have you or, as far as you are aware, any immediate family members
been given any financial benefits from any entity which has a commercial interest in intestinal

permeability?
] No (go to question 3)

[] Yes: Please provide all relevant details below

uestion 3
Over the past 12 months, have you or, as far as you are aware, any immediate family members
received any support, payment or been employed by any entity who is involved in the

assessment (pathology testing) of intestinal permeability?
] No (go to question 4)

[] Yes: Please provide all relevant details below

Question 4
Over the past 12 months, have you or, as far as you are aware, any immediate family members
received any support, payment or been employed by any entity who is involved in the

development or sale of any nutraceutical or therapy for intestinal permeability?
] No (go to question 5)

[] Yes: Please provide all relevant details below

Question 5



Are you affiliated or associated with any organisations whose interests are either aligned
with or opposed to any subject matter related to the assessment or management of intestinal

permeability?
] No (go to question 6)

D Yes: Please provide all relevant details below

uestion 6
Are there any other relationships or activities not declared above that could be perceived

potentially to influence your contribution?
] No

D Yes: Please provide all relevant details below

Declaration of Interest

Name

In signing this form, | hereby agree:

- that the information provided was correct on the date entered below

- this information is provided to the Working Group member for their consideration.

- to update this information throughout the development of the IP Guideline.

- allow the publication of any interest | have disclosed in this form, and any interests declared

after | complete this form and any management plan in the final guideline.

Signature of potential member

Date | |

Office use only
[] Appointment approved without a management plan
[] Appointment approved with a management plan

[] Appointment declined due to conflict of interest unable to be managed

Signature of Chair

Print name

Date
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APPENDIX 3.10: REGISTER OF DISCLOSURES OF INTEREST

Questions

Stakeholder Group Members

Dr Jason
Hawrelak

Dr
Nirala
Jacobi

Dr
Michael
Osiecki

Dr
Christine
Houghton

Dr
Ronald
Goedeke

Benedict
Freudenmann

Kirsty
Wirth

Vanita
Dahia

Over the past 12
months, have you or,
as far as you are
aware, any immediate
family members been
employed by an
entity having a
commercial or other
interest in intestinal
permeability?

No

Yes

Yes

Yes

No

Yes

No

No

Over the past 12
months, have you or,
as far as you are
aware, any immediate
family members been
given any financial
benefits from any
entity which has a
commercial interest in
intestinal permeability?

No

Yes

Yes

Yes

No

Yes

No

No

Over the past 12
months, have you or,
as far as you are
aware, any immediate
family members
received any support,
payment or been
employed by any
entity who is involved
in the assessment
(pathology testing) of
intestinal permeability?

No

Yes

No

No

No

Yes

No

Yes

Over the past 12
months, have you or,
as far as you are
aware, any immediate
family members
received any support,
payment or been
employed by any
entity who is involved
in the development or
sale of any
nutraceutical or
therapy for intestinal
permeability?

No

No

Yes

Yes

No

Yes

No

No

Are you affiliated or
associated with any
organisations whose
interests are either
aligned with or
opposed to any subject
matter related to the
assessment or
management of
intestinal permeability?

No

No

Yes

Yes

No

No

No

No

Are there any other
relationships or
activities not
declared above that
could be perceived
potentially to influence
your contribution?

No

No

No

No

No

No

No

No

Are there any
disclosures requiring
a management plan?

No

No

No

No

No

No

No

No




APPENDIX 3.11: CONFLICT OF INTEREST MANAGEMENT PLAN

All conflicts of interest should be identified, transparently reported and
appropriately managed to reduce the risk of bias. The conflict-of-interest
management plan is a process for determining if a declared interest represents
a conflict of interest, and how this member and their conflict of interest will be
managed.

The chair may use one of the following methods to manage any conflict of

interest 389:

e The conflicted member may be excluded from survey items related to the
specific area or issue.

» A conflicted member may be excluded from reviewing any
recommendations associated with the conflict.

e The conflicted member may contribute in the area of conflict; however,
any response or discussions made by a conflicted member will be
carefully reviewed by the chair to assess risk of bias.

« In a case where the conflict of interest may cause bias, the conflicted
member may not be appointed to the guideline development group.

NHMRC. (2018). Guidelines for Guidelines: Identifying and managing conflicts
of interest. Retrieved from

https://www.nhmrc.gov.au/quidelinesforquidelines/plan/identifying-and-

managing-conflicts-interest




APPENDIX 3.12: TERMS OF REFERENCE FOR STAKEHOLDER
GROUP

TERMS OF REFERENCE
Purpose of IP Guideline
The Clinical Practice Guideline for the management of increased intestinal permeability (IP
Guideline) aims to improve the treatment of altered intestinal permeability by clinicians in
private practice of Australia.
Term
This Terms of Reference is effective from 18™ of April and continues until the completion of

the survey. The survey should take no more than 30 minutes.

Roles and responsibilities of the Stakeholder Group
As a member of the Stakeholder Group you will be involved in providing your expertise and
experience for the management of intestinal permeability. You will be expected to;

e Participate in the Stakeholder Group survey,

¢ Report all relevant conflicts of interests,

e Evaluate the acceptability and feasibility of each recommendation,

e Provide insight on the extent published evidence reflects outcomes,

e Provide feedback on guideline wording to ensure recommendations are

understandable.

Communication

As a member of the Stakeholder Group communication will take place over email.

Benefits and reimbursement
As a member of the Stakeholder Group your contribution will be recognised within the
published IP Guideline. You will also be provided with a printed and PDF copy of the final IP

Guideline. Furthermore, your time will be reimbursed with a $100 visa card.

Member’s Details

In order to ensure effective communication, all members of the Guideline Development
Group (Working Group and Stakeholder Group) are required to provide their contact
details.

Please fill out your details below.

Title:

Name:

Email address:
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Phone number:
Postal Address:
Qualifications:
Affiliation:

By signing below, you agree to the following terms and conditions:

1. lunderstand my roles and responsibilities as a Stakeholder Group member and will
fulfil them to the best of my ability.

2. | have read and understand the Participant Information Sheet and any questions
have been answered.
| have completed the Member’s Details above.
I will notify the Working Group if | am unable to continue my involvement in the IP
Guideline.

5. All information provided in the Terms of Reference is correct and up to date.

Stakeholder Group Member Name Signature Date
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APPENDIX 3.13: STAKEHOLDER SURVEY

Q1 What is your full name?

Q2

There is a total of 38 recommendations. For each recommendation, you will be
asked whether you agree with the recommendation, how important and
appropriate you think the recommendation is and whether you would change
anything about the recommendation. These recommendations were developed
for Australian clinicians to use in clinical practice to improve the management of
intestinal permeability in Australian adults.

Each recommendation will vary in its categories (Evidence-based
recommendations, Consensus-based recommendations and Practice points)
and the strength of recommendation (Strong recommendation,
Recommendation, Option, Consensus-based recommendation, Practice point
and No recommendation). Please download Interpreting the
recommendations to aid in the interpretation of the recommendations.

The recommendations are broken down into the following groups: dietary
choices, probiotic, prebiotic and synbiotic supplementation, amino acid
supplementation, plant-based medicine supplementation, essential fatty acid
supplementation and mineral supplementation.

The development of each recommendation is supported by published literature.
A summary of the research is found in the following documents. Each document
contains the clinical questions that were asked, a summary of the clinical need
for the research questions, a summary of the evidence, the risk of bias
assessment, NHMRC evidence statement and the justification for the
recommendations. If you are unsure about the recommendation while providing
your feedback, review the supporting document to better understand the

evidence and why the recommendation was developed. Dietary choices
supporting information Probiotic, prebiotic and synbiotic supplementation
supporting information Amino acid supporting information Plant based

medicine supporting information Essential fatty acid supporting information
Mineral supporting information

You will be provided with recommendations in the following format at the top of
each page. Then you'll be asked 5 question regarding this recommendation.

Category: Evidence-based recommendation

Strength: Recommendation

Recommendation 1.1 People with intestinal permeability should consider
consuming no more than 10 standard drinks a week and no more than 4

standard drinks on any one day in accordance with the Australian Dietary
Guidelines during the treatment of intestinal permeability.
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Q3 The following are dietary based recommendations. A complete summary of
the evidence can be downloaded in Dietary choices supporting information

Q4
Category: Evidence-based recommendation
Strength: Recommendation

Recommendation 1.1 People with intestinal permeability should consider
consuming no more than 10 standard drinks a week and no more than 4
standard drinks on any one day in accordance with the Australian Dietary
Guidelines during the treatment of intestinal permeability.

Q5 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

Q6 How would you rate your level of agreement or disagreement with this
recommendation?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q7 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

di Strongly Disagree Neutral Agree Strongly
isagree agree
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Q8 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

Q9 In your opinion, would you change anything about this recommendation?
This may include the wording, the strength of recommendation or any other
aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may

include the wordin... = Yes

Q10 Please describe what you would change about this recommendation

Q11

Category: Consensus-based recommendation
Strength: Consensus-based recommendation

Recommendation 1.2 People with intestinal permeability may consider limiting
or avoiding alcohol consumption during the short-term treatment of intestinal

permeability.

Q12 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q13 How would you rate your level of agreement or disagreement with this

recommendation?
Strongly . Strongly
disagree Disagree Neutral Agree agree

479




Q14 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

. Strongly Disagree Neutral Agree Strongly
disagree agree

Q15 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

. Strongly Disagree Neutral Agree Strongly
disagree agree

Q16 In your opinion, would you change anything about this recommendation?
This may include the wording, the strength of recommendation or any other
aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q17 Please describe what you would change about this recommendation

Q18
Category: Evidence-based recommendation
Strength: Recommendation

Recommendation 1.3 People with intestinal permeability should consider
consuming a diet high in dietary fibre from a diverse range of sources.
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Q19 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

Q20 How would you rate your level of agreement or disagreement with this
recommendation?

. Strongly Disagree Neutral Agree Strongly
disagree agree

Q21 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

. Strongly Disagree Neutral Agree Strongly
disagree agree

Q22 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Strongly

Disagree Neutral Agree
agree

Q23 In your opinion, would you change anything about this recommendation?
This may include the wording, the strength of recommendation or any other
aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes
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Q24 Please describe what you would change about this recommendation

Q25
Category: Consensus-based recommendation
Strength: Consensus-based recommendation

Recommendation 1.4 Clinicians are advised to recommend patients to consume

38g for men and 28q for female of dietary fibre daily while treating patients with
intestinal permeability.

Q26 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

Q27 How would you rate your level of agreement or disagreement with this
recommendation?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q28 How would you rate your level of agreement or disagreement with the
appropriateness of this recommendation for clinicians to follow in the
management of Australian adults with suspected or diagnosed intestinal

ermeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

Q29 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree
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Q30 In your opinion, would you change anything about this recommendation?
This may include the wording, the strength of recommendation or any other
aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q31 Please describe what you would change about this recommendation

Q32
Category: Consensus-based recommendation
Strength: Consensus-based recommendation

Recommendation 1.5 Clinicians are encouraged to recommend gluten-free
sources of dietary fibre to patients with confirmed intestinal permeability.

Q33 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

Q34 How would you rate your level of agreement or disagreement with this
recommendation?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q35 How would you rate your level of agreement or disagreement with the
appropriateness of this recommendation for clinicians to follow in the
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management of Australian adults with suspected or diagnosed intestinal
ermeability?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q36 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q37 In your opinion, would you change anything about this recommendation?
This may include the wording, the strength of recommendation or any other
aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q38 Please describe what you would change about this recommendation

Q39
Category: Evidence-based recommendation
Strength: Recommendation

Recommendation 1.6 People with intestinal permeability should consider
consuming the Acceptable Macronutrient Distribution Range of protein (15-
25%), fats (20-35%) and carbohydrates (45-65%) in accordance with the
Australian Dietary Guidelines.

484



Q40 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

Q41 How would you rate your level of agreement or disagreement with this
recommendation?

. Strongly Disagree Neutral Agree Strongly
disagree agree

Q42 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

. Strongly Disagree Neutral Agree Strongly
disagree agree

Q43 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Strongly

Disagree Neutral Agree
agree

Q44 In your opinion, would you change anything about this recommendation?
This may include the wording, the strength of recommendation or any other
aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes
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Q45 Please describe what you would change about this recommendation

Q46

Category: Evidence-based recommendation
Strength: Recommendation

Recommendation 1.7 People with intestinal permeability should consider NOT
consuming a diet high in fat.

Q47 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q48 How would you rate your level of agreement or disagreement with this

recommendation?
di Strongly Disagree Neutral Agree Strongly
isagree agree

Q49 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal

ermeability?
di Strongly Disagree Neutral Agree Strongly
isagree agree

Q50 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree
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Q51 In your opinion, would you change anything about this recommendation?
This may include the wording, the strength of recommendation or any other
aspect of the recommendation.

Yes (1)
No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q52 Please describe what you would change about this recommendation

Q53
Category: Evidence-based recommendation
Strength: Recommendation

Recommendation 1.8 People with intestinal permeability should consider NOT
consuming a diet high in fructose.

Q54 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

Q55 How would you rate your level of agreement or disagreement with this
recommendation?

Strongly
disagree

Strongly
agree

Disagree Neutral Agree

Q56 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

Strongly
disagree

Strongly
agree

Disagree Neutral Agree
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Q57 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Strongly

Disagree Neutral Agree
agree

Q58 In your opinion, would you change anything about this recommendation?
This may include the wording, the strength of recommendation or any other
aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q59 Please describe what you would change about this recommendation

Q60
Category: Evidence-based recommendation
Strength: Option

Recommendation 1.9 People with intestinal permeability may consider

consuming the estimated energy requirements in accordance with the
Australian Dietary Guidelines.

Q61 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good
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Q62 How would you rate your level of agreement or disagreement with this
recommendation?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q63 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

Strongly
disagree

Strongly
agree

Disagree Neutral Agree

Q64 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q65 In your opinion, would you change anything about this recommendation?
This may include the wording, the strength of recommendation or any other
aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q66 Please describe what you would change about this recommendation

Q67
Category: Evidence-based recommendation
Strength: Option
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Recommendation 1.10 Clinicians may consider using a kilojoule restricted diet
in the short-term treatment of people with confirmed intestinal permeability.

Q68 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q69 How would you rate your level of agreement or disagreement with this

recommendation?
di Strongly Disagree Neutral Agree Strongly
isagree agree

Q70 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal

ermeability?
di Strongly Disagree Neutral Agree Strongly
isagree agree

Q71 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

Q72 In your opinion, would you change anything about this recommendation?
This may include the wording, the strength of recommendation or any other
aspect of the recommendation.

Yes (1)

No (2)
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Display This Question:

If In your opinion, would you change anything about this recommendation? This may

include the wordin... = Yes

Q73 Please describe what you would change about this recommendation

Q74

Category: Evidence-based recommendation

Strength: Strong recommendation

Recommendation 1.11 Clinicians should only advise a strict gluten-free diet if
clinical symptoms or pathology indicate a gluten intolerance, sensitivity or

allergy.

Q75 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q76 How would you rate your level of agreement or disagreement with this

recommendation?
di Strongly Disagree Neutral Agree Strongly
isagree agree

Q77 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal

ermeability?
di Strongly Disagree Neutral Agree Strongly
isagree agree
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Q78 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Strongly

Disagree Neutral Agree
agree

Q79 In your opinion, would you change anything about this recommendation?
This may include the wording, the strength of recommendation or any other
aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q80 Please describe what you would change about this recommendation

Q81
Category: Evidence-based recommendation
Strength: Strong recommendation

Recommendation 1.12 Clinicians should only advise a gluten-free diet during
the short-term treatment of people with confirmed intestinal permeability that
report clinical symptoms in response to the consumption of gluten after the

investigation for gluten intolerance, sensitivity or allergy has been carried out.

Q82 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

492



Q83 How would you rate your level of agreement or disagreement with this
recommendation?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q84 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

Strongly
disagree

Strongly
agree

Disagree Neutral Agree

Q85 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q86 In your opinion, would you change anything about this recommendation?
This may include the wording, the strength of recommendation or any other
aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q87 Please describe what you would change about this recommendation

Q88
Category: Evidence-based recommendation
Strength: Strong recommendation
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Recommendation 1.13 Clinicians should offer a low gluten diet for the

management of people with confirmed intestinal permeability that report no
clinical symptoms or pathology indicating a gluten intolerance, sensitivity or

allergy.

Q89 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q90 How would you rate your level of agreement or disagreement with this

recommendation?
Strongly . Strongly
disagree Disagree Neutral Agree agree

Q91 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal

ermeability?
Strongly . Strongly
disagree Disagree Neutral Agree agree

Q92 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree
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Q93 In your opinion, would you change anything about this recommendation?
This may include the wording, the strength of recommendation or any other
aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q94 Please describe what you would change about this recommendation

Q95 The following are probiotic, prebiotic and synbiotic recommendations. A
complete summary of the evidence can be downloaded in Probiotic, prebiotic
and synbiotic supplementation supporting information

Q96
Category: Evidence-based recommendation
Strength: No recommendation

Recommendation 2.1 There is insufficient evidence to form a recommendation

on the use of probiotics as a collective group for the treatment of people with
intestinal permeability.

Q97 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

Q98 How would you rate your level of agreement or disagreement with this
recommendation?

di Strongly Disagree Neutral Agree Strongly
isagree agree
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Q99 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

di Strongly Disagree Neutral Agree
isagree agree

Strongly

Q100 How would you rate your level of agreement or disagreement with the

importance of this recommendation for clinicians to follow in the management

of Australian adults with suspected or diagnosed intestinal permeability?

di Strongly Disagree Neutral Agree
isagree agree

Strongly

Q101 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.
Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q102 Please describe what you would change about this recommendation

Q103
Category: Evidence-based recommendation
Strength: Option

Recommendation 2.2 Clinicians may consider using Saccharomyces boulardii

supplementation in the treatment of people with intestinal permeability.
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Q104 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

Q105 How would you rate your level of agreement or disagreement with this
recommendation?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q106 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q107 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Strongly

Disagree Neutral Agree
agree

Q108 In your opinion, would you change anything about this
recommendation? This may include the wording, the strength of
recommendation or any other aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes
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Q109 Please describe what you would change about this recommendation

Q110

Category: Evidence-based recommendation

Strength: Option

Recommendation 2.3 Clinicians may consider the use of effective probiotics for

a period of 3 months when treating people with intestinal permeability.

Q111 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q112 How would you rate your level of agreement or disagreement with this

recommendation?
. Strongly Disagree Neutral Agree Strongly
disagree agree

Q113 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal

ermeability?
di Strongly Disagree Neutral Agree Strongly
isagree agree

Q114 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree
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Q115 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.
Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q116 Please describe what you would change about this recommendation

Q117
Category: Practice point
Strength: Practice point

Recommendation 2.4 Clinicians may consider researching probiotic strains for
their effectiveness before using them to treat people with intestinal permeability.

Q118 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

Q119 How would you rate your level of agreement or disagreement with this
recommendation?

Strongly
disagree

Strongly
agree

Disagree Neutral Agree

Q120 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

Strongly
disagree

Strongly
agree

Disagree Neutral Agree
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Q121 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

Q122 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may

include the wordin... = Yes

Q123 Please describe what you would change about this recommendation

Q124 Category: Practice point

Strength: Practice point

Recommendation 2.5 Clinicians may consider the use of probiotics which are

supported by pre-clinical research in conjunction with other treatment
interventions for the management people with intestinal permeability.

Q125 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

500




Q126 How would you rate your level of agreement or disagreement with this

recommendation?
. Strongly Disagree Neutral Agree Strongly
disagree agree

Q127 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal

ermeability?
di Strongly Disagree Neutral Agree Strongly
isagree agree

Q128 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

Q129 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.
Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q130 Please describe what you would change about this recommendation

Q131 Category: Evidence-based recommendation
Strength: Recommendation
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Recommendation 2.6 People with intestinal permeability should consider the

consumption of fermented milk products such as kefir.

Q132 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q133 How would you rate your level of agreement or disagreement with this

recommendation?
Strongly . Strongly
disagree Disagree Neutral Agree agree

Q134 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal

ermeability?
Strongly . Strongly
disagree Disagree Neutral Agree agree

Q135 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

Q136 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.

Yes (1)

No (2)
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Display This Question:

If In your opinion, would you change anything about this recommendation? This may

include the wordin... = Yes

Q137 Please describe what you would change about this recommendation

Q138

Category: Evidence-based recommendations

Strength: Option

Recommendation 2.7 People with intestinal permeability may consider NOT

consuming Yakult light®.

Q139 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q140 How would you rate your level of agreement or disagreement with this

recommendation?
. Strongly Disagree Neutral Agree Strongly
disagree agree

Q141 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal

ermeability?
. Strongly Disagree Neutral Agree Strongly
disagree agree
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Q142 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

Q143 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may

include the wordin... = Yes

Q144 Please describe what you would change about this recommendation

Q145

Category: Evidence-based recommendations
Strength: No recommendation

Recommendation 2.8 There is insufficient evidence to form a recommendation
on the use of prebiotics as a collective group for the treatment of people with

intestinal permeability.

Q146 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q147 How would you rate your level of agreement or disagreement with this

recommendation?
di Strongly Disagree Neutral Agree Strongly
isagree agree
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Q148 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q149 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q150 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.
Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q151 Please describe what you would change about this recommendation

Q152
Category: Practice point
Strength: Practice point

Recommendation 2.9 Clinicians may consider researching prebiotic for their

effectiveness before using them in the treat of people with intestinal
permeability.
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Q153 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

Q154 How would you rate your level of agreement or disagreement with this
recommendation?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q155 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q156 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Strongly

Disagree Neutral Agree
agree

Q157 In your opinion, would you change anything about this
recommendation? This may include the wording, the strength of
recommendation or any other aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes
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Q158 Please describe what you would change about this recommendation

Q159

Category: Practice point
Strength: Practice point

Recommendation 2.10 Clinicians may consider the use of prebiotic which are

supported by pre-clinical research in conjunction with other treatment
interventions for the management people with intestinal permeability.

Q160 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q161 How would you rate your level of agreement or disagreement with this

recommendation?
di Strongly Disagree Neutral Agree Strongly
isagree agree

Q162 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal

ermeability?
Strongly . Strongly
disagree Disagree Neutral Agree agree

Q163 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree
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Q164 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.
Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q165 Please describe what you would change about this recommendation

Q166
Category: Consensus-based recommendation
Strength: Consensus-based recommendation

Recommendation 2.11 Clinicians may consider NOT using polydextrose in the

treatment of people with intestinal permeability.

Q167 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q168 How would you rate your level of agreement or disagreement with this

recommendation?
Strongly . Strongly
disagree Disagree Neutral Agree agree

Q169 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal

ermeability?
Strongly . Strongly
disagree Disagree Neutral Agree agree
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Q170 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
agree

Strongly
disagree

Disagree Neutral Agree

Q171 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.
Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q172 Please describe what you would change about this recommendation

Q173
Category: Evidence-based recommendation
Strength: Option

Recommendation 2.12 Clinicians may consider the use of effective synbiotic in
the treatment of people with intestinal permeability.

Q174 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good
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Q175 How would you rate your level of agreement or disagreement with this

recommendation?
. Strongly Disagree Neutral Agree Strongly
disagree agree

Q176 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal

ermeability?
di Strongly Disagree Neutral Agree Strongly
isagree agree

Q177 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

Q178 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.
Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q179 Please describe what you would change about this recommendation

Q180
Category: Evidence-based recommendation
Strength: Option
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Recommendation 2.13 Clinicians may consider the use of effective synbiotic for

a period of 3 months when treating people with intestinal permeability.

Q181 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q182 How would you rate your level of agreement or disagreement with this

recommendation?
Strongly . Strongly
disagree Disagree Neutral Agree agree

Q183 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal

ermeability?
Strongly . Strongly
disagree Disagree Neutral Agree agree

Q184 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

Q185 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.

Yes (1)

No (2)
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Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q186 Please describe what you would change about this recommendation

Q187
Category: Evidence-based recommendation
Strength: Option

Recommendation 2.14 Clinicians may consider NOT using polydextrose and

Bifidobacterium animalis ssp. lactis 420 in the treatment of people with intestinal
permeability.

Q188 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

Q189 How would you rate your level of agreement or disagreement with this
recommendation?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q190 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree
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Q191 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

Q192 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may

include the wordin... = Yes

Q193 Please describe what you would change about this recommendation

Q194

Category: Practice point
Strength: Practice point

Recommendation 2.15 Clinicians may consider the use of synbiotic which are

supported by pre-clinical research in conjunction with other treatment
interventions for the management people with intestinal permeability.

Q195 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q196 How would you rate your level of agreement or disagreement with this

recommendation?
Strongly . Strongly
disagree Disagree Neutral Agree agree
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Q197 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

di Strongly Disagree Neutral Agree
isagree agree

Strongly

Q198 How would you rate your level of agreement or disagreement with the

importance of this recommendation for clinicians to follow in the management

of Australian adults with suspected or diagnosed intestinal permeability?

di Strongly Disagree Neutral Agree
isagree agree

Strongly

Q199 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.
Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q200 Please describe what you would change about this recommendation

Q201
Category: Evidence-based recommendation
Strength: Recommendation

Recommendation 2.16 Clinicians should consider NOT using probiotics for the
treatment of people with nonsteroidal anti-inflammatory drug induced intestinal

permeability.
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Q202 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

Q203 How would you rate your level of agreement or disagreement with this
recommendation?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q204 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q205 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Strongly

Disagree Neutral Agree
agree

Q206 In your opinion, would you change anything about this
recommendation? This may include the wording, the strength of
recommendation or any other aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes
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Q207 Please describe what you would change about this recommendation

Q208
Category: Evidence-based recommendation
Strength: Recommendation

Recommendation 2.17 Clinicians should consider NOT using prebiotics for the

treatment of people with nonsteroidal anti-inflammatory drug induced intestinal
permeability.

Q209 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

Q210 How would you rate your level of agreement or disagreement with this
recommendation?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q211 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

Strongly
disagree

Strongly

Disagree Neutral Agree
agree

Q212 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree
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Q213 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.
Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q214 Please describe what you would change about this recommendation

Q215
Category: Evidence-based recommendation
Strength: Recommendation

Recommendation 2.18 Clinicians should consider NOT using synbiotics for the
treatment of people with nonsteroidal anti-inflammatory drug induced intestinal

permeability.

Q216 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q217 How would you rate your level of agreement or disagreement with this

recommendation?
. Strongly Disagree Neutral Agree Strongly
disagree agree

Q218 How would you rate your level of agreement or disagreement with the
appropriateness of this recommendation for clinicians to follow in the
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management of Australian adults with suspected or diagnosed intestinal
ermeability?

. Strongly Disagree Neutral Agree Strongly
disagree agree

Q219 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

. Strongly Disagree Neutral Agree Strongly
disagree agree

Q220 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.
Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q221 Please describe what you would change about this recommendation

Q222 The following are amino acid recommendations. A complete summary of
the evidence can be downloaded in Amino acid supporting information

Q223
Category: Evidence-based recommendation
Strength: Strong recommendation

Recommendation 3.1 Clinicians should offer glutamine supplementation for the
treatment of people with intestinal permeability.
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Q224 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

Q225 How would you rate your level of agreement or disagreement with this
recommendation?

Strongly
disagree

Strongly

Disagree Neutral Agree
agree

Q226 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

Strongly
disagree

Strongly
agree

Disagree Neutral Agree

Q227 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

. Strongly Disagree Neutral Agree Strongly
disagree agree

Q228 In your opinion, would you change anything about this
recommendation? This may include the wording, the strength of
recommendation or any other aspect of the recommendation.

Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes
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Q229 Please describe what you would change about this recommendation

Q230

Category: Consensus-based recommendation
Strength: Consensus-based recommendation

Recommendation 3.2 Clinicians may consider the use of glutamine

supplementation in conjunction with other treatment interventions for the

management of people with intestinal permeability.

Q231 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q232 How would you rate your level of agreement or disagreement with this

recommendation?
di Strongly Disagree Neutral Agree Strongly
isagree agree

Q233 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal

ermeability?
Strongly . Strongly
disagree Disagree Neutral Agree agree

Q234 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree
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Q235 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.
Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q236 Please describe what you would change about this recommendation

Q237
Category: Evidence-based recommendation
Strength: Recommendation

Recommendation 3.3 Clinicians should consider the use of short-term

lactoferrin supplementation for the treatment of people with nonsteroidal anti-
inflammatory drug induced intestinal permeability.

Q238 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q239 How would you rate your level of agreement or disagreement with this

recommendation?
Strongly . Strongly
disagree Disagree Neutral Agree agree

Q240 How would you rate your level of agreement or disagreement with the
appropriateness of this recommendation for clinicians to follow in the
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management of Australian adults with suspected or diagnosed intestinal
ermeability?

Strongly
agree

Strongly

disagree Disagree Neutral Agree

Q241 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
agree

Strongly
disagree

Disagree Neutral Agree

Q242 In your opinion, would you change anything about this
recommendation? This may include the wording, the strength of
recommendation or any other aspect of the recommendation.
Yes (1)
No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q243 Please describe what you would change about this recommendation

Q244 The following are plant-based medicine recommendations. A complete
summary of the evidence can be downloaded in Plant based medicine
supporting information

Q245
Category: Evidence-based recommendation
Strength: No recommendation

Recommendation 4.1 There is insufficient evidence to form a recommendation

on the use of plant-based medicines as a collective group for the treatment of
people with intestinal permeability.
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Q246 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

Q247 How would you rate your level of agreement or disagreement with this
recommendation?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q248 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q249 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Strongly

Disagree Neutral Agree
agree

Q250 In your opinion, would you change anything about this
recommendation? This may include the wording, the strength of
recommendation or any other aspect of the recommendation.

Yes (1)

No (2)
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Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q251 Please describe what you would change about this recommendation

Q252
Category: Practice point
Strength: Practice point

Recommendation 4.2 Clinicians may consider the use of plant-based medicines

which are supported by pre-clinical research in conjunction with other treatment
interventions for the management people with intestinal permeability.

Q253 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good

Q254 How would you rate your level of agreement or disagreement with this
recommendation?

di Strongly Disagree Neutral Agree Strongly
isagree agree

Q255 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree
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Q256 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Strongly
agree

Disagree Neutral Agree

Q257 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.
Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q258 Please describe what you would change about this recommendation

Q259 The following are essential fatty acid recommendations. A complete
summary of the evidence can be downloaded in Essential fatty acid supporting
information

Q260
Category: Evidence-based recommendation
Strength: No recommendation

Recommendation 5.1 There is insufficient evidence to form a recommendation

on the use of essential fatty acid supplementation for the treatment of people
with intestinal permeability.

Q261 How would you rate your understanding of the recommendation?

Very poor Poor Neutral Good Very good
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Q262 How would you rate your level of agreement or disagreement with this
recommendation?

Strongly
agree

Strongly
disagree

Disagree Neutral Agree

Q263 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal
ermeability?

Strongly
agree

Strongly

disagree Disagree Neutral Agree

Q264 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
agree

Strongly

disagree Disagree Neutral Agree

Q265 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.
Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q266 Please describe what you would change about this recommendation

Q267 The following are mineral recommendations. A complete summary of the
evidence can be downloaded in Mineral supporting information
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Q268

Category: Evidence-based recommendation

Strength: Option

Recommendation 6.1 Clinicians may consider using zinc supplementation in the
treatment of people with intestinal permeability.

Q269 How would you rate your understanding of the recommendation?

Very poor

Poor

Neutral

Good

Very good

Q270 How would you rate your level of agreement or disagreement with this

recommendation?
di Strongly Disagree Neutral Agree Strongly
isagree agree

Q271 How would you rate your level of agreement or disagreement with the

appropriateness of this recommendation for clinicians to follow in the

management of Australian adults with suspected or diagnosed intestinal

ermeability?
di Strongly Disagree Neutral Agree Strongly
isagree agree

Q272 How would you rate your level of agreement or disagreement with the
importance of this recommendation for clinicians to follow in the management
of Australian adults with suspected or diagnosed intestinal permeability?

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

527




Q273 In your opinion, would you change anything about this

recommendation? This may include the wording, the strength of

recommendation or any other aspect of the recommendation.
Yes (1)

No (2)

Display This Question:

If In your opinion, would you change anything about this recommendation? This may
include the wordin... = Yes

Q274 Please describe what you would change about this recommendation
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ABSTRACT

Background: The public health consequence of inceeased intestisal pormeability (IF) i currently limitod
by the lack of patiest-tentred reseanch, This Mudy sim 1o describe (e health-ueeking beduviour of Aus-
tralian sdults with suigected [t
Methods: A cross-sectional survey of 585 Australian adults who have Been diagmosed with (P or have
suspected |andiagnosed) IP:
Results: The majority (56.2%) of participants with sespected IP reported self-diagnosing their condition,
wiith ihe majority (56.7%) of these parcicipants prefering to be assessed using an adcurate method by
a groeral practitioner or naturopath. On swerage, Amstralian adults with suspected IF spent 111 [95%
€1 95, 128) years between fird specting 1P and recewving a formal diagmosis. Over the poevious 12
manths, participants spent an average of $599 on cossultation fees, S2176 on dietary supplements for
the treatment of [P and an average of S287 oo the assesument of P Funhermone, partscipants who find
it difficult 1o live on theie available household inceme spent sighificantly mone (meean=3F861) on di-
eary supplements companed 1o partcipants wha fisd it easy 1o Bve on their available Bousehold incoms
(1E918) (p=0.015)
Concliion:  The imvestigation of Australian adwlts with suspected IF foand the majority of participants
experienced a considerable length of time between first suspecting 1P and recefving 2 diagnosis of [P The
out-of-pocket expenditure aweciated with the management of IP suggests 3 financial barden for people
w‘lltll.upomtd]P.'l‘lrmﬂ:dﬂlnﬂruﬂﬂtmﬂlpﬂeﬂ-ﬂnwgﬂmﬂﬂuhﬂlh:mwm
t inform & chisical practicos pesdeline for the manig of P,
© POXI Published by Elirvier BV, on bebull of Konea lnstitate of Oriental Medicine,
Thiis id an open acorss article ussdber the O BY-NC-ND license
{Barp: jcrrativeoommeek or g/ Hoenses - m -nd [4.0/)

1. Introduction

important robe in health and disease in both public and private
healthcare.*

The single layer of epithelial cells that separate the internal
and external environment of the small intestine it renewed every
four to five days, playing an essential robe in maintaning intestinal
homeastasis! Increased intestinad permeability (IP] imvolves the
disassembling of tight junction proteins between the cells of the
small intestine, resulting in a loss of intestinal barréer integrity.”
With am estimated prevalence of 10-87% in health conditions with
a known association,’ altered IP has been suggested to play am

-G n 1y suthor ot s s Crntre in Comp reary and -
cegrative Medicine, Faoulty of Hesth, Unsversiny of Technology Sydney. 15 Rimsd-
iy Uinimn. MSWY, 007, Australia

F-mal gddren: Rrsdglesch@pmailoom |B Lessh)

Bt b e 0L DOV it PO LAOOTSY

The clinical relevance and comsequence of altered IP remain a
controversial topic within conventional medicine.” Yet, published
literature contmwes 1o ddentify IP a5 a target for disease preven-
tion and therapeutic intervention” IP has been suggested 1o pre-
cede the onset of a number of chronic health conditions such as
Crohn's disease” liver disease,” type 1 diabetes® " coeliac dis-
ease,” rhevmatoid anhrits " gestational diabetes," and diarrheea-
predominant irritable bewel syndrome.™ " Altered IP is also as-
sociated with autoimmune conditions, metabolic conditions, lver
diseases, and gastraimtestinal conditions.-" Although IP 5 a reac-
tion within the small intestine, many of the measurable and dlin-
ically relevant risk factors are systemic, suggesting that [P is more
than a digestive health issee and a possible feature of disease.”

NI4T0 HI1 Published by Elarvier BY. on behalf of Kores lestitute of Oriental Mediome, This is an open scors article usder the O F-NC-SD lorae

[heip:lerestreecomimens or g loenise, by- o -ad 40}
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Previouws research bas investigated the assessment and man-
wld’lpfmnﬂtprm stanudpoint, where practition-
ers ach dge the | of IF in many health conditions
Toumd m:un&uprm' - Within clinical practice, the pathol-
oy tests available are invasive, require patients to pay oul-of-
pocket, and invelve 4 substantial amount of time to perform.'
Practitioners that frequently treat IP in clinical practice are re-
ported 1o avoid wiing validated pathelogy tests due to the finan-
cial cost to the patient and prioritise case history to diagnose
IR While the frequency of methods used by patients, including
the accuracy of self remains umknown, the self-diagnosis
of other chronsc ilnesses such as diabetes is considered 1o be
somewhat accurate.” Farthermore, no research to date has con-
sidered patients views and preferences towards the assessment
iﬂmlmmtul’l?r:ﬂlmmkmﬂhdrnpihmﬂmﬂ-

lmmnlhmmﬂm!;mmm
views and preferences are considered™ As such, thiz study aims
o describe the health-seeking behaviour of Australian adults with
suspected [P while also exploring the views and preferences sur-
rounding the assessment and management of P,

2. Methods

21, Snudy design and setting

A cross-sectional study design wiing an online self-reported
survey was utilised with approwal from the Human Research
Ethées Commiriees [HREC) of the University of Technology Sydmey
(®ETH19-4012).

22 Pavticipants and recruitment

Participants were recruited wia social media platforms and
2 purpose-bult webpage, with snowball sampling methods alse
used. The survey was open lor two months between September
2009 and Movember 2019, Eligibility to participate in this study re-
quired participants to either suspect or know they have altered IF,
be aged 18 years of mode, living in Australia and have nternet ac-
cess, Survey responders with incomplete demographic characteris-
tics, accounting for <5% of total data were excladed from analy-
sis. This study was designed to capture people that may have sus-
pected I or confirmed IR, to best reflect the type of patients that
present to clinical practice for the treatment of IR

23 Survey instrument

The developed online survey wtilised the questionnaire items
which were obtained from published literature and modified to
suit Australians with suspected IR To improve the survey's re-
liability, standardised five-point Likert scales were used for scaling
questions. The survey included three main domains: demographic
charscteristics, diagnesis of 1P, and the Bnancisl expenditure re-
lated to [P. The questionnaire was first pilot tested wsing lay people
o assess the time required to complete the survey and language
clarity. with corrections made acoordingly.

231 Demographic characteninos

The participants were asked about their gender, age, heighe,
and weight. Body mass index [BMI) was calculated from height
and weight messurements. BMI was then categosised to under-
welght, healthy weighi. overweight, and obese.”’ The participanis
were also asked their country of birth. the state or termitory where
they live, and whether they live in an urban, rugal or remate loca-
0
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232 Ddggnosis of increased intestinal permenbilihy
Participants were asked a number of questions in relation to the
assessment of IP including: the year they believed their IP started,
the year their IP was diagnosed, the method used to confirm their
1P at what point their IP was assessed, the number of times their
1P wiad assedsed, and the qualifications af the practitioner ifvalved
in the assessment of their 1P In addition, pamicipants preference
for IP testing method characteristics, the preferred method and
time poknt fior IP assessment, and the qualifications of their pre-
ferred practitioner were all asked. To gauge the preference and m-
twards being assessed for IP and the lielihood of treat-
meent adherence if results returned a positive test of altered IF, fve-
point Likert scales were wsed. The term ‘assessed” and assessment’
are used throughowt this article to desoribe the action participants

used for measuring. evaluating or identifying IF,

213 Finamcial expendiire

A number of items participants were asked fo report: the out-
af-pocket expenditure of treating IP. practitioner consultation fees,
and cost of measuring IR Participant’s income manageability was
determined by how well they manage their howsehold income, cat-
egarised as ‘difficult all the time’, ‘difficalt some of the time", ‘not
toa bad’, or “easy’. The amounts are reported in Awstralian dollars
(ALID).

24, Dato collecrion

The survey wai administered thiough the online platform Sur-
m.mﬁhmmﬂHMWIﬂ!w
software program STATA® 16 for data checking and statistical anal-
yses.

25 Sratigical anafyses

Respanses to questionnaire items were reported a3 means, stan-
dard deviations, 95% confidence intervals (C1s) or Frequencies and
percentages. Chi-square analysis was used for tests of association
between categorical variables and Student’s t-tests wene used for
contimuous wariables across a binary variable. Ordinal variables
such a8 those on Likert scales were assessed with non-parametric
tests, including Mann-Whitney U test and the Wilcooon signed
ranks test. where appropriate. Analysis of variance (ANOVA) was
used to measure the difference between a continwous variable
across a categonical vaniable,

1, Resubts

i1 Demegraphic characteristics

A total of 982 people responded to the survey, af which 393
responses did not meet the eligibility criteria or were classifed as
having too much incomplete data, leaving a total of 589 partici-
panits. Most participants were female (n=548. 93%), living within
an wrban area (n=416, T05X) in either New South Wales [m=175,
29.7%) or Queensland [n=161, 27.3%) (Table 1} The mean age of the
participants was 45.0 (SD=12.1) with a reean BMI af 27.0 (SD=6.9).
The income manageability of participants was described most
commeonly &% ‘eaty of not too bad' [n=D0S. 46.5X) and “difficult
some of the time’ [n=145, 32.3X). Half the surveyed popalation re-
ported altered 1P as their primary health concern (m=300, 50.9%)
with a range of ether autoimmune, inflammatory gastroinbestinal,
and metabolic conditiens reported lor the other half (Table 1)

3.2 Ddagnosis of increased indestinal permeabiliny

The most frequently used methods to diagnose IF were sell-
diagnoses (n=330, 56.7%) and case history, according to a health-
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Tabide 1
Demagraphic charamenistics of shsdy paniopants |ns585)
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Tabie 2
Health ieciing beb ot e ]
Bl permeability by Mustralian sdults (n=583)

[ —————
¥ n k]
Canrr
Female S48 930
Alale 41 e
B glassificagion
Lisdrrweight k] 13
Flrslrhy wriphs ia 461
Cwerweighs 118 218
[ 156 it
Country of birth
Muizirala LrLd a0
nher 112 LEEi]
Bate o RerTilaTy
Mew South Wales 175 nr
Chatefriinfud 1] 73
‘W foria Lt s
Western Aeairalia L3} (LA
South Ausirahia » &l
Australan Capsial Terriory 3 15
Tavmania £ ] 3l
BMerthern Terndary 1] iy
Axea ol reskence
Lhbuan 416 s
R 161 73
Rrmaote (+ F
[T
Eavy or not o Bad i 465
Dificult wome of the ime 145 123
Difault all the time 95 nz
hralis roncrrm.
Increased imtestngd pemesiliny O 9
MheT aulvimimiune disfases - (1]
Hashisote's Syroudilia - ] 48
Camrainesinal idaues k1] L]
Chiofm i n 15
Bhrumatod artheilin L] 8]
CRaruity 5] 1%
Mental health 1] 1
Heemandl dsus L] Ly
] (E]
Camraintesinal Condida albioass L] 4
Frariatic atbsitis 7 12
Mol rzposwT 7 13
Prrcabde bowel vymeirpme B LE:]
Ankylesing sposdyling B (1]
Adhma 6 (1]
Fisoad imtoleranoes B (1]
Cardursiscular doicais B (1]
Blasil erll sbration wyndrome B 1 1]
Ciher healts rondtions 1] Ll
Mean S0 (range)
Age in years 450 120 [V8-82)
Bty Masy Insken [BMI) ara B3 [15.4-81.5)

care practitioner [a=130, 322X) (Table 2). From the panticipants
H‘u!mmlnrlP 173X (n=102) were assessed before re-

ceiving treatment. 4.1% (n=24) during the treatment phase, and
mlu:n—s:aﬁnmmmmmpuﬂm'mmm
who were diagnosed with IF, 59.0% (ne140) reported being dixg-
nesed within the last three years. However, on awerage, partic-
pants with suspected [P spent 111 [(95% CI: 9.5, 128) years be-
tween first suspecting 1P and receiving a disgnosis. Mo statistically
significant difference was found between the length of time be-
tween when panicipants first suspected IP to the year they were
diagnosed and whether they were diagnosed by a medical praci-
tomer of another healthcare practitboner (p=0.120) The wast ma-

Healrh Sakcing Baburbosr

[ X
Methisd of asiriimrnl (=57
Sor ll-diapeaerd Fi] 60
Case bisiory scoording 8 3 prastitioees 1 p -k
IgG fosd sensitiviey est e 49
Hemaview - Live blood andlyiis I3 19
Sesal pomulin F 7] i ¥ ]
Lasrulase mannilel wine pes 7 19
| don’t kndw 16 17
Iriology 12 o
Serum goralin 4 ar
Kinesiodgy L] a7
Siage thai BF was ssrasured [n=134)
Before (peatmesng naa 173
Drainng Ehe IPEdCmecnt phase = 41
ARt Iorabsend win compleied E 14
Fambser of mes meaared Tor IF (n=58%]
o w50 e
i 64 iy
2% I 44
Time briwern inilial sed second
anrmerni | n=28]
Betveeen | anad G moniha ] .7
Betwren 6 and 1] months b1 41
Betveeen 1T and T4 maonshs: L] I3
Orwer I years T b1
e IP was dlagneard | =117}
= ¥ years 140 LN ]
45 prars £ 54
T8 years n [T
= 10 yram 2 122
ear panticipant believe IF vasted (n=498]
= 1 yeary B4 188
46 years L 185
79 years m 155
» WO yea 5 512
I incroaned inteatinal permneatsliny

jority ol participants were not assesied for [P (n=450, 779%) with
anly 17.7% [n=104] assessed once, and 44X (n=26) sssesced mare
than twice. For the pamicipants that wene assessed two of marne
times, the second assessment of 1P typically ook place between &
and 12 months (m=11, 42.3%). A significant assoclation between the
number of tmes [P was assessed and the person (practitioner of
um who diagnosed 1P was found (p=<0.001). Specifically, health-

and medical praciitioners mare frequently as-
a-md!? (n=74, 30.5%; n=39, 33.6%, respectively] compared to
those who sell-diagnosed (n=4, 19351

11 Proctitioners imvalved in the diggnosis of increased infestinal
permeahility

Most participants (n=1374, 67.4%) first suspected they had IF,
whereas 1261 (n=181) had a practitioner first suggest IP a5 a pos-
sible diagmosis. Participants were most lrequently diagmnosed with
IP by sell-diagnosing (n=274, 47.9%), followed by a naturopath
(n=207, 362X, integrative medicine practitioner [n=82, H.3X),
nutritionist (=53, 9.3%), and general practitioner (n=50, 8.7X)
[Table 3). Most participants preferred their IP to be assessed by
a nanaropath (n=363. 63.5%), followed by a general practitioner
(m=310, 542X\ integrative medicine practitioner [n=259, 45.3%),
nutritionist (n=225, 39.3%). gastroenterclogist (n=221. 30.6%) or a
dietitian (n= 162, 28.3%). From the participants that sell-diagrosed,
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Tabile 3
Prisctatisness wvoived i D dugeins of ieeased inteating germeabality (n=572
W disgnmed incrrased intestinad THagnmin of incrrased intekinal premeabiliog
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thelr preferred practithoner for the assessment of IP was a general  decreased as income manageability increased (p<0.001). Funther-
practitioner (n=118, 56.7%) or a naturopath (n=118, 56.7X] mare, a5 income manageability increased, so did the amount par-
ticipants were willing to spend on the testing procedure for IP
34 Expenditures related to the mnd 15 af (p=0.001} . i -~
intestimal permeability Regardless of income manageability, participants reported a
preference towards allocating finances to dietary treatment inter-
O average, pasticipants reported spending $698.78 on consul-  venlisni (f=3090, 70.6X) fof the manigement of IP followed by di-

tation fees and $2175.96 on dictary supplements over the p

(=265, GO.SE) and lifestyle tneatmenits (n=240,

12 moniths (Table 4). There was a statistically significant difference
between income manageability and the sverage amount spent on
dietary supplements. Specifically, participants who find it “difficult
all the time' to Eve on their available househaold income spend
significantly more (mean=51963.28) on dietary supplements over
12 months compared to participants who described their income
manageabsliy as ‘easy or not too bad” ($1918.56; p=0.015). Mo sig-
nificant differences were found berween who disgnosed their [P
and the average amount spent on dietary supplements in the pre-
vious 12 months (p=0167). Howewer, participants that were di-
agnesed by a medical practitioner spent on average $1309.16 on
dietary supplements over the previous 12 months, whereas those
who were sell-diagnosed spent on average of $1793.40. Pamic-
panits an average spent 5186.76 on the assessment of IP with no
significant difference found with either income manageability or
the source of diagnosis,

There is a statistically significant difference between who diag-
nosed their IF and the average amount spent on consultation fees
i the previous 12 moaths (p-0001). Specifically, those who were
diagnosed by a medical practitioner, o another kind of healthcare
practitioner spent significantly more (mean=3$38053 and §996.29
respectively) on consultation fees compared to participants who
sell-diagnosed IF ($226.45) Mo difference was found for the av-
erape amount spent on corsultation fees berween a medical prac-
titioner or healthcare practitioners.

15 Views and preferences fowards the costs imobeed with intesmnal
permeability

Participants reported that the cost imvolved in testing IP i “very
impartant’ in their decision to be tested (n=260, 58.8%). with many
participants (n=2118. 458.8%) indicating they are willing to spend be-
rweeen 55100 and $150.00 on the testing procedure for IP (Table 4).
Hemeever, the importance of cost in the decision to be tested

etary supy

55.4%) [Table 4). Although half the panticipants (n=248, 56.5%] re-
ported the financial allocation for the aswessment of IP to be “very
impartant’, increased income manageability was associabed with
the preference towards allocating fimances to the assessment of
1P (p=0U018). Irrespective of income manageability, panicipants re-
ported medication use o be ‘mot imponant” for financial allocation
(h=296, TLEX)

16 Views and preferences dowards the assessment and mamagemenl
of intestinal permeability

The majority of participants (n=527, §9.6%) would prefer to
be assessed for IF regardless of income manageability (p=0.054)
with 75.0% (n=442] reporting the assessment of IP to be “very im-
portant’ (Table 5). Accuracy (n=554, 94.9%), accessibility [m=476,
814%), and affordability (n=408, 69.5X) were all commonly re-
ported to be ‘very important’ characteristics for the assessment
af IF; whereas non-imvasive methods (n=470, 806X} and bength
of time imvolved to perform the assessment (n=352, 6L1%]) were
both commonly reported to be ‘not important” characteristics for
the assessment of IP. Participants further commonly reported the

to be assessed Bor [P wsing blood pathology (=459,
TBA%) Bolloveed by urine collection [n=354, B0.2%) and a stoal test
(m=325, 443X}, with a case history assessment by a practitioner
(=242, 41.7%) to be the least preferred method of I assessment.
The time point that participants commonly prefer to be assessed
for [P were; before receiving treatment for IP (n=354, 60X for
monitoring disease [n=231, 39.2%), when asked by the patient
(=213, 363X for moniboring P (n=204, 34.6%), afer receivimg
treatment for P (n=160, Z8.7X), when advited by the praciitioner
(n=160, 27.2%). and during the reatment of IF (n=117, 19.9%)

The majoricy of participants (n=545. 93.2%) reported they
would be “very likely’ to adbere o a treatment protocol i assessed
and diagnesed with altered IP (Table 5) In terms of the prefermed
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meethod of treating 1P, participants ‘strongly prefer’ the use of di-
etary products [n=F02, §2.2%], followed by lifestyle habits (n=357,
T6.5X). and dietary supplements [n=124, 686X) On the
81X (n=351) of participants slightly prefer the use of medi-
cations 1o treat IP, representing the least preferred method of IP
treatmmenl

§

4. Discussion

This is the first study 1o describe the health-seeking behaviours
and explare the views and preferences of aduldts with suspected ar
diagnosed IP. The results af this study suggest inconsistencies be-
tween the healthoare provided to Australian adults with suspected
IF and the healthcare this patbent population would prefer to re-

a diagnosis of IP. They also reparted challenges invelved in the ac-

curate diagnosis of 1P and the out -of -pocket expenditure associated
with IP.

A1 Diagnasis of increased intestinal permeability

Our results indicate that those participants without a farmal di-
agnosis of 1P are self-diagnosing; howewer, have a desire to be as-
sessed using an acourate method by a healthcare practitioner. This
discrepancy in the assessment of IP may be contributed in part o
the commen practices of healthcare practitioners. Practitioners that
frequently treat 1P in clinical practice avoid measuring IP due 1o
the fnancial cost 1o the patient and priovitise case history assess-
ment fof di IP'® However, the results of this study suggest
that Australian adults with suspected IP are willing to allocate fi-
namces o an accourate and accessible method of IP assessment be-
foge recetving treatment. The inconsistencies between the health-
care previded to Australian adults with suspected IP and their pre-
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ferred healthcare suggest the preferences of the consurner may pot
slvays be considered.

As with other health-related conditions, IP s subject to under-
diagnosis, over-diagnosis and misdiagnosis within clinical prac-
tice. ™" Of particular concern from our findings is the high rate
af self-diagnosis of IP, This high self-diagnesis rate may result in a
misdiagrosis, causing potential ancclety to the patient, unnecessary
treatment barden when not requined of resuli in other more sen-
ous health conditions being undiagnosed. The high self-diagnosis
rate may also have an overall negative effect on practitioner-
patient relationship with the potential utilisation of inacourate or
inappropriate treatments.™ Our study also revealed that Awstralian
adults with saspected IF would prefer a general practitioner or
naturopath to assess them for [P However, the lack of acknowl-
edgement of I by medical practitioners’ may be a driving factor
for the Lurge number of Australian adults with suspected [P not re-
ceiving a formal diagnosis and a contributing factor as to why it
takes 11 years for IP 1o be diagnased. Whether the length of time
for a formal diagnosis of altered IP is contributed 1o behavdours of
the patient or the practithoner is unknown; however, the shortage
of validated testing methods and no gold standard testing method
are [actors influencing bealthcare practitioners not to measure [P
and o treat regardless.'®

A commen practice for practitioners is the use of case history
in the diagnesis af a mumber of health conditiens, especially func-
tiomal bewel disorders. " Even with the extensive algorithms of
patients case history, there is stll a poor agreement between prac-
titioners and the dizgnostic criteria of functional bowel disorders.”
A concern when applying an algorithmic model of diagnesis to [P

is that there i no validated algorithm and the Ssociaed case his-
tary Seatures of IP remain uncemain, expecially a8 previously per-
ceived of IP are mot associated with diagmostic markers
of I The clinical simélarities between gastrointestinal condi-
tioms”™® and the ander examined chindcal features of IF, limits the
accuracy of case history as a diagnestic method for I

4.2 Financial expendinere of facreased inteatimal permeability

The out-of-pocket expenditure asseciated with the assessment
and management of I suggests a financial barden for Australian
adults with suspected IP. Although a financial burden calculation
is mot possible with the data collected in this study, other Aus-
tralian based studies provide further support for a potential finan-
cial burden. For instance, the mean out-of-pocket expenditure for
the assessment and management of suspected IP is similar to the
amount spent on chronic health conditions in Australia** ™ Far-
thermaore, the out-of-pocket expenditure for consultation fees and
dietary supplements over a 12 month period is greater than the
mean annual expense for Australian adults with gastrointestinal
disorders.’’ As Australia has one of the highest out-of-pocket ex-
penditare for medication in the warld, ™' healihcare practitioners
shoubd consider the out-of-pocket expenses related to IP manage-
ment, especially peopbe with a low income manageabsility.

The results of this study suggest i significam difference be-
tween the income manageability and the average amount spent
on dietary suppbements, with those who find it “difficult all the
time” 1o live on their available household income spending signifi-
canitly mose on dietary supplements compared to the ‘easy or pot
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10 bad” income groups. Other studies suggest peaple with poor fi-
nancial status are more likely to face a financial burden in relation
to the out-ol-pocket expenditure, ™77 Whether a person’s income
manageabslity s a cause of consequence for the out-of-pocker ex-
penditure an 1P remains unknown; however, is 3 warthy area for
lTarther investigation.

43 Views and preferences of increased infestimal permeability

The results of this study sisggest that Australian sdults with sus-
pected 1P place lirde importance or value on medication use for
the treatment of IP. The strong aversion towards medication use
highlights a potential barrier for futwre pharmacological treatments
under development. ™% Whether Austrabian adults with suspected
1P will wse sach medication remaims an area for fuhare research.
Hewever, what this study does suggest is dietary produwcts [déetary
interventions) are the prefermed method for the reatment of 1P Ds-
etary interventions are also the meost frequently used type of treat-
msent for IP by practitiosers in Auwstralia,” highlighting agreement
mmmmmmmmwwukmm

44, Limirations

There are 4 number of potential limitations of our study that
need to be considered when interpreting our findings. Our tam-
ple has a greater percentage of females than the Australian general
population, hence caution is required if generalising Rndings to the
Australun Althoiagh this study aimed 1o explose Aus-
tralian adults with suspected IF, whether or not participants. have
diagnosed IP i unknown, Therefore, these results are mare fele-
vant to these wha suspect they have IP rather than those with a
confirmed diagnosis. Se data collection has the poten-
tial for recall bias. Howewer, as this was the first survey to describe
the health-secking behaviours of Australian adults with suspected
IF. this stedy does provide new and important information, thus
advancing the research apenda on this topic.

4.5 Conclusion

The investigation of Australian adulis with suspecied IP has
highlighted mapar inconsistencies between the healthcare provided
and the healthcare this patient population would prefer to receive,
especially regarding the diagnosis of IF. Most notably, the majority
af participants experienced a considerable length of time between
first suspecting IP and receiving a diagnosis of IP, The out-af-pocket
expenditure associated with the assessment and management of
IP suggests 3 financial burden for people with suspected IP. The
results of this study provide novel patient-centred considerations
that can be uied to inform a clinicall practice guideline for the as-
sessment and management of 1P as an important public health ini-
ThaTve.
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The Subjective Well-being and Health-Related
Quality of Life of Australian Adults with Increased
Intestinal Permeability and Associations

with Treatment Interventions

Bradley Leech, BHSc (Hons),” Erica Melntyre, PhD,™" Amie Steel, PhD,"™ and David Sibbritt, PhD'

Abstract

Objective: The imegnity and function of the gastrointestingl system s important in disease prevention and
management. This study aims to describe the management methods used by Australian adults with suspected
increased intestinal permeability (1P) and the association with subjective wellbeing (SWB) and health-related
quality of life (HRQoL).

Design and Setting: Cross-sectional survey of Awustralian adults diagnosed with IP or have suspected (un-
diagmosed) IP.

hueome Measwres: Questionnaine items investigating demographic characteristics, self-reported outcome of
1P and reatment methods used 10 manage IP. Participants” HRQoL and SWB according to the 20-liem Short
Form Health Survey (SF-20) and Personal Wellbeing Index-Adult (PWI-A) scale, respectively.

Results: Participants (n=389) frequently used dietary products (BT.9%), dictary supplements (72.9%) and
lifestyle therapies (34.6%) for managing [P, Participams had lower (i.e., worse) mean SWH scores for all
domains |;|1nlpi|.|'\¢|.] o the Ausiralian [N:rpula!'u:ln {I:{fl.ml]. The number of dil:,-x | ntpm:la.l 1o aflect d.il.II!.'
living was negatively comelated with SWE and HROQolL. (p < 0.001), Panicipants that reported an improvement
in their 1P a0 the previous 12 months were more likely o be treated by o healiheare practitioner (OR = 2,04,
p=0015), wse dietary supplements (OR =266, p=0003), participite in vigorous exercise (OR =299,
<0001} and employ vagus nerve stimulation (OR =310, p=0010). Conversely, they were less likely 1o
consume gluten (OR =035, p<0.001) or use nonstersidal anti-mfammatory drugs (OR=0.35, p= 0022}, Self-
reported improvement of IP (f= 1070, p<0000) and use of dietary products (f= 1212, p=0,008) were
predictors of a higher level of SWH.

Conclusions: Aliered IP may pose a greater health burden than previously thought, with poor SWE and
HREQoL reporied in Australian adults with self-reported IP. Owr results highlight the potential clinical relevance
amd consequence of altered IP, providing the first indication of a possible relationship between altered [P and
hoth SWE and HRQol..

Keywords: imlestinal permeabality, intestinal barmier dysfunction, subjective wellbeing, bealth-related qualiny of life
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WELL-BEING AND INTESTIMAL PERMEABILITY

Intraduction

HE HEALTH OF the gastrointestinal system has become a

target of inlerest for disease prevention.' One specific
gastroantestinal target area is the integraly of the intestinal
barrier of the small intesiine, During increased indestinal
permeability (IPy, the tight junction profeins between the
cells of the small intestine disassemble in response (o the
protein zonulin.’ The single layer of epithelium cells in the
smuall inbestine comribirtes to the biochemical and physical
barrier toibe ammay of forcign pathogens, albergens, and olher
owims " The prevalence of altered [P has been suggested 1o be
1FE-874% in health conditions with a known association.”
During o loss of imestinal integrity, a cascade of reactions
contributes to systemic symptoms and disease progression
with the mitigation ofzomltln that is suggested to inhibit or
reduce discase onser.” "Almwghmdcﬂmd symptoms of 1P
have been idemtifed,”” a range of risk factors are known 1o be
associated with altered 1P The clinical nsk Factors associs
ated with 1P provide a polential platform for treatment in-
terventions amd areas for further investigation,

The management of aliered IF may invalve the use or
avoidance of dietary producis (e.g.. increasing dietary fiber,
avoidance of gluten and alcohol). lifestyle therapies (e.g.,
sifess management, vagus nerve stimulation), dictary sup-
plements {e.g, vitamin A probictics, Curcwma loaga, fish
wil), and medication evaluation (e.g., avoidance of momste-
roidal anti-mfAammatory *ugﬂNS.MDlJ and antibioiics or
the use of larnzotide scctate).™ " These methods are pro-
posed 10 have muliiple direct and indirect modualatory ac-
tions thai regulaie intestinal inbegrity.”™" Many of ihe
reatments used by practiioners for the management of 1P
have previously been shown o align with preclinical re-
warch” Althaugh these treatment methods are frequently
used in clinscal practice, there still remains limited evidence
for the effective management of altered [P, A broad healih
services research-hased stady may | h:lp ilentify the polen-
tial mrens for further clinical trials."'

The clindeal relevance amd consequence of ahr.-f:ul IP in
clinical practice have recently been questioned,” despite
identified associations between [P and a wide range of health
conditions,” Questions regarding the clinical relevance and
consequence of aliered P may stem from a low level of
awareness and understanding regarding the potential effect of
ahered [P on individuals, especially iheir quality of life (Qol.)
aml subjective well-being (SWH). Qol. is an impomam con-
tributor 1o overall disease burden alongsade fnancial burden,
monality, and morbadity.""* Health-related quality of life
[(HRCkL ) is a multidimensional concept thal messures the
immpaact of heealth status on Qol. amd includes mental, physical,
emotional, and social functioning."* In addition to HRQoL., a
person’s SWHE—also referred io as life satisfaction—can be a
determanant in quantifying the clinical relevance and conse-
gquence of il health. The SWB is a multidimensional construct
comprsing cognitive and affective components that reflect an
individual’s appraisal of their satisfaction with their life."™"”
Understanding the 3WH of indivaduals with particular health
conditions may help identify populations with greater mor-
tality risk'* and guide the development of targeted supportive
interventions,

The impact of alered [P on individuals® HROQol and
SWB, and the ircatments used in the management of 1P,
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remains under-examined. Ax such, this stsly has two pri-
mary aims: b describe the SWE and HRQol. of Aastralian
adubis with suspecied [P and o explore the treatment
methods used by this population group.

Materials and Methods

Study design and sedling

A cross-sectional study design wsing an online self-
reported survey was deployed. Approval for the study was
ohtzined from the Human Rescarch Ethics Commibices
{(HREC) of the University of Technobogy Sydney (ETHI9-
4002). The health-sceking behavior. views, and preferences
of this study cobor have previously been published.™
Pavticipants and recruimant

Participants were recruited via social media platforms and
a purpose-built webpage, with snowball sampling methods
used. The authors shared the survey on their social media
amd known Facebook groups, such as Leaky Gut and Mi-
crivheome Suppor Group Australia. The survey was open far
2 hs between Sey t 209 amd MNovember 20019,
Eligibilaty questions asked participants whether they belicve
they have I (self-diagnosed) or have been diagnosed with
IP. To participate in the siudy. participants were also re-
quired 1o be 18 vears of age or older, living in Australia, and
have Internet access. The target population, although broad,
represenls an under-cxamined population group: as sach,
this study was designed 1o capture people with suspected 1P
or confirmed 1P, As [P is :.uupﬂ:d 1o be uniderdiagnosed,
inchuding participanits who self-diagnose 1P best reflecis the
target population and the pllurlds who present 1o clinical
practice for the trestment of P Survey responders with
incomplete  demographic characteristics, accounting  for
=53% of 1oial dna. were excluded from analysis.

Survay and data collection

The oaline survey adminisiered through the online plat-
foem Servevieizma wilized qu:s:mrmm: ilems previously
developed 1o investigate 1P in Australia™ The survey was
pilot tested by four lay individuals 10 assess language clar-
iy, with the required corrections made. The survey inclsded
four main domaims: demographic characterisiics, trealment
methods for altered [P, SWH, and HROQual.

Demographic charactorislics

The participanis were asked about their gender. age, beight,
amd weight from which body mass index (BMI) was caleulated
ansd Lal.lm Lo umiderweight, heahhy weaghl overaeight,
and obese ™ The participants wene Turther asked about their
country of birth, the state or tamilory where they reside, and
whether this was in an urban, reral, or remsote locatson, The
pasticipani’s income manageahility was defermined by how
well they manage their bouschold income, categorized as

“difficult all the time,” “diffcub some of the time,” **not oo
b, ™ or sy,
Self-reported outcome of incraased 1P

Two quesiions were asked 10 explore the potential se-
verity of IP, First, participants were asked whether they
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believed thear 1P Bas become “hefler,” “worse,” or “no
change™ over the previous 12 months, Paricipants were
then asked how many days a week does their IP affect their
daily living with the option of 0-T days.

Traatment of increased (P

A selection of survey ibems involvimg dietary producis,
lifesiyle iherapics, dietary supplements. and medications
that may either improve or exacerbate 1P along with open-
emded gquestions were used o document how Tregquently
these methods wene used. The frequency of use for diclary
products, lifesiyle therapies, dietary supplements. and
medications were measared by wsing a six-point scale
(“never,” “less than onee a moath,” **1-3 times & month,”™
“once a week,™ “2-6 thmes a week,” “every day®"). These
treatment methods were funther eaplored in relation 1o the
person who prescribed the ireatment, mainly the qualifica-
tion of the practioner or whether the treatmenl was self-
prescribed.

Subjective wal-beng

Participants” 5WE was measured by using the Personal
Well-being Index—Adult (FW1-A) scale—an  instrument
validated im Ausiralian population samples * The PWI scale
comsisted of seven domains of satisfaction: srandard of [Fving,
perronal health, achieving in [ife, perional relaionships,
persomal safety, commumity-comuectadmes, and finure secu-
riry.! The PW1 scoring system of each domain is reportied on a
010 scale, with O representing ne satisfaction at all and 10
besing completely satisfied,

Quaity of e

The: 2k-liem Short Form Health Survey (5F-20) was used
o messure participants’ HRQoL. ™ The SF-20 assesses six
health domains: physical functioning (six questions). role
functioning (two questions), social functioming (one ques-
tion), memal health (five quesiionsh, curment health percep-
tions (fve questions), and bodily pain (ome question).

Starsfical analyses

Dala were exported to STATA™ 16 for statistical analyses.
Varighles were reported as meams, standard dewiations
iSDs), 95% confdence intervals (Cls), or frequencies and
percentages, where appropriste, Chi-square analysis was
wsed to examine the association between two categorical
variables, with Stadent’s rests wsed for comlinuous vari-
ahles across a bimary variable. Analysis of varance was used
e measure the difference between a continuows. variable
across a categorical vanable. Spearman’s correlalion anal-
ysis was used to measure the comelation between the
mumber of days that IP affects daily living. SWB, and
HRQol. Logistic and lincar regression models were used
when comsidering multiple foctors. Variahbles associsted
with SWH., HRQoL. or the number of days thar [P affects
daily living—with a bivariste p-value <025 —were en-
tered into the respective multivanale bogistic or lincar ne-
gression models, o adjust for polential  confounders.
A stepwise backward elimination process was then wsed 10
leniify the most important independent predicions,

LEECH ET AL,

For analysis, participants” use of dietary products, lifestyle
therapies, dietary supplements, and  medications  were
grouped as frequently (“once o week.” “2-6 times a week,”
amd “every day”) and infrequently (“less than once a
month,” “1-3 tmes a moath,” and “never’’). Although
pamticiparis were able 1o seloct either “exacerbation.” “'im-
provemenl,” o “mo change™ for the sell-reported outoome off
IF in the previous 12 moaths, only dala from exacerbation
and improvement were used during analysis. Practitioners
were categorized as “medical practitioners”  (imegrative
medicine practitioners, peneral practitioners, and gasircen-
tevologists) and “healthcare practiioners™ (all practitionsrs).

Analysis and imterpretation of the data collected from the
PWI-A scale weare undertaken according 1o a previously
published work.™ Participants who answered consigtently OV
1 oo 1VID across all FWT domains were excluded due 1o a
risk of response bins.™' For analysis, the mw scores were
tramsformed booa 0-100 scale, The combaned mean seone from
the seven domains represenis the participands’ overall SWH.
A vwg-samiple 1-test was used 10 compare the normative mean
of the surveyed sample and the Australian population, ™

The analysis and interpretation of the 3F-20 wene un-
dertaken acconding to a previously published work.™ For
analysis, the SF-20 flem scones wene transformed 10 o scale of
0 o 100, with 0 representing the worst perceived health-
related outcomse, Tem scones for cach domain were combined
amd averaged 1o produce the final domwin scope (0-100),
Higher scores refloct betier perccived health-related ow-
comes, excepl for bodily paim whene a higher score mdicates
more bodily pain.

Results
Demographic chaactanislics

There were 982 responses o the survey, of which 393
responses were excladed as ihe initial eligibility questions
were pid answered and thereby classified as not meeting the
cligibility eriteria; this befi a total of 389 participanis. Most
panicipants were female (93%), with a mean age of 45.0
years (SD=12.1: range 13-82) and a mean BMI of 27.0
(SD=6.9). Parscipanis® BMI were classafied as healthy
weight (46.1%), obese (36.9%), overweight (238%), and
underweight (3.3% ), Most pariicipants were born in Australia
(B1.0%) and resided in New South Wales (29.7%), Queens-
land (27.3%). Victoria (17.5%), or Wesiem Australia
(10T ), im am urban (70.6%), naral (27.3%), or remote anca
(20F%). Most participamts described their income mandge-
ability as “easy or nol Loo had™ (46.5%), followed by “dil-
Beult somse of the e (32.3%) or “difficult all the time™
(21.2%). The majiwr health concems reporied by participants
were [P (= 300, 30.9% ) owcimmune conditions (m =40,
GA% ), Hashimoto™s thyrosditis (= 28, 4.8% ). gastroénbestinal
sswes (m=24, 4.0%), chronlc fatigue syndrome (n=21,
16%), and rheumstoid anhetis (n= 18, 3.1%).

Praciiioness cansuliad with, and trealments
used, fov managing increasad P

Participants most  frequently reponed  using  dictary
products (H7.9%), dictary sopplements (T2.9% ), and life-
style therapies (54.6%) for the management of IP. Medica-
tions were infrequenily used by paricipants for the
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Tante |, FREQUENEY oF TREATMENT METHODS USED Fol INCREASED INTESTINAL PERMEARILITY (N=483)

Treatment methods wsed for increased 17

Tatal Dierary products  Lifestvle therapies  Dietary supplements  Medications
Whe prescribed teeatment n % n % m &% n % m %
Sell-prescribed 18R 594 256 530 163 A3E 156 313 I 23
MNaturopath 208 431 173 Ml 104 213 180 3.3 LUB 1]
Imegrative medicine practitioner 93 193 T 159 47 9.7 he] 174 1 23
General practitioner Bl 168 ] 124 30 5.2 M T 2 44
Mutritiomnds Gy 124 5 1.8 n 58 47 9.7 LU 111 ]
Digtitian Ir T M TAb 12 - 15 1l 0 (L]
Chinese medicine practilioner 2 58 17 33 12 2.3 24 0 o 0o
Chiropracton 28 38 1] i3 X 4.6 15 31 LU 1]
Acupuns urist M 50 12 15 1 13 1% a7 o 00
51 M 50 15 il 14 19 ) s 1] LX)
Crastroenterologist N 4] 13 2.7 5 1.0 8 1.7 3 06
Ki st 4.0 I4 29 12 2.5 12 15 LU T ]
Ayurvedic practitioner 12 3 L] 21 5 1.0 9 (B LU T ]
Homeopath 12 15 8 1.7 7 1.5 9 1.9 o 00
Osteopath T 135 L] 12 b 1.0 5 10 1] LLX1]
Pharmacist 5 10 1 0z 1 o2 5 (K] 1 0z
Murse 4 08 4 08 2 0.4 2 04 2 04
Murse practitioner 2 D4 2 04 2 0.4 1 02 1 02

“Farticipants were able 1o scloct muBliphe treainsenl methods,
IF. imtestinal permeahilizy.

treatment of 1P (8.5% ). Self-prescribing of teatment nacth-
s for the management of 1P was most frequently nepored
(39.6%), follewed by prescription from a  naturopath
(43.1%), integrative medicine practitioner (19.3% ), general
practitioner (16.8%), and nutritiomist (124%) (Table 1)
Both dictary products (33.0%) and lifestyle therapies
(33.8%) were froquemly self-prescribed. However, dietary
supplements and medications were most [requemly pre-
scribed by a naturopath (37.3%) and gemeral practitioner
(4 4%), respeciively.

Sell-reparted outcome of increased IP

In the previous 12 months, morne participants reponied that
their IP had improved (55.8%). Hall of the paricipanis
(500FE ) reported that 1P affected their daaly living 7 days a
week. Further, participants who described an improvemssnt
in iheir [P during ihe previous 12 months reported that 1P
affected their daily life 4.0 days a week (95% CI: 3644k
hovwever. panticipants who described exacerhation of their IF
in the previous 12 months reported that 1P affecied their
dadly life 6.0 days a week (95% CI: 5.7-6.3; p< 00011

A self-reponed improvement in 1P was associaled with
participamts who wene treated by a praciitioner companed with
those who were not treated by a practitioner (76.1% vs,
23.9%; p <0001 ). Participants who reported that their [P had
warsened in the previous 12 months had a significamly higher
mean BMI compared with those who reporied om improve-
mem in their 1P in the past 12 months (284 ve 355
P00 ). Multivariate bogistic regression analysis found that
the use of NSAIDs (b= 1L08; 95% C1: 0.17-1.98; p=0.021),
lifestyle therapies (fi=108; 95% CI: (.46-170 p=0.001),
and Soccharomyees bowkondil (b= 1.56; 959% CL 0L46-2.67;
o (0NG) were preddicions of a greater namber of days cach
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week that [P was reported 1o affect daily Bving. However,
reporting an improvement of their [P in the previows 12
months ([f=-1.78; 95% CI: =239 1 =1.17; p<0001 ). and
imfrequently ([§= =050 95% C1: =164 1o =016 p=0017) or
frequently (fm<082; 95% CL: =149 w <016 pe00l6)
practicing yoga were found o be predictors for 3 fewer
number of days affecting daily living each week,

Tame 2. TreaTmenT-RELATED CHARACTERISTICS
AND THE IMPROVEMENT OF INCREASED INTESTINAL
PERMEABILITY 18 THE PrEVIOUS 12 Mosmhs {v=287)

Characteristics Ehdels e (95% CN) P
Tresling person

Sell (K]

Health care practitioner 2,04 (115360 0018
Ciluien

Mever (KL

Frequently 0.35 (0. 300610 <0100
Wigorous exercise

Mever 1.0}

Frequently 299 (1.6]1-553) <0,
Vagus nerve stimulation

ever 1.0

Frequenily 30 (L.31-730 0a1n
NSAIDs

MNever LAy

Infregquently .48 (0. 26-408A) ool

Frequently 00,35 0, 1541 86) 0.022
Using dietary supplements

Mo 14Xk

Tes .60 (1.40-5.05) 00,003

MNEAIDS, nonsicroklal ant-milammalory clnsgs

1
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Tanie 3, Associarmions BErwees Cosnson DIETARY
Provucts, Livestyie Tuerares, Memications,
AMD THE SELF-RErorTED Outcome oF INTESTINAL
FERMEABILITY 18 THE PREVIOUS 12 MonNTHS {v=483)

i il previows I2 momths

Tasdal Erorerbation  fmprincesses
n % % K P
g e
Frogeently 357 742 HE 354 0909
Delnmlc hul:‘ 124 158 419 350
ﬁ:q..m.u, 3 eed A 624 T
D'l_nhrmlr 146 106 iRs 412
Iy
Frogeently 279 570 06 454 ama2
Infrequently 203 421 34 LG
Refised |.I.I.1H
Progeenily 239 498 e dnd <ALl
Fﬁmhqaﬂulr M1 32 s 2
Froguenily 2200 462 360 619 a0
Infreguently 256 538 53 477
G
FPreguemly 213 444 (O] e L]
Infrequensly 267 556 M L
A crler vincgar
g:wrrllr I 173 3.0 619 Qe
Infeoguestly 301 627 &0 S0
l-'mqucmml s n3 7.5
y | 1 [ ol
Jlrlluu'lmw e 615 53 487
Frogeenily 166 150 E1H | R i
Infroguesaly 308 6510 513 457
Alciodol
Progeenily 148 % &1 prd ] 0472
Infrequenaly 331 6510 481 369
l.il';drk thetagmes
re sl SRciCIn
Fregeemly 212 434 L) (5T Ll
Infrequensly 254 S48 LA ] T
Frogaently 2100 452 ] L <0.00]
Infeequestly 255 S48 L8 | 49
ml L L T a1 o037
y 191 40 1 1. i1
\I_lnl‘nqnu.lr I M 06 454
RIS
ﬁ:‘:‘lly I46 0w K4 TLE <1 0]
Infroquently 327 690 14 ELTY
M
cﬂ’ﬂ#ﬂh 133 324 na HER Lile ]}
Infrequensly 333 715 0.7 423
¥ nerve stimulation
'Ig‘urnll:n 6l 133 205 TRE <000
Infeequestly 39 567 4R 51.2
NEAIDs
Frogently 63 134 0.1 a8 o)
Infroqueatly 407 556 07 Lk
S 35 7 &3 027
Frogeenly 16 41
Infrequently 447 965 e 1510
Methoirexate
Frogently 1 24 LA | 4L9 004
Infeeguestly 448 976 438 86 |
Aniasis
Frogeenly 6 13 Hin 400 il
Infrequenaly 46} 587 456 64
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Tregimaent-redaled charsclenstics of incraased
1P improvemant

Participants whe reported an improvensent in their 1P in the
previous |2 months were more likelly to be treated by a health
care practitioner (O =204, p=0015), wse dictary supple-
ments (R = 2,66, p=0003), paticipate in vigorus exercise
(OR = 294, p<0001), and employ vagus merve stimulation
(OR =310, p=0010) (Table 2. Further, participants wha
reporied an improvement in their IF during the previous 12
months were also bess likely 10 consume gluten (OR =035,
P (L or use NEAIDs (OR ={115, p=0.01.'!].

Aggociations behwean common dialiry products,
iastyle thavapies, madications, and the seif-rmpored
oulcoma of increased P

Participants who reported frequently consuming organic
foods {p<0U001). fermented foods (p=0.004), bone brath
(p=0001), collagen {p<0.001), or apple cider vinegar
{p=0026) described an improvement in their [P in the
previous |2 months compared with those who infrequently
consumed these dictary products (Table 3 Fusther, partic-
ipanis who reporied infrequently comsaming dairy products
(p=0.012), refined sugar { p<0001) or glien-comaining
products { p < 00001 ) deseribad an improvement in their 1P in
the previows 12 momths compared with panicipants wha
reported frequently consuming these dictary products. Par-
ticipants who reported frequently practicing breathing ex-
ercises  (pol0l)  siress  management [ pc DU,
meditation (p=0.037), vigoreas exercise (p<0000), voga
(p=0000), or vages nerve stimulation (p<0001) more
commonly described an improvement in their [P in the
previoas 12 months companed with panicipants who infre-
quently reported practicing these lifestyle therapaes. Parti-
cipanls who infrequently uwsed NSAIDs (p=01NN) moe
commaonly described an improvement in their IP in ibe
previous |2 months compared with pasticipants who fre-
quently used NSAIDs.

Fraguency of diefary supplemants usa
fiov the treaimant of ncreased 1P

The most frequently used dictary supplements for the
management of [P were probiotics (36.1% ), herbal mix-
tures (26.6% ), prebiotics (21.7%), zinc (21,7%), gluiamine
(19.4%). magnesiam (19.1%), and vitamin D (15.6%)
(Table 4). Dictary supplements wene most frequently used
by pamicipants who described an improvement in their [P
during the previous 12 months compared with those who
described exacerbation of their IP (63 3%=-86 8% wvx.
13.2%-36,7%). Participants frequently reported using di-
ctary supplements as prescribed by a practitioner rather
than self-prescribed (66.7%-878% ws. 12.I1%-33.3%)
(Table 4). There was & sististically sigmificamt association
between the wse of dictary supplememts and the sclf-
reponied owlcome of IP. Specifically, panicipants who used
finc  (p=0005), glutamine (p=002), magnesium
[ p=0LINME, vitamin O {p=0.03) or vitamin B complex
(p=0001) described an improvement in their 1P daring
the previous 12 months.
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TABLE 4. AssoCiaTsons BETWEEN DRETARY SUPPLEMENTS AND SELF-RERHTED (RUTCOME OF INCREASED INTESTINAL
Pemsseamuimy 8 e Peeviows 12 Mosres ano Percestace roe Peesos PriscmimsG Exce TrEatsesT (& = 346§

Selfereported owrcome of I in the previows 12 months

Persawn who presoribed freairmend

Taral Evzcerbation  Improvement Yelf-prescribed  Practitioner prescribed
Dietary supplements 0 * & * " L %
Frobiatic 125 M.l 3.3 £ 7 (483 7.0 730
Herbal mixmres 9 M6 84 TG [LARY 64 736
Prbictic 5 217 16 T24 0113 250 70
Zime % 27 254 T46 T3 o 804
Cilutamine 67 194 i} T1.6 002 158 4.2
Magnesium 66 191 19.2 209 LA 9.2 0.8
Vitamin [¥ 54 156 359 6.1 1.936 0.z (2
Vitamin C 50 1435 185 &3 03 4 0.6
Vitamin B complex 40 142 132 b5 LU 122 TR
Omeega 3 4 138 333 6.7 689 3z 66,7
Curcuma longa 42 121 13 T6.7 oil4 oG 681
Slippery clm 41 118 8.6 T4 0.366 17.1 829
Aloe vera kR | B | 4.1 759 L1446 n7 76.3
Drigestive cnecyme EL Y 3.7 633 (1963 13.5 B6.5
Multivitamin 77 HLT T3 0062 M3 5.7
Amin acid mix 3 4.0 1.0 G8.0 0637 1.0 710
Saccharomiyees 21 6.1 188 B3 131 143 37
bl arelia

Vitamin A % 55 333 66,7 0,506 6.3 37
Subjective well-being and HROoL s that IP affects daily life had 2 negative comelation with

There was a statistically significant difference in overall
SWH amd cach domain of SWB betwoen Australian adulis
with smspected TP amd the Australizn popualation ( p< 0000 ),
Specifically, Australian adults with suspected TP had bower
(i, worse) average scores for all domains compared with
the Auwstralian population. A r-test showed that partici-
pants who deseribed exacerbation of their 1P had a worse
(M=547, SD=20.3) SWB than those reparting an im-
provement (M=066.1, SD=196) in their [P {p<0.001)
Spearman’s cormelation analysis revealed that the number aof

SWB and HRQuL ( p<0001), Resulis for cormelation ana-
lyses are summarized in Table 5.

iastyle Mherapes, and medicalions

Pasrwise companson found a ststistically sigmificast daf-
ference between the overall SWE of pamicipants, and the
frequency of common diclary prochects, lifestyle therapies,
and medication use, Paricipams who wsed any form of

TapLE 5. SPEARMAN'S CORRELATION BETWEEN QIJ.\.I.IT'I' oF LIFE aND SURIECTIVE WELL-EEING WITH THE NUMBER
aiF Days Incriasen INvistisas PERMEsniiimy ArrecTs Dainy Live Escy Wi (0=T Davs)

n Mean
Subgective well-being
Personal well-being imdex 411 603
Seandard of living 412 G50
Health 422 434
Achieving in life 412 6.1
Personal relationship 412 4.2
Personal safety 412 753
Communily conmeciedness 412 9.3
Fualare securily 422 SEE
Quabity of life
Pﬂ{:iﬁ] functioning 413 6.9
Role functioning 411 3
Social functioning 413 L]
Mental health 423 55.0
Health perception 423 312
Bodily pain 413 S04

S0 Correlation coefficiens P

0.3 =402 <0100
55 0313 <0100
M6 453 L]
256 =0.377 <0,0H01
26.3 =261 <0100
24.3 =193 <0001
72 0277 <0001
79 -0.273 <0001
318 =275 <0100
425 =0.535 <100
33 ~(L5HH <0001
216 =204 L]
285 =474 <0001
231 0316 <01,01

Score mnges from O wo 100, A high soore indicstes beter health except for pain, where a bigh score Edicates more pain

B0 stamland devialm,
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dietary products (M=~6110, 3D=20.4) for the treatment alf
IF were found 1o have better SWEB compared with those
who never wsed diciary products (M= 546, 5D=87)
(p=0023), Further. paricipanis who never consumed
glmen-containing foods (M=65.2, SD=21.5) were found 1o
have bener SWIB companed with panticipants who frequently
consumed gluten (M=5%.1, SD=198) { p=04037L How-
ever, participants who frequently consumed alcohal (M=
64,9, 8D = 18.7) were found o have better SWE compared
with those who never consumed aloobod (M=354.0,
5D 224) (p<0.001). Farher, participanis who frequently
practiced breathing exercises (M =630, 5D = 19.4; M =562,
SD=215 (p=00004). stress management (M =624,
SD=190% =561, SD=237) { p=00036), vigorous exer-
cise (=662, SD=184; M=553, 3D=20.9) ( p<0.001},
or yogn (M=680, SD=IT0; MW=56/, SD=209)
{p< 0000 ) were found to have beiter SWB compared with
pariicipants who never panicipated in these lifestyle thern-
pies. Lastly, participants who never used NSAIDs (M = 62,5,
SD=21.5) were found to have betier SWH compared with
those who frequenly uwsed them (M=3543, 5D=19.5)
[ p=01026).

Muitipde regrassion predicting SWE and HROoL

Seven regression models predicting overall SWE, and
each HRQol. domain were undertaken, The resulis of these
regression madels found that the outcome of [P in the pre-
wious 12 monihs, BMI. the treating person, and the use of
dictary products and lifestyle therapies were all satistically
significant predictors of overall SWB and cach HRQoL
domain  (Table 6L Specifically. improvement «of IF
(= 1LT0, p<0.000) and using dietary products (fi= 12,12,
p={LHE) were predictors of betier SWB whereas heing
ohese (fi==5T0, p=0.035), resied by a medical pracii-
tioner ([= =635, p=0016), and using lifesiyle therpies
(=630, p=0010) were predictors of worse SWH. Re-
garding HRQuL. all domains except physical functioning
saw improvement in [P as a statistically significant predictor
for higher HRCoL (Table &),

Dizcuzssion

This sty is the first 10 explone the HRCOoL. and SWE of
Ausiralian sdults with suspecied 1P, Our resulis suggest that
ahered [P may pose o greater health burden than previously
thought, providing the first indication that Ausiralian adulis
with alered 1P are susceptible 10 poor SWE and HEQoL.
Further, several participant characteristics were found to be
associated with the improvement or esacerbation of 1P
{Fig. 1).

Incragsed IP and SWE and HROoL

Owr resulis suggest that Ausiralian adulis with suspecied
IF have a lower SWHB compared with the Australian popa-
lation, Fumher, improvement in [P is suggesied 1o be a
significant predictor of SWE and HRQol. These resulis
provide the firs indication that a relationship between both
SWE and HRQuoL. and altered 1P exius in a diverse range aff
heealth conditions. In support of this relatioaship, Australian
nifubts with gastroimtestinal disorders (many of which are
associated with aliered 1PY' have been found 10 have a kwer

1143

HROQol. compared with Australian adults withawt gastroin:
testinal disorders ™ Farther, a lower Qol. has been reporied
in diarrhes-predominant imitable bowel syndroms patienis
with IF compared with those with 2 nosmal intestinal in-
tegrity.” The association between altened 1P and both SWEB
amnd HROQoL contributes 1o a much needed clinical under-
standing of altered 1P, especially as the consequence and
climical relevance of altered IF in clinical practice have re-
cenily been questioned.'” Furiher, the comelation found
between both SWH and HRQoL. and the number of days that
IP affects daily living sugpesis thai the previowsly repomed
symploms and biomarkers” of ahered [P are not the only
climcal consequence of alered [P, with both SWE and
HRQuL mow suggested 10 be involved.

Haalth care and increased 1P

The care provided by health care practitioners compared
with self-care differs pot only in the ireatments used but
also in the repored outcomes. First, this study idemtified a
high prevalence of sell-prescription of teatment imter-
ventons, primarily dictary products, and lifestyle thera-
pies, for the management of 1P Dietary supplements and
medication were most frequently prescribed by a health
care practitioner, These findings coincide with existing
research that suggests that complememary and integrative
medicine practitioners lrequently use dictary supplements
while also using a mulimodal and'pcmmallatd approach
for the mamagement of alered 1P.” Working alongside a
tezalth care practitioner has also been suggested 1o provide
greater health owlcomes compared with no clinic-based
support, ™ This may expluin why in this study Australion
adulis who repori an improvement in their IF are two limes
mare likely 10 be reated by a health care practitioner.
Secomd, owur sudy found that omly 24% of self-rcatcd
participants reported an improvement in their 1P compared
with T6% of practitioner-treated participants. These find-
g suggest that the care provided by healih care pracii-
tioners o Australian adubls with suspected 1P may have
beneficial effects on the sutcomes of aliered 1P, Farther,
health care proctitioners. especially those with limited
eaperience in the managemsent of aliered IP. may draw
on the findings of this siady 10 gain a deeper understand-
ing as Lo the ireatment methods wed by Australian adalis
with IP.

Faahwes associahed with increased 1P improvemant

Pamticipants who reported an improvement in their [P
were 5% less likely 1o consume gluten or use NSAIDs. Char
results also found that participants who indicated that they
avoided consuming ghuten-containing Foods and mever wsed
NEAIDs were associated with a better SWH. These results
concur with clinical studies that show that the consampition
{:Tg]un:n—mﬂ:iming proslscts and the use of NSAIDs induce
1P Proctitioners who weat IP also advocate for their
patbents with 1P 10 avoid gluten and BSAIDs"

The fnding that vilamin C and vigorous exercise is as-
sociated with improvensent of 1P conflicts with existing re-
search. Furst, preliminary research suggests that S mg of
vitamin C {ascorhic acid) may induce a rearrangement of the
actin cytoskeleton and therehy an exacerbation of 1P
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Ghsten-containing products Nensteroidal
Duairy products ant-inflammatory diugs
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FIG. 1. Participant’s characteristics found 1o be associated with the improvement and exacerbation of increased intestinal

liny.

Potentially, the association between vilamin C intake and
imiprovement of [P may be the result of the lrequent use in
dictary supplements, especially as participanis whao reported
an improvement in their [P were 2.7 thmes more likely 1o use
dietary supplements. Research has demonstraled a causative
link between vigonous exercise and altered IF™ As a resuly
of redistribution of blood flow and splanchnic hypoperfusi

Rasearch agenda

Our sady provides wseful information where further re-
search can draw on the ndings w inform clinscal trals and
clinical practice guidelines. The identified charsderistics
found 1o be associated with the improvement and exacerbation

during vigorous exercise, damage 1o mucosal and epithelial
cells may oceur, thereby paving the way for exacerbation of
1P The improvement associated with vigorous exercise in
our study may be the result of improved health: for example,
as health and I.'ell-b!l:gg improve w does the abality o
parlicipate in exerciee. Furher lange-scale trals amd epi-
deminlogical research is needed 10 confirm both of these
hypotheses.,

of 1P further investigation [ﬁ:. 1) Mamy of these
associated feamres are yet to be investigaied for their effect on
IP, with clinical research focusing peimarily on dietary sup-
plements and dictary products for the teamment of [P,
However, there has been lmited investigation exploring
the effectiveness of lifestyle therapies in the management
of IR Mevertheless, many of these lifestyle iherapies ane
ref d to have beneficial healih outcomes in health
conditions with a knewn association with altered 1P,
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These results provide a foundation for future clinical trisls
where a study exclusively condwcted in primary care en-
suring & homogenous study population and standardized
diagmostic criteria may confirm the resulis of this study.

The findings from this study may abso help o inform the
development off a clinseal practioe guideline for the man-
agement of altered 1P, By understanding the treabmsent
methods used. the development of recommendations can
incorpornie the views and preferences of Australion adulis
with suspected [P 1o enable relevant and appropriate rec-
ommendations for this patient group,

Limilations

Although this study involved panticapants with seli-reported
suspecied [P, whelber thenz was a confirmed diagnosis of 1 is
umknown. However, previous research has shown that people
with self-reported imitshle bowel syndrome have similar
health care utilization and Qol. o5 those with disgnosed 185,
Many of the health conditions that participants repon experi-
encing are known 1o be more prevalent in females and are
sugpested to be associaled wath 1P, whech may explan why
43% of participants were Female * Therefore, these resulls are
consadered relevant (o females who suspect they have 1P ra-
ther than Australian adults with a confirmed diagnosis of
aliered [P, The self-reporied owicome of 1P has ihe podential
fior recall bias and may not reflect improvement or exacer-
bation of IP. Therefore, 1o confirm the relationship between
both SWE and HRQoL and ahered 1P, a clinical stady thay
measures [P and evaluates both SWE and HROQoL is re-
quired. However, this stuly provides important and novel
informaisen, ndr.lru:inj_ the research n.;\elda on the clinical
consequence of aliered IP, and suggesis polential treatment
sirategies that are worth investigating.

Conclusion

The imtegrity ol the small imlestine may pose a greater
hezalth harden than previously thoaghl, with susceptibality 1o
poor SWEB and HRQuoL. reported in Australian adults with
aliered IF, Our resulis strengihen the clinical relevance and
consequence of altered IP, providing the fiest indication that
a relationship between both SWEB and HROQoL. and aliered
1P exists. Clinical wrials may use these findings 1o funber
eaplore the potential wse of the reatment interventions used
by Australian sdulls with suspected [P,
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